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Shri Bhupender Yadav 

Union Minister  

Ministry of Environment, Forest & Climate Change, Government of India 

New Delhi 110003 
 

MESSAGE 
 

India has been endowed with the Himalayan, Peninsular, Inland Drained and Coastal 
River Systems. In recognition of the wider conservation significance of ecologically sensitive 
rivers, national developmental priorities and commitments, and global obligations, the 
Government of India adopted a multifaceted strategy towards river rejuvenation and initiated 
countrywide programmes.  

Indian Council of Forestry Research and Education (ICFRE), Dehradun was entrusted 
to prepare the ‘Detailed Project Reports (DPRs) on rejuvenation of Rivers through Forestry 

Interventions’, for 13 major rivers of the country viz-a-viz., Jhelum, Chenab, Ravi, Beas, 
Sutlej, Yamuna, Brahmaputra, Luni, Narmada, Godavari, Mahanadi, Krishna, and Cauvery, 
thus aiming at significant contribution towards the rejuvenation of these rivers.  

I am extremely happy to learn that OVERVIEW of DPRs of these rivers alongwith 
their tributaries have been prepared by ICFRE, Dehradun. These rivers have enormous 
cultural, social, economic and ecological significance besides they contribute towards the 
maintenance of aquatic life, supply of drinking water, agriculture production, hydropower 
generation, industrial development, and prosperity in the region.  

Each DPR envisages site specific, extensive afforestation activities in natural, 
agriculture and urban landscapes within the riverscape besides conservation interventions and 
execution of various supporting activities. I am sure that the proposed interventions will 
meaningfully contribute towards the broader goals of ecological rejuvenation of major rivers.  

I sincerely applaud the earnest efforts made by ICFRE, Dehradun, the State Forest 
Departments and other line departments of the concerned States subject matter experts and 
other stakeholders for adopting multidiscipline, multiscale, and multistakeholder planning 
and assessment approach.  

The implementation shall help extend the green cover, sequestration of additional 
carbon, reduce soil erosion, increasing ground water recharge and improving socio-economic 
conditions of the people residing in the respective river basins. 

I am sure that various concerned Central Ministries and State Governments together 
shall mobilize required resources and shall extend full support for its successful 
implementation.  

I convey my heartiest congratulations to the DG, ICFRE for providing desired 
leadership in this important endeavour, and I compliment his entire team for timely 
completion of the assigned task, and commendable work done by them. 

I wish all success for the successful implementation of the DPR. 

 

 

(Bhupender Yadav) 
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Shri Ashwini Kumar Choubey 
State Minister  
Ministry of Environment, Forest & Climate Change, Government of India 
New Delhi 110003 

 
MESSAGE 

 

Water is life, and rivers are the life support systems that ensure functioning of the 
hydrological cycle and Ecosystem Services on this earth. Rivers are prominent freshwater 
resource as they provide not only water, an essential element for life but also feed 
communities, generate power, sustain development and support homes, farms, industries and 
economies besides offer vital habitats for riverine and riparian species. Forests help recharge 
groundwater aquifers, cleanse waters, protect river banks and act as sponges to mitigate 
floods. Rivers also have special attributes as cultural heritage of humanity and have deep 
connections with our beliefs and practices. 

Recognizing the connect between Forest and Rivers, the Ministry of Environment, 
Forest and Climate Change through National Afforestation and Eco-development Board 
(NAEB) had assigned the task to prepare the Detailed Project Report (DPR) for Rejuvenation 
of 13 major Rivers i.e. Jhelum, Chenab, Ravi, Beas, Sutlej, Yamuna, Brahmaputra, Luni, 
Narmada, Godavari, Mahanadi, Krishna and Cauvery through forestry interventions, to 
Indian Council of Forestry Research and Education (ICFRE), Dehradun.   

I am pleased to learn that the ICFRE, Dehradun has successfully completed the task 
entrusted by this Ministry for preparation of the DPRs of 13 rivers. I sincerely appreciate the 
efforts made by the ICFRE and its nine institutes for completing the assigned task and I 
would like to name this holistic project as “निर्मल जलधारा”.  

I wish all success for successful implementation of the DPR. The Ministry of 
Environment, Forest & Climate Change looks forward to work with State Governments, in 
rejuvenation of this important natural resource.  

 

(Ashwini Kumar Choubey) 
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Smt. Leena Nandan 
Secretary 
Ministry of Environment, Forest & Climate Change, Government of India 
New Delhi 110003 

 
MESSAGE 

 

Water is literally the lifeline for any civilization and therefore vital for the growth and 
health of every country. Depletion of freshwater resources and the shrinking and degradation 
of river ecosystems therefore pose a major challenge both for the environment and our efforts 
for sustainable development. 

In order to overcome this limitation, the Government of India has accorded top 
priority to rejuvenation of the country’s major rivers and adopted a comprehensive approach 

towards the management and conservation of our precious water resources. As a part of this 
integrated strategy, the Ministry of Environment, Forests and Climate Change (MoEF&CC) 
is making policy level interventions through a participatory approach that focuses on 
catchment area treatment, protected area management, wetland management, biodiversity’ 

conservation, and forestation/ reforestation. 

It is indeed a matter of pride that as a part of the country-wide initiative for enhancing 
the quantity and quality of skater, ecological integrity, and overall improved health of major 
Indian Rivers, the Indian Council of Forestry Research and Education (ICFRE) has 
successfully completed Detailed Project Reports (DPRs) on the rejuvenation of 13 major 
rivers. These rivers include seven Himalayan rivers (Jhelum, Chcnab, Ravi, Beas, Sutlej. 
Yainuna, arid Brahmaputra), five Peninsular rivers (Narmada, Godavari, Mahanadi, Krishna, 
and Cauvery), and Luni, an Inland Drained River. Each DPR comprises a detailed geospatial 
analysis and modeling of the delineated ‘rivers cape’ and has an exhaustive review of the 

river environment. The analysis of factors responsible for the current state, and prioritization 
of areas for proposed forestry interventions and other allied conservation measures through 
an extensive consultative process, as also the design and development of various treatment 
models for each rivers cape, is an integral part of each DPR. 

I take this opportunity to congratulate the officials of ICFRE and its nine institutes 
which have been directly involved in this important task and have made significant 
contributions. Commendable work has been done by the project team in a short period 
despite the vast extent of the thirteen rivers capes, collection of voluminous field data, and 
involvement of a wide range of stakeholders which necessitated an extensive consultative 
process despite the constraints posed by the prevailing Covid-19 pandemic. 

I am sure that the timely implementation of these DPRs with  full support and 
participation of the Central Ministries, the concerned State Governments and the agencies 
identified for the purpose, working tandem with  NGOs and local communities, will result in 
rejuvenation of rivers across the county' and achievement of  the desired outcomes. 

 

 

 

(Leena Nandan)  
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Shri C.P. Goyal 
Director General of Forest & Special Secretary 
Ministry of Environment, Forest & Climate Change, Government of India 
New Delhi 110003 

 
MESSAGE 

 

Forests are not just home to nearly 80 per cent global terrestrial biodiversity and 
provide habitats to a wide array of life forms, but also perform numerous vital functions viz., 
collection and filtration of rain water, sediments, and other pollutants before water reaches an 
aquifer, stream or a river; protection of watersheds; shelter, livelihoods, food and fuel 
security; climate change mitigation; disaster risk reduction; recreation and tourism, etc. 
Forests are key to the sustainable management of freshwater resources, particularly river 
ecosystems as quantity (flow and yield), quality, and availability of water are strongly 
influenced by forests. At the same time, water is essential for the sustainability of forest 
ecosystems. Forests, nature. water, rivers and people are strongly linked and have an intricate 
relationship among them. 

Rivers have been rightly regarded as ‘arteries of the catchment’, ’life blood’, 

‘highways’, ‘pantries of the world' and even as the ‘sentinels’ as river integrates all that 

happens in the basin/ surrounding landscapes, particularly the impact of human activities. 
Rivers provide early signals of human impact and associated risks. Closer cooperation 
between forests and river management and conservation sector is a precondition for the 
sustainable development as interactions between them are complex and strongly and 
intertwined. In spite immense conservation significance and a wide range of ecosystem 
services being offered, all prominent river systems in India are stressed, endangered and are 
in poor health. Vital uniqueness of longitudinal, vertical, horizontal, and temporal 
connectivity of utmost importance in the context of rivers have been grossly ignored and need 
to be addressed on a priority. 

The Government of India is fully aware about the present plight of’ country's rivers 

and has initiated a national priority agenda towards sustainable management of water 
resources including restoration of diminished splendor of nation’s rivers. 1 am pleased to 

know that the ICFRE, Dehradun on behest of this Ministry has successfully completed the 
entrusted task on the preparation of DPRs on forestry interventions for rejuvenation of 
thirteen major rivers (Jhelum, Chenab, Ravi, Beas, Sutlej, Yamuna, Brahmaputra, Luni, 
Narmada, Godavari, Mahanadi, Krishna, and Cauvery) having enormous significance for 
human welfare and prosperity in different regions of the nation as well as the principal 
contributors in the country’s development. 1 admire the commendable work done by the 

various project teams based at ICFRE and its nine institutes spread across the country in 
preparing DPRs as they adopted scientific and innovative approaches for planning and 
assessment of the rivers cape and its environment, formulation of strategies, project 
implementation, and monitoring. 

I congratulate the entire team, especially compliment the DG, ICFRE and Director(s) 
of nine institutes those were involved in this important assignment for their able stewardship 
that enabled preparation of detailed project report in case of each river in the stipulated time 
frame. 

I wish successful implementation of DPR of this river. 

(C.P. Goyal)  
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A.S. Rawat, IFS 

Director General, ICFRE 
and Chancellor, FRI University 
 

 
Indian Council of Forestry Research and Education 

Government of India                                                                                                           
Dehradun – 248006 

FOREWORD  
 

 
Rivers are unique natural ecosystems as they link terrestrial, freshwater, coastal, and marine 
ecosystems, and all aspects of human culture from their source to sea. Rivers are characterized by 
unique longitudinal, vertical, horizontal, and temporal connectivity besides complex and dynamic 
nature as they serve as conduits for water, sediments, organic matter, wide range of aquatic 
organisms, and other matter as they descend from the headwaters. Rivers have been recognized as 
integrators and centers of civilization within the landscape. The world over, rivers have been 
exploited more than any other type of ecosystem for thousands of years inspite they offer a variety of 
provisioning, regulating, cultural and supporting ecosystem services to the humankind. Rivers in 
human dominated country like India are no exception wherein masses live all along the course and 
solely depend upon river resources for their livelihood. As a result, river rejuvenation has become the 
national priority, especially where rivers and their tributaries have degraded to the point that they no 
longer can provide the services they offered once. 

Recognizing that forested catchments not only serve as the guarantors of high value surface water in 
rivers but forests also ensure the quality of water by way of intricate processes of storage, biofiltration 
and purification, and ground water recharge, the Government of India took initiative on rejuvenation 
of Indian Rivers through appropriate forestry interventions. Reposing confidence in the professional 
capacity of the ICFRE and country wide presence of its nine Institutes, the MoEF&CC considered apt 
to entrust the project on the preparation of DPRs on forestry interventions in the context of thirteen 
prominent Indian Rivers to the Council.  

I am glad that the Council and its nine institutes have successfully completed the entrusted task.  
These DPRs have been prepared following the comprehensive and participatory approach involving 
varied stakeholders and using scientific inputs of RS and GIS and the scieitific exposure available 
with the council.  I compliment the entire project team based at ICFRE and its nine Institutes for their 
hard work in bringing out the DPRs despite unexpected situation arose on the account of Covid-19 
pandemic.  Their efforts are praise worthy. I congratulate the entire team for their commendable work.  
Of course, it is gratifying that document of national importance on river rejuvenation have been 
prepared by the organization, I feel proud being associated with andI am sure that execution of 13 
DPRs will surely provide a new lease of life to country’s prime rivers.   

I take this opportunity to thank the hon’ble Union minister (Environment, Forest and Climate 

Change), Minister of State (EF&CC) and senior officials of the Ministry for their valuable advice and 
encouragement at all stages of planning process.  Successful completion of the assigned task was not 
possible without their guidance, support and facilitation. I am extremely grateful to all of them. The 
financial support by NAEB to accompalish this task is gratefully acknowledge. 

I am happy to present this Overview of all the DPRs, which provide the summary of all the DPRs 
prepared by the council. For details on any river, the respective DPR may be reffered to. I am sure 
that the document shall be of use to all the planners, researchers and other stakeholders. 

 
 
 
 

(A.S. Rawat) 
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Executive Summary 

(a) Rivers and Development of Human Societies– The world over,the ‘natural capital’ 

comprising varied natural ecosystems (forests, grasslands, rivers and wetlands, and coastal and 
marine)vital for human well-being, maintenance of nature, and sustainable development is on decline 
and continue to degrade, ultimately causing enormous global challenges viz., land and soil 
degradation, water crisis, food insecurity and malnutrition, poverty, hunger, climate change and 
several cross cutting social issues viz., right, gender, equity, justice, and peace. Rivers are key for 
thedevelopment of human societies. Although, civilizations have thrived all through history all along 
rivers, and they have offered varied ecosystem services to the humanity including religious, spiritual, 
and cultural values, they are among the most threatened ecosystems. 
 
(b) Unique Characteristics and Functions of Rivers– Rivers have been recognized as 
integrators within the landscape as they link terrestrial, freshwater and coastal marine ecosystems and 
all aspects of human culture from their origin to mouth. In the perpetual journey from source-to-sea, a 
river creates diverse habitats for a wide range of life forms and provides three crucial spatial 
dimensions of longitudinal, vertical, and horizontal connectivity, and one temporal connectivity. 
Rivers are most fascinating, intricate, unique, dynamic and vital freshwater ecosystems. Rivers make 
a significant contribution to the larger hydrological cycle as they collect water from precipitation and 
also release stored water from glaciers through a drainage basin from surface runoff. Rivers have been 
viewed as ‘sentinels’ as they provide early clues and specific signals of human impacts and associated 

risks. 
 

(c) River Rejuvenation and Holistic Approaches– Decline in river health due to altered and 
reduced environmental flow, fragmentation, pollution, mutilated ‘organs’- the tributaries, the riparian 
vegetation, the floodplain, the bed, and the aquatic biota is evident and wide spread. Most Indian 
Rivers call for an urgent action for their rejuvenation. ‘River rejuvenation’, focusing at improving the 

river health is widely accepted. The newer holistic approachesemphasize on the catchment-level 
planning and processes while tackling the causes of degradation rather than the symptoms. The 
holistic strategy focuses on the improvement of ecosystem integrity besides understanding the 
connection between natural processes upstream and downstream. Till recent times, isolationist 
approaches constrained the river development and management. Increasingly, the rivers are 
investigated from the landscape perspective. Riverine landscapes are viewed as riverscapes. The 
riverscape approach integrates the elements of flowing water and surrounding lands those are under 
the human influence. 

 
(d) Conservation Initiatives– The wider discipline of river rejuvenationin India is relatively new 
and a wide range of activities are being carried out as a part of the comprehensive strategy. Forestry 
interventions have been recognized as an important subset of concerted and resolute rejuvenation 
efforts as rivers and forests have strong interconnections while both natural ecosystems are under 
tremendous anthropogenic pressure in populous country wherein a substantial portion of rural and 
urban populations solely depends on the resources of river and surrounding riparian lands for their 
livelihoods. In 2015-16, the Government of India had initiated a pilot project aiming forestry 
interventions for rejuvenation of the country’s National River i.e., the river Ganga.  Forest Research 
Institute (FRI), Dehradun under the umbrella of Indian Council of Forestry Research and Education 
(ICFRE), Dehradun was entrustedby the Government of India, National Mission for Clean Ganga to 
prepare the Detailed Project Report (DPR), and in the process, the Institute has designed, developed, 
and adopted a multifaceted approach for planning, assessment, and preparation of DPR focusing on 
forestry interventions and providing a comprehensive strategy for programme implementation 
including varied interventions. The project adopted multiscale, multistakeholder, multidisciplinary, 
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and holistic approach so as to accomplish broad objectives of AviralDhara(uninterrupted flow), 
Nirmal Dhara(clean water), and ecological rejuvenation.  
 
(e) The Present Project- Recognizing the merit of adopting a holistic riverscape approach for 
forestry interventions in three types of landscapes viz., natural, agriculture, and urban within the vast 
expanse of a riverscape besides conservation interventions including soil and moisture conservation 
measures, riverine and riparian wildlife management, and wetland management, and supporting 
activities (policy level interventions, strategic and adaptive research, capacity development. 
awareness, project management, participatory monitoring, and evaluation) and successful programme 
implementation by five States located along the course of river Ganga from origin to sea, the 
MoEF&CC through the National Afforestation and Eco-development Board (NAEB) entrusted 
thepresent project on the preparation of DPR on forestry interventions for rejuvenation of thirteen 
major Indian Rivers to the ICFRE, Dehradun.  

 
(f) Preparation of DPRs – The Approach– The ICFRE distributed the taskrelated to thirteen 
rivers (Himalayan – Jhelum, Chenab, Ravi, Beas, Sutlej, Yamuna, and Brahmaputra; Inland Drained – 
Luni; and Deccan or Peninsular – Narmada, Godavari, Mahanadi, Krishna, and Cauvery) among its 
nine Research Institutes located at the strategic locations across the country in different regions. The 
Institutes constituted a core team including the Task Leader, Coordinator, Nodal Officer, Consultants, 
Practicing Foresters, Scientists, Technical officers, and other Project Personnel.  The approach 
towards the preparation of eachDPR included seven key steps: (a) Contextual analysis; (b) 
Stakeholder analysis and the wider consultative process; (c) Riverscape –delineation, situation and 
problem analysis, and appreciation of the river basin/ riverscape environment; (d) Designing of field 
data formats, collection and analysis of primary field data, and development of web portal; (e) 
geospatial analysis and modelling, and prioritization of areas, (e) Development of plantation and 
treatment models; (f) Objective analysis and strategic planning, and preparation of draft DPR; and (j) 
Finalization of DPR, implementation and monitoring. 
 
(g) The Extent of Delineated Riverscapes – Thirteen rivers considered in the present 
assignment, collectively coveredthe totalbasin area of 16,11,149 km2 that represented 49.01% 
geographical area of the country. Thirteen riverscapes delineated adopting variable-width of forest 
buffer covered the totalgeographical extent of 4,68,222 km2and it represented 29.06% extent of the 
cumulative basin area of 13 rivers under consideration.The cumulative length of 13 rivers along with 
their different tributariesincluded within the delineated riverscapes amounts to 44,954 km. The 
Brahmaputra Riverscape incorporated the highest number of tributaries and the extent, being 30in 
number and 1,54,456 km2area, respectively.  

 
(h) Collection of Primary Field Data Formats - In all, 33,673 duly filled forms for five types of 
interventions in thirteen riverscapes were collected by nine Institutes. The number of forms collected 
for different rivers ranged from 687 forms to 8224 forms. The maximum number of forms, being 
8224 was obtained in case of Godavari Riverscape. In case of Natural Landscape, altogether 8,132 
forms for 13 riverscapes were collected from concerned SFDs, while 7,032 forms were obtained in 
case of Agriculture Landscape. In all, 2,202 forms were received in case of Urban Landscapes within 
13 riverscapes. Altogether,13,794 forms and 2515 forms were received for Conservation Interventions 
and ‘Supporting Activities’, respectively 

 
(i) Proposed Treatment and Plantation Models – Altogether, 642 treatment and plantation 
models were designed and developed as a part of the present assignment, and were adopted by 13 
DPRs meant for the proposed forestry interventions in three type of landscapes, conservation 
landscapes, and supporting activities. In all, 283 treatment models have been proposed for the natural 
landscapes within 13 riverscapes. The range of treatment models within the natural landscapes ranged 
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from 7 to 49 amongst 13 riverscapes.  The DPR of Yamuna River has proposed the maximum number 
of49 of treatment/ plantation models, followed by Brahmaputra River having altogether 39 models in 
natural landscape.  The lowest numbers of seven models were proposed in the case of inland drained 
river Luni.Proposed interventions meant in Natural Landscapes, primarily emphasizes on protection, 
afforestation, control of invasive and alien species, fire control, plantation of medicinal plants, eco-
restoration, etc. In all, 97 treatment models have been proposed in Agriculture Landscapes within the 
different 13 riverscapes.  Thirteen DPRs incorporated altogether 126 different models meant for the 
Urban Landscapes. These models focus on riverfront development, development of Eco Park, 
plantations in educational and industrial estates, bio-remediation, etc. The maximum numbers of 22 
models were proposed in the DPR of Yamuna River. 
 
(j) Proposed Outlay –Theproposed cumulative outlay of thirteen DPRs is Rs. 19,342.62 crore. 
Out of this, a budget of Rs. 18,775.49 crore or 97.07% has been provisioned for the execution of the 
three Components ‘A’, ‘B’ and ‘D’. Proposed budget allocations for Component ‘B’ and Component 

‘D’ are Rs. 1,087.81 crore and Rs. 451.11 crore, respectively. The total cost of the ‘Component C’ 
pertaining to the maintenance is Rs. 567.13 crore (2.93%) of the total project outlay. Overall values of 
budget provisioned for different Sub Components of Component 'A' are: Rs. 8,878.68 crore, Rs. 
2,469.12 crore, Rs. 1,193.38 crore, Rs. 3,662.71 crore, and Rs.959.56 crore for the Natural, 
Agriculture, and Urban landscapes, Conservation Interventions, and Supporting Activities, 
respectively. The highest budgetary provision of Rs. 3,868.89 crore has been made in case of Yamuna 
River having basin area spread across seven States, followed by Rs. 3,069.31 crore, and Rs. 2,327.47 
crore for two rivers in South India viz., Cauvery and Krishna River, respectively. The lowest budget 
of Rs. 376.27 crore has been provisioned in the case of Chenab River, a Himalayan River flowing in 
Himachal Pradesh and Jammu and Kashmir UT before flowing out in the alluvial plains of Pakistan. 
Prominent States/UTswere those having higher treated cumulative expanse on account of one or more 
involved riverscapes under multiple DPRs, and also have adopted larger area of treatment and 
plantation models besides theyhaveproportionality larger shares of budgetary allocations.  
 
(k) Potential Benefits of Proposed Interventions and Likely Outcomes - The river-wise likely 
potential benefits accrued by way of increase in forest cover, carbon sequestration, ground water 
recharge, reduction in sedimentation, economic returns from the availability of varied NTFPs and 
other forest produce, and employment generation as a result of wide range of forestry interventions 
proposed in thirteen rivers have been estimated and summarized. Accordingly, the proposed 
interventions as envisaged by all the DPRs are expected to increase the cumulative forest cover of 
7,417.36 km2 across 13 riverscapes.  The value of increase in forest cover among 13 riverscapes is 
likely to range from 80.85 km2 to 1,813.52 km2. Proposed interventions would help in sequestration of 
CO2to the extent of 50.21 million tons of CO2eqin 10-year-old plantations while the value of 
estimated CO2 sequestered in 20-year-old plantations would be 74.76 million tons of CO2eq. Varied 
proposed interventions in thirteen riverscapes would help in ground water recharge to the extent of 
1,889.39 million m3 yr-1, and reduction in sedimentation to the tune of 64,83,114 m3 yr-1.  In addition, 
a wide variety of non-timber and other forest produceof estimated value of Rs.449 crore is likely to be 
accrued on account of proposed forestry interventions. Further, the execution of planned activities as 
provisioned in 13 DPRs are anticipated to make a significant contribution towards employment 
generation by way of nearly 344 million man-days of work. Timely and effective implementation of 
the proposed forestry interventions as envisaged in DPRs of 13 major Indian Rivers are expected to 
significantly contribute towards restoring the wholesomeness of the rivers defined in terms of 
ensuring AviralDhara, Nirmal DharabesidesSwachchhKinara, improved terrestrial and aquatic biota, 
and livelihoods.  
 
(l) The Organization of DPR - Each DPR is presented in two volumes. The Volume-I deals 
with the main DPR while the Volume-II provides summaries of concerned States/UTs located along 
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the course of the river or involved in the project.The Volume-I describes the existing situation of the 
riverscape and proposed plan. It provides a detailed account on the proposed interventions in three 
types of landscapes in prioritized areas based on the geospatial analysis and modelling, and model 
wise treatment plans besides essential information on projected targets, model wise extent and cost, 
and theme plans (conservation interventions and supporting activities). One full Chapter specifically 
deals withthe ‘Implementation – Mechanism and Sustainability’ summarizes partnerships and 
hierarchical institutional arrangements for programme implementation including vital aspects of fund 
flow mechanism, risk assessment, monitoring, evaluation, and the cost effectiveness. Potential 
Benefits of proposed interventions in terms of likely outcomes by way of enhancement in forest 
cover, carbon sequestration, groundwater recharge, reduction in sedimentation, economic returns from 
the production of NTFPs and other forest produce, and employment generation are summarized in 
each DPR meant for the respective river. The DPR incorporates annexes dealing with field data 
formats, suggested list of plantation species proposed under each treatment/ plantation models. The 
Volume-II incorporates States Summaries and provides an insight on the extent of various proposed 
interventions/ activities, treatment models along with cost norms, budget outlays, and details of 
activities proposed in each State/ UT. Additionally, in case of each river, an ‘Overview’ providing 

highlights of two Volumes has been provided.  
 
(m) Project Implementation and Schedule–In general, the implementation of each DPR is 
proposed for 5 years. The ‘Implementation Phase’ incorporates interventions in three types of 
landscapes by way different treatment and plantation models, conservation interventions, and 
supporting activities. In most instances, particularly in the case of the Himalayan Rivers, and rivers 
originating/ traversing through the Western Ghats require much longer time frames for preparing the 
planting material and their establishment as majority of native species to such tracts are slow growing. 
The ‘Maintenance Phase’ primarily focuses on the maintenance of plantations raised during the 

Implementation Phase. In addition, necessary provisions for planning for scaling upof activities in 
additional tributaries/sites, and replications have also been made. 

 
(n) Structure of the Present Overview on Thirteen DPRs – The present Overview in the 
context of 13 DPRs prepared under the present project is in two Parts. The Part I provides the 
‘National Perspective’ based on Thirteen DPRs’ and attempts to summarize: (a) the historical 

perspective, uses, current state, and factors responsible; (b) emerging concepts in the context of river 
ecology, and river rejuvenation and conservation advocating adoption of holistic approaches relevant 
to the riverine landscape i.e.,the ecosystem-based management, riverscape approach, critical 
dimensions of spatial and temporal connectivity, ecological integrity,environmental flow, riparian and 
riverine biota, and river health; (c) contextual background,(d) details of rivers covered, and the extent 
of riverscape in case of respective river;(e) comprehensive approach adopted, gist of 13 DPRs 
including proposed strategy, identification of three type of landscapes within the riverscape, 
interventions, and site specific activities and (f) likely outcomes in terms of potential benefits of 
proposed forestry interventions.The Part II especially providesthirteen river specific summaries 
incorporating the details of tributaries covered in each case, extent of the riverscape, conservation 
significance as well as the problems and issues relevant to the concerned river, range of treatment and 
plantation models, proposed outlay, and likely potential benefits. Details of the river basin 
environment, geospatial analysis, various Components, Sub-Components, and specific 
activitiespertaining to the envisaged forestry interventions within the riverscape or in each of the 
involved State/ UT can be availed by consulting the respective DPR of the river or alternativelythe 
concerned Institute under the umbrella of the ICFRE for any further clarification required. 

 
 

************* 
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1. ‘Natural Capital’and the Sustainable Development 
 
World countries are fast changing and transforming as they aspire to have rapid development, 
growing economy, and seek to achieve a decent life for all, human well-being,and sustainable 
future (OECD, 2017). At the same time, ‘Natural Capital’ comprising snowcapped 

mountains, glaciers, forests, grasslands, wetlands, rivers, coastal and marine ecosystems, 
etc.pivotalfor varied human needs, wildlife, and sustainable development are declining and 
degrading. Among various natural assets, freshwater resources comprising lakes, ponds, 
springs, streams, rivers, floodplains, and other wetlands cover less than 1% of the Earth’s 

surface and the surface water that just amounts to <0.01% are exhaustingat an alarming rate 
(Millennium Ecosystem Assessment, 2000). Rivers in particular are essential for all life 
forms, and river ecosystems constitute a significant share of the ‘overall natural capital’. Fast 
depletion and limited access of natural capital, particularly of freshwater resources in most 
countries are leading into water crisis and is being considered as one of the impediments in 
transition and accomplishment of the global agenda on sustainable development. Further, 
global challenges viz., poverty, hunger, food insecurity and malnutrition, and cross cutting 
social issues like human rights, gender, equity, justice, security, and peace are on rise 
primarily due to the loss and attrition of natural capital. Climate change is expected to 
aggravate the situation.  

 
2. Rivers–Complex and Dynamic Ecosystems 
 
Streams, rivers and their floodplains are most complex, unique, energetic, and dynamic 
natural environments (Naiman and Bilby, 1998; Combes, 2003).  Rivers are the integral part 
of the natural landscape (Box 1).  The natural water courses, flowing from source to a lake, 
another river, sea or ocean are conduits for water, sediments, aquatic organisms and other 
matter as they descend in the river basin.  River ecosystem includes the non-living (abiotic) 
and the living (biotic) components in a flowing river and the riparian zone, and the 
interactions between them (Fig. 1). Generally, a river represents three types of environments 
createdfrom upstream to downstream due to varied environmental, topographical, and biotic 
factors viz., climate, geology, glacial history, altitude, and land use. Three environments from 
the river origin are: (a) Zone 1-Headwaters, (b) Zone 2 – Transfer zone, and (c) Zone 3 – 
Depositional zone (Mihov and Hristov, 2011) (Fig.2).  All through its course, a river is 
influenced by a wide range of basin-scale processes, ultimately affecting river flow, water 
quality, channel morphology, and aquatic and riparian biota.  Rivers are recognized as 
integrators and centers of organizations within the landscape as they link terrestrial, 
freshwater and coastal marine ecosystems. Rivers are part of the hydrological cycle as they 
collect water from precipitation (rainfall and snow melt) and also release of stored water from 
glaciers through a drainage basin from surface runoff. Rivers in the process of flow from their 
origin to sea create diverse habitats for a wide array of organisms.  Rivers integrate all that 
happens in the basin/ surrounding landscapes throughout its journey from origin to mouth, 
especially the impact of human activities (Leopold and Marchand, 1968; Cummins, 1974).  
Rivers have been regarded as ‘lifeblood’, ‘highways’, ‘pantries of the world’, and even as the 
sentinels (Karr, 1998; Wampler, 2012). In short, rivers provide early clues and specific 
signals of human impact and associated risks. Society and resource managers can take 
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advantage of early warnings and plan appropriate mitigation strategies to deal with such 
adverse impacts and likely risks.   
 

 

Fig. 1: Beas River near Kullu, Himachal Pradesh – Interaction between Abiotic and Biotic 
Components of Flowing River and the Riparian Forest 

 

 

Fig. 2: Spiti, a Tributary of the Sutlej River in the Headwater Zone of the Trans Himalayan 
Region with Steep, Rugged High Mountains 
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3. Rivers - Unique Characteristics and Vital Dimensions of Connectivity, 

Ecological Integrity and Environmental Flow (E-flow) 
 
Rivers are characterized by five unifying features viz., (a) unidirectional flow (b) a state of 
continuous physical change (c) a high degree of spatial and temporal heterogeneity at all 
scales (d) high variability between lotic systems and (e) specialized biota to inhabit matching 
flow conditions (van der Velde et al., 2004).  In addition, rivers in the process of flow from 
their origin to mouth exhibit three type of spatial dimensions of ‘longitudinal’, ‘vertical’, ‘and 

horizontal’ connectivity besides the temporal connectivity (Ward, 1989; Seliger and 

Zeiringer, 2018). ‘Longitudinal connectivity’ from origin to sea is a fascinating and defining 

characteristic of lotic (e.g., flowing) water in a river.  Linkages of river with surrounding 
lands, floodplains and coastal habitats depict ‘horizontal connectivity’. The ‘vertical 

connectivity’ represents the connection between free-flowing surface water and the ground 
water below through the river bed, influencing the chemistry, nutrient contents and smaller 
organisms that live in the spaces between sediment grains and substratum, even certain macro 
invertebrates and the development of fish eggs (Box 2).  The ‘Temporal Connectivity’ is 

essential all year round for the maintenance of aquatic biota and ecosystem services.   

 

Rivers are viewed as arteries of the catchment.  River flow or hydrology is the central driving 
force of river ecology. Flow regime has been recognized as one of the most important drivers 
of river health. Increasingly, environmental flows are seen as a device to ensure healthy river 

Box - 2 
River Connectivity and Flux of Physical Change  

The natural water courses originate from the glaciers/ snow-capped mountains, hilly 
forested tracts/ grassy plateaus or highland wetland, and descend to a lake, join 
another stream/ river or exit in the sea or ocean. During its flow from the source to the 
confluence point or sea, a river is in the state of continuous flux, physical change and 
interacts with surrounding lands; exhibit upstream-downstream interconnections and 
link the terrestrial, freshwater, and coastal and marine ecosystems; displays three 
spatial (longitudinal, horizontal, and vertical) and one temporal types of connectivity; 
integrates all that happens in the basin throughout the journey and provide early clues 
and specific signals of human impact and associated risks. 

Box - 1 
Basins are Mosaics of Spatially Heterogenous Landscapes 

River basins are mosaic of a variety of landscapes – the ‘Natural Landscapes’ (glaciers; 

snow-capped mountains; forested hills and plains; grassland covered slopes, plateaus and 
valleys; wetlands-lakes, swamps, marsh, streams and rivers, floodplains, and mangroves); 
‘Agriculture Landscapes’ (agriculture and horticulture, plantations, pisciculture); and 

‘Urban Landscapes’ (built-up urban areas including settlements, canals and industries).  
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ecosystems. Environmental flow (EF or e-flow) has been defined as a regime of flow in a 
stream or river that describes temporal and spatial variations in the quantity and quality of 
water required for terrestrial, freshwater and estuarine ecosystem to perform their natural 
ecological functions and allow them to offer goods and services, they provide for supporting 
spiritual, cultural and livelihood activities that depend on these ecosystems (Brisbane 
Declaration, 2007).  

Flow has been recognized as master variable as it exerts significant impact on aquatic habitat, 
channel morphology, aquatic biota, river connectivity, and water quality (Joshi, 2017). Flow 
is greatly influenced by precipitation and glacier melts in the catchment, climatic conditions 
and human disturbance. Manmade physical barriers (dams, reservoirs, barrages) and varied 
mechanisms created to divert water from one river to the other or for varied human uses 
generally reduce the environmental flow (e-flow) or its seasonal patterns significantly.  
Presently, most rivers have altered patterns of e-flows and they are considered as the primary 
reason of changes in structure, composition, and functions of a river ecosystem and 
dependent biota.  Besides spatial and temporal connectivity and hydrology, the 
geomorphology, particularly soil and bank erosion and resultant process of sedimentation 
also influence e-flow and the state and dynamics of terrestrial and aquatic biota in the river 
environment. Jain and Kumar (2014) and Jain (2015) comments regarding assessment of EFs 
in India stated that there is lack of data on river ecosystems and relationships between e-flows 
and the ecosystem functioning as it requires involvement of multidisciplinary researches, 
extensive field level assessments, and long-term data sets collected across large river basins. 
The framework proposed by Jain (2015) permits to define interim flows for hydroelectric 
power projects (HEPs) in India until biological data are collected and analyzed to assess 
ecosystem response to flow alteration. More recently, the World Meteorological Organization 
(WMO) has provided a comprehensive guidance on environmental flows by integrating e-
flow science with fluvial geomorphology to maintain ecosystem services (WMO, 2019).  

The global transition from undisturbed to human-dominated landscapes in past two centuries 
or so owing to varied human activities have not only influenced the catchment of the river, 
but also altered the functioning of river ecosystem. The present conditions of most rivers 
amply reflect that the physical, biological and socio-economic sub-environments of rivers 
have been greatly influenced and modified. The composite concept of ‘ecological integrity’ 

has become a worldwide phenomenon and it explains ‘the ability of an ecosystem to maintain 
a balanced, integrated and adaptive community of organisms having a species composition, 
diversity and functional organization comparable to that of natural habitat of the region’.  

Natural ecosystems exhibit principles of ‘self-regulation’, ‘resilience’, and ‘resistance’.  

Ecological integrity or river health is the property of an ecosystem when structure is complete 
and all internal processes work perfectly (Bunn and Davies, 2000; Schofield and Davies, 
1996). Healthy rivers have a high capacity to resist the disturbance imposed by natural 
environmental events and varied manmade alterations. Maximizing diversity and complexity 
are essential for the maintenance of good health and stability of the river. 
 

4. Rivers - Human Use, Disturbance and Concerns for Conservation  
 
Rivers have been a central feature in the development of human societies throughout history 
as settlements and towns have always preferred to settle near rivers and thrived taking 
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advantage of multiple values provided by them (Asaeda et al., 2009; Arthington and 
Welcome, 1995). Rivers provide water for drinking, agriculture and irrigation, navigation, 
transportation, hydropower production, and industrial use besides opportunities for fish catch, 
sand mining and extraction of other products, and disposal of waste and effluents (Box 3). 
Rivers are also being worshiped for their religious and cultural values in most parts of the 
world. In recent decades, rivers have become major destinations for recreational activities.  
 
Historically, man has used rivers more than any other types of ecosystems (Fig.3).  Human 
activities viz., physical barriers, water extraction, sand mining, destructive land uses in 
surrounding lands, deforestation in catchment besides numerous pollutants from agricultural 
lands, industrial effluents, and disposal of waste and sewer have severely impacted most 
rivers and their surroundings (Fig. 4).  Predominantly, regulation and fragmentation of rivers 
by way of physical barriers and sequential hydropower projects have created enormous 
ecological problems (Johnson et al., 1995).  The declining state of rivers and riverine 
landscapes has been a major political issue, especially for Transboundary Rivers and causing 
inter-state disputes and unrest besides having enormous socio-economic repercussions, 
particularly in downstream areas. 
 

 
 
Certainly, most rivers have lost their past glory in response to large scale historical 
deforestation in catchment and removal of vegetation in riparian areas, fragmentation, 
widespread disturbances, reduced e-flow, loss of wildlife habitats and rising pollution 
(Dynesius and Nilson, 1994; King et al., 2019; Sprague et al., 2019).  Hence, enhanced 
concerns for the declining state of river are widely voiced.  Physical barriers across rivers and 
tributaries have not only reduced e-flow but also opportunities for aquatic fauna (fishes and 
aquatic mammals) to move upward for roosting and spawning.  The freshwater crisis in 
several parts in India and elsewhere due to diversion of water and excessive extraction is 
already felt upon.  The issues of water quantity and quality besides water availability are 
rising in longer stretches of the river. Soil erosion due to enhanced construction of road 
network, hydropower projects and resultant landslides has severely impacted different rivers. 

Box - 3 
Human Disturbances and Imperilled Rivers 

Historical uses, wide spread natural and manmade disturbances, and enhanced biotic 
activities throughout the catchment have endangered most rivers, particularly the 
resource dependent human dominated basins. Rivers show ample signs of ‘mutilated’ 

vital organs; fragmented connectivity; reduced e-flow and enhanced sedimentation; 
excessive pollutants and waste; threatened riparian and riverine biota; and even non-
potable water. Soil erosion is one of the major threats. The current situation has arisen 
as most rivers have been tamed; wide spread historical deforestation and forest 
degradation, and removal of riparian vegetation; reclamation of wetlands and 
expansion of agriculture; growing urban and built-up environment; treating water 
courses as ‘sink’ for sediments, effluents, waste and sewer; and surmounting 
religious, cultural, tourism, and recreational activities all along the water courses 
besides prevailing erratic climatic conditions.  
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Increasing religious (mass congregation), recreational and tourism activities along rivers have 
also adversely impacted the river biota and water quality.  The climate change has also 
numerous implications for the conservation of river ecosystems. 
 

 

Fig. 3: Chenab River – Settlements and Agriculture in Pattan Valley, Himachal Pradesh 

 

 

Fig. 4: Extensive Agriculture on the Banks of Krishna River   

5. Scientific Basis of River Management and Conservation Initiatives 
 
Lately, most countries have recognized the significance of rivers and freshwater resources for 
humanity, maintenance of nature, and sustainable development.  For a long time, mainly 
isolationist approaches were adopted for management and conservation of rivers.  The 
holistic river basin approach or the concept of riverscape was ignored, resulting in little 
success of river conservation initiatives and programmes (Hynes, 1970; Petts, 1994; Wiens, 
2002).  The complex and dynamic nature of rivers and issues of connectivity, inter-
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connectedness, entirety from the perspective of ecological integrity, e-flow, livelihood and 
biodiversity conservation have been grossly overlooked. Forests in the catchment and riparian 
forests have strong linkages with the river.  In general, there has been a widespread decline 
and degradation of forests, particularly during the twentieth century owing to escalated forest 
working and enhanced demand of timber and other multiple benefits.   

India has started paying attention to depletion of freshwater resources and rivers as early as 
1970s when the Wildlife (Protection) Act was enacted by the Government of India that 
provided equal emphasis to all-natural ecosystems (terrestrial, aquatic, and coastal and 
marine).  This Act provided much desired legal support for the protection and conservation of 
wildlife and their habitats as a large number of Protected Areas (PAs) (e.g., National Parks 
and Wildlife Sanctuaries) were established (FRI, 2016).  A large number of PAs were 
established those focused specifically on freshwater resources (glaciers, lakes, rivers, 
swamps, floodplains, estuaries, delta, etc.) so as to ensure effective conservation of such 
ecosystems and associated biota.  In order to pay desired attention to the wider disciplines of 
forestry, wildlife, and environment, a separate Union Ministry of Environment & Forests 
(MoEF) was created in 1985.  The country has initiated watershed management and 
command area development programmes in the first half of the twentieth century.  In 1985, 
the Ministry of Water Resources was created.  The National Water Resources Council 
(NWRC) was constituted under the chairmanship of Hon’ble Prime Minister to formulate 

water policy so as to set the priorities for various uses of water.  For the first time, India’s 

Water Policy was documented in 1987 and it was adopted by NWRC in 1987.  Later, the 
NWRC adopted the revised ‘National Water Policy-2002’.  Subsequently, a comprehensive 

National Water Policy was brought in 2012 laying emphasis that water is a scarce natural 
resource. Further, the guidelines on Integrated Water Resources Management (IWRM) by the 
Basin Planning and Management Organization, Central Water Commission has defined the 
term ‘Integrated Water Resource Management’ as ‘a process which promotes the coordinated 

development of water, land and related resources, in order to maximize the resultant 
economic and social welfare in an equitable manner without compromising the sustainability 
of vital ecosystems’ (MoWR, RD & GR, 2016). 

The 42ndAmendment of the Constitution specifically focused on the environmental issues.  
Accordingly, the Article 48A of the amendment stipulated that the ‘State shall endeavour to 

protect and improve the environment and to safeguard the forests and wildlife in the country 
while Article 51A (g) stipulated that it shall be duty of every citizen of India to protect and 
improve the natural environment including forests, lakes, rivers and wildlife and to have 
compassion for living creatures.  The ambitious programme named as the ‘Ganga Action Plan 

(GAP)’ was initiated by the MoEF in 1996 with the objective of improving the water quality 
of Ganga River by preventing the pollution load.  The MoEF also established the National 
River Conservation Directorate (NRCD) which implemented the GAP Phase-I and Phase-II 
during 1986-2008 and prepared the National River Conservation Plan (NRCP) and extended 
the programme to include other major rivers of the country.  The Indian Institute of 
Technology (IIT), Roorkee prepared a detailed report on the monitoring of water quality in 
pre- and post-GAP in 2009 and revealed that the river water quality has shown notable 
improvement over the pre-GAP period.  During past three decades or so, the country has 
initiated various priority conservation programmes in the context of rivers.  The following 
section provides a gist of such initiatives: 
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(a) Conservation of Ganga River– In 2008, the Government of India (GoI) declared the 
river Ganga as the ‘National River’ considering its ecological, cultural and socio-economic 
values besides appreciating the growing national concern about the environmental 
degradation of the river and its basin (FRI, 2016). The Government has setup the National 
Ganga River Basin Authority (NGRBA) in 2009 under the Section 3(3) of the Environment 
(Protection) Act, 1986. The NGRBAadopted a basin level multi-sectoral approach for the 
management and conservation of Ganga River and, thus, provided regulatory and 
enforcement powers.  The NGRBA also established collaborative institutions with five 
concerned State Governments along the course of river and referred them as the State Ganga 
River Conservation Authority (SGRCA).  The MoEF has been implementing two separate 
Central Sponsored Schemes (CSS) viz., the National Wetlands Conservation Programme 
(NWCP), and the National Lake Conservation Programme (NLCP). In 2014-15, an integrated 
Ganga Conservation Mission named as the ‘National Mission for Clean Ganga (NMCG)’ or 

‘NamamiGange’ that adopted the multi-sectoral, multi-dimensional and multi-stakeholder 
approach towards addressing challenges relevant to the rejuvenation in the context of Ganga 
River and involved central key ministries dealing with water resources, environment and 
forests, shipping, transport, urban development, drinking water and sanitation and rural 
development.  The ‘Namami Gange’ programme specifically aimed for: (a) Aviral Dhara 
(uninterrupted flow), (b) Nirmal Dhara (clean water), (c) ecological rejuvenation by way of 
conservation of aquatic life and biodiversity, (d) promotion of tourism and shipping, and (e) 
knowledge management on Ganga.  The NMCG under the Ministry of Water Resources, 
River Development and Ganga Rejuvenation had assigned a major task to the Forest 
Research Institute (FRI), Dehradun on the preparation of ‘Detailed Project Report (DPR) on 

Forestry Intervention for Rejuvenation of River Ganga’ in 2015-16 and concurrently 
implemented a variety of projects involving concerned ministries, state governments, 
departments and agencies.  The DPR prepared by the FRI, Dehradun was released in 2016 by 
the Central Government and soon after it was implemented by five concerned states along the 
course of river from its origin to sea. The river Ganga, being the National River is on the 
highest priority of the current government at the Center and concerted efforts are being made 
to restore its ecological integrity and health by concurrent multifarious initiatives, actions and 
activities. 
 
(b) Ministry of Jal Shakti (MoJS) – In May, 2019 the present Union Government 
established a new Ministry named as the Ministry of Jal Shakti indicating a visible thrust on 
water resources and under this umbrella ministry, all water related departments in different 
ministries were integrated.  The NRCD under the purview of MoEF&CC was also brought 
under the MoJS. 

 
(c) Damodar Valley Multipurpose Project and the Damodar Valley Corporation 
(DVC) – The Damodar River is one the prominent rivers of the Eastern India as it flows 
across the Indian states of Jharkhand (formally part of Bihar) and West Bengal. The Damodar 
Basin is rich in mineral resources and recognized as the prime centre of coking coal in the 
country. Earlier, the Damodar River was known as the ‘Sorrow of Bengal’ owing to its 
recurrent devastating floods in the lower Damodar Valley, particularly the plains of West 
Bengal and was also one of the polluted rivers of India. The catastrophe caused by the 1943 
flood led to serious public resentment against the Government. As a result, the Government 

https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/States_and_territories_of_India
https://en.wikipedia.org/wiki/Jharkhand
https://en.wikipedia.org/wiki/West_Bengal
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of Bengal appointed a high-level Committee for suggesting remedial measures. The 
Committee suggested the creation of an authority similar to the Tennessee Valley 
Authority (TVA), USA and recommended the construction of dams and storage reservoirs at 
the sites with a total capacity of 1.850 million m3 and highlighted the possibilities of 
multipurpose development in the valley. The GoI then commissioned the ‘Central Technical 
Power Board’ to study the proposal and appointed Mr. W L Voorduin, a senior engineer of 

the TVA to study the problem at the Damodar and to make his recommendations for the 
comprehensive development of the valley. Accordingly, in August, 1944 Mr. Voorduin 
submitted his ‘Preliminary Memorandum on the unified Development of the Damodar River’ 

which suggested a multipurpose development plan designed for achieving flood control, 
irrigation, power generation, and navigation in the Damodar Valley. By April, 1947, full 
agreement was practically reached between the British regime and Governments of West 
Bengal and erstwhile Bihar on the implementation of the scheme, and in March 1948, the 
Damodar Valley Corporation Act was passed by the Central Legislature, requiring the 
Central Government and the State Governments of West Bengal and Bihar to participate 
jointly for the purpose of building the Damodar Valley Corporation (DVC). The Corporation 
came into existence on 7 July, 1948 as the first multipurpose river valley project of 
independent India. The DVC as a Government of India’s organization operates in 

the Damodararea of Jharkhand and West Bengal and has its headquarters at Kolkata. The 
DVC operates under the Ministry of Power, Government of India. The initial focus of DVC 
was on the flood control, irrigation, power generation, transmission and distribution of 
electricity, eco-conservation and afforestation, as well as job creation for the socio-economic 
well-being of the people residing in and around areas affected by DVC projects. However, 
over the past few decades, power generation has gained priority. Other objectives of the DVC 
remain part of its primary responsibility. The Damodar and its tributaries have been 
somewhat tamed with the construction of several dams having a capacity to moderate peak 
floods of 7,100 to 18,400 m3 per second. The DVC has created irrigation potential of 3,640 
km2. Three integrated steel plants (Bokaro, Burnpur and Durgapur) of Steel Authority of 
India Limited (SAIL) and other factories operate within the valley area. The command area 
with an extent of 24,235 km2 spreads across the Damodar Basin. The DVC has developed 
and expanded its infrastructure to six thermal power stations (7,410 MW) and three hydro-
electric power stations with a capacity of 147.2 MW which contribute to a total installed 
capacity of 7,557.2 MW. Presently, DVC has 49 sub-stations and receiving stations more 
than 8,900-circuit km of transmission and distribution lines. DVC has also four dams, a 
barrage and a network of canals (2,494 km) that play an effective role in water management. 
The construction of check dams, development of forests and farms and upland and wasteland 
treatment developed by the DVC play a vital role in eco-conservation and environment 
management. 
 
(d) The Indus Water Treaty and the River Valley Project Development (RVPD) – 
India gets her name from the mighty Himalayan River i.e., the ‘Indus’ that drains the North-
Western region of the Indian Sub-continent.  On the geographical division of the Indian Sub-
continent in August, 1947 when two independent sovereign nations viz., India and Pakistan 
came into existence, the sharing of water of the Indus and its five principal rivers viz., 

https://en.wikipedia.org/wiki/Tennessee_Valley_Authority
https://en.wikipedia.org/wiki/Tennessee_Valley_Authority
https://en.wikipedia.org/wiki/Damodar_River
https://en.wikipedia.org/wiki/Jharkhand
https://en.wikipedia.org/wiki/West_Bengal
https://en.wikipedia.org/wiki/Ministry_of_Power_(India)
https://en.wikipedia.org/wiki/Bokaro_Steel_Plant
https://en.wikipedia.org/wiki/IISCO_Steel_Plant
https://en.wikipedia.org/wiki/Durgapur_Steel_Plant
https://en.wikipedia.org/wiki/Steel_Authority_of_India_Limited
https://en.wikipedia.org/wiki/Steel_Authority_of_India_Limited
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Jhelum, Chenab, Ravi, Beas, and Sutlej resulted into an international dispute. After nearly 
eight years of deliberations and negotiations between two national governments facilitated by 
the World Bank resulted in the ‘Indus Water Treaty – 1960’.  The Treaty awarded the 

exclusive use of waters of the three eastern rivers i.e., Ravi, Beas and Sutlej to India while the 
rights of exclusive use of water of three western rivers (Indus, Jhelum and Chenab) were 
entrusted to Pakistan.  Subsequent to the Treaty, the GoI has prepared a masterplan to harness 
the water of three rivers came to India’s share for assured irrigation, power generation and 

flood control. Prominent irrigation and hydropower projects viz., Bhakra-Nangal on the 
Sutlej, Beas Projects (Pong and Pandoh) on Beas, Thein (Ranjit Sagar Dam) Project on Ravi 
River were planned and implemented soon after. The Bhakra Dam was commissioned and 
dedicated to the nation on 22nd October, 1963. The Beas Projects and Thein Project were 
subsequently implemented. The Bhakra Nangal and Beas Projects are being managed by the 
Bhakra Beas Management Board (BBMB) and are being harbinger of Green and White 
Revolutions, rapid industrialization and urbanization in the Northern region besides 
protecting the downstream areas from flashfloods.  The BBMB is responsible to regulate the 
supply of Ravi, Beas and Sutlej water to the states of Punjab, Haryana, Rajasthan, Delhi and 
Chandigarh (UT) and distribute power from Bhakra Nangal and Beas Projects to the states of 
Punjab, Haryana, Rajasthan and Chandigarh (UT). The massive reservoirs (Bhakra and Pong) 
have also promoted enhanced fish production, creation of wetlands providing shelter to 
migratory birds and development of tourism and recreational activities besides environmental 
protection and improvement and various activities related to livelihood and rural 
improvement.  The Indira Gandhi Canal (originally Rajasthan canal) from Harike Headworks 
is the longest canal of India. The canal aimed to provide Ravi-Beas-Sutlej waters to the 
thirsty region of the Great Indian Desert in Rajasthan State, particularly Hanumangarh, Sri 
Ganganagar, Bikaner, Jaisalmer and Barmer districts. The construction of canal commenced 
in 1952 and plan included construction of canal in two phases (Stage I and II). The 
cumulative length of the main, feeder and distribution canals is about 9,245 km. The stage I 
was completed in 1983 around 20 years behind the completion schedule while the last portion 
of the canal was constructed until 2010. 
 
(e) Brahmaputra Board – On the lines of BBMB, the GoI constituted a statutory body 
named as the Brahmaputra Board in 1980 for the planning and integrated implementation of 
measures for the control of floods and bank erosion in the Brahmaputra Valley and for 
matters connected therewith. The jurisdiction of the Board covers entire Brahmaputra and 
Barak Valley, spreading in all the States of the North Eastern Region including Sikkim and 
part of West Bengal falling under the Brahmaputra Basin. The main functions of the 
Brahmaputra Board are to regulate and develop inter-state Brahmaputra and Barak River 
Valleys and utilization of water resources of these two prominent rivers and their tributaries 
for irrigation, hydropower, navigation and flood management. 

 
(f) Yamuna Action Plan (YAP) – The Yamuna, the principal tributary to Ganga River 
that traverses through the national capital has also been severely imperiled by developmental 
activities and biotic pressure, particularly pollution and reduced e-flow.  In 1993, the GoI in 
collaboration with Japan as a bilateral project initiated the Yamuna Action Plan (YAP).  It is 
one of the largest restoration projects in India.  The Phase-I of the project implemented by 
NRCD ended in 2003 and the project Phase-II commenced in 2004.  The water quality of 
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Yamuna River and effect of the YAP are being monitored by the Central Pollution Control 
Board (CPCD) at nearly twenty locations along the main stem. 

 
(g) Narmada Valley Development Authority and River Conservation – Narmada is 
the fifth largest river in India. It is also the largest west flowing river in India and known as 
the 'Life Line of Madhya Pradesh'. The river originates at Amarkantak in Satpura Hills in 
Madhya Pradesh and flows out into the Gulf of Cambay through the states of Maharashtra 
and Gujarat. With 87% of its catchment area lying in Madhya Pradesh, it becomes all the 
more important for the state to efficiently utilize the enormous water resource of this major 
river. However, the river faced various disputes among the three states through which the 
river flows. The Narmada Water Disputes Tribunal (NWDT) was formed by the Government 
of India in 1969. In 1979, the Tribunal awarded 18.25 Million Acre Feet (MAF) out of the 
total 27 Million Acre Feet (MAF) of water to Madhya Pradesh. The Narmada Control 
Authority (NCA) was setup in accordance with the decision of the Tribunal as machinery for 
implementation of its directions and decision. The authority started functioning from 20th 
December, 1980. The authority is a corporate body with representatives of the four States of 
Madhya Pradesh, Gujarat, Maharashtra, Rajasthan and representatives of Govt. of India. 
Further, the Narmada Valley Development Authority (NVDA) was formed by the 
Government of Madhya Pradesh on 9 August 1985 to oversee the progress of the projects 
being planned in the Narmada Basin. The body also ensures that proper rehabilitation is 
provided to the displaced, and the negative impacts on the environment are minimized by 
taking appropriate measures.The Government of Madhya Pradesh has also initiated a 
campaign to conserve the Narmada River with primary focus on creation of public awareness 
and their active involvement besides promoting activities pertaining to soil and water 
conservation, afforestation, pollution control, and organic farming.  As a part of the 
campaign, a Yatra or pilgrimage that run for 148 days during 2016-17 began and ended at the 
origin point of the river.  The campaign also included planting 16 million trees along the 
riverbank. 
 
(h) Godavari River Management Board – The Central Government constituted the 
Godavari River Management Board in May, 2014 for the administration, regulation, 
maintenance and operation of various projects on Godavari River as may be notified by the 
Central Government from time to time in exercise of the powers conferred by sub-sections 
(1), (4) and (5) of Section 85 of the Andhra Pradesh Reorganization Act, 2014. 
 
(i) Mahanadi Water Dispute Tribunal – The Government of Odisha had filed a 
complaint in November, 2016 with the Union Government under Section 3 of the Inter-State 
River Water Disputes (ISRWD) Act, 1956 read with lnter-State River Water Dispute Rules, 
1959 and requested the Central Government to constitute a Tribunal for adjudication of water 
disputes in respect of river Mahanadi and its basin between the riparian States of Odisha and 
Chhattisgarh. The Central Government constituted a Negotiation Committee for settlement of 
the dispute through negotiation. The Government after initial unsuccessful efforts by the 
Negotiation Committee ultimately constituted Mahanadi Water Disputes Tribunal in March, 
2018. The matter is under adjudication before the Tribunal. 
 

https://en.wikipedia.org/wiki/Drainage_basin
https://en.wikipedia.org/wiki/Water_resource
https://en.wikipedia.org/w/index.php?title=(MAF)&action=edit&redlink=1
https://en.wikipedia.org/wiki/Madhya_Pradesh
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(j) Krishna River Management Board – The Krishna River Management Board 
(KRMB) is an autonomous body established as per Andhra Pradesh Reorganization Act, 
2014 under the administrative control of the Ministry of Water Resources (MoWR) to 
manage and regulate the waters in Krishna Basin in the states of Andhra Pradesh and 
Telangana. 

 
(k) Cauvery River Management Authority (CRMA) – The Cauvery River originating 
at Talakaveri in the Brahmagiri Range in the Western Ghats, Kodagu district of the state of 
Karnataka and flows through the states of Karnataka and Tamil Nadufor about 802 km before 
its exit into the Bay of Bengal. The sharing of waters of the Cauvery River has been the 
source of a conflict between Tamil Nadu and Karnataka. The genesis of this conflict rests in 
old agreements between the Madras Presidency and Kingdom of Mysore. Concerned parties 
(Karnataka, Tamil Nadu, Kerala and Puducherry UT) have been demanding their shares. The 
contentious issue was under consideration by the Central Government and concerned states/ 
UT, and remained in litigation for a long period. The Central Government, in exercise of the 
powers conferred by the Section 4 of the Inter-State River Water Disputes Act, 1956 (33 of 
1956) had constituted the Cauvery Water Disputes Tribunal vide notification number S.O. 
437(E), dated the 2nd June, 1990 to adjudicate upon the water dispute regarding the Inter- 
State River Cauvery and the river valley thereof among the States of Karnataka, Kerala, 
Tamil Nadu and Union territory of Puducherry. The Tribunal investigated the matters 
referred to it and forwarded to the Central Government a report under sub-section (2) of 
section 5 of the Act on the 5th February, 2007. The party States filed special leave petitions 
in the Hon’ble Supreme Court against the said report. The Hon’ble Supreme Court converted 

the said special leave petitions into Civil Appeals and pronounced its judgment and final 
order in the case on the 16 February, 2018 and directed the Central Government to frame a 
scheme under section 6A of the Act to implement the Tribunal Award as modified by the 
Hon’ble Supreme Court vide Order dated the 16 February, 2018. In exercise of the powers 
conferred by section 6A of the said Act, the Central Government notified the Cauvery Water 
Management Scheme on 01 June, 2018, inter alia, constituting the ‘Cauvery Water 

Management Authority’ and the ‘Cauvery Water Regulation Committee’ to give effect to the 

decision of the Cauvery Water Disputes Tribunal as modified by the Hon’ble Supreme Court 

vide its Order dated 16 February, 2018. 
 
(l) Inter-Linking of Rivers – The GoI through the National Water Development Agency 
(NWDA) and MoJS have initiated an ambitious programme of inter-linking of rivers in the 
country.  As a part of this national programme, the NWDA has identified 30 links represented 
by 14 links under the Himalayan Rivers and 16 links under Peninsula Rivers.  Feasibility 
reports for proposed 16 links have already been prepared while DPRs for Ken-Betwa link, 
Daman Ganga-Pinjal link, and Par-Tapi-Narmada link have already been prepared. 

 
(m) Rally for Rivers – A non-profit and spiritual organization -‘ISHA Foundation’led by 

SadhguruJaggi and based at Coimbatore, Tamil Nadu has launched a campaign named as 
‘Rally for Rivers (RfR)’.  RfR aims to create awareness about rivers and their protection so as 

to tackle the water scarcity across rivers in India and prepared a document entitled 
‘Revitalization of Rivers in India - Draft Policy Recommendation’ and submitted to the 

Hon’ble Prime Minister of India on 3rd October, 2017.  The RfR and the document 

https://en.wikipedia.org/wiki/Brahmagiri_(hill),_Karnataka
https://en.wikipedia.org/wiki/Kodagu_district
https://en.wikipedia.org/wiki/Karnataka
https://en.wikipedia.org/wiki/Tamil_Nadu
https://en.wikipedia.org/wiki/Kaveri
https://en.wikipedia.org/wiki/Tamil_Nadu
https://en.wikipedia.org/wiki/Karnataka
https://en.wikipedia.org/wiki/Madras_Presidency
https://en.wikipedia.org/wiki/Kingdom_of_Mysore
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recognized rivers as a ‘National Treasure’ and emphasized for protection of rivers that should 

encompass ecological integrity, environmental flows and preservation of physical, chemical 
and biological characteristics of water that protects the gene pool (ISHA Foundation, 2017). 
RfR documented that revitalization of dying rivers is possible through riverside afforestation 
and recommended planting of trees for a minimum of one kilometer along the entire river 
length on both sides of the river so as to develop tree cover.  In response of the 
recommendations and the document submitted by the RfR, the PMO constituted an expert 
group under the chairmanship of CEO, NITI Aayog to look into the policy recommendations 
by RfR.  Six states (Karnataka, Assam, Chhattisgarh, Punjab, Maharashtra and Gujarat) 
signed an MoU with the ISHA Foundation to plant trees along the river banks. 
 
(n) NITI Aayog: Action to Revitalize India’s Rivers – The Expert Group under the 
chairmanship of CEO, NITI Aayog considered the policy recommendation made by the RfR 
and prepared an Action Plan for implementation on the ground.  A detailed document entitled 
‘India – Three Year Action Agenda (2017-18 to 2019-20)’ by the Commission specifically 
includes a chapter ‘Focusing on Sustainable Management of Water Resources’ based on 

extensive consultation and inputs from various concerned Central Ministries and State 
Governments.  The proposed strategy focused on irrigation to all farms, improve water use 
efficiency, recycling and use of treated water by industries, discharge of treated effluents, 
creation of additional water storage capacity to enhance utilization of surface water resources, 
sustainability of ground water resources, facilitation of effective water governance,commence 
study on Integrated Water Resource Management (IWRM), planning for inter-linking of 
rivers, and completion of the Agenda of the Namami Gange programme.  The NITI Aayog 
has also developed a Strategy for New India @ 75that has focused on the current situation of 
water resources and the way forward for various dimensions of management of water 
resources in the country (NITI Aayog, 2018). 
 
(o) Initiatives by the National Afforestation and Eco-development Board (NAEB) – 
The GoI has set up the National Afforestation and Eco-development Board in 1992 with the 
aim to promote afforestation, ecological restoration and ecodevelopment activities in the 
country so as to lay special attention to degraded forests and adjoining lands, protected areas, 
and the ecologically fragile areas such as Western Himalayas, Aravalli Hills, Western Ghats, 
etc. The NAEB has initiated a unique programme named as the ‘Eco Task Force (ETF)’.  

ETF units were raised under the aegis of the then MoEF and the Ministry of Defense in 
conjunction with states for attending the priority conservation tasks for challenging 
assignments in the ecologically fragile and sensitive areas. The objective behind creating ETF 
battalions was to solve the twin problems of eco-regeneration and rehabilitation of ex-
servicemen. The ETFs in Jammu and Kashmir (UT), Himachal Pradesh, Rajasthan and 
Uttarakhand have done commendable job by rehabilitating degraded areas and contributing 
towards ecological restoration. Following the recommendations made in the DPR for Ganga 
River, the NMCG created a special ETF for protection, conservation and afforestation works 
along the river Ganga.  The NAEB also took an initiative on river rejuvenation by way of 
forestry interventions by assigning a major project to the Indian Council of Forestry Research 
and Education (ICFRE), Dehradun for countrywide effort on thirteen major Indian rivers.  As 
a part of this assignment, the ICFRE and its nine institutes located across the country have 
prepared DPRs for 13 major rivers of the country.  
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(p) River and Water Conservation as the National Movement – Lately, the 
Central/State Governments have realized the growing water crisis in different parts of the 
country and recognized as the primary impediment in the country’s development and in the 

process of nation building.  Country’s two-third part is rainfed and experiences erratic rainfall 
pattern and often water crisis on account of delayed monsoon, longer dry spells, and extreme 
variability in annual rainfall pattern. Despite growing water crisis, country is fully committed 
to fulfill its national and international obligations towards comprehensive development of 
water resources, biodiversity conservation, environmental management, climate change, 
mitigation and address cross-cutting social issues those are essentially required for the nation 
building and sustainable development.Thus, the management of sparce and precious 
freshwater resources including river management and conservation adopting a holistic 
approach has become the national movement.   

 
6. River Basins and the Indian River Systems 
 
A river basin is the part of a land through which the main river and all its tributaries flow.  It 
is the basic hydrological unit for planning and development of water resources. Other 
prominent terms concurrently used are catchment area, catchment basin, drainage area, water 
basin and drainage basin.  A drainage basin is any area of land where precipitation collects 
and drains off into a common outlet, such as into river, bay or another body of water. The 
drainage basin includes all the surface water from run-off, snow/glacier melt and nearby 
streams that run downslope towards a shared outlet, as well as the underground underneath 
the earth’s surface. Large river systems are generally defined by one or more of the criteria 
viz., drainage area, river length, average discharge, and suspended and dissolved load.  Large 
rivers also have vast and long-lived deltas. Large rivers and their valleys exhibit long time 
period alluvial stratigraphic records revealing their development on varied time-scales from 
century to tens of millions of years. Nearly, 38 large rivers have been recognized across the 
globe and most large rivers face degradation due to enhanced human activities resulting into 
decline of ecosystem services, serious threats to biodiversity, and water security.   

India is endowed with enormous diversity of natural ecosystems including mighty rivers.  
India is privileged to have four large river systems viz., the Indus, Ganga, Brahmaputra and 
Godavari. The river basins of India have been classified into three categories: (i) Large 
riverbasins having catchment area of > 20,000 km2; (ii) Medium riverbasins having 
catchment area between 2,000 to 20,000 km2; and (iii) Minor riverbasins having catchment 
area < 2,000 km2 on the basis of the area drained (Potter, 1978; Rao, 1979; Hovius, 1998; 
Gupta, 2007; Sinha et al., 2012). Varied government agencies dealing with the river resources 
have described different number of basins as they have either clubbed smaller basins or bi-
furcated large basins into smaller one. The Central Water Commission (CWC) have 
described 14 large river basins in the countryviz., Ganga, Indus, Godavari, Krishna, 
Brahmaputra, Luni, Mahanadi, Narmada, Cauvery, Tapi, Pennar, Brahmani, Mahi, 
Sabarmati, Barak, and Subarnarekha in the descending order and they cover nearly 84% total 
drainage area of the country. The spatial imbalance in distribution of water resources is quite 
evident and it can be appreciated by the fact that Ganga-Brahmaputra-Meghna Basin covers 
34% of the country’s geographical area and contributes nearly 59% of water resources while 

the west flowing rivers towards the Indus cover 10% of the area and contribute just 4% of the 
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water resources (CWC, 2017).  The remaining 56% area contributes balance 37% of the 
water runoff in various rivers of the country (FAO- AQUASAT, 2011a).  

Nearly half of the humanity directly depends upon the mountain resources, primarily on 
freshwater. Mountains provide a wide range of ecosystem services including water for people 
inhabiting the mountains as well as people living in downstream areas of major rivers or their 
tributaries originating from different hill ranges. The Hindu Kush Himalayas (HKH), a 
critically important geo-ecological asset is the origin of 10 major river basins. Nearly, 1.9 
billion people living in the 10 river basins having origin in the HKH region get varied 
multiple benefits from its resources (Bajracharya and Shrestha, 2011; Bajracharyaet al., 2015; 
Sharma et al., 2019). In the context of Indian Sub-continent, three mighty Himalayan Rivers 
viz., the Indus, Ganga and Brahmaputra (IGB) River Systems south of the HKH Ranges attain 
special significance from the perspectives of history, mythology, culture, economy and 
ecology. The Indus River among 10 major river basins in the HKH region is one of the 
longest rivers in Asia as its basin is shared by China, India, Pakistan and Afghanistan. It 
constitutes the second largest drainage. The Indus River and its principal tributaries has 
immense significance for India and Pakistan. 

The rivers of India have been broadly categorized into the following four groups (FAO - 
AQUASTAT, 2011b; Balasubramanian, 2007): 

(i) The Himalayan Rivers:  The Himalayan Rivers are fed by glaciers and snow melt 
and flow throughout the year.  During the monsoon season, these rivers assume alarming 
proportion as they carry enormous sediment and cause frequent floods.  The Indus, Ganga 
and Brahmaputra along with their tributaries form the most important river systems in India 
from western to eastern Himalayas.  

 
(ii) The Deccan or Peninsular Rivers:  The prominent rivers originating from varied 
mountain ranges namely, Satpura and Vindhyan Hills in the Deccan or Peninsular region and 
from the north-south running mountain range i.e., the Western Ghats are being referred as 
Deccan or Peninsular Rivers.  Important rivers namely Godavari, Mahanadi, Krishna, Pennar 
and Cauvery drain into the Bay of Bengal in the East while westerly flowing Narmada and 
Tapi Rivers flow into the Arabian Sea.   

 
(iii) The Coastal Rivers: The short rivers arising either from the Western Ghats or the 
Eastern Ghats with limited catchment area, especially on the west coast, south of Tapi and 
non-perennial are included in this category.  Some of the rivers originating in the Saurashtra 
Peninsula in the state of Gujarat also fall under this category.  Prominent rivers in this 
category are in parts of Gujarat, Goa, Maharashtra, Karnataka, Kerala, Tamil Nadu, Andhra 
Pradesh, Orissa and West Bengal. 

 
(iv) Inland Drainage Basin Rivers: A few small rivers originate from Aravalli Hills in 
the state of Rajasthan do not drain into sea instead they drain into salt lakes and get lost in 
sandy desert or the Rann of Kutch.  These are Luni, Sarasvati and Banas Rivers.  
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7. Indian Rivers - Conservation Significance  

Owing to the strategic location of India at the confluence of three biogeographic realms viz., 
Palearctic, Indo-Malayan and Afro-tropical, India is bestowed with enormous diversity of 
mountain ranges and varied natural ecosystems.  Thus, Indian Rivers under four above stated 
categories drain the entire geographical extent of the country and have immense 
geographical, environmental, socio-economic, cultural and religious significance.  The river 
Ganga has been designated as the National River.  Broad based ecological, economic and 
cultural significance of Indian Rivers have been summarized below.  Detailed account on 
river-wise conservation significance has been provided in the respective DPR of the river.  

(i) Ecological Values – Basins of most rivers, particularly the headwaters those are 
located in different mountain ranges including three ranges (Greater, Lesser, and Outer) of 
Himalayas, Trans-Himalayas, Western and Eastern Ghats, Aravalli, Satpura, Vindhyan, 
North-Eastern Hill Ranges (Cachar Hills, Garo Hills, Jaintia Hills, and Khasi Hills), etc. Most 
mountain ranges also harbour a wide variety of forests from thorny scrub to dry deciduous, 
moist deciduous, and semi-evergreen and evergreen and contribute significantly towards the 
forest cover of the country.  These forests in the basin are repository of spectacular and 
unique terrestrial biodiversity including wide range of plants (angiosperms, pteridophytes and 
gymnosperms), and vertebrates and invertebrates besides numerous microorganisms.  Forests 
in different states harbour enormous tons of carbon stock and sequester carbon to a great 
extent, ultimately helping in reduction of Greenhouse Gas emissions. Basins are home to a 
large number of threatened and sensitive ecosystems including glaciers, alpine meadows, 
grasslands and swamps, riparian forests, floodplains, mangroves, etc. along with a large 
variety of rare, endangered and threatened species that inhabit them.  Varied forest and 
grasslands harbour mega herbivores viz., Asian elephant (Elephas maximus), Great One-
horned Rhino (Rhinocerosunicornis), Wild buffalo (Bubalus bubalis) and top carnivores 
(Bengal Tiger – Panthera tigristigris), and Asiatic lion – Panthera leo persica). The higher 
reaches in the Himalayas and Trans-Himalayas harbour the considerable population of 
magnificent snow leopard (Uncia uncia).  River basins harbour a wide range of natural and 
manmade wetlands including Ramsar sites and possess richand unique plant and animal 
diversity. The considerable part of higher reaches in the Himalayas and Trans-Himalayas are 
covered by glaciers and snow and they significantly contribute towards the cryosphere.  
Rivers, their tributaries and floodplains contribute enormous diversity of aquatic biota 
including fish fauna and aquatic mammalian species viz., otters and river dolphin besides 
herpetofauna (e.g., crocodilian species). Different basins host Wetlands of National 
Importance, Important Bird Areas (IBA), Ramsar Sites, World Heritage Sites, Tiger 
Reserves, Elephant Reserves, and Biosphere Reserves besides a network of protected areas 
including National Parks, Wildlife Sanctuaries, Conservation Reserves, and Community 
Reserves. 
 
(ii) Economic Values – River Basins in India not only constitute the entire country’s 

landmass but support the entire human population of more than 1.3 billion people. Surface 
and groundwater availability from various rivers contributes the total availability of about 
1,869 km3 yr-1. River basins make significant contribution to the Indian economy. The 
country’s agriculture sector is heavily dependent on the fertile alluvial plains of the Indus, 
Ganga, Brahmaputra, Godavari, Mahanadi, Krishna and Cauvery besides intensive 
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agriculture in the deltaic regions of different rivers. Most major rivers, particularly 
Himalayan and Peninsular provide irrigation in the command states and harbour numerous, 
sequential irrigation and hydropower projects by way of dams, reservoirs and barrages.  Most 
rivers and their tributaries are source of country’s fish production. The minor minerals (sand, 
boulders, and bajri) are extracted in massive quantities from the river beds of prominent 
rivers and their tributaries. The hydropower projects on the Himalayan Rivers and other 
rivers in the Deccan Peninsula, and Western and Eastern Ghats contribute significantly 
towards the generation of hydropower. Several rivers are a major source of navigation and 
communication and allow inland waterways. 

 
(iii) Cultural Values – Water is of special significance in Hinduism, not only for its life-
sustaining properties, but also because of its use in rituals. In general, all prominent rivers in 
different regions of the country are being worshipped by local people. Bathing in rivers also 
has religious significance, especially in rivers considered sacred. Seven rivers – Sindhu 
(Indus), Ganga, Yamuna, Sarasvati, Narmada, Godavari, Cauvery have been recognized as 
principle holy rivers. Although others, such as the Mahanadi in Central India, Brahmaputra in 
the northeast India, and Krishna in South India are also considered important from religious 
point of view. The Sarasvati is now invisible, extinct or running underground, and meets with 
the Ganga and Yamuna at Prayagraj.  River Gangais considered the holiest and Hindus 
believe that the river purify the sins of bather.Most rivers are personified as goddesses. 
Goddess Ganga featured in the epic Mahabharata is usually shown riding on a crocodile. 
Yamuna rides on a turtle. Certain spots on the seashore are also holy. Ganga Sagar or Sagar 
Island in Ganga Delta, Puri on the east coast, and Kanyakumari in the southare considered 
sacred. Festivities and events like ‘Kumbh Mela’, and ‘Chhath Puja’ associated with the river 

attract millions of devotees from the world over. Kumbh Mela at Haridwar, Prayagraj and 
Nasik at every six- or twelve-year interval is considered highly auspicious occasion and 
results into congregation of pilgrims. Massive congregations from different walks of life 
provide opportunities of mass awareness about the importance of river ecosystems and their 
conservation, and clean water with special emphasis on various initiatives by governmental 
and non-governmental organizations about the conservation and development. One of the 
oldest civilizations i.e., the Indus Valley Civilization which is about more than 5,000 years 
old flourished along the Indus River. Over a long period of time, several civilizations, 
empires and kingdoms have flourished along the banks of different rivers and their tributaries 
in the past.  The majestic snow peaked Himalayan Mountains, densely forest covered other 
mountain ranges and various natural ecosystems all along the rivers and their tributaries 
besides their religious, cultural and historic values have enormous potential, recreation and 
tourism industry. Sites of adventure water sports, cultural and historic sites located along 
rivers and their tributaries are also major attractions and constitute prominent circuits of 
tourism in the country. A large number of urban centers - metros, cities, and towns exist all 
along the rivers of the country. A wide range of industries have also come up and thrived 
along the rivers and tributaries utilizing their water.   

8. Rivers – Problems and Conservation Issues 

Despite rivers predominantly contribute for human well-being, prosperity in the region and 
the sustainable development, they have been exploited for more than thousands of years 
(Boon et al., 1992). Natural disturbances viz., tectonic movement, earthquake, avalanche, 
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cloud burst, drought, flood, storm, forest fire, tsunami, etc. impact rivers and often they cause 
irrecoverable damage and cascading effects on the channel morphology, terrestrial and 
aquatic biota and river flow.  Increasingly, natural disturbances are either altered or replaced 
or even aggravated by human disturbances, primarily arising due to civil engineering 
measures for creation of physical barriers (dams, reservoirs, barrages, canals and river 
linking) besides numerous manmade disturbances including deforestation, agriculture 
expansion, landfills, mining, industrial effluents, waste and sewage disposal, expanding road 
network, construction near shore lines and stream banks, urbanization, growing tourism and 
recreational activities, etc. Human development has resulted in a notable decline in the health 
of rivers resulting due to altered and reduced environmental flow, fragmentation, pollution, 
mutilated ‘organs’- the tributaries, the riparian vegetation, the floodplain, the bed, and the 
biota of the river. Thus, various problems and conservation issues related to degradation of 
river ecosystem can be grouped under the following categories based on geomorphic and 
topography, climatic, ecological and socio-economic nature of deterioration.   

(i) Geomorphic and Topographic Issues – The prominent Himalayan Rivers fall in 
high seismic zone V or IV. The vulnerability of such regions due to high intensity 
earthquakes and resultant damages owing landslides, change in river course has profound 
impact on the river morphology and biological characteristics of the river. Most Himalayan 
Rivers and their tributaries have origin at more than 4,000 m elevation. Likewise, other 
principal rivers originating from high mountainous tract like the Western or Eastern Ghats are 
prone to frequent and extensive landslides, high rate of sedimentation and soil erosion. 
 
(ii) Climatic Issues – In general, human disturbances aggravated by climate change like 
glacier retreat and snow melt have severe implications for not only the river flow but also the 
structure and composition of terrestrial and biota.  Frequent droughts, floods, cloud burst and 
avalanches also disturb the river functioning. Glacial Lake Outburst Floods (GLOF) are 
considered as primary hazards while rock fall/debris fall have been recognized as secondary 
hazards. Several rivers in the country face flashfloods and larger part of the country are 
impacted by such recurrent floods. Frequent floods in rivers namely, Ganga and Brahmaputra 
have devastating impacts. A larger portion of the lower Ganga region is impacted every year 
as several principal tributaries originating in Nepal bring enormous water and cause flood.  
Likewise, flashfloods in Brahmaputra valley are almost annual and responsible for large scale 
devastation predominantly in Assam, some parts of Arunachal Pradesh and West Bengal.  
The Brahmaputra valley in Assam accounts for 95% of total flood prone area of 33,000 km2 
in the NE region and 9.5% of country’s total.  Flash floods result into loss of life and property 
including extensive damage to crop fields. Floods in Brahmaputra basin have been grouped 
into four categories based on meteorological, geomorphic and hydrologic, natural and 
artificial dam induced and anthropogenic. Bank erosion in major rivers like Brahmaputra, 
Ganga and Mahanadi is an important phenomenon. Short term changes in the bank lines 
result into rise and fall of river level, number and position of major channels active during 
flood season, amount of scour and deposition, formation and movement of sandbars, 
cohesion and variability in composition of bank material, intensity of bank slumping, changes 
in river course and exposure of rock out crops. 
 
(iii) Ecological Issues - Shifting cultivation in NE India is the major land use system in 
the states of Brahmaputra basin. This form of agriculture with a short fallow period of 3-5 
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years has detrimental effect on river health due to large scale soil erosion in the catchment 
area. Rivers have been fragmented by enhanced activity for hydropower generation and 
creation of physical barriers. The vital connectivity (longitudinal, vertical, lateral and 
temporal) essential for the maintenance of river health have been impacted by such physical 
barriers and diversion of water. Land degradation and high rates of sedimentation owing to 
various factors including deforestation and degradation in catchment areas are major 
challenges for the maintenance of e-flows and ecosystem integrity of the river and its various 
tributaries. Mining in the catchment or collection of sand and boulders from the river bed is a 
widespread activity in and around rivers, impacting patterns of flooding, benthic life and 
other characteristics of the river. Increasing extent of forest fires is also a cause of major 
concern for degradation of the river environment. 

 
(iv) Socio-economic Issues – Proliferation of human activities by way of settlements, 
expanding agriculture and horticulture activities, industrial development, urbanization, 
traditional resource dependence on forests and river resources, fast growing religious, cultural 
and tourism activities all along the rivers and their tributaries have resulted into the 
degradation of the river environment and loss of ecosystem services and multiple benefits 
once they use to offer. Many low-lying areas adjacent to the rivers, particularly varied 
wetlands including swamps though act as natural flood storage and help in purification of 
water are now largely occupied by people. The encroachment in the river bank and other 
areas of the basin creates various problems in effective management of the river.  Pollution 
by way of heavy use of pesticides and other chemicals in agriculture/horticulture, industrial 
effluents, waste and sewage disposal, and excessive extraction of water for various human 
uses are having severe implications on water quality and pose health hazards for people and 
their livestock. Non-point and point sources of pollution have adversely affected the water 
quality.  Enhanced human activities have also led into the proliferation of alien and invasive 
species in the forested catchment, riverine habitats and even the flowing water. There is an 
urgency to manage such species so as to promote and restore native species. In several 
instances, various estuaries, particularly the mouth of the river have been adversely impacted 
by siltation and causing enormous issues related to water flow and movement of aquatic 
fauna.  The deltaic regions of major rivers are being impacted as a flow of water and 
sedimentation have been drastically curtailed by sequential physical barriers and excessive 
sand mining all along the river course (Walling, 2011). The continuous flow of water and 
required quantity of sedimentation are essential for the formation and sustainability of deltas. 
Various processes upstream and heavy biotic pressure have also resulted into the decline and 
degradation of mangroves. Vital floodplain areas for the maintenance of river diversity and 
functionality are being reclaimed, causing enormous environmental challenges. In addition to 
various human induced activities, most rivers suffer on account of poor knowledge, 
information base and understanding in the absence of required comprehensive ecosystem-
based studies besides low national capacity for river restoration in absence of successful, 
demonstration models.  Further, rivers are used and managed by various sectors and agencies.  
In general, there is lack of harmony among varied user agencies. Thus, sectoral integration is 
a priority requirement. Furthermore, rivers being trans-boundary in nature increasingly face 
inter-state and international issues with regard to sharing of water and efficient management 
of river environment.  
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9. Rivers and Forests – Interconnections   

Rivers and forests have close affinity and are strongly interconnected (Box 4).  Forests are 
crucial to the sustainable management of water resources including river ecosystems while 
water is essential for the sustainability of forest ecosystems (Fig.5).  Forested basins and 
catchments supply a high proportion of freshwater for domestic, agricultural, industrial and 
ecological needs, both in upstream and downstream areas (Calder et al., 2007; Vose, 2019).  
It is now well recognized that the availability, quantity and quality of water in rivers are 
strongly influenced by forests (Carina, 2008; Ekhuemeloet al., 2016). Forests absorb 
precipitation (rainfall and snow melt) while slow down runoff besides reducing soil erosion, 
improving water infiltration and recharge of groundwater and aquifers (Rosen, 2015).  Thus, 
forests function as sponge.  Forests regulate the carbon, oxygen and hydrological cycles 
(Bruijnzeel, 2004). Riparian forests serve as ‘natural buffers’ and ‘biological filters’ and are 

the most effective protection mechanism for water resources like major rivers and tributaries. 
Riparian forest buffers facilitate functions of purification of water by way of inbuilt ‘self-
regulation’ viz., ‘self-purification’, ‘self-regulation’, and ‘self-support’ for the dynamic flow 

of water and its quality (Ostroumov, 1998). The aquatic organisms in the natural buffer act as 
filter feeders (Welsch, 1991; Lowrance et al., 1985; Wenger, 1999).   

 

The complex biological filters include diverse aquatic plants, periphyton, benthic organisms, 
etc. and they play pivotal role in maintaining water quality and bank stability besides 
supporting fish and wildlife habitats. Biological filters help in catching and filter out sediment 
and debris from surface runoff and trap pollutants (Malanson, 1993; Schueler, 1995; Wenger, 
1999). Riparian forests offer distinctive habitats to a multitude of plant and animal species as 
they improve quality of habitats by shading, filtering and moderating stream flow, ultimately 
providing shade and cooler environment and water which holds more oxygen and reduces 
stress on fish and other aquatic creatures. Forests on the river banks and in adjoining lands 
offer recreational opportunities. Climate change is likely to have adverse impact on the 
availability and quality of water as it is likely to alter the spatial and temporal patterns of 

Box - 4 
Interconnections between Forests and Rivers 

Forests and freshwater resources have strong interconnections as forests influence 
the availability, quantity and quality of water in streams and rivers besides they 
perform numerous vital functions viz., absorption of precipitation, acting as 
‘sponge’, improving infiltration, and recharging groundwater and aquifers; 

regulating carbon, oxygen, and hydrological cycles; slowing down runoff and 
reducing erosion, and providing habitat for wide range of biota. In addition, riparian 
forests function as the ‘natural buffers’ and ‘biofilters’ and supplement key 

processes such as the ‘self-regulation’ and self-purification’. Evidently, interactions 
between the forest cover and water are complex.  Often, interactions between forests 
and flowing water systems are of a transboundary nature and that requires 
collaboration at the international level and such interactions need to be considered in 
the broader landscape context. 
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precipitation and resultant intensities of flood, drought and forest fires as well as have 
implications on the structure, composition and functions of forests.  The water cycle is largely 
regulated by river flow and evapo-transpiration of surface water in large stretches of rivers 
and open sea that ultimately governs the precipitation influencing distribution of forests and 
their biodiversity and productivity.   

Evidently, interactions between forest cover and water are complex. Often, interactions 
between forests and water are of a transboundary nature and that requires collaboration at the 
international level and such interactions need to be considered in the broader landscape 
context and an integrated approach needs to be applied at the local, national and international 
levels. Closer cooperation between the forests and the water sector is the pre-condition for 
sustainable development as forests and water development have multifarious socio-economic 
implications (Vose, 2019). The Sustainable Development Goals (SDGs) related to water 
(SDG 6) and life on land (SDG 15) explicitly acknowledge the linkages between forest and 
water. 

10. Significance of Riparian Corridors or Riparian Buffers 

Freshwater environment, particularly streams and rivers are influenced by surrounding lands 
(Fig. 6). Varied land use types such as forestry, agricultural practices, and development of 
urban environment in surrounding lands exert varied influences not only on those land uses 
but also on the stream/ river environment by way of increasing expansion of road network 
along the river course. Industrialization and urbanization have the potential to degrade water 
quality and physical habitats within streams and rivers. The concept of ‘riparian corridors’ or 

‘riparian buffers’ has gained wider acceptance as tools for protecting water quality, 

maintaining wildlife habitat and providing other benefits to people and the environment 
(Naimanet al., 1998; Welsch, 1991; Lowrance et al., 1985; Wenger, 1999; Vorosmarty et al., 
2010)). Developing an understanding of the concept of riparian buffers is of immense 
significance in the context of forestry interventions for river restoration. A Riparian Corridor 
(RC) forms a transition zone between the land, also known as the terrestrial environment, and 
the river or the water course or aquatic environment. In other words, the RC is a strip of 
vegetation that connects two or more larger patches of vegetation (i.e., habitat) and through 
which any organism is likely to move over time. These landscape features are often referred 
as ‘conservation corridors’ or ‘wildlife corridors’ and essential for dispersal and movement of 

animals from one patch/ habitat to another. The ‘riparian buffer strip’ is yet another term in 

use and defines a linear band of permanent vegetation adjacent to an aquatic ecosystem 
intended to maintain or improve water quality by trapping and removing non-point source 
pollutants from both overland and shallow sub-surface flow.  
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Fig. 5: Beas River – Riverine Forest in Upstream Area 

 

 

Fig. 6: Riparian Forests along the Cauvery River 

(a) Functions of Riparian Corridor – Riparian corridors or buffers perform a wide 
range of important environmental functions including water quality enhancement, stormwater 
and floodwater management, stream bank and shoreline stabilization, water temperature 
modification, wildlife habitat protection, and absorption of airborne pollutants. Riparian 
corridors not only catch and filter out sediment and debris from surface runoff, but also trap 
pollutants namely phosphorous, nitrogen, etc. from fertilizers, insecticides, pesticides, and 
animal waste and convert them into less harmful forms. Riparian buffers also act as a sink 
when nutrients and excess water are taken up by root system and stored in biomass of trees. 
The riparian corridors immensely help in stream/river bank stability by slowing the velocity 
of runoff and by allowing the water to infiltrate and recharge the groundwater. Riparian 
buffer helps to reduce erosion and can reduce the amount of streambed or riverbed scour by 
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absorbing surface runoff and slowing water velocity. Riparian buffers offer distinct habitat to 
a multitude of plant and animal species besides benefitting aquatic habitat, particularly the 
quality of water through shading, filtering, and moderating stream flow. Shade helps in 
moderating temperatures and maintaining cooler water that holds more oxygen and reduces 
stress on fish and other aquatic organisms.  
 
(b) Width of Riparian Buffer – There is no ‘one-size-fits-all’ description of an ideal 

riparian buffer as several factors viz., slope, rainfall, rate of water absorption by soil or 
percolation, type of vegetation in the buffer, extent of impervious surfaces, and other 
characteristic attributes specific to the terrain and site influence the effectiveness of buffers 
(Wenger, 1999; Fischer and Fischenich, 2000). World over, a large number of studies have 
been carried out to address and design riparian buffer zone (Forestry Commission, 1998; 
Skogsstyrelsen, 2000; Forest Service, 2000; Blinn and Kilgore, 2001). Most researches have 
focused on buffer design, specifically with regard to forest buffer width, the type of 
vegetation assemblage, layout, and length. Guidelines for buffer width for various objectives 
(i.e., water quality, habitat and corridors for wildlife, riverbank stabilization, and flood 
attenuation) have been researched and prescribed (Hawes and Smith, 2005). Proper widths 
for various objectives may vary significantly by a region as it depends on variety of 
environmental and physical factors (Hodges and Krementz, 1996). The width of buffer is also 
a function of the stream order (Strahler system). Larger width of river corridors was 
recommended in the case of 4th order or greater streams/ river courses.  
 
Although, the principal objective of a riparian buffer may appear simple enough so as to 
protect the aquatic zone from disturbance by forest operations or any other land use on the 
adjacent land, it is important to understand the deeper logic and science behind the planning 
for such vegetation cover and plantations. In several instances, developing a riparian corridor 
may actually not be a natural aspect of the ecological system at all, and it must be clearly 
seen as a management initiative which is planned for the protection and restoration of river 
water flow and quality. It is essential to appreciate the relevance of riparian buffer from the 
perspective of various basic concepts of river ecology viz., the river continuum concept, 
nutrient spiraling concept, etc. (Vannoteet al., 1980) 
 
(c) Selection of Reasonable Forest Buffer or Riparian Corridor – An appraisal of the 
exhaustive literature available on the theme of riparian corridors revealed that riparian buffers 
are complex ecosystems that provide habitat and improve the stream communities they 
shelter. Effective riparian vegetative corridor is vital for water flow, quality and river health 
(Schofield and Davies, 1996). It is evident that not only the natural riparian buffers have 
either lost or shrunk in most places, particularly in human dominated country like India but 
also the surrounding lands influencing streams and river courses have been drastically 
altered. The review of literature on the width of riparian corridor or forest buffer along river 
courses also revealed that there is a wide variation in the global opinion on this priority theme 
as there cannot be ‘one-size-fits-all’ (Wenger, 1999). Moreover, most of the available 

literature from Britain and other western countries pertain to streams and water courses of 
lower order.  
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(d) Riverscape Width in Case of Meander – The width of the riverscape in case of 
meandering rivers has been defined by the lateral extent of the river meanders, called the 
meander belt width, which is governed by valley landforms, surfacial geology, and the length 
and slope requirements of the river channel. A meander belt width accommodates the 
meander and slope of a balanced or equilibrium channel and helps to maximize channel 
stability and minimize fluvial erosion hazards. Protecting river corridors as defined by the 
meander belt width of the equilibrium channel avoids conflicts with human land uses and 
minimizes investments and the need to conduct expensive channel management or 
stabilization activities. When rivers are in dynamic equilibrium, sustainable meander 
geometry provides the dissipation energy for moving water and sediments. The fact that 
unconfined, single thread streams tend to follow a sinuous or meandering course is related to 
the vertical (up and down) oscillations of the stream bed.  
 
Scientists have developed meander geometry formulas to relate channel dimensions with 
planform measurements. Williams (1986) using data collected from 153 alluvial rivers 
around the world found that the relationship between channel width and the meander belt 
width is expressed by the formula  

B = 3.7W1.12 
 
Where, B is the belt width and W is the channel width in feet for channels ranging from 5 to 
13,000 ft wide. This formula results in a meander width ratio approximately equal to six (i.e., 
the belt width is equal to about six bank full channel widths). Corridors for gentle gradient 
rivers and streams (slope <2%) in narrow to broad alluvial valleys are calculated and drawn 
to accommodate a meander belt width that is equal to six times the width of the river channel. 
Where rivers are assessed as being in equilibrium and the lateral extent of their meanders 
create a belt width that is at or near the ‘6 times channel width’ relationship, then corridors 

are drawn as two roughly parallel lines, following down the valley and capturing the extent of 
existing meanders (Fig. 7). 
 

 
 

Fig. 7: Representation of a River Corridor Showing the Meander Belt Width 
(River Corridor Protection and Management Fact Sheet, 2016) 

 
(e) Exceptional Situation of Himalayan and Other Rivers in the Populous Country – 
The extraordinary situation of major Indian Rivers, especially the Himalayan Rivers (Indus, 
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Ganga and Brahmaputra and their tributaries)  is visibly different in magnitude owing to 
extreme range in the altitudinal gradient, steep slopes, and rugged terrain in the headwaters/ 
upstream areas besides the fact that the Himalayan Mountains depict extremely high fragility 
due to unstable geological formations, proneness to natural disasters (i.e., high seismicity, 
avalanches, cloudbursts, extremely variable tropical monsoonal rainfall patterns, resultant 
much higher extent and intensity of sedimentation, landslides and floods), high biotic 
pressure (i.e., livestock grazing, expansion of road network, densely populated habitations-
townships, sequential multipurpose hydroelectric projects all along the river course, recurrent 
annual forest fires, industrial growth, etc.), particularly in upper reaches. Thus, upstream 
catchment area calls for an altogether different perspective and dimension for deciding the 
width of the riparian corridor. The width of the Himalayan Rivers in high flood level ranges 
from as low as 1 km to as high as to several kilometers. These rivers after descending the 
mountainous tract or after entering in the plains are highly braided and channels often change 
their course, resulting into creation of large number of river islands due to high siltation and 
enormous flow of sediments. In recent decades, the intensity of landslides and erodibility in 
high altitude Himalayan Mountains has increased several folds owing to various natural 
factors and human disturbances. Further, most stretches of the Himalayan Rivers from their 
origin to confluence with other rivers or mouth are overburdened by growing townships and 
large cities and in most instances,they are either devoid of natural vegetation/ forests in 
proximity to highly fluctuating river banks or even well-defined riverine corridors. Moreover, 
most stretches of rivers in high altitude areas or in the plains are bounded by extensive 
orchards or agricultural lands. The urbanization along the major rivers and their tributaries 
has created concrete jungles in the immediate vicinity of river banks, damaging the 
aesthetics, natural flow regimes, enhanced localized flooding problems and direct influence 
on water quality due to sewage and waste disposal. 
 
Likewise, the situation of riparian buffers in upstream as well as downstream areas of other 
mighty Indian Rivers originating from the steep high mountains of Western Ghatsor 
country’s other ranges (Aravalli, Satpura, Vindhyan, and northeastern Hills) is not different. 

Majority of them also experience almost similar natural and anthropogenic pressures. Thus, 
principles for deciding the width of riparian corridors are not only of utmost importance but 
certainly also need different criteria.  

11. River Restoration – A Global Priority 

Rivers have a long history of multiple uses and benefits by the society and for this reason, 
humans have altered rivers with the best of intention, but without knowledge of potential 
manifestations and repercussions for the diversity, connectivity and ecological integrity of the 
river ecosystem (Cairns, 2006; Bunn and Davies, 2000; Schofield and Davies, 1996).  Human 
development has resulted into a significant decline in the health of rivers resulting into 
deteriorating flow regimes, discharge of organic and toxic effluents, damaged and mutilated 
organs (tributaries), the riparian vegetation, floodplain and biota of the river (Sparks, 1995: 
Sabateret al., 2016; Speed et al., 2016; Zeiringeret al., 2018). Thus, river restoration is widely 
accepted by most national governments and various stakeholders as an essential compliment 
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to conservation and water management strategies.  In response to declining river health, the 
efforts towards river restoration are expanding and can only be expected to grow.   

(a) Concept of River Restoration – Broadly, ‘river restoration’ focuses on any action 

aimed at improving the health of river, including improving ecosystem functions and any of 
the related ecosystem services. According to Speed et al. (2016), river restoration is defined 
as ‘assisting the recovery of the ecological structure and function in a degraded river 
ecosystem by replacing lost, damaged or compromised components and re-establishing the 
processes necessary to support the natural ecosystem and to improve the ecosystem services 
it provides’.  

Over time, definitions for both ecological restoration and river restoration have shifted from a 
somewhat idealized notion of returning ecosystem to a natural or pristine state, to more 
pragmatic and utilitarian approach to viewing and managing (river) ecosystems. Parallelly, 
multiple terms related to restoration have come into existence and being widely used. These 
terms are: ‘rehabilitation’, ‘remediation’, ‘reclamation’, ‘replacement’ and ‘mitigation’ and 

Bradshaw (1996) defined them (Fig. 1.8). Speed et al. (2016) stated that restoration is 
distinguished from ‘rehabilitation’, which describes measures that address only some 

elements of change within degraded system, but still aim to return to the ecosystem closer to 
its original condition. In contrast ‘remediation’ refers to changing an ecosystem to an 

alternate condition that differs from both its current and original state, albeit with some 
improved values and functions. The concepts of rehabilitation and remediation recognize that 
in several instances, the extent of alterations caused by human over many years, together with 
the impacts associated with ongoing human activities, make restoring ecosystems to their 
natural condition either unrealistic or undesirable (Fig. 8). In addition, ‘replacement’ is 

possible alternative option so as to ‘provide or procure a substitute or equivalent in place of 

the original’. ‘Mitigation’ is nothing to do with restoration. Instead, mitigation is ‘to moderate 

that is harmful, unpleasant or bad’.  

 

Fig.8: Distinction between Restoration, Rehabilitation and Remediation 
(Source: Based on Bradshaw, 1996) 
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As per Shekhar (2016), the term ‘river rejuvenation’ in several instances has been 

inappropriately used to describe an effort aimed at restoring poor health of overexploited and 
polluted rivers. Rejuvenation has been described as the action of restoring a river or stream to 
a condition characteristic of a young river, one with a gradient that is raised by the earth’s 

movement, returning an old age river to a youthful state and which repeats the cycle of the 
stages once again (Immoor, 2006). In the parlance of geomorphology, a river is said to be 
rejuvenated when it is eroding the landscape in response to lowering of its base level. The 
process of rejuvenation occurs when the river’s base level falls (i.e., when sea level falls).  

The concept of river restoration has evolved over time from one-dimensional responses 
aimed at addressing on a single issue (e.g., water quality) to more sophisticated approaches 
that involve both ‘active restoration’ and ‘passive restoration’. ‘Active restoration’ involves 

direct interventions to modify the river system (e.g., planting riparian vegetation, modifying 
or removing barriers within the river channel, or reintroducing native species) while ‘passive 

restoration’ involves changing the way human systems i.e., people, government, businesses, 

and societies more broadly operate, with the goal of reducing their impact on river 
ecosystems. This can involve regulatory measures to restrict or mandate certain behavior, 
education to encourage voluntary changes in behavior or market measures to provide 
economic incentives (Speed et al., 2016).  

(b) The River Science – The complex nature of river ecosystems requires a 
comprehensive strategy following a system-based approach, recognizing physical, biological, 
ecological, socio-economic, political and cultural aspects of the river and human systems 
those are intricately connected. The river science of river management calls for involvement 
and integration of multidisciplineviz., geomorphology, hydrology, climatology, landscape 
ecology and planning, hydraulic engineering, forestry, conservation science, and even varied 
disciplines of social sciences. Further, river conservation and restoration efforts also require 
participation and involvement of wide range of stakeholders i.e., varied sectors, line agencies, 
government and non-government organizations; varied users; and local communities living in 
the surrounds and to consider the holistic perspective (Smith et al., 2014). The Potamology 
(study of rivers) that pays greater attention on fluvial and ecological processes, and riverine 
landscape perspective as rivers are open ecosystems need development and relevant 
application in the context of Indian Rivers. 
 
(c) Use of Term ‘Rejuvenation’ in the Indian Context – The discipline of river 
restoration is at the forefront of the hydrologic or river science.  In India, the subject of river 
restoration is relatively new as problems are of complex nature on account of various 
interconnected risks associated with the high and fragile mountains of Himalayas and 
Western/Eastern Ghats, traditional resource dependence, and implementation of countrywide 
agenda of all round development besides enhanced cultural and religious fervour, and tourism 
activities.  So far, broad term of ‘river rejuvenation’ has been largely used by the Government 

of India and concerned sectors/ agencies in its various policy and other documents. Thus, 
even the term rejuvenation has been extensively used in the current Project. The intention of 
proposed rejuvenation efforts is towards Aviral Dhara, Nirmal Dhara, and ecological 
integrity (Box 5). 
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12. Integrated Riverscape Approach to Rejuvenation 

Few decades ago, most Indian rivers were healthy as their ecological integrity by way of four 
types of spatial and temporal connectivity was maintained, and they had ability to cleanse 
water, store sediments, and provide materials essential to healthy fisheries and other biota 
besides offered limitless ecosystem services. Increasingly, rivers are just viewed as narrow 
conduits of waste, sewage, pollutants, and effluents instead the ‘living entities’ as the 

conservationists now recognize them.  

Large-scale as well as small-scale spatial and temporal processes in watersheds besides 
regional patterns of climate, geology, and topography regulate river structure and function 
and influence the physical and biological processes within the river and its surroundings. 
Increasingly, biologists and conservation scientists involved in river management emphasize 
the importance of longitudinal, lateral, and vertical connections in addition to 
temporalconsiderations those are fundamental to river science and maintenance of the 
complexity and dynamic nature of river ecosystem. Each attribute namely timing, frequency, 
duration, magnitude, and rate of change in flows (the ‘natural flow regime’) are vital in 

governing ecological processes along a river. Rare natural events can also have an everlasting 
effect on river morphology, biological communities, and river functioning. 

The concept of river restoration has evolved overtime from one-dimensional responses aimed 
at addressing on single issue (e.g. water quality) to more sophisticated approaches that 
involve both ‘active restoration’ (e.g. planting riparian vegetation, modifying or removing 

barriers within the river channel, or reintroducing native species) while ‘passive restoration’ 

that explicitly seeks changing the way human systems i.e. people, government, businesses, 
and societies broadly operate with the goal of reducing their impact on river ecosystems.  

The emerging approaches of river restoration emphasize on the catchment-level planning and 
processes while tackling the causes of degradation rather than the symptoms. The holistic 
strategy towards river restoration focuses on improvement in overall ecosystem integrity, 
engagement of different stakeholders, understanding the connection between natural 
processes upstream and downstream, target actions at the root causes of the degradation, use 
of minimal interventions to reinstate natural processes, and built-in integral robust monitoring 
and evaluation system as the isolationist approaches to river restoration till recent times 
constrained the river development and management. Thus, the rivers are increasingly 
investigated from a landscape perspective, both as ‘landscapes’ in their own right and as 

‘ecosystems’ (Wiens, 2002). Hence, riverine landscapes are viewed as riverscapes (Wiens, 

Box - 5 
IsolationistApproaches and the National Priority 

Evidently, a wide range of sectors, agencies, users, and beneficiaries are influencing the 
river, and its environment, and they have continued to work in isolation that too for 
counterproductive purposes, and often ignoring the basic premise of ecological 
integrity, health, and sustainability of river resources. Thus, the Government of India’s 

highest priority is to rejuvenate major rivers with an aim to ensure Aviral and Nirmal 
Dhara, and ecological integrity of the river ecosystem.  

. 
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2002; Montgomery and Wohl, 2003). The landscape ecology places particular emphasis on a 
spatial heterogeneity, connectivity, and scale, all of which have received considerable 
attention in running waters. Hence, the landscape perspective of rivers (‘riverscape’) has 

emerged (Leopold and Marchand, 1968; Wiens, 2002; Fausch et al., 2002; Robinson et al., 
2002; Allan, 2004). The riverscape approach integrates the elements of flowing water and 
surrounding lands those have been impacted by human activities and can contribute not only 
for the sustainability of the riverscape but also for improving and maintenance of vital 
ecosystem services in the changing environment (Box 6). In addition, the improved 
communication and trust between scientists, restoration practitioners, and river stakeholders 
is highly desired that can only help both rivers and the people who live among them. 

 

13. Rejuvenation of Indian Rivers – Emphasis on Forestry Interventions  

Efforts towards river restoration are being recognized as multiscale, multidiscipline, 
multistakeholder, and multifaceted in nature as the rejuvenation process try concurrently to 
accomplish the broader goals of river conservation by focusing onthe ecosystem-based 
management approaches, ensuring multiple benefits and values to varied users, enhanced e-
flows, biodiversity conservation, improved ecosystem services, and sustainable livelihoods. 
As a result, agenda on river restoration envisages a wide range of activities including policy 
and legal interventions and regulations; catchment management; forestry interventions 
including afforestation/ reforestation, soil and moisture conservation measures, wetland 
management, wildlife conservation; flow modification and retrofitting - engineering designs, 
structures and development; floodplain reconnection; spring management and recharge of 
aquifers; bank stabilization; channel reconfiguration; instream species management; riparian 
management; treatment and appropriate disposal of sewage waste, industrial effluents and 
other pollutants; enhanced aesthetics and recreational facilities and passive change of human 
behaviour. It is amply evident that forestry interventions are just one set of activities of a 
much wider multipronged strategy aiming river restoration but of greater magnitude, scope 
and immense significance than any other activity.  

14. Pilot Project: Forestry Interventions for Rejuvenation of Ganga River 

Appreciating the historical occurrence and abundance of diverse forests all along the course 
of major rivers from their origin to mouth; strong linkages between forests and rivers; 
intricacy of forest ecosystems; and pivotal functions performed by them, the Government of 
India has specifically decided to adopt the ecosystem and riverscape based approaches while 
focusing on river rejuvenation and providing varied forestry interventions in addition to 

Box - 6 
Ecosystem-Based Management Approach 

The priority need is to implement the multifaceted, multiscale, multidisciplinary, 
multistakeholder, and holistic ecosystem-based river management approach focusing on 
adoption of emerging integrated concepts like ‘Ridge to Valley’ and upstream-
downstream linkages, spatial and temporal connectivity besides implementing the 
strategy having thrust on the riverine landscape or a riverscape from the source to sea, 
participatory, science and evidence based innovative tools and techniques. 
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numerous other measures being taken by various sectors and agencies involved in river 
management so as to improve the quantity and quality of water all through the river 
course.As a pilot project, the Union Ministry of Water Resources, River Development, and 
Ganga Rejuvenation (now Ministry of Jal Shakti) through the National Mission on Clean 
Ganga (NMCG) had entrusted a major task to the Forest Research Institute (FRI), Dehradun 
on the ‘Preparation of Detailed Project Report on Forestry Interventions for Rejuvenation of 
River Ganga’ during 2015-16. FRI successfully prepared the DPR andalso made a significant 
contribution by the way of design and development of a protocol that focused on the 
riverscape based participatory approach for planning and assessment, geospatial analysis, 
appreciation of the riverscape environment, formulation of multipronged strategy for forestry 
interventions in three types of landscapes viz., natural, agriculture, and urban within the 
riverscape besides execution of varied conservation and supporting activities, and suggesting 
a mechanism for programme implementation and monitoring. The Ganga Riverscape 
covering an extent of 83,946 km2 was delineated along the 2,525 km long river course from 
the origin of river in the Himalayan Mountains, Uttarakhand to Ganga Sagar, West Bengal 
before its exit in the Bay of Bengal. Based on the extensive consultations with stakeholders in 
five States located along the course of river and considering the above highlighted 
characteristics and uniqueness of the Himalayan Rivers, the entire catchment of Bhagirathi, 
Alaknanda and Ganga sub-basins in the state of Uttarakhand, and a 5-km buffer from the 
highest flood level (HFL) on either side of bank lines of Ganga stem from Haridwar to Ganga 
Sagar,and a 2 km buffer on either side of selected tributaries of Ganga constituted the 
riverscape (FRI, 2016).  

A detailed RS and GIS based geospatial analysis of the delineated riverscape was carried out 
that enabled prioritization of sites on the basis on land use pattern, soil erosion rates, and 
slope of the topography for proposed forestry interventions. Accordingly, priority sites in 
three categories viz., high, medium, and low were identified. Broad understanding of the river 
environment was developed through extensive review of secondary information.The DPR 
visualized three type of landscapes within the delineated riverscape. These were: (a) Natural, 
(b) Agriculture, and (c) Urban landscapes. Five sets of field data formats were designed so as 
to collect primary field data involving forest officials and frontline staff of the concerned 
State Forest Department (SFD) in five States. Altogether,8,042 field data forms were 
obtained from SFDs of five States viz., Uttarakhand, Uttar Pradesh, Bihar, Jharkhand, and 
West Bengal located along the river from origin to sea. In all, 32 treatment/ forestry 
plantation models for interventions in Natural Landscapes across five States, 03 models in 
Agriculture Landscape, and five models for the Urban Landscape were designed and 
developed for proposed interventions. In addition to various treatments/ plantations models, 
various conservation activities and support activities were also proposed.   

The DPR (Volume I and II, and an Overview) with a project outlay of Rs. 2,293.73 over a 
period of five-year period was prepared by FRI. The DPR provided details of all treatment 
models including suggested list of plant species for plantation, State/ Division/Landscape/ 
Year-wise cost details. The DPR had also provisioned for the involvement of the Eco Task 
Force, Nehru Yuva Kendra Sangathan (NYSK), NGOs and local communities in programme 
implementation besides the designated the SFD as the nodal/primary agency for plan 
execution and recommended to constitute the national and state level Committees for project 
steering (FRI, 2016). Further, FRI was recognized as the National Partner Organization for 
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performing important functions as the National agency for capacity development, carrying 
out multidisciplinary researches on river conservation, coordination, and monitoring. During 
the past four years or so, the DPR of Ganga has been executed by concerned SFDs of five 
States located along the course of the river.  

15. Major Project – Preparation of DPRs for Thirteen Indian Rivers 

The pilot comprehensive effort made by FRI on DPR of Ganga was well appreciated by the 
Government of India, particularly the Union Ministry of Jal Shakti; NMCG; MoEF&CC, and 
other governmental/ non-governmental agencies. The MoEF&CC is responsible for the 
planning, promotion, coordination and overseeing the implementation of country's forestry 
and environmental policies and their proper implementation across the countryas the nodal 
ministry of the Government of India. As a part of this Ministry, the National Afforestation 
and Eco-Development Board (NAEB) promotes afforestation, tree planting, eco-restoration 
and eco-development activities in the country and lays special emphasis on the degraded 
forest areas and lands adjoining the forest areas.  

Considering the relevance of forestry interventions and merit of the comprehensive pilot and 
validated approach developed by FRI, the MoEF&CC through the NAEB entrusted a major 
Project to the Indian Council of Forestry Research and Education (ICFRE) on preparation of 
DPRs of thirteenmajor Indian Rivers, and directed to follow the process earlier developed and 
adopted in the context of Ganga River. Accordingly, the present project specifically dealt 
with the preparation of DPRs for rejuvenation through forestry interventions of nine large 
river systems of India including 13 major rivers viz., Jhelum, Chenab, Ravi, Beas, and Sutlej 
of the Indus River system, Yamuna, Brahmaputra, Luni, Narmada, Godavari, Mahanadi, 
Krishna, and Cauvery (Fig. 9).  The Project was assigned by the MoEF&CC through NAEB 
to the ICFRE.  

 

Fig. 9: Thirteen Major Indian Rivers Covered in the Present Project 
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(A) Indian Council of Forestry Research and Education – Expertise and Resources 
 
The journey of the Indian Council of Forestry Research and Education (ICFRE) commenced 
way back towards the end of the nineteenth century with the advent of scientific forestry in 
India and the establishment of the Forest School in Dehradun in 1878. Subsequently, the 
Government of India founded the Imperial Forest Research Institute on 5thJune, 1906 for 
taking forward forestry research in the country. In 1986, the ICFRE was created as an 
umbrella organization for taking care of forestry research, education and extension needs of 
the country. Finally, the Union Government conferred a status of an autonomous Council to 
the ICFRE under the then Ministry of Environment and Forests and registered it as a Society 
under the Societies Registration Act, 1860. Presently, ICFRE with its Headquarters at 
Dehradun is an apex body in the National forestry research system that promotes and 
undertakes need based research, imparts higher education and professional training, and 
carries out extension activities in the field of forestry relevant to Indian socio-cultural milieu.  

The Council’s vision is to achieve long-term ecological stability, sustainable development 
and economic security through conservation and scientific management of forest ecosystems. 
The mission of the Council is to generate, advance and disseminate scientific knowledge and 
technologies for ecological security, improved productivity, livelihoods enhancement and 
sustainable use of forest resources through forestry research, education, and extension. 

The Council has a pan India presence with its nine Research Institutes and five Centers in 
different biogeographical regions of the country. Each Institute has a history of its own and 
under the umbrella of ICFRE are directing and managing research, extension and education 
in forestry sector in the states under their jurisdiction.  

(B) The Major Project – Goals and Objectives 
 

The major Project on preparation of separate DPR for each of the above stated 13 rivers 
aimed to accomplish the broader goals of restoration of river by ensuring spatial and temporal 
connectivity, enhanced e-flow, biodiversity conservation, improved ecosystem services, and 
sustained livelihoods. The Project also aimed to address knowledge barriers that hinder the 
implementation and scaling up of proposed interventions, through a compact and scientific 
process of identification of knowledge gaps, adaptation, categorization and prioritization, 
accompanied by facilitated scientific policy-practice to catalyze implementation of response 
actions to close these knowledge gaps in the context of Indian Rivers, various sub regions and 
thematic domains. Ultimately on the project 13 DPRs will be significant in combating the 
major challenges which the major rivers face due to their degradation primarily caused by 
large scale destruction of surrounding lands, particularly forests including riparian buffers, 
increasing pollution and unsustainable utilization of water. 

On the lines of NMCG’s Namami Gange programme, especially DPR for Ganga, the Project 
has adopted themultifaceted strategy and approaches for proposed forestry interventions so as 
to accomplish broad objectives of Aviral Dhara, Nirmal Dhara and ecological rejuvenation. 
The Project had the following objectives for achieving the varied goals pertaining to forestry 
interventions: 

(a) Review and assess the existing situation of river basin, past river management and 
implications and lessons learned. 
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(b) Identify and involve stakeholders and build consensus for design and development of 
strategies and approaches. 

(c) Assess ongoing forestry activities by the concerned States engaged in the river 
management programmes. 

(d) Assess potential and possibilities for regeneration, improvement, and restoration of forest 
catchment. 

(e) Assess the condition of riparian forests and potential of biological filters. 
(f) Examine the possibility of allied and other income generation activities. 
(g) Assess the potential of cultivation of medicinal plants and restoration of conservation 

areas and identify appropriate species and suitable sites. 
(h) Identify research and monitoring needs and develop a strategy for future research and    

monitoring. 
(i) Formulate strategies, develop approaches and plan activities for project implementation. 

16. The Approach: Preparation of DPRs 
 
The ICFRE distributed the task of the MoEF&CC’s sponsored project on the preparation of 
DPRs of thirteen Indian River Systems among its nine Institutes and assigned each of them 
with one river system (Table 1). Accordingly, each Institute was required to prepare one DPR 
for the respective assigned river system. However, in the case of Indus River, the HFRI, 
Shimla was requiredto prepare five separate DPRs for five principle rivers of the Indus River 
System viz., Jhelum, Chenab, Ravi, Beas and Sutlej.  

The project was initiated by the Council with the conduct of the 2-day Inception Workshop 
organized at ICFRE, Dehradun on April 24-25, 2019. The senior officials of the Council, 
project core teams from nine Institutes, representatives of specialized subjects (hydrology, 
soil and water conservation, wildlife, etc.) national level scientific organizations, Uttarakhand 
State Forest Department, and State Project Unit- NMCG; and experts participated. The main 
aim of the workshop was to acquaint participants, especially core teams of the Project at nine 
Institutes with the current status of Indian Rivers and factors responsible for their poor health; 
concepts, principles and strategies of river conservation and restoration, riverscape and 
ecosystem-based management of rivers, delineation of riverscape and geospatial analysis, 
potential strategies, the approach developed by FRI and employed for the preparation of DPR 
for Ganga River and modalities for project implementation and recommended time lines.  

Table 1: Distribution of Thirteen Rivers among the Nine Institutes under the Umbrella 
of ICFRE 

Sr.No. Institute Assigned River 
A. Himalayan Rivers 
1 Himalayan Forest Research Institute, 

Shimla (Himachal Pradesh) 
Indus River System seeking separate 
DPRs on five principal rivers viz., 
Jhelum, Chenab, Ravi, Beas and 
Sutlej 

2 Forest Research Institute, Dehradun 
(Uttarakhand)  

Yamuna River 

3 Rain Forest Research Institute, Jorhat 
(Assam) 

Brahmaputra River 
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B. Inland Drained Rivers 
4 Arid Forest Research Institute, Jodhpur 

(Rajasthan) 
Luni River 

C. Deccan or Peninsular Rivers 
5 Tropical Forest Research Institute, 

Jabalpur (Madhya Pradesh) 
Narmada River 

6 Institute of Forest Biodiversity, 
Hyderabad, Telangana  

Godavari River 

7 Institute of Forest Productivity, Ranchi 
(Jharkhand) 

Mahanadi River 

8 Institute of Wood Science and 
Technology, Bengaluru (Karnataka)  

Krishna River 

9 Institute of Forest Genetics and Tree 
Breeding, Coimbatore (Tamil Nadu) 

Cauvery River 

Broadly, participatory approach for planning and assessment required for DPR involving a 
wide range of stakeholders was aimed. Predominantly, the forest officials and Nodal officers 
designated of concerned States/ UTs located along the course of respective river from its 
origin to mouth or up to the confluence, with some other river within the Indian territory as 
the case may bewere recognizedas the key contributors and State coordinatorsfor the project. 
Additionally, representatives of various allied sectors, line agencies, users, specialized 
scientific organizations, NGOs and Civil Society Organizations (CSOs) were involved from 
the beginning in the extensive consultative process. As a part of the elaborate approach on the 
preparation of DPR,included seven key steps including contextual analysis, wider 
consultative process, situation and problem analysis, collection and analysis of primary field 
data, planning of implementation strategies including objective analysis, design and 
development of treatment models and prioritization of interventions sites, preparation of draft 
DPR incorporating mechanism for project implementation, cost tables, budget allocations for 
varied interventions, schedule, and monitoring (Fig. 10). Varied activities carried out as a part 
of each of the key step are summarized below one by one.  

(i) Contextual Analysis: All ‘change processes’ are part of a wider context or the overall 

environment. The project on rivers of present nature is constantly influenced by natural, 
ecological, social, economic, and political processes that take place. Thus, the project 
planners and implementers sought information about the overall picture or the wider river/ 
riverscape environment including insight from various sectors associated with the river those 
either use, impact or manage the river resources. Project activities started off by performing a 
systematic review of available literature on the subject through internet web surfing and 
extensive library consultations. The websites of prominent international, national, state level 
agencies and organizations dealing with any of the aspects related to river resources and 
conservation were extensively searched and required information was collated for developing 
the desired insight. The relevant secondary information from related organizations was also 
collected and collated. The combined effort of the review of literature and collection of 
background information immensely helped in the contextual analysis. Thus, the contextual 
analysis carried out by the respective project team provided desired insight on each of the 
riverscape and its broad environment including thephysical, biological and socio-economic 
sub-environments. 
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Fig. 10: The Adopted Approach for the Preparation of DPRs 

(ii) Consultative Process: The second vital step for planning, assessment and preparation 
of the DPR required broader participation of stakeholders at all stages of project planning. 
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Five broad groups of stakeholders were identified: (i) the Target group (primary and 
secondary target groups and beneficiaries); (ii) Project owners; (iii) Decision makers; (iv) 
Experts and subject matter specialists; and (v) the potential financing agencies (Table2). The 
preparatory phase included an extensive consultative process with identified groups of 
stakeholders right from the beginning. Each Institute organized the ‘Project Launch and 

Brainstorming Workshop’ for the assigned river in each State involving varied stakeholders 
so as to inform them about the assigned task, national expectations, and requested for their 
active participation and sought full support from them at all stages of planning. Subsequently, 
sequential consultative meetings were organized at each of the Forest Circle/ Division level 
in eachof the involved State/UT so as to make the forest officials, particularly the frontline 
staff of SFDs and representatives of other line agencies aware about the Project, adopted 
approach for the preparation of DPR, and field data formats besides for seeking their support 
so as to achieve the objectives. During the consultative meetings, a wide range of themes viz., 
the concept of riverscape, delineation of riverscape boundaries, strategies for project 
implementation, collection of primary field data, design of data formats, geospatial analysis 
of riverscape, prioritization of sites, potential plantation and treatment models, monitoring, 
etc. were deliberated. Field functionaries were provided adequate trainings on the collection 
of field data and entryin the prescribed formats during the sequential consultative meetings 
organized throughout the concerned States/UTs. 
 
(iii) Situation and Problem Analysis: The third key step pertained first to the delineation 
of the riverscape in case of each river for the purpose of planning, and secondly, carrying out 
the situation and problem analysis, developing an insight on the riverscape environment, and 
prioritization of areas for the proposed forestry interventions.  

Table 2: Groups of Stakeholders in the Consultative Process Organized by Institutes  
 

A. Target Groups (Primary and Secondary Target Groups and Beneficiaries) 
Civil Society – Villagers, Farmers, Fishermen and Urban Population 
State Forest Departments (SFDs) of Concerned States/UTs 
Department of Agriculture 
Department of Animal Husbandry 
Department of Horticulture 
Department of Soil and Water Conservation 
Department of Fisheries 
Department of Highways and PWDs 
Department of Irrigation 
Hydroelectric Projects 
Department of Tourism 
Para Military Forces 
Gram Panchayats 
Municipal Corporations/ Municipal Boards 
B.  Project Owners and Partner Organizations 
Ministry of Environment, Forest and Climate Change (MoEF&CC), New Delhi 
Indian Council of Forestry Research and Education (ICFRE), Dehradun, Uttarakhand 
State Forest Departments (SFDs) of Concerned States/UTs 

Institutes of ICFRE – HFRI, FRI, RFRI, AFRI, TFRI, IFP, IFB, IWST, IGFTB 
C. Decision Makers 
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The Central Government Ministries/ Departments/ Agencies/ Organizations 
Ministry of Environment, Forest and Climate Change (MoEF&CC), New Delhi 
Ministry of Jal Shakti, New Delhi 
Ministry of Youth Affairs and Sports (MoYA&S), New Delhi 
Ministry of Rural Development (MoRD), New Delhi 
Ministry of Panchayati Raj (MoPR), New Delhi 
Ministry of Defense (MoD), New Delhi – Eco Task Force (ETF) 
Ministry of Home Affairs, New Delhi 
Bhakra Beas Management Board (BBMB), Chandigarh 
Brahmaputra Board, Guwahati 
Narmada Valley Development Authority 
Godavari River Management Board 
Krishna River Management Board 
Cauvery River Management Authority 
Central Water Commission (CWC), New Delhi 
Central Pollution Control Board (CPCB) 
National Medicinal Plant Board (NMPB), New Delhi 
Nehru Yuva Kendra Sangathan (NYKS), New Delhi 
State Government Ministries/ Departments/ Agencies/ Organizations in Concerned 
States/UTs 
State Governments and Concerned Ministries 
State and District Administration  
State Forest Department 
State Forest Development Corporation 
State Biodiversity Board 
State Agriculture Department 
Irrigation and Public Health Department 
Horticulture Department 
Department of Animal Husbandry 
State Disaster Management Authority 
State Pollution Control Board 
D. Experts and Specialized Scientific Organizations 
Indian Council of Forestry Research and Education (ICFRE) 
Forest Research Institute (FRI) 
Forest Survey of India (FSI) 
Indian Institute of Soil and Water Conservation (IISWC) 
National Institute of Hydrology (NIH) and its Regional Centers 
Central Water Commission (CWC) 
Central Groundwater Board (CGWB) 
Wildlife Institute of India (WII) 

Indian Institute of Remote Sensing (IIRS) 
Zoological Survey of India (ZSI) 
Botanical Survey of India (BSI) 
Survey of India (SOI) 
National Horticulture Board (NHB) 
National Bureau of Fish Genetic Resources (NBFGR) 
Indian Agriculture Research Institute (IARI) 
Central Inland Fisheries Research Institute (CIFRI) 
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National Medicinal Plant Board (NMPB) 
Bombay Natural History Society, Mumbai 
WWF – India, New Delhi 
Aranyaka, Guwahati 
Central/State Level Universitiesand Agriculture Universities 
ISHA Foundation, Coimbatore, Tamil Nadu 
‘Seechewal Model’ of Kali Bein River Rejuvenation, Punjab 
E. Sponsoring and Potential Financing Agencies 
Central Government –MoEF&CC, Ministry of Jal Shakti, Ministry of Agriculture and 
Farmers Welfare, Ministry of Rural Development, Ministry of AYUSH, Ministry of Urban 
Development, Ministry of Panchayati Raj, and Indian Council of Forestry Research and 
Education (ICFRE) 
State Government - Ministry of Finance/ Environment and Forests/ Rural Development/ 
Agriculture/ Tribal Affairs/ Panchayati Raj, etc.  
 
(i) Delineation of Riverscapes – As already stated, the pilot Project on the GangaDPR 
had adopted an extensive consultative process for delineation of the Ganga Riverscape for the 
proposed forestry interventions. The consultative process was able to identify the critical 
requirements of forest buffer so as to treat the natural, agriculture, and urban landscapes 
within the defined width of the delineated riverscape (5 km – main stem, and 2 km – 
tributaries) on either side of the riverbank from the points of high flood levels in recent 
decades. The rationale of 5 km and 2 km width/ buffer was applied on the main river once it 
has descended into the plains from the Himalayan mountainous tract. However, in case of 
high-altitude areas of headwaters in Himalayas, the whole catchment of Bhagirathi, 
Alaknanda, and Mandakini sub-basins formed the prominent part of the riverscape delineated 
for the purpose of planning, assessment, and proposed forestry interventions. 
 
However, during the first round of internal progress review of the present Project by ICFRE, 
some representatives of core teams from different Institutes requested for the specific need of 
deliberations on thecriteria of forest buffer width to be considered while delineating the 
riverscapein the context of various rivers, especially in view of the concerns raised by varied 
stakeholders and genuine difficulty faced by incorporating large areas of private lands and 
urban environment in the riverscape. Thus, each core team was advised to have extensive 
consultations with local stakeholders including experts and also to review the literature on the 
subject.  
 
Ultimately, the extensive consultative process was of the opinion that the river should have 
riparian corridors on both sides with variable-width approach. The consultative process and 
review of literature in case of Narmada River allowed to appreciate that Narmada is a 
perennial rainfed river and the river system is dependent on the tributaries. Narmada River is 
a closed system and it traverses through a narrow rift valley between two mountains-Vindhya 
and Satpura. Possibility of Narmada changing its course is very meagre unless there is some 
tectonic movement. Initial course of Narmada River is confined to granites with no porosity 
and permeability and subsequently enters into basaltic formation which is neither porous nor 
permeable till Jabalpur. As the river has just originated from upper reaches, till Jabalpur the 
flow is fast and there is no percolation of water to groundwater. Thereafter, it enters into 
Mahakaushal formation which is a metamorphic zone and has secondary porosity. Near 
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Hoshangabad, it enters into Vindhyan formation, basically sedimentary and partially 
metamorphic in nature. The Bagh formation which is sedimentary type, with primary porosity 
and permeability reduces the speed of water. Once it enters Bharuch in Gujarat, because of 
the geological formation the speed here is also very slow and then it finds its confluence to 
the Arabian Sea through an estuary in the Gulf of Khambhat. Narmada is a tectonic river, 
most of the water is obtained through tributaries and is enriched through rocks and subsurface 
drainage. Alluvium found on both side of the river has to be preserved. Hence, 2 km buffer 
on either side of the bank line for the main stem and 1 km on either side for the considered 
tributaries of the Narmada River was created for the delineation of the Narmada Riverscape 
besides complete watershed area in case of the main river and the tributaries in the 
headwaters was included.  

The Variable: Width Approach – Considering above example of Narmada, being a rift 
valley river and also taking into account some of the problematic places in case of different 
rivers, it was decided to adopt the variable-width approach. Thus, for the sake of present 
Project on 13 DPRs to be implemented by SFDs, the concept was adapted to cover as much 
of forest lands as would be available, and if possible, also to include agriculture and revenue 
lands in rural and urban environments, respectively by incorporating community and village 
lands through the involvement and consent of the communities themselves. However, the 
consultative process emphasized the vital requirement to treat the natural landscapes, 
agriculture landscapes, and the urban landscapes within the defined width of forest buffer on 
either side of the river banks while taking into account the high flood levels of recent 
decades.  In view of the specific recommendations made during the state level consultations 
conducted by the core team of respective river, the review panel of the Council while 
deliberating on the matter decided to adopt the ‘variable-width (0.5 km to 5 km)’ approach 

appropriate to river specific conditions. Thus, each DPR provides details of buffer width 
adopted in the delineation of the respective riverscape. 

The river-wise summary of total basin area, extent of the delineated riverscape, proposed 
treated area of the basin as well the riverscape, cumulative length of river and various 
tributaries included, and the number of tributaries covered in the respective DPR is presented 
in Table 3.  Thus, 13 major Indian Rivers in the present Project collectively covered basin 
area of 16,11,149 km2 and 13 riverscapes delineated based on variable-width buffer 
cumulatively covered an extent of 4,68,222 km2 and shown in Fig. 11. A total length of 
44,954 km of 13 riverscapes with various tributaries was covered in 13 DPRs. Thirteen rivers 
included tributaries ranging from as minimal as 3 in number (Cauvery) to highest 30 different 
tributaries in the case of Brahmaputra River. Amongst 13 rivers, the maximum area, being 
1,54,456 km2 was incorporated in the case of the Brahmaputra Riverscape, followed by 
Yamuna Riverscape (44,071 km2), and the minimum extent of 9,174 km2 was in the case of 
Ravi River (Table 3). 

(ii) Geospatial Analysis and Modelling and Insight on the River Environment: 
Detailed geospatial analysis of each of the riverscape using remote sensing and GIS 
technologies was carried out. The Geospatial Technology including Remote Sensing (RS), 
Geographic Information System (GIS), and Global Positioning System (GPS) has not only 
enabled to acquire data that is referenced to the earth and its use for analysis, modelling, 
simulations, and visualization, but also offers unparalleled help to study a wide-range of 
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disciplines and have immense utility in natural resource management. Thus, the geospatial 
technology provides enormous opportunities for planning, assessment, management and 
monitoring of vast extent of river basin and the complex and dynamic river ecosystem. Since 
forests and rivers are strongly linked, RS techniques can generate valuable information 
regarding forest cover and forest types, changes in forest extent, human encroachment into 
forest land, forest fragmentation and suitability of a forest site for a particular species of 
wildlife. RS techniques have immensely helped in monitoring urban, green and non-green 
land changes in the surrounds of a river at the regional and local scale. The RS techniques 
have opened avenues for understanding the channel morphology and dynamics, particularly 
the changes in the river course, and trends in sedimentation over a long period of time. 
Advances in RS techniques have advantage over traditional/conventional cumbersome 
techniques in terms of spatial, spectral, radiometric and temporal data availability. Over the 
years, RS technology has become an efficient and powerful tool in assessment, exploration, 
evaluation, analysis, monitoring and management of water resources, particularly surface 
water in river ecosystems and groundwater for the long-term societal benefits. RS technology 
is a rapidly changing domain with the advent of new improved sensors, platforms and 
application techniques which support new form of data and newer views of the landscapes/ 
riverscapes through which foresters, hydrologists and river scientists could better evaluate the 
Earth’s surface and other specific features in the context of forests, rivers and other land uses.  

Table 3: River-wise statistics 

Rivers Basin Area  
(km2) 

Riverscape 
Area 
(km2) 

Area to 
be 

treated 
(km2) 

Riverscape 
Area to be 

Treated 
(%) 

River 
Length 

Including 
Tributaries 

(km) 

Tributaries  
(Number) 

A. Himalayan Rivers 
Jhelum 18,404.93 18,404.93 80.85 0.44 1451.58 24 

Chenab 29,326.47 29,326.47 91.07 0.31 1569.63 17 

Ravi 11,706.41 9,173.61 88.23 0.96 662.63 06 

Beas 22,262.10 16,743.01 243.20 1.45 1332.49 16 

Sutlej 48,321.62 24,110.83 312.00 1.29 1380.00 18 

Yamuna 3,66,223.00 44,070.77 5,229.82 11.87 7512.11 27 

Brahmaputra 1,95,694.00 1,54,455.55 592.60 0.38 6410.00 30 

B. Inland Drained River 
Luni 40,978.62 18,310.70 702.25 3.84 5195.61 12 
C. Deccan or Peninsular Rivers 
Narmada 93,793.64 14,672.02 800.30 5.45 2322.00 19 

Godavari 3,01,941.12 38,067.23 849.23 2.23 6814.78 10 

Mahanadi 1,38,837.90 24,923.00 1,460.00 5.86 2770.00 07 

Krishna 2,58,948.00 34,977.47 2,315.44 6.62 6021.55 13 

Cauvery 84,711.02 40,986.56 1,867.96 4.56 1511.22 03 

Total 16,11,148.83 4,68,222.15 14632.91 3.125 
(Average) 44953.60 202 
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Fig.11: Distribution and Extent of Thirteen Riverscapes Covered Under the Project 
 
The present task on the preparation of 13 DPRs optimally used three technologies (i.e., RS, 
GIS and GPS). The foremost use of RS technique was to delineate the boundaries of the 
riverscape. Subsequently, RS and GIS were used for geospatial analysis of the riverscape and 
creating different thematic layers on various physical attributes (i.e., altitude, slope, aspect, 
soil, erosion, etc.), land use/cover, forest types and forest cover, and fragmentation so as to 
develop an insight on land use patterns, diversity, and intricacies from the perspective of 
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riverscape management. The main purpose of the use of RS and GIS technologies in the 
present assignment was to prioritize areas for proposed plantations and other forestry 
interventions in the natural, agriculture and urban landscapes within the riverscape. The field 
information coupled with prioritized areas helped in formulating plantation/ treatment models 
besides selection of planting species, etc. The GPS technology was optimally used for 
collection of primary field data, particularly in obtaining geographical coordinates of 
proposed sites in the prioritized areas. It was neither planned nor was it feasible to handle 
large field data sets manually. Hence, computer-based web portal and a geospatial database in 
the GIS domain on the riverscape were created in the process of preparation of DPR.  
 
Each DPR provides details on satellite data and GIS software used in the geospatial analysis 
and modelling. In addition, almost all the ancillary information was obtained from the various 
government agencies under Government of India. Information about the State and District 
boundaries for the riverscape used for analysis was obtained from the Survey of India. 
Boundaries of the Basin, Catchment, Sub-Catchment, Watershed and Micro-watershed were 
obtained from the National Soil and Land Use Survey of India, New Delhi. Village and 
Tehsil boundaries were obtained from the published document ‘Administrative Atlas of 

concerned State/UT published by the Census of India (2011). Information on Forest Types 
and Forest Density for the year 2019 was obtained in digital format from the Forest Survey of 
India (FSI), Dehradun. Soil map and soil depth information were obtained from the published 
maps by the National Bureau of Soil Survey and Land Use Planning, Nagpur. Soil erosion 
data which is the backbone of multi-criteria analysis was obtained in GIS format from the 
Indian Institute of Soil and Water Conservation (IISWC), Dehradun. Topographical sheets on 
1:50,000 scale obtained from the Survey of India were used for reference only. Bhuvan data 
was also referred, wherever required for the preparation of land use map. Information on 
boundaries of Forest Circle, Forest Division and Forest Ranges were obtained from the Forest 
Department of the concerned States. Spatial database creation was considered as the most 
important step in Geospatial Modelling. Spatial integration of thematic layers was of utmost 
importance from the perspective of present assessment. Hence, a spatial database in the GIS 
domain for each of the riverscape was created. The watershed boundaries up to micro-
watershed level were delineated using source maps from the Soil and Land Use Survey of 
India (SLUSI), New Delhi. The Micro Watershed Atlas of India prepared by SLUSI provided 
description on codification of micro-watersheds. Accordingly, each micro-watershed has 
been depicted with a code as per the codification standards in seven stages.  
 
The review of secondary information from a variety of sources allowed developing an 
understanding on the riverscape environment (physical, biological, socio-economic) and 
identification of challenges, constraints, problems, and threats in river conservation. The 
consultative process and the sequential meetings with varied stakeholders immensely helped 
in the identification of focal problems, understanding their reasons/ causes, and effects or 
implications on the river itself and surrounding lands. 
 
(iii) Design of Field Data Formats – Considering the hierarchal organizational structure 
of the State Forest Department and well laid infrastructure of field units, expertise and 
experience, it was decided that the concerned SFD(s) relevant in case pf each river will be the 
nodal agency for the purpose of planning and implementation of DPR. Thus, the present 
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project has envisaged collection of primary field data for the entire riverscape with the 
support of SFDs, Agriculture Department and other line agencies. Prior to the collection of 
primary field data, design and development of field data formats were considered as a key 
step. Thus, nine Institutes involved in the present project developed five field data formats 
and were used for collection of field data required for the preparation of DPR. Details of five 
data formats, and the procedure for the field data collection and protocol for entry of data in 
formats were shared with stakeholders, particularly the forest officials and frontline staff 
during the consultative process, to seek their valuable contribution in collection of primary 
field data, a prerequisite for the preparation of DPR. 

Details of field data forms obtained from concerned SFDs in case of each of the assigned 
river is summarized in Table 4. In all, 33,673 duly filled forms for five types of interventions 
in thirteen riverscapes were collected by nine Institutes. The number of forms collected for 
different rivers ranged from 687 forms to 8224 forms. The maximum number of forms, being 
8224 were obtained in case of Godavari Riverscape. In case of Natural Landscape, altogether 
8,132 forms for 13 riverscapes were collected from concerned SFDs, while 7,032 forms were 
obtained in case of Agriculture Landscape. In all, 2,202 forms were received in case of Urban 
Landscapeswithin 13 riverscapes. Altogether, 13,794 forms and 2515 forms were received for 
Conservation Interventions and ‘Supporting Activities’, respectively (Table 4). 

Table 4: River-wise Field Data Formats Obtained from concerned SFDs  

River Forestry Interventions in Different 
Landscapes (Number) 

Other Activities (Number) Total 
(Number) 

Natural 
Landscape 

Agriculture 
Landscape 

Urban 
Landscape 

Conservation 
Interventions 

Supporting 
Activities 

A. Himalayan Rivers 
Jhelum 605 109 141 787 57 1,699 
Chenab 284 96 123 647 19 1,169 
Ravi 243 78 71 268 27 687 
Beas 380 72 84 618 58 1,212 
Sutlej 339 130 133 661 33 1,296 
Yamuna 1595 328 147 2,585 120 4,775 
Brahmaputra 717 448 132 550 90 1,937 
B. Inland Drained River 
Luni 169 14* 115@ 93 10 401 
C. Deccan or Peninsular Rivers 
Narmada 886 388 83 476 155# 1988 
Godavari 1,177 1,117 759 5,171 0 8,224 
Mahanadi 203 725 11 752 - 1,691 
Krishna 648 2458 175 620 655 4,556 
Cauvery 886 1069 228 566 1291 4040 
Total 8,132 7,032 2,202 13,794 2515 33,673 

* These are 14 proposals from Department of Agriculture and Horticulture, Rajasthan 
covering 1665 sites 

@Includes 101 forms for proposed inputs in Community landscape 
#Forms relates toTraining Programs 
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(iv) Development of Software and Web Portal: In order to efficiently handle a large 
number of forms and voluminous data formats and to collate, analyze, synthesize required 
information for report generation and preparation of DPR in a short time available, 
development of a desired software and web portal were considered essential. The software 
was developed in PHP/MySQL, server Linux based that works on Code igniter Framework 
basis. It is a web based and easily accessed via internet. The software can compute cost 
calculations according to selected specified models for unlimited created models. In the 
software, field data can be entered as per thespecified types of models, viz., natural landscape, 
agriculture landscape, urban landscape, conservation interventions, and supporting activities 
and can be saved in digital format. The software is capable of generating reports in the 
desired formats e.g., State-wise, District-wise, Division-wise, Model-wise and Activity-wise, 
and Annual Consolidated Reports can be generated to obtain insight on year-wise areas to be 
treated under different landscapes and corresponding costs. 

 
(v) Plantation and Treatment Models: On the lines of earlier exercise carried out in the 
context of Ganga River and experience gained in the project implementation, three types of 
landscapes within each riverscape were visualized for proposed forestry interventions. These 
were: (i) Natural, (ii) Agriculture, and (iii) Urban landscapes. Potential plantation models of 
varied nature were identified, designed and developed by the respective expert team of the 
concerned Institute considering the type of natural ecosystems, native vegetation, soil 
conditions and agro-climatic zones. The purpose of various models planned in the natural 
landscape was primarily protection, eco-restoration and conservation. Each treatment/ 
plantation model had incorporated details of various proposed activities planned, criteria for 
selection of sites and planting species, spacing, and cost norms during the establishment and 
maintenance. The multi-disciplinary expert groupat each of the Institute developed a large 
number treatment/ plantation models specific to natural, agriculture, and urban landscapes in 
consultation with the SFDs of participating States. Draft treatment/plantation models were 
shared with concerned States/ UTs and were finalized by the concerned Institute based on the 
feedback obtained from relevant SFDs.  
 
(vi) Objective Analysis and Strategic Planning: The extensive consultative process in 
case of each river allowed an understanding to develop the long-term vision and goals that 
indicate the desired direction or pathways for actions and activities. In the process, it was also 
understood that what are the long-term changes, the project can contribute to and why is the 
project important for the society, biodiversity and the river ecosystem. In the process, the 
project team of each river was able to decide the goals, objectives, outputs and outcomes that 
can be attained. DPRs have been prepared using the Logical Framework Analysis (LFA) and 
Result-Based Management (RBM) as adopted by the DPR on Ganga River prepared by FRI 
(FRI, 2016; Bong and Putuhena, 2008; Cummings, 1997; Örtengren, 2016).  The consultative 
process gave desired insight on the problems in achieving various objectives and 
identification of priority actions for rejuvenation of the river. The process also facilitated in 
formulation of the strategies for programme implementation. Accordingly, it was decided that 
the programme implementation has to be concurrent in natural, agriculture and urban 
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landscapes within the riverscape. Further, a variety of conservation and supporting activities 
would also be required for effective implementation, knowledge management and sharing, 
capacity development, monitoring, and adaptive management. 
 
(vii) Preparation of Draft DPRs – The aforesaid key steps, process and the overall 
participatory approach adopted ultimately helped each Institute in the preparation of draft 
DPR for assigned river(s) presenting the details of proposed activities, resource planning and 
year-wise schedule of operations. Draft DPRs (Vol. I and II, and Overview) were shared with 
concerned SFDs/Nodal officers of the involved States/UTs in case of each river so as to seek 
their feedback and valuable inputs. Copies of the draft DPRs were also submitted to the 
ICFRE, Dehradun and the MoEF&CC, New Delhi. Presentations by the Nodal officer, each 
river and Director of the Institute based on draft DPRs were also made at the ICFRE and 
MoEF&CC level, respectively so as to obtain desired feedback and valuable comments.  

 
(viii) Finalization of DPR, Implementation and Monitoring – The draft DPR in case of 
each river was finalized incorporating the feedback and specific comments received from the 
respective State, SFDs, ICFRE and the MoEF&CC. ‘Project implementation’ has been 

planned for duration of five years by respective States and SFDs as the nodal agencies. A 
provision for inbuilt, Results-Based Monitoring has been made for continuous monitoring, 
organizational learning and adaptive management. ‘Maintenance Phase’ would be executed, 
primarily with the objective to maintain plantations raised in three types of landscapes and 
planning for scaling up or replication of the activities so as to cover the left-over tributaries. 

 
(ix) Organization of DPR – The DPR for each river is presented in two Volumes (Vol. I 
and II). The Volume-I deals with the main DPR while the Volume-II provides summaries of 
data of ‘involved States located along the course of the respective river. The Volume-I 
contains eight Chapters and describes the ‘Existing Situation’ of the riverscape,the evolving 
concepts relevant to river ecology, management of river ecosystem and river restoration, 
riverine landscape or ‘riverscape’, and linkages between forests and water/ river; narrates the 
approach adopted for the preparation of DPR, describes in detail the riverscape and its 
environment and summarizes the legislative, policy and institutional context relevant to river 
conservation and restoration, detailed account of envisaged forestry interventions by 
highlighting proposed plantation and treatment models, conservation interventions and 
supporting activities, project management, partner organizations and implementation 
mechanism, project budget outlay, extent of proposed activities and schedule, and potential 
benefits of planned forestry interventions. The Volume II incorporates summaries of 
concerned States. In addition to the above described two Volumes, an ‘Overview’ of the DPR 

in case of each assigned river has also been prepared by the concerned Institutes.  
 

18. Riverscape and its Environment 

‘A river is more than just the water inside it and water is only one component of the intricate 
and dynamic river ecosystem’. The overall environment of a river is sum reflection of the 
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physical regime – climate, geology, topography, and land cover; biological attributes – 
terrestrial and aquatic biodiversity; and the socio-economic conditions in the surrounding 
lands of the river or beyond in the catchment. Thus, emphasis on ecosystem-based 
approaches to river management was laid in view of the intricate and dynamic nature of the 
river. The ecosystem-based approach helped in appreciation and understanding of the 
physical, biological and socio-economic sub-environments of the river. The fluvial processes, 
hydrological regimes, and ecological processes are key driving forces of the river ecology.  
Understanding of the four types of connectivity, interconnectedness from source to sea, 
heterogeneity, channel dynamics, longitudinal changes, vertical interactions, lateral exchange 
processes and the resultant spatial patterns in the context of each river and its surrounding 
lands immensely helped in providing a holistic picture about the river and its environment.  
Each DPR provides a detailed account on the riverscape and its environment in Chapter 2 of 
the Volume I besides geospatial analysis based on RS and GIS in Chapter 3. These two 
Chapters offer a great insight on the three sub-environments and provide adequate clues for 
effective planning. However, it was considered appropriate to compare the altitudinal 
variation, spatial heterogeneity of three type of landscapes, and forest cover within thirteen 
riverscapes and summarize how 13 rivers differ in these physical and biological attributes 
(Table 5).  
 

(a) Altitudinal Variation – A comparison of elevational variation within 13 riverscapes 
offered interesting and noteworthy insight and clues for the proposed forestry interventions. 
Notably, elevation classes >1,500 m were present only in the seven Himalayan Riverscapes 
besides the Cauvery Riverscape (Table 5). The Jhelum Riverscape represented the maximum 
extent, being 93.15% in the elevational classes >1,500 m indicating that the greater 
proportion of the riverscape was lying in higher Himalayan Range within the Jammu and 
Kashmir UT. The other Himalayan Rivers (Chenab, Ravi, Beas, Sutlej, and Brahmaputra) 
also had higher proportion of actual extent in elevational classes with >1,500 m altitude but a 
considerable portion of these riverscapes have also fallen in lower elevational classes (< 500 
m) lying in Punjab Plains or the low-lying floodplains of Brahmaputra River within Assam. 
Other than the Himalayan Rivers, five riverscapes including the Inland Drained – Luni; and 
Deccan Peninsular – Narmada, Godavari, Mahanadi, and Krishna Rivers generally 
represented lower elevational classes having altitude of <1,000 m (Table 5). The Krishna 
Riverscape had just an extent of 4.04% in elevation classes >1,500 m. Thus, critical review of 
the analysis on the distribution of elevational classes in 13 riverscapes provided clue that in 
case of Himalayan Rivers, enhanced sedimentation is due to extensive and wide spread 
human disturbances in high and fragile mountain ranges and moreover in recent decades the 
intensity of landslides has enhanced several folds due to expanding construction and 
agricultural activities besides urbanization resulting into severe erosion. In general, the lower 
elevational classes attribute either to devoid/ lack of forests, preponderance of agriculture and 
occurrence of urban landscapes, or prominence of degraded forests and extensive Scrub. 
Thus, pronounced extent of the higher elevational classes in case of the Himalayan Rivers 
seek extensive as well as intensive inputs towards soil and moisture conservation measures 
while riverscapes having prominence of lower elevation classes and category of Scrub 
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demand greater proportion of resource inputs towards improvement of grasslands, 
afforestation and reforestation in degraded forested tract.  
 
(b) Spatial Extent of Three Types of Landscapes – The geospatial analysis of 13 
riverscapes, particularly the comparison of Land Use Land Cover revealed that three type of 
landscapes (Natural, Agriculture, and Urban) along with their sub categories are the exclusive 
constituents of riverscapes, and their actual extent and spatial distribution are unique in each 
case. Moreover, various categories of LULC under three types of landscapes are under the 
continuous influence of wide range of human induced disturbances and as a consequence 
their proportion in the mosaic continuously gets altered. In general, the higher proportion of 
natural landscapes within the Himalayan Riverscapes of the tune of 70% and above was 
registered, except the Beas and Yamuna Rivers registered actual extent of 62.83% and 
43.80%, respectively as the former included substantial agriculture areas in Punjab Plains 
while latter also had greater proportion of agricultural areas in most basin states (Table 5). 
The extent of agriculture landscapes within the Himalayan Rivers was around 25% or below, 
except Beas and Yamuna Riverscapes that recorded higher extent of 35.29% and 52.33%, 
respectively. Generally, the extent of urban landscapes within the Himalayan Riverscapes 
was below 4% (Table 5). The extent of natural landscapes within the inland drained Luni 
Riverscape was the lowest, being 26.6% as the riverscape originates and flows through the 
desert state of Rajasthan and thus, predominantly covered 70.60% extent under the 
agriculture landscapes. The five Deccan Peninsular Rivers (Narmada, Godavari, Mahanadi, 
Krishna, and Cauvery) had relatively lower extent of natural landscapes in comparison of the 
Himalayan Rivers. Amongst the five rivers, the Godavari Riverscape had the lowest extent of 
natural landscapes, being 29.17% (Table 1.5). In contrast, the Cauvery Riverscape registered 
the highest extent of natural landscapes, being 55.76% area of the riverscape. Amongst 13 
riverscapes, the Mahanadi Riverscape had the exceptionally high extent of urban landscapes, 
being 7.02%. The Godavari and Krishna Riverscapes recorded relatively higher proportion of 
agriculture landscapes, being 67.28% and 64.52%, respectively (Table 5).  

 
(c) Forest Cover – Comparing the extent of forest cover under different canopy density 
classes (VDFs, MDFs, OFs, and Scrub) among 13 riverscapes, the Brahmaputra Riverscape 
recorded the highest extent of forest cover, being 71.12% including Scrub. In contrast, the 
Luni Riverscape had the lowest extent, just 15.46% of the overall forest cover. The situation 
of forest cover in Godavari River with just 19.54% cover was grim and worrisome as the 
river originates in the Western Ghats and traverses through Maharashtra, Telangana, Andhra 
Pradesh besides having catchment of its prominent tributaries in Karnataka and Chhattisgarh. 
Further, the combined extent of VDFs, MDFs, and OFs recorded in Godavari Riverscape was 
meagre with a value of less than 11%. The situation of forest cover in the case of Yamuna, 
Mahanadi and Krishna Riverscapes and even of the Sutlej Riverscape was gruesome and 
amply indicative of the current plight of these rivers and their stressed biological sub-
environments. The review of literature undertaken in case of 13 rivers has evidently shown 
that linking Beas with Sutlej through Beas I (Pandoh) Project has substantially improved 
water condition in the latter, particularly at the Bhakra Reservoir. In comparison to several 
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rivers, the situation of forest cover in case of Cauvery Riverscape appeared relatively much 
better and there is ample scope to enhance the condition of extensive area (22.30%) under the 
Scrub by protection, plantation/ reforestation. 

Table 5: River wise Proportion of Elevation along with Area (in %)  

Sr. 
No. 

Rivers Proportion 
of 

Elevation 
Classes 

>1,500m 

Landscapes Within the 
Riverscape 

Forest Cover (% of 
Riverscape) 

NL* 

(%) 
AL& 

(%) 
UL# 

(%) 
VDFs, 

MDFs, OFs, 
/ Mangroves 

 

Scrub 
 

Total 
 

A. Himalayan Rivers 
1 Jhelum 93.15 71.58 24.78 3.67 27.25 11.22 38.47 
2 Chenab 72.73 83.96 15.24 0.79 26.55 9.69 36.24 
3 Ravi 57.98 73.19 25.70 1.53 33.71 5.16 38.87 
4 Beas 40.38 62.83 35.29 1.88 36.21 3.77 39.98 
5 Sutlej 60.92 74.16 24.75 1.09 19.62 3.18 22.80 
6 Yamuna 16.97 43.80 52.33 3.87 17.25 9.22 26.47 
7 Brahmaputra 49.02$ 90.86 8.39 0.75 69.00 2.12 71.12 
B. Inland Drained Rivers 
8 Luni Nil 26.60 70.60 2.80 9.62 5.84 15.46 
C. Deccan Peninsular Rivers 
9 Narmada Nil 46.44 51.46 2.16 20.13 10.72 30.85 
10 Godavari Nil 29.17 67.28 3.55 10.98 8.56 19.54 
11 Mahanadi Nil 34.16 58.82 7.02 13.72 8.59 22.31 
12 Krishna Nil 31.30 64.22 4.68 12.00 10.4 22.04 
13 Cauvery 4.04 55.76 42.11 2.17 32.32 22.30 54.53 

* - Natural Landscapes include all-natural categories of LULC viz., Forests (VDFs, MDFs, OFs, 
Swamp/Mangroves), Barren, Beach, Cloud, Cloud Shadow, Glaciers/ Snow Cover, Grasslands, Rivers 
(perennial), River (Dry)/Sand, Sea, Waterbodies, Wetlands, Waterlogged Areas etc.  
& - Agriculture Landscapes include LULC categories of Agriculture, Plantations, and Pisciculture (Pond) 
# - Urban Landscapes include LULC categories viz., Settlement, Mixed Settlement, Canals, Mining Areas/ Mining Dump, 
Industrial Areas 
$ - Elevation >1,000m 

Based on the insight developed on the environment in case of each river/ riverscape, it was 
amply evident that all rivers under consideration were under excessive human influence, 
particularly soil erosion, sedimentation, and water pollution. Rapid and unplanned 
developmental activities have also severely impacted not only the e-flows and aquatic biota 
in the flowing rivers but also surrounding natural ecosystems (forests, grasslands and 
wetlands) all along the river course, thereby imperiled the river itself and its tributaries.  Most 
rivers under consideration and their tributaries reflected the condition of fragmentation, 
reduced connectivity, altered e-flow, enhanced pollution, declined aquatic and terrestrial 
biota, diminished ecosystem services, and overall poor health of rivers. 
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19. Legislative and Policy Context  

The subject of conservation and restoration of river ecosystem is quite complex on account of 
the fact that rivers are intricately linked with forests, wildlife, surrounding lands, 
developmental activities, and the people.  In past five decades or so, the Union and State 
Governments have enacted various legislations related to forests, wildlife, environment, 
wetlands, river conservation, pollution control etc., and also formulated relevant policies, 
strategies, and action plans.  Thus, each DPR made an effort to review and enumerate 
variouslegal and policy foundations relevant to the respective river ecosystem and attempted 
to highlight how those various prominent judgements, directives and other interventions by 
the various Hon’ble Courts including the National Green Tribunal (NGT) have helped in 

safeguarding interests of varied natural ecosystems including rivers, besides the overall 
protection of the environment. The transboundary Indus River System and its principalrivers 
originating/traversing through the Indian territory are regulated by the Indus Water Treaty 
(IWT),1960.  There have been some instances when developmental activities in the upstream 
areas of five principal rivers of the Indus within the Indian territory have been cause of 
dispute in countriessharing waters of these rivers. Concerned DPR has attempted to provide 
details of such disputes and decisions under the IWT, 1960. Most interstate rivers in the 
country also face disputes among the states/UTs sharing the river water. Thus, 
concernedStates/UTs have initiated litigations demanding their due share. Hence, there are 
number of judgements, awards and specific directives by various Courts in such matters.  
Thus, attempts have been made to highlight details of such litigations, judgments or awards in 
the respective DPR. Considering the fact that the larger rivers have vast basin area across 
multiple States/UTs and developmental activities in terms of optimal water utilization for 
varied uses including supply of drinking water, generation of hydropower, irrigation and 
expansion of agriculture, inland navigation, etc. have been planned, so the Government of 
India has either created autonomous management Boards or statutory Authorities in respect 
of some of the rivers included in the present Project.  These Boards and Authorities have the 
responsibility to ensure effective utilization and sharing of water resources besides 
implementation of wide range of developmental projects.   
 
The Chapter-4 of the DPR (Volume I) in case of each river provides detailed account of 
legislations, policies, judgements, authorities, etc. those are relevant in the context of river 
conservation in general as well as specific to the particular river. Nevertheless, the Indian 
Forest Act, 1927; Wildlife (Protection) Act, 1972; Water (Prevention and Control of 
Pollution) Act, 1974; Forest (Conservation) Act, 1980; Environment (Protection) Act, 1986; 
Biological Diversity Act, 2002; besides some of the prominent provisions viz., Article 48A 
and Article 51 A(g) of the Constitution of India are pertinent from the perspective of river 
conservation. The National Forest Policy, 1988; Environmental Impact Assessment 
Notification, 2006; Municipal Solid Waste (Management and Handling) Rules, 2000; 
National Water Policy, 2012; Guidelines for Conservation and Development of Management 
of Urban Greens, 2003; Coastal Zone Regulation Notification, 2011; and Wetland 
(Conservation and Management) Rules, 2017 are some of the prominent policies and legal 
instruments applicable in case of river conservation and restoration.  India being signatory to 
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several international conventions and agreements viz., UN Convention on Biological 
Diversity, 1992; UN Framework on Climate Change; UN Convention on Combat of 
Desertification; Ramsar Convention on Wetlands; UNESCO’s World Heritage Convention; 

CITES; UN 2030 Agenda on Sustainable Development, etc. the National as well as State 
Governments in river management and restoration are committed to such commitments and 
obligations.   

20. Implementing Agencies and Institutional Context  

The wider subject of water resources including management of rivers and their development 
and restoration comes under the purview of the Union Ministry of Jal Shakti.  However, in 
past, important subjects like river conservation, Ganga Action Plan, and Wetland 
Management were solely under the domain of MoEF&CC.  Although, the MoJS is the 
primary agency responsible for management resources of Indian Rivers, a wide range of 
sectors, agencies, institutions, organizations and authorities are connected with the use, 
management, and regulation of various activities relevant to river ecosystems.  In 2017, the 
NITI Aayog has directed all Central Ministries to undertake/contribute for various 
programmes relevant to river conservation, management, and development.  In response, the 
MoEF&CC decided to make significant contributions towards restoration of major Indian 
rivers by way of forestry interventions and in view of this, the MoEF&CC through NAEB 
assigned the present Project to the ICFRE on preparation of thirteen DPRs of different rivers.  
 
It is assumed that the MoEF&CC may either decide to provide desired financial support for 
the implementation of DPRs at its own or may plan to executeDPRs as a joint venture in 
collaboration with other concerned Ministries/ State Governments or any other sponsoring 
agency. However, each DPR has attempted to provide an insight on potential funding 
agencies. Each DPR recognizes that the SFD of the respective State would function as the 
primary Implementing Agency (IA) at the state level, mainly for two reasons: firstly, the 
nature of proposed activities lies in the domain of SFD, and secondly, the Forest Department 
has well laid hierarchical organizational structure besides desired physical infrastructure, 
manpower, and technical knowhow for implementation of a project of this nature in large 
riverscapes spreading across multiple States/UTs. Moreover, in recent decades the mandate 
of SFDs has enlarged in its scope several fold from just traditional timber harvest and 
multiple uses of forests to sustainable management and conservation of forest ecosystems for 
multiple values. Presently, diverse roles/functions of SFDs involve wide range of activities 
and they cut across different sectors. Increasingly, SFDs are required to facilitate inter-
sectoral convergence so as to accomplish goals and objectives of varied mandates. The inter-
disciplinary nature of mandate entrusted to SFDs make them a focal point for 
interdepartmental convergence.  In past three to four decades, the SFDs have been working in 
close association or partnership with varied agencies viz., different line departments, Gram 
Panchayats, Community Based Organizations (CBOs), and NGOs. The most promising 
attribute of the SFD is its ability to adopt a people centric approach in natural resource 
management. In past, the SFDs have ensured public participation in both decision making as 
well as implementation of the decisions through the widely adopted institutions of Joint 
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Forest Management Committees (JFMCs) to restore the degraded forest areas and also to 
ensure community participation in forest management and wildlife conservation.  In addition, 
SFDs have also created Eco Development Committees (EDC) in case of protected areas, and 
Biodiversity Management Committees (BMCs) under the Biological Diversity Act, 2002 
primarily working at the village or grassroot level. Thus, JFMCs and other Committees can 
carry out varied works related to regeneration, afforestation, protection, sustainable 
management and utilization of forest areas allotted to them. The present Project envisages 
involvement of CBOs at the local/village level in implementation of different DPRs. Some of 
the DPRs also propose to involve, Eco-Task Force, Nehru Yuva Kendra, Mahila Mandals, 
and other CBOs as provisioned in the respective DPR of a river and the concerned IAs would 
be at the liberty to involve such CBOs/agencies and entrust specific tasks to them.  

21. Need for Research, Monitoring and Knowledge Management Centre 

The foregoing description has amply revealed that the subject of river conservation and 
restoration is multifaceted and a large number of organizations, sectors, agencies and 
authorities are involved at the national and state levels those are responsible for river 
management. So far, most of them worked in isolation and focus mainly on the assigned 
mandate of their own Department/Agency.  In case of Indian Rivers, the research and 
monitoring information is widely scattered and, in several instances, either obsolete or 
archival in nature or even available in piecemeal for specific tributary/segment or stretch of 
the river.  Under the stated situation, it was difficult to develop a comprehensive insight of 
complex inter-relationship of dynamic river ecosystems. Moreover, the review highlighted 
that there were either considerable gaps in the available information or appreciation of overall 
complexity of a river. Several Central/ State level agencies have been involved in monitoring 
varied aspects of river ecosystem. This isolationist approach has been a main impediment in 
the progress on river conservation and rejuvenation. The task of rejuvenationof major Indian 
rivers is not only challenging but daunting. Certainly, the formidable task of river 
conservation requires desired knowledge and capacity to integrate different aspects or 
relevant disciplines. There is a felt need to improve, strengthen and augment current 
knowledge.   

Research and monitoring are two interconnected and pivotal activities those can immensely 
help in development of desired comprehensive information base for evolving strategies 
besides facilitating policy and decision making.Regrettably, the current understanding on 
interrelationships and dynamic linkages between forests and hydrology or river ecology is 
highly inadequate, particularly in the context of Himalayan and other mighty rivers of the 
country. Such vital interrelationships in a populous country have been ignored.  Hence, there 
is an urgent need to develop a Knowledge Management Centre so as to address the 
interconnected requirements of emerging disciplines of forest hydrology, river conservation 
and restoration, and climate change. Also, numerous rivulets, tributaries and rivers suffer on 
account of wide spread pollution arising due to varied pollutants. Many countries have taken 
a lead in developing appropriate tools and techniques such as bioremediation and biofilters so 
as to treat polluted water.  However, much needs to be done in India in this grossly neglected 
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field.  The Project also recognizes that each major river considered in the present assignment 
are unique in several ways and require specific understanding of their complexity and 
dynamic nature. Hence, each DPR with regard to a major river has provisioned for 
establishing a Knowledge Management Center at the concerned Institute which was 
responsible for planning, assessment and the preparation of specific DPR. Besides developing 
as the knowledge center, the Institute would serve as the partner organization so as to 
facilitate the multidisciplinary researches, monitoring activities and supportthe agenda on the 
specific requirements of capacity development and creation of awareness. The respective 
Institute of the ICFRE is well placed in the context of assigned river and well-equippedas it 
has desired expertise in the fields of forestry, forest hydrology, natural resource management, 
and biodiversity conservation specific to the region of the entrusted river. Hence, each 
Institute is professionally competent to meaningfully contribute on the grossly neglected 
agenda of researches and monitoring in the context of conservation and restoration of 
concerned river.   

22. Project Components and Proposed Interventions  

In general, DPRs of different rivers envisage the following four broad goals: 

(a) Riverscape Management – For this, each DPR aims a holistic riverine landscape 
(riverscape) approach for sustainable management of each river, its banks or riparian 
areas within its fluvial system. 

(b) Aviral Dhara, Nirmal Dhara, Ecological Restoration and Biodiversity Conservation – 
This goal aim to address the drivers and stressors of river ecosystem and promote 
sustainable use. 

(c) Improved Ecosystem Services and Sustainable Livelihoods – This goal aims to seek 
enhanced ecosystem services and to maintain sustainable livelihoods. 

(d) Effective Implementation, Knowledge Management, and Innovative Approaches – This 
goal aims to ensure effective implementation of the DPR, knowledge management, and 
development of innovative approaches and adoption of appropriate modern technologies. 
 

(A) Component A: Implementation of Forestry Interventions in Concerned States/ 
UTs along the River – The component 1 of the DPR specifically focusses on the proposed 
forestry interventions in concerned states/UTs along with course of river and include three 
sub-components: (i) Forestry Interventions in three lower order sub-zones viz., (a) Natural 
Landscape (NL), (b) Agriculture Landscape (AL), and (c) Urban Landscape (UL) adopting 
appropriate treatment/plantation models; (ii) Conservation Interventions; and (iii) Supporting 
Activities (Fig. 13, Fig.14).   

Each DPR includes the following four Components (Fig. 12): 
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Fig. 12: Four Components of DPR on Forestry Interventions 

 

 

Fig. 13: Natural Landscape within Cauvery Riverscape (Mullimunth Shola Forest) 
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Fig. 14: Agriculture Landscape with Terrace Cultivation within Brahmaputra 
Riverscape 

 
(B) Component B: Strengthening Knowledge Management and Capacity 
Development for Forestry Interventions and Conservation of Riverscape – As already 
stated, India lacks desired knowledge and experience in restoration of rivers those have been 
influenced by a wide range of natural, physical, biological, and anthropogenic factors.  
Undoubtedly, river conservation and restoration are relatively emerging disciplines for the 
country.  Positive outcomes from any major project aiming towards river restoration and 
conservation are unlikely unless science based comprehensive strategy and the holistic 
ecosystem-based approach are actively involved in planning, assessment, management and 
development of rivers, and also for the formulation of policies relevant to river conservation 
and restoration. The Component B aims to incorporate science into policy, planning and 
management for informed decision making that can facilitate positive outcomes of concerted 
efforts towards sustainable management of river and river restoration in accordance with the 
socio-cultural milieu of the country. NineInstitutes under the umbrella of ICFRE have taken a 
lead in the preparation of river specific DPR adopting a holistic multistep approach involving 
active participation of stakeholders at all stages of the planning and assessment.  All Institutes 
are reputed and established learning centers relevant to the respective region and are certainly 
in a position to undertake concurrent researches essential for conservation and restoration of 
assigned river or rivers in their respective region. The Component B primarily aims to 
contribute towards policy, advocacy, outreach, monitoring, evaluation and capacity 
development. 
 
(C) Component C:  Scaling Up, Replication in Additional Sites and Maintenance   – 
Each DPR prepared as a part of the present Project aims program implementation on some 
selected tributaries of the assigned river. Thus, the Component C specifically aims tosupport 
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the activities related to scaling up and replication of planned efforts in additional sites/ 
tributaries. Further, each DPR envisages plantation works as a part of different proposed 
treatment plans in three types of landscapes within each of the riverscape.  However, in 
general, most plantations require minimum 3-5 years of maintenance after the initial 
plantation. Most species in the Himalayan environment or in steep slopes with poor soil 
conditions are often slow in growth and there is always a probability of some mortality on 
account of varied natural and anthropogenic factors. Under such circumstances, some planted 
plants need replacement besides involving other important activities like weeding, etc. Hence, 
the Component C predominantly deals with the ‘Maintenance Phase’ after the 
‘Implementation Phase’ and accordingly necessary provisions in this regard have been made 
in each DPR.   
 
(D) Component D: National Coordination for Forestry Interventions and Riverscape 
Conservation- Out of 13 rivers covered under the present Project, except Jhelum and Luni, 
rest of the rivers flow through two or more States/UTs from origin to sea or confluence with 
another river. Hence, execution of various forestry interventions and other planned 
conservation efforts as provisioned in each DPR would involve coordination among involved 
States/UTs located along the river course. It is also likely that besides multiple States/UTs, 
different Ministries/Departments would also be involved as active partners in programme 
implementation. Thus, the Component D envisages National level coordination for a river 
flowing through multiple States/UTs.   

23. Strategies 

Each delineated riverscape is a mosaic of varied land uses and as it includes (a) natural 
ecosystems (forests, grasslands, wetlands) or legally designated protected areas, mainly on 
government lands and mostly under the control of Forest Department, (b) rural system 
predominately by agro-ecosystems, and (c) built up urban environment represented by 
metropolis, cities and towns. Obviously, each of this broad land use category not only 
represents the significant area of the riverscape but also characterized by unique conditions 
represented by varied use patterns, ownerships, and management needs. Thus, these three 
broad land use categories within each of the riverscape have been designated as the ‘Natural’, 

“Agriculture’, and the ‘Urban’Landscapes. These three landscapes collectively influence the 
river and its environment, particularly the environmental flow, water quality, and aquatic 
biota besides terrestrial biodiversity in surrounding lands, and the various ecological 
processes of the lotic system.  

(A) Zoning - Considering the prominence of each type of landscape elements within a 
larger riverscape, a multipronged strategy for the proposed forestry interventions aiming to 
address specific requirements of each of the land use type/landscape category has been 
planned for execution. As a part of the broader strategy, following zoning within the 
riverscape has been visualized keeping in view three distinct landscape types and specific 
targeted forestry interventions planned in each of the zone.    
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(a) Natural Landscape – The ‘Natural Landscapes’ within different riverscapes form 

one of the prominent zones as various categories of land use/ land cover of the natural 
environment are incorporated in this category. Thirteen DPRs of different rivers have 
altogether proposed 283 treatment/ plantation models within the natural landscape.  The 
range of treatment models within the natural landscapes among 13 riverscapes ranged from 7 
to 49 (Table 6). The DPR on Yamuna River has proposed the maximum number, being 49 of 
treatment/ plantation models, followed by Brahmaputra River having 39 models. The lowest 
number of models within the natural landscapes, being 7 have been proposed in the case of 
inland drained river Luni.Various models developed and proposed in Natural Landscapes 
specially focus on various interventions in diverse forests, grasslands, alpine pastures, and 
floodplains besides protected areas.  Proposed interventions meant in Natural Landscapes, 
primarily emphasize on protection, afforestation, control of invasive and alien species, fire 
control, plantation of medicinal plants, eco-restoration, etc. (Fig. 15). 

Table 6: Details of Landscape-wise ModelsDeveloped 

River Plantation/ Treatment Models (Numbers) 
Forestry Interventions in Different 

Landscapes 
Other Activities 

 Natural 
Landscape 

Agriculture 
Landscape 

Urban 
Landscape 

Conservation 
Interventions 

Supporting 
Activities 

A. Himalayan Rivers 
Jhelum 9 2 4 4 2 
Chenab 21 4 6 10 4 
Ravi 19 6 10 15 6 
Beas 15 4 8 10 4 
Sutlej 21 4 8 10 4 
Yamuna 49 14 22 58 8 
Brahmaputra 39 15 17 - - 
B. Inland Drained River 
Luni 7 8 4 2 1 
C. Deccan or Peninsular Rivers 
Narmada 29 9 15 - - 
Godavari 26 12 9 18 - 
Mahanadi 10 7 8 - - 
Krishna 22 7 11 - - 
Cauvery 16 5 4 9 10 
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Fig. 15: Three Type of Landscapes Identified within Each Riverscape with Potential 

Interventions 
 
(b) Agriculture Landscape – The second important zone within each riverscape has 
beennamed as the ‘Agriculture Landscape’, that primarily occurs in the rural environment on 

privately owned lands all along the main channel of each river and its tributaries and 
constitutes the ‘matrix’ of the riverscape in the parlance of Landscape Ecology and is 
predominated by agriculture and horticulture crops as stated earlier. The purpose of this zone 
is to promote planting of economic and fruit trees so as to enhance the overall conservation 
values of such areas, ecosystem services, and performance of other expected ecological 
functions (Fig. 15). In all, 97 treatment models have been proposed in Agriculture 
Landscapes of 13 riverscapes (Table 6).  In 13 riverscapes, the number of treatment models in 
case of agriculture landscapes ranged from 2 to 15. The DPR of Brahmaputra River has 
proposed 15 models that flows through multiple States within the Indian territory, while the 
DPR of Jhelum River originating and flowing within just one UT prior to its flowing out in 
the neighbouring country has included just two models. 
 

Natural

• Protection of Natural Ecosystems
• Afforestation/ Reforestation
• Grassland and Alpine Pasture Management 
• Cultivation of Aromatic Herbs and Medicinal Plants
• Control of Inavsive and Alien Species
• Prevention, Control, and Management of Forest Fires
• Ecorestoration

Agriculture

• Agroforestry
• High Density Plantations
• Fodder Plantations
• Plantation of Fruit Trees 

Urban

• Riverfront Development
• Eco Park
• Industrial and Educational Estate Plantations
• Avenue Plantations
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(c) Urban Landscape – In a human dominated country like India, a large number of 
settlements, towns and cities exists all along the course of major Indian rivers and their 
tributaries (Fig. 16 and Fig. 17). Thus, a substantial portion of the riverscape is constituted by 
the urban built-up environment. Proposed interventions in the third zone i.e., the ‘Urban 

Landscapes’ include varied treatment models related to the Riverfront Development, Eco 

Park, Institutional and Industrial Estate Plantations and Avenue Plantations (Fig. 15).  
Altogether, 116 models for urban landscapes of 13 rivers have been proposed (Table 6).  The 
range of proposed treatment models in urban landscapes across 13 rivers ranged from as low 
as four models in the case of Jhelum, Krishna, and Cauvery Rivers while the maximum 
numbers of 22 models have been proposed in the case of Yamuna River. 

 
(B) Theme Plans – Activities those are common to two or more order zones are being 
referred as the ‘Theme Plans’.  Theme based activities have been broadly grouped into two 
categories: (i) ‘Conservation Interventions’, and (ii) ‘Supporting Activities’. The proposed 

conservation interventions include: (a) Soil and Water Conservation, (b) Riverine and 
Riparian Wildlife Management, and (c) Wetland management. The proposed ‘Supporting 

Activities’ include Policy and Legal Interventions, Strategic and Adaptive Action Research, 

Capacity Development, Awareness, Participatory Monitoring, Project Management and 
Evaluation. Most of the theme-based activities have been planned and proposed at the 
national, state and local field levels.  The State Level Implementing Agency i.e., the State 
Forest Department will be responsible for the execution of activities proposed as theme plans 
while the national partner organization (the concerned institute) will concurrently carry out 
these activities across the national level for the whole riverscape from its origin to the mouth 
or at each State/ UT level.  Necessary provisions for Project Management Unit at the National 
level as well for each State thathas been included in the riverscape.  Accordingly, the cost of 
NPMU and all SPMUs has been built in the corresponding cost tables of the respective river.    

(i) Conservation Interventions – In addition to extensive plantation and allied activities in 
three types of landscapes deciphered within each riverscape, varied conservation 
interventions have been proposed for implementation by concerned State level IAs (Fig.18).   

(a) Soil and Moisture Conservation Measures – Most rivers covered under the present 
Project, particularly the rivers originating in Himalayas or Western Ghats severely suffer on 
account of landslides, bank erosion, habitat loss, construction activities and other 
unsustainable human activities resulting into acute problems of soil erosion and 
sedimentation.  Thus, extensive bio-engineering as well as mechanical measures have been 
proposed for the purpose of soil and water conservation. Proposed soil and water 
conservation activities in all rivers are an important aspect of forestry interventions.  Bio-
engineering measures for land slope management, drainage line treatment (e.g., live check 
dams, brush wood check dams, contour wattling, contour live hedges, etc.), stream bank 
protection, landslide control, and treatment of mine spoilt and other problem areas have been 
proposed in different DPRs. Besides, bio-engineering measures, mechanical measures for soil 
and water conservation for land slide control (dry stone check dams, gabion check dams), 
gully stabilization, drop spillways, silt detention structure, and mechanical spurs for torrent 
control (crate wire spurs) have also been proposed.   
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Fig. 16: Urban Landscape within Krishna Riverscape 

 

 

Fig. 17: Urban landscape in Catchment of Krishna River 
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Fig. 18: Prominent activities under the proposed sub-component on conservation 
interventions 

 
(b) Riverine and Riparian Wildlife Management – As a part of multifarious 
conservation interventions, activities relevant to riparian and riverine wildlife management 
have been planned in DPRs of different riverscapes (Fig.18). It is considered appropriate to 
highlight the difference between two terms ‘Riparian’ and ‘Riverine’ and also to understand 

the strong linkages between the Riverine Habitats and the Riparian Zone. The term ‘Riparian’ 

refers to biotic communities living on the shores of streams, rivers, ponds, lakes, and some 
other wetlands. In other words, the riparian means related to living, growing or located on the 
banks of a stream/ river, and such areas are between the upland zone and the shore line. 
Hence, the riparian zone forms a corridor between land and water allowing animals to move 
and disperse between different habitats.  The riparian zone as an interface between terrestrial 
and aquatic ecosystems, encompass sharp gradients in environmental and community 
processes. A healthy riparian zone contains diverse plant species, and animals. In contrast, 
the term ‘Riverine’ means living in, growing in, or located in river or stream. In other words, 

it refers to the aquatic wildlife and could include plankton, macro-invertebrates or chordates 
(i.e., fishes, amphibians, reptiles, water birds and aquatic mammals). The riparian forests 
extend laterally from the active channel to include the active floodplain and terraces. Thus, 
the riparian forests contribute organic matter such as leaves, branches, and large woody 
debris directly to the active channel or the floodplain. Riparian vegetation, particularly trees 
and soil perform a variety of riparian functions including the thermal regulation of water, 
establishment of unique micro-climate, supply of coarse organic matter, food source for many 
benthic invertebrates, supply of large woody debris, water purification and regulation of 
nutrients, inputs to streams and rivers, dampening of floods, bank stabilization, control of 
erosion, and stream bed sedimentation.   
 
The functioning of aquatic ecosystems not only depends on the exchange of subsidies 
between riparian forests/vegetation and lotic system of the river. Varied human activities act 
as stressors and easily disrupt reciprocal flows. The clear felling of tress can increase the 
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input of silt, nutrients, and pollutants to streams and rivers and influence assemblages of 
aquatic species while changes in forest composition cause by forestry may influence 
terrestrial input to rivers. Exotic tree and shrub species are likely to have adverse influence on 
forest-river links. Flow regulation and stream channelization has profound impact on aquatic 
environment and adjacent habitats.The wildlife community within riparian zones is composed 
of obligate and generalist riparian species as well as introduced species. Riparian obligate 
species (e.g., select amphibians) are considered so highly dependent on riparian and aquatic 
resources that they would disappear with the loss of this prime habitat from the drainage 
basin. Species that utilize both riparian and upland forests are considered as the riparian 
generalists. Obligate riparian bird species require aquatic or riparian habitat for breeding, 
nesting, rooting, or feeding. 
 
In case of most Indian Rivers, the riparian forests as well as riverine ecosystems have been 
severely imperiled, particularly in the mountainous upstream areas as well as in the alluvial 
plains in downstream areas owing to enhanced human activities. Review of river environment 
in case of most rivers revealed that wild flora and fauna in the riparian zone as well as the 
aquatic environment have been adversely impacted due to various anthropogenic stressors. In 
the aquatic environment, fish fauna, particularly migratory species (e.g., the Gangetic River 
dolphin, Indus River dolphin, Hilsa, Snow Trout, etc.) in the Himalayan Rivers have been 
impacted while a wide range of aquatic faunal species (e.g., otter, turtle, gharial, etc.) those 
use the riparian zone as well as the lotic system have also been impacted. Thus, there is an 
urgency to protect, conserve, and rehabilitate species of concern. Several protected areas 
(national parks, wildlife sanctuaries, conservation reserves, community reserves) and even 
Tiger Reserves, Ramsar Sites, Wetlands of National Importance, and Important Bird Areas 
exist along the main channel of different rivers or their tributaries and these PAs or other 
important wilderness areas are repository of representative biodiversity of different 
biogeographic zones and biotic provinces and harbour numerous Rare, Endangered, 
Threatened (RET) floral and faunal species. Each DPR has attempted to provide much 
desired insight on protected areas, other important ecologically sensitive wildlife habitats, 
and RET species of concern those especially occur in the riverine and riparian areas of 
different rivers considered under the present Project (Fig. 19).  
 
Considering the enormous significance of riparian zone and riverine habitats, protected areas 
and associated threatened biodiversity, the present project emphasizes on the merit to have 
appropriate conservation interventions aiming to protect the wildlife habitats and associated 
wildlife. Each DPR envisage a wide range of conservation interventions focusing on 
protection and improved management of protected areas; protection and conservation 
measures for riparian and riverine wildlife; habitat improvement including control of invasive 
and alien species in the terrestrial and aquatic environment; conservation of gharial, turtle, 
otter, etc. Necessary budget provisions for respective IAs in concerned states within each of 
the riverscape have been made towards site specific activities for the protection, management, 
restorations, and conservation of wildlife relevant to riparian zone and riverine habitats. 
 
(c) Wetland Management – Country is endowed with a wide range of natural wetlands 
besides a variety of manmade wetlands (SAC, 2011). The Indian Space Research 
Organization, Ahmedabad on behest of the MoEF&CC has inventoried varied wetlands for 
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each State/UTs of the country. The review carried out under the present Project revealed that 
a wide range of natural and manmade wetlands occur in 13 riverscapes. These wetlands help 
in maintaining the ecological balance, serving the various needs of the society by recycling 
nutrients, purifying water, attenuating floods, maintaining stream flow, recharging ground 
water, etc. Wetlands are not only important ecosystems, but are also repository of rich and 
unique biodiversity. In addition, majority of wetlands offer enormous opportunity of 
livelihoods for local communities, and are major attraction centers for recreation and tourism 
activities. In each riverscape, prominent wetlands of greater ecological, cultural and 
recreational importance occur. Majority of these wetlands on account of small size, large 
interface with urban/ rural environments, traditional resource dependence, and enhanced 
biotic activities have been either deteriorated or in the process of degradation. Each DPR has 
provisioned for appropriate interventions for wetland management and accordingly necessary 
budget provisions have been made under the respective riverscape. 
 

 
Fig. 19: Asian Elephant (Elephas maximus) in Kaziranga Tiger Reserve – Floodplain of 

Brahmaputra River 

 
(ii) Supporting Activities – In addition to above stated proposed forestry interventions in 
three types of landscapes (Natural, Agriculture and Urban) and three types of conservation 
interventions, execution of priority supporting activities viz., (a) policy level interventions, 
(b) strategic and adaptive research, (c) awareness, (d) capacity development, (e) participatory 
monitoring, (f) project management, and (g) evaluation, and are considered vital for 
successful implementation of 13 DPRs (Fig. 20). Details of proposed supporting activities are 
provided below: 
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(a) Policy Level Interventions – The complex and emerging discipline of river 
conservation and restoration in a populous country like India is backed up by several laws 
and Policies. However, there is a growing concern about the current plight of rivers at all 
levels. Thus, as stated earlier, there have been several governmental and non-governmental 
initiatives towards river conservation including a large number of judgements and specific 
directives by the various Hon’ble Courts including NGT so as to safeguard the interests of 

various river ecosystems, surrounding lands, dependent communities, and varied users. 
Despite considerable progress in recent decades, there are significant gaps and several issues 
those continue to affect the river and associated biodiversity, production sectors and even 
human communities all along the main channel and its tributaries. A wide range of 
stakeholders including numerous government agencies are involved in concerted efforts 
towards river conservation but there are competing demands and conflict. Isolationist 
approaches towards conservation are still being applied. In general, the desired institutional 
framework, and the essentially required infrastructurefor river management are inadequate to 
tackle the complex nature of river ecosystems spread over the large extent. In view of this, 
augmentation and strengthening of existing policy and legal frameworks are desirable and 
much needs to be done so as to restore the past glory of Indian Rivers and their tributaries. 
Thus, appropriate interventions so as to strengthen the relevant policies, laws, and the 
institutional context have been proposed as a part of different DPRs. Budgetary provisions for 
envisaged interventions relevant to the policy and laws by way of seminars, workshops, 
visits, field level assessments, and monitoring have been made in each DPR. 
 

 
Fig. 20: Proposed Sub-Component on Supporting Activities 

 
(b) Strategic Adaptive Research and Development – As mentioned earlier, the 
discipline of river ecology, management, restoration and conservation adopting a holistic 
approach in the context of Indian Rivers is relatively younger and much needs to be done.  
Moreover, the approach so far has been fragmentary, piecemeal and isolated in nature. A 
wide range of government agencies are responsible for collecting vital information on varied 
aspects of river viz., cryosphere, surface water, ground water, pollution control, irrigation, 
hydropower, biodiversity, etc. The understanding of varied ecological processes relevant in 
the context of river is generally poor.  Ecological insight on threatened taxa in the riparian 
and riverine environments is also grossly inadequate. Thus, the subject of restoration of rivers 
in India is also new. In view of this, priority action researches in the fields of forest 
hydrology, bioremediation and biofiltration, assessment of ecosystem services, 
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bioengineering methods for soil conservation and river bank stabilization, conservation of 
aquatic biota, sustainable livelihoods, climate change mitigation and adaptation, and 
application of modern technologies in the context of river conservation are highly desirable.  
Accordingly, each DPR on Specific River has made provision to support proposed adaptive 
research on priority subjects and necessary budget provisions have also been made.  
 
(c) Awareness – In spite rivers are life lines, being worshipped, and play important role 
in the economic development, all prominent rivers of the country are in the state of 
degradation as rural and urban populations living along the river course continue to exploit its 
resources, contaminate, and neglect the ecological concerns of the river and contribute in 
some form of disturbance or even pollution. Hence, public awareness is a prerequisite for any 
planned efforts towards river restoration in the country. In absence of such efforts, any 
amount of investment and wide range of interventions envisaged in each DPR would not help 
in the restoration process of degraded rivers. Creating awareness and sensitizing the masses 
on the significance of rivers as a part of the forestry interventions have been proposed as one 
of the important activities. The concerned SFDs as implementing agencies are expected to 
adopt different approaches and tools for awareness campaigns relevant to the respective river 
in their region.  Proposed awareness campaigns are also proposed to involve the Nehru Yuva 
Kendra Sangathan, Eco-clubs, NSS, NCC, Scout and Guide, and prominent NGOs or even 
select Civil Society Organizations working at the grassroot level. Each DPR has made 
appropriate provision for budgetary requirements for this important supporting activity for 
successful implementation of the planned activities.  
 
(d) Capacity Development – A large number of developmental projects are being 
implemented across the country relevant to different sectors. Often, such developmental 
projects are enabled to yield desired results and a reasonably high number of projects even 
fail despite elaborate planning and huge investments in the absence of adequate capacity of 
manpower involved. Capacity has been defined as the ability of people, organizations and 
society at large so as to manage their affairs successfully whereas the capacity development 
has been defined as the process whereby people, organizations and society as a whole 
unleash, strengthen, create, adapt and maintain capacity over time. Often, national and 
international agencies engaged in addressing global challenges (e.g., land degradation, water 
crisis, management of natural resources and biodiversity) contribute towards specific sector 
or the agenda of development and generally they have been adopting the centralized, top-
down and fragmentary approaches. Increasingly, the newer dimensions of capacity 
development irrespective of the sector emphasize on the decentralized, bottom up, 
participatory, science based and integrated approaches particularly when the developmental 
projects seek building alliances, inter-agency cooperation, and sectoral convergence.  It is 
now widely recognized that capacity development at all levels is of utmost importance and is 
the engine of human development. Capacity development is about transformations that 
empower individuals, leaders, organizations and societies. Capacity development initiatives 
go much beyond raising awareness of stakeholders and aim at developing the capacity of 
varied stakeholder groups to appreciate the multifaceted issues within a complex and 
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dynamic river environment. As stated earlier, the thrust of the present Project on river 
restoration and conservation is on multi-disciplinary, multi-sectoral, multi-stakeholder and 
multi-scale approach.  
 
The objectives of proposed capacity development specific to forestry interventions and allied 
activities are depicted in Fig. 21. In order to accomplish the goals and objectives set forth for 
each DPR, concerned SFDs as the IAs, partner organizations, and other stakeholders those 
are expected to be involved in the implementation of the planned interventions will need 
inputs on capacity development. Altogether, eight different core modules aiming various 
target audiences including forest officials and frontline staff of concerned SFDs were 
considered essential from the perspective of river conservation and rejuvenation (Fig. 22). 
Thirteen DPRs have identified target groups at various hierarchical levels, priority themes for 
capacity development and modalities of such inputs (Fig. 23). Necessary budgetary 
provisions for capacity development at multiple levels have been provisioned in each DPR.   
 

 
Fig. 21: Objectives of Capacity Development 

 

(e) Participatory Monitoring – Monitoring is an indispensable activity for adaptive 
management of natural resources. Monitoring against defined and measurable objectives is 
critical for assessing the effectiveness of efforts towards river conservation and restoration 
and for guiding the adaptive management. At present a large number of government agencies 
at the national and state levels carry out activities of monitoring glaciers, snow cover, 
climatic attributes, surface water and runoff, ground water and aquifers, sedimentation, forest 
cover and carbon sequestration, e-flow and water quality, wetlands and water birds, fish 
production, populations of RET floral and faunal species, visitors to tourism and recreation 
sites, etc. Some of these monitoring activities are well designed, planned, executed and 
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supported by appropriate institutional mechanisms and being carried out on a regular basis 
for longer time periods. Thus, considerable baseline information on some of the important 
themes, components and variables is available. Nevertheless, there is ample scope to enhance 
the scope and magnitude of such monitoring activities in the context of river restoration, 
proposed forestry interventions, and conservation so as to institutionalize them. Further, the 
focus is being also laid on the participatory approaches of monitoring and optimal use of 
modern technologies (IT, RS and GIS, radio and satellite telemetry, camera traps, UAV/ 
drone, etc.)  Hence, each DPR for the respective river has made provisions for participatory 
monitoring based on verifiable indicators (Fig. 24). Monitoring activities have been 
envisaged at the national, state and the forest division level. Further, each DPR also proposes 
to involve a national level partner organization, particularly in case of larger rivers spread 
across multiple States for the proposed monitoring activities and coordination of such efforts.  
In each case, the concerned involved Institute under ICFRE is proposed to play this vital role 
of monitoring and coordination among participating States/UTs. 
 
Each DPR has provisioned for the monitoring of project performance in terms of project 
goals/objectives, activities, targets, outputs, outcomes and impact. Plantation activities make 
the core activity of the proposed forestry interventions by adopting varied plantation/ 
treatment models in natural, agriculture, and urban landscapes within the riverscape and 
concerned states. Accordingly, a bulk amount of the total budget outlay has been provisioned 
for this important activity. Considering the significance of plantation activities for the overall 
success of the project, in house monitoring has been envisaged and to be carried out by the 
Implementing Agency i.e., the concerned SFD. Thus, 25% of the actual works carried out 
will have to be mandatorily monitored. The DPR has made adequate provisions for the 
required budget for monitoring of plantations as well as other interventions as envisaged in 
the project.  
 
(f) Project Management – Effective management of diverse planned activities as 
envisaged in each DPR involving various hierarchical levels of field implementation and 
diverse stakeholders essentially requires proper mechanism for the programme management 
of such nature. Each involved State/ UT, being the Implementing Agency for proposed 
forestry interventions involving different forest divisions across the larger State would 
definitely require a State Project Management Unit (SPMU) for effective implementation, 
coordination, and monitoring. Thus, the provision for the State Project Management Unit 
(SPMU) in all involved States relevant a specific river as well as the National Project 
Management Unit (NPMU) for coordination among involved States/UTs has been made. The 
Project Steering Committee (PSC) at two hierarchical (national and state) levels have also 
been visualized. The details on proposed institutional arrangements and envisaged 
mechanism for programme implementation have been provided in Chapter 6 of Volume I of 
each DPR. Further, each DPR has appropriately made budgetary provisions for this pivotal 
activity.  
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Fig. 22: Capacity Development: Core Modules for River Conservation and 

Rejuvenation 
 

 

Fig. 23: Capacity Development – Targeted Hierarchical Levels and Groups 
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Fig. 24: Multi-Tiered Monitoring Mechanism for Proposed Forestry Interventions 
inDifferent Riverscapes 

 

(g) Evaluation – The multifaceted Project on proposed forestry interventions for river 
restoration definitely requires a strong mechanism for evaluation of the planned activities so 
as to assess the project performance, collect evidence that reflects the extent to which the 
envisaged outcomes have been achieved, and document what has been the impact of the 
programme implementation to bring desired change. The Logical Framework Analysis (LFA) 
incorporated by each DPR has provided details on range of activities, expected outputs and 
outcomes, performance and impact indicators along with their means of verification.  This 
information forms the basis to assess the project’s impact. Thus, each DPR envisages project 
evaluation, specifically appraisal of annual progress, Mid Term Review (MTR) and Terminal 
Evaluation (TE). DPRs also emphasize on the third party or external evaluation so as to get 
an independent view of the project activities, performance and impact.  The national partner 
organization and the nodal ministry at the Center responsible for implementation for DPR of 
a specific river would plan for appropriate evaluation and their time lines. Accordingly, the 
provision for evaluation by the NPO and the nodal ministry has been made in each DPR.  

 
24. Mechanism for Programme Implementation 

The DPR of respective river is proposed to be implemented at the following three hierarchical 
levels viz., national, state and district/ forest division levels.  Proposed forestry interventions 
are expected to compliment the ongoing works on protection, management and restoration of 
rivers being carried out by various sectors/agencies. The proposed mechanism for programme 
implementation is presented in Fig. 25. 
 
(a) National Level – The wider sector of comprehensive water resources and 
management of rivers in particular are under the purview of the Union Ministry of Jal Shakti 
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(MoJS). Thus, efforts made towards river rejuvenation at the national level with participation 
of all sectors of the government are required to be coordinated and mainstreamed by the 
MoJS. As stated earlier, proposed forestry interventions may appear ofrelatively lesser 
dimensions in scope and magnitude in comparison to the overall required substantial resource 
inputs required from prominent sectors viz., irrigation, hydropower, flood control, highways 
and road, agriculture, mining, urban, industry, etc. for rejuvenation of rivers, but indisputably 
they are decisive and integral set of pertinent activities relevant to river rejuvenation. Hence, 
the MoEF&CC, being the Central Nodal Ministry for matters related to forestry, 
environment, and wildlife through NAEB has taken a lead in getting DPRs prepared for 13 
major Indian Rivers and obviously would be right choice to provide the direction and support 
for their effective implementation in a time bound manner. 
 
Thus, in order to ensure effective execution of thirteen DPRs on the proposed forestry 
interventions prepared under the present project and to accomplish desired national goals and 
objectives of river rejuvenation, it is proposed to constitute a high level ‘National Programme 

Steering Committee (NPSC)’ at the national level under the chairmanship of the Hon’ble 

Prime Minister supported by the Ministers and senior level representatives of the concerned 
central Ministries.The ADG/IG level officer will be the Convenor and the Member Secretary. 
The NPSC would be responsible for approving the APOs submitted by involved States/UTs 
in the riverscape and the National Partner Organization (NPO) and acceptance of the 
Utilization Certificates (UCs). The NPMU at the Central Nodal Ministry will be responsible 
for the release of funds to IAs and the NPO once the APOs have been approved by the NPSC. 
The National Project Management Unit (NPMU) is proposed to be created at the Central 
Nodal Ministry with representative members drawn from various concerned ministries.  The 
NPMU will act as the Directorate responsible for programme implementation of DPRs (Fig. 
25). Considering the highly specialized technical nature of the proposed forestry 
interventions, well-established liaison of the MoEF&CC with SFDs across the country, and 
envisaged implementation of each DPR at the State level by concerned SFDs as the IAs, 
ideally the DPRs on forestry interventions at the national level are proposed to be 
coordinated, steered and implemented by the MoEF&CC dealing with the relevant sectors of 
forest, environment, wildlife, and climate change. However, considering the likely concurrent 
implementation of multiple DPRs involving several States/ UTs covering much larger extent 
of each riverscape, the Nodal Ministry may have River-wise Cell under the proposed 
Directorate and each Cell may handle one or two rivers in the specific region of the country. 
The ADG/IG level officer will be the Project Executive Director at the national level and 
would be responsible to manage functions of the NPMU.  
 
(b) River Level – Within the national level central nodal ministry, it is proposed to create 
river-wise cell or for a group of rivers within the specified region. For instance, all five rivers 
of the Indus River System under the one Cell or all the seven Himalayan Rivers under the one 
Cell so as to facilitate, coordinate, and facilitate actions across involved States and to ensure 
implementation of river specific DPR(s) in totality as planned.  

 



 

71 

 

(c) State Level – On the lines of NPSC and NPMU at the national level, the ‘State 

Project Steering Committee (SPSC) and the ‘State Project Management Unit (SPMU)’ are 

proposed to be created at the State level under the control of concerned State/UT Government 
by each of the involved State/UT (Fig.25). The Hon’ble Chief Minister/ Lt. Governor of the 
concerned State/ UT will be the chairperson of the proposed ‘State Level Project Steering 

Committee (SPSC)’. The concerned Ministers and senior level representatives of all the 

Sectors/Departments/Agencies will be appropriately involved and they will serve as members 
of the SPCC. The Forest Minister of the State will be the Vice- Chair of the SPSC. The State 
level Project Executive Director (PED) at the PCCF/APCCF level shall be the Member 
Secretary of the SPSC. 

 
The existing framework of the State Forest Development Agency (SFDA) at the State level or 
any other similar/equivalent agency will be used for transferring and parking of funds at the 
State level and to be released on the approval of the SPSC. On approval by the SPSC, the 
funds will be transferred to SPMU, an exclusive State level PMU for further allocation to 
concerned Divisions as per the respective APOs, dully approved by the SPSC. At the Circle/ 
District Level, a Circle Project Implementation Committee (CPIC) will be constituted under 
the Chairpersonship of the Conservator of Forests (CF) with concerned DCF/ DFO as the 
Member Secretary so as to ensure a transparent and accountable mechanism for 
implementation of activities as proposed in each DPR. Various proposed forestry 
interventions in the riverscape could be implemented in close association and involvement of 
the Village Panchayat/ JFMC level setup or any grass root level CSO (EDC, BMC, etc.). 
SPMU shall be responsible for all the directions, operations, and control of forestry 
interventions at the State level through SPSC. The SPSC shall have equal level 
representatives of various Line Agencies/Departments, Civil Society, NGOs, Eco Task Force, 
etc. The SPSC shall meet at least twice a year at appropriate time for approving the APOs 
submitted by Divisions and steering the project activities across the State.  
 
(d) Forest Division/District Level – As provisioned in each DPR, different Forest 
(Territorial) or Wildlife Divisions or any other type of Division (Social Forestry, Forest 
Corporation, etc.)  working under the SFD will be the field level implementing agency and 
the concerned DCF/ DFO will ensure proposed interventions within the jurisdiction of the 
respective Forest Division. In addition, few DPRs have also provisioned for specific 
involvement and resource inputs by the Department of Agriculture and Horticulture or by the 
Department of Rural Development and Panchayati Raj and necessary budgetary provisions 
have been made District-wise. As per the usual practice, the concerned Conservator of 
Forests (CF) along with normal functions of the Department will also steer/supervise 
proposed additional functions of implementation of DPR at the field level through involved 
Forest Divisions in the Circle. The CF as the case shall be the chairperson of the Programme 
Implementation Committee at the Circle/ Region level and will have representatives from 
various sectors/ departments as required. A Civil Society Organization at the Division/ 
District Level shall be involved for programme execution at the field level.  
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The District Level Implementing Committee (DIC) shall be constituted for programme 
execution while having the CF as the Chairperson and the concerned DCF/ DFO as the 
Member Secretary along with the representation of District level Line Agencies/ Departments 
as well as the Civil Society. The concerned DFO shall submit APOs for forestry interventions 
as envisaged in the DPR in consultations with the representatives of Line Departments, 
NGOs,Eco Task Force, and other Civil Societies who shall be invited by DFO and involve 
every time in the consultation process. The SPMU will scrutinize the APOs received from 
concerned DFOs and ensure timely approval by the SPSC, with or without necessary 
changes, for further submission to the NPSC at the Central Nodal Ministry. Upon approval of 
the APO by the NPSC, the funds shall be transferred against the APO for implementation of 
the project envisaged in the present DPR. Likewise, separate accounts shall be opened by 
each of the DFOs at the Division Level so as to exclusively operate planned forestry 
interventions as proposed/ envisaged in the DPR. DFOs will ensure that there is no mixing up 
of expenses/ accounts of any other nature with the account specifically opened for this 
purpose. The SFD or any other Implementing Partner Department/ Agency as well as the 
Civil Societies shall be responsible for achieving the objectives, targets while maintaining 
proper documents and accounts, besides accountability and transparency.   
 
Five DPRs in case of Himalayan Rivers (Jhelum, Beas, Sutlej, Yamuna and Brahmaputra) 
have provisioned for active involvement of the Eco-Task Force in plantation and other related 
soil and water conservation measures, control of forest fires and protection of RET faunal 
species in the terrestrial as well as the riverine environments and other relevant project 
activities. It is proposed plantation activities as provisioned in respective DPR will be 
entrusted to the Eco Task Force. The PMUs of concerned SFDs will allocate funds and as 
well as areas for proposed activities. Further, set up under the Ministry of AYUSH will be 
involved for works related to afforestation/plantation, conservation and sustainable harvest of 
Medicinal and Aromatic Plants (MAPs). The State/District and Field Level formations under 
the NYKS of the Ministry of Youth Affairs and Sports, such as Youth Clubs/Eco-
Clubs/Mahila Mandals and other leading CSOs will also be actively involved not only in 
plantation works but also in awareness campaign and other activities relevant to this project. 
The concerned SFD/SPMU will work out the detailed mechanism as per the specific 
requirements and prevailing conditions.  
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Fig. 25: Proposed Hierarchical Institutional Arrangement and Mechanism for Project 

Implementation 
 
In general, the execution of each DPR in the context of 13 major rivers covered under the 
present Project has planned two phases, the ‘Implementation Phase' and the ‘Maintenance 

Phase'. The NPSC and SPSC would be responsible for the efficient execution of the project at 
the national and state level, respectively. The Project Facilitation Unit (PFU) at the NPO will 
follow its own mechanism of governance as applicable in the organization and will constitute 
its own Monitoring and Steering Committee for overseeing the project activities. It is 
envisaged to dovetail the implementation of forestry interventions with similar/ allied 
schemes of the MoEF&CC or various other ministries/departments including the state 
governments. 

The expenditure incurred is auditable as per the Government of India Rules and Procedures 
and/or as per the specifications provided by the Central Nodal Ministry or even by the 
prominent financial agency supporting the project 

25. Sustainability and Flexibility in Programme Implementation 

Each DPR has provided finest details of geotagged prioritized sites, recommended treatment/ 
plantation models to be adopted in three different type of landscapes, specific conservation 
interventions and supporting activities proposed to be implemented by different forest 
divisions besides broad advise for soil and moisture conservation measures and suggested list 
of species to be selected for each plantation/ treatment model depending upon site 
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characteristics and local environmental conditions. However, planning for programme 
sustainability should allow reasonable flexibility in responding to changing stakeholder 
needs; national, regional or local priorities; and learnings from concurrent efforts for adaptive 
management. For practical reasons, a treatment or implementation plan should not be too 
rigid to disallow such amendments. A good approach would be one that would permit 
flexibility to allow incorporating local knowledge and experience that have already 
accumulated or that may develop concurrently during implementation of the DPR. The 
proposed treatment models are for the sake of guidance and are not intended to be 
implemented rigidly. There may be changes in the selected sites depending on the local 
conditions. Each DPR has attempted to provide finer details on finer activities under each 
model and computed component-wise cost focusing on earth and labour work, material cost, 
transportation, etc. Despite this, SPSC will have reasonable flexibility to fulfil emerging 
requirements. The Conservator of Forests at time of implementation of the project will have 
the power to make suitable site-specific modifications in prescriptions to suit the site 
conditions and would communicate to SPMU. The flexibility applies to the choice and 
availability of species, site, model, quantity of work and timing of activities. In addition to 
the above stated flexibility, following general guidelines would be applicable to the 
programme implementation:  

(a) Soil and Moisture Conservation (SMC) Measures and Retention of Moisture to 
Rooting Zone – Each DPR has highlighted that soil erosion and sedimentation as two 
prominent and wide spread problems that are faced by the respective river besides numerous 
natural and manmade issues/ problems/ threats encountered by the river and its tributaries 
from the origin to exit or confluence, respectively. Accordingly, each DPR has planned and 
envisioned extensive soil and moisture conservation (SMC) measures as a part of the 
Conservation Interventions. However, all concerned IAs have to keep it mind that SMC 
measures prior to the execution of plantation activities are essential, and they also need to 
ensure retention of moisture up to the rooting zone during the establishment and maintenance 
phase of plantations under varied treatment models. As far as possible, it is advisable to go 
for mix planting of trees, shrubs, herbs, and grasses as grasses grow faster, cover the ground 
rapidly, and help in retention of moisture by reducing the evapotranspiration from the 
covered ground instead the bare ground devoid of any vegetation. The importance of 
maintaining desired soil moisture cannot be overemphasized for the success of plantation 
efforts.  
(b) Planned Drainage Area Treatment from ‘Ridge to Valley’ – In general, DPRs 
have recognized the merit in adopting the comprehensive approaches from source to sink, 
upstream to downstream, and ecosystem-based management, the importance of ‘ridge to 

valley’ approach of watershed management/ basin treatment cannot be ignored from the 

perspective of drainage treatment, SMC measures and actual planting works. Retention of 
soil moisture is essential for all plantation activities, flora and fauna. Thus, as a general 
guiding principle, IAs will ensure adopting ‘Ridge to Valley approach’ while implementing 
the envisioned SMC measures and plantation activities.  
(c) Treatment of Tributaries – The springs, wetlands and tributaries are vital organs of 
the complex and dynamic river. In most instances, they are in mutilated state. Based on wider 
consultative process, most DPRs have taken into consideration the entire catchment in 
upstream/ headwaters or the mountainous tract while variable width of buffer in case all 
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prominent tributaries or tributaries incorporated in the DPR. As a general guideline, it is 
important for the state IAs and field level functionaries to carefully treat the included 
tributaries on the same principles (e.g., ridge to valley, emphasis on SMC measures, retention 
of soil moisture, mixed plantations, use of native species, etc.) as applied in the case of main 
stem. The significance of tributaries or even lower order streams cannot be overemphasized.  

 
(d) Control and Mitigation of Pollution – Each DPR as well as this National Overview 
based on 13 DPRs have time and again highlightedthat how a wide range of pollutants 
(chemicals, industrial effluents, sewer and waste) from agriculture and urban landscapes find 
their way into tributaries or different riversof the country and how collectively they influence 
the water quality and even ground water. Over the years, the Government of India, 
MoEF&CC has enacted various legal acts, and framed policies, rules and guidelines to 
prevent, control, monitor and mitigate these pollutants. The Central water Commission, 
Central Ground Water Boards, Central Pollution Control Board (CPCB), and State Level 
Pollution Control Boards (SPCBs) have permanent monitoring stations and make concerted 
effort to curb the menace of water pollution in river and other waterbodies. In addition, 
various Courts including the National Green Tribunal have passed case specific judgments 
andalso provided general regulatory guidelines to be followed by all concerned agencies, 
particularly each State Government/UT Administration. As per the directives issued by the 
NGT, all States/ UTs were required to prepare an action plan to identify and mitigate 
pollution in polluted river stretches. The NGT in its judgment in the case OA 673/2018 dated 
20 September, 2018 specifically directed all State/ UT Governments to constitute a 4-member 
high level Committee named as the ‘River Rejuvenation Committee (RRC)’ having the 

Director, Environment; Director, Urban Development; Director, Industries; and the Member 
Secretary, SPCB responsible for identification of polluted river stretches, causes of pollution, 
condition of CEPTs/STPs, etc. so as to prepare an action plan to bring polluted stretches to 
the level fit for at least bathing purposes. The RRC was directed to function under the 
supervision of the Principal Secretary, Environment of the State/UT. The NGT also stipulated 
that the RRC will also act as the Monitoring Committee after the preparation of Action Plan. 
Hence, the issue of water or river pollution is wide spread, contentious, and complex and 
there are well identified primary agencies at the Central/State levels responsible as the 
regulatory, and monitoring authorities besides elaborate protocols for monitoring and 
mitigation. However, the problem of river pollution can be considerably reduced/ tackled by 
effective and extensive forestry interventions as well-established forests and other vegetation 
cover immensely help in bioremediation and as biofilters.  Thus, as a general guideline, DPRs 
have provisioned for potential pilot demonstration sites on bioremediation/ phytoremediation. 
All concerned state level IAs will ensure to undertake these priority activities as a part of 
proposed inputs in the urban landscapes, riverine and riparian wildlife management, and 
wetland management.   

 
(e) Preparation of Execution Manual – The Volume I and II of the DPR provide details 
of the riverscape, constituent landscape, and involved states-wise based on geospatial 
analysis besides proposed treatment models and other envisaged interventions. However, in 
order to ensure effective implementation of varied activities in three type of landscapes that 
to by frontline staff of the SFD and other agencies (Eco-Task Force/ JFM/EDCs/ etc.), is 
pertinent to prepare an Execution Manual for use by the field level works. It is proposed that 
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the concerned SFD as IA will constitute a multidisciplinary committee involving experts 
from forest, agriculture, soil conservation, pollution control, etc. so as to guide and advise on 
the formulation of an Execution Manual to be used by the field level staff. Proposed 
illustrative ‘Execution Manual’ could be in Hindi or other regional languages relevant to the 
basin states. Broadly, the manual should include Forest/Division-wise details of geospatial 
analysis of the riverscape; prioritization of areas; design of treatment and plantation models 
along with the proposed activities and cost norms; geocoordinates of proposed sites and 
envisaged site-specific interventions including soil and moisture conservation measures, 
riparian and riverine wildlife management, and wetland management; project outlays; 
monitoring, etc. The IAs need to ensure wider distribution of Manual to all concerned field 
functionaries. This Manual could be used as the learning material to be used in the capacity 
development effort towards the river rejuvenation and conservation.   

26. Proposed Budget 

The proposed cumulative outlay of thirteen DPRs is Rs. 19,342.62 crore (Table 7). Out of 
this overall budget, anoutlay of Rs. 18,775.49 crore or 97.07% has been provisioned for 
execution of Components A, B and D. The ‘Component A’on Forestry Interventions in three 
landscapes, Conservation Interventions and Supporting Activities), ‘Component B’ 

(Strengthening Knowledge Management and National Capacity Development), and 
‘Component D’ on National Coordination, Project Management and Steering have been 
allocated Rs. 17,236.56 Crore, Rs. 1,087.81 Crore and Rs. 451.11 Crore respectively. The 
proposed cost of Component C is Rs. 567.13 crore.  

Table 7: Overall Budget Outlay of Thirteen DPRs 

Sr. 
No. 

Rivers Four Components of Project Implementation River-wise 
Proposed 

Outlay  
(Rs. in 
crore) 

Component 
‘A’  

(Rs. in crore) 

Component 
‘B’  

(Rs. in crore) 

Component 
‘C’ 

(Rs. in crore) 

Component  
‘D’ 

(Rs. in crore) 

A. Himalayan Rivers 
1 Jhelum 313.78 22.13 64.52 20.32 420.75 
2 Chenab 289.52 10.45 58.1 18.2 376.27 
3 Ravi 359.33 18.53 102.81 18.09 498.77 
4 Beas 677.37 29.52 136.67 25.82 869.38 
5 Sutlej 769.29 29.52 171.36 25.82 995.99 
6 Yamuna 3,620.05 197.74 2.00 49.10 3,868.89 
7 Brahmaputra 1,081.25 53.35 3.50 45.00 1183.10 
B. Inland Drained River 
8 Luni 489.21 31.68 0.60 12.8 534.29 
C. Deccan or Peninsular Rivers 
9 Narmada 1,926.76 161.52 4.00 35.00 2,127.28 

10 Godavari 1,566.84 68.50 - 65.5 1,700.84 
11 Mahanadi 1,166.64 131.58 15.00 57.06 1,370.28 
12 Krishna 2,214.31 80.09 1.57 31.50 2,327.47 
13 Cauvery 2,762.21 253.2 7.00 46.90 3,069.31 

Component-wise 
Proposed Outlay 

17,236.56 1,087.81 567.13 451.11 19,342.62 

Per Cent  89.10% 5.62% 2.93% 2.33% 100% 



 

77 

 

(A) Component-Wise Outlay – As stated earlier, the Project has four Components viz., 
(a) Implementation of Forestry Interventions, (b) Strengthening Knowledge Management and 
National Capacity Development, (c) Maintenance Phase including Scaling Up and 
Replication of Successful Models, and (d) National Coordination for Forestry Interventions 
and River Conservation. The proposed cost for treatment models on different landscapes, 
conservations interventions and supporting activities is Rs. 17,163.46 crore. The river wise 
cost details are given in Table 8. 

The execution of ‘Component – B’ on Strengthening Knowledge Management and 

Enhancement of National Capacity on forest hydrology, forestry interventions, and 
conservation and rejuvenation of rivers has been provisioned with a budget of Rs. 1,087.81. 
Crore or 5.62% of the cumulative project outlay in case of 13 rivers. This amount is meant 
for designated ‘National Partner Organizations (NPOs)’ involved in case of different rivers. 

The Component – C specifically deals withthe maintenance of plantations and treatments 
executed during the Implementation Phase of the project besides limited activities related to 
planning for replication of efforts in additional tributaries and scaling. Accordingly, a 
cumulative sum of Rs. 567.13 Crore or 2.93% of the proposed overall outlay has been 
provisioned. 

The Component – D pertains to the Project Management at the national level thatenvisages 
the establishment of ‘National Project Management Unit (NPMU)’ at the Central Nodal 

Ministry having the responsibility to oversee and steer the planned activities of the priority 
conservation project. A sum of Rs. 451.11 Crore, representing 2.34% of the overall outlay 
has been provisioned for the purpose.  

Thus, it is amply clear from above that the major chunk as much ~89% of the overall project 
outlay is meant for field level forestry interventions and allied activities, and to be 
implemented by in the involved basin States/ UTs or States/ UTs located along the course of 
respective river.  

Table 8: Proposed Budget Outlay of Forestry Interventions in Thirteen Riverscapes 

Sr. 
No. 

Rivers Three Landscapes within each 
Riverscape 

Conservation 
Interventions 
(Rs. in crore) 

Supporting 
Activities 

(Rs. in 
crore) 

Grand 
Total 

(Rs. in 
crore) 

Natural 
Landscape 

(Rs. in 
crore) 

Agriculture 
Landscape 

(Rs. in 
crore) 

Urban 
Landscape 

(Rs. in 
crore) 

A. Himalayan Rivers  
1 Jhelum 109.04 5.45 38.9 142.52 17.87 313.78 

2 Chenab 144.1 2.71 52.08 73.71 16.92 289.52 
3 Ravi 150.81 4.81 67.22 110.85 25.64 359.33 
4 Beas 330.24 32.96 79.78 190.2 44.08 677.26 
5 Sutlej 368.89 47.68 108.60 197.51 46.61 769.29 
6 Yamuna 1,730.34 220.9 92.39 1297.29 279.13 3,620.05 
7 Brahmaputra 607.64 133.19 37.73 259.39 43.30 1,081.25 
B. Inland Drained River  
8 Luni 264.04 59.53 66.04ǂ 76.30 23.30 489.21 
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Sr. 
No. 

Rivers Three Landscapes within each 
Riverscape 

Conservation 
Interventions 
(Rs. in crore) 

Supporting 
Activities 

(Rs. in 
crore) 

Grand 
Total 

(Rs. in 
crore) 

Natural 
Landscape 

(Rs. in 
crore) 

Agriculture 
Landscape 

(Rs. in 
crore) 

Urban 
Landscape 

(Rs. in 
crore) 

C. Deccan or Peninsular Rivers  
9 Narmada 1246.47 319.78 34.86 163.25 162.40 1,926.76 
10 Godavari 651.24 361.99 74.61 330.28 75.72 1493.84 
11 Mahanadi 489.42 152.33 213.82 282.03 29.03 1166.64 
12 Krishna 1323.08 508.45 33.37 210.39 139.02@ 2,214.31 
13 Cauvery 1463.37 619.34 293.98 328.99 56.54 2,762.22 

Project Total 8878.68 2,469.12 1,193.38 3662.71 959.56 17,163.46 

Components (%) 51.67 14.34 6.62 21.33 6.00  
@ - Includes the cost on Contingency Expenses 
ǂ - this includes community land also. 

Thirteen DPRs have provisioned required budget for execution of varied activities under five 
sub components of forestry interventions. Accordingly, values of proposed budget for these 
sub components are: Rs. 8878.68 crore, Rs. 2,469.12 crore, Rs. 1193.38 crore, Rs. 3,663.71 
crore, and Rs.959.56 crore for Natural, Agriculture, and Urban landscapes, Conservation 
Interventions, and Supporting Activities, respectively. A comparison of proposed outlays of 
five sub-components revealed that nearly 52% funding has been proposed for implementation 
of as many as 283 treatment and plantation models designed and developed by different 
DPRs in the context of natural landscapes within 13 riverscapes. The cost on proposed Eco-
Task Force (ETF) battalions for treatment/ plantations in arduous Himalayan landscapes 
relevant in case of Ravi, Beas, Sutlej, Yamuna and Brahmaputra Riverscapes have been 
clubbed with the sub component of Natural Landscapes.  

Amongst three landscapes, the second significant contribution in terms of area covered and 
budgetary provision has been proposed in agriculture landscapes as they cover more than 
50% to 60% area most of the riverscapes. In case of Luni Riverscape, extensive pasture lands 
under the control of pastoral communities, etc. predominantly used for livestock grazing have 
degraded due to excessive grazing and neglect over decades. Thus, provision meant for 
proposed interventions in ‘community landscapes’ within the Luni Riverscape has been 

clubbed with the sub component of agriculture landscape as they are an integral part of much 
wider rural agroecosystems.  

A large number of cities, towns, and villages have not only got established all along major 
rivers and their tributaries across the country but also, they have grown in their size, and 
human activities. The third type of landscape thus deals with urban built-up areas. Thirteen 
DPRs have collectively provisioned for 116 different treatment models/ varied interventions 
in urban landscapesand they primarily relate to the riverfront development, Eco Park, 
plantations in educational and industrial estates, bio-remediation, etc. 

The sub component on Conservation Interventions including soil and moisture conservation 
measures, riverine and riparian wildlife management, and wetland management in 13 
riverscapes has been provisioned with the second largest outlay of Rs. 3,662.71 crore, 
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representing 21.33% of the overall budgetary outlay meant for forestry interventions. The sub 
component on ‘Supporting Activities’ dealing with varied activities viz., (a) policy level 
interventions, (b) strategic and adaptive research, (c) awareness, (d) capacity development, 
(e) project management, (f) participatory monitoring, and (g) evaluation essential for 
successful execution of planned activities in each DPR has been allocated a budget to the 
tune of 6% of overall Component ‘A’ to be incurred by the IAs of concerned States/ UTs 

(Table 8).  

Soil and Moisture Conservation Measures – The review of environment in the context of 
basins/riverscapes of thirteen rivers as a part of the major task and careful perusal of 13 DPRs 
revealed that the problems of soil erosion and sedimentation are wide spread in all rivers 
covered under the Project. Two interconnected conservation issues viz., ‘soil erosion’ and 

‘sedimentation’ are not only threatening the river, its flow and the biota but also have 
cascading effects on the diversity and productivity of forests and grasslands, cropping pattern 
and extent of agriculture, and even on the processes relevant to accretion of delta.   

In view of the above realization, 13 core teams at the nine institutes consulted subject matter 
specialists having expertise in the field of SMC measures and also engaged consultants. The 
Chapter 5 of the Volume I of each of DPR provides detailed insight on the proposed 
interventions towards soil and moisture conservation and model-wise cost norms. The Table 
9 summarizes the proposed outlay made by the respective DPR towards the priority activity 
of SMC measures and it revealed that undoubtedly all DPRs have laid higher importance to 
SMC works as budgetary provisions for this particular activity under the Sub-Component on 
‘Conservation Interventions’ ranged from Rs. 51.87 crore to Rs. 1,177.89 crore. The lowest 

budget was in case of Chenab while the highest outlay for SMC works was made in case of 
Yamuna Riverscape, (Table 9). The budgetary outlay towards the SMC measures alone 
among 13 rivers ranged from 5.69% to as high as 30.44% of the total budget provisioned in 
the respective DPRs. Six DPRs (Jhelum, Beas, Yamuna, Brahmaputra, Luni, and Godavari) 
provided budget for the proposed SMC works >15% while outlays for SMC works in case of 
Chenab, Ravi, and Sutlej also ranged around 13-14% of the corresponding total outlay (Table 
9).   

Table 9: River-wise Budgetary Provision of Soil and Moisture Conservation Measures 

Sr. 
No. 

Rivers Cost of Proposed SMC 
Works in the Riverscape 

(Rs. in crore) 

Riverscape Budget (%) 

1 Jhelum 99.85 23.77 
2 Chenab 51.87 13.78 
3 Ravi 73.21 14.67 
4 Beas 160.99 18.51 
5 Sutlej 144.38 14.49 
6 Yamuna 1,177.89 30.44 
7 Brahmaputra 259.32 22.85 
8 Luni 76.30 15.60 



 

80 

 

Sr. 
No. 

Rivers Cost of Proposed SMC 
Works in the Riverscape 

(Rs. in crore) 

Riverscape Budget (%) 

9 Narmada 163.25 7.67 
10 Godavari 330.28 19.42 
11 Mahanadi 282.03 20.58 
12 Krishna 132.52 5.69 
13 Cauvery 224.01 7.29 

(B) River-Wise Outlay – The proposed overall outlay of planned activities as envisaged 
in DPRs of thirteen rivers ranged from Rs. 376.27 crore to Rs. 3,868.89 crore (Table 7). The 
highest budgetary provision of Rs. 3,868.89 crore has been made in case of Yamuna River 
having basin area spread in seven States, followed by Rs. 3,069.31 crore and Rs. 2,327.47 
crore for two rivers in South India viz., Cauvery and Krishna River, respectively. The lowest 
budget of Rs. 376.27 crore has been provisioned in the case of Chenab River, a Himalayan 
River flowing in Himachal Pradesh and Jammu and Kashmir UT before flowing out in the 
alluvial plains of Pakistan. 
 

(C) State/UT wise Outlay – The State/UT-wise budgetary allocations made in each DPR 
of 13 rivers covered under the project are summarized in Table 10. Each DPR has 
provisioned that concerned State/UT Government through the State Forest Department as the 
primary Implementing Agency will execute the respective state specific component on 
forestry interventions. The maximum proportion of budgetary allocation of each DPR i.e., the 
Component A is meant for the concerned State/UT Governments. As stated earlier, some 
States/ UTs will be required to execute multiple DPRs, if the Union Government decides for 
concurrent implementation of all DPRs and earmark envisaged budget in each case. 
Accordingly, the State of Himachal Pradesh will be required to implement as many as five 
DPRs. Prominent States in terms of higher area of the riverscapetreated, much diverse 
treatment and plantation models adopted, and also having much larger shares of budgetary 
allocations in ascending order are: Rajasthan (Rs. 2,757.47 crore), Madhya Pradesh (Rs. 
2,110.25 crore), Karnataka (Rs. 2,021.59 crore), Himachal Pradesh (Rs. 1,760.70 crore), 
Maharashtra (Rs. 1,392.13 crore), and Tamil Nadu (Rs.1,253.32 crore).  
 
Amongst 24 States and two UTs being involved in execution of 13 DPRs of different rivers, 
the State of Himachal Pradesh will receive proposed inputs on forestry interventions under as 
many as five DPRs of Chenab, Ravi, Beas, Sutlej, and Yamuna Rivers. Likewise, States of 
Punjab, Madhya Pradesh, Chhattisgarh, and Karnataka would receive inputs from DPRs of 
three different riverscapes. Three States (Rajasthan, Telangana, and Andhra Pradesh) will be 
implementing two DPRs each. Thirteen States including six north-eastern States (Arunachal 
Pradesh, Assam, Manipur, Meghalaya, Nagaland and Sikkim) besides Delhi, Haryana, 
Gujarat, Kerala, Odisha, Tamil Nadu, and West Bengal States will implement just one DPR 
each. Amongst two UTs, Jammu and Kashmir UT will receive inputs under three different 
DPRs in case of three Himalayan Rivers (Jhelum, Chenab, and Ravi). The smaller UT of 
Puducherry in South India will receive proposed resource inputs under just one DPR of 
Cauvery River flowing eastwardly in to the Bay of Bengal (Table 10).   
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(D) Forest/Wildlife Division or District-wise Budgetary Allocations – A large number 
of Forest/Wildlife or other Divisions working under the concerned SFDs were involved in the 
planning, assessment, and preparation of the DPR and proposals received from them have 
been aptly incorporated in the respective DPR. In case of two to three States, proposals were 
also received from the Department of Agriculture and Horticulture or the Department of 
Rural Development and Panchayati Raj and have been included district-wise. The Volume II 
of the each DPR specifically provides the State Summaries and they offer an insight on 
Forest/Wildlife and District-wise details on the proposed extent of works/activities under 
each Component/Sub-Component and corresponding outlays. Nevertheless, the Summary of 
each river included in Part II of this document also summarizes division/-district-wise 
proposed budgetary provisions.  
 
(E) Cost Norms and other Financial Regulations – Each DPR provides treatment or 
model-wise details on proposed activities as well as the cost norms and total cost for 
execution of model on unit basis (hectare) or m3 in case of SMC measures. Some of the 
pertinent aspects that deserve special attention from the perspective of financial regulation are 
narrated below:  
 
(F) Incentive/Subsidy to Farmers –The planning process in case of several DPRs as 
well as the national consultations at the ICFRE level for thirteen rivers have considered and 
deliberated the important issue relevant to the incentive or subsidy to farmers for undertaking 
plantations works on private crop fields. After due diligence, it was decided that there will no 
cash incentive or subsidy to farmers. However, to attract and encourage them with an aim to 
enhance the cover of Trees Outside Forests (TOFs) and also to improve their livelihoods and 
to enhance several other vital ecosystem services from such plantations, each DPR has made 
necessary provisions to provide quality planting material to farmers free of cost for proposed 
tree plantations on bunds or in strips or the envisaged high density Block Plantations of trees/ 
horticulture species or commercially important species or even for adopting suitable Agri-
Silvi-Horti Plantation models as envisioned in the DPR including the cost for advance 
preparatory workssuch as survey and demarcation (block plantations), pit digging, fencing, 
procurement of FYM, transportation, planting, and maintenance of plantations in subsequent 
years after the establishment. 
 
(G) Establishment – It is understood that some states have made provision for giving 
subsidy/incentive in agriculture sector. In furtherance, those on their own may decide to give 
subsidy to farmers as per the available funds in state funded schemes in the respective sector.  

 
(H) Adjustment of Cost to the Project Commencement Year – The budget for the 
project has been prepared on the basis of rates applicable during 2019-20. The cost of the 
Project may be adjusted for the actual date of project commencement based on the Wholesale 
Price Index (WPI). 
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Table 10: State/UT-wise Project Outlay in the Context of DPRs of Thirteen Rivers (Rs. in crore) 

Sr.
No. 

States/ UTs 
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 Total 
Outlay for 
State/UT 

(Rs. in 
crore) 

1 Andhra Pradesh  -  -  -  -  -  -  -  -  -  43.01 -  220.44 -  263.45 
2 Arunachal Pradesh  -  -  -  -  -  -  320.31 -  -  -  -  -  -  320.31 
3 Assam  -  -  -  -  -  -  471.09 -  -  -  -  -  -  471.09 
4 Chhattisgarh  -  -  -  -  -  -  -  -  1.39 16.96 553.37 -  -  571.72 
5 Delhi  -  -  -  -  -  10.73 -  -  -  -  -  -  -  10.73 
6 Gujarat  -  -  -  -  -  -  -  -  439.5 -  -  -  -  439.5 
7 Haryana  -  -  -  -  -  67.28 -  -  -  -  -  -  -  67.28 
8 Himachal Pradesh  -  41.58 259.61 633.51 720.79 105.21 -  -  -  -  -  -  -  1760.7 
9 J&K UT  359.43 288.06 95.74 -  -  -  -  -  -  -  -  -  -  743.23 
10 Karnataka  -  -  -  -  -  -  -  -  -  6.72 -  1,081.81 933.06 2021.59 
11 Kerala  -  -  -  -  -  -  -  -  -  -  -  -  569.04 569.04 
12 Madhya Pradesh  -  -  -  -  -  593.08 -  -  1,482.40 34.77 -  -  -  2110.25 
13 Maharashtra  -  -  -  -  -  -  -  -  3.47 618.87 2.85 766.94 -  1392.13 
14 Manipur  -  -  -  -  -  -  4.34 -  -  -  -  -  -  4.34 
15 Meghalaya  -  -  -  -  -  -  67.3 -  -  -  -  -  -  67.3 
16 Nagaland  -  -  -  -  -  -  121.07 -  -  -  -  -  -  121.07 
17 Odisha  -  -  -  -  -  -  -  -  -  63.73 610.42 -  -  674.15 
18 Puducherry UT  -  -  -  -  -  -  -      -  -  -  6.8 6.8 
19 Punjab  -  -  88.14 152.33 191.6   -  -  -  -  -  -  -  432.07 
20 Rajasthan  -  -  -  -  -  2,268.26 -  489.21 -  -  -  -  -  2757.47 
21 Sikkim  -  -  -  -  -  -  23.58 -  -  -  -  -  -  23.58 
22 Tamil Nadu  -  -  -  -  -  -  -  -  -  -  -  -  1,253.32 1253.32 
23 Telangana  -  -  -  -  -  -  -  -  -  782.78 -  145.12 -  927.9 
24 Uttar Pradesh   -  -  -  -  -  451.78 -  -  -  -  -  -  -  451.78 
25 Uttarakhand  -  -  -  -  -  123.71 -  -  -  -  -  -  -  123.71 
26 West Bengal  -  -  -  -  -  -  72.86 -    -  -  -  -  72.86 
Total  359.43 329.64 443.49 785.84 912.39 3620.05 1080.55 489.21 1926.76 1566.84 1166.64 2214.31 2762.22 17657.37 
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(I) Dovetailing of Programs and Schemes and Convergence – Several sectors/ 
agencies and departments have been working on drainage area treatment under various 
national/ state level programmes and schemes. Hence, during the execution of implementing 
the DPR, the Implementing Agencies will take cognizance of such programmes/schemes, and 
ensure that there is no duplication, instead ensure to dovetail such effort in the envisioned 
activities.  

27. Project Schedule 

The execution of the proposed activities have been designed and incorporated in the respective 
DPRs. The Government of India may decide to designate the Nodal Ministry responsible for the 
implementation of the DPRs and to allocate required funds for the execution of respective plan. 
Various proposed activities have been staggered during the project period. The experience 
illustrates that once the Government of India has accorded its approval for the programme 
implementation and earmarked required funds, the first year by respective IA will be largely 
devoted for project initiation and preparatory works, particularly the establishment of nurseries 
and commencement of various activities related to conservation interventions and supporting 
activities besides engagement/ hiring of essential contractual staff provisioned for the 
programme implementation. The planting material meant for high altitude part of the Himalayan 
riverscapes would be ready in nurseries and earliest available by the end of second year of 
project implementation. Thus, the earliest effective establishment year of plantations in high 
altitude areas would commence in the third year. In such instances, execution of plantations/ 
treatment models envisaging planting material from nurseries in high altitude areas is proposed 
in third, fourth and fifth year. Further, considering the fact that most proposed activities are time 
bound and seasonal in nature, ideally the Project initiation after all approvals, budget allocation, 
etc. should commence in the month of April–May so as to allow adequate time for preparatory 
works, establishment of nurseries, development of planting material for afforestation/ 
reforestation in lower reaches of the riverscape before the onset of monsoon season in month of 
June onwards, otherwise ensure planting works in the next rainy season. Thus, careful scheduling 
of project commencement would be vital for the overall success and effective implementation of 
envisaged activities.  

28. Prospective Funding Agencies  

Each DPR has provided an insight on potential funding agencies for supporting implementation 
of planned activities. However, considering the magnitude of budget required in case of each 
river, funding from various national and state agencies besides substantial support of 
International Developmental Agencies may be required. Considering the complex and inter-
connected activities as well as the holistic approach adopted for planning, assessment, and 
preparation of each DPR, ideally the funding needs to be committed comprehensively or in 
totality for each river for implementation of varied proposed activities concurrently as 
planned.Alternatively, under specific constraints, the funding can be earmarkedfor state-wise 
operations in case of each river but again in totality. In absence of such assured and 
comprehensive funding for implementation of planned DPR in entirety may affect the 
accomplishment of objectives and expected outputs and outcomes as envisioned in the logical 
framework analysis.  A broad list of potential funding agencies is provided in Table 11. 
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Table. 11: Probable Funding agencies 

A. Government of India - Central Ministries/ Schemes 
Ministry of Environment, Forest and Climate Change (MoEF&CC)  
Ministry of Jal Shakti (MoJS) 
Ministry of Agriculture & Farmers’ Welfare (MoAFW) 
Ministry of Rural Development (MoRD) 
Ministry of AYUSH  
Ministry of Urban Affairs (MoUA) 
Ministry of Youth Affairs (MoYA) 
National Afforestation and Ecodevelopment Board (NAEB) 
National Mission for Clean Ganga (NMCG) 
Compensatory Afforestation Fund Management and Planning Authority (CAMPA) 
Green India Mission 
Central/ State Government Funds/Schemes on Sustainable Development 
MNERGA 
National Afforestation Programme (NAP) 
National Bamboo Mission (NBM) 
National Horticulture Mission (NHM) 
National Mission for Sustainable Agriculture (NMSA) 
State agriculture Department 
State Horticulture Department 
Smart City Development Authority 
National Water Mission 
Green India Mission 
Minor Forest Produce Federation 
B. International Agencies 
UNDP, FAO, The World Bank, JICA, NORAD, USAID, ADB, etc. 
C. Corporates 
Corporate Social responsibility   
Bhakra Beas Management Board  
Brahmaputra Board 
Narmada Development Authority 
Godavari River Management Board 
Krishna River Management Board 
Cauvery River Management Authority 

 

29. Potential Benefits of Proposed Forestry Interventions  

Healthy rivers perform a wide range of vital ecological functions and offer a range of social and 
economic benefits. These benefits derived from healthy rivers have been described in terms of 
provisioning, regulatory, cultural and supporting ecosystem services. River rejuvenation has 
become essential where river systems have degraded to the point that can no longer provide the 
services required from them. Water quantity and water quality are the two important components 
for the assessment framework of water under the DPR. The component on quantity of water 
pertains to improvement of lean flow or green water benefits of the proposed plantation, soil and 
water conservation works using Soil Conservation Service (SCS) Curve Number Method 
(USDA, 1986) and Groundwater Resource Estimation Committee Methodology, 2015 (CGWB, 
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2017), respectively. The component on water quality pertains to quantification of the reduction 
of sedimentation load. Water quantity and water quality are the two components for the 
assessment framework of water under the DPR. The component on quantity of water pertains to 
improvement of lean flow or green water benefits of the proposed plantation, soil and water 
conservation works using Soil Conservation Service (SCS) Curve Number Method (USDA, 
1986) and Groundwater Resource Estimation Committee Methodology, 2015 (CGWB, 2017), 
respectively. The component on water quality pertains to quantification of the reduction of 
sedimentation load. 

The proposed activities as a part of the comprehensive DPR on forestry interventions are 
expected to contribute for the enhancement of forest cover and resultant carbon sequestration and 
storage helping in climate change mitigation, improved grassland, wetland and protected area 
management, reduction in soil erosion, and enhancement in conditions of the riparian forests and 
in stream/aquatic habitat. However, it needs to be considered that there are many complexities in 
forestry sector due to the long period between investment and output owing very long production 
period. There is a great flexibility over timing of harvest of a tree, but once it is harvested, it 
takes a long time to rebuild the stock for future harvest. The forestry sector involves varied 
biological production and ecological processes and accordingly they are subjected to variation in 
outputs.  Forests provide multiple benefits by way of economy-raw material for industry, source 
of rural employment and income, environmental conservation, etc.   
 
The Chapter-8 in Volume – I of each DPR specifically provides details on potential benefits of 
proposed interventions.  This chapter not only lists the likely benefits but also quantifies the 
accrued benefits in terms of extent and also attempted to provide their economic valuation based 
on standard methods. The river-wise likely potential benefits accruedby way of increase in forest 
cover, carbon sequestration, ground water recharge, reduction in sedimentation, availability of 
NTFPs and other forest produce, and employment generation as a result of wide range of forestry 
interventions proposed in thirteen rivers are summarized in Table 12.   

Accordingly, the proposed interventions are expected to increase the forest cover by 7,417.36 
km2.  The value of forest cover increases in thirteen riverscapes is likely to range from 80.85 km2 

to 1,813.54 km2
. The lowest value was computed in case of Jhelum Riverscape while the highest 

value of forest cover increase was obtained in case of Krishna Riverscape. Such likely 
contribution towards increase in the forest cover is remarkable. Proposed interventions would 
help in sequestration of CO2 to the extent of 50.21 million tonnes of CO2 eq in 10-old plantations 
while the value of estimated CO2 sequestered in 20-year-old plantations would be 74.76 million 
tonnes of CO2 eq. The proposed interventions in thirteen riverscapes would help in ground water 
recharge to the extent of 1,889.39 million m3 yr-1 and reduction in sedimentation to the tune of 
64,83,114 m3 yr-1.  In addition, a variety of non-timber and other forest produce of estimated 
value of Rs.449 crore is likely to be accrued on account of proposed interventions. Further, the 
planned activities as provisioned in 13 DPRs are anticipated to make a significant contribution 
towards employment generation by way of nearly 344 million man-days of work (Table 1.12). 
Timely and effective implementation of proposed forestry interventions as envisaged in 13 DPRs 
may contribute towards restoring the wholesomeness of the rivers defined in terms of ensuring 
Aviral Dhara, Nirmal Dhara and Swachchh Kinara. 
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Table 12: Projected Potential Benefits  

Rivers  Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

A. Himalayan Rivers 
Jhelum 80.85 0.80 1.00 15.45 10,200 3.85 10.37 
Chenab 81.01 0.91 1.14 18.19 11,890 1.07 9.28 
Ravi 88.23 1.50 1.37 17.95 1,46,788 5.41 7.85 
Beas 253.20 3.31 4.14 41.06 3,25,140 0.84 18.21 
Sutlej 312.00 3.71 4.64 48.53 1,35,240 2.00 36.98 
Yamuna 1,270.89 1.69 2.12 452.38 13,73,976 66.83 74.68 
Brahmaputra 515.17 8.96 11.20 183.28 6,66,960 10.31 15.28 
B. Inland Drained Rivers 
Luni 233.90 2.27 4.40 7.66 8,82,800 68.20 11.10 
C. Deccan or Peninsular Rivers 

Narmada 801.18 1.68 3.40 32.30 5,93,790 25.82 52.87 

Godavari 653.00 13.55 16.94 215.29 4,03,740 131.00 27.04 
Mahanadi 301.24 1.43 2.71 388.00 4,20,120 77.65 5.00 
Krishna 1,813.54 7.16 14.23 400.80 8,69,220 51.56 38.82 
Cauvery 1,013.15 3.24 7.47 68.50 6,43,250 4.47 36.51 
Total 7,417.36 50.21 74.76 1,889.39 64,83,114 449.01 343.99 

30. Risk Assessment 

The foregoing description has highlighted the intricate nature of forests as well as rivers besides 
linkages between them. Generally, two interconnected disciplines viz., forestry and river 
conservation are influenced by a wide range of driving variables (e.g., solar radiation, 
precipitation, temperature, humidity, wind, etc.), biotic (human disturbances – deforestation, 
fragmentation and habitat loss, livestock grazing, forest fires, invasive and alien species, pests, 
agriculture expansion, developmental activities, etc.), and abiotic factors (e.g., soil erosion, 
landslides, etc.). While some of these factors (biotic and abiotic) can be managed to an extent, 
others (driving variables) are beyond the scope of human interventions. Hence, always a high 
degree of risk is involved in the implementation of planned forestry interventions with the aim to 
restore the river from the perspective of water flow, water quality, ecological integrity, and 
sustainability of ecosystem services. Each DPR has provided an insight on potential risks on 
account of biotic and abiotic variables. Any one or a combination of potential risk factors can 
influence establishment, survival and desired growth of various proposed plantations as well as 
impact different conservation activities envisaged in the DPR. Hence, concerned SFDs, DFOs 
and other involved implementing agencies need to consider the following possible mechanisms 
to reduce various risks:  
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The quality of planting stock, particularly age and size are important aspects. The soil and 
moisture conservation works should precede the plantation activities. In order to reduce likely 
risks, implementing agencies must ensure to use the quality planting stock. Tall nursery plants 
have proven to minimize several risk factors to a great extent. Timely plantation is the crux for 
successful plantation operations. Thus, timely establishment of nursery and supply of high-
quality planting materials well before the planting season are essential to minimize risk factors. 
Damage to planting materials in transit also needs to be prevented. Timely completion of 
planned advance works (fencing, cleaning of site, pit digging, etc.) and execution of actual 
plantation activities supplemented by use of bio-fertilizers, organic manure and compost, 
mulching, etc. can reduce risk levels drastically. Establishment of required fencing and 
protection of plantations from livestock and wild herbivores will ensure from the risk of grazing 
and browsing. Thus, awareness, sensitization, and involvement of local communities are 
essential so as to reduce the varied biotic risks. In spite of all possible attempts have been made 
to minimize the risk involved, much of the progress, growth and success of the plantations are 
left to nature. Vagaries of nature in the form of climatic and edaphic extremities pose the greatest 
threat to proposed forestry interventions. 

31. Epilogue 

The foregoing description has succinctly narrated that in spite intricate and dynamic rivers are 
central and decisive ecosystems for the healthy planet, healthy people, and global aspirations 
towards the sustainable development, majority rivers have been endangered. Resolute 
determination, adoption of newer inclusive approaches, commitment for sizeable investments, 
concerted efforts and timely actions at all levels, and active participation of all concerned are 
crucial for the national priority of rejuvenation of county’s major rivers. The Part-I of this 
national overview based on the specifics and nitty grittyof 13 DPRs has attempted tosummarize 
and portray the overall condition of thirteen riverscapes, societal expectations, strategies 
incorporated, and the way forward. The Box 1.7 highlights necessary Do’s and Don’ts relevant 

to the proposed rejuvenation of 13 rivers. 

32. River-wise Summaries 

The summaries of 13 rivers areprovided in the following Part II. These River Summaries briefly 
describe each river and its tributaries; conservation significance; associated problems and issues; 
extent of delineated riverscape, proposed treatment and plantation models, and projected budget 
outlay for major components. The respective DPR not only provides minutest details on varied 
aspects but also offer an insight on relevant references and sources of information. Hence, it is 
recommended that for further details or any clarification with regard to specific river can be 
obtained either by consulting respective DPR (Volumes I and II) or contacting the concerned 
Institute under the umbrella of ICFRE which was involved in the preparation of respective DPR. 
 

************* 
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Box - 7 
Do’s and Don’t 

while Implementing the Forestry Interventions  
 

▪ Recognize a river as an ecological entity as the headwaters, lower order streams, tributaries, wetlands, 
riparian forests, aquatic biota, floodplains, estuary, and delta all are integral parts of a dynamic river. All 
these organs together perform concurrent important functions and ensure that a river is in healthy 
condition. 

▪ Understand basin as the heterogeneous mosaic of interspersed ‘Natural’, ‘Agriculture’, and ‘Urban’ 

landscapes within the basin.  Historically, these three types of constituents have been under immense 
human influence. As a result, not only the river resources, but also the surrounding lands are in 
continuous flux of physical change. Striking a balance amongthe extent and the proportion of three 
landscapes within the basin and their effective management are critical for the sustainability of river.  

▪ Appreciate that a river exhibits varied connectivityfrom the source to sea i.e., the longitudinal 
connectivity (origin to the confluence point or exit) besides interconnections between the lotic riverine 
system with the adjacent riparian areas and other lands (horizontal connectivity), linkages between 
surface water and groundwater and aquifers through the water column and riverbed (vertical 
connectivity), and temporal connectivity by way of flowing water in all seasons. Loss or decline of any 
of the connectivity adversely impact the river ecosystem, particularly its structure, composition, and 
functions.  

▪ Adopt Ecosystem-Based River Management as the past fragmentary, piecemeal, isolationist, sectoral 
approaches towards river rejuvenation and conservation have done more harm to the intricate and 
dynamic river ecosystem and desired outcomes despite huge investments made. Hence, it is of 
paramount importance to implement multifaceted, multidiscipline, multiscale, and comprehensive 
innovative approach while taking into the account the ‘totality’ of the river ecosystem from the 

emerging perspectives viz., ‘source to sea’, ‘ridge to valley’, ‘headwaters - transfer zone - to the 
depositional zone’, ‘upstream – downstream linkage’, and the ‘riverine landscape or riverscape’ as 

basin-scale processes all through the river course. 

▪ Recognize drivers and stressors impacting the river and its environment as interplay of a wide array 
of natural and anthropogenic factors influencing the availability, quantity and quality of water of 
flowing river. Land use changes, creation of intermittent physical barriers (dams, reservoirs, barrages, 
etc.), deforestation and removal of riparian vegetation, wetland reclamation and expansion of 
agriculture, and urbanization and industrialization all along the course are predominant drivers of drastic 
changes in the river ecosystem. These drivers are leading to flash floods, increased runoff, and recurrent 
droughts; reduced groundwater recharge and lowering of the water table; enhanced activities of 
construction of HEPs and roads, landslides, soil erosion and sedimentation; reduced e-flow; loss of 
terrestrial and aquatic biota; growing religious, tourism, and recreational activities; and heightened level 
of pollutants and declining quality of water are some of the principal stressors in the context of river.  

▪ Indigenous species recommended in the Working Plan should be used in the natural landscape. NTFP 
and other species that support livelihood may be given priority. The names of species mentioned in the 
treatment models are indicative, therefore, planting should not be restricted to the list of species and 
order of their mention under the model.Quality planting material of superior varieties of fruit species 
should be supplied to farmers in consultation with the horticulture departments. 

▪ Realize that the active involvement of stakeholders and community driven participatory approach 
are not only desirable but inevitable for the success of concerted efforts and meaningful outcomes of 
the envisaged programmes relevant to the river rejuvenation and conservation. Active involvement of 
varied stakeholders including the Eco Task Force, NGOs, JFMc, EDC, BMCs, farmers/ villagers, local 
communities, etc.; adoption of extensive consultative process, and participatory approaches right from 
the initial stages of planning to programme implementation are central as well as decisive. Incentives to 
farmers, villagers, and local communities by way of improved livelihoods, economic returns from the 
production and sale of NTFPs, and employment generation cannot be over emphasized.  
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Do’s and Don’t 
while Implementing the Forestry Interventions  

▪ Develop demonstration sites relevant to ‘bioremediation’ and ‘biofilters’ approaches relevant to 
the riverscape, promote and incorporate as a part of the programme implementation. Some religious 
bodies and NGOs in some parts have successfully demonstrated such efforts (e.g., Seechewal model 
in Punjab). 

▪ Use science and evidence-based planning, assessment, execution, monitoring, and evaluation 
processes as they are key and conclusive for the proposed forestry interventions in a vast expanse of 
complex and vibrant river ecosystem and the riverscape. Appropriate application of valuable insights 
from multidiscipline and optimal use of modern technologies and tools viz., Remote Sensing, GIS, 
GPS, software-based web portal, camera trap, satellite telemetry for monitoring of aquatic animals, 
etc. are indispensable. 

▪ Prepare an illustrative ‘Execution Manual’ of the DPR in Hindi or other regional languages 
relevant to the basin states so as to be used by the frontline staff of SFDs and other agencies/ workers 
involved in effective and efficient implementation of planned forestry interventions as per the 
provisions of DPR at the ground/ field level. The manual should include Forest/Division-wise details 
of geospatial analysis of the riverscape; prioritization of areas; design of treatment and plantation 
models along with the proposed activities and cost norms; geocoordinates of proposed sites and 
envisaged site-specific interventions including soil and moisture conservation measures, riparian and 
riverine wildlife management, and wetland management; project outlays; monitoring, etc. Ensure 
wider distribution of Manual to all concerned field functionaries. Develop capacity of all involved 
players (professionals, individuals, sectors, agencies, and organizations) at all levels in the proposed 
efforts towards the river rejuvenation and conservation.   

▪ Create awareness of all concerned stakeholders (sectors, agencies, communities, field functionaries) 
about the conservation significance of rivers in maintaining the vital life support system, country’s 

economic growth, and sustainable development besides the emerging concepts of river ecology, 
rejuvenation and conservation, and the proposed forestry interventions. 

▪ Ensure effective programme implementation, inter-agency cooperation and convergence, 
dovetailing of programmes and schemes, and result-based monitoring – The DPR in case of each 
river has elaborated on these central and decisive aspects. Effective functioning of the National and 
State Level Programme Steering Committees (NPSC and SPSC) at the Prime Minister and Chief 
Minister level, respectively are essentially required and provisioned in the DPR. 

▪ Avoid exotics and monocultures instead use mixed native species having multiple values (timber, 
fuelwood, fruit, fodder, medicinal values, etc.) including trees, bamboo, shrubs, medicinal herbs and 
grasses in a combination as far as possible.  

▪ Prevent landslides, forest fires, unregulated livestock grazing, removal of riparian vegetation, 
and loss of soil and moisture. Thus, use appropriate fencing, soil and moisture conservation 
measures, mulching, etc during the establishment phase of plantations to prevent soil loss, and also to 
ensure retention of moisture up to the rooting zone, erosion of banks, etc.  

▪ Prohibit construction activities on the steep slopes and river banks, particularly use of blasting 
material on fragile mountainous tract without adequate safeguards.   

▪ Prohibit disposal of chemical pollutants, industrial effluents, waste, and untreated sever in the 
river or its tributaries.  
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1.  

Jhelum River 
 

1.1 Introduction 

The Jhelum River is a transboundary river and is one of the five principal tributaries of the 
Indus River System that originates within the Indian Territory and flows out in Pakistan. The 
river originates from Verinag Spring in the north-west of Pir Panjal Range and moves parallel 
to the Indus River at an average elevation of 1,676 m in Kashmir Valley of Union Territory 
of Jammu and Kashmir. The river moves toward the north-west direction and after flowing 
through the city of Srinagar, it flows into Wular Lake and then passes through Baramulla and 
Uri, and finally enters Pakistan, wherein it joins with Chenab River just before the Trimmu 
Headworks near Jhang City, Pakistan. The Jhelum River is covered under the Indus Water 
Treaty (1960) between India and Pakistan. In India, the entire Jhelum River Basin falls in 12 
districts of the Kashmir region and Poonch district of the Jammu region.  

The river lies between Latitude N 330 21 ̍54 ̎ to 34054 ̍59 ̎ and Longitude E 730 46 ̍31 ̎ to 750 

35 ̍50 .̎ The total geographical area of the Jhelum River Basin in India is about 18,404.93 km2 
with a main channel length of 296.58 km.  

The varied terrestrial ecosystems form the major proportion of the Himalayan landscape. Due 
to varied topographical gradients i.e., altitude, aspect, slope and habitats, the Jhelum River 
supports sub-tropical, temperate, sub-alpine and alpine vegetation (Fig. 1.1). Apart from 
natural vegetation, the Kashmir Valley also supports various domesticated plantation 
systems.  

 

Fig. 1.1: Snow Capped Peaks and Alpine Pastures 

1.2 Conservation Significance  

The Jhelum River and its basin have immense geomorphological, ecological, environmental 
and economic significance besides religious and cultural values.  The river is the lifeline of 
the Srinagar and some other major towns along its course from Verinag to Uri. The Jhelum 
River Basin includes several ecologically sensitive ecosystems viz., glaciers, snow-capped 
peaks, alpine meadows, high altitude wetlands, riparian forests, etc. (Fig. 1.2). Owing to its 
unique geographical location, high variability of climatic conditions, different mountain 
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ranges, varied landforms, and a wide range of forests, alpine areas and high-altitude wetlands 
along the altitudinal gradient, the Jhelum River Basin harbours a diverse flora and fauna, 
representing the 2- Himalayas Biogeographic Zone and the 2A North-Western Himalayan 
Biotic Province. Diverse forests such as Sub-tropical, Temperate and Sub-alpine and Alpine 
meadows occur in the basin. These forests are host to a variety of rare, endangered and 
threatened floral and faunal species. Kashmir is famous for important tree species such as 
Kashmir willow (Salix alba) and Chinar (Platanus orientalis). The Jhelum River Basin has 
three National Parks viz., Dachigam NP, Salim Ali (City Forest) NP, and Kazinag NP, eleven 
Conservation Reserves, nine Wetland Conservation Reserves and eight Wildlife Sanctuaries. 
Dachigam NP is the home for the Kashmir stag (Cervus hangluhanglu), also called ‘Hangul’. 

Hangul is a subspecies of elk native to Kashmir. The sub-species have highly restricted 
distribution and it is found in dense riverine forests in the high valleys and mountains of 
the Kashmir Valley besides northern Chamba district in Himachal Pradesh. In Dachigam, it 
receives protection but elsewhere it is more at risk. According to the population estimates of 
2019, there were about 240 Hangul.  

 

Fig. 1.2: Beetab Valley, Pahalgam, Jammu and Kashmir UT 

The important lakes namely, Hokera, Wular, Dal, Manasabal, etc. are home to migratory 
birds and these lakes have enormous importance not only for providing livelihoods to the 
local people but they are main tourist destinations. Hokera and Wular wetlands are Ramsar 
Sites within the basin. Hokerawetland declared as the Ramsar Site in November, 2008 covers 
an extent of 13.75 km2 and is located 10 km away from Srinagar. It is a natural perennial 
wetland contiguous to the Jhelum River Basin and the only site with the remaining reed-beds 
of Kashmir and is home to 68 waterfowl species like Little Egzet (Egretta garzetta), Cattle 
Egzet (Bubulcus ibis), Shoveler (Anas clypeata), and Common Pochard (Aythya farina). For 
the birds like Marbled Teal (Marmaronetta angustirostris) and Pallas’s Fish-eagle 
(Haliaeetus lecoryphus) coming from Siberia, China, Central Asia, and Northern Europe, this 
wetland provide desired habitats.Wular Lake situated at an altitude of 1,580 m AMSL in the 
Bandipora district of J&K UT is considered the largest freshwater lake not only in India, but 
also in the whole of Asia having an area of around 189 km2. The Wular Lake with its 
associated wetlands supports rich biodiversity and provides important habitats for migratory 
waterbirds within Central Asian flyway. The lake is also a sustainable wintering site for a 
number of migratory several waterfowl species and birds like Marbled Teal (Marmaronetta 

https://en.wikipedia.org/wiki/Subspecies
https://en.wikipedia.org/wiki/Elk
https://en.wikipedia.org/wiki/Kashmir
https://en.wikipedia.org/wiki/Kashmir_Valley
https://en.wikipedia.org/wiki/Chamba_district
https://en.wikipedia.org/wiki/Himachal_Pradesh
https://en.wikipedia.org/wiki/Dachigam_National_Park
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angustirostris) and Pallas’s Fish-eagle (Haliaeetus lecoryphus) are found in this lake and 
listed in the Red List of IUCN.  

The predominant farming systems in Kashmir Valley are horticulture and agriculture based. 
The important fruits are apple, walnut, apricot, almond, etc. The major cropping systems in 
the valley are rice-mustard and rice-oat. Cultivation of Crocus sativus for the production of 
‘Saffron’ spice is one of the prominent activities in the Kashmir Valley. Jhelum River 

provides various ecosystem services to substantial human population inhabiting the basin 
area. 

Kashmir is a tourism paradise and prominent place of tourist attraction. It includes several 
world-famous local sightseeing sites within Srinagar in addition to major destinations viz., 
Verinag, Srinagar, Gulmarg, Sonamarg, Pahalgam, etc. (Fig.1.3). There are numerous famous 
pilgrimage sites such as Amarnath, Shankaracharya Temple, Hazratbal Shrine and many 
other Sufi Shrines in the Jhelum River Basin and are visited by local people, besides national 
and overseas tourists throughout the year. 

Jhelum River is an important tributary of the Indus River, which flows through Kashmir 
Valley. The river is exploited for hydro-power generation. The Indus Water Treaty (IWT), 
1960 is one of the oldest transboundary river waters sharing treaties signed in the World, and 
widely recognized as one of the most successful treaties on transboundary water sharing. As 
per the IWT, the Jhelum River was recognized as one of the western rivers along with the 
Indus River and Chenab Rivers and they were assigned to Pakistan for full utilization. 
Pakistan shall receive all those waters of the western rivers for which India is under 
obligation to let flow, except for restricted uses, related to domestic, non-consumptive, 
agricultural uses and generation of hydro-electric power, of which the amount was set out in 
the Treaty. 

1.3 Riverscape  

The entire basin of the river is mountainous and an area of 33,700 km2 constitutes the Basin 
of Jhelum River in two basin countries (India and Pakistan). Out of this, 18,404.93 km2 area 
lies within Indian Territory. All micro-watersheds of Jhelum River within the Indian 
Territory i.e., Jammu and Kashmir UT have been included in the delineated riverscape for the 
purpose of planning, assessment and preparation of DPR under the present Project.  Thus, an 
area of 18,404.93 km2 within the Indian Territory constituting the Jhelum Riverscape was 
consideredfor the purpose of DPR (Fig. 1.4; Table 1.1). The riverscape area lies in twelve 
administrative districts of the Kashmir region, viz., Anantnag, Baramulla, Budgam, 
Bandipore, Ganderbal, Kupwara, Kulgam, Pulwama, Shopian, Srinagar, Muzaffarabad, 
Mirpur and Punch of Jammu region.  
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Fig. 1.3: House Boat (Shikara) in Dal Lake, Srinagar: A Tourist Attraction and Source 
of Local Livelihood  

The two major tributaries of the Jhelum River include Lidder and Sindh (Fig. 1.5). Other 
tributaries included in the riverscape are: Vishaw, Romshi, Rembaira, Sukhnag, Ferozpura, 
Dodhganga, Ningal Nallah, Vij-Dakil Nallah, Gundar, Lower Jhelum, Bringi, Aripath, 
Sandran, Arpal, Dachigam, Erin, Mahumati, Pohru, Wular I, Wular II, Garzan and Anchar. 
All these tributaries found in Jhelum River Basin are part of 24 micro-watersheds. Since, 
entire basin has been delineated as the riverscape, therefore, all tributaries and sub-tributaries 
are covered in the DPR. 

Table 1.1: The Extent of Jhelum River Basin and the Delineated Jhelum Riverscape  

Consideration Unit  Area (km2) Coverage Area (Countries/UT) 
Jhelum River Basin  33,700.00 The total Basin area in India and Pakistan  
Jhelum River Basin 
within India  

18,404.93 Catchment area in India  

Jhelum Riverscape 
with in India  

18,404.93 All micro-watersheds in the Himalayan 
mountainous tract within Kashmir UT included.   

 

1.4 Preparation of DPR – TheHimalayan Forest Research Institute (HFRI), Shimla 
(Himachal Pradesh), one of the Regional Institutes of ICFRE was entrusted the responsibility 
to prepare the DPR of Jhelum River. Thus, HFRI followed the broader approach earlier 
developed and adopted in the case of DPR of Ganga for the purpose.    

(a) Consultative Meetings - The river specific sequential consultative meetings were 
organized for the preparation of DPR immediately after the Project Inception Workshop for 
thirteen rivers was organized by the ICFRE at Dehradun in April, 2019. An insight on the 
sequential state level consultative meetings organized by the team of HFRI at Shimla, 
Himachal Pradesh; and Jammu and Srinagar, Jammu and Kashmir UT along with details on 
the deliberations, decisions, and outcomes have been provided in Chapter 3 of Volume I of 
the DPR.  
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Fig. 1.4: Jhelum Riverscape 

 

 

Fig. 1.5: Sindh Tributary of Jhelum River 

(b) Trainings for Field Staff of Kashmir Region 

Trainings to frontline staff of the Forest Department, Jammu & Kashmir UT were imparted at 
the level of each Forest Division in the Kashmir Valley. During these trainings, all the five 
formats for collection of field data were discussed in detail with the field staff. They were 
made abreast with the requirements of varied information to be filled in different formats.  
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(c) Geospatial Analysis of Jhelum Riverscape and Modelling for Prioritization of 
Suitable Areas for Proposed Forestry Interventions - The RS and GIS based geospaatial 
analysis of the delineated riverscape was carried out so as to get an insight on vital 
topographical attributes (elevation, slope, aspect, drainage, soil type, soil erosion ) besides 
appreciation of the land use/ land cover, and extent and distribution offorests, wetlands, and 
protected areas. Modelling studies on the prioritization of sites for proposed forestry 
interventions were accomplished using GIS, geospatial database and the multi-criteria 
approach (land use/ land cover, slope, soil erosion rate). The multi-criteria evaluation 
approach used for the decision making process identified factors those represent 
characteristics of the delineated riverscape and/ or the process that should be considered in 
the study.The GIS was used to generate different layers within the riverscape viz., land use 
and land cover, slope and erosion rate. The shape files were superimposed to obtain a 
combination-matrix of various layers that revealed the prevalent features of any area within 
the riverscape with regard to vegetation, land use, erosion and degree of slope. The land use 
and land cover classes were merged in eight categories i.e., Wetland, Dense Forest, Alpine 
Pasture/ Scrub, Open Forest, Agriculture, Barren, Settlement and Others with weight/ rank 
values from 1 to 7. The slope factor included three categories (0° - 30°; 30° - 40°; >40°) with 
values ranging from 1 to 3. The third factor on erosion rate (t ha-1 year-1) was categorized into 
five categories (< 5;  5 - 10; 10 - 20; 20 - 40; >40) and assigned weight values ranging from 
1.5 to 7.5.These values were then categorized in to low medium and high based on statistical 
quartile. For example, an open forest area was classified as 'high priority' if it has a slope of 
15 - 30 degrees, and erosion 10 - 20 t/ha/year. Likewise, the same open forest area having 
slope 0 - 15 and erosion rate <10 t/ha/year was classified as 'low priority'. This data was then 
illustrated on a map as low, medium, and high priority zones.  

1.5 Riverscape and Its Environment 

An exhaustive review of background information and relevant literature, allowed to develop 
the following understanding of the river environment. 

(a) Physical Sub-environment – The high structural hills, small mounds of the alluvial 
or lacustrine material (Karewas), colluvial fans below the hill slopes and the alluvial filled 
valley are the main geomorphic features. The inter-montane Kashmir Valley has a 
stratigraphic succession from Precambrian to Recent, with a complete stratigraphic sequence 
of marine Paleozoic, Mesozoic and Cenozoic. The Kashmir Valley reflects temperate to a 
sub-Mediterranean type of climate with variation in temperature, altitude, rainfall, etc. The 
valley receives moderate to heavy snowfall from December to February (Fig. 1.6). It receives 
little rainfall during summer. A large area of level land has alluvial soil and extensive 
elevated plateaus of the Karewas also exist in the Kashmir Valley. 

(b) Altitude Variation in the Riverscape - Altitude, particularly in the Himalayan 
Mountains plays a decisive role in the physical characteristics, biological diversity and 
its distribution, socio-economic uses and consumption patterns. In particular, higher 
altitudes greatly influence river flow, rate of sedimentation, vegetation, wild animal use, 
even human settlements and their uses. The riverscape form north-east to south-west 
direction depicts large altitudinal variation from 463 m AMSL to very high altitude of 
5,315 m AMSL. The different elevation classes were regrouped and a total of 11 
elevation classes have been derived (Table 1.2). The distribution of areas under different 
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elevation classes within the riverscape revealed that the maximum extent of 5,929.18 
km2 or 32.22% area of the riverscape lies in between the elevation class of 1500 - 2000 
m AMSL (Table 1.2). Areas which are degraded and devoid of vegetation can be utilized 
for forestry interventions. Areas above 3,000 m AMSL representing nearly 32.45 % area 
of the riverscape have little opportunities for forestry interventions except in lower parts 
of this elevation class i.e., 3,000 - 3,500 m AMSL due to steep slopes with poor soil 
conditions, snow-covered and avalanche prone areas exhibiting cold desert like 
conditions (Fig. 1.7).   

.  

Fig. 1.6: Snow Covered Valley in the Winter Season 

Table 1.2: Distribution of Area under Different Elevation Classes in the Riverscape 

Sr. No. Elevation Classes(m) Area (km2) Representation of the Class (%) 

1 < 500 0.91 0 
2 500 - 750 49.17 0.27 
3 750 - 1000 256.55 1.39 
4 1000 - 1250 401.75 2.18 
5 1250 - 1500 414.16 2.25 
6 1500 - 2000 5,929.18 32.22 
7 2000 - 2500 2,802.88 15.23 
8 2500 - 3000 2,577.66 14.01 
9 3000 - 4000 4,635.20 25.18 
10 4000 - 5000 1,333.76 7.25 
11 >5000 3.71 0.02 

Total 18,404.93 100 
 

(b) Biological Sub-environment - The Jhelum Riverscape lies in 2- Himalayan bio-
geographic zone and specifically represents 2A- North-western Himalayan Province. This 
Biotic Province in an ecological sense cover a wide range of natural ecosystems and harbour 
rare, endangered and threatened floral and faunal species.  

(i) Land Use and Land Cover - An insight on land use and land cover is vital for land and 
natural resource management. The geospatial analysis of Jhelum Riverscape identified 
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altogether 16 land use and land cover categories viz., Agriculture, Alpine pastures, Barren, 
Canal, Cloud, Cloud shadow, Very Dense Forest, Moderately Dense Forest, Open Forest, 
River (Dry)/River Sand, River (Perennial), Scrub, Settlement, Snow/Glaciers, Waterbody and 
Wetland in the riverscape. The maximum area of the riverscape was covered by snow/ 
glaciers, representing 29.45% extent of the total area (Table 1.3). Agriculture land shared 
24.76 % area of the riverscape.  

 

Fig. 1.7: Altitudinal Variation in the Jhelum Riverscape 

Table 1.3: Land Use and Land Cover in Jhelum Riverscape  

Sr. No. Land Use and Land Cover Area (km2) Percentage of Total Area (%) 
1 Agriculture 4,556.92 24.76 
2 Alpine Pastures 281.91 1.53 
3 Barren 40.18 0.22 
4 Canal 3.1 0.02 
5 Cloud 76.7 0.42 
6 Dense Forest 1,713.53 9.31 
7 Moderately Dense Forest 1,718.85 9.34 
8 Open Forest 1,582.09 8.6 
9 Plantation 2.81 0.02 
10 River (Dry)/ River Sand 127.59 0.69 
11 River (Perennial) 99.54 0.54 
12 Scrub 2,064.45 11.22 
13 Settlement 672.05 3.65 
14 Snow/Glaciers 5,420.26 29.45 
15 Water-body 18.96 0.1 
16 Wetland 25.99 0.14 

Total 18,404.93 100 
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(ii) Forest Types and Forest Density - Information pertaining to the forest types is the most 
important while suggesting suitable sites for carrying out forestry interventions. The forest 
types and cover maps were prepared using reference data provided by Forest Survey of India. 
Since, the vegetation type information is most important in suggesting suitable sites based on 
areas which do not have dense forest cover or which are falling under scrubs and grasslands 
along the river banks. In view of the above, the distribution of area under different forest 
types in the riverscape is given in (Table 1.4). Amongst seven forest types deciphered in the 
riverscape, Himalayan Moist Temperate Forests represented the highest extent and 
represented 14.78% area of the riverscape and it was followed by Himalayan Dry Temperate 
Forests (Table 1.4; Fig.1.8). The non-forest category constituted nearly 62% area of the 
riverscape. Dense Forest and Moderately Dense Forest (MDF) categories represented 9.31% 
and 9.34% area of the riverscape, respectively. Scrub covered maximum area, being 11.52% 
area of the riverscape under the various forest density categories. 

Table 1.4: Distribution of Area under Different Forest Types in Jhelum Riverscape 

Sr.No. Forest Types Area (km2) Riverscape Area (%) 

1 Dry Alpine Forests Vegetation 210.26 1.14 
2 Himalayan Dry Temperate Forests 1443 7.84 
3 Himalayan Moist Temperate Forests 2,720.2 14.78 
4 Moist Alpine Vegetation 168.42 0.92 
5 Sub-Alpine Forests 307.22 1.67 
6 Sub-tropical Pine Forests 165.37 0.9 
7 Scrubs 2,064.45 1.22 
8 Non-Forests 11,326.01 61.54 

Total 18,404.93 100 

 

Fig. 1.8: Distribution of Area under Different Forest Types in Jhelum Riverscape 
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(iii) Wild Faunal Diversity – Diverseforests in the Kashmir Valley have evergreen and 
deciduous vegetation. The Chinar (Platanus orientalis), Poplar (Populus spp.), Deodar 
(Cedrus deodara), Fir (Abies pindrow), Kail (Pinus wallichiana), Mulberry (Morus alba), 
Walnut (Juglans regia) and other fruit trees grow throughout the valley. There are 565 lakes 
and water-bodies in Jammu and Kashmir UT with 150 in the Jammu region and 415 in the 
Kashmir region. The important mammalian species are Hangul/Kashmir stag (Cervus elaphus 
hangul, Fig.1.9), Himalayan Black Bear (Ursus thibetanus), Himalayan Brown Bear (Ursus 
arctos), Musk Deer (Moschus chrysogaster), Jungle Cat (Felis chaus), Snow Leopard (Uncia 
uncia), Common Leopard (Panthera pardus), Himalayan Thar (Hemitragus jemlahicus), 
Goral (Naemorhedus goral), Ibex (Capra ibex), etc.  

 

Fig. 1.9: Hangul (Cervus elaphus hangul) 

The important fish fauna of Jhelum River includes Schizothorax phagosome’s (Snow-trout) 
which is also the most abundant species in the river at Larkipora and Khanabal sites, followed 
by Schizothorax esocinus (Chirruh snow trout), S. curvifrons (Sattar Snow trout), S. labiatus 
(White-lipped Tamarin), Triplophysa kashmirensis, T. marmorata (Ray-finned Fish), 
Crossocheilus diplochilus, Schizothorax niger, Cyprinus carpio communis (European carp) 
and C. carpiospecularis (Common carp). 

(c) Socio-economic sub-environment - The region is predominantly an agrarian economy 
with about 80% of its population engaged in agriculture and allied sectors. Major crop of the 
Kashmir region is paddy, followed by maize, oilseeds, pulses, vegetables, wheat, etc. 
Kashmiri Saffron (Crocus sativus) is world-famous for its quality and brings about a huge 
foreign exchange. Besides natural disturbances, the entire region is under severe influence of 
urbanization and allied activities, biotic pressure, enhanced tourism related activities, and 
prevailing insurgency. The enhanced insurgency activities in past two decades or so, and 
resultant uncertainty has impacted tourism activities and the overall economy (Fig. 1.10).  

1.6 Major Issues  

The basin has a long history of natural hazards like floods, famines, earthquakes, and high-
velocity winds including landslides thus, forms a multi-hazard prone region of the country. 
Prominent problems, conservation issues and challenges faced by the Jhelum Riverscape are 
briefly described below: 
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Fig. 1.10: Famous Dal Lake in Srinagar, Kashmir Valley as A Major Tourist 
Destination 

(a) Recurrent Flash Foods - The Jhelum River is more vulnerable due to flash floods. 
The floods mainly occur due to overflowing of embankments and breaching of river 
channels, and horizontal erosion of river basin due to flash floods in its tributaries. Tributaries 
viz., Doodh Ganga, Romushi, Rambiara, Udder, Madhumati, Pohru, Sukhnag, etc. are more 
vulnerable due to the recurrent flash floods. The hazard vulnerability from Anantnag to 
Srinagar is quite high due to the insufficient carrying capacity of the river vis-a-vis very high 
discharge during floods. It has been estimated that about 7,000 houses get damaged due to 
floods annually however, the maximum number of 98,000 houses were reported in floods of 
1988. 
 
(b) Active Channel Banks and Breaching of Artificial Bunds/ Berms- The Jhelum 
River channel passes through Srinagar city and other urban areas. Due to urban encroachment 
and placement of earth bunds and berms along the channel banks to better confine the river 
flows, particularly during flood events has significantly reduced the capacity of the channel to 
convey flood water and has reduced the capacity of adjacent overbank floodplain areas to 
store floodwater when major flood events occur. It has also increased the potential for earth 
berm and bund breaches during high flood events, causing floodwater to enter the urban areas 
that have been developed in the Jhelum River natural floodplain areas. 
 
(c) Bank Erosion and Stability - The alluvial material in the river banks and river bed 
from Khanabal to Wular Lake is highly erodible and the river banks are relatively unstable 
where bank slopes are steep and unprotected. 
 
(d) Unregulated Development of River Floodplain - The increase in urban 
development and shifting of population from rural farm areas to urban areas has resulted in 
significant residential and commercial development within the floodplain area. This has 
dramatically decreased flood storage areas due to building and road developments. 
Downstream of Srinagar in the river reach leading to Wular Lake, the Jhelum River channel 
narrows in some stretches. The overbank floodplain areas in those stretches are largely 
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agricultural areas that do become temporary flood storage areas during high flood events, 
when the Jhelum River channel banks are overtopped. Since most of these areas have not 
experienced significant urban development, the damage due to floods overtopping the river 
channel banks is not as significant as it would be in Srinagar and other upstream urban 
developments. 
 
(e) Higher Gradient in Downstream and Sediment Flow - Downstream of Wular Lake 
to Salamabad, the Jhelum River is known as the Out Fall Channel (OFC). Whilst this channel 
has a higher gradient than that above the Wular Lake, the capacity is still restricted, and there 
is a proposal for a 40 m widening of the OFC from the outlet from Wular Lake to the Lower 
Jhelum hydropower barrage. Within this reach, the Pohru Nallah enters the Jhelum River on 
its right bank with a catchment area of some 1,850 km2 and is the largest tributary of the 
Jhelum River within Kashmir and it produces high sediment flow, which forms a constriction 
in the river channel. 
 
(f) Excessive Rainfall and High Floods - The Jhelum River Valley suffered record 
flooding in the first week of September, 2014 as a result of abnormally high and widespread 
rainfall of 433 mm, particularly in the southern parts of the catchment. This resulted in 
widespread flooding along the Jhelum River from the confluence of the southern tributaries 
near Sangam, through the Srinagar City, and downstream to the Baramulla. The area flooded 
was approximately 850 km2. In Srinagar, the floodwaters were up to about 1.5 m above the 
river embankments and large parts of the city were inundated at depths of up to 6 m. 
(g) Overall Land Degradation - The land degradation problems are mainly due to water 
erosion, water-logging, and flooding affecting 31.6 % area of the Union Territory (UT). 
About 56.7 % area is not suitable for agriculture because of rock outcrops, ice caps and 
glaciers. The water erosion which causes loss of topsoil and terrain deformation affects about 
54.6 lakh ha, representing 24.6 % of the total geographical area of the J&K UT. 
 
(h) Soil Erosion and Sediment Problems - Some of the main tributaries draining into 
the Jhelum River near the southern upper parts of the river basin contribute significantly to 
the sediment load in the Jhelum River, as well as the subsequent sediment deposition in the 
channel in downstream reaches. Development along the main tributaries and deforestation 
has increased the areas in the sub-basins that are susceptible to soil erosion and subsequent 
sediment transport to river tributaries during high-intensity rainfall events. The highest 
sediment loads originate from those sub-basins. The area that is most affected by 
deforestation appears to be within the lower tributary valleys and not in the higher, steeper 
sloped areas of the sub-basins. This means that reforestation, soil, and water conservation 
treatment are needed in the lower tributaries, which need intensive treatment. 
 
(i) Pollution and Declining Water Quality - Life in Srinagar City and elsewhere in 
Kashmir revolves around the Jhelum River (Fig. 1.11). The major towns contributing to 
pollution to the river are Anantnag, Srinagar, Sopore and Baramulla. The waste water is 
discharged into nallahs, drains and canals, which ultimately reach the Jhelum River and is the 
main source of its pollution. Jhelum River is also one of the sources of drinking water supply 
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for Srinagar, Sopore and Baramulla. With the high growth of urban areas and resultant 
activities viz., supply of drinking water, augmentation of sewerage systems, and quantum of 
untreated wastewater and solid waste are rapidly growing in extent and magnitude. Jhelum 
River from the days of yore has been used for irrigation, drinking, washing, bathing besides 
sport fishing, dumping of sewage and municipal wastes, sand mining, etc. (Fig. 1.11). As a 
result, the water quality of the Jhelum River has deteriorated at an alarming rate. 
 

 

Fig. 1.11: Jhelum River near Srinagar - Impact of Urban Environment 

(j) Problems of Deteriorating Aquatic Environment - The huge variation in Jhelum 
River water discharge and very turbid and turbulent water flow makes the river a difficult 
environment for aquatic organisms, flora in particular. Alkalinity and pH are high and thus 
preclude acidification. The temperature range of water varies from 4 to 300C. The type of 
threat differs from site to site, but may be divided into four broad categories e.g., habitat 
degradation, water quality degradation, the introduction of exotic species, and overfishing. 
These four proximate causes of species and ecosystem decline and loss rarely act 
individually, but in concert, and the first two factors are the principal causes of loss of 
biodiversity in aquatic ecosystems. 
 
(k) Deforestation and Forest Degradation – Recent studies based on an assessment of 
the extent of deforestation during 1980 to 2009 and prediction for 2030 in Kashmir 
Himalayas based using a geospatial modelling approach revealed that the Kashmir region of 
western Himalaya has been constantly undergoing deforestation as well as degradation in the 
past few decades. The illicit felling, fuelwood extraction and grazing were considered major 
reasons for deforestation and forest degradation. The period between 1992-2001 suffered 
major loss due to political instability making the forests vulnerable to anthropogenic pressure. 
Further, the projected estimate indicated more deforestation and forest degradation by 2030. 
 
(l) Earthquakes in Kashmir - Seismic activities in the Greater Himalayas dominated 
Kashmir region are quite prominent, which has a recorded history of earthquakes, which goes 
back to >1500 years. Earthquakes in the Himalayas, in general and in the Kashmir Valley, in 
particular, pose serious challenges. Historical records of the past centuries show that several 
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big earthquakes have destroyed parts of the Himalayas whereas, earthquake record of the past 
decades shows that the Kashmir region has been hit at least by one earthquake of magnitude 5 
or larger every year or two. 

Conservation problems, issues and threats in the context of Jhelum River are summarized in 
Box 1.1. 
 

 
 
1.7 Prioritization of Sites – Distribution of prioritized areas in three categories viz., Low, 
Medium, and High prioritized is presented in Fig. 1.12. The high prioritized sites covered 
6,479.92 km2 (35.21%) area of the riverscape. This was followed by medium prioritized sites 
representing 6,114.17 km2 (33.22%) area, while low prioritized sites the covered remaining 
5,810.84 km2 (31.57%) area of the riverscape (Table 1.5). 
  

Box - 1.1 
Jhelum River – Problems, Challenges and Issues 

 
▪ High frequency of one or two earthquakes (magnitude of 5 or larger) every year, particularly in the 

Kashmir Valley poses serious challenges to the riverscape.  
▪ River channel passes through the urban areas of Srinagar City.  Unregulated development of river 

floodplain, inadequate carrying capacity of the river from Anantnag to Srinagar and very high 
discharge during floods make the city vulnerable to flash floods and cause huge loss of property. 
Urban encroachment and placement of earth bunds and berms along the channel banks to better 
confine the river flows has also increased the potential for earth berm and bund breaches during 
high flood events, causing floodwater to enter the city area. River banks from Khanabal to Wular 
Lake are highly erodible and relatively unstable where bank slopes are steep and unprotected. High 
gradient in downstream produces high sediment flow causing constriction in the channel. 

▪ The southern tributaries draining into the Jhelum contribute significantly to the sediment load in 
the river, as well as the subsequent sediment deposition in the channel in downstream reaches.  

▪ A considerable extent of the riverscape is covered under rock outcrops, ice caps and glaciers. In 
addition, wide spread land degradation on account of water erosion, water-logging, and flooding 
make vast area of the riverscape unsuitable for agriculture.  

▪ Recent assessments revealed that the Kashmir region of western Himalaya has been constantly 
undergoing deforestation as well as degradation in the past few decades. The illicit felling, 
fuelwood extraction, grazing, and political instability in the last decade or so were recognized as 
major reasons for deforestation and forest degradation. Further, the projected estimate indicated 
more deforestation and forest degradation by 2030. 

▪ Jhelum River is a life line for Srinagar City and elsewhere in Kashmir UT. Life in these areas   
evolves around the Jhelum. The waste water discharged into nallahs, drains and canals from major 
towns viz., Anantnag, Srinagar, Sopore and Baramulla contributes to pollution of the river. The 
water quality of the river has deteriorated at an alarming rate as its water has been used for 
irrigation, drinking, washing, bathing besides sport fishing, dumping of sewage and municipal 
wastes, sand mining, etc.  

▪ Jhelum River experiences notable variation in water discharge besides very turbid and turbulent 
water flow that makes the river a difficult environment for aquatic organisms, flora in particular. 
Habitat degradation, water quality degradation, the introduction of exotic species, and overfishing 
are prominent factors affecting the river ecosystem and proximate causes of species and ecosystem 
decline and loss of biodiversity. 

 



 

105 

 

Table 1.5: Forest Division-wise Distribution of Priority Areas in the Jhelum Riverscape 

Sr. 
No. 

Item Priority Area (km2) Total 
Area (km2) High Medium Low 

1 Representative Area  6,479.92 6,114.17 5,810.84 18,404.93 
2 Representation in Per Cent 35.21 33.22 31.57 100 

 

Fig. 1.12: Distribution of Prioritized Sites for Proposed Forestry Interventions in the 
Jhelum Riverscape 

1.8 Policy and legal issues 

The Legislative policy, institutional and programming context have important role in 
restoring the glory of Jhelum River. The biggest issue which has resulted from severe 
anthropogenic pressure is the adverse impact of climate change. The Himalayan Rivers have 
already started witnessing such impacts in the form of increased glacial melting, erratic rains 
and snowfall patterns leading to sudden floods, etc. Prior to abrogation of article 370, 
erstwhile, J&K State had own policies, laws and acts for the conservation and management of 
forests and wildlife. However, on 31 October, 2019, the erstwhile State of Jammu and 
Kashmir was reorganized into two Union Territories viz., J&K and Ladakh. Thus, all relevant 
laws of the Government of India are applicable in the Union Territory of Jammu and 
Kashmir. Important legislations particularly pertaining to the Jhelum River are briefly 
described below. 

(a) Indus Water Treaty, 1960 and Provisions for Use of Water of Jhelum River - 
According to this Treaty, India and Pakistan have agreed to demarcate the six rivers which 
fall within the Indus River Basin for their respective use, management and exploitation of 
resources. Thus, as per the Treaty, India has full rights to use and exploitation of the three 
eastern rivers i.e., Beas, Ravi and Sutlej; whereas, Pakistan has unfettered rights of 
exploitation of the western rivers, i.e., Indus, Chenab and Jhelum, and India has limited rights 
on the catchment area of these rivers within Indian Territory.TheJhelum being a western 
river, is governed under the provisions of Article 3 (2) of the Treaty. Thus, India is obligated 
to not permit ‘any interference with these rivers’ except for the uses mentioned in the 
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provision. The bone of contention between India and Pakistan is the exception clause which 
permits generation of hydro-electric power by India in terms with the provisions of Annexure 
D of the Treaty. Interestingly, the term ‘domestic use’ includes, use for industrial purposes 

including mining, milling and other like purposes as per the Article I (10) of the Treaty. 
Further, under the the same Article, ‘non-consumptive use’ has been defined as any control or 

use of water for navigation, floating of timber or other property, flood protection or flood 
control, etc. Thus, India may utilize the waters of the western rivers, for the purposes 
mentioned in the exception clause of Article III. 
 
(b) Kishenganga Hydro-electric Project (KHEP) - Permanent Court of Arbitration 
having its seat at the Hague, Netherlands gave its decision in 2013 in favour of India, stating 
that the project did not violate the provisions of the IWT (Permanent Court of Arbitration, 
2013). It would be necessary to look at the decision as it has delved into interpreting the 
intent of several provisions of the Treaty which are important for India while utilizing the 
waters of the western rivers for hydropower generation. 
 
(c) Environmental Clearance under the EIA Notification, 2006 - As per the scheme 
under the EIA Notification, 2006, a HEP proposing >50 MW power generation would require 
obtaining prior Environmental Clearance from the Union Ministry of Environment Forest and 
Climate Change, and if the power generation is 25 MW or more but, <50 MW, clearance has 
to be obtained from the State Level Impact Assessment Authority (SEIAA). 
 
(d) Settlement of Forest Rights of Forest Dwelling Communities under the Forest 
Rights Act, 2006 - An important aspect of Forest Clearance process is the mandatory 
requirement of settling forest rights of tribal communities and obtaining consent from the 
GramSabhas concerned under the provisions of the Scheduled Tribes and Other Traditional 
Forest Dwellers (Recognition of Forest Rights) Act, 2006. In the context of the UT of Jammu 
and Kashmir, it may be noted that the said enactment was made applicable to the area only in 
2019 after the passing of the Jammu and Kashmir Reorganisation Act, 2019. Thus, the 
implementation of the provisions of the said enactment needs to be ensured for all future 
projects by the UT of J&K. 

 
(e) Protecting the Protected Areas in the Jhelum River Basin - Under the provisions 
of the Section 35 (6) of the Wildlife (Protection) Act, 1972, there is a specific prohibition on 
destroying or damaging or diverting the habitat of any wild animal by any act or diverting, 
stopping or enhancing the flow of water inside or outside the National Park. Similar provision 
for protection of Wildlife Sanctuaries has been given in Section 29 (Table 1.6). 
 

Table 1.6: Prominent Protected Areas of Jhelum Riverscape 

Dachigam National Park  Overa - Aru Wildlife Sanctuary  
Kazinag National Park  Hirpora Wildlife Sanctuary  
Gulmarg Wildlife Sanctuary  Rajparian (Daksum) Wildlife Sanctuary  
Limber Wildlife Sanctuary  Salim Ali National Park  
Lachipora Wildlife Sanctuary  Thajiwas (Baltal) Wildlife Sanctuary  
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1.9 Treatment Models  

Three types of landscapes within the Jhelum Riverscape viz., (i) Natural, (ii) Agriculture, and 
(iii) Urban have been visualized for the proposed forestry interventions. Potential plantation 
models of varied nature were identified, designed and developed by the HFRI Expert Team 
considering the type of natural ecosystems, native vegetation, soil conditions and agro-
climatic zones. The list of plantation models along with cost is given in Table 1.7.  Each 
treatment and plantation model has incorporated details of various proposed planned 
activities, criteria for the selection of sites, recommended species for plantation, spacing, and 
cost norms during the establishment as well as the maintenance phases. 

Natural Landscapes - The purpose of various models planned in the Natural Landscape was 
primarily protection, eco-restoration and conservation. The ‘natural landscape’ constituted 

the largest zone among the various categories of land use/ land cover of the natural 
environment and represented the largest part of the riverscape. A total of 10 treatment and 
plantation models have been designed, and proposed focusing on diverse forests, grasslands 
and wetlands in different prioritized sites based on geospatial analysis and modelling. The 
main activities include: protection, soil and moisture conservation work, control of invasive 
and alien species, plantations, eco-restoration, etc. Amongst 10 different treatment and 
plantation models viz., Temperate Mixed Forest, Protection Model on Natural Regeneration, 
and Temperate Conifer Forest are some of the prominent models proposed within the Natural 
Landscape in greater extent at an overall estimated cost of Rs. 127.17 crore (Table. 1.7) 

Agriculture Landscape - The purpose of this landscape is to promote planting of economic 
and fruit trees to enhance the overall conservation values and other expected ecological 
functions and ecosystem services. Two plantation/treatment models have been proposed for 
the agriculture landscapes (Table 1.7). The cost for execution of two models proposed is 
estimated to be Rs. 5.93 crore.  

Urban and Peri-urban Landscapes - A large number of settlements, towns and cities are 
situated along the course of Jhelum River and its major tributaries. Proposed interventions in 
the third lower order zone i.e., the urban landscape include activities related to development 
of bioremediation models, riverfront, eco-park development, institutional and industrial estate 
plantations.  Four treatment models have been proposed for this landscape. Total cost for 
execution of four models within the riverscape has been estimated to Rs. 39.52 crore. 
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Table 1.7: Plantation and Treatment Models Proposed in Three Landscapes within the 
Jhelum Riverscape with Corresponding Envisaged Cost  

Landscapes/ 
Conservation 
Interventions/ 
Supporting 
activities 

Treatment and Plantation Model Type Model No. Cost  
(Rs. in 
crore) 

Natural 
Landscapes 

Sub - Alpine Conservation  JL/JK/NL/01  1.06 
Sub Alpine Enrichment (area not provided) JL/JK/NL/02 00.00 
Temperate Conifer Forest  JL/JK/NL/03  26.93 
Temperate Mixed Forest  JL/JK/NL/04  61.98 

Pasture and Grazing Land Development  JL/JK/NL/05  0.93 

Himalayan Mixed Forest  JL/JK/NL/06  4.25 
Protection Model for Natural Regeneration JL/JK/NL/07  28.29 

Fire Protection  JL/JK/NL/08  2.78 
Block Plantation  JL/JK/NL/09  00.77 
Road Side Plantation  JL/JK/NL/10  0.19 
Sub Total – Natural Landscapes  127.17 

Agricultural 
Landscapes 

 

Boundary Plantation  JL/JK/AL/01  3.21 
Block Plantation  JL/JK/AL/02  2.72 
Sub Total – Agriculture Landscapes 5.93 

Urban 
Landscapes 

 

Bio-remediation and Bio-filtration  JL/JK/UL/01  1.73 
Riverfront Development  JL/JK/ L/02 5.44 
Institution Plantation  JL/JK/UL/03  19.47 
Eco Park Development  JL/JK/UL/04  12.87 
Sub Total - Urban Landscapes  39.52 

Conservation 
Interventions 

 

Soil and Moisture Conservation Measures  
Brushwood Check Dam  JL/JK/CI/01  3.60 
Dry Stone Check Dam  JL/JK/CI/02  23.99 
Crate Wire Structure  JL/JK/CI/03  52.77 
Pond  JL/JK/CI/04  5.27 
Silt Detention Structure  JL/JK/CI/05  14.20 
Sub Total – SMC Measures 99.84 
Riverine and Riparian Management JL/JK/CI/06  36.50 
Wetland Management  JL/JK/CI/07 11.34 
Sub Total - Riverine and Riparian Wildlife Management   47.84 
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Proposed mitigation measures are summarized in Box 1.2. 

 
 
1.10 Implementation Mechanism 

The HFRI, Shimla, being one of the regional Institutes of ICFRE, because of its expertise in 
the ecology of the Himalayan environment, natural resource management and the Himalayan 
forestry besides its strategic location, multi-disciplinary team, having long experience in 
dealing with cumulative environmental impact assessments of Himalayan Rivers and well-
laid and defined infrastructure, has been proposed to be designate as the Knowledge 
Management and Enhancement of National Capacity on forestry interventions and riverscape 
conservation as the National Level Partner Organization for effective implementation of this 
priority project on river rejuvenation and also for the better liaisoning with Central Nodal 

Box - 1.2 
Rejuvenation of Jhelum River - Mitigation Measures 

 
Being a Himalayan River and confined to high seismic zone of Srinagar UT 
within the Indian Territory, and prone to flash floods, sedimentation, etc. the 
predominant mitigation measures towards proposed forestry interventions 
include:  
 

▪ Soil and moisture conservation works worth 99.85 crore, representing 
23.77% of the proposed budget outlay by way of adopting five treatment 
models relevant to construction of brushwood and dry-stone check dams, 
ponds, and establishment of crate wire, and silt detention structures. 
 

▪ Altogether, 16 treatment models in Natural, Agriculture, and Urban 
landscapes within the riverscape at a cost of Rs. 127.17 crore, Rs. 5.93 
crore, and Rs. 39.52 crore, respectively are proposed. These models focus 
on enrichment and conservation of alpine pastures, plantations in diverse 
forests, pasture and grazing land development, fire protection, avenue and 
block plantations, bioremediation and biofilters, riverfront development, 
plantations in educational and industrial estates, and eco-park 
development.  
 

▪ A wide range of activities pertaining to riparian and riverine wildlife 
management and wetland management at a total cost of Rs. 47.84 crore 
have been envisaged.  
 

▪ In addition, supporting activities aiming for awareness campaign, capacity 
development, adaptive research, participatory monitoring, etc. have been 
also for implementation.  
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Ministry and Implementing Agencies at the level of UT. In addition, it has been proposed that 
HFRI as NPO will carrying out concurrent strategic and adaptive research, provide science 
and technology based back-stopping,and activities relevant to capacity development, 
monitoring, and evaluation for which it will be required to establish a Project Facilitation 
Unit (PFU). Adequate budgetary provisions for organization and conduct of 
seminar/workshops/ meetings, exposure visits to demonstration sites, scientific exchange, 
overseas study visits, engagement of National and International Experts on specific themes, 
impact evaluation, etc. have also been incorporated in the proposed budget of the project so 
as to make the PFU, Knowledge Management Center at the National Partner Organization 
fully functional and effective for the envisaged purpose. 

1.11 Project Outlay  

(a) Project Budget - The projected outlay of the Implementation Phase of the DPR is Rs. 
356.23 crore. The projected budget outlay of Maintenance Phase is Rs. 64.52 crore. The DPR 
includes four major components. Accordingly, financial cost of each of these four 
components is summarized in Table 1.8. The bulk of proposed cost is meant for the UT 
Government/ concerned IA i.e., the Forest Department of J&K UT as area of only J&K UT is 
involved in the riverscape. In addition, earmarked costs meant for the NPO (Component B) 
and National Coordination (Component D) will be availed by designated NPO (HFRI) and 
the Central Nodal Ministry for the purpose. 

Table 1.8: Component and Sub-Component- wise Projected Outlays  

Sr. 
No. 

 

Component/ Activity Amount 
(Rs. in 
crore) 

Allocation 
Total 
(%) 

Allocation 
Impl. Phase  

(%) 
A.  Implementation of Forestry Interventions 

in Jhelum Riverscape, J&K UT (A1+A2) 
+ (C.1+ C.3)  

335.11 
 

79.65 
 

83.07 
 

A.1  
 

Plantations and Treatment Models in Three 
Categories of Landscape  

153.39 
 

36.46 
 

43.06 
 

A.1.1  Natural Landscape  109.04 
A.1.2  Agriculture Landscape  5.45 
A.1.3  Urban Landscape  38.90 
A.2  Conservation Interventions  142.52 33.87 

 
40.01 

 A.2.1  Soil and Moisture Conservation  99.85 
A.2.2  Riverine and Riparian Wildlife Management  32.60 
A.2.3  Wetland Management (Natural and 

Artificial)  
10.07 

A.3  Supporting Activities  17.87 4.25 
 

5.02 
A.3.1  Policy Level Interventions  0.33 
A.3.2  Research Activities  3.45 
A.3.3  Capacity Development  4.71 
A.3.4  Awareness  1.93 
A.3.5  Participatory Monitoring  0.33 
A.3.6  Cost of PMU as UT Level Implementing 

Agency  
6.70 

A.3.7  Evaluation  0.08 
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Sr. 
No. 

 

Component/ Activity Amount 
(Rs. in 
crore) 

Allocation 
Total 
(%) 

Allocation 
Impl. Phase  

(%) 
A.3.8  Contingency and Miscellaneous Activities  0.33 
Total Budget of Component A (A1+A2+A3)  313.78  
B.  Strengthening Knowledge Management 

and National Capacity for Forestry 
Interventions and Conservation of 
Riverscape  

22.13 
 

5.26 
 

6.21 
 

C.  DPR – Maintenance Phase including 
Scaling Up and Replication of Successful 
Models of Forestry Interventions  

64.52 
 

15.33 
 

 

C.1  Maintenance Cost of A.1 and A.2  24.40    
C.2  Maintenance Cost of A.3, B and D  25.32    
C.3  Scaling Up and Replication of Successful 

Models of Forestry Interventions (5% of A.1 
& A.2)  

14.80  
 

  

D.  National Coordination for Forestry 
Interventions and Riverscape 
Conservation  

20.32 
 

4.83 
 

5.70 
 

Total (A+B+D)  356.23   
Total Project Cost (A+B+C+D)  420.75 100.00 100.00 
C.1 Maintenance Cost in crore [(NL) 18.13+ (AL) 0.48+ (UL) 0.62= 19.23] +[(SMC) 0+ (Riparian & 
Wetland) 5.17] = 24.40 

(b) Budget Outlay for Forest Divisions – Altogether,19 Forest and Wildlife Divisions 
relevant in the context of Jhelum Riverscape, J&K UT will be involved and carry out 
activities relating to forestry interventions including plantations, conservation interventions 
and supporting activities as planned and proposed. Of these, fourteen are Territorial Forest 
Divisions and five are Wildlife Divisions. In all, total of 7,594.40 ha area of three landscapes 
viz., Natural, Agriculture and Urban, and 491 ha area of riverine and riparian wildlife 
management, and wetland management is proposed to be covered. 

The proposed budget allocations to 14 Territorial Forest Divisions range from Rs. 464.94 
lakh to Rs. 4,243.48 lakh whereas the budget allocations to five Wildlife Divisions range 
from Rs. 700 lakh to Rs. 1,134 lakh. 

1.12 Potential Benefits  

The proposed activities for rejuvenation of Jhelum River are confined exclusively to forestry 
interventions aiming for enhancement in forest cover, improved grassland and wetland 
management, reduction in soil erosion, riparian management, and in-stream/aquatic habitat 
and species management’. However, several other measures of engineering, hydrological, 

mechanical, agricultural and bio-technological nature aiming at channel and flow 
modification, dam retrofitting, bank stabilization, storm water management and flood control, 
spring/aquifer management, floodplain reconnection and channelization, channel 
reconfiguration, management of industrial effluents and urban waste and sewage, climate 
smart agriculture, management of toxins, etc. are out of purview of the present DPR. 
Potential benefits of proposed forestry interventions are summarized in Table 1.9. 
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Table 1.9: Potential Benefits from Proposed Forestry Interventions 

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

80.85 0.80 1.00 15.45 10,200 3.85 10.37 

 

 
 

************* 

 

  



 

113 

 

2.  

Chenab River 
 

2.1 Introduction 

The Chenab River is a transboundary river and one of the principal tributaries of Indus River 
System which originates from the Chandertal Lake, situated towards south-easterly side of 
Bara Lacha Pass at an altitude of 4,891 m in Lahaul and Spiti district of Himachal Pradesh. 
The Bhaga River, the major tributary of Chandra River originates from Surajtal, in the 
opposite direction of the Bara Lacha Pass. These two rivers join at Tandi at an elevation of 
2,286 m AMSL, which is 8 km southwest of Keylong in Lahaul and Spiti district. The 
Chenab River is also known as Chandrabhaga, the name attributed to the confluence of two 
streams i.e., Chandra and Bhaga (Fig. 2.1).  Chenab is the largest river of Himachal Pradesh 
in terms of volume of water. The Chenab Valley is a structural trough formed by the Great 
Himalayan and PirPanjal Ranges. From Tandi onwards, it flows through Lahaul Valley and 
enters in PangiValley of Chamba district near Bhujind and leaves the district at SansariNallah 
to enter Paddar Valley of Jammu and Kashmir Union Territory. The Chenab River traverses 
through the mountainous tract of Himachal Pradesh and J&K UT before it flows out in plains 
of Punjab (Pakistan). It ultimately merges with the mighty Indus River in the form of Punjnad 
(confluence of five rivers) at Mithankot in Pakistan.  

The Chenab River Basin constitutes a major part of the Indus River Basin and covers a vast 
area of 29,326.47 km2 in India, of which 26.45% area occurs in Himachal Pradesh, and 
73.55% area lies in the J&K UT. From the management perspective, the basin comes under 
the jurisdiction of the Lahaul and Pangi Forest Divisions of Himachal Pradesh, and Kishtwar, 
Doda, Bhaderwah, Batote, Reasi, Ramban, Ramnagar, Udhampur, Jammu, Jammu Urban, 
Rajouri, Nowshera, Marwah and Mahore Forest Divisions of J&K UT.  

In India, the geographical extent of the Chenab River Basin lies between Latitudes N 32°00' 
to 34°15' N and Longitude E 74°02' to 77°46'. The Chenab River from confluence of Chandra 
and Bhaga, covers a distance of 453 km in India by meandering through narrow valleys, 
rugged terrain, steep slopes and deep gorges all along its course. The drainage pattern is 
dendritic and radial with presence of many perennial tributaries/ small streams joining 
Chenab River from all directions. The majority of the catchment area of Chenab River in 
upper reaches abounds in snow, barren lands, glaciers and ice-fields (Fig.2.2).  

 

2.2 Conservation Significance  

The Chenab River along with Jhelum, Beas, Ravi and Sutlej Rivers within the Indian 
Territory constitute five principal rivers of the trans-boundary Indus River System. Certainly, 
the Indus River and its tributaries have immense significance for two neighbouring and 
human dominated nations i.e., India and Pakistan. In the context of Indian sub-continent, 
three mighty rivers (i.e., Indus, Ganga and Brahmaputra) originating in the Himalayas not 
only form major river systems of the Hindu Kush Himalayan (HKH) Ranges,but 
alsoexceptionally important from ecological, economical, historical, cultural and 
mythological perspectives. The Indus Water Treaty (1960) grouped Chenab, Jhelum and 
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Indus rivers as the ‘Western Rivers’ and the laid down provisions of the Treaty that allows 
India to use Chenab water for ‘non-consumptive uses’ including irrigation, storage and for 

electricity production.  

 

 

Fig. 2.1: Confluence of ‘Chandra’ and ‘Bhaga’ Streams forming Chenab 

(Chandrabhaga) River at Tandi 

 

Fig. 2.2: Chenab River in the Himalayan Environment 

(a) Ecological Values – The upper and lower catchment of river Chenab harbours 
enormous diversity of natural ecosystems including wide range of forests along altitudinal 
gradient (Fig. 2.3).  Existence of nearly 989 glaciers covering an area of 2,280 km2 in Chenab 
Basin and perpetual snow cover greatly influence the flow regime and dynamics of the 
Chenab River. Nearly, 200 glaciers have been reported in the upstream part of the river basin 
i.e., Lahaul & Spiti district of Himachal Pradesh. Prominent glaciers are: (a) Bara Shigri, (b) 
Chhota Shigri, (c) Samudra Tapu, (d) Chandra, (e) Bhaga, (f) Sonapani, (g) Mukila and 
Miyar, (h) Gangstang, and (i) Nun-Barashigri. Bara Shigri is the largest glacier located within 
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the boundaries of Himachal Pradesh. It is also the second largest Himalayan glacier after 
Gangotri. The SamundraTapu Glacier is another large glacier in the upper Chandra Basin 
after the Bara Shigri Glacier. The southern flank of the Nun-Barashigri Range forms the 
northern portion of the Chenab River Basin, north and east of Kishtwar. It is one of the most 
highly glacierized areas of the Indian Himalayas. Due to the perpetual snow and glacial melt, 
glacial lakes and water bodies are formed. There are 33 glacial lakes and 135 water bodies 
present in river basin within Himachal Pradesh and J&K UT.   

 

Fig. 2.3: Wilderness along Chenab River, Pangi Valley, Himachal Pradesh 

The watershed of the Chenab River extends over the mountain ranges of the Great Himalaya, 
Lesser Himalaya, and Outer Himalaya or Shivaliks. Diverse forests along the vast altitudinal 
range are repository to a wide array of plant and animal diversity including several rare, 
threatened and endangered taxa. The Chenab River Basin is important as it has a wide 
diversity of natural and manmade wetlands including three famous Ramsar sites (i.e., 
Chandertal Lake, Mansar Lake and Surinsar Lake). The Kishtwar High Altitude National 
Park located in the upper reaches of Chenab River Basin represents pristine environment 
abounding in diverse forests, temperate grasslands, and several other ecosystems providing 
suitable habitats for important wildlife.  

(b) Socio-economic Values - The vast catchment of Chenab supports the livelihoods of 
human populace residing in geographically tough and hard areas of Himachal Pradesh and 
equally important for a sizeable population in J&K UT. The Chenab Basin has immense 
hydropower potential and contributes significantly for generation of green energy. The 
construction of reservoirs and barrages on the upstream tributaries and large dams on the 
main stream of river has immensely helped in harnessing hydropower.  Several Hydro 
Electric Projects (HEPs) of different capacities have been commissioned on the stretch of 
Chenab Riverand its tributaries in Himachal Pradesh and J&K UT. Three Hydro Electric 
Projects (HEPs) are located on Chandra River, one on Bhaga, six on Chenab River, two on 
Miyar Nallah, three on Saichu Nallah and one on Lujai Nallah which is also a right bank 
tributary of Chenab River. Some prominent HEPs are Dulhasti, Baglihaar, Salal, and 
PakalDul. In addition, nearly two dozen small HEPs (less than or equal to 5 MW) on the 
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various tributaries of the Chenab River have also been commissioned in upstream tributaries 
in Himachal Pradesh. 

(c) Cultural Values - Ptolemy, the noted Greek scholar described Chenab River in his 
travelogues as ‘Sandabal’ and it is mentioned as ‘Asikni’ in Hindu Vedic literature. The 

Chenab River is also known as Chandrabhaga, the name attributed to the confluence of two 
streams Chandra and Bhaga at Tandi. The place is considered as very sacred by tribal 
communities due to its great mythological significance. Three mythological stories are 
connected with Tandi. First narrative is related to Draupadi, the wife of Pandavas. It is 
believed that Druapadi left her body at this place and the name Tandi has evolved from ‘Tan 

Dehi’ means giving up of the body. Second story described that Rishi Vashishtha who 

meditated near the hot water springs of Manali was cremated at this confluence. According to 
the third narrative, Chandra and Bhaga streams are symbolically considered to be son and 
daughter of the Moon and the Sun gods, respectively. It is held that the two divine entities fell 
in love with each other and decided to celebrate their heavenly marriage after starting their 
run from Bara Lacha Pass, in opposite directions. In doing so, they run down in South-east 
and South-west directions and after encircling an enormous expanse of Lahaul, ultimately 
met each other at Tandi to enter the wedlock. Several religious and tourism sites including 
Trilokinath, Mrikula, Mindhal, Machail, Vasuki Nag, Kailash kund, Sudhmahadev, Vaisno 
Devi and Raghunath Shrine, situated in the basin are being visited by the devotees and 
tourists throughout the year. The unique Mrikula (Markula) Kali Devi Temple of 11thor 12th 
century with intricate deodar-wood carvings depicts scenes from Hindu epics. It is believed 
that the temple was constructed from a block of wood by Pandavas of the Mahabharata fame 
(Fig. 2.4). 

(d) HistoricalValues - Akhnoor fort built by Raja Alam Singh in 1802 on the bank of 
Chenab River is a monument of immense historical and archaeological significance. It is 
extremely important for reconstruction of the past history. It has been declared as a protected 
national monument. The Chenab Bridge - world’s highest Railway Bridge is under 

construction in Reasi district of the Union Territory of Jammu and Kashmir. This mega 
structure over Chenab River will be a kind of engineering marvel and connect enchanting 
Kashmir Valley with Indian mainland by rail.  

.  

Fig. 2.4: Unique and Ancient Mrikula Kali Devi Temple in Lahaul and Spiti 
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2.3 Riverscape  

The Chenab River along with the Jhelum, Beas, Ravi and Sutlej Rivers within the Indian 
Territory constitute five principal rivers of the trans-boundary Indus River System. Certainly, 
the Indus River and its tributaries have immense significance for two neighbouring and 
human dominated nations i.e., India and Pakistan. In the context of Indian sub-continent, 
three mighty rivers (i.e., Indus, Ganga and Brahmaputra) originating in the Himalayas not 
only form major river systems of the Hindu Kush Himalayan (HKH) Ranges, but also 
exceptionally important from the ecological, economical, historical, cultural and 
mythological perspectives. The Indus Water Treaty (1960) grouped Chenab, Jhelum and 
Indus Rivers as the ‘western rivers’ and the laid down provisions of the treaty allows India to 

use Chenab water for ‘non-consumptive uses’ including irrigation, storage and for electricity 

production.  

The Chenab River originates and flows in India through the Himalayan mountainous tract 
before it flows through the alluvial plains in Pakistan. The basin is characterized by varied 
geomorphic features including rugged terrain, steep slopes, rocky cliffs and narrow gorges.  

The Chenab Riverscape has been delineated for the purpose of proposed forestry 
interventions on the basis of consensus emerged from the wider consultations with varied 
stakeholders. The entire catchment area of the Chenab River and its tributaries falling in 
Himachal Pradesh and Jammu and Kashmir UT has been included in Chenab Riverscape 
(Table 2.1; Fig. 2.5).  The headwaters and upstream areas in Himachal Pradesh represent 
26.45 % area of the riverscape while the larger portion of the riverscape, being 73.55 % lies 
in the J&K UT (Table 2.2).  

Table. 2.1: Area Coverage under the Chenab River Basin and the Chenab Riverscape 

Sr. No. Consideration Unit Area Covered (km2) Coverage Area (State/ UT) 
1 Chenab River Basin 

Area within India  
29,326.47 Himachal Pradesh and Jammu and 

Kashmir Union Territory 
2 Chenab Riverscape 29,326.47 Himachal Pradesh and Jammu and 

Kashmir Union Territory 
 

Table. 2.2: Distribution of Area of Chenab Riverscape in Basin State/ UT 

 
 

State/ UT 

 
Geographical 

Area (km2) 

Geographical Geocoordinates of 
Delineated Chenab Riverscape 

State/ UT 
Area 

Included in 
the 

Riverscape 
(Km2) 

Representation 
of the 

Riverscape (%) 

Latitude N Longitude E 

Himachal 
Pradesh 

55,673 32° 02' 1.741"  
to 

33° 17' 0.592" 

76° 16' 50.347" 
to 

77° 46' 35.393" 

7755.44 26.45 

Jammu and 
Kashmir UT 

55,258 32° 24' 8.143" 
to 

34° 15' 4.169" 

74° 06' 21.099" 
to 

76° 44' 08.721" 

21571.03 73.55 

Total 1,08,931 -- -- 29,326.47 100 
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2.4 Preparation of DPR – The Himalayan Forest Research Institute (HFRI), Shimla 
(Himachal Pradesh) has prepared the DPR of Chenab River. The HFRI followed the 
multifaceted approach earlier developed and adopted in the case of pilot project on Ganga for 
the purpose.    

(a) Consultative Meetings – Since HFRI was entrusted the responsibility of preparing five 
separate DPRs concurrently in the context of five principal rivers of the Indus River System 
and these rivers shared basin States/UTs, the Project Launch and Brainstorming Workshop at 
the State Level was initially organized jointly for all the involved States/ UTs. Subsequently, 
State, River, and Forest Circle specific sequential consultative meetings were organized for 
wider consultation envisaged as an integral part of the broader approach. The ICFRE had 
organized the Project Inception Workshop involving representatives and core team of thirteen 
rivers at Dehradun in April, 2019. Subsequently, sequential meetings were organized by the 
project team of HFRI and details are provided in Chapter 3 of the Volume I of the DPR. 
Outcomes of state/ field level consultative meetings have been incorporated in the Chapter.   

 

Fig. 2.5: Chenab Riverscape with its Tributaries and Sub-catchments 

(b) Training of Field Staff - After each Consultative Meeting, the Technical Team of HFRI, 
associated with the preparation of DPR of Chenab River especially involved field 
functionaries of the Forest Department (Himachal Pradesh and Jammu and Kashmir UT) for 
imparting much required trainings on the collection of primary field data using the prescribed 
formats. During these trainings, participants were made acquainted with all the five data 
formats prescribed and they were elaborately discussed and doubts of the participants were 
addressed. For Natural Landscapes, participants were informed that information/ data for 
selected sites need to be provided in the prescribed Format–I, along with current status of 
land, current photograph, and sketch of the site, elevation and GPS location. Similarly, for 
‘Agriculture Landscapes’ the Format-II was to be filled. The formats for Urban Landscapes 
and other interventions were also discussed with the participants in details.  

(c)     Delineation of Riverscape, Geospatial Analysis and Modelling, Prioritization of 
Sites and Situation and Problem Analysis - The next key step in the process of preparation 
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of DPR was to delineate the Chenab Riverscape for the purpose of planning, situation and 
problem analysis thereby, developing an insight on the riverscape environment and 
prioritization of areas for proposed forestry interventions. The background analysis/ 
contextual analysis and the consultative process adopted at the national, state and Forest 
Circle Levels provided the much-desired insight on the issues pertaining to Chenab River, its 
Basin and tributaries, terrestrial and aquatic biodiversity, past management, associated states, 
and developmental activities. A riverscape within the larger river basin was delineated. 
Detailed geospatial analysis of the riverscape using remote sensing and GIS technologies was 
carried out. It provided an understanding on the situation of physical attributes i.e., land use 
and land cover, altitudinal variation, slope, aspect, soil, erosion, forest types and forest cover, 
fragmentation, etc. The review of secondary information from a variety of sources (i.e., 
National/ State Level Agencies/ Departments, Scientific Organizations and Universities) 
allowed developing an understanding on the riverscape environment (i.e., physical, 
biological, and socio-economic) and identification of challenges, constraints, problems, and 
threats in river conservation. The situation analysis facilitated developing an insight on state 
specific challenges and threats for Himachal Pradesh and Jammu and Kashmir wherein the 
river flows which depicted contrasting situation owing to large variations in the physical, 
biological and socio-economic sub-environments. In fact, the consultative process and the 
sequential meetings with varied stakeholders definitely helped in the identification and 
zeroing upon the focal problems in concerned State/ UT, along with understanding of 
reasons/causes of degradation, and effects or implications on the river and surrounding lands. 

(d) Collection of Primary Field Data, Analysis and Development of Web Portal - 
Duly filled in five prescribed field data formats for proposed interventions were collected 
from the FDs of the involved State and UT. In order to effectively examine, collate, 
synthesize, interpret and retrieve desired information, the Institute got developed web-based 
software availing the services of a commercial vendor. The software is capable of computing 
areal extent and Landscape, Model, Forest Division, State or UT-wise estimated and 
provisioned cost. Field data was entered for five types of interventions viz., natural, 
agriculture, urban landscape, conservation interventions, and supporting activities, and stored 
for future retrieval, collation, analysis, cost estimation, and report generation. The software is 
capable of generating reports in the desired formats i.e., State-wise, District-wise, Division-
wise, Model-wise and Activity-wise, and Annual Consolidated Reports can be generated to 
obtain insight on year-wise areas under different landscapes to be treated and corresponding 
costs. 

2.5 Riverscape and its Environment 

The environment includes wide ranges of features and factors viz., natural, physical, bio-
physical and social, etc. under its ambit. As stated earlier, Chenab River after its origin in 
higher mountains of Trans- Himalayan part of Himachal Pradesh travels nearly a distance of 
453 km from the confluence of Chandra and Bhagain India before it enters into Pakistan. 
Broadly, the delineated Chenab Riverscape predominantly exhibit physiographic and 
geomorphologic features of the Himalayan Mountainous Zone in Himachal Pradesh as well 
as in higher altitude areas of J&K UT. In addition, the western part of the riverscape also has 
a relatively small portion of the alluvial plains in Jammu, J&K UT before it flows out in the 
neighbouring country.  
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(a) Physical Sub-Environment - Physical environment reflects a wide range of driving 
and abiotic variables including geological, topographical, climatic and soil attributes that 
surely influence the availability of surface-water and ground-water resources. Geologic and 
soil factors determine the proportion of precipitation which runs off the land as surface water. 
The delineated riverscape represented 49 watersheds of the Chenab sub-basin which covered 
parts of Himachal Pradesh and J&K UT. Physiographically, Chenab Riverscape is 
characterized by the uplands, undulating ridges, valleys, gravels, hills, hillocks and rocky 
outcrops. The Chenab Riverscape exhibits two prominent physiographic and geomorphologic 
features i.e., the Himalayan Mountainous Zone in the State of Himachal Pradesh and plains in 
Jammu and Kashmir UT. Both these features affect the characteristics of Chenab River 
Basin, the riverscape and the river hydrology considerably. Most of the Chenab River Basin 
spread largely in the high-altitude region (above 2,500 m) and the area is characterized by 
difficult terrain, fragile and loose mountains, prone to avalanches and landslides, and it also 
falls in seismic zone-IV (Fig. 2.6). Relatively small portion of alluvial plains of Chenab River 
in Jammu and Kashmir UT are a part of Great Plains of India. The alluvial plains of Chenab 
River and its tributaries are 7 to 30 km in width and height of these well drained plains varies 
between 325 to 350 m. These very fertile and well drained tracts are mainly the alluvial 
deposition of Chenab River and its tributaries. These plains are located in the south of 
Shivalik Hills. The outer plains of Jammu Division are traversed by numerous hill torrents. 
The plains are deeply dissected by series of deep and shallow ravines which carry off the 
seasonal flood waters of monsoon rains, exposing the sand, gravels, pebbles and boulders of 
river beds. Apart from the parched, stony and brown wilderness of the ravines, the Jammu 
plains comprise large expanses of cropland with deep, fertile alluvial soils. This productive 
agricultural tract is locally referred to as Anderwah and Bajwat. Largest hectarage of this 
arable land is present in Jammu and Akhnoor. 

The DPR on Chenab River prepared by the Institute provides an insight on varied ranges of 
the Himalayan Mountains through which the river flows, extent of glaciers and snow cover, 
glacial hazards, surface and groundwater resources, groundwater availability, sedimentation, 
environmental flows and water quality, annual flows and characteristics, HEP- wise 
recommended e-flows, water balance and use, erosion process, sediment transport and 
sediment budget, and the climate. 
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Fig. 2.6: Steep and Fragile Mountains with Erosion and Sedimentation 
In the Riverscape Area near Doda, J&K UT  

 

Further, RS Environlink Technologies (RSET) Pvt. Ltd. has conducted the Cumulative 
Environmental Impact Assessment (CEIA) study for the Chenab River Basin at the behest of 
Directorate of Energy, Government of Himachal Pradesh. This detailed and comprehensive 
report provides substantial information about the complexities and characteristics of physical 
and biological environs (e.g., hydro-meteorology, ecological aspects- terrestrial and aquatic 
ecosystems, environmental flows, etc.) of Chenab River and its tributaries relevant in case of 
Himachal Pradesh. The DPR has optimally used the information and insight from this 
comprehensive report and appropriately cited the references in the DPR. 

Altitude Variation within the Riverscape - Altitude, particularly in the Himalayan region 
plays a decisive role in the physical characteristics, biological diversity and its distribution, 
socio-economic uses and consumption patterns. In particular, higher altitudes greatly 
influence river flow, rate of sedimentation, vegetation, wild animal use and even human 
settlements and their uses. The Riverscape depicts large altitudinal variation from 195 m 
AMSL to very high altitude of 7,016 m AMSL. Altogether, total 12 elevation classes were 
derived (Table 2.3; Fig 2.7). The distribution of areas under different elevation classes within 
the Chenab Riverscape is given in Table 2.3. The results revealed that the maximum extent of 
about 6,700.53 km2 or 22.85% area of the Chenab Riverscape lies between 4,000 to 5,000 m 
AMSL elevation.  

Table 2.3: Distribution of Area under Different Elevation Classes in the Chenab 
Riverscape 

Sr. No. Elevation Classes (m) Area (km2) Class (%) 
1 250 1,043.20 3.56 
2 250 to 500 1,936.23 6.60 
3 500 to 750 1,809.89 6.17 
4 750 to 1,000 1,171.76 4.00 
5 1,000 to 1,250 1,015.38 3.46 
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Sr. No. Elevation Classes (m) Area (km2) Class (%) 
6 1,250 to 1,500 1,024.93 3.49 
7 1,500 to 2,000 2,143.18 7.31 
8 2,000 to 2,500 2,131.05 7.27 
9 2,500 to 3,000 2,079.05 7.09 
10 3,000 to 4,000 4,920.57 16.78 
11 4,000 to 5,000 6,700.53 22.85 
12 >5,000 3,350.70 11.43 

Total 29,326.47 100 

 

Fig. 2.7: Altitudinal Variation in the Chenab Riverscape 

(b) Biological Sub-environment - The Chenab Riverscape covering parts of Himachal 
Pradesh and Jammu and Kashmir UT is mainly represented by three Bio-geographic Zones 
and three Biotic Provinces: (i) 1B- Trans Himalaya Tibetan Plateau (ii) 2A- North West 
Himalaya (ii) 4A- Semi-Arid Punjab Plains. The 1B -Trans Himalaya constitutes a distinct 
bio-geographic unit with very harsh climatic conditions having diurnal fluctuation in 
temperature, erratic rainfall, intense winds and heavy snowfall. The area lies north of Bara 
Lacha Range in Lahaul Valley of Himachal Pradesh with limited natural vegetation 
representation in this zone under the riverscape. The biotic province 2A- North West 
Himalaya is characterized by high snowcapped peaks, steep slopes, unconsolidated soils, and 
intense rainfall. The principal mountain ranges include the Great Himalaya and Lesser or 
Middle Himalaya. The major portion of Chenab Riverscape in Lahaul and Pangi Valleys of 
Himachal Pradesh and Himalayan Mountainous tract of J&K UT falls in this province.  There 
are varied landforms, notable altitudinal gradient, and wide-ranging climatic variations from 
cold, sub-tropical, temperate to alpine types. The biotic province 2A- Semi-arid Punjab Plains 
includes the plain areas in Jammu region. There is predominance of dry deciduous type of 
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vegetation. The forest cover has been severely eroded and reforestation has largely used 
exotic tree species.  

The distinct physiographic and climatic factors prevailing in three biotic zones and provinces 
have given rise to many diverse natural ecosystems viz., forests, grasslands and alpine 
pastures, riverine glaciers, lakes and wetlands. All these ecosystems are structurally different 
and functionally dynamic and support bountiful biodiversity. The contextual description of 
different ecosystems and associated biodiversity has been encapsulated in great detail in the 
DPR.  However, a gist on various aspects of biological sub-environment in the context of 
Chenab Riverscape is provided below: 

(i) Land Use and Land Cover - Land Use and Land Cover information is important for wide 
range of human activities such as agriculture, forestry, water resources, and other types of 
land resource management. Details on land use and land cover in Chenab Riverscape are 
presented in Table 2.4. Notably, a greater proportion of the riverscape, being 43.16% 
represented snow/ glaciers indicating the ruggedness and harshness of the riverscape 
environment. This was followed by the class of agriculture 15.24% area of the riverscape. 
However, forests under four density classes (Dense, Moderately Dense, and Open Forests, 
and Scrub) collectively represented nearly 36% extent of the riverscape. Dense forests 
constitute 7.43% of the riverscape while Moderately Dense Forests and Open Forests 
represented 8.43% and 10.69% area extent of the riverscape (Table 2.4). Scrubs covered 
nearly 10% area of the riverscape either owing to rugged terrain, harsh climatic conditions or 
excessive biotic pressure due to forest dwelling or dependent communities in Himachal 
Pradesh and larger part of J&K UT (Fig. 2.8). 

Table 2.4: Extent of Different Categories of Land Use and Land Cover within the 
Chenab Riverscape 

Sr. No. Land Use and Land Cover Area (km2) Percentage of Total Area (%) 
1 Agriculture 4,470.60 15.24 
2 Alpine Pastures 36.30 0.12 
3 Barren 881.42 3.01 
4 Canals 5.60 0.02 
5 Clouds 79.93 0.27 
6 Dense Forests 2,180.41 7.43 
7 Industrial Area 0.80 0.00 
8 Moderately Dense Forests 2,472.55 8.43 
9 Open Forests 3,134.58 10.69 
10 River (Dry)/River Sand 228.6 0.78 
11 River (Perennial) 109 0.37 
12 Scrubs 2,840.45 9.69 
13 Settlements 226.99 0.77 
14 Snow/Glaciers 12,657.59 43.16 
15 Water bodies 1.65 0.01 

Total 29,326.47 100 
 
(ii) Forest Types and Forest Cover - Diversity of forests, their extent and condition play an 
important role in regulating the environment of the locality, region, state and country. The 
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information on forest types is most important in suggesting suitable sites for proposed 
forestry interventions based on areas which do not have dense forest cover or which fall in 
scrub and riverine habitats along the river banks. The forest type and cover map were 
prepared using the data availed from the Forest Survey of India. The distribution of area 
under different forest types and forest cover classes are given in Table 2.5.  Accordingly, a 
disproportionate area of the riverscape, being 18,698.49 km2 in the extent or as much as 
63.76% area of the total riverscape falls under the non-forest category (Table 2.5). Amongst, 
10 different forest types, Scrub represented maximum area of the riverscape, being 9.69%. It 
was followed by Himalayan Moist Temperate Forests and Sub tropical Pine Forests 
representing 8.7% and 6.99% area of the riverscape, respectively (Table 2.5 and Fig. 2.8). 
Other prominent forest types recorded in the riverscape were: Tropical Dry Deciduous 
Forests (5.30%), Himalayan Dry Temperate Forests (2.49%), Sub Alpine Forests (1.44%), 
and Dry Alpine Vegetation (1.21%).  

 

Fig. 2.8: Distribution of Different Forest Types in the Chenab Riverscape 

Table 2.5: Extent of Different Forest Types within the Chenab Riverscape 

Sr. No. Forest Type Area (km2) Riverscape (%) 
1 Dry Alpine Vegetation 355.46 1.21 
2 Himalayan Dry Temperate Forest 731.65 2.49 
3 Himalayan Moist Temperate Forest 2,552.54 8.7 
4 Moist Alpine Vegetation 37.69 0.13 
5 Sub Alpine Forest 420.99 1.44 
6 Sub-Tropical Dry Evergreen Forest 85.11 0.29 
7 Sub-Tropical Pine Forest 2,049.3 6.99 
8 Tropical Dry Deciduous Forest 1,554.79 5.3 
9 Scrub 2,840.45 9.69 
10 Non-Forest 18,698.48 63.76 

Total 29,326.47 100 
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(iii) Floral Diversity of Chenab River Basin - Temperate to alpine types of vegetation can 
be seen along the Chenab River in Pangi Valley. Diverse forests predominantly have tree 
species viz., deodar (Cedrus deodara), Fir (Abies pindrow), Spruce (Picea smithiana), Kail 
(Pinus wallichiana), Hazel-nut (Corylus jacquemontii), Willow (Salix spp.), Maples (Acer 
spp.) and Ash (Fraxinus spp.), Walnut (Juglans regia), Horse chestnut (Aesculus indica), 
Elm (Ulmusspp.), etc. Betula (Betula utilis) forests also occur in Chenab upper catchment 
(Fig. 2.9). Hazel-nut (Corylus jacquemontii) has a common occurrence in Pangi Valley. The 
seeds of this species are very nutritive and it is locally famous as Pangi-ki-Thangi. In lower 
reaches, sub-tropical forests occur.   

 

Fig. 2.9: Birch (Betula utilis) Forest in Upper Catchment of Chenab Riverscape 

(iv) Wild Faunal Diversity - The Chenab River Riverscape is dominated by diverse forests, 
mountain spurs, slopes, natural streams and lakes. The range of topographical variations and 
diversity of habitats creates a great variety of macro and micro climates needed for the 
existence of different faunal elements. The Chenab River harbours a reasonably high 
diversity of mammals, avifauna, herpetofauna besides enormous diversity of invertebrates.   

Mammals - The temperate region of the Himalayan Mountainous part of Chenab Riverscape 
harbours diverse and unique mammals viz., Snow leopard (Panthera uncia), Himalayan 
Black Bear (Ursus thibetanus laniger), Himalayan Brown bear (Ursus arctos isabellinus), 
Ibex (Capra sibirica), Himalayan Blue Sheep (Pseudo isnayaur), Himalayan Thar 
(Hemitragus jemlahicus), Musk Deer (Moschus moschiferus), Marmot (Marmota himalayan), 
etc. (Fig. 2.14). The lower reaches of the Riverscape have presence of Common Leopard 
(Panthera pardus), Jackal (Canis aureus), Common Fox (Vulpes bengalensis), Sambar deer 
(Rusa unicolor), Nilgai (Boselaphus tragocamelus), Barking deer (Muntiacus muntjak), Goral 
(Naemorhedus goral), Wild boar (Sus scrofa), Rhesus monkey (Macaca mulatta), Common 
Indian Hare (Lepus nigricollis), Mongoose (Herpestes edwardsi), Monkey (Macaca mulatta), 
etc.  

Avifauna - Birds play wide range of roles in an ecosystem as they control pest through 
predation and scavenging besides pollination and dispersal of seeds. The Lahaul and Pangi 
regions in Chenab River Basin in Himachal Pradesh have profuse diversity of birds. 
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Important birds of the region include Cheer Pheasant (Catreus wallichii), Western Tragopan 
(Tragopan melanocephalus), Himalayan Monal (Lophophorus impejanus), Kaleej Pheasant 
(Lophura leucomelanos), Snow-cock (Tetraogallus himalayensis), Hill Pigeon (Columba 
rupestris), Sparrows (Passeridae spp.) and Chukor Partridge (Alectoris chukar). The upper 
reaches in the mountainous tract as well as the lower portion of the riverscape in Punjab 
Plains have enormous diversity of birds including winter migrants to several high-altitude 
wetlands. 

Herpetofauna and Fish Diversity - The fish and amphibian fauna have not been reported 
from Lahaul and Pangi regions of the Riverscape due to torrential nature of river in these 
areas. But, many important species of fishes have been reported from Jammu region e.g., 
Carp (Cyprinuscarpio), Mahseers (Cyprinus tor), Brown Trout (Salmo trutta), Rainbow 
Trout (Oncorhynchus mykiss), Mirror Carp (Salmo trutta), Kalbose (Labeo calbasu), Mirgal 
(Cirrhinus mrigala), Rohu (Labeo rohita), Grass Carp (Ctenopharyngodon idella), Silver 
Carp (Hypopthalamichthyes molitrix) and Common Carp (Cyprinus carpio). Apart from that 
important species of turtles viz., Indian Flapshell Turtle (Lessemys punctata) and Softshell 
Turtle (Trionyx gangeticus) have also been reported. The commonly found reptiles in the 
tropical and sub-tropical areas of Chenab River Basin include Chameleon (Chamaeleo 
chamaeleon), Cobra (Ophiophagus hannah), Pit viper (Trimeresurus gramineus), Krait 
(Bungarus caeruleus) and Russel’s Viper (Daboia russelii), Monitor lizard (Varanus 
salvator), etc.  

(c) Socio-economic Sub-environment - The tribal belt of the Lahaul and Pangi Valleys 
in Himachal Pradesh and different physiographic areas of Jammu Division of Jammu and 
Kashmir UT including Kishtwar, Doda, Udhampur, Reasi and Rajouri districts under the 
Chenab Riverscape are extremely unique and diverse in terms of natural resources viz., 
forests, alpine pastures, grasslands, wetlands and lakes and also presents an attractive matrix 
of socio-economic profile.The people in Lahaul and Spiti predominantly includes Hindus and 
Buddhists ethnic groups. Agriculture is the main occupation although; growing season is 
short and limited. The Jammu region has plains as well as mountainous physiography and 
spread from Shivalik hills, mid Himalayan Mountains up to PirPanjal Range. The region 
represents an intricate mosaic of mountain ranges and hills characterized with river terraces 
valleys and gorges. More than two-third residents of the area are classified as Hindu. The 
people of this region belong to Hindu and Muslim communities. Several pastoral 
communities e.g., Gujjar and Bakarwal also reside in the region. Thus, the upper areas of 
Chenab Riverscape are sparsely populated and the lower areas are quite densely inhabited. 
The extent of forests including scrub is 36.24% of the riverscape. The extent of permanent 
grasslands (hay plots) and other grazing lands, particularly sub-alpine and alpine areas cover 
relatively large area. Thus, it is amply clear that the Chenab River Basin is rich in forests and 
permanent pastures and other grazing lands. The riverscape boasts of varied cultural aspects 
i.e., fairs, festivals, dance forms (nati), songs and cuisines. Jammu and Kashmir UT is dotted 
with many scenic places, beautiful valleys, rivers, lakes, springs, and dense forests. There is 
presence of diverse social and religious practices. Both Himachal Pradesh and J&K UT are 
the favorite tourist destinations due to grandeur of natural beauty existing at various places. 
Undoubtedly, tourism provides a fillip to the economy of Himachal Pradesh and J&K UT. 
But, conversely the pressure on the natural resources has increased due to these activities. 
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Various regions of the riverscape have witnessed many developmental activities.  
Construction of big dams, creation of long tunnels, widening of highways, real estate 
activities, mining activities, settlements, irrigation network, agriculture and horticulture 
expansion, fishery, tourism, urbanization, industrialization, etc. have widely occurred. In 
general, these developmental activities have put adverse impacts on the vital natural 
resources viz., soil, forests, rivers, streams and aquifers. In addition to this, the increasing 
dependence of people for meeting out the needs of water, food, fuel, timber, fodder, and fiber 
is compounding the pressure on natural resources. Resultantly, biodiversity loss, habitat 
fragmentation, pollution, degradation of land and freshwater resources including the rivers 
are evident. Definitely, the varied anthropogenic activities and their implications have 
brought enormous and multi-dimensional losses to the river ecology and its associated 
environments.  

2.6 Major Issues  

The predominant conservation concerns relevant to Chenab River and its tributaries include: 
(a) degraded land and river ecosystem; (b) excessive soil erosion, landslides and 
sedimentation; (c) reduced e-flow; and (d) deteriorated water quality. Specific issues, 
problems and threats are as under:  

(a) Fragile Himalayan Mountains, High Seismicity, and Enhanced Anthropogenic 
Pressure - The terrain of Chenab River Basin is ecologically very fragile and loose, prone to 
landslides and high seismicity. A variety of physical, hydrological, climatic and socio-
economic factors e.g., dumping of excavated muck, erosion due to anthropogenic activities 
(i.e., deforestation, road construction/ clearing, overgrazing, and farmland cultivation), 
increased sedimentation and silt load, reckless exploitation of resources (i.e., medicinal and 
aromatic plants) from the river basin have changed the status, health and functionality of the 
Chenab River adversely and drastically over the years. 
 
(b) Deglaciationand Moraine Dammed Lakes - The Chenab River Basin is a major 
river basin of Himalayas which exhibits the phenomenon of deglaciation and moraine 
dammed lakes in its upper reaches. Moreover, the fragile ecology of mountainous terrain 
having the varied physio-climatic conditions makes it even more susceptible to the vagaries 
of nature. The majestic forests resources, wetlands, alpine meadows and pastures are under 
constant anthropogenic pressure.  
 
(c) Glacier Melt, Glacial lakes and Glacier Lake Outburst Flood (GLOF) - Owing to 
climate change, there has been a sharp increase in the number of glacial lakes in the Basin, 
particularly in Himachal Pradesh. Further, it has been observed that the loss of glaciers would 
also be coupled with increased frequency of disaster events such as Glacier Lake Outburst 
Flood (GLOF). 
 
(d) Multiple Agencies and Isolationist and Fragmentary Approach - Despite of varied 
legislative frameworks, regulatory mechanisms and authorities instituted for ensuring the 
sustainable use of forests, environment, wildlife, pollution control, waste management, etc., 
the challenges for enforcement of these acts and laws still persists. Most of the agencies and 
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organizations in context with the conservation of Chenab River continue to work in isolation 
and fragmented manner and there is lack of coordination and synergy.  
 
(e) Constrained and Limited Use of Water - Chenab River is the largest tributary of the 
Indus River Basin. It is a major river of India and Pakistan and volume wise bulkiest river of 
Himachal Pradesh. The clauses of Indus Water Treaty (IWT, 1960) render Chenab River of 
limited use for India.  
 
(f) Enhanced Landslides, Reduced e-flow, Disappearing Aquifers and Springs - The 
harnessing of Chenab River Basin for development of hydro-power has resulted in increased 
deforestation, landslide, soil erosion, reduced e-flow, disappearing of aquifers and springs 
causing irreversible detrimental effect to the overall river environment. Flow of Chenab River 
is greatly affected by glacial melt, snow melt and rainfall. 
 
(g) Expansion of Agriculture and Horticulture - The expansion of agriculture and 
horticulture activities are leading to increased demand of water for irrigation has caused 
depletion of groundwater resources at many places in the Chenab Riverscape and affected 
flow regime of the river. 
 
(h) Enhance Pollution and Declining Water Quality - The main stem of the river and 
its tributaries in Jammu region face the problem of pollution due to disposal of untreated 
sewage waste, unabated disposal of municipal solid waste, dumping of wastes of commercial 
establishment, pesticides, chemicals fertilizers and industrial wastes (Fig. 2.10). All these 
factors are degrading the quality of the Chenab River Day by day.  
 

 
Fig. 2.10: Anthropogenic Pressure in Lower Catchment - Bhaderwah, Jammu and 
Kashmir UT 
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Conservation problems, issues, and threats in the context of Chenab River are summarized in 
Box 2.1. 
 

 
 

2.7 Prioritization of Sites – Thegeo-spatial analysis, modelling, and prioritization using 
criteria using three variable (land use and land cover, slope, and soil erosion) allowed 
categorization of riverscape area in three priority zones viz., high, medium, and low for 
proposed forestry interventions. Out of 29,326.47 km2 area of theriverscape, 9,405.36 km2 
represents high priority zone, 6,394.71 km2 as themedium priority, and 13,526.40 km2 in low 
priority (Fig. 2.11).The GPS locations of the field sites selected for proposed treatment by the 
concerned Forest Department of Himachal Pradesh and Jammu and Kashmir UT were 
superimposed on the map on priority zones. Altogether, 3,683.00 ha area has been proposed 
to be treated in Natural Landscapes. Out of this, 2,079.63 ha area or 56.47% extent lies under 
the high priority zone, 844.53 ha (22.93%) under the medium priority zone, and 758.78 ha 
area (20.60%) in the low priority zone.  

Box - 2.1 
Chenab River – Problems, Challenges and Issues 

 
▪ Chenab River Basin is ecologically fragile and loose. Basin is prone to landslides owing to high 

seismicity. A wide range of physical, hydrological, climatic and socio-economic factors e.g., 
dumping of excavated muck, erosion due to anthropogenic activities (i.e., deforestation, road 
construction/ clearing, overgrazing, and farmland cultivation), increased sedimentation and silt load, 
reckless exploitation of resources (i.e., medicinal and aromatic plants) from the river basin have 
changed the status, health and functionality of the Chenab River adversely and drastically over the 
years. 

▪ The basin of Chenab is a major river basin of Himalayas which exhibits the phenomenon of 
deglaciation and moraine dammed lakes in its upper reaches. The fragile ecology of high and steep 
mountainous terrain makes it even more susceptible to the vagaries of nature. The majestic forests, 
wetlands, alpine meadows and pastures in the basin are under constant anthropogenic pressure. 

▪ A sharp increase in the number of glacial lakes, particularly in the Himachal Pradesh part of the 
basin has been observed. Owing to climate change, loss of glaciers coupled with enhanced 
frequency of disaster events such as Glacier Lake Outburst Flood (GLOF) is expected to occur. 

▪ A large number of sectors/ agencies and departments are involved in the conservation of Chenab 
River and use and regulation of its resources. Majority of the agencies and organizations continue to 
work in isolation and fragmented manner. Thus, there is a lack of much desired coordination and 
synergy.  

▪ The clauses of Indus Water Treaty (IWT, 1960) render Chenab River of limited use for India despite 
it is the largest tributary of the Indus River Basin and a major river of India and Pakistan and volume 
wise bulkiest river of Himachal Pradesh.  

▪ The harnessing and development of hydro-power in the Chenab Basin for hydro-power has resulted 
in enhanced deforestation, landslides, soil erosion, reduced e-flow, disappearing of aquifers and 
springs causing irreversible detrimental effects to the overall river environment. Flow of Chenab 
River has been greatly affected by glacial and snow melt and rainfall. 

▪ The main channel and its tributaries, particularly in Jammu region face enhanced pollution and 
associated problems arising primarily due to disposal of untreated sewage waste, unabated disposal 
of municipal solid waste, dumping of wastes of commercial establishment, pesticides, chemicals 
fertilizers and industrial wastes. In short, these factors are gradually degrading the quality of the 
Chenab River. 
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Fig. 2.11: Distribution of Prioritized Sites for Proposed Forestry Interventions in the 
Chenab Riverscape 

2.8 Policy and legal issues 
 

In the Indian context, the legal perspective and policy scenario about the water resources 
(surface and ground) is complex, perplexing and complicated. The rivers are free flowing 
trans-boundary entities which pass through many states, cities, towns, forests, polluted strips, 
agricultural corridors, and country side areas along its entire course. Though, the water and 
river are inseparably related to each other, and existence of river is attributed to water. But 
the stipulated laws classify these terms apart and treat as different subjects. The Chenab River 
is not just an inter-state river, but also a trans-boundary river whose water is shared between 
India and Pakistan under the provisions of the Indus Water Treaty (IWT), 1960. The Chenab 
River has been classified as one of the three ‘Western Rivers’ under the IWT, 1960, Pakistan 

has been assigned unfettered rights of exploitation of its water while India has limited rights 
on the catchment area of this river within Indian territory. The Chenab River is governed 
under the provisions of Article 3 (2) of the Treaty. Thus, India is obligated to not permit ‘any 

interference with these rivers’ except for the uses mentioned in the provision. The biggest 
bone of contention between India and Pakistan is the exception clause which permits 
generation of hydro-electric power by India in terms with provisions of Annexure D of the 
Treaty. The Treaty stipulates that India can construct ‘Run of the River’ hydro-electric 
projects on the western rivers and to comply with the conditions given in the said Annexure. 
It is also stipulated that India must share the design parameters of a proposed hydro-electric 
project at least six months prior to the construction. Further, as per the Annexure-E of the 
Treaty, there is a general prohibition on India to construct storage works on the western 
rivers, unless it is in compliance with the provisions of Annexure D and E of the Treaty. The 
Annexure E of the treaty stipulates that any project on the Chenab River would be 
constructed in such a manner that it does not adversely affect the then existing agricultural or 
hydro-electric uses by Pakistan on that Tributary.  In addition to the provisions of IWT, the 
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river resources come under the ambit of numerous laws, policies, regulations, rules, and 
guidelines relevant to forests, rivers, environment, wildlife, protected areas, pollution control, 
mining, etc. issued by the Central as well as State Governments besides specific judgments 
and directives by the Hon’ble Courts including the National Green Tribunal.  

2.9 Treatment Models  

A multidisciplinary team of HFRI in consultation with senior forest officers of involved 
State/ UT designed and developed appropriate treatment and plantation models for proposed 
forestry interventions. In all, the Institute developed 21 treatment and plantation models 
specific to Natural Landscapes, four for Agriculture Landscapes, six for Urban Landscapes, 
and seven for Conservation Interventions and explicit to the different parts of the riverscape 
in Himachal Pradesh and J&K UT and included them in the DPR (Table 2.6). Model wise 
extent of proposed intervention and corresponding estimated cost is presented in Table 2.6 
separately for the involved State/ UT. Accordingly, the maximum extent proposed in case of 
Natural Landscapes within Himachal Pradesh is of model that is specific to cold desert 
greening, followed by Sub Alpine Enrichment while in case of J&K UT, the maximum extent 
proposed is of Protection Model for Natural Regeneration.  The extent of proposed 
interventions/ activities relevant to soil and moisture conservation, both in Himachal Pradesh 
and J&K UT is substantial i.e., 6,20,860 m3.  

Table 2.6: Treatment Proposed for Three Landscapes and Conservation Interventions 
along with the Envisaged Extent of Interventions and Estimated Cost 

 
Treatment Model/ Activity Area  

(ha) 
SMC  
 (m3) 

Cost 
 (Rs. in 
Crore) 

A. Himachal Pradesh 
(i) Natural Landscape 
CN/HP/NL/01 - Cold Desert Greening 232 - 10.81 

CN/HP/NL/02 - Cold Desert Conservation 10 - 0.41 
CN/HP/NL/03 - Alpine Conservation - - - 
CN/HP/NL/04 - Sub Alpine Enrichment 98 - 2.14 
CN/HP/NL/05 - Temperate Conifer Forest - - - 
CN/HP/NL/06 -Temperate Mixed Forest 78 - 2.38 
CN/HP/NL/07 - Pasture and Grazing Land Development 18 - 0.41 
CN/HP/NL/08 - Protection Model for Natural Regeneration 40 - 0.72 
(ii) Agriculture Landscape    
CN/HP/AL/01 - Plants distribution to Stakeholders 60 - 0.15 
CN/HP/AL/02 - Block plantation by Stakeholders 14 - 0.18 
(iii)Urban Landscape    
CN/HP/UL/01 - Riverfront Development 1.50 - 3.71 
CN/HP/UL/02 - Institutional and Industrial Estate Plantation 16 - 0.69 
(iv) Conservation Interventions    
CN/HP/CI/01 - Brushwood Interventions - 12,460 0.37 
CN/HP/CI/02 - Dry Stone Activities - 28,860 5.19 
CN/HP/CI/03 - Crate Wire Activities - 950 0.43 
CN/HP/CI/04 -Water Ponds - 54,420 1.90 
CN/HP/CI/05 - Silt Detention Dam Type Activities - 570 0.34 
CN/HP/CI/06 - Riverine and Riparian Wildlife Management 50 - 5.00 
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Treatment Model/ Activity Area  
(ha) 

SMC  
 (m3) 

Cost 
 (Rs. in 
Crore) 

CN/HP/CI/07 - Wetland Management 10 - 0.90 
B. Jammu and Kashmir UT    
(i) Natural Landscape    
CN/JK/NL/01 - Sub Alpine Conservation - - - 
CN/JK/NL/02 - Sub-Alpine Enrichment - - - 
CN/JK/NL/03 - Dry Temperate Conifer Forest Enrichment - - - 
CN/JK/NL/04 -Temperate Conifer Forest 118 - 3.43 
CN/JK/NL/05 - Temperate Mixed Forest 1,178 - 35.00 
CN/JK/NL/06 - Pasture and Grazing Land Development 50 - 0.99 
CN/JK/NL/07 - Himalayan Chir Pine Forest 642 - 16.82 
CN/JK/NL/08 - Himalayan Mixed Forest 198 - 5.02 
CN/JK/NL/09 - Sub-Tropical Dry Deciduous Forest 999 - 25.31 
CN/JK/NL/10 - Eradication of Lantana (> 50%) 15 - 0.39 
CN/JK/NL/11 - Control/ Removal of Invasive Species or <50% 
Lantana 

45 
 

- 1.08 

CN/JK/NL/12 - Protection Model for Natural Regeneration 3620 - 56.93 
CN/JK/NL/13 - Fire Protection Model 740 - 4.58 
(ii) Agriculture Landscape 
CN/JK/AL/01 - Boundary Plantation Model 452 - 1.14 
CN/JK/AL/02 - High Density Block Plantation 106 - 1.38 
(iii)Urban Landscape 
CN/JK/UL/01 - Bioremediation and Bio-filtration 13 - 3.22 
CN/JK/UL/02 - Riverfront Development 6.60 - 16.34 
CN/JK/UL/03 - Institutional Plantation 112.40 - 4.82 
CN/JK/UL/04 - Eco Park Development 9.70 - 24.01 
(iv) Conservation Interventions 
CN/JK/CI/01 - Brushwood Interventions - 102280 3.07 
CN/JK/CI/02 - Dry Stone Activities - 125130 22.52 
CN/JK/CI/03 - Crate Wire Activities - 10690 4.81 
CN/JK/CI/04 - Water Ponds - 279770 9.79 
CN/JK/CI/05 - Silt Detention Dam Type Activities - 5730 3.44 
CN/JK/CI/06 - Riverine and Riparian Wildlife Management 160 - 16.00 
CN/JK/CI/07 - Wetland Management 15 - 1.35 

Total 9,107.20 6,20,860 297.17 
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Proposed mitigation measures in Chenab Riverscape are summarized in Box 2.2. 
 

 
 
2.10 –Implementation Mechanism 
 
The HFRI under the umbrella of ICFRE with its long standing, multidisciplinary expertise  
and experience in the fields of Himalayan Ecology, Natural Resource Management, and the 
High Altitude Forestry besides its strategic location at Shimla is well placed to function as the  
Knowledge Management Center and undertake the responsibility of capacity development 
that would be needed to efficiently execute a multifaceted project of this nature as envisaged 
in DPR.  Thus, DPR has made necessary provisions to engage HFRI as the NPO so it can 
provide technical know how, undertake research and monitoring activities, and contribute 

Box - 2.2 
Rejuvenation of Chenab River - Mitigation Measures 

 
Chenab River originating in the Trans-Himalayan part and flowing through 
Himalayan States/ UT viz., Himachal Pradesh and Jammu UT before it enters in 
Pakistan primarily suffer on account of a variety of physical, climatic, 
hydrological, biological and socio-economic problems and threats. In order to 
address some of the problems/issues relevant to the forestry sector, prominent 
proposed interventions include:  

▪ Soil and moisture conservation works worth 51.87 crore, representing 
13.78% of the proposed budget outlay by way of adopting five treatment models 
relevant to construction of brushwood and dry-stone check dams, ponds, and 
establishment of crate wire, and silt detention structures. 

▪ Altogether, 31 treatment models in Natural, Agriculture, and Urban 
landscapes spread over one State and one UT within the riverscape at a cost of 
Rs. 144.10 crore, Rs. 2.71 crore, and Rs. 52.08 crore, respectively are proposed. 
These models focus on cold desert greening and conservation, enrichment and 
conservation of alpine pastures, plantations in diverse forests, pasture and 
grazing land development, fire protection, control/ removal of Lantana and other 
weeds, avenue and block plantations, bioremediation and biofilters, riverfront 
development, plantations in educational and industrial estates, and eco-park 
development.  

▪ A wide range of activities pertaining to riparian and riverine wildlife 
management and wetland management at a total cost of Rs. 21.84 crore have 
been envisaged.  

▪ In addition, supporting activities aiming for awareness campaign, capacity 
development, adaptive research, participatory monitoring, etc. have been also for 
implementation.  
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towards the pivotal agenda on capacity building. Budgetary provisions for establishing a 
Project Facilitation Unit (PFU) at the NPO has also been made. 

2.11 Project Outlay  

The Chapter 7 of Volume I of DPR exclusively deals with the details of Budgetary Outlay of 
the proposed implementation plan and provide Component, Sub Component/ Activity, State/ 
UT, Forest Division, and Year-wise details. These are summarized below: 

(a) Project Budget - The projected financial outlay of the Implementation Phase is Rs. 
318.17 crore while the projected outlay of the Maintenance Phase is Rs. 58.10 crore (Table 
2.7).  

Table 2.7: Projected Outlays for the Proposed Interventions  

Sr.  
No. 

Component/ Activity Amount Allocation 
 

Allocation 
Impl. 
Phase 

(Rs. in 
crore) 

(%) (%) 
 

Implementation of Forestry 
Interventions in Chenab Riverscape  
(A1 +A2 +C1+C3) 

310.77 
 82.59 

 
85.68 

 

A.  289.52   
A.1 

 
Plantations and Treatment Models in 
Three Type of Landscapes 

198.89 
 

52.86 62.51 A.1.1 Natural Landscapes 144.10 
A.1.2 Agriculture Landscapes 2.71 
A.1.3 Urban Landscapes 52.08 
A.2 Conservation Interventions 73.71 

19.59 23.17 

A.2.1 Soil and Moisture Conservation 51.87 
A.2.2 

 
Riverine and Riparian Wildlife 
Management 

19.73 
 

A.2.3 Wetland Management (Natural and 
Artificial) 

2.11 

A.3 Supporting Activities 16.92 

4.50 
 

5.32 
 

A.3.1 Policy Level Interventions 0.16 
A.3.2 Research Activities 1.15 
A.3.3 Capacity Development 5.05 
A.3.4 Awareness 1.77 
A.3.5 Participatory Monitoring 0.74 
A.3.6 

 
Cost of PMUs of Two State Level 
Implementing Agencies 

7.56 
 

A.3.7 Evaluation 0.45 
A.3.8 Contingency and Miscellaneous 

Activities 
0.04 

B. 
 

Strengthening Knowledge 
Management and National Capacity 
for Forestry Interventions and 
Conservation of Riverscapes 

10.45 
 2.78 

 
3.29 

 

C. DPR –Maintenance phase including 58.10 15.44  
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Sr.  
No. 

Component/ Activity Amount Allocation 
 

Allocation 
Impl. 
Phase 

(Rs. in 
crore) 

(%) (%) 

 Scaling Up and Replication of 
Successful Models of Forestry 
Interventions 

  

C.1 Maintenance Cost of A.1 and A.2  24.54 6.52  
C.2 Maintenance Cost of A.3, B and D 19.93 5.30  
C.3 

 
Scaling Up and Replication of 
Successful Models of Forestry 
Interventions (5% of A.1 & A.2) 

13.63 
 

3.62 
 

 

D. 
 

National Coordination for Forestry 
Interventions and Riverscape 
Conservation 

18.20 
 

4.84 
 

5.72 
 

Total (A+B+D) 318.17  100.00 
Total Project Cost (A+B+C+D) 376.27 

 
100.00 

 
 

 
2.12 Potential Benefits 
 
Under the Paris Climate Change Agreement, India has committed to meet its Nationally 
Determined Contribution (NDC). The forestry sector goal of NDC besides other goals 
commits to create an additional carbon sink of 2.5 to 3 billion tonnes of CO2 equivalent 
through additional forests and tree cover by 2030. To achieve this, India is determined to 
continue with its on-going interventions, strengthen the existing policies and launch new 
initiatives in the priority areas inter alia full implementation of Green India Mission and 
other programmes of afforestation. The recent initiatives of afforestation along the major 
river basins of the country through forestry interventions will further contribute to additional 
carbon sequestration through afforestation activities.  
 
Proposed rejuvenation efforts by way of the above elaborated wide range of forestry 
interventions within the Chenab Riverscape spread across the state of Himachal Pradesh and 
Jammu and Kashmir UT aims to plant trees and execute varied treatment and plantation 
models on 8,101.40 ha land of identified three types of landscapes on either side of the river 
(Table 2.8). In addition, a wide range of proposed activities relevant to soil and moisture 
conservation measures/ structures will involve cumulative work to the extent of 6,20,860 m3.  
These varied inputs are expected to enhance the base flow/ groundwater recharge, reduce 
sediment load, increase in biomass production, reduce CO2 by carbon sequestration, economic 
returns from various NTFPs produced, and employment generation. Likely estimated benefits 
owing to proposed inputs are summarized in Table 2.8. The DPR provides greater insight on 
the approach of computing potential benefits.  
 
Thus, proposed inputs by way of plantation activities are expected to increase the forest cover 
by 81.01 km2. Recharge due to construction of conservation structures as a part of SMC 
measures/ works is expected to be 18.19 MCM. The value for the anticipated overall 
reduction in sediment load was computed to 11,890 m3/year. The expected CO2 reduction for 
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20 years period will be 1.14 million t of CO2 eq. As a byproduct, various plantation models 
and other treatment models are expected to contribute substantially towards production of a 
variety of NTFPs having economic returns worth Rs. 1.07 Crore. During the execution of 
DPR, labour work alone would contribute towards generation of 9.28 million mandays of 
work (Table 2.8). Thus, it is amply evident that the project of this nature would greatly help 
in enhancing availability, quantity, and quality of water of Chenab River and its tributaries 
besides providing the above-described estimated multiple benefits directly and indirectly 
contributing to the wider goals of river rejuvenation, biodiversity conservation, climate 
change mitigation and sustainable livelihoods.  
 
Table 2.8: Estimated Potential Benefits from Proposed Forestry Interventions 

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in crore) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

81.01 0.91 1.14 18.19 11,890 1.07 9.28 

 

 
************* 
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3. 

Ravi River 

3.1 Introduction 

 
The Ravi River is a transboundary Himalayan River traversing through the north-western 
India and eastern Pakistan. It is one of six principal rivers of the Indus River System. 
According to the ancient history traced to Vedas, the Ravi River was known as ‘Iravati’. The 
Ravi River originates in the Lesser Himalayas in India from Bara-Bhangal area of Kangra 
district of Himachal Pradesh in India and drains into the Arabian Sea through the Indus River 
in Pakistan. The Ravi River is the smallest river of all other transboundary rivers of India and 
Pakistan. It runs almost along the India-Pakistan border. The total length of Ravi River both 
in India and Pakistan is 720 km while the length of Ravi River in India is 341 km.  Out of the 
total length of 341 km, 168 km lies in Himachal Pradesh, 63 km in Jammu and Kashmir 
Union Territory (J&K UT), and 110 km in Punjab. The Ravi River is covered under the Indus 
Water Treaty (IWT), 1960, and has been referred as one of the three ‘Eastern Rivers’ that has 

been assigned to India for its full unfettered use. 
 
The Bara Bhangal area comprises of snow-covered peaks at heights ranging from 3,000 - 
6,000 m AMSL (Fig. 3.1). Ravi River is formed by the confluence of Bhadal Nallah 
originating from Bhadal Glacier, Rai Nallah originating from Rai Ghar Glacier and Tantgari 
Nallah originating from Tantgari and Karu Glaciers. It has Budhil, Baira, Siul, Tant Giri, 
Sewa, Chirchind Nallah, Bhadal, Ujh, Bein and Basantar as major tributaries. The right bank 
tributaries of the Ravi River are Budhil, Tundahan Beljedi, Saho and Siul and its left bank 
tributary worth mentioning is Chirchind Nallah. Town Chamba in Himachal Pradesh is 
situated on the bank of the Ravi River. Flowing westward, it is hemmed by the PirPanjal and 
Dhauladhar Ranges, forming a triangular zone. After passing through the Chamba district, it 
leaves the Himalayas at Basohli and traverse through Kathua district in Jammu region of J&K 
UT (Fig.3.2). It makes a sudden westerly bend and enters the Punjab Plains near Madhopur. 
Some distance below Madhopur, it demarks boundary between the two Punjab (West in 
Pakistan and East in India). It joins the Chenab River at Trimb (Pakistan). The Siul River is 
one of the major tributaries of Ravi River in Himachal Pradesh with a catchment area of 
about 1,500 km2 and contributes a large amount of water to the Ravi River. The major 
tributary of Ravi River in J&K UT is Ujh River which originates in Kailash Mountains near 
Bhaderwah hills, part of the Pir Panjal Range at an altitude of 4,300 m AMSL. It flows a 
distance of nearly 100 km, some of it in Pakistan Punjab, before joining Ravi River near 
Chak Ram Sahai in the Indian Punjab. The average width of the river in the plains is about 
1.2 km. The Basantar is another tributary of Ravi River which flows through Samba district 
of J&K UT. The well-known human settlements along the Ravi River and its major 
tributaries are Bharmaur, Madhopur, Kathua, Samba, Basohli, Gurdaspur, NarotJaimal Singh, 
Rakwal, Kamalpur, Sundergarh, Kassowala and Chamba town.   
 

https://en.wikipedia.org/wiki/Transboundary_river
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Pakistan
https://en.wikipedia.org/wiki/Indus
https://en.wikipedia.org/wiki/Vedas
https://en.wikipedia.org/wiki/Iravati
https://en.wikipedia.org/wiki/Indus_River
https://en.wikipedia.org/wiki/Pir_Panjal
https://en.wikipedia.org/wiki/Dhauladhar
https://en.wikipedia.org/wiki/Pir_Panjal_Range
https://en.wikipedia.org/wiki/Punjab,_Pakistan
https://en.wikipedia.org/wiki/Punjab,_India
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Fig. 3.1: Ravi River Flowing through the Rugged Terrain in the Himalayan Mountains 

 

Fig. 3.2: Ravi River Flowing through Plains in Jammu and Kashmir UT 

3.2 Conservation Significance 

The Ravi River is 720 km long with a catchment area of 24,960 km2(Fig. 3.3). It runs almost 
along the India-Pakistan border. The Ravi River has five major tributaries viz., Ujh, Bein, 
Basantar, Deg and Hudiara, the upper catchments of which lie in India. In India, it is known 
as the River of Lahore. It joins the Chenab River at Trimb (Pakistan). The Ravi River has 
34,293 streams of different orders are found in this basin in Himachal Pradesh. Besides 
mythological, religious and cultural significance, the Ravi River has immense value from the 
geomorphological, ecological, environmental and economic perspective. The significance of 
Ravi River Basin based on diverse conservation values is highlighted below: 
 
(a) Ecological Values - The Ravi River is one of the five major tributaries of the Indus 
River in the Indian Territory. It is an integral part of the Indus River Basin and forms the 
headwaters of the Indus Basin. Bhadal and Tantgiri are the two major glaciers in Bara 
Bhangalwhich make the river perennial. The river’s catchment on the left is enclosed by 
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Dhauladhar, the high peakswhich separate it from the Beas River. These peaks remain snow 
covered for about eight months in a year (Fig. 3.3).     
 

 
 

Fig. 3.3: Catchment of Ravi River  

Due to high altitude and cold climate, there is hardly any vegetation in the upper reaches of 
the basin. The area is not inhabited and the cultivation appears to be only on limited scale. 
Vegetation is mainly tropical, sub-tropical, temperate, sub-alpine and alpine types with a 
thick cover of reserved forests (Fig.3.4). The important species are Oak (Quercus spp.), 
Chestnut (Aesculus indica), Deodar (Cedrus deodara), Kail (Pinus wallichiana), Juniper 
(Juniperus spp.), the Himalayan Yew (Taxus wallichiana), and Birch (Betula utilis). The 
habitat areas of Snow Leopard (Panthera uncia), Himalayan tahr (Hemitragus jemlahicus), 
Ibex (Capra ibex) and Serow (Capricornis spp.), and Musk deer (Moschus spp.) are restricted 
to the upper reaches of Ravi River catchment (2,800 – 4,000 m) and occupy the upper cold 
desert layer. The Himalayan Goral (Naemorhaedus goral) and Barking deer (Muntiacus 
muntjac) are most common ungulates in this region. These animals are distributed in the 
temperate to sub‐alpine forests in elevations between 2,400 and 2,800 m. Among the 

primates, Macaca mulatta (Rhesus macaque) and Langur (Semnopithecus entellus) apart 
from other animals like Squirrel (Sciuridae spp.), Jackal (Canis spp.), Leopard (Panthera 
pardus) and Porcupine (Hystrix indica), etc. are found to inhabit the same ecological niche 
from the lower parts to upper parts of the hills (1,400 ‐3,400 m). Among all the faunal 

elements found in this area, birds show the maximum diversity and the area is a paradise for 
avian fauna. A total of 13 fish species are known to inhabit the Ravi River. In addition to 
these a few species, viz., Barilius spp. and Puntius spp. are found in different Khads (smaller 
streams) of Ravi River.  
 
The Ravi River Basin represents two biogeographic zones viz., The Himalayas and Punjab 
Plains.The catchment area of the Ravi River Basin in Himachal Pradesh is about 5,450 km2 

and is elongated leaf shaped. A good part of the Ravi catchment i.e., about 890 km2 lies above 
the snow line i.e., 4,000 m, which receives moderate to heavy snowfall during winter. The 
catchment of the river on the left is comparatively narrow which makes the slope steep. On 
the right side of the river, catchment is wide and separated by high hills of the Pangi Valley 
from the catchment of the Chenab. The Ravi River Basin lying within Indian Territory is 
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generally rocky and passes through gradient of Himalayan Ranges. After crossing the 
Shivaliks in Chamba district of Himachal Pradesh, the river enters the Indian State of Punjab 
at Madhopur and then enters Pakistan. The river catchment is bounded by the Dhauladhar on 
the left and by Pir-Panjal Ranges on the right. The entire catchment comprises of 
mountainous terrain with steep hill slopes and is very thinly populated. Some area in the 
upper catchment of the basin remains frozen throughout the year. The main river as well as 
the tributaries is fed from snow/glaciers which makes these rivers perennial. The average 
rainfall in the basin varies from 600 mm to 1,600 mm. Intensity of the rainfall is maximum in 
the region between the confluence of Siul and Thein dam. While the upper reaches of Ravi 
River have low intensity of rainfall, the water availability due to snow/glacier contribution is 
generally even.  
 
The Ravi Basin is home to many threatened and sensitive ecosystems, viz., glaciers, alpine 
meadows, grasslands, riparian forests, etc. along with a large variety of rare, endangered, and 
threatened species that inhabit them. The Ravi River Basin across two states (Himachal 
Pradesh and Punjab) and J&K UT harbours altogether seven important Wildlife Sanctuaries 
(WLS). These are Gamgul, Tundah, Kugti, Kalatop-Khajjiar, Dhauladhar, Jasrota and 
KathlourKushlian. In Ravi River Basin, two wetlands of National importance Khajjiar 
Wetland and Ranjeet Sagar Wetland occur. The prominent peaks in Ravi Riverscape are Pir-
Panjal (5,972 m), Barakanda (5,860 m), Manimahesh Kailash (5,660 m) and Thamsar (5,080 
m). 
 
(b) Economic Values - The Ravi River Basin is exploited for its rich timber. However, the 
valley has large, fertile plains, and is known as the ‘Garden of Chamba’ (Fig.3.5). The crops 

grown in the basin supply grains to the capital and Dalhousie region. Tree species such as 
Morus alba, Ilex spp., Juglans regia, Cedrus deodara, Pinus roxburghii, P. wallichiana, etc. 
are growing along the Ravi River. Locally grown dried fruits are exported to nearby towns, 
cities, and also sold locally. Ravi River offers its dwellers various activities such as fishing, 
skiing, river camping and retreating. The Chamba district of Himachal Pradesh is considered 
as one of the richest areas of traditional and potential medicinal wealth which comes under 
Ravi River Basin. Jurinea dolomiaea, Gentiana kurroo, Valeriana jatamansi, Morchella 
esculenta, Viola serpens, Carum carvi and Picrorhiza kurroa are high valued medicinal 
plants found in Holi and Bharmour area of Ravi River Basin. Three plant species i.e., 
Gentiana kurroo, Carum carvi and Picrorhiza kurroa are reported as endangered whereas 
one species Jurinea dolomiaea is vulnerable. Moreover, Jurinea dolomiaea is the highest 
extracted plant followed by Gentiana kurroo with harvested yield of 1,600 kg/year and 900 
kg/year respectively. Most of the species are disappearing at faster rate because of its 
excessive extraction and impact due to forest fires and over grazing. Some important fodder 
plants grown in the area are Acer caesium, Aesculus indica, Ailanthus altissima and Quercus 
semecarpifolia. 
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Fig. 3.4: Ravi River in Upper Basin Area Surrounded by Steep Himalayan Mountains 
Covered by Diverse Forests    

 
The Ravi River provides subsistence fishery thereby nutritional security especially to people 
dwelling in interior areas and is a means of livelihood to local fisherman. The minor minerals 
(i.e., sand, boulders and concrete) are extracted in massive quantities from the Ravi River 
beds and its tributaries. This Basin has been heavily targeted for the hydroelectric power 
development since 1980s with the installation of NHPC’s first hydro-electric power 
generation plant with the name of Baira-Siul Hydro-electric Power Project. Nearly, 167 
Hydro Electric Projects having hydro-power potential of 2,835.12 MW have been either 
commissioned or under construction/ planned on the Ravi River in Himachal Pradesh 
(Fig.3.6). However, the potential capacity is estimated to the tune of 3,237 MW. 
 

 
 

Fig.3.5: Agriculture Landscape in Ravi River Basin 
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Fig. 3.6: Hydro Electric Power Project on Ravi River 
 
(b) Historical andCultural Values -In Vedic times, the river was known as Parushani or 
Iravati to Indians and as Hydraotes to the Ancient Greeks. The part of the legendary battle of 
the ten kings was fought on the banks of the Parushani River, later inferred by MacDonell 
and Keith as the Ravi River. When the Indian National Congress changed it goals to ‘Purna 

Swaraj’ or Total Independence, the then President Jawaharlal Nehru unfurled the tricolor on 
the banks of Ravi River in the midnight hours of 31 December, 1929 amidst the slogans of 
‘Inquilab Zindabad’ and ‘Vande Mataram’. The Manimahesh Peak and the Lake, which feeds 

the Budhil River - a tributary of the Ravi, in Chamba, has several myths associated with it. It 
is believed that Lord Shiva resides with Goddess Parvati in Manimahesh Kailash. A rock 
formation in the form of a ‘Shivling’ on this mountain is considered as the manifestation of 
Lord Shiva and the field at the base of the mountain is called by the local people as Shiva’s 

Chaugan. The local Gaddi (pastorals) community considers this region as Shiva Bhoomi. 
Legend says that before Shiva married Goddess Parvati at the Mansarovar Lake and they 
became universal parents, Shiva created Mount Kailash and made it his abode. The 
Manimahesh Ganga River originates in a cascade from the Manimahesh lake and joins the 
Budhil River on its left bank. Another popular festival held in Chamba is the ‘Minjar Mela’ 

which marks the triumph of the Raja of Chamba over the ruler of Kangra, in 935 AD. The 
festival also celebrates the paddy and maize crops grown at this time of the year. On the last 
day of the festival (Minjar Mela), a parade is held from the Akhand Chandi Palace to Ravi 
River, where offerings are made to the river. This commemorates an event in which Raja 
Sahil Verman changed the course of the river, to make the Hari Rai temple accessible to all 
devotees. 
 
The Ravi was witness to the epic battle mentioned in the Rig Veda in which the tribal 
kingdom of Bharata had emerged victorious. Not long after, the river saw the sage Valmiki 
compose the Ramayana while sitting on its banks, narrating the story of the ideal king Ram. 
The river was witness to the last seventeen years of Guru Nanak’s life, and how he 

performed ashnan (bath, as a purification process) every day before working in his fields. The 
river also cleansed the body of Guru Arjan after he was tortured on the orders of Emperor 
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Jahangir, and it accepted the guru in its embrace, providing him salvation from the Mughal 
forces. The majestic snow-peaked Himalayan Mountains and various natural ecosystems 
along the Ravi River and its tributaries, besides wide-ranging religious, cultural and historic 
values, have enormous potential for recreation and tourism industry. The natural and scenic 
beauty around the river is worth seeing and gives a great view during summer time. 
Moreover, the river is a great attraction for tourists. Water sports adventure (rafting and 
boating) and pilgrimage (Manimahesh) are major attraction and constitute several circuits of 
tourism (Fig. 3.7). Festivities and events like International Minjar Mela are associated with 
the worship of Ravi River. 
 
3.3 Riverscape  
 
The entire Ravi River Basin in the Indian Territory spreads over an extent of 11,706.41 km2. 
Out of this, the delineated Ravi Riverscape includes an extent of 9173.61 km2 and represents 
78.36% of the Basin area (Table 3.1). The Ravi River Basin in India spreads over two States 
i.e., Himachal Pradesh and Punjab and one Union Territory i.e., Jammu and Kashmir. The 
largest part of the Basin lies within Himachal Pradesh (5,041 km2), constituting 43.06% of 
Ravi River Basin and 54.95% of Ravi Riverscape (Table 3.1). Out of 11,706.41 km2 basin 
area, 9,173.61 km2 area forms the part of the delineated riverscape for the purpose of 
planning, assessment and proposed management by way of forestry interventions in the 
context of rejuvenation of Ravi River whereas, 2,532.8 km2 area of the Basin has been 
excluded (Fig.3.8). All tributaries have been included as a part of the riverscape. In short, the 
entire catchment in the mountainous states forms part of the riverscape while once the river 
descends in the alluvial plains of Punjab State, only effective areas of micro-watersheds 
influenced have been incorporated. Thus, the larger portion, being 54.95% of the riverscape, 
lies in Himachal Pradesh while 12.66% area of the riverscape falls in Punjab, and nearly 
32.40% area of riverscape lies in the Jammu and Kashmir Union Territory. Details of the 
Ravi River Basin area and riverscape area in concerning State/ UT are presented in Table 3.1. 
 

 
Fig. 3.7: Manimahesh Lake 
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Table 3.1: State/ UT-wise details of Basin and Ravi Riverscape 
 

Sr. 
No. 

State and 
UT 

Basin 
Area 
(km2) 

Area included in 
Riverscape 

(km2) 

Geographical Coordinates Area of 
Riverscape (%) Latitude 

N 
Longitude        

E 
1 Himachal 

Pradesh 
5,041.00 5,041.00 32˚10 ̍31  ̎

33˚01 ̍25  ̎
75˚47 ̍51  ̎
77˚04 ̍44  ̎

54.95 

2 Jammu 
and 
Kashmir 
UT 

2,970.91 2,970.91 32˚16’34" 
32˚56 ̍44  ̎

75˚04 ̍11  ̎
75˚56  ̍06  ̎

32.39 

3 Punjab 3,694.5 1,161.70 31˚46 ̍10  ̎
32˚30  ̍42  ̎

74˚03  ̍08  ̎
75˚54  ̍01  ̎

12.66 

Total 11,706.41 9,173.61 - - 100.00 
 

 
Fig. 3.8: Ravi Riverscape Showing Watersheds 

 
3.4 Preparation of DPR  

The present task on the preparation of DPR in the context of Ravi River was entrusted to the 
Himalayan Forest Research Institute (HFRI), Shimla, an autonomous Institution under the 
umbrella of ICFRE. The HFRI adopted a holistic approach of river basin management for 
river rejuvenation through extensive consultative process involving varied stakeholders. The 
existing scientific knowledge, past experience, and varied expertise available with 
multidisciplinary team of scientists and practicing foresters at HFRI were fully utilized for 
developing the framework, strategies and activities of the DPR. In addition, the Institute had 
availed technical inputs from concerned experts/ agencies, particularly for the themes viz., 
soil and water conservation, policy and law, Remote Sensing and GIS, and design and 
development of the project Web portal. Accordingly, the approach for the present DPR 
specifically included several key steps viz., (a) Project Initiation - background analysis and 
contextual analysis (b) identification of stakeholders and adoption of the wider  consultative 
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process (c) collection of primary field data, analysis, synthesis, and development of web 
portal(d) geospatial analysis, modelling and prioritization of sites (e) design and development 
of treatment and plantation models and formulation of strategy (f) planning for conservation 
interventions and supporting activities (g) Preparation of draft DPR and finalization.  

(i) Contextual Analysis - Ecology of the Ravi River is constantly influenced by a wide 
ranging natural and manmade factor besides policy and law, economic, social and political 
processes that take place in society. The project planners and implementers thus seek 
information about the overall picture on the environment, including technical national and 
sectoral information. The Project activities started off by performing an overall preliminary 
study (pre-study). The pre-study involved the collection and compilation of information 
related to external environment of the Ravi Riverscape by consulting various related sectors, 
agencies, states and organizations involved as well as any data that existed about the target 
disciplines, sectors, themes, etc. Thus, the foremost key step in the present planning exercise 
on the preparation of DPR was a systematic review of vast available literature on the subject 
through internet surfing and library consultation. The websites of prominent international, 
national and state level agencies and organizations dealing with any of the aspects related to 
river resources and conservation were extensively searched and required information was 
downloaded for developing the desired insight. The relevant secondary information from 
related organizations was also collected. The combined effort on the review of literature and 
collection of background information immensely helped in the contextual analysis. The 
contextual analysis also provided desired insight on the Ravi Riverscape and its three sub-
environments (i.e., physical, biological and socio-economic). 
 
(ii) Consultative Process - The second vital step for successful planning and 
implementation required broader participation of stakeholders at all stages of planning of the 
project activities. The assignment envisaged stakeholder consultations at the national and 
state levels at the time of launch of entrusted task and also after the preparation of draft DPR. 
Accordingly, prominent consultations for the preparation of DPR were held at the national 
and state levels. For the preparation of DPR, extensive consultative and meetings with select 
subject matter experts were organized by the core team of the project at HFRI.  
 
(iii) Design of Field Data Formats – The HFRI developed five data formats. Details of 
these five data formats, types of information required, and the procedure to collect desired 
information were shared with stakeholders, particularly the forest officials and frontline staff 
during the consultative process and specific training sessions organized. Adequate soft and 
hard copies of formats were made and widely distributed to forest officials and other 
stakeholders during the consultative process. 
 
(iv) Development of Software and Web Portal - The software was developed in PHP/ 
MySQL, server Linux based used to generate reports in the desired formats e.g., State-wise, 
District-wise, Division-wise, Model-wise and Activity-wise and Annual Consolidated 
Reports year-wise areas under different Landscapes to be treated and corresponding costs. 
 
(v) Preparation of DPR –The draft DPR (Vol. I and II) was shared with the State Forest 
Department of Himachal Pradesh, Jammu and Kashmir UT and Punjab, Line Departments 
and other stakeholders in the concerned State/UT as well as the National Level Consultation 
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Meetings seeking their feedback and valuable inputs. The draft DPR was submitted to the 
ICFRE, Dehradun and MoEF&CC, New Delhi and comments were invited, and accordingly 
recommendations/suggestions have been incorporated.  
 

3.5 Riverscape and its Environment 

The concept of environment is quite vast in scope, ranging from the physical to biophysical 
and from the natural to the social environments. In a system analysis approach or ecosystem 
management, the focus is on interactions and inter-relationships between different parts of the 
environment. The term ‘Environment’ simply means ‘Surroundings’ (Environs). Hence, the 

environment of an individual, object, element or system includes all entities with which it is 
surrounded, this means, the abiotic (non-living) and biotic (living) components of the 
environmental systems. 

River ecosystem is a part of larger watershed network or catchment, where smaller headwater 
streams drain into mid-size streams, which progressively drain into larger river network. The 
condition of river ecosystem or river health amply reflect the overall interaction and 
interrelationship of the biotic (i.e., flora and fauna) and abiotic (i.e., hydrological, 
geomorphic, etc.) attributes. The DPR has provided a synthesis on the understanding of 
riverscape environment based on the review of secondary information and an effort was also 
made to summarize and highlight the vital aspects of three sub-environments from the 
perspective of DPR and proposed rejuvenation of Ravi River through forestry interventions.  
Like other Himalayan Rivers, Ravi River has been maneuvered extensively for generation of 
power by establishment of several sequential dams viz., Chamera I, II, III and Ranjit 
Sagar/Thein. Thus, the Ravi River is also under immense human influence owing to 
construction of dams/ reservoirs/ barrages/ canals/ establishment of hydroelectric projects, 
expansion of agriculture/ horticulture, development of fisheries, urbanization, 
industrialization, and enhanced tourism activities. Certainly, rapid and unplanned 
development activities have not only severely impacted the natural ecosystems (i.e., forests, 
grasslands and wetlands) along the river course, but also imperiled the river itself and its 
tributaries. 
 
(a) Physical Sub-Environment - The Ravi River Basin is the biggest sub-micro region 
in the Chamba district. Ravi River is rugged and covered with the spurs of various ranges. 
The Dhauladhar Range separates the basin of Ravi Beas from that of the Ravi River and the 
Chenab River and Zanskar snowy ranges, constituting the main topographical features of the 
area. The Dhauladhar Range running in north-west direction forms the boundary between 
Mandi and Kullu districts, at the point where it gives off Bara-Bhanghal branch to join the 
mid Himalayas. It makes a sudden bend westward and for the first time touches the 
boundaries of district Chamba, on the southern border, from this point, it continues for about 
50 km, forming the boundary between Kangra and Chamba districts. The Zanskar Range is 
the most direct continuation of the main Himalaya axis. 

The Ravi Riverscape represents two major physiographic divisions: (a) The Himalayan 
Mountainous zone in Himachal Pradesh and Union Territory of Jammu and Kashmir, and (b) 
Punjab Plains in Punjab State. These two prominent physiographic and geomorphological 
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divisions have a direct bearing on the characteristics of Ravi River Basin, the riverscape and 
the river hydrology in particular. Noticeably, the physical environment of the Ravi 
Riverscape is fascinating owing to the natural grandeur of Himalayan Mountains and vastness 
of the alluvial plains; incessantly evolving evolutionary and environmental processes; and 
expanding human imprint by way of developmental projects and intensification of 
agriculture. Thus, it is of paramount importance to first develop an insight on the physical 
environment in the context of Ravi Riverscape. The following section presents the findings 
based on geospatial analysis of the Ravi Riverscape and priority sites identified for forestry 
interventions on the basis of multi-criteria modelling performed for the purpose. 
Altitudinal Variation - Generally, the Ravi River from its origin flows in westerly 
direction and depicts large altitudinal variation from low elevation in plains in the west to 
as high as 6,076 m AMSLmountains in the north-eastern, eastern and south-eastern parts 
of the riverscape. In all, 12 elevation classes were derived through geospatial analysis 
(Fig. 3.9). The analysis revealed that the entire area of alluvial plains in Punjab falls 
under the lowest altitudinal class of <250 m and it represented 10.53% area of the 
riverscape. Substantial area of about 8,207.40 km2 or 89.47% area of the riverscape lies 
in the Himalayan State of Himachal Pradesh and J&K UT that harbours diverse forests. 
The maximum extent of 1860.57 km2or 20.28% area of the riverscape lies between 2,500 
m -3,000 m (Table 3.2). The elevational classes above 3,000 m collectively represented 
27.45% area of the riverscape and as such they offer little opportunities for forestry 
interventions owing to steep slopes with poor soil conditions, snow-covered and 
avalanche prone areas exhibiting cold desert like conditions, except in lower parts of the 
elevation class that is >3,000 m to 3,500 m. Nevertheless, there is opportunity for limited 
plantations of select species, improvement of alpine pastures or cultivation of medicinal 
plants in the lower elevations of this elevation class. 

Table 3.2: Extent under Different Elevational Classes within the Ravi Riverscape 
Sr. No. Elevation Classes Area (in km2) Class (%) 

1 < 250 m 966.21 10.53 
2 250 to 500 m 1,128.80 12.3 
3 500 to 750 m 735.96 8.02 

4 750 to 1,000 m 314.83 3.43 
5 1,000 to 1,250 m 319.85 3.49 
6 1,250 to 1,500 m 390.1 4.25 
7 1,500 to 2,000 m 448.32 4.89 
8 2,000 to 2,500 m 491.37 5.36 
9 2,500 to 3,000 m 1,860.57 20.28 
10 3,000 to 4,000 m 1,413.68 15.41 
11 4,000 to 5,000m 1,005.94 10.97 
12 ≥ 5,000 m 97.98 1.07 

Total 9,173.61 100 
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Fig. 3.9: Elevational Variation within the Ravi Riverscape 

 
(b) Biological Sub-Environment - The Ravi Riverscape along two Indian States i.e., 
Himachal Pradesh and Punjab and one Union Territory i.e., Jammu and Kashmir 
represent two biogeographic zones: (i) 2-Himalaya, and (ii) 4-Semi Arid. These two 
biogeographic zones are further represented by two biotic provinces, namely (a) 2A- 
North-western Himalaya, (b) 4A-Punjab Plains.  The following section provides an 
insight on land use and land cover, forest types and forest cover, and faunal diversity 
within the riverscape/concerned States/UT. 
 

(i) Land Use Land Cover (LULC) - Land information is important to a wide variety of 
human activities such as agriculture, forestry, water resources, as well as other types of land 
resource management. The pre-processed geometrically and radio-metrically corrected PAN 
merged satellite datasets were displayed on screen for attempting visual interpretation of 
various land use classes: (a) Agricultural Land; (b) Natural/Semi-natural Grassland; (c) 
Barren; (d) Water bodies; (e) Forest; (f) Scrub; (g) Built-up/Settlement; and (h) Snow 
covered/Glacial area. Altogether, 16 land use land cover (LULC) classes were delineated in 
the riverscape (Table 3.3). 

Table 3.3: Extent under Different Categories of Land Use and Land Cover within the 
Ravi Riverscape 

Sr. No. Land Use and Land Cover Area 
(in km2) 

Riverscape  
(%) 

1 Agriculture 2,318.27 25.27 
2 Alpine Pastures 0.99 0.01 
3 Barren 1,014.89 11.06 
4 Canal 5.0 0.05 
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Sr. No. Land Use and Land Cover Area 
(in km2) 

Riverscape  
(%) 

5 Cloud 135.63 1.48 
6 Cloud Shadow 0.81 0.01 
7 Dense Forest 1,063.45 11.59 
8 Moderately Dense Forest 1,083.63 11.81 
9 Open Forest 946.18 10.31 
10 Plantation 39.68 0.43 
11 River (Dry)/River Sand 119.73 1.31 
12 River (Perennial) 134.04 1.46 
13 Scrub 473.09 5.16 
14 Settlement 100.96 1.10 
15 Snow/ Glaciers 1,736.54 18.93 
16 Waterbody 0.72 0.01 

Total 9,173.61 100 

 

Table 3.3 on the land use and land cover revealed that under the natural categories of land use 
land cover, diverse forests under three classes of forest cover (Very Dense, Moderately 
Dense, and Open Forests) collectively covered the maximum extent of the riverscape, being 
33.71%.  Out of these, the Moderately Dense Forests represented the highest extent of 
1,083.63 km2 or 11.81% of the riverscape. The perennial river and dry river/ river sand 
categories represented 1.46% and 1.31% area of the riverscape, respectively. The Alpine 
Pastures and Waterbodies covered just 0.01% area each of the riverscape. Amongst manmade 
land use categories, agriculture represented the maximum area, being 2,318.27 km2 or 
25.27% of the riverscape. Under the natural categories, after forests, Snow/ Glaciers 
represented 18.93% of the riverscape (Table 3.3).This substantial area significantly 
contributes towards the availability and quantity of water and e-flow, particularly during the 
lean season.  

(ii) Forest Types and Forest Cover - The riverscape harbours wide range of forests along 
the altitudinal gradient. The distribution of different forest types is most important in 
suggesting suitable sites for forestry interventions based on areas which do not have dense 
forest cover or which fall in scrub and riverine habitats along the river banks. The forest type 
and cover maps were generated using the data provided by the Forest Survey of India. It was 
observed that 5,607.26 km2 or a larger chunk, being 61.12% extent of the riverscape falls 
under the non-forest category.  The riverscape recorded altogether eight different forest types 
including the scrub category. The Himalayan Moist Temperate Forests recovered the 
maximum area amongst various forest types and represented about 11.22% area of the 
riverscape. The category of Tropical Dry Deciduous Forests represented 9.65% area of 
the riverscape. The Sub-tropical Pine Forests covered 735.79 km2 and represented 8.02% 
area of the riverscape (Fig. 3.10). Scrub forest covered 5.16% area of the riverscape. The 
Dry Alpine Forests represented 4.24% area of the riverscape (Table 3.4).  
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Table 3.4: Extent of Different Forest Types within the Ravi Riverscape 

Sr. No. Forest Types Area  
(km2) 

Riverscape 
 (%) 

1 Dry Alpine Forest 388.59 4.24 
2 Himalayan Dry Temperate Forest 3.28 0.04 
3 Himalayan Moist Temperate Forest 1,029.44 11.22 
4 Moist Sub-Alpine Forest 2.15 0.02 
5 Sub-Alpine Forest 48.42 0.53 
6 Sub-Tropical Pine Forest 735.79 8.02 
7 Tropical Dry Deciduous Forest 885.59 9.65 
8 Scrub 473.09 5.16 
9 Non-Forest 5,607.26 61.12 

Total 9,173.61 100 
 

(iii) Wild Floral and Faunal Diversity – As stated earlier, the Ravi Riverscape 
represents two biogeographic zones and two biotic provinces and these provinces cover a 
wide range of natural ecosystems and associated rare, endangered and threatened floral 
and faunal species. The biogeographic zone, 2 Himalaya with one biotic province is 
represented in Himachal Pradesh and Union Territory of Jammu and Kashmir, while the 
Punjab State falls in one biogeographic province of 4A-The Punjab Plains of the Semi-
Arid zone. The 2A-Northwestern Himalaya Biotic Province is characterized by high 
snow-capped peaks, steep slopes, unconsolidated soils, and intense rainfall and 
represented by the Great Himalayas, Lesser or Middle Himalayas, and the Outer 
Himalayas or Siwaliks. Varied landforms, vast altitudinal gradient, and harsh climatic 
conditions make the environment in this zone of extreme fragility. The area of this biotic 
province harbours a considerable chunk of glaciers, snow covered areas, diverse forests, 
alpine pastures, high altitude wetlands, and rivers and tributaries besides spectacular Pir-
Panjal and Dhauladhar Himalayan Ranges. In spite of rugged terrain, one can find wide 
spread human habitations, high densities of livestock, expanding agriculture/ 
horticulture, and growing mountain tourism and adventure activities on steep slopes. The 
natural environment in this biotic province has severely suffered due to ever mounting 
human pressure and developmental activities (e.g., linking of rivers, physical barriers, 
and diversion of water; hydroelectric projects; widening of road network, disposal of 
muck; and ever-increasing tourism and hospitality industry).  
 
Despite human pressure and impact of developmental activities, the biotic province 
harbours a large number of endangered faunal taxa viz., snow leopard (Panthera uncia), 
Asiatic black bear (Ursus thibetanus), Himalayan wolf (Canis himalayensis), Himalayan 
tahr (Hemitragus jemlahicus), Bharal (Pseudois nayaur) etc. The biotic province is 
represented by a wide range of Galliformes and other avifauna. The biotic province 
harbours broad leaved forests, temperate forests, sub-alpine and alpine vegetation 
dominated by Conifers, Oaks, Spruce, Fir, Rhododendron spp. etc. The biotic province is 
also rich in lichens, bryophytes, orchids, bamboos, grasses, medicinal herbs, and shrubs. 
The Ravi Riverscape in this biotic province harbours the Tundah Wildlife Sanctuary, 
Kugti Wildlife Sanctuary, Kalatop Wildlife Sanctuary, and part of Dhauladhar Wildlife 
Sanctuary besides others smaller protected areas. 
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Fig. 3.10: Sub-Tropical Pine (Pinus roxburghii) Forest in Ravi Riverscape 
 

The whole tract of J&K UT part of the riverscape falling in Kathua and Samba districts 
lies at the confluence of the Shivalik belt with the Outer Plains. The southern and south-
western parts of the Jammu Division are covered by gentle terrain whereas the northern 
and north-eastern parts are covered by high hills. The major part of the division falls in 
Kandi area which is characterised by rugged, highly dissected terrain and harsh climate. 
The entire Division lies in the sub-tropical region and therefore, the vegetation here is a 
characteristic of sub-tropical climate. The associates of Chir pine (Pinus roxburghii) 
forest are Indian Ash Tree (Lannea coromandelica), Wendlandia heynei, Mallotus 
philippensis, etc. The major area is heavily infested by Lantana camara (Punj-phulli) 
which is a major threat to the natural vegetation of the Division. The biotic province is 
represented by jackal (Canis aureus), jungle cat (Felis chaus), Indian fox (Vulpes 
benghalensis), Indian crested porcupine (Hystrix indica), leopard (Panthera pardus), 
Grey Himalayan goral (Nemorhaedus goral), and barking deer (Muntiacus muntjak). 
Ravi Riverscape in this part of the biotic province, harbours the Jasrota Wildlife 
Sanctuary, besides others smaller protected areas.  
 
The entire Punjab part of the riverscape lies in a single biotic province i.e., 4A- Punjab 
Plains of the Semi-Arid Biogeographic Zone. Climatically, much of the Punjab State lies 
in the Arid Desert Biogeographic Zone (<400 mm rainfall), but the great extent of 
irrigation by Himalayan Rivers (i.e., Ravi, Beas and Sutlej) in past 6-8 decades has 
removed virtually all true desert elements. Thus, the State is placed in the Semi-Arid 
Indus drainage area. The entire biotic province can be recognized in three regions viz., 
(a) the north Shivalik Hill system, the Indus Alluvial Plains, and a fragmented region of 
wetlands-natural and artificial. The Shivaliks have a dry deciduous forest cover, but 
much has been severely eroded and reforestation has largely used exotic tree species. The 
Shivalik forests still has sambar (Cervus unicolor), Indian wild pig (Sus scrofa cristatus), 
barking deer (Muntiacus muntjak), etc. The alluvial plains have fragmented relict 
populations of nilgai (Boselaphus tragocamelus) which along with wild pig (S. s. 
cristatus) cause considerable crop depredation. A few smaller and isolated populations of 
blackbuck (Antilope cervicapra) and chinkara (Gazella bennettii) also occur. Varied 
wetlands have an important element of migratory waterfowl/ avifauna. The Ranjit Sagar 
on Ravi River forms an important wetland site.   
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(c) Socio-economic Sub-Environment - A large proportion of the population in the 
Ravi River Basin inhabiting villages in proximity to forests depends upon forest 
resources for their subsistence, livestock or labour-oriented works mainly in fast 
expanding agriculture/ horticulture fields or neighbouring towns/cities. Agriculture is the 
main source of livelihood. The Ravi River provides subsistence fishery thereby 
nutritional security especially to people dwelling in interior areas along the international 
border and is a means of livelihood to local fishermen. People in the hill district (i.e., 
Chamba) of Himachal Pradesh and parts of Jammu chiefly depend on forest resources 
and pastorals practice transhumance livestock rearing. The inhabitants in Ravi River 
Basin are predominantly ‘Gaddis’ and ‘Gujjar’ tribes in Himachal Pradesh and 

‘Bakarwals’ in Jammu and Kashmir UT. These tribes depend on the forests for food, 

fodder, medicines, agriculture implements, handicrafts, social and religious ceremonies, 
etc. The DPR provides an insight on socio-economic situation in three concerned basin 
States/UT. The riverscape and its people  are being greatly influenced by the physical 
sub-environment by way of difficult terrain, harsh climate, natural disasters (avalanche, 
earthquake, landslides, and floods), and wild flora and fauna (weeds; crop depredation 
and livestock predation) besides manmade activities (physical barriers – dams, 
reservoirs, canals), hydroelectric projects, road construction, mining, industrialization, 
urbanisation, ever increasing tourism activities, and even by the issues relevant to policy 
and law in the context of river conservation.  
 
3.6 Major Issues  

The natural and anthropogenic problems concerning the Ravi River encompass heavy rains 
that leads to flash floods, enhanced sedimentation that makes water highly turbid; harsh 
climatic conditions due to erratic and changing patterns of snowfall, rainfall, and temperature; 
fragility of the Himalayan environment owing to increased seismic activity and active 
landslides, shallow soil depth, low soil fertility and faulty land use pattern. The river is under 
severe threat due to six prominent developmental activities viz., (a) physical barriers - 
sequential hydroelectric projects, (b) industrialization, (c) urbanization along the river and its 
tributaries leading to reduced e-flow, water pollution and waste dumping, (d) sand mining, (e) 
deforestation that steers to quick runoff leading to floods and soil erosion and also loss of 
biodiversity, and (f) enhanced tourism related activities (Fig. 3.11). The rhitherone zone of 
the Ravi River within the Himalayas has been maneuvered extensively for generation of 
power by formulation of many dams, Chamera I, II, III and Ranjit Sagar/Thein.Heavy rains 
led to flash flood in streams. This disturbance has imperiled the ecological integrity as 
migratory fish fauna has been severely impacted. The key threats that the Ravi River face are 
the ever-increasing pollution from sewage and industrial effluents besides reduced e-flow. 
These are the prominent problems that have several ecological, social, cultural and economic 
implications that are becoming irreversible. In the present project on proposed forestry 
interventions, afforestation and reforestation activities along with soil and water conservation 
measures in identified priority areas besides various conservation interventions including 
riverine and riparian wildlife management and wetland management are specifically 
envisaged so as to seek Aviral Dhara and Nirmal Dhara.  
 



 

153 

 

Conservation problems, issues, and threats in the context of Chenab River are summarized in 
Box 3.1. 
 

 
 

 
Fig. 3.11: Ecologically Sensitive Khajiar Wetland Site experiences ever increasing 

Tourism Pressure 

Box - 3.1 
Ravi River – Problems, Challenges and Issues 

 
▪ The Ravi River, being a transboundary river flows across Himachal Pradesh, Punjab, and 

Jammu Division of Jammu and Kashmir Union Territory (J&K UT) in India before entering in Pakistan. 
River is highly burdened by human exploitation. It is even neglected as compared to other major 
tributaries of the Indus River. Biological and water resources already show signs of deterioration while 
ecological integrity is being challenged. 

▪ The Ravi River is under severe threat due to prominent developmental activities viz., (a) physical 
barriers - sequential hydroelectric projects, (b) industrialization, (c) urbanization along the river and its 
tributaries leading to reduced e-flow, water pollution and waste dumping, (d) sand mining, (e) 
deforestation that steers to quick runoff leading to floods and soil erosion and also loss of biodiversity, 
and (f) enhanced tourism related activities. 

▪ The Ravi River and most of its tributaries originates from Bhadal and Tantgiri glaciers and snow-
capped Himalayas and the part of the Ravi Riverscape in Himachal Pradesh and these areas come under 
high seismic zone and vulnerable to earthquakes and landslides. High rainfall at a time and resultant 
floods are expected to aggravate due to likely climate change and its impact. Harsh climatic conditions 
due to erratic and changing patterns of snowfall, rainfall, and temperature resulting in heavy rains leads 
to flash floods and enhanced sedimentation that makes water highly turbid.  

▪ There are several HEPs on Ravi River in Hilly parts of Himachal Pradesh and still new HEPs and other 
developmental activities have been planned which are expected to further fragment the river, causing 
loss of longitudinal, horizontal and lateral connectivity. Land degradation and high rates of 
sedimentation owing to various factors remain major challenges for the maintenance of e-flows and 
ecosystem integrity of the river and various tributaries. Being a transboundary River, water diversion 
and resultant disputes in times to come could be major threats for conservation of Ravi River. Issues 
related to Inter-State/Centre-State coordination and any change in policies and priorities could severely 
impact planned activities of rejuvenation of Ravi River. 

▪ The rhitherone zone of the Ravi River within the Himalayas has been maneuvered extensively for 
generation of power by formulation of many dams. This disturbance has imperiled the ecological 
integrity as migratory fish fauna has been severely impacted.  

▪ The key threats that the Ravi River face are the ever-increasing pollution from sewage and industrial 
effluents besides reduced e-flow. These are the prominent problems that have several ecological, social, 
cultural and economic implications that are becoming irreversible.  
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3.7 Prioritization of Sites  

The RS and GIS based geospatial analysis and adoption of multi-criteria using information on 
three attributes viz., land use land cover, slope, and erosion rate facilitated the prioritization of 
areas within the riverscape for the purpose of proposed forestry interventions.  Accordingly, 
nearly 35% area of the riverscape lies in the high priority Area. About 30% area of the 
riverscape represented medium priority area while remaining 34.60% area belonged to low 
priority (Table 3.5). In case of mountainous state of Himachal Pradesh, 44.59% area 
represented high priority area while high priority area in the riverscape part of J&K UT was 
31.24%. The Punjab part of the riverscape has only 6.35% area in high priority area. Nearly 
54% area in Punjab part of the riverscape ranked in low priority area.  
 
Table 3.5: State/ UT-wise Prioritized Areas in the Ravi Riverscape  
 
Sr. 
No. 

State/ UT Priority Areas Riverscape 
Area   
(km2) 

 
 

High 
Priority 

Area 
(km2) 

Medium 
Priority Area 

(km2) 

Low 
Priority Area 

(km2) 

1 Himachal Pradesh 
 

2,247.93  
(44.59%) 

1,204.66 
(23.90%) 

1,588.41 
(31.511%) 

5,041.00 
 

2 Jammu & Kashmir UT 927.99 
 (31.24%) 

1,079.91 
(36.35%) 

 
 
 

963.01 
(32.41%) 

2,970.91 
 

3 Punjab 73.77 
(6.35%) 

464.98 
(40.02%) 

622.95 
(53.63%) 

1,161.70 
 

Total 3,249.69 
(35.42%) 

2,749.55 
(29.97%) 

3,174.37 
(34.60%) 

9,173.61 
(100%) 

 

3.8 Policy and Legal Issues 

The Ravi River flows through Himachal Pradesh, parts of the newly formed J&K UT and 
Punjab before flowing into Pakistan. Thus, it is not just an inter-state river, but also a 
transboundary river whose waters are shared between India and Pakistan. In Himachal 
Pradesh and J&K UT, the biggest collective threat to the Ravi River Basin is from the 
Hydropower sector. Other threats include illegal sand and boulder extraction and related 
activities including operation of stone crushing units, road construction, illegal waste and 
untreated effluents dumping, etc. Real estate and tourism related construction activities have 
also started to prove disastrous to basin as floodplains are getting exploited by these sectors 
increasing flood risk.In the state of Punjab, the issues relate to over extraction of groundwater 
for the purpose of irrigation, commercial and industrial purposes as well as dumping of 
industrial waste into the river. Most importantly, the Ravi River Basin has already started 
witnessing climate change related impacts including glacial melt and increasing threat of 
Glacial Lake Outburst Floods (GLOF). Therefore, the law and institutions need to gear itself 
to the realities of climate change. India’s law on natural resources have focused on meeting 

mostly the developmental needs of the nation to a large extent and meeting local aspirations 
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to a very limited extent. In past five decades or so, the Central and State Governments have 
enacted various legislations related to forests, wildlife, environment, river, etc. and 
formulated relevant policies. The DPR enumerates and reviews various legal and policy 
foundations relevant to river ecosystem and conservation those exist in the country and also 
comments on how various prominent judgments, directives and other interventions by 
different Hon’ble Courts including the National Green Tribunal have helped in safeguarding 

interests of forests, wildlife, rivers, and wetlands besides protection of the environment. 

 
Certainly, the Indus Water Treaty, 1960: Jammu and Kashmir Re-organization Act, 
2019besides provisions of the Municipal Solid Waste (Management and Handling) Rules, 
2000; Wetland (Conservation and Management) Rules, 2017; Guidelines on Sustainable 
Sand-mining, 2015; Union Ministry of Urban Development (MoUD) Guidelines on Urban 
Greening, 2014; Himachal Pradesh Participatory Forest Management Regulations, 2001; 
Himachal Pradesh Non Bio-degradable Garbage (Control) Act,1995; and Forest 
(Conservation) Amendment Rules, 2014 are some of the prominent policies and legal 
instruments applicable in case of river conservation. The agreement made and provisions 
incorporated as per the Indus Water Treaty, 1960 are of utmost importance in the context of 
Ravi River from the perspective of river water settlement, use and obligations as it is one of 
the ‘Eastern Rivers’ listed under the Treaty. 
 
From the perspective of proposed forestry interventions, details of the Implementing 
Agencies (IAs) at the national and state levels are much desirable. The DPR has proposed the 
MoEF&CC as the Central Nodal Ministry for overseeing and steering the programme 
implementation; the ICFRE, Dehradun and its institute i.e., the HFRI, Shimla as the National 
Partner Organization for Capacity Development and Monitoring; and the pivotal role of the 
concerned Forest Departments of Himachal Pradesh, Punjab and J&K UT as the 
Implementing Agencies. The Civil Society represents the collective group of individuals, 
Non-Governmental Organizations (NGOs) and Institutions in a society that mark interests 
and will of citizens, and also referred as the ‘Third Sector’ of the society, distinct from the 

government and corporate. Since, the Ravi River flows through cities and towns. The river 
and its tributaries throughout their journey from origin to confluence are surrounded by 
densely populated human habitations. The Civil Society can play vital role in creation of 
mass awareness, protection of river and river resources, and allied activities. The religious 
bodies can also play vital role in efforts towards river rejuvenation. Likewise, numerous 
organizations and institutions (e.g., Panchayats, JFMCS, Ecodevelopment Committees, 
Biodiversity Management Committees-BMCs, Aanganwadi Workers, Nehru YuvaKendras-
NYKs, National Service Scheme-NSS, etc.) can be of utmost importance and they can be 
involved in awareness campaigns, cleaning drives for river and surrounding lands, protection 
and monitoring, and also implementation of proposed forestry interventions. The mechanism 
of implementation at the National, State and Field levels and constitution of National/ State 
Level Project Steering Committee (PSC) in each of the two relevant states and one UT have 
been described in the DPR. 
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3.9 Treatment Models 

As a part of the broader strategy towards proposed forestry interventions, three type of 
landscapes viz., (a) Natural Landscape, (b) Agriculture Landscape, and (c) Urban Landscapes 
were deciphered within the riverscape using RS and GIS, and geospatial technologies. These 
three types of landscapes within the riverscape have been referred as the lower order zone 
plans. The HFRI team has consulted the professional foresters, representatives from 
Agriculture, Urban Development sectors besides a number of subject matter specialists so as 
to get an insight on potential treatment and plantation models and various conservation 
interventions. For developing treatment models, an insight was aptly obtained from the 
consultative process, field acquaintance, professional judgment, forest working plans, and 
CAT plans was optimally used. Suggested models for the Natural Landscape were segregated 
into two broad groups: (a) Models for the Himalayan Mountainous tract in Himachal Pradesh 
and Jammu and Kashmir UT, and (b) Models for the Plains of Punjab. Each recommended 
treatment model includes background information on site characteristics, recommended plant 
species for the proposed plantation besides details on spacing, quantity of different activities 
and man days of work during the establishment year as well as in subsequent years of 
maintenance. Details of potential treatment models (44 Nos) were shared with SFDs of 
concerned States and UT seeking feedback for appropriate finalization of 44 models in three 
types of Landscapes (NL, AL and UL), and incorporated in the present DPR (Table 3.6). The 
following section provides a gist of proposed treatment and plantation models and 
conservation interventions in three types of landscapes. 

(i) Natural Landscape - Altogether, 13 models were selected and proposed for Natural 
Landscapes in the hilly region of Himachal Pradesh and they were numbered from 
RV/HP/NL/01 to RV/HP/NL/13 (Table 3.6). Likewise, 13 models were selected for Natural 
Landscape in the hilly region of Jammu and Kashmir UT, and named as RV/JK/NL/01 to 
RV/JK/NL/13 while only 02 models for Natural Landscapes in alluvial plains of Punjab State 
have been proposed and numbered from RV/PB/NL/01 to RV/PB/NL/02 (Table 3.6). 
 
(ii) Agriculture Landscape - The second lower order zone i.e., the Agriculture 
Landscapes largely in the rural environment constitutes the matrix of the riverscape. The 
activities in this zone mainly seek enhanced agricultural production. Within the riverscape, 
the Agriculture Landscapes were widely distributed. Firstly, along the altitudinal gradient in 
Himachal Pradesh and Jammu and Kashmir UT; secondly, in the vast expanse of alluvial 
plains of Punjab along the main channel. The primary activity in this zone is agriculture and 
horticulture production. A wide range of agriculture and horticulture crops are being 
undertaken by farmers on the private lands. The purpose of this lower order zone (i.e., 
Agriculture Landscape) is to enhance productivity of agricultural lands by appropriate Soil 
and Moisture Conservation (SMC) measures and planting of economic and fruit trees so as to 
support the overall conservation values and other expected ecological functions and 
ecosystem services. Two models each for the Agriculture Landscapes in the hilly state of 
Himachal Pradesh and J&K UT have been proposed. In alluvial plains of Punjab, 2 Models 
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(RV/PB/AL/01 and RV/PB/AL/02) specifically designed for plantations along the boundaries 
of crop fields and plantations in blocks, respectively have been proposed. 
 
(iii) Urban Landscape - The third lower order zone i.e., the Urban Landscapes or 
thebuilt-up environment represented by the Land Use and Land Cover category ‘Settlement’ 

of the riverscape was widely distributed throughout the riverscape, predominantly all along 
the main channel and its tributaries. Under this lower order zone, altogether three models 
(RV/HP/UL/01 to RV/HP/UL/03) focusing on riverfront development, plantations in 
institutional and industrial estates, and Eco Park development have been proposed in the 
mountainous tract of Himachal Pradesh (Table 3.6). Likewise, for J&K UT, three models 
have been proposed. Within the Punjab Plains, four models have been proposed in Urban 
Landscapes (Table 3.6). 
 

Theme Plans - Altogether, 21 Models meant for varied Conservation Interventions have 
been proposed in two States and J&K UT (Table 3.6). The theme-based activities have been 
planned and proposed at the National, State and Local field levels. The State and UT level 
Implementing Agencies i.e., the State and UT Forest Department will be responsible for 
execution of activities proposed as theme plans while the National Partner Organization 
(HFRI, Shimla) will concurrently carry out these activities at the National Level. Some of the 
supporting activities such as project management will be undertaken simultaneously by the 
Central Nodal Ministry and the State Project Management Unit (SPMU) based at the 
Headquarters of the SFD/ IA. 
 
Table 3.6: State/UT and Landscape-wise Proposed Treatment Models 
 
State Landscape Model/Activity Area (ha) Cost (Rs. 

in Crore) 
Himachal 
Pradesh 

Natural RV/HP/NL/01- Sub-Alpine Conservation - - 

RV/HP/NL/02- Sub Alpine Enrichment - - 
RV/HP/NL/03- Temperate Conifer Forest 513 15.59 

RV/HP/NL/04- Temperate Mixed Forest 1283 39.09 
RV/HP/NL/05- Pasture and Grazing Land 

Development 
100 2.27 

RV/HP/NL/06- Himalayan Chir Pine Forest 351 10.65 
RV/HP/NL/07- Himalayan Mixed Forest 54 1.47 
RV/HP/NL/08- Sub Tropical Dry Deciduous  

Forest 
59 1.58 

RV/HP/NL/09- Eradication of Lantana (> 50%) - - 
RV/HP/NL/10- Control/ Removal of Invasive 

Species or <50% Lantana - - 

RV/HP/NL/11- Protection Model for Natural 
Regeneration 720 

12.90 
 

RV/HP/NL/12- Fire Protection Model 185 2.38 

RV/HP/NL/13- Eco-Task Force Model 1000 41.27 

Agriculture RV/HP/AL/01 - Boundary Plantation Model 175 0.42 
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RV/HP/AL/02 –Planting of Economic Trees in 
Block Plantation 

29 
0.37 

 
Urban RV/HP/ UL/01 - Riverfront Development  2 4.95 

RV/HP/ UL/02  -Institutional and Industrial 
Plantation   104 4.46 

RV /HP/UL /03 -Eco-park Development   7.2 17.82 

Conservatio
n 
Intervention
s 

Soil and water Conservation (m3)  

RV/HP/CI/01-Broushwood Intervention 14830 0.44 

RV/HP/CI/02-Dry Stone Activities 132933 23.92 
RV/HP/CI/03-Create wire Activities 58817.5 26.46 

RV/HP/CI/04-Water Pond 39620 1.38 
RV/HP/CI/05- Silt Detention Dam Type 
Activities 1630 0.97 

Other 
Intervention
s 

Other Interventions Area (ha)  
RV/HP/CI/06-Riparian Wildlife Management 235 23.50 
 RV/HP/CI/07-Wetland Management (Natural 
and Artificial) 

53 4.77 

 Sub Total = 4870.20 ha. +  
247830.5 236.72 

J&K UT Natural RV/JK/NL/01- Sub-Alpine Conservation - - 
RV/JK/NL/02- Sub Alpine Enrichment - - 
RV/JK/NL/03- Temperate Conifer Forest 11 0.31 
RV/JK/NL/04- Temperate Mixed Forest - - 
RV/JK/NL/05- Pasture and Grazing Land 

Development 
- - 

RV/JK/NL/06- Himalayan Chir Pine Forest 
38 0.97 

RV/JK/NL/07- Himalayan Mixed Forest - - 
RV/JK/NL/08- Sub Tropical Dry Deciduous  

Forest 
120 

3.23 
 

RV/JK/NL/09- Eradication of Lantana (> 50%) 46 1.02 
RV/JK/NL/10-Control/ Removal of Invasive 

Species or <50% Lantana 
15 0.36 

RV/JK/NL/11- Protection Model for Natural 
Regeneration 

 
310 

4.71 
 

RV/JK/NL/12-Fire Protection Model 190 1.17 
RV/JK/NL/13- Eco-Task Force Model 1000 42.35 

Agriculture RV/JK/AL/01 -Planting of Economic Trees 207 0.52 
RV/JK/AL/02 –Planting of Economic Trees in 

Block Plantation 
38 0.49 

Urban RV/JK/ UL/01 - Riverfront Development  - - 
RV/JK/ UL/02 -Institutional and Industrial Estate 
Plantation         

121 
5.19 

 
RV /JK/UL /03 -Eco-park Development    

5.59 
12.62 

 
Conservatio
n 
Intervention
s 

Soil and water Conservation (m3)  
 RV/JK/CI/01-Broushwood Intervention - - 
RV/JK/CI/02-Dry Stone Activities 10810 1.94 
RV/JK/CI/03-Create wire Activities 8780 3.95 
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RV/JK/CI/04-Water Pond - - 
 RV/JK/CI/05- Silt Detention Dam Type 
Activities 

- - 

Other 
Intervention
s 

Other Interventions Area (ha)  
RV/JK/CI/06-Riparian Wildlife Management 20 2.00 
 RV/JK/CI/07-Wetland Management (Natural and 
Artificial) 

- - 

 Sub Total = 2121.59 ha. + 
19590.00m3 80.90 

Punjab Natural RV/PB/NL/01- Restoration of Degraded Forests 
Model 

561.35 13.01 

RV/PB/NL/02- Road Side Plantation 234 10.52 
Agriculture RV/PB/AL/01 -Boundary Plantation Model  

700 
1.76 

 
RV/PB/AL/02 –  Block Plantation Model 118 1.54 

Urban RV/PB/ UL/01–Bioremediation and Biofiltration 
9.1 

2.25 
 

RV/PB/ UL/02 - Riverfront Development  2.7 6.68 
RV/PB/ UL/03  - Institutional and Industrial 

Estate Plantation 
88 3.98 

RV /PB/UL /04 -Eco-park Development    4.6 11.38 
Conservatio
n 
Intervention
s 

Soil and water Conservation (m3)  

RV/PB/CI/01-Broushwood Intervention 24120 0.72 
RV/PB/CI/02-Dry Stone Activities 43580 7.84 
 RV/PB/CI/03-Create wire Activities 3400 1.53 
RV/PB/CI/04-Water Pond 114400 4.00 
RV/PB/CI/05- Silt Detention Dam Type 
Activities 

- - 

Other 
Intervention
s 

Other Interventions Area (ha)  
RV/PB/CI/06- Riparian Wildlife Management 57 5.70 
RV/PB/CI/07- Wetland Management (Natural 
and Artificial) 

56 5.04 

  1830.75 
ha+185500m3 75.99 

Grand Total = 8822.54 ha 
+452920.5m3 

393.62 
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Proposed mitigation measures in Ravi Riverscape are summarized in Box 3.2 

 

  

Box - 3.2 
Rejuvenation of Ravi River - Mitigation Measures 

 
Ravi River originates in the Lesser Himalayas and flows through Himalayan States/ of 
Himachal Pradesh and Jammu UT before it descends in Punjab Plains within the Indian 
Territory and prior it enters in Pakistan. Ravi River primarily suffers on account of 
fragility of the Himalayan environment owing to increased seismic activity and active 
landslides, shallow soil depth, low soil fertility and faulty land use patternflash floods, 
and enhanced sedimentation besides river fragmentation. Major proposed forestry 
interventions include:  

▪ Soil and moisture conservation works worth 73.21 crore, representing 14.67% of 
the proposed budget outlay by way of adopting 17 treatment models relevant to 
construction of brushwood and dry-stone check dams, ponds, moraine 
management, and establishment of crate wire, and silt detention structures. 
 

▪ Altogether, 44 treatment models in Natural, Agriculture, and Urban landscapes 
spread over two States and one UT within the riverscape at a cost of Rs. 121.51 
crore, Rs. 5.14 crore, and Rs. 69.16 crore, respectively are proposed. These 
models focus on enrichment and conservation of alpine pastures, plantations in 
diverse forests, pasture and grazing land development, protection model for 
natural regeneration, fire protection, control/ removal of Lantana and other 
invasive species, planting of economic trees, avenue and block plantations, 
restoration of degraded forests, bioremediation and biofilters, riverfront 
development, plantations in educational and industrial estates, and eco-park 
development.  
 

▪ A wide range of activities pertaining to riparian and riverine wildlife 
management and wetland management at a total cost of Rs. 41.01 crore have 
been envisaged.  
 

▪ In addition, supporting activities aiming for awareness campaign, capacity 
development, adaptive research, participatory monitoring, etc. have been also for 
implementation.  
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3.10 Implementation Mechanism 

The programme implementation has been planned in two Phases, the Implementation phase 
and maintenance Phase. The project visualizes constitution of two Programme Steering 
Committees (PSCs), one at the National level in the Central Nodal Ministry being referred as 
the ‘National Programme Steering Committee (NPSC)’ while the other one at the State/UT 

level in the concerned SFD/IA, and being referred as the ‘State Programme Steering 

Committee (SPSC)’. The NPSC and SPSC would be responsible for the efficient execution of 
the project at the National and State/UT level, respectively. The NPSC would be responsible 
for approving the APOs submitted by participating State/UT and a National Level Partner 
Organization (NPO) in addition to primary functions of overseeing and steering the execution 
of the implementation plan. The NPMU at the Central Nodal Ministry will be responsible for 
the release of funds to IAs and the NPO once the APOs have been approved by the NPSC. 
The DPR envisages that the HFRI, Shimla will be engaged as the National Partner 
Organization (NPO) so as to help in coordination, capacity development, strategic and 
adaptive research, awareness, evaluation, monitoring, etc. The Project Facilitation Unit (PFU) 
at the NPO will follow its own mechanism of governance and will constitute its own 
Monitoring and Steering Committee for overseeing the project.  

3.11 Project Outlay 

The total projected outlay for the proposed forestry interventions is Rs. 498.76 crore (Table 
3.7). The estimated cost of Implementation phase is Rs. 395.95 crore while the outlay 
provisioned for Maintenance Phase is Rs. 102.81 crore.  

(A) Component and Activity Wise - As stated earlier, the project includes four broad 
based Components. Accordingly, financial cost of each of these four components is 
summarized below: 

A sum of Rs 359.33 crore, which is 72.04% of the overall project budget has been 
provisioned for the principal Component-A on proposed forestry interventions. This includes 
total Rs. 333.69 crore for forestry interventions in three type of landscapes (Sub-component 
A.1) and Conservation intervention (Sub-component A.2) and Rs. 25.64 crore provisioned for 
supporting activities (Sub-component A.3). The Component A on plantations and various 
treatment models in threetypes of landscapes within the riverscape is the largest in terms of 
its spread, extent and quantum of funds provisioned. The Component-A, being the 
predominant component of the overall project, have envisaged three sub-components. The 
predominant sub-component (A.1) emphasizes on extensive plantation in three type of 
landscapes (i.e., Natural, Agriculture and Urban) and plantations by the Eco Task Force 
(ETF) within the riverscape. Among three landscapes, the predominance of proposed activity 
is in Natural Landscapes and a sum of Rs. 105.47 crore has been provisioned for the 
envisaged interventions. Two Battalions of Eco Task Force will also carry out plantation 
activities in an extent of 2,000 ha within the Natural Landscapes in Himachal Pradesh and 
Jammu and Kashmir UT at a projected cost of Rs. 45.34 crore. Plantations and other 
appropriate treatment models have also been planned for Agriculture Landscapes and Urban 
Landscapes within the riverscape and required budget provision to the tune of Rs. 4.81 crore 
and Rs. 67.22 crore, respectively of the sub-component (A.1) have been made. 
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The Sub-component A.2 includes three major types of interventions. These are: (a) Soil and 
Moisture Conservation measures, (b) Riverine and Riparian Wildlife Management, and (c) 
Wetland Management. In all, a sum of Rs. 110.85 crore has been provisioned for this Sub-
component, which represents 22.22 % of total budget outlay (Table 3.7). Out of this, the 
budget outlay for SMC measures is Rs. 73.21 crore or 20.37% allocation of the funds 
provisioned for Component-A. Budget outlays provisioned for Riverine and Riparian 
Wildlife Management, and Wetland Management are Rs. 37.64 crore or 10.48 % of total 
budget of component A. 

Table 3.7: Project Budget Outlay for the Proposed Forestry Interventions  
 

Sr. No. Component/ Activity 
 

Amount 
(Rs. in crore) 
 

Allocation 
Total 
(%) 

Allocation 
Impl. Phase 

(%) 
A. 

(A.1+A.2) 
Implementation of Forestry 
Interventions  

333.69 82.27 84.27 

A.1 Treatment Models in Three Type of 
Landscapes 

222.84 44.68 56.28 

A.1.1 Natural Landscapes 105.47 
A.1.2 Eco Task Force 45.34 
A.1.3 Agriculture Landscapes 4.81 
A.1.4 Urban Landscapes 67.22 
A.2 Conservation Interventions 110.85 22.22 27.99 

A.2.1 Soil and Moisture Conservation 73.21 
A.2.2 Riverine and Riparian Wildlife 

Management and Wetland Management  
37.64 

 
A.3 Supporting Activities 25.64 5.14 6.48 

A.3.1 Policy Level Interventions 0.19 
A.3.2 Research Activities 2.44 
A.3.3 Capacity Development 7.54 
A.3.4 Awareness 4.64 
A.3.5 Participatory Monitoring  0.90 
A.3.6 Cost of PMUs of State/ UT Level 

Implementing Agencies 
9.33 

A.3.7 Evaluation 0.56 
A.3.8 Contingency and Miscellaneous Activities 0.05 

Total Budget of Component A (A1+A2+A3) 359.33  
B. Strengthening Knowledge Management 

and National Capacity for Forestry 
Interventions and Conservation of 
Riverscapes 

18.53 3.72  

C. DPR – Maintenance phase including 
Scaling Up and Replication of 
Successful Models of Forestry 
Interventions 

102.81 20.61  

C.1 Maintenance Cost of A.1 and A.2  59.97   
C.2 Maintenance Cost of A.3, B and D 26.169 5.24  
C.3 Scaling Up and Replication of Successful 

Models of Forestry Interventions (5% of 
A.1 & A.2) 

16.68   

D. National Coordination for Forestry 
Interventions and Riverscape 

18.09 3.63 4.57 
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Sr. No. Component/ Activity 
 

Amount 
(Rs. in crore) 
 

Allocation 
Total 
(%) 

Allocation 
Impl. Phase 

(%) 
Conservation 

Total (A+B+D) 395.95  100.00 

Total Project Cost (A+B+C+D) 498.769 
or say 
498.77 

100.00  

The Sub-component pertains to the ‘Supporting Activities’ is to be executed by concerned 

States/UT level IAs. This Sub-component includes seven broad based activities viz., (a) 
policy and legal interventions, (b) participatory monitoring, (c) adaptive research, (d) 
capacity development, (e) awareness, (f) project management, and (g) evaluation. A budget 
of 25.64 crore or 5.14% of the total budget proposed to the concerned States/UT has been 
provisioned for carrying out various supporting activities.  

The Component-B is meant for supporting envisaged activities by the National Partner 
Organization (NPO) responsible for strengthening of knowledge management, capacity 
enhancement. This Component would require a sum of Rs. 18.53 crore or 3.72% of the 
overall project outlay (Table 3.7). The Component-C of the project for maintenance of 
plantations raised during implementation Phase has also been planned. The Maintenance 
Phase would also include limited activities related to replication of efforts in additional 
tributaries/areas and scaling up of the planned effort. A sum of Rs. 102.81 crore or 20.61% of 
the total project financial outlay has been provisioned (Table 3.7). The Component-D pertains 
to the project management at the national level which would include the establishment of 
National Project Management Unit (NPMU) at the Central Nodal Ministry (i.e., MoEF&CC) 
with the responsibility to oversee, steer and manage this priority project. A sum of Rs. 18.09 
crore, representing 3.63 % of the overall budget has been provisioned (Table 3.7).  

3.12 Potential Benefits 
 
The proposed efforts towards river rejuvenation are exclusively confined to forestry 
Interventions aiming for enhancement of forest cover, grassland and wetland management, 
reduction in soil erosion, riparian management, and in stream/aquatic habitat and species 
management. Certainly, several other measures of engineering, hydrological, mechanical, 
agricultural, biotechnological nature aiming channel and flow modification, dam removal or 
retrofitting, bank stabilization, storm water management and flood control, spring/aquifer 
management, floodplain reconnection and channelization, channel reconfiguration, 
management of industrial effluents and urban waste and sewage, climate smart agriculture, 
management of toxins, etc. are out of purview of the present DPR. In view of the above, 
various potential ecological and socio-economic benefits expected as a result of proposed 
wide-ranging forestry interventions are summarized in Table 3.8. The projected increase in 
forest cover shall be 88.23 km2. Accordingly, forestry interventions are expected to recharge 
water to the extent of 17.95 MCM; reduce sediments by 1,46,788m3yr-1,reduce CO2 by 1.37 
million tones CO2eq yr-1 after 20 years. In addition, proposed forestry interventions are 
expected to provide economic returns to the tune of 5.41 crore by way of production of a 
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wide range of NTFPs (Table 3.8). The employment to the extends of 7.85 million mandays 
shall be generated while implementing the DPR. 
 

Table 3.8: Estimated Potential Benefits from Proposed Forestry Interventions in Ravi 
Riverscape 

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

88.23 1.50 1.37 17.95 1,46,788 5.41 7.85 

 

 
************* 
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4. 

Beas River 

 

4.1 Introduction 

The Beas is a major Himalayan River and the second most important principal river of the 
Indus River System as far as India is concerned. Beas originates in the PirPanjal Range at 
Vyas Kund near Rohtang Pass in the state of Himachal Pradesh. After its origin, the river 
traverses through the Great Himalayas, Lesser Himalayas and Outer Himalayas before 
descending into the Punjab Plains and prior to its confluence with the transboundary river 
Sutlej, the largest river of the Indus River System at Harike Pattan. In its 470 km long course 
from the origin to the confluence with Sutlej, river Beas through two Indian states i.e., 
Himachal Pradesh and Punjab. In two states, the basin area spreads over an extent of 
20,262.10 km2. The Beas Basin is flanked in the north by drainage of Ravi and Chenab 
Rivers while in the south by the catchment of Sutlej. The northern and eastern tributaries of 
the Beas River are glacial or snow fed perennial, whereas southern tributaries are seasonal. 
The Beas River forms the second largest catchment area in the state of Himachal Pradesh. 

4.2 Conservation Significance 

The river Beas has immense conservation values from the geo-morphological, ecological, 
environmental and economic, mythological, religious and cultural perspective  

(a) Ecological values - The Beas River along with Jhelum, Chenab, Ravi and Sutlej 
Rivers within the Indian Territory constitutes five principal rivers of the transboundary Indus 
River System. The Indus River and its tributaries have immense significance for two 
neighbouring and human dominated nations i.e., India and Pakistan. In the context of the 
Indian sub-continent, three mighty rivers (i.e., Indus, Ganga and Brahmaputra), originating in 
the Himalaya, not only form major river systems south of the Hindu Kush Himalaya (HKH) 
Ranges but also attain exceptional importance from the perspectives of history, mythology, 
culture, ecology and economy. The Indus Water Treaty (1960) grouped the Beas, Ravi and 
Sutlej as the ‘Eastern Rivers’ and they acquire notable status as well as prominence as all 
their waters originating in the country shall be available for unrestricted use by India.  

The watershed of the Beas River extends over the Himalayan Ranges viz., the Great 
Himalayas, the Lesser Himalayas, and the Outer Himalayas or the Shivaliks besides 
floodplains in the Punjab Plains of the Indus River System (Fig.4.1). Owing to varied 
landforms, climatic conditions and a wide range of altitudinal gradient (325 m - 6,690 m 
AMSL), the river basin is home to diverse forests ranging from sub-tropical, temperate, sub-
alpine to alpine, and a wide range of natural and manmade wetlands, and also host to a 
variety of rare, endangered, and threatened floral and faunal species (Fig.4.2). The basin is 
home to several sensitive ecosystems viz., glaciers, snow-capped peaks, alpine meadows, 
high altitude wetlands, riparian forests, etc. (Fig.4.3). The basin has 5,520 natural and 
manmade wetlands including three Ramsar sites (Pong Dam Lake, Beas River Conservation 
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Reserve, Harike Lake), 10 Important Bird Areas and one World Heritage Site (Great 
Himalayan National Park Conservation Area - GHNPCA) besides several other prominent 
protected areas. Diverse forests along the vast altitudinal range are repository to a wide array 
of plant and animal diversity including several rare, threatened and endangered taxa. Two 
States along the course of river Beas collectively represents nearly 2.5% forest cover of the 
country. These forests constitute a significant part of the total growing stock of the country 
and harbours nearly 3.75% of the total estimated carbon stock of the country which sequester 
carbon and also help in the reduction of Greenhouse gas emissions. The GHNPCA, being an 
island of relatively undisturbed environment not only allows several altitude sensitive 
ecosystems that sustain a natural diversity of unique assemblage of biota including several 
endemics but also promotes ecological and evolutionary processes to occur. The GHNPCA 
provides habitat for four globally threatened mammals, three globally threatened birds 
including the rare Western Tragopan (Tragopan melanocephalus) and a large number of 
medicinal plants. The Beas River Conservation Reserve in plains of Punjab harbours the last 
surviving small population of the Indus River Dolphin (Platanista gangetica minor) within 
the Indian Territory.  

 

Fig. 4.1: Sequential Mountain Ranges from North to South form the Catchments of 
Various Prominent Himalayan Rivers 

 

Fig. 4.2: Catchment of Parvati, a Tributary of Beas River at Tunda Bhuj Village (3,285 
m altitude) 
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(b) Cultural values - Mythologically, Beas attains immense significance owing to the fact 
that ‘Ved Vyasa’ is the eponym of river Beas, the author of the Indian epic the 
‘Mahabharata’; he is said to have created it from the sacred source lake the ‘Vyas Kund’. The 

attraction of the river has been so great that great sages (Narad, Vashisht, Vishwamitra, 
Prashar, Kanav and Parshuram) mediated on the banks of this sacred river. The tale of 
Manikaran is popular lore with lord Shiva and goddess Parvati as the protagonists. 
Manikaran holds religious significance for Sikhs too as Guru Nanak ji is believed to have 
visited this spot.  

(c) Socio-economic values - The Beas River supports a substantial human population in five 
districts of Himachal Pradesh and two districts of Punjab. Sequential reservoirs/ barrages and 
hydroelectric projects from upstream tributaries to downstream main stem of the river have 
dramatically changed the scenario of agriculture expansion and production in the plains of 
Punjab State and it has been a major contributor towards the famous ‘Green Revolution’ and 

granary of agriculture production in the country. The Beas River Basin has a potential of 
nearly 5,000 MW among 51 hydropower projects (>5 MW). Prominent HEPs are Parbati, 
Dehar, and Pong Dam. The basin has several sites and places of high altitude and adventure 
tourism (Rohtang Pass), religious significance (Manikaran, Jwala Devi, Amritsar) and tourist 
attraction (Manali, Kullu, Mandi and Kangra). The multifarious economy arising due to 
forests, river, agriculture and horticulture, hydropower, cottage industries and tourism sectors 
have definitely brought the much-desired prosperity within the basin and beyond.  

4.3 Riverscape 

Out of the entire Beas Basin spread over an extent of 22,262.10 km2, the Beas Riverscape 

covering an extent of 16,743.01 km2 and representing 75.21% of the basin area was 

delineated for the purpose of preparing the DPR of Beas (Table 4.1). The delineated 

riverscape included the entire mountainous tract in the Himalayan State of Himachal Pradesh, 

while in case of Punjab Plains; select areas of micro-watersheds relevant to the main channel 

of Beas were incorporated. Altogether, 16 tributaries were included in the riverscape.   

Table 4.1: State-wise Distribution of the Riverscape Area 

Sr. 
No. 

State  Geographical 
Area of State 

(km2) 

Area of 
Riverscap

e (km2) 

Area of  
State (%) 

Area of 
Riverscape 

(%) 
1 Himachal Pradesh 55,673.0 13,702.16 24.61 81.84 
2 Punjab 50,362.0 3,040.85 6.03 18.16 

Total - 1,06,035.0 16,743.01 15.79 100.00 

 
As already stated, the drainage area of the Beas River Basin lies in two Indian states, namely 
Himachal Pradesh and Punjab located along the river course from the origin to confluence 
with Sutlej River. The State-wise distribution of the riverscape area is presented in Table 4.1. 
The total catchment area of Beas River in Himachal Pradesh is 13,702.16 km2 and this 
entirearea has been included in the riverscape. A small sub-set (3,040.85 km2) of total 
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catchment in Punjab was included as a part of the riverscape. Thus, the larger portion, being 
81.84% of the riverscape, lies in Himachal Pradesh while 18.16% area of the riverscape falls 
in Punjab (Fig. 4.4). Nearly 25% geographical area of the state of Himachal Pradesh 
represents in the riverscape while a small extent of 6.03% geographical area of Punjab State 
forms a smaller part of the riverscape.  

 

Fig. 4.3: Riverine Forests along the Sainj River Near Neoli in GHNPCA 

 

Fig. 4.4: Beas Riverscape 

4.4 Preparation of DPR 

The river restoration is widely accepted by most national governments and various 
stakeholders as an essential compliment to conservation and water management strategies. 
The Government of India has recognized the concerns of growing water crisis as the main 
impediment in the country’s development and in the process of nation building besides 

fulfilling various international obligations and commitments including the UN Agenda on 
Sustainable Development. Accordingly, the Government of India as a part of the multifaceted 
and concerted efforts towards river rejuvenation, aims for Aviral Dhara (uninterrupted flow), 
Nirmal Dhara (clean water), and ecological restoration through suitable forestry 



 

169 

 

interventions.  The MoEF&CC through ICFRE entrusted the task on the preparation of DPR 
in the context of Beas River to the Himalayan Forest Research Institute (HFRI), Shimla. The 
HFRI has constituted a multidisciplinary team of scientists, technical officers and other 
contractual project staff for this purpose. The institute has also availed the services of a full 
time Consultant for providing the desired resource inputs and facilitating the preparation of 
the DPR. Further, the HFRI obtained technical resource inputs from various specialists/ 
experts, especially for the themes of policy and law, soil and moisture conservation, remote 
sensing and GIS, and the design and development of the web portal for data processing, 
analysis, synthesis, and report generation. The participatory approach involving a wide range 
of stakeholders, predominantly the professional foresters and frontline staff of the Forest 
Department of two States located along the course of river, besides representatives of various 
allied sectors, line agencies, users, specialized scientific organizations, NGOs and civil 
society organizations was adopted. The preparatory phase included seven key steps viz., 
contextual analysis, wider consultative process, situation analysis, collection of primary field 
data and development of web portal for analysis and synthesis of data, design and 
development of treatment and plantation models in three type of landscapes, preparation of 
draft DPR, and finalization of the DPR. The combined effort on the review of literature and 
collection of background information immensely helped in the contextual analysis. The 
contextual analysis provided desired insight on the Beas Riverscape and its three sub-
environments (i.e., physical, biological and socio-economic). Certainly, two prominent 
aspects of the adopted approach were the extensive consultative process and the geospatial 
analysis and modelling which immensely helped in the multifaceted exercise on planning and 
assessment in the context of riverscape and preparation of DPR. These are briefly 
summarized in the following sections. 
 
(a) Consultative Process – The vital step related to the consultative process envisaged wider 
consultation with varied stakeholders. Thus, as a part of the extensive consultative process, 
HFRI has organized the Inception Workshop, Project Launch and Brainstorming Workshop, 
and sequential consultative meetings at the Forest Circle/ Division level in the involved states 
so as to make the concerned State Forest Department and other relevant line agencies aware 
about the project, acquaint them about the adopted approach, field data formats and to seek 
their support in order to accomplish the objectives of the assigned task during the preparatory 
phase. In addition, field functionaries were provided adequate trainings on the collection of 
field data and filling of prescribed data formats during the sequential consultative meetings. 
The Chapter 3 of Volume 1 of the DPR provides details of the wider consultative process 
adopted in the preparatory phase and highlights gist of deliberations and recommendations.  
 
(b) Geospatial Analysis, Modelling and Prioritization of Areas -The planning and 
management of a major river like Beas flowing for a length of nearly 470 km from its source 
in the rugged mountains of the Greater Himalayas to its confluence with the Sutlej River in 
plains of Punjab State is a daunting task as the river has vast basin drained by numerous 
tributaries. The larger proportion of hilly tract in the basin, harsh climate, diverse forests 
along the altitudinal gradient, other land uses, human activities, and wide-range of 
developmental projects all along the river course exert immense influence on the river, its 
flow and numerous associated ecological attributes and ecosystem processes. Different land 



 

170 

 

uses, particularly forests or other types of vegetation cover are vital and serve as indicators 
for the quality and functioning of the riverine environment or the riverscape. Hence, the 
present assignment on the preparation of DPR for forestry interventions on Beas River 
required a thorough understanding not only of the Beas River, but its catchment, tributaries 
and even the surrounding lands and implications of enhanced human impact.  
 
The present task on the preparation of DPR optimally used three technologies (i.e., RS, GIS 
and GPS). The foremost use of RS technique was made for delineation of boundaries of the 
riverscape keeping in view the farthest bank lines during the maximum flood period for the 
main river and its tributaries so as to avoid flood prone areas from the perspective of 
proposed forestry interventions. Further, the RS technology was of the immense utility in 
understanding the spatial patterns and processes in the context of diverse forests, other land 
uses, and identification of priority areas for proposed plantation sites and other forestry 
interventions was to delineate the boundaries of the riverscape. Subsequently, RS and GIS 
were used for geospatial analysis of the riverscape and creating different thematic layers on 
various physical attributes (i.e., altitude, slope, aspect, soil, erosion, etc.), land use/cover, 
forest types and forest cover, and fragmentation so as to develop an insight on land use 
patterns, diversity, and intricacies from the perspective of riverscape management. The main 
purpose of the use of RS and GIS technologies in the present assignment was to prioritize 
areas for proposed plantations and other forestry interventions in the natural, agriculture and 
urban landscapes within the riverscape. The field information coupled with prioritized areas 
helped in formulating plantation/ treatment models besides selection of planting species, etc. 
The GPS technology was optimally used for collection of primary field data, particularly in 
obtaining geographical coordinates of proposed sites in the prioritized areas. It was neither 
planned nor was it feasible to handle large field data sets manually. Hence, computer-based 
web portal and a geospatial database in the GIS domain on the riverscape were created in the 
process of preparation of DPR. 
 
4.5 Riverscape and its Environment 
 
‘A river is more than just the water inside it and water is only one component of the intricate 

and dynamic river ecosystem’. The overall environment of a river is the sum reflection of the 
physical regime – climate, geology, topography and land cover; biological attributes – 
terrestrial and aquatic biodiversity; and the socio-economic conditions in the surrounding 
lands of the river or even beyond in its catchment. The ecosystem-based approach to river 
management as a prerequisite seeks appreciation and understanding of the physical, 
biological and socio-economic sub-environments of the river. The fluvial processes, 
hydrological regimes, and ecological processes are vital driving forces of the river ecology. 
Four types of connectivity are of paramount importance for the sustainability of river 
ecosystem. A dynamic river, from source to sea or its confluence with other river, reflects 
varied interconnectedness, intricacies, heterogeneity, and channel dynamics besides 
longitudinal changes, vertical interactions, lateral exchange processes, temporal variations, 
and the resultant spatial patterns in the overall environment of the river and its surrounding 
lands.  
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Like any river, the Beas River is also under immense human influence since the time of one 
of the oldest civilizations (the Indus Civilization) as the Beas is one of the principal rivers of 
the Indus River System. Historically, two states along the river course remained in the 
forefront of all round development, starting from the early process of civilization, forestry 
and forest management, construction of dams/ reservoirs/ barrages/ canals/ establishment of 
hydroelectric projects, expansion of agriculture/ horticulture, development of fisheries, 
urbanization, industrialization, and enhanced tourism activities. Certainly, rapid and 
unplanned development activities have not only severely impacted the natural ecosystems 
(i.e., forests, grasslands and wetlands) along the river course but also imperiled the river itself 
and its tributaries.  
 
(a) Physical Sub-Environment - The physical environment in the context of a Himalayan 
River like Beas is complex as its geological framework is formed due to consequences of the 
continental drift–tectonic movements and it has been immensely influenced by the 
geodynamic processes and evolution; glacial, fluvial and denudation processes; driving 
variables viz., glaciers, snow cover, rainfall, temperature, etc.; and overall climatic 
conditions. Climate, geology and soils affect the availability of surface water and 
groundwater resources. Climate largely determines the amount of available precipitation in 
the basin. Geology and soil factors determine the proportion of precipitation which runs off 
the land as surface water to that which infiltrates the soil and percolates through underline 
materials to become groundwater. Geology and soils also determine surface drainage 
characteristics, the vulnerability of aquifers to contamination, and the limits of groundwater 
development.  The Beas Riverscape represents two major physiographic divisions; (a) the 
Himalayan Mountainous Zone in the state of Himachal Pradesh, and (b) the Indo-Gangetic 
Plains in Punjab State. These two prominent physiographic and geomorphological divisions 
have a direct bearing on the characteristics of Beas River Basin, the riverscape and the river 
hydrology in particular. 
 
Noticeably, the physical environment of the Beas Riverscape is fascinating owing to the 
natural grandeur of Himalayan Mountains and vastness of the alluvial plains; incessantly 
evolving evolutionary and environmental processes; and expanding human imprint by way of 
developmental projects and intensification of agriculture. The DPR provides deep insight on 
three sub-environments and aptly reflects the interconnectedness and ecological relationships 
among wide ranging elements and attributes of the dynamic ecosystem. 
 
Altitudinal Variation within the Riverscape - Altitude, particularly in the Himalayas plays 
a decisive role in the physical characteristics, biological diversity and its distribution, socio-
economic uses and consumption patterns.  In particular, higher altitudes greatly influence 
river flow, rate of sedimentation, vegetation, wild animal use and even human settlements 
and their uses. In all, total 12 elevation classes were derived. The riverscape from south-west 
to north-east direction depicts large altitudinal variation from 127 m to 6,488 m AMSL. The 
Table 4.2 revealed that nearly 50% area of the riverscape lies at altitude >1,000 m. The 
maximum extent of 2,801.96 km2 or 16.74% area of the riverscape represented the lowest 
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category of the elevation class i.e., <250 m. About 11.27% extent of the riverscape belonged 
to the higher altitude >4,000 m (Table 4.2). The entire area of alluvial plains in Punjab falls 
under the lowest altitudinal class of <250 m. Thus, substantial area of about 13,942 km2 or 
83% area of the riverscape lies in the Himalayan State of Himachal Pradesh that harbours 
diverse forests. Areas above 3,000 m representing nearly 20% area of the riverscape have 
little opportunities for forestry interventions except in lower parts of this elevation class due 
to steep slopes with poor soil conditions, snow-covered and avalanche prone areas exhibiting 
cold desert like conditions (Table 4.2).  
 
Table 4.2: Distribution of Area of Different Elevational Classes in Beas Riverscape 
 
Sr. No. Elevation Classes Area (in km2) Riverscape (%) 

1 <250 m 2,801.96 16.74 

2 250 m to 500 m 1,874.72 11.20 
3 500 m to 750 m 2,176.48 13.00 

4 750 m to 1000 m 1,574.83 09.41 
5 1,000 m to 1,250 m 906.86 05.42 
6 1,250m to 1,500 m 680.64 04.07 
7 1,500 m to 2,000 m 1,140.02 06.81 
8 2,000 m to 2,500 m 1,195.49 07.14 
9 2,500 m to 3,000 m 1,093.24 06.53 
10 3,000 m to 4,000 m 1,410.88 08.43 
11 4,000 m to 5,000m 1,413.40 08.44 
12 ≥5,000 m 474.49 02.83 

Total 16,743.01 100 

 

(a) Biological Sub-Environment - Man is an integral part of a natural ecosystem whether it 
is forest, grassland, wetland or marine ecosystem. Since time immemorial, nature and 
humanity have always had an intricate and symbiotic relationship as natural ecosystems are 
the planet’s life support system not only for human well-being but also for all other forms of 
life viz., plants, animals, and micro-organisms. Natural ecosystems provide varied goods and 
services to humankind. Enhanced human imprint, particularly in the last century and increase 
in human disturbance by way of conversion of natural ecosystems, livestock grazing, forest 
fires, over harvests of natural resources, introduction of invasive and alien species, and 
incompatible land use in surrounds of delicate ecosystems has caused habitat fragmentation, 
decline of biodiversity, reduced ecosystem services, and even impairment of natural 
functioning of complex and dynamic ecosystems. The biological environment in case of a 
lotic system like river or the riverscape includes terrestrial, aquatic, coastal and deltaic 
ecosystems all along the main channel and its tributaries and their catchment. The biological 
environment from the point of view of the Beas Riverscape is thereby, constituted by diverse 
forests, alpine pastures, grasslands, and wetlands in the Himalayan part as well as in the 
Punjab plains. The following section attempts to provide some of the highlights relevant to 
the biological environment. 
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(i) Land Use and Land Cover - Land cover refers to a physical and biological cover 
over the surface of land including water, vegetation, bare soil, and/or artificial structures. 
Land use is defined in terms of syndromes of human activities such as agriculture, 
forestry and building construction that alter land surface processes including 
biogeochemistry, hydrology and biodiversity. Broadly, land use includes the social and 
economic purposes and context for and within which lands are managed or left 
unmanaged. Understanding of land use and land cover change (LULCC) also known as 
land change is important for planning conservation efforts in view of human induced 
modifications of Earth’s terrestrial surface. An insight on land use/land cover is vital for 

land and natural resource management. The geospatial analysis of Beas Riverscape 
identified altogether 16 land use and land cover categories (Table 4.3). The maximum 
area of the riverscape was covered by agriculture, representing 35.29% extent of the total 
area. Snow/Glaciers accounted for nearly 12.56% area of the riverscape. Two categories 
of rivers - river perennial and river dry/ river sand represented 3.45% area of the 
riverscape. Waterbody, wetland, and canal categories of LULC covered a meager area 
and represented 0.21% of the riverscape. Barren area within the riverscape represented 
3.79%. Alpine pastures represented just 0.02% area of the riverscape while settlements 
covered 1.8% area of the riverscape.  

Table 4.3: Distribution of Areas under Different Land Use and Land Cover Categories 

Sr. 
No. 

Land Use and Land Cover Area 
(km2) 

Percentage of 
Riverscape Area (%) 

A. Natural Categories   
1 Very Dense Forest 1,894.15 11.31 
2 Moderately Dense Forests 2,818.17 16.83 
3 Open Forests 1,351.59 8.07 
4 Scrubs 630.55 3.77 
5 Alpine Pastures 3.87 0.02 
6 Clouds 459.77 2.75 
7 Cloud Shadows 16.38 0.1 
8 Snow/Glaciers 2,102.98 12.56 
9 Waterbodies 3.64 0.02 
10 Wetlands 26.12 0.16 
11 River (Dry)/ River Sand 194.23 1.16 
12 River (Perennial) 382.72 2.29 
13 Barren 634.9 3.79 

Sub-Total of ‘A’ 10,519.07 62.82 
B. Man-made Categories   
14 Agriculture 5,908.95 35.29 
15 Settlement 310.06 1.85 
16 Canal 4.93 0.03 

Sub-Total of ‘B’ 6,223.94 37.23 
Grand Total (A and B) 16,743.01 100 
 
(ii) Forest Types and Forest Cover -The information on forest types is ofutmost 
importance in suggesting suitable sites for forestry interventions based on areas which do 
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not have dense forest cover or which fall in the categories of scrub or grasslands along 
the river banks. The forest type and cover map were prepared using data provided by the 
Forest Survey of India. Altogether, total nine categories (eight forest types and one non-
forest) were recorded in the riverscape. The non-forest category contributed almost 60% 
area of the riverscape. Thus, diverse forests and scrubs occurred only in about 40% area 
of the riverscape (Table 4.4). The Sub-Tropical Pine Forest recorded the maximum area 
amongst various forest types and represented about 13.5% area of the riverscape. The 
Himalayan Moist Temperate Forest represented about 13% area of the riverscape. 
Tropical Dry Deciduous Forests covered extent of 1,244.38 km2 and represented 7.43% 
area of the riverscape. Sub-Alpine Forests, Moist Sub-Alpine Forests and Dry Sub-
Alpine Forests collectively covered nearly 2.5% area of the riverscape (Table 4.4). The 
category of Scrub represented 3.77% area of the riverscape.  

Table 4.4: Distribution of Forest Types Categories in Beas Riverscape 
 
Sr.  
No. 

Forest Type Area (km2) Riverscape (%) 

1 Dry Sub-Alpine Forest Vegetation or 
Dry Alpine Vegetation 

109.59 0.65 

2 Himalayan Dry Temperate Forest 47.92 0.29 
3 Himalayan Moist Temperate Forest 2,251.69 13.44 
4 Moist Sub- Alpine Forest 115.18 0.69 
5 Sub-Alpine Forest 181.13 1.08 
6 Sub-Tropical Pine Forest 2,305.08 13.76 
7 Tropical Dry Deciduous Forest 1,053.32 6.29 
8 Scrub 630.55 3.77 
9 Non-Forest 10,048.55 60.02 

Total 16,743.01 100 
 

(iii)Wild Faunal Diversity - The varied geological formations, landforms, forests, 
grasslands, alpine pastures, wetlands, etc. along the vast altitudinal gradientprovide wide 
range of habitats for wildlife. The extremities of climatic conditions, and varied physical and 
biological systems influenced by long history of management, and human influence offer an 
array of faunal species representing different natural ecosystems in the terrestrial and aquatic 
environments. In thecontext of the Beas Riverscape, Himalayan Mountains and Punjab Plains 
are two relevant geological formations and they are home to rich and unique wild fauna 
including mammals, birds, reptiles, amphibians, fishes, and exceptionally diverse 
invertebrates.  

The riverscape represents two important Biogeographic Zones (2-Himalaya and 4-Semi Arid) 
and three Biotic Provinces (2A- North-west Himalaya, 2B-Western Himalaya, and 4A-Punjab 
Plains).The DPR has provided details on the terrestrial and aquatic faunal diversity in each of 
the physiographic/ biogeographic regions concerning the riverscape. Prominent protected 
areas within the Beas Riverscape are: Lake Wildlife Sanctuary, a large man-made wetland 
and the Ramsar site is one of the prominent PAs of the Himachal Pradesh and also priority 
conservation site from the perspective of Beas Riverscape. Further, in the Punjab Plains, 
Harike Lake Wildlife Sanctuary at the confluence of Beas River with Sutlej River as a 
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Ramsar site and the Beas River Conservation Reserve, also a Ramsar site and the only habitat 
for the Indus River Dolphin in India obviously are of highest conservation priority and 
require utmost attention and care in managing these unique and environmentally sensitive PA 
sites.   

 

Fig. 4.5: Vast Altitudinal Variation and Snowcapped Peaks in the Great Himalayan 
National Park 

From the perspective of ecological integrity, health of Beas River, and conservation of Beas 
riverscape, the Indus River Dolphin (Platanista gangetica minor), acquires a great 
significance. The Indus River dolphin has been recently rediscovered in the Beas River and it 
constitutes the only surviving population of this sub-species that occurs in India. Occurrence 
of dolphins, even in low density in the isolated small stretch of Beas River in Punjab was 
considered as a good sign and recommendations were made to the Government of Punjab for 
providing highest protection to this small, isolated, only surviving sub-population in the 
Indian waters in the tributary (Beas) of Indus River. The Government of Punjab has not only 
recognized the importance of this critically endangered sub-species, but has also realized the 
susceptibility of the small, isolated sub-population of the Indus River dolphin to random 
demographic stochasticity, environmental catastrophes, inbreeding depression, and loss of 
genetic diversity that all can contribute to increased extinction risk. Thus, the Government of 
Punjab announced the Indus River dolphin as the State aquatic animal and created the ‘Beas 

River Conservation Reserve’ in 2017.The alluvial plains of Punjab with a wide network of 
river systems have water-stressed semi-arid environment. Once, the distribution of the 
Smooth-coated otter (Lutero gale perspicillata), locally called Ludhar in Punjab was 
widespread. Currently, like other regions of the country and other species of otters, the 
population of smooth-coated otter is severely fragmented. During field surveys by the WWF-
India field team, sightings of otter were made in and around the Harike Wildlife Sanctuary 
and the maximum group size recorded was of seven individuals. Further, the Government of 
Punjab alarmed by decline of seven freshwater turtle species in the State has decided to 
enforce wildlife laws for effective protection of nesting sites of seven turtle species in Harike 
Wildlife Sanctuary and Beas River Conservation Reserve. The last documented record of 
gharial (Gavialis gangeticus), the fish-eating crocodile in Punjab was of 1930s. Hence, the 
Forest Department reintroduced the species in waters of the Beas River in phased manner. 
The gharial reintroduction project is considered a successful effort aiming at restoring a 
species verging on the brink of extinction. 



 

176 

 

(c) Socio-economic Sub-Environment - The nature has always been kind to man. Since time 
immemorial, humans and their societies have an absolute dependence on natural ecosystems 
to provide food, water, energy, and other materials and services. In Himachal Pradesh, nearly 
90% of the population lives in rural areas. Most of the villages are situated on steep slopes 
and are either adjacent to or enclosed by forests. Thus, forests are deeply integrated with the 
livelihood of the local people. They depend on forests for timber, construction of the houses, 
firewood, agriculture implements, fodders and a variety of other products and services, 
including certain medicinal herbs. A larger proportion of the rural population is still use 
fuelwood for cooking and heating. Almost 90% of the forests of the state apart from protected 
areas and forest areas taken up for regeneration and plantations are open to grazing. 
Cultivation of green fodder in the agriculture fields is virtually non-exist. Much of the human 
population in higher reaches keeps substantial population of sheep and goat, and they still 
practice transhumance seasonal migration to sub-alpine forests and alpine pastures every year 
from May to September. Local people have recorded rights for constructional timber. 
Annually, substantial quantity from forests goes in Timber Distribution (TD) Rights. The 
menace of encroachment of the forest areas particularly of the un-demarcated protected 
forests is alarming as they areadjoiningthe private forests. The fate of village common lands 
vested in the government is similar. Forest fires are of a recurring nature and cause lot of 
damage to forests and wildlife. The increasing demand of land for agriculture leads to the 
clearance of the forest tracts, especially in the years after independence under the ‘Grow 
More Food’ campaign and later, when the big landed estates were abolished and the scheme 

for ‘Allotment of Land to the Landless’ was launched in the mid-1970s also resulted in 
substantial loss of forests. Expansion of horticulture and large requirement of wood-based 
packing crates for fruits during 1970-1990 brought extra burden on forests. Further, the 
mountainous stretches were maneuvered mainly for power generation by creation of 
sequential hydro-electric projects (HEPs). 

The State of Punjab has made unparalleled progress in the agriculture since the advent of 
green revolution in the mid-60s with traditional agriculture progressively giving way to 
modern and commercial agriculture. Presently, 82% of the geographical area of the state is 
under cultivation and cropping intensity is around 191% with over 99% of the cultivatable 
area under assured irrigation. Enhanced use of nitrogenous fertilizers and relative under use 
of other fertilizers and micronutrients has led to imbalance in micronutrients in soils of the 
state. It is also worth mentioning here that 85% of water consumption in the state is 
accounted by the agriculture sector. The groundwater is being overexploited to meet the 
increasing demand of water for irrigation. Farm mechanization has played a key role to bring 
a significant improvement in agriculture productivity in the state. However, from the 
perspective of rivers, excessive groundwater abstraction and decline of water quality due to 
chemical pollutants are important concerns. 

4.6 Major Issues 

Like other Himalayan Rivers, the Beas River has also been imperiled in the past century or so 
by enhanced natural and human disturbances viz., reduction in extent and degradation of 
forests, grasslands, and wetlands; expansion of agriculture; loss of river connectivity 
(longitudinal, lateral, vertical, and temporal) and fragmentation by physical barriers (i.e., 
dams, reservoirs, barrages), diversion of water and linking of rivers; disposal of untreated 
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sewage and waste from built up urban environment, industrial effluents and varied pollution 
all along the river course; incompatible land use in surrounding lands; and implications of 
climate change (i.e., retreat of glaciers, erratic precipitation - snowfall/ rainfall and increased 
frequency of cloudbursts). Collectively, various natural and human disturbances over a long 
time have degraded the river and its ecosystem. Specific issues are summarized in Box 4.1. 
 

 

4.7 Prioritization of Sites 

Diverse forests or other natural vegetation along the altitudinal gradient are critical for 
maintaining various ecological benefits, such as hydrological functions, erosion control, 
reducing surface runoff, soil fertility control, and rainwater infiltration. Natural vegetation 
has been recognized as the most important soil cover in relation to other covers to conserve 
water resources and maintenance of hydrological processes. Replacing natural forests or the 
original land cover by other land uses, especially when it is associated with inadequate 

Box - 4.1 
Beas River – Problems, Challenges and Issues 

 
▪ The upper and larger portion of river basin is characterized by inaccessibility, fragility, 

marginality and diversity besides highly variable geo-climatic situation coupled with wide 
array of environmental risks.  

▪ Varied developmental activities (hydro-power projects, expansion of road network, mining 
and agriculture) besides construction activities all along river and tributaries have not only 
damaged riparian vegetation but also resulted into cascading effects (landslides, soil erosion, 
sedimentation) on the ecology of the region and river ecosystem by way of fragmentation and 
loss of much desired longitudinal, horizontal and vertical connectivity.   

▪ Melting of Parbati Glacier and enhanced intensity of cloudbursts resulting into flash floods 
and erosion of river banks has several ecological implications for the long-term conservation 
of river ecosystem. 

▪ Nearly 90% population in Himachal Pradesh lives in rural areas. Traditionally, forests and 
pastures formed an important component of the village economy’s resource base. The 
dependence of people, particularly in the Middle Himalayas and the Greater Himalayas 
continue to be on diverse forests along the altitudinal gradient for a variety of purposes 
including timber, fuelwood, fodder, livestock grazing, collection of medicinal herbs, etc. 
Economic activities include agriculture, horticulture and pastoralism besides commercial 
exploitation of medicinal plants and mushrooms. Thus, lands in upper basin are excessively 
burdened due to high and competing demands and result into soil erosion. 

▪ Sequential hydroelectric projects, diversion of Beas water to Sutlej through Beas–Sutlej Link 
Project and excessive abstraction of groundwater have created irreversible ecological 
implications in downstream areas.  

▪ The rapid urbanization and expansion of agriculture/ horticulture all along river and its 
tributaries have resulted into mutilated stretches of channel and tributaries owing to disposal of 
untreated urban waste, sewage and chemical pollutants from cities and agriculture areas. 

▪ Proliferation of invasive and alien species in terrestrial and aquatic environments is new 
dimension in the entire basin and resulting into loss of biodiversity, decline of forest/ 
grasslands or alpine pasture productivity, and reduced overall ecosystem services.  

▪ Religious, nature and adventure tourism around mountains, forests and high-altitude wetlands 
within the river basin is on rapid increase and has assumed a phenomenal significance for 
economic development and employment generation, particularly in remote and backward 
areas. Fast growing and unregulated tourism in fragile areas has caused several environmental 
and social concerns. 
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management practices, can cause changes in runoff and rainwater infiltration. This can also 
result in above normal levels of soil erosion and sediments carrying to the rivers and streams. 
Thus, the conservation of original land cover, particularly forests and other natural vegetation 
are of paramount importance in the maintenance of catchment or watershed capability.  

Information of land suitability is the pre-requisite to prioritize suitable sites for various 
forestry interventions like soil and moisture conservation works, forest plantations, 
grassland/pasture development, wetland management, protection and maintenance of 
protected areas, etc. The GIS assisted planning and decision-making process by way of 
geospatial analysis and modelling was recognized as an important tool for evaluation of land 
suitability and identification of priority areas for the purpose of proposed forestry 
interventions and other conservation measures required within the Beas Riverscape from the 
perspective of preparation of the DPR. Thus, multi-criteria approach for prioritization of 
areas, aiming at the forest interventions and maintenance of water resources was adopted. 
The prioritization process was accomplished in the GIS environment using the cartographic 
database based on the expert consultation. The DPR has provided details on the criteria 
adopted for prioritization and relevant justification. Nearly 42% area of the riverscape was 
located in the High priority area while an extent of 3,861.11 km2 was located in Moderate 
priority area, representing 23.07% of the riverscape area (Table 4.5). Only 35.72% extent of 
the riverscape within Himachal Pradesh was located in the Low priority area. 

Table 4.5: Distribution of Priority Areas within the Beas Riverscape 

Sr. 
No. 

Priority 
Class 

Himachal 
Pradesh 

Area (km2) 

Punjab 
Area (km2) 

Priority Area 
(km2) 

Riverscape (%) 

1 High 6,774.37 225.73 7,000.10 41.81 
2 Moderate 3,415.20 445.91 3,861.11 23.07 
3 Low 3,512.59 2369.20 5,881.79 35.72 

Total 13,702.16 3,040.85 16,743.01 100 
 

4.8 Policy and legal issues 

(i) Policy and Law - The complex and dynamic rivers from their origin to sea are intricately 
linked with surrounding lands, forests, wildlife, and the people. Hence, the subject of 
conservation and rejuvenation of the river ecosystem is quite challenging. The Central and 
State Governments have formulated various policies related to forests, wildlife, environment, 
rivers, etc. and enacted relevant laws. The DPR of Beas has aptly enumerated and reviewed 
various legal and policy foundations relevant to river ecosystem and conservation that exist in 
the country and also highlighted how various prominent judgments, directives and other 
interventions by different Hon’ble Courts including the National Green Tribunal have helped 

in safeguarding the interests of forests, wildlife, rivers, and wetlands besides protection of the 
environment. The cumulative environmental impact assessment and carrying capacity studies 
commissioned in the context of prominent rivers are a welcome step. However, maintaining 
essential e-flow and four types of connectivity in the context of a river is a formidable task. In 
the context of Beas, the agreement made and provisions incorporated as per the Indus Water 
Treaty, 1960 are of utmost importance from the perspective of the river water settlement, use 
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and obligations as it is one of the ‘eastern rivers’ listed under the Treaty. The exclusive 

Chapter on the theme identified the various Departments and their role in ensuring that the 
rejuvenation of river Beas is effective and successful. It is also important to have an active 
coordination between these departments and ensure that there is no overlapping of functions.  

(ii) Implementing Agencies and the Institutional Context - The management, use and 
regulation of river resources involves a wide range of sectors, agencies, institutions, 
organizations and authorities. The wider subject of water resources in India comes under the 
ambit of the Union Ministry of Jal Shakti. In the past, subjects viz., river conservation, the 
Ganga Action Plan, and wetland management were under the domain of the MoEF&CC. 
Recently, the NITI Aayog has directed all Central Ministries to undertake/ contribute for 
various programmes relevant to river conservation and rejuvenation. Accordingly, the 
MoEF&CC assigned the current task on the preparation of the DPR of Beas to HFRI, Shimla, 
an autonomous Institute under the umbrella of ICFRE, Dehradun. It is assumed that the 
Government of India will designate the MoEF&CC as the Central Nodal Ministry to execute 
this project in collaboration with other concerned Central Ministries and state Governments. 
The DPR recognizes that the State Forest Department (SFD) of concerned states would 
function as the primary Implementing Agency (IA) at the state level, mainly for two reasons: 
firstly, the nature of the proposed activities falls in the domain of SFDs, and secondly, the 
department has a well-laid hierarchical organizational structure and physical infrastructure 
required to implement a project of this nature in the vast extent of the Beas Riverscape. In 
recent times, the mandate of SFD has expanded in its scope from just traditional multiple uses 
of forests to multiple values of forest ecosystem, and increasingly SFDs are required to 
facilitate inter-sectoral convergence so as to accomplish goals and objectives of varied 
mandates. The inter-disciplinary nature of the mandate entrusted to SFDs make them a focal 
point for inter-departmental convergence.  During past 3-4 decades, the SFDs have ensured 
public participation in both decision making as well as implementation of the decisions 
through the widely adopted institution of Joint Forest Management Committees (JFMCs) to 
restore the degraded forest areas and also to ensure community participation in forest 
management and wildlife conservation. The JFMCs, jointly with the SFDs, carry out 
regeneration, afforestation, protection, sustainable management and utilization of the forest 
areas allotted to them. Thus, the existing JFMCs and other related CBOs would be 
appropriately involved in programme implementation. The participating SFDs would also 
involve Eco-Task Force, Nehru Yuva Kendra, Mahila Mandals, and other CSOs in 
programme implementation as envisaged in the DPR and considered appropriate by the 
concerned IA. 

4.9 Treatment Models 

The DPR deciphered three landscapes within the riverscape for the proposed forestry 
interventions. Thus, the DPR identified varied treatment models in lower order zones i.e., 
three type of landscapes besides suitable theme plans. State-wise and Model-wise summaries 
of proposed area and corresponding provisioned costs are presented in Table 4.6. 

(a) Natural Landscape – The ‘natural landscape’ constitutes the largest zone as various 

categories of land use/ land cover of the natural environment represented nearly 63% extent 
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within the riverscape. In all, 15 models and treatment plans focusing on forests, grasslands 
and wetlands have been proposed in various prioritized areas based on geospatial analysis. 
Altogether, 13 models selected for natural landscapes numbered from BS/HP/NL/01 to 
BS/HP/NL/13 in the hilly region of Himachal Pradesh were included.  The proposed 
interventions focus on the protection, soil and moisture conservation works, control of 
invasive and alien species, plantations, eco-restoration, etc. 

(b) Agriculture Landscape – The second lower order zone (the agriculture landscapes) 
largely in the rural environment all along the main channel and its tributaries constitutes the 
matrix of the riverscape, predominated by agriculture and horticulture crops, mainly on 
private lands. The purpose of this zone is to promote planting of economic and fruit trees so 
as to enhance the overall conservation values and other expected ecological functions and 
ecosystem services. In all, 04 different treatment models meant for agriculture landscapes 
have been proposed. 

(c) Urban and Peri-urban Landscape – A large number of settlements, towns and cities 
exist all along the course of the main river and its tributaries. A substantial proportion of the 
riverscape is thus constituted by the urban/ built-up environment. Proposed interventions in 
the third lower order zone i.e., the urban landscapes include activities related to the 
development of riverfront, Eco Park, institutional and industrial estate plantations, and 
avenue plantations. Altogether, 09 models in two states have been proposed for the stated 
purpose. 

(d) Theme Plans - Activities that are common to two or lower order zones are being referred 
as the Theme Plans. Theme-based activities are broadly grouped in two categories: (i) 
‘Conservation Interventions’ including soil and moisture conservation measures, riverine and 

riparian wildlife management, and wetland management; and (ii) ‘Supporting 

Activities’including policy and legal interventions, concurrent action research, capacity 

development, awareness, participatory monitoring, project management and evaluation. The 
theme-based activities have been planned and proposed at the national, state and local field 
levels. The state level implementing agency i.e., the State Forest Department will be 
responsible for execution of activities proposed. Some of the supporting activities such as 
project management will be undertaken simultaneously by the Central Nodal Ministry and the 
State Project Management Unit (SPMU) based at the headquarters of the concerned SFD/ IA. 

 
Table 4.6: Treatment Models Proposed in Three Type of Landscapes and Conservation 

Interventions Along with Envisaged Extent and Provisioned Cost  
 

Treatment Model/ Activity Proposed Area 
(ha) 

Cost 
(Rs. in 
crore) 

A. Himachal Pradesh 
(i) Natural Landscapes 

BS/HP/NL/01 – Sub-Alpine Conservation 5 0.11 
BS/HP/NL/02 – Sub-Alpine Enrichment 85 1.67 
BS/HP/NL/03 – Temperate Conifer Forest 212 6.44 
BS/HP/NL/04 – Temperate Mixed Forest 1,550 47.23 
BS/HP/NL/05 – Pasture and Grazing Land Development 35 0.79 
BS/HP/NL/06 – Himalayan Chir Pine Forest 867 26.30 
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Treatment Model/ Activity Proposed Area 
(ha) 

Cost 
(Rs. in 
crore) 

BS/HP/NL/07 – Himalayan Mixed Forest 1,558 42.52 
BS/HP/NL/08 – Sub-Tropical Dry Deciduous Forest 696 18.67 
BS/HP/NL/09 – Eradication of Lantana (> 50%) 988 31.52 
BS/HP/NL/10 – Control/Removal of Invasive Species or 

<50% Lantana 
1,300 39.91 

BS/HP/NL/11 – Protection Model for Natural Regeneration 4,730 84.77 
BS/HP/NL/12 – Fire Protection Model 1,580 20.36 
BS/HP/NL/13– Plantations by Eco Task Force in Temperate 

Forests 
1000 41.27 

(ii) Agriculture Landscapes 
BS/HP/AL/01 – Boundary Plantation Model 1295 3.17 
BS/HP/AL/02 – Block Plantation Model 376 4.90 
(i) Urban Landscapes 
BS/HP/UL/01 – Bioremediation and Bio-filtration 15.5 3.83 
BS/HP/UL/02 – Riverfront Development 5.5 13.61 
BS/HP/UL/03 – Institutional Plantation 107 4.59 
BS/HP/UL/04 – Eco Park Development 10.5 25.98 
(ii) Conservation Interventions 
(a) Soil and Water Conservation (values in m3) (Values in m3)  
BS/HP/CI/01 – Brushwood Interventions 1,37,374 4.12 
BS/HP/CI/02 – Dry Stone Activities 2,53,994.5 45.71 
BS/HP/CI/03 – Crate Wire Activities 1,61,235 72.55 
BS/HP/CI/04 – Water Ponds 68,774 2.40 
BS/HP/CI/05 – Silt Detention Dam Type Activities 7.885 4.73 
(b) Other Interventions (values of Area in ha) (Area in ha)  
BS/HP/CI/06 – Riverine and Riparian Wildlife Management 175 17.50 
BS/HP/CI/07 – Wetland Management 55 4.95 
BS/HP/CI/08 – Moraine Management - - 
Sub Total - Himachal Pradesh 16645.5 ha 

and 
6,29,262.5 m3 

440.09 

B. Punjab   

(i) Natural Landscapes   
BS/PB/NL/01 – Restoration of Degraded Forest 880 20.40 
BS/PB/NL/02 – Road Side Plantation 185 8.31 
(ii) Agriculture Landscapes   
BS/PB/AL/01 – Boundary Plantation Model 6420 16.20 
BS/PB/AL/02 – Block Plantation 835 10.90 
(iii) Urban Landscapes   
BS/PB/UL/01 – Bioremediation and Bio-filtration 8 1.98 
BS/PB/UL/02 – River front development - - 
BS/PB/UL/03 – Institutional Plantation 258.1 11.07 
BS/PB/UL/04 – Eco Park Development 7.9 19.55 
(iv) Conservation Interventions   
(v) Soil and water Conservation (values in m3) (Valuesin m3)  
BS/PB/CI/01 – Brushwood Interventions 1,15,050 3.45 
BS/PB/CI/02 – Dry Stone Activities 50,690 9.12 
BS/PB/CI/03 – Crate Wire Activities 31,030 13.96 
BS/ PB /CI/04 – Water Ponds 97,793 3.42 



 

182 

 

Treatment Model/ Activity Proposed Area 
(ha) 

Cost 
(Rs. in 
crore) 

BS/PB/CI/05 – Silt Detention Dam Type Activities 2,490 1.49 
(vi) Other Interventions (values in Area- ha) Area (ha)  
BS/PB/CI/06 – Riverine and Riparian Wildlife Management 50 5.00 
BS/PB/CI/07 – Wetland Management 30 2.70 
Sub Total - Punjab 8674ha 

and 
2,97,053 m3 

127.55 

 
Proposed mitigation measures in Chenab Riverscape are summarized in Box 4.2. 

 

Box - 4.2 
Rejuvenation of Beas River - Mitigation Measures 

 
Beas River originates in the PirPanjal Himalayan Range and flows through Himalayan 
State of Himachal Pradesh and Punjab Plains before its confluence with Sutlej River 
within the Indian Territory. Beas River primarily suffers on account of fragility of the 
Himalayan environment, active landslides, physical barriers - hydroelectric projects, 
diversion of water through river linking, traditional resource dependence on forests, 
grasslands and wetlands, urbanization, and enhanced tourism. Major proposed forestry 
interventions include:  

▪ Soil and moisture conservation works worth 160.99 crore, representing 18.51% 
of the proposed budget outlay by way of adopting 10 treatment models relevant 
to construction of brushwood and dry-stone check dams, ponds, moraine 
management, and establishment of crate wire, and silt detention structures. 
 

▪ Altogether, 24 treatment models in Natural, Agriculture, and Urban landscapes 
spread over two States and one UT within the riverscape at a cost of Rs. 307.91 
crore, Rs. 32.96 crore, and Rs. 79.78 crore, respectively are proposed. These 
models focus on enrichment and conservation of alpine pastures, plantations in 
diverse forests, pasture and grazing land development, protection model for 
natural regeneration, fire protection, control/ removal of Lantana and other 
invasive species, planting of economic trees, avenue and block plantations, 
restoration of degraded forests, bioremediation and biofilters, riverfront 
development, plantations in educational and industrial estates, and eco-park 
development. Plantations in Temperate forests involving the Eco Task Force 
have been provisioned. 
 

▪ A wide range of activities pertaining to riparian and riverine wildlife 
management and wetland management at a total cost of Rs. 29.21 crore have 
been envisaged.  
 

▪ In addition, supporting activities aiming for awareness campaign, capacity 
development, adaptive research, participatory monitoring, etc. have been also for 
implementation.  
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4.10 Mechanism for Project Implementation 

The DPR envisages two Phases. Implementation Phase and maintenance Phase. The project 

visualizes constitution of two Programme Steering Committees (PSCs), one at the national 

level in the Central Nodal Ministry being referred as the ‘National Programme Steering 

Committee (NPSC)’ while the other one at the State level in the concerned SFD/IA, being 

referred as the ‘State Programme Steering Committee (SPSC)’. The NPSC and SPSC would 

be responsible for the efficient execution of the project at the national and state level, 

respectively. The NPSC would be responsible for approving the APOs submitted by the two 

involved States and a National Level Partner Organization (NPO) in addition to primary 

functions of overseeing and steering the execution of the implementation plan. In case of 

Beas River, the HFRI, Shimla is proposed to shoulder the responsibility of NPO. The NPMU 

at the Central Nodal Ministry will be responsible for the release of funds to IAs and the NPO 

once the APOs have been approved by the NPSC. Like NPMU, each involved state will 

establish the State Project Management Unit (SPMU) at the Headquarters of SFD. The 

SPMU will approve APOs and release funds to each of the involved Forest/Wildlife 

Divisions for implementation of proposed activities at the ground level. The Project 

Facilitation Unit (PFU) at the NPO will follow its own mechanism of governance and will 

constitute its own monitoring and Steering Committee for overseeing the project. 

4.11 Project Outlay: The projected financial outlay of Implementation phase is Rs. 732.71 

crore while outlay of Maintenance Phase is Rs. 136.67 crore (Table 4.7). Thus, the total 

project outlay is Rs. 869.38 crore. The project includes four Components. Accordingly, 

financial cost of each of these four Components is summarized in Table 4.7. 

Table 4.7: Proposed Project Outlay for Forestry Interventions in the Beas Riverscape 
 
Sr. 
No. 

Component, Sub Component and Activity Amount 
(Rs. in 
Crore)  

Proportion of 
Allocation (%)   

A. Implementation of Forestry Interventions in 
Two States of Riverscape 

727.91 83.73 

A.1 Plantations and Treatment Models in Three 
Categories of Landscape 

443.08 50.97 

A.1.1 Natural Landscapes 307.91 
A.1.2 Eco Task Force 22.43 
A.1.3 Agriculture Landscapes 32.96 
A.1.4 Urban Landscapes 79.78 
A.2 Conservation Interventions 190.20 21.88 

A.2.1 Soil and Moisture Conservation 160.99 
A.2.2 Riverine and Riparian Wildlife Management 21.83 
A.2.3 Wetland Management (Natural and Artificial) 7.38 
A.3 Supporting Activities 44.09 5.07 
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Sr. 
No. 

Component, Sub Component and Activity Amount 
(Rs. in 
Crore)  

Proportion of 
Allocation (%)   

A.3.1 Policy Level Interventions 0.35 
A.3.2 Research Activities 3.27 
A.3.3 Capacity Development 12.03 
A.3.4 Awareness 8.84 
A.3.5 Participatory Monitoring  1.61 
A.3.6 Cost of PMUs of Two State Level 

Implementing Agencies 
16.89 

A.3.7 Evaluation 1.01 
A.3.8 Contingency and Miscellaneous Activities 0.08 

Total Budget of Component A (A1+A2+A3) 677.37 
 

B. Strengthening Knowledge Management and 
National Capacity for Forestry Interventions 
and Conservation of Riverscapes 

29.52 3.4 

C. DPR – Maintenance phase, including Scaling 
Up and Replication of Successful Models of 
Forestry Interventions 

136.67 15.72 

C.1 Maintenance Cost of A.1 and A.2  62.97 
 

C.2 Maintenance Cost of A.3, B and D 42.04 
C.3 Scaling Up and Replication of Successful 

Models of Forestry Interventions (5% of A.1 & 
A.2) 

31.66 

D. National Coordination for Forestry 
Interventions and Riverscape Conservation 

25.82 2.97 

Total (A+B+D) 732.71 
 

Total Project Cost (A+B+C+D) 869.38 
 

 

An amount of Rs.727.91 crore, which is 83.73% of the overall project budget, is provisioned 
for principal Component A. This includes total cost for forestry interventions proposed in 
three landscapes including Conservation Interventions (Sub-component A.1 and A.2). The 
Sub- component A.1 on Plantations and Treatment Models in Three Categories of Landscape 
has provisioned a cost of Rs. 443.08 crores, Rs.190.20 crore for Sub-component A.2 
(Conservation Interventions), and whereas Rs. 44.09 crore is provisioned for Supporting 
Activities (Sub-component A.3).   
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4.12 Potential Benefits 

Proposed forestry interventions by way of varied treatment and plantations models besides 
conservation interventions in three types of landscapes in vast extent of the riverscape across 
two states are expected to contribute significantly in terms of enhancement in forest cover, 
carbon sequestration, ground water recharge, reduction of sedimentation, production of a 
wide range of NTFPs, and employment generation (Table 4.8). These potential benefits were 
estimated adopting standard protocols for available for various likely benefits. Details of 
computation of each of the potential benefits have been provided in DPR.  The proposed 
interventions would increase forest cover by 253.20 km2 in the riverscape. The anticipated 
ground water recharge is 41.06 million m3/year. Plantations raised during the project period 
would help in CO2 sequestration after 20 years to the tune of 4.14 million tonnes of CO2 eq/ 
year. The estimated benefits on account of economic returns from likely NTFPs from varied 
treatment/plantation models after 10 years would be Rs. 0.84 crore. In addition, the project 
would make notable contribution in terms of employment generation through labour intensive 
work to the tune of 18.21 million mandays during the project period 
 
 Table 4.8: Estimated Potential Benefits of the Proposed Forestry Interventions 

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated CO2 
Sequestered  

(million t of CO2 

eq) 

Ground Water 
Recharge  

(million m3/ 
year) 

 

Sedimentation-
Reduction  
(m3/year)  

Non-Timber 
and Other 

Forest Produce  
(Estimated 

Benefit in Rs. in 
crores)  

Total Man-
Days to be 

Generated in 
Project 

Execution 
(in million) 

10 
Years 

20 
Years 

253.20 3.31 4.14 41.06 3,25,140 0.84 18.21 

 
 
 
 

************* 
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5. 

Sutlej River 

5.1 Introduction 

The Sutlej is a transboundary Himalayan River which flows through the nations of (Tibet) 
China, India, and Pakistan. The Sutlej River is one of the principal rivers of the Indus River 
System, and the most extensive river in the Indus River Basin, and is considered to be its 
main stem. The Indus Water Treaty, 1960 has recognized Sutlej River as one of the three 
‘Eastern Rivers’ and assigned India full unfettered use of its water. During the Vedic period, 
Satudri was the name of Sutlej River, and called Shatadru in Sanskrit - the language of 
ancient India.  
The Sutlej River originates from beyond Indian borders in the Western Tibet, the southern 
slopes of the Kailash Mountain near Mansarovar Lake from Rakshastal in Tibet (China) and 
known locally as LongcchenKhabab River in the region. The origin of Sutlej is near the 
sources of the Indus, Ganga and Brahmaputra Rivers. The river is 1,536 km long and has a 
catchment area of 75,369 km2. The Sutlej River Basin covers Nari Khorsam Province in 
Tibet, China and large area of Himachal Pradesh and Punjab States in India. Nearly 70% of 
the catchment lies in the Indian Territory.It flows out from India into the Punjab Region of 
Pakistan near Ferozepur and eventually joins the Chenab River close to ‘Panjnad’ Barrage. 

River Sutlej is the most important tributary of the Indus River so far India is concerned and 
its basin spreads over 48,321.62 km2. The geographical limits of the Sutlej River Basin lie 
between latitude N 300 - 330 and longitude E 740 - 830. In India, the catchment falls in one 
Union Territory i.e., the UT of Ladakh (1,172.22 km2) and three States of the country viz., 
Himachal Pradesh (20,181.94 km2), Punjab (26,887.45 km2), and Haryana (80.01 km2). 
 
The Sutlej River enters in India in the Himalayan State of Himachal Pradesh at Shipki La 
(3,930 m) and flows in the south-westerly direction through Kinnaur, Shimla, Kullu, Mandi, 
Solan and Bilaspur districts of the State. The total length of the Sutlej River in India is 635.02 
km, and traverses a course of 350.58 km and 284.44 km in Himachal Pradesh and Punjab, 
respectively. It is considered as a longest river among the five major rivers (i.e., Sutlej, Beas, 
Ravi, Chenab and Jhelum) of the Indus River System in the North-Western India. It leaves 
the Himachal Pradesh boundary at Bhakra Dam, which is the one of the highest damof the 
country. Sutlej River finally drains into the Chenab River in Pakistan. The prominent human 
settlements that have come on the banks of the Sutlej River in India are Reckong-Peo, 
Rampur, Suni, Tattapani, Bilaspur, Rupnagar, Jalandhar and Ludhiana. 
 
The catchment of Sutlej is characterized by rugged topography with high ranges and peaks 
covered with glaciers, and massive ice and snowfields (Fig.5.1). The altitudinal variation in 
the basin ranges from 325 - 6,619 m. It is estimated that about 65% of Sutlej River Basin is 
covered with snow during winter and 12% of the Basin is covered with permanent snow 
throughout the year. About 50% of the annual flow to Sutlej River is contributed by the snow 
and ice melt. The Sutlej River has eight major tributaries. All except Rohi Nullah join Sutlej 
River in India. Sutlej River is joined by many tributaries, and the main among them are Spiti, 
Ropa, Taiti, Kashang, Mulgaon, Yula, Wanger, Throng and Rupi, etc., as right bank 
tributaries, whereas Tirung, Gayathing, Baspa, Duling, Soldang, Nogli, etc., are as left 
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banktributaries. The Sutlej River and its northern and eastern tributaries are glacial or snow 
fed perennial whereas the southern tributaries are seasonal.  
 
On account of varying geographical features, the Sutlej River Basin is topographically 
divided into two parts, i.e., the Upper Sutlej River Basin and Lower Sutlej River Basin. 
Beyond the Nathpa village in Kinnaur district, Sutlej River is considered to be the Upper 
Sutlej River Basin, while southwestern part of the Nathpa village to Bilaspur is known as the 
Lower Sutlej River Basin. Since the Upper Sutlej River Basin has favorable slope conditions 
for the development of hydropower projects, series of large-scale hydropower projects have 
been developed in this part as priority projects for renewable and clean energy.  

 

 
Fig. 5.1: Glacier and Snow Fed Spiti River in the Trans-Himalayan Sutlej Upper Basin  

 
5.2 Conservation Significance 
 
The basin area of Sutlej River is about 1,06,728.23 km2, out of which 46,200.21 km2 
(43.29%) area is shared by China, 31,437.28 km2 (29.45%) lies in India and 29,090.75 km2 
(27.26%) falls in Pakistan. The drainage area of the Sutlej River Basin within India lies in 
one Union Territory i.e., UT of Ladakh and three states i.e., Himachal Pradesh, Punjab 
and Haryana located along the river course of Sutlej River from its origin to 
confluence.The Sutlej Basin in India is spread over parts of Spiti, Kinnaur, Kullu, Shimla, 
Solan, Hamirpur, Mandi, Bilaspur and Una regions of Himachal Pradesh and its western most 
part falls mainly in the Roopnagar, Nawanshahr, Ludhiana, Jalandhar, Moga, and Ferozepur 
regions of Punjab State.Sutlej River has significant geographical, ecological, environmental, 
religious, cultural, spiritual and economic significance in India with these values transcending 
the boundaries of the basin. The conservation significance of the Sutlej River and its basin in 
particular are described below. 

(a) Ecological Values - Notable variation in climatic conditions, and occurrence of 
different mountain ranges and a wide range in the altitudinal gradient within the catchment, 
the Sutlej River Basin exhibits enormous diversity of natural ecosystems (forests, grasslands, 
alpine pastures, wetlands including tributaries of Sutlej and alluvial floodplains) besides 
harbour prominent glaciers, snowcapped peaks, plateaus, cliffs, gorges, etc.  Diverse forests 
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(i.e., Sub-tropical to Temperate), Sub-alpine and alpine forests are home to a variety of rare, 
endangered and threatened floral and faunal species including endemics and aromatic and 
medicinal plants. The river basin in India represents three biogeographic zones and five biotic 
provinces viz., (i) 1 Trans-Himalaya - 1A Ladakh; (ii) 1B Tibetan Plateau; (iii) 2 Himalaya – 
2A North Western Himalaya; (iv) 2B Western Himalaya, and (v) 4 Semi-Arid - 4B Punjab 
Plains. Prominent high-altitude wetlands, freshwater lakes and manmade viz., Nako Lake, 
TaniJubbal Lake, Kol Dam and Gobind Sagar Lake are located in the basin part within the 
state of Himachal Pradesh. Across the Sutlej River Basin in Punjab, prominent wetlands viz., 
Nangal, Ropar, and Harike are located. Several Important Bird Areas (IBAs) and protected 
areas are situated in the Sutlej Basin. These protected areas are home to rare animals like 
snow leopard, Himalayan Brown bear, Himalayan ibex, bharal, and birds like snow cock, 
bearded eagle griffons, etc. The wide altitudinal range and varied topography have resulted in 
making the basin a rich repository of wild flora and fauna. The basin is rich in avifaunal 
biodiversity and there are total of 390 species of birds. In the Sutlej sub-basin in Himachal 
Pradesh, some of the IBAs harbour critically endangered Western Tragopan and the 
vulnerable Cheer Pheasant. River Sutlej has a number of tributaries of which few tributaries 
support significant aquatic biodiversity. Historical survey reports of the State Fisheries 
Department for the streams of river Sutlej i.e., upstream of Bilaspur, estimated presence of 51 
species belonging to 9 families of cold-water fishes including exotic trout, snow trout and 
several species of hill stream fishes. Mostly these species were unique due to sub–temperate 
climate and the zoo-geographic affiliation to the Himalayan region. 
 
(b) Economic Values – Historically, the river basin has been an important geographical 
area to the survival of many cultures of the region. The Sutlej along with the Beas is the most 
important supplier of water resources to Himachal, forming the backbone of agriculture and 
food production in these two States. Over past decades, production of horticulture crops has 
not only diversified but also the production has substantially enhanced. A large section of the 
society is engaged in agriculture and horticulture activities. The river is especially critical 
since rainfall is not sufficient to benefit agriculture, especially in the plains. Irrigation canals 
feeding from these rivers have proved to be a boon during the Green Revolution era. The 
extensive irrigation and dam projects provide the basis for Punjab's higher production of 
crops such as cotton, sugarcane and wheat. Sutlej River along with its tributaries is known as 
the ‘Power House of Himalayas’. The Government of India and State Government of 

Himachal Pradesh have identified the Sutlej River as one of the main sources of Hydro 
Electric Projects (HEPs). The estimated hydropower potential of Sutlej River Basin is 
9,728.25 MW, out of which 5,515.75 MW is being harnessed through various projects that 
are either already commissioned or in different stages of survey, planning, and construction. 
Some of the major HEPs constructed on the River Basin are Bhakra Dam (1,325 MW), 
Karcham-Wangtoo (1,000 MW), Nathpa-Jhakri (1,500 MW), Rampur (412MW) and Kol 
Dam (800 MW). These HEPs generate electricity for heavy industries and provide the much-
needed electricity in urban centers of the region. The fishing activities provide full time direct 
and indirect vocation to over 5,000 fishermen families mainly uprooted due to the completion 
of various HEPs. The sustained fishery activities clearly demonstrated the potential of 
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providing viable jobs through fishing and other fishery related activities. Sutlej River is also a 
lifeline for millions of people who live along its course and depend on it for their daily needs.  
 

 

Fig. 5.2: NathpaJhakri (1500 MW) Hydroelectric Project, A Run of the River Project on 
Sutlej River with a Dam near Village Nathpa in District Kinnaur  

 
(c) Cultural Values - The Sutlej River has been the source of physical and spiritual 
sustenance of Indian civilization for millennia. The river basin supports a substantial human 
population belonging to numerous ethnic groups, particularly in south-eastern Ladakh, 
Tibetan Plateau (Lahaul and Spiti) and other parts in the States of Himachal Pradesh, Punjab, 
and Haryana. Besides, the Sutlej River and its basin are also important from 
cultural/historical point of view. There are large numbers of prominent historical / cultural 
sites include Kye Gompa, Tattapani, Vyas caves and Sri NainaDeviji temple and Ropar 
(Rupnagar).Kye Gompa (Fig.5.3) is a Tibetan Buddhist monastery located on top of a hill at 
an altitude of 4,166 metres above mean sea level (AMSL), close to the Spiti River, in the 
Spiti Valley of Lahaul and Spiti district, of Himachal Pradesh. Tattapani in Mandi district is 
supposed to be the tenacity place of Jamadagni Rishi. Tattapani hot Sulphur spring is a 
famous tourist place. Pilgrims take a holy dip at Tattapani hot spring on the banks of Sutlej 
on the occasion of Makar Sakranti.  Shri NainaDeviji temple is one of the most prominent 
places of worship in Himachal Pradesh, located in district Bilaspur. Vyas caves lies on the 
left bank of Sutlej, near Bilaspur.  Here the author of the epic Mahabharat, Rishi Vyas is 
presumed to have stayed in his days of performing penance.  Ropar (Rupnagar) is a town lies 
on the Sutlej River near the Head of the Great Sirhind Canal. The Ropar area has been site of 
a center of the ancient Indus civilization. Temple is situated on triangular hill known as 
‘Naina Dhar Hill’ and surrounded by the landmarks of Bhakra Dam, Anandpur Sahib 

(famous Sikh Gurudwara), and the Gobind Sagar lake created by the Bhakra Dam. Temple is 
the one of the famous 51 Shakti Peeths of Hindu’s having mythological linkage with lord 
Shiva and Guru Gobind Singh ji.  A special fair is organized during Chaitra, Shravan and 
Ashvin Navratri which attracts millions of pilgrims from far flung areas in the country. In 
addition, Lavi fair now designated as the ‘International Lavi Trade fair’ has been held in the 

upper reaches of Sutlej, mainly in Shimla and Kinnaur districts. The rich cultural, social and 
economic history is celebrated with fanfare during this fair. Further, Nalwari fair in March 
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and Sazo festival in January are celebrated every year. Both these fairs/festivals are deeply 
associated with Sutlej River as people take bath in the river on the stated occasions. 
Mythological, cultural, religious, historical, natural, ecological, scientific and economic 
values provided by the river basin contributes significantly to the nation’s development as 

also the prosperity of the people in the region. 
 

 
Fig. 5.3: A Typical Buddhist Settlement in the Upper Sutlej Basin 

5.3 Riverscape 

The Sutlej River originates near Mansarovar Lake in Tibet (China) and enters in Himachal 
Pradesh, India near Shipki La, traverses through the mountainous tract of Trans Himalaya, 
Great Himalayas, Lesser Himalayas, Outer Himalayas or Shivalik and finally flows into the 
semi-arid plains of Punjab. The entire river course of Sutlej in India is along two states i.e., 
Himachal Pradesh and Punjab. However, within the Indian Territory, the catchment area of 
Sutlej River lies 2.43% in Ladakh UT, 41.77% in Himachal Pradesh, 0.16% in Haryana, and 
55.64% in Punjab. For the purpose of DPR, a Sutlej Riverscape covering an area of 24,110.83 
km2, lying in Himachal Pradesh and Punjab was delineated. The riverscape included 49.9% 
area of the river basin within the Indian Territory. The delineated riverscape is situated 
between Latitude N 30° 44' 19" to 32° 56' 42" and Longitude E 74° 39' 26" to 78° 50' 
31". The cumulative length of the Sutlej River main stem and its major tributaries is 
1,380 km. The Sutlej River flows a distance of 350.58 km in Himachal Pradesh, while 
the length of main stem in Punjab is 284.44 km. The cumulative length of 18 tributaries 
included in the riverscape was 744.98 km. 

Small proportion of catchment areas represented in Ladakh UT has not been considered as a 
part of the delineated riverscape in view of the fact that representative catchment area in the 
south-eastern part of Ladakh UT lies in Trans-Himalaya/ Cold Desert which is sparsely 
populated, largely inaccessible, not much disturbed and hence insignificant opportunity/ 
potential exist for proposed forestry interventions. Likewise, a small fraction (0.32%) of 
overall catchment of the Sutlej River lies in Haryana State and there is minimal feasibility of 
proposed forestry interventions owing to the fact that area in Haryana is contiguous with 
Himachal Pradesh that constitutes 83.59% area of Sutlej Riverscape (Table 5.1). The State 
wise distribution of the Riverscape is presented in Table 5.1. Accordingly, the 
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mountainous state of Himachal Pradesh and the state of Punjab represent 83.59% area 
and 16.41%, respectively of the delineated riverscape. 

Table 5.1: State-wise Distribution of the Area of Sutlej Riverscape  
 

Sr. 
No. 

State Geographical 
Area of the 
State (km2) 

Area under 
Riverscape 

(km2) 

Geographical 
Area (%) 

Riverscape (%) 

1 Himachal 
Pradesh 

55,673.00 20,154.61 36.20 83.59 

2 Punjab 50,362.00 3,956.22 7.86 16.41 

Total 1,06,035.00 24,110.83 22.74 100.00 
 
5.4 Preparation of DPR  
 
As directed by the MoEF&CC, the ICFRE, Dehradun has entrusted the task of preparing the 
DPR on forestry interventions in the context of Sutlej River to the Himalayan Forestry 
Research Institute (HFRI), Shimla, Himachal Pradesh, one of the nine institutes under the 
umbrella of the Council. The HFRI adopted a multifaceted, multiscale, multidiscipline, 
multistakeholder, science and technology based, holistic, and participatory approach towards 
the assessment and planning required for the purpose of preparing the DPR on proposed 
forestry interventions. The approach involved following key steps:  
 
(a) Consultative Process, Situation and Problem Analysis – A river from its origin to 
sea is influenced by wide range of physical/ topographical and edaphic attributes, climatic 
conditions, other natural factors (cryosphere, glaciers, snow cover, forest cover, wetlands, 
etc.) and human activities in surrounding lands besides a large number of sectors, agencies 
those regulate and manage river resources, and diverse users. Thus, the HFRI has 
concurrently carried out activities relevant to collection of background/ secondary 
information on resources of Sutlej River and its management; review of information and 
contextual analysis, identification of stakeholders and adoption of wider consultative process. 
The consultative process was organized at the State, Forest Circle, and Forest Divisions 
involving government and non-governmental agencies of concerned basin States/ UT, State 
Forest Department, representatives of varied sectors/agencies/departments, and local 
communities. During the sequential Consultative Meetings at various levels, a wide array of 
themes viz., the concepts of river environment, river health and ecological integrity, 
ecosystem management, riverscape, criteria for delineation of riverscape, strategy for project 
preparation and implementation, design of formats for field data, collection of primary field 
data, data collation and analysis, geospatial analysis and modelling, prioritization of sites, 
design and development of potential plantation and treatment models, monitoring, etc. were 
deliberated. Field functionaries were also provided adequate trainings on collection of field 
data and filling of prescribed formats. The consultative process immensely helped in 
identification of focal problems, understanding of causative factors and appreciations of 
implications on the river itself and surrounding lands. 
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(b) Collection and Analysis of Primary Field Data - Prior to the collection of primary 
field data, the essential requirement was the design of field data formats and software for 
analysis of field data. In all, five field data formats and web portal were developed so as to 
facilitate collection of primary field data and subsequent entry, collation, analysis, and 
synthesis. The software was developed in PHP/MySQL, Linux based server that works on 
Code Igniter Framework basis. It is a web based and easily accessed via internet. The 
software is capable of generating reports in the desired formats e.g., State-wise, District-wise, 
Division-wise, Model-wise and Activity-wise and Annual Consolidated Reports can be 
generated to obtain insight on areas under different Landscapes to be treated year-wise and 
corresponding costs. 
 
(c) Plantation and Treatment Models - The multi-disciplinary expertise at HFRI in 
consultation with forest officers and agriculture scientists designed and developed different 
treatment/ plantation models specific to Natural, Agriculture, and Urban Landscapes within 
the riverscape and varied models for proposed Conservation Intervention including Soil and 
Moisture Conservation measures, Riverine and Riparian Wildlife Management, and Wetland 
Management relevant to the parts of Himachal Pradesh and Punjab. 
 
(d) Preparation of Draft DPR - Draft DPR (Vol. I and II) was shared with SFDs, Line 
Departments and other stakeholders in the concerned States of Himachal Pradesh and Punjab 
as well as during the National Level Consultation Meetings seeking their feedback and 
valuable inputs. Copies of draft DPR were submitted to the ICFRE, Dehradun and 
MoEF&CC, New Delhi and comments/ suggestions were solicited, and accordingly 
necessary modifications were made based on the feedback and the DPR was finalized. DPR 
based presentations were also made at ICFRE and MoEF&CC. 

5.5 Riverscape and its Environment 

A river is not just a channel carrying freshwater, but it is a hydrological, geomorphic, 
ecological, biodiversity-rich, landscape level system that serves as a key part of the 
freshwater cycle, balancing dynamic equilibrium between snowfall, rainfall, surface water 
and groundwater, and provides a large number of social and economic services to the people 
and wide range of ecosystems and habitats all through its basin. It also exhibits complex and 
large-scale directional upstream-downstream linkages and interconnectedness with 
surrounding lands. The DPR has attempted to develop an insight on the river environment 
and describe the physical, biological and socio-economic sub-environments of the 
river/riverscape based on the exhaustive review, and collation and synthesis of secondary 
information. The highlights of the riverscape environment are summarized below:  
 
(a) Physical Sub-Environment - The physical environment includes physical features of 
a region, largely influenced by the climate, soils, vegetation, developmental activities and 
lifestyle of the people. The State of Himachal Pradesh is very sensitive seismic zone and falls 
in zone V and IV as per the Seismic Zoning Map of India, where 32% of the total 
geographical area is prone to the severest seismic risks as it falls into the Very High Damage 
Risk Zone V. Sutlej River is among dozens of Basins in the Himalayan region that have 
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thousands of glaciers many of which are receding while some are not. Almost half of the 
annual flow of the Sutlej River comes from snow and ice melt and it feeds up to 80% of the 
inflow into the Bhakra Dam in Himachal Pradesh. The Sutlej River Basin has 2,026 glaciers 
of different sizes. The headwaters of the river consist of a glaciated area of 1,426 km2. The 
basin has great variation in its climate. The climate of basin varies from hot and sub-humid 
tropical in the southern part and while the glacier and alpine are seen in the eastern and 
northern part of the basin.  
 
Downstream of upper Kinnaur, the catchment experiences mainly the three seasons (i.e., 
summer, monsoon, and winter). The summer season prevails from April to June with an 
average temperature ranging from 20°C to 38°C. The monsoon season begin from July to 
September, followed by relatively warm October. Sutlej River Basin receives winter rains 
and snow mainly because of western disturbances. During the monsoon season, rains first hit 
the outer ranges of the Indian Himalayas, that’s resulted in heavy rain in the basin area. The 

total annual rainfall is observed 766 mm in Kinnaur and 800 mm at Rampur. Later, these 
disturbances cross the outer Himalayas and enter into the inner Himalayan regions that result 
in low level clouds along with low precipitation. This precipitation continues to decline in the 
Spiti Valley and beyond the Tibetan border. At the higher altitudes due to the western 
disturbances, the valley experiences the snowfall (above 1,600 m but sometimes goes up to 
900 m). The winter season occur from November to February with the average temperature 
varies from 0°C to 15°C. During the winter season, areas in the upper Sutlej River Basin 
receive snowfall which is common in alpine tracts (above 2,200 m, and the Trans Himalayan 
region). Humidity ranges during winter from 35% to 54.2%, which is very low. Sutlej River 
Basin has competent rocks which offer a stable foundation for the construction of HEPs. All 
plutonic rocks or hypabyssal rocks like Granites, Syenites, Diorites, Gabbros, and volcanic 
rocks are most desirable for the foundation of dam due to their strong, durable, interlocking 
texture, hard silicate mineral composition, absence of inherent weak planes, resistance to 
weathering characters. Soils in the basin are generally shallow in depth, except in the areas 
that has vegetation cover as they have fairly deep soil. In the regions above 1,500 m, the soil 
is generally deep. Largely the soil can be classified as podzols, both brown podzols and 
humus and iron podzols are found. These are acidic in nature with the organic content 
ranging from medium to high. Nutritional survey of soil and plant analysis suggested that the 
soils by and large have low levels of Zn, Cu, B and Mo.  
 
Altitudinal Variation - The riverscape form the southwest to northeast direction depicts 
large altitudinal variation from 134 m AMSL to very high altitude of 6,722 m AMSL. 
Altitude plays an important role in the physical characteristics, biological diversity and 
its distribution and socio-economic uses and consumption patterns. In particular, higher 
altitudes greatly influence river flow, rate of sedimentation, vegetation, wild animal use 
and even human settlements and their uses. In all, twelve elevation classes were derived 
(Table 5.2). The distribution of areas under different elevation classes within the 
riverscape revealed that the maximum extent of 5,076.91 km2 or 21.06% area of the 
riverscape represented the higher elevation (4,000 to 5,000 m) category of the altitude 
class (Table 5.2). Nearly, 19% area of the riverscape lies in the highest elevation class of 
≥5,000 m. Almost 23% area of the riverscape represented elevation <500 m.  
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Table 5.2: Distribution of Area under Different Elevation Classes in Sutlej Riverscape 

Sr.  
No. 

Elevation Classes 
 (m) 

Area  
(km2) 

Riverscape Area (%) 

1 <250 2,920.37 12.11 
2 250 to 500 2,547.59 10.57 
3 500 to 750 1,459.98 6.06 
4 750 to 1,000 1,062.98 4.41 
5 1,000 to 1,250 749.58 3.11 
6 1,250 to 1,500 681.29 2.83 
7 1,500 to 2,000 1,182.29 4.9 
8 2,000 to 2,500 887.25 3.68 
9 2,500 to 3,000 784.69 3.25 
10 3,000 to 4,000 2,223.45 9.22 
11 4,000 to 5,000 5,076.91 21.06 
12 ≥5,000 m 4,534.45 18.81 

Total 24,110.83 100 
 

(b) Biological Sub-Environment – As already stated earlier, the Sutlej Riverscape 
along with the States of Himachal Pradesh and Punjab represents three biogeographic zones 
and five biotic provinces, viz., (a) 1A-Ladakh Mountains; (b) 1B- Tibetan Plateau; (c) 2A- 
Northwestern Himalaya; (d) 2B -Western Himalaya and (e) 4A-Punjab Plains. These three 
biogeographic zones and five biotic provinces cover a wide range of natural ecosystems and 
associated rare, endangered and threatened flora and fauna. The following section highlights 
an insight on land use land cover, forest types and forest cover, wildlife diversity, protected 
areas and other important from the perspective of conservation significance.  

(i) Land Use and Land Cover – The geospatial analysis helped in generation 
information on land use and land cover. Altogether, 19 natural and manmade classes were 
deciphered within the Sutlej Riverscape. The land cover category of Snow/ Glacier 
represented the highest area, being 8,781.77 km2 or 36.42% of the riverscape (Table 5.3). 
This was followed the land use category of agriculture that covered nearly one-fourth 
(24.6%) area of the riverscape. Diverse forests under three forest cover categories (Dense, 
Moderately Dense, and Open Forests) collectively represented 19.62% area of the riverscape 
while the Scrub land cover category covered 3.18% area of the riverscape (Table 5.3). Barren 
area represented as high as 13.04% area of the riverscape. The land use and land categories of 
River (Perennial), Waterbody, Wetland, Alpine Pasture, and River (Dry)/River Sand 
represented 1.01%, 0.01%, 0.07%, 0.01%, and 0.58% area of the riverscape, respectively 
(Table 5.3). 
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Table 5.3: Land Use and Land Cover within the Sutlej Riverscape 

Sr. 
No. 

Land Use Land Cover  Area 
 (km2) 

Riverscape (%) 

1 Agriculture 5,930.99 24.6 
2 Alpine Pastures 1.42 0.01 
3 Barren 3,143.78 13.04 
4 Canal 14.13 0.06 
5 Cloud 38.72 0.15 
6 Cloud Shadow 2.32 0.01 
7 Very Dense Forest 1,127.44 4.68  
8 Industrial Area 15.83 0.07   
9 Mining/Mining Dump 5.34 0.02 
10 Moderately Dense Forest 1,762.55 7.31 
11 Open Forest 1,839.14 7.63 
12 Plantation 35.45 0.15 
13 River (Dry)/River Sand 140.08 0.58 
14 River (Perennial) 242.42 1.01 
15 Scrub 768.06 3.18 
16 Settlement 241.64 1.00 
17 Snow/Glaciers 8,781.77 36.42 
18 Water body 3.07 0.01 
19 Wetland 16.68 0.07 

Total 24,110.83 100 

 

(ii) Forest Types and Forest Cover – An insight on diversity of forests and forest 
cover is of vital from the perspective of planning for forestry interventions so as to suggest 
suitable sites those either have do not have dense forest cover or fall in the categories of scrub 
or grasslands along the riverbanks. Thus, the GIS layers on forest type and forest cover were 
generated using data provided by the Forest Survey of India. Altogether, seven forest types 
and one non-forest category were recorded in the Sutlej Riverscape (Table 5.4). The non-
forest category contributed more than two-third i.e., 77.2% area of the riverscape. The Scrubs 
occurred only in 3.19% area of the riverscape. Amongst various forest types recorded, the 
Sub-Tropical Pine Forest occurred in the maximum area and represented 6.75% area of the 
riverscape (Table 5.4). The Himalayan Moist Temperate Forests represented 5.53% area of 
the riverscape. The Tropical Dry Deciduous Forests covered an extent of 1,213.76 km2 and 
represented 5.03% area of the riverscape. The Sub-Alpine Forests and Dry Alpine Forests 
covered 51.59 km2 and 75.04 km2 area, respectively of the riverscape (Table 5.4). The 
Himalayan Moist Temperate Forests and Himalayan Dry Temperate Forests mainly 
concentrated around Kinnaur, Shimla and Kullu. Two forest types viz. Sub-Alpine Forest and 
Dry Alpine Forest in very small patches predominantly concentrated mainly in Kinnaur and 
Shimla Districts. The prominent category of non-forest area was mainly in two larger pockets 
within the riverscape, firstly, in the north eastern side and secondly, in the southwestern 
portion of the riverscape. 
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An insight developed on the distribution of different forest cover categories in the Sutlej 
Riverscape revealed that a substantial proportion (77.19%) of the riverscape falls under non-
forest category. 

Table 5.4: Distribution of Different Forest Types in the Sutlej Riverscape 

Sr. 
No. 

Forest Types Area  
(km2) 

Riverscape (%) 

1 Dry Alpine Forest 75.04 0.31 
2 Himalayan Dry Temperate Forest 428.29 1.78 
3 Himalayan Moist Temperate Forest 1,333.08 5.53 
4 Sub-Alpine Forest 51.59 0.21 
5 Sub-Tropical Pine Forest 1,627.33 6.75 
6 Tropical Dry Deciduous Forest 1,213.76 5.03 
7 Scrub 768.06 3.19 
8 Non-Forest 18,613.68 77.2 

Total  24,110.83 100 
 

 

Fig. 5.4: Birch (Betula utilis) Forest in the Sutlej Catchment 

(iii) Wild Faunal Diversity - The foregoing section of physical sub-environment, land use 
land cover, forest types and forest cover have highlighted the diversity of geological 
formations, landforms, forests, grasslands, alpine pastures, wetlands, etc. The role played by 
the vast altitudinal range and extremities of climatic conditions in maintaining such diversity 
was also understood. Varied physical and biological systems influenced by long history of 
management and human influence also offer an array of faunal species representing different 
natural ecosystems in the terrestrial and aquatic environments. The following section 
provides an insight on the diversity of wild fauna in varied ecosystems. 

Terrestrial Ecosystems –In the case of Sutlej Riverscape, Himachal Pradesh and vast lands 
in Punjab Plains are two relevant geological formations. They are home to a wide range of 
rich and unique wild fauna including mammals, birds, reptiles, amphibians, fishes, and 
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exceptionally diverse invertebrates. Prominent mammalian species of the Sutlej Riverscape 
are snow leopard (Panthera uncia), Himalayan Ibex (Capra sibiricahemalayanus), 
Himalayan brown bear (Ursus arctos), Himalayan black bear (Ursus thibetanus), common 
leopard (Panthera pardus), Himalayan wolf (Canis himalayensis), Himalayan tahr 
(Hemitragusjemlahicus), Bharal (Pseudoisnayur), Serow (Naemorhedus sumatraensis), 
Himalayan musk deer (Moschus chrysogaster), Himalayan goral (Naemorhedus goral), 
sambar (Rusa unicolor), barking deer (Muntiacus muntjac), wild pig (Sus scrofa), etc. The 
states of Himachal Pradesh and Punjab harbour nearly 60% of the country’s avifauna. The 
State of Himachal Pradesh is rich in pheasants (7 species) and over 12 other species of 
Galliformes. Of these pheasants, the Western Tragopan (Tragopan melanocephalus) and 
Cheer Pheasant (Catreus wallichii) are among the most vulnerable bird species. These birds 
are known to be patchily distributed, with small surviving populations. Interestingly, 
pheasants are representative of the forest ecosystem, with strong association with ground 
vegetation shrub and herb layers. They are among the most popular wildlife in the State. The 
Himalayan Monal (Lophophorus impejanus) has once been ‘The State Bird’ and Western 

Tragopan, the present State bird is found in folklore, described as ‘the king of all birds’. They 

are also known to play a significant role as a prey base for mammalian and avian predators. 
Other pheasants are, Kaleej (Lophura leucomelana), Red Jungle fowl (Gallus gallusmurghi), 
and The Indian Peafowl (Pavo cristatus). Given the ‘Flagship’ stature of this group, it would 

be logical to assume that conservation initiatives for these species would also help survival of 
other forest wildlife. However, scientific support for several of these species is grossly 
inadequate to be able to effect efficient conservation actions for the wildlife in the State.  
 
Punjab has made an unparalleled progress in the agriculture since the advent of the Green 
Revolution in the mid-sixties, resultant the State is densely populated and intensively 
cultivated. Nearly 84% of the State’s geographical area is under agriculture with a cropping 

intensity of 183%. Only a meagre area i.e., 5.7% of the geographical area is under forest that 
too mainly confined to north-eastern part of Shivalik hills. Owing to the expansion of 
agriculture and conversion/ reclamation of natural areas (forests, grasslands and wetlands), 
and creation of several large dams and barrages have resulted into the great loss to natural 
biodiversity. In the context of Sutlej Riverscape, there are hardly any known or substantial 
forest and grassland areas left in the alluvial plains of Punjab. Bir forests i.e., dry tropical 
riverine forests and dry mixed deciduous forests are found around wetlands. Punjab Plains 
used to have abundant populations of antelope (blackbuck and nilgai) but today the 
populations of these antelopes have suffered. The threatened fauna of Punjab includes the 
White-backed vulture (Gyps bengalensis), Sarus crane (Grus antigone), Indian rock python 
(Python molurus) and Indian Roofed Turtle (Pangshura tecta).  

Aquatic Fauna -The Sutlej River with its numerous tributaries along diverse wetlands in the 
Himalayan State of Himachal Pradesh and the alluvial plains of Punjab harbour enormous 
fish diversity. The Sutlej sub-basin in Himachal Pradesh is also known to support around 51 
species of cold-water fish including exotic trout, snow trout and several species of hill stream 
fishes.  The major fishes available in various rivers/ streams are Trout, Mahseer, Nemacheilus 
spp., Barilus spp., Schizothoracides, Crossocheilus spp., Glyptothorax spp., etc. The Gobind 
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Sagar Reservoir is one of the major reservoirs on Sutlej River which is consistently 
maintaining highest per hectare fish production level in the country with annual production of 
over 1,400 MT worth Rs. 8 Crore. The Sutlej River harbours both cold water as well as warm 
water fishes. The cold-water fishes include Tor spp., Schizothorax spp., Barillius spp., 
Bangana spp., Garra spp., Schistura spp., Triplophysa spp., etc. are the indigenous fishes 
important in terms of food, sport and ornamental value. The rich and unique aquatic 
ecosystems in plains of Punjab are home to a wide variety of aquatic plants, fishes, reptiles 
(crocodilians), amphibians, and aquatic mammals including otter and the Indus River dolphin 
(Platanista gangetica minor). Several manmade and natural wetlands exist in the riverscape. 
Thus, from the perspective of wildlife, aquatic ecosystems and associated aquatic fauna, the 
Punjab State attains higher importance. The alluvial plains of Punjab with a wide network of 
river systems have water-stressed semiarid environment. Once, the distribution of Smooth-
coated otter (Lutero gale perspicillata) locally called Ludhar was widespread in Punjab. 
Currently, like other regions of the country and other species of otters, the population of 
Smooth coated otter is severely fragmented. 
 

 
 

Fig. 5.5: Agroforestry Plantations in Punjab Plains 

Protected Areas -The famous Pin Valley National Park (Fig.5.6) in Himachal Pradesh within 
the Sutlej Riverscape represents the 1A Ladakh Mountains biotic province. The Kibber 
Wildlife Sanctuary (Fig.5.7) (2,220.12 km2) is located in 1B Tibetan Plateau biotic province. 
The 2A Northwestern Himalayan biotic province includes Bandli, Lippa Asrang, Shikari 
Devi and Rupi Bhaba Wildlife Sanctuaries.  The 2B Western Himalaya Biotic Province has 
three wild life sanctuaries viz., Majathal, Daranghati and Rakchham Chitkul. Besides, two 
Conservation Reserves i.e., Shri Naina Devi and Darlaghat are also present. The Harike 
Barrage at the confluence of Beas and Sutlej Rivers forms an important wetland site and is 
one of the Ramsar Sites. Thus, in the 4A Punjab Plains Biotic Province includes the 
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prominent PA i.e., Harike Lake Wildlife Sanctuary. In addition, Punjab is also having Punjab 
Ropar wetland which has been declared as Ramsar Sites.  
 

 
 

Fig. 5.6: A view of Pin Valley National Park 
 

 
Fig. 5.7:  A view of Kibber Wildlife Sanctuary 
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(c) Socio-economic Sub-Environment - Sutlej River is source of fishing, navigation, sand 
mining, irrigation, drinking water and has also immense hydroelectric potential. Substantial 
population living in high altitude areas of the Sutlej Upper Basin living along the course of 
river traditionally depends upon varied forest and grassland resources for timber, fuelwood, 
bamboo, collection of NTFPs (fruits, edible mushroom, aromatic and medicinal plants, 
fodder, etc.) and transhumance/ livestock grazing. Sutlej River Basin supports livelihood of 
the local communities in terms of irrigation and drinking water supply as well as the belt is 
very fertile with production of agricultural and horticultural crops. People in Sutlej River 
Basin are mainly engaged in agriculture and horticulture sector. The agricultural crops which 
aresown and harvested mainly include wheat, paddy, maize, barley, pulses, vegetables, etc. 
The main horticulture fruits those found in the riverscape region are apple, pear, almond, 
apricot, and dry fruits. The Kinnaur district is known for the production of nuts and dry fruits. 
The potato production is very high in especially around fields near Nako Lake (Fig. 5.8), and 
other parts ofSpitivally. Kalpa, Ribba, Peo, Akpa and Rampur are known for the horticulture 
producing areas. The Solan district is famous for mushroom and tomato production. Bilaspur 
area under Sutlej catchment is related to the production in the agriculture and fish sectors. 
Farmers in Punjab have been practicing agroforestry. The Indira Gandhi Canal (originally the 
Rajasthan Canal) is the longest canal of India. It starts from the Harike Barrage at Harike (Fig 
5.9), a few km below the confluence of the Sutlej and Beas Rivers in the Punjab and 
terminates in irrigation facilities in the Thar Desert in the North- West of Rajasthan State. 
Sutlej River Basin also supports the livelihood of the local communities in term of providing 
fuel wood, fodder, medicinal herbs and other minor forest products including Chilgoza (Pinus 
gerardiana). Scenic beauty of Sutlej River and other water bodies in Sutlej River Basin offers 
immense tourism potential. 

 

Fig. 5.8: Nako Lake, a High-Altitude Wetland in Kinnaur District, Himachal Pradesh 
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Fig 5.9: Harike Wetland at the confluence of Beas with Sutlej River in Punjab Plains, a 

Ramsar Site 
 

5.6 Major Issues 

Sutlej River, surrounding lands and their varied resources are excessively burdened and 
exhibit numerous signs of degradation and deterioration. Moreover, the survival of several 
tributaries and the ecological integrity of the main river have been threatened. Rapid retreat 
of the prominent glaciers within the riverscape along with melting of several other smaller 
glaciers within the river basin, enhanced landslides, intense sedimentation and erosion, 
sequential HEPs, forest degradation and fragmentation, reduced connectivity and 
environmental flows, increased pollution, and excessive use/ exploitation of forests, alpine 
pastures and important wetlands are some of the main issues of concern. Land and ecosystem 
degradation, enhanced demands of high HEPs, excessive abstraction of groundwater, 
industrialization, and growing urban environment all along the river course are some of the 
major threats to the sustainability of river ecosystem. Some of the prominent concerns and 
issues are elaborated below:  
 
(a) Enhanced Seismic Activity, Landslides, Sedimentation, Muck Dumping and 
Environmental flow -Lying in the sensitive Himalayan belt, the basin area/ riverscape is 
prone to high seismic activity. Scientific investigations reveal that most of the earthquakes in 
the region are the result of the movement along thrusts/ faults. Earthquakes having a 
magnitude greater than 5 on the Richter scale occur at frequent intervals. Besides 
earthquakes, landslides are the other natural hazard that plagues the Sutlej River Basin. The 
problem of landslides is common and frequent in Himachal Pradesh (Fig.5.11). Loss of life, 
damage to houses, roads, and means of communication, agricultural lands, and floods are 
some of the major consequences of landslides in the region. Dumping of muck (Fig. 5.10) 
along Sutlej River is another big threat as it has not only narrowed the original river course, 
but it has forced the river to change its course at some places. The Sutlej River carries the 
maximum amount of silt among the Indian Rivers. The NathpaJhakri Hydroelectric Project 
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(1500 MW), a river diversion project, on Sutlej Riverwas completed in the year 2003-04. 
About 405 cumec of water is being diverted to harness the installedcapacity of the project. 
During lean period, discharge is 100-150 cumec. This implies that river bed couldbe dry 
during lean period i.e., November to March. However, Sutlej River flow is augmented by 
flow fromtributaries joining the river downstream of the dam as well as regeneration of flow 
along the banks of river.Still, there may be critical reaches in which altered flows are not able 
to sustain the riverbed ecology. 
 

 
             Fig. 5.10: Steep mountains and disposal of muck on the bank of Sutlej River 
 
(b) Climate Change and Glacier Melt - Sutlej River flow is contributed by snow and 
glacier melt. However, water reserves held by glaciers are likely to be altered considerably in 
the future due to climate change, as glaciers are highly sensitive to variations in temperature 
and precipitation. Observations show that near surface air temperature in northwestern 
Himalayas has increased by 0.65°C during 1991–2015, as compared to the mean global 
temperature rise of 0.47°C. These changes will also affect the snow and glacier melt runoff 
and water availability.  
 

 

Fig. 5.11: Landslide, Erosion Process and Sediment Transport 
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(c) Flash Floods - Three floods that submerged the entire Sutlej River Basin in 1997, 
2000 and 2005 have affected the Sutlej River catchment area immensely. In the last decades 
or so, over 40 incidents of flashflood, cloudbursts have occurred in Himachal. Most of these 
were extremely fierce, like the Rakchham-Chitkul and Wangtoo (Parchu) flashflood, where 
even the army felt helpless. Over 350 people were killed. Flash floods, particularly in the 
narrow river gorges are one of the leading causes of landslides in Himachal Pradesh. 
Encroachments in the river beds is sighted as one of the reasons or floods like situations 
during the monsoons as it has, over the years, reduced the water carrying capacity of the 
rivers, especially Sutlej. Bhakra Beas Management Board (BBMB) claimed that it had all 
along been asking the district administration across Punjab to ensure the removal of 
encroachments in the river beds for ensuring the natural flow of water.  

(d) Physical Barriers and HEPs - Dams have been criticised for the role they play in 
submerging forests and creating instability in relatively nascent mountains, instability that 
causes landslides, muck and silt to transform the ecology of local rivers. Sedimentation is 
seen as a problem which reduces the life of reservoirs. This raises questions about the 
viability and cost effectiveness of HEPs. Sequential Run-of-the-River (ROR) projects have 
their own problems as they create considerable muck and silt. They generate huge amount of 
muck because of tunnelling, which when dumped causes environmental degradation. It also 
results in increased silt level in downstream reservoirs. This silt, when flushed out of the 
reservoirs, leads to further environmental problems. 
 
(e) Industrialization Effluents and Urban Sewage - Originating in the foothills of the 
Shivalik Range, Sarsa has Himachal’s biggest industrial cluster at Baddi, Barotiwala, and 

Nalagarh located on its banks, comprising over 1,000 industrial units mainly engaged in 
manufacturing pharmaceuticals and textiles. Of the cluster’s 1,000 units, 900 are classified as 

orange (Pollution Index Score between 41- 59), and 83 units as red (Pollution Index Score 
above 60) on the basis of their pollution load. Industrial discharge and urban sewage (Fig. 
5.12) are also responsible for the pollution in Sutlej River. Notably, a large quantity of 
industrial effluent is discharged in both ChittiBein and Buddha Nallah, and both these water 
sources flow into the Sutlej River. 
 
(f) Forest Degradation and Proliferation of Weeds - Forests in Himachal Pradesh have 
a high degree of susceptibility to forest fires and these forest fires have destroyed precious 
forest wealth and caused harms to the flora and fauna. It was made clear during the 
interviews of forest officers that forest fire incidences are mainly human induced and are 
common during the summer season. Local people believe that the burning of forest areas 
improves the fodder resources by getting a fresh grass and tender herbs in the following 
season. Some of the common measures to mitigate this is controlled burning, and 
maintenance of fire lines. Sutlej Riverscape and pastures are under threat by invasive species 
and weeds. Prominent species of concerns are: Lantana camara, Parthenium hysterophorus, 
Ageratum conyzoides, and Eupatorium adenophorum. These invasive are a major issue in the 
sub-tropical and lower temperate areas in the state and affect the quality of forests and the 
pasture lands, and availability of fodder. 
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           Fig. 5.12: Growing urban built-up environment and human settlements all along 
the river course are major cause of sewage and waste disposal in the river 
 

 

Fig. 5.13: Collection and storage of hay for use in the Winter season 
 
(g) Isolationist approach and involvement of multiple agencies - Since multiple States 
share water and other resources (power) of the Sutlej River, and it is governed by the 
provisions of the Indus Water Treaty, 1960, and several agencies are involved in its use, 
regulation, and management of resources, often issues related to inter State, Centre State, 
interagency coordination and cooperation crop up.  Most agencies concerned with use of the 
water from river, regulation and law enforcement continue to work in isolation and overlook 
the complex and intricate environment of the river ecosystem and continue to adopt 
piecemeal and fragmentary approaches to management and conservation instead of much 
desired holistic and comprehensive perspective of the Riverscape. 
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Conservation problems, issues, and threats in the context of Sutlej River are summarized in 
Box 5.1. 

 

5.7 Prioritization of Sites 
 
As stated earlier, the GIS assisted decision making process by way of geospatial analysis and 
modelling was used for identification of priority areas for the proposed forestry interventions 
within the Sutlej Riverscape. The shape files of vegetation and land use land cover, erosion, 
and degree of slope were superimposed to obtain a combination matrix of various layers that 

Box - 5.1 
Sutlej River – Problems, Challenges and Issues 

 
▪ The Sutlej River originates and flows through the high seismic zone that experiences several 

geological (e.g. tectonic upheaval, seismic activities, and landslides), environmental (e.g. 
avalanches, cloud bursts, and climate change implications) and human induced (e.g. 
deforestation, diversion of river water, forest fires, conversion of forests/ grasslands/ wetlands to  
agriculture/ horticulture, air and water pollution, sand mining and disturbance to bedrock, 
construction of roads and HEPs,  sewage and waste disposal from cities and townships, 
unregulated tourism, etc.) disturbances/ processes that not only causing degradation of the river 
but also decline terrestrial and aquatic fauna, reduce e-flow, and deteriorate water quality.  

▪ The Sutlej River and its surrounding lands are excessively burdened due to high and competing 
demands of various sectors/ users, human needs and greed, abuse and neglect. As a result, the 
river ecosystem exhibits numerous signs of degradation and deterioration. Moreover, the 
survival of several tributaries and the ecological integrity of the main river have been 
threatened. 

▪ Several sequential Run of the River (ROR) projects have created considerable muck and silt. 
They generate huge amount of muck because of tunnelling, which when dumped causes 
environmental degradation. It also results in increased silt level in downstream reservoirs. This 
silt, when flushed out of the reservoirs, leads to further environmental problems. Sutlej River 
carries the maximum amount of silt among the Indian rivers. Three floods that submerged the 
entire Sutlej River Basin in 1997, 2000 and 2005 have affected the Sutlej River catchment area 
immensely.  

▪ Land and ecosystem degradation, enhanced demands of high HEPs, excessive abstraction of 
groundwater are some of the major threats to the sustainability of river ecosystem. In addition, 
industrial discharge, urban sewage and chemical pollutants from agriculture areas are 
responsible for the pollution in Sutlej River. Notably, a large quantity of industrial effluent is 
discharged in both ChittiBein and Buddha Nallah and both these water sources flow into the 
Sutlej River. 

▪ Forests in mountainous catchment are susceptible to forest fires and these forest fires destroy 
precious forest wealth and caused harms to the flora and fauna besides resulting into soil 
erosion. Varied invasive and alien species are a major issue in the subtropical and lower 
temperate forests and affect the quality of forests and the pasture lands, and availability of 
fodder in the Sutlej catchment. 

▪ Despite the Government has enacted multiple legislative acts relevant to forests, environment, 
wildlife, pollution control, waste management, etc.; formulated several relevant policies and 
strategies; established different authorities to regulate use of river resources, and numerous 
judiciary interventions in the past decade or so, there are enormous challenges in enforcing laws 
and regulating use of river resources. Moreover, the Sutlej River, controlled under the Indus 
Water Treaty, 1960, and several agencies involved in its use, regulation, and management of 
resources, often issues related to inter State, Centre State, interagency coordination and 
cooperation crop up.   
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revealed the prevalent features of any area within the riverscape. The GIS overlay operations 
were carried out on the above three layers and the weightages for various combinations were 
combined together by means of addition to arrive at summed weightage for each 
combination. These values were then categorized in to low, medium and high priority zones 
based on the statistical quartile. The distribution of areas under different priority zones 
deciphered in the Sutlej Riverscape is presented in Table 5.5. Accordingly, priority areas 
deciphered in case of Himachal Pradesh showed that 6,295.41 km2 area lies in high priority, 
2961.49 km2 in medium priority, and 10,874.06 km2 area in the low priority zone. The 
riverscape part in the plains or Punjab State showed that the high priority area lies in 610.41 
km2, while 966.39 km2 in the medium, and 2,377.93 km2 area in lowpriority zones (Table 
5.5). Nearly 29% area of riverscape represented high priority zone while 22.15% area has 
fallen in the medium priority zone. Almost half of the area, being 49.11% of the riverscape 
lied in the low priority zone that was distinctly located in two large stretches: (a) the 
northeastern side of the riverscape representing high and rugged mountains of the Trans 
Himalaya and the Great Himalayas, and (b) westerly part of the riverscape in Punjab Plains. 
 
Table 5.5: Distribution of Priority Zones within the Sutlej Riverscape 
 
Sr.  
No. 

Priority Class  States Riverscape 
Himachal Pradesh 

Area  
(km2) 

Punjab 
Area  
(km2) 

Area  
(km2) 

(%) 

1 High 6,295.41 610.41 6,905.82 28.64 
2 Moderate 2,961.49 966.39 5,339.42 22.15 
3 Low 10,874.06 2,377.93 11,840.45 49.11 
4 Eliminate 23.65 1.49 25.14 0.10 

Total 20,154.61 3,956.22 24,110.83 100 
 

5.8 Policy and legal issues 

The Chapter 4 of the Vol. I of the DPR of Sutlej River is dedicated to the legislative, policy 
and the institutional context that critically examines the existing policies, conventions, 
treaties and laws pertaining to the themes of the DPR, identifies gaps, imperatives, and future 
needs from the perspective of various users and those who either influence/ impact or are 
responsible for the management of water resources. 

The Sutlej River Basin supports diverse ecosystems including several protected areas as well 
as is a source of livelihood to the communities residing in the said area. However, the basin is 
facing severe threat due to unsustainable activities such as sand and boulder extraction, 
operation of crusher units in close proximity of the river, infrastructure development 
including widening of highways, uncontrolled growth of tourism activities, etc. Interestingly, 
the country’s dream of constructing large hydropower projects as temples of ‘Modern India’ 

started with the development of the Bhakra Dam in Himachal Pradesh on the Sutlej River. 
These very ‘temples’ have now become one of the largest threats to the said river and its 
basin. Sutlej River Basin is also becoming more and more vulnerable to visible impacts of 
climate change.  
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In Punjab, the Sutlej River flows a distance of nearly 285 km before entering Pakistan. 
Herein, the river flows through the plains catering to agricultural, domestic and industrial 
needs. Thus, the issues to be focused in the case of Punjab are mainly in relation to pollution 
abatement. The river passes through the highly urbanized and industrial centres of Ludhiana 
and Ferozepur which discharges highly polluted effluents as well as domestic sewage into the 
river. These issues have been dealt with in the Chapter, presenting issue wise relevant 
legislative, policy and institutional framework in order to achieve the ultimate purpose of the 
DPR to rejuvenate the Sutlej River. The sole authority responsible for managing water 
resources and distribution of power generated from HEPs on the Sutlej, Beas and Ravi Rivers 
is the Bhakra Beas Management Board (BBMB). The Government of Punjab has constituted 
a Task Force for to prepare and implement a comprehensive action plan to clean Sutlej River. 
As per the directives of the National Green Tribunal (NGT), a Central Monitoring Committee 
as well as State level ‘River Rejuvenation Committee (RRC)’ have been constituted those are 

of direct relevance from the perspective of DPR. Hence, it is considered appropriate to 
provide below a brief account of the BBMB and two important Committees constituted by 
the NGT. 

(i) Bhakra Beas Management Board (BBMB) - A proposal to construct a storage 
reservoir on the Sutlej River was first time originated in November, 1908 much before the 
partition of the country. However, a detailed and comprehensive project for a high dam at 
Bhakra was prepared in 1919. During 1919-1951, the subject of harnessing water of Sutlej 
and construction of Bhakra dam remained active into consideration firstly, under the British 
India and subsequently after partition by the Government of India and the Government of 
Punjab; and during this period various consultations with different governments, US Bureau 
of Reclamation and US Irrigation Service, surveys and investigations, and planning for 
project proposal(s) took place. The full-fledged construction activity started only after April, 
1952 and after untiring efforts of day and night for almost a decade, the Bhakra Dam was 
ready. Bhakra Reservoir, which is also known as Gobind Sagar, one of the oldest built dams 
in India, was commissioned on 22 October, 1963. It has controlled devastating floods and the 
estimated benefits of irrigation and power have brought prosperity to north India. Bhakra 
Reservoir has a designed dead storage of 2,431.81 Mm3 and live storage of 7,436.03 Mm3; 
i.e., a total storage capacity of 9,867.84 Mm3. The water spread area of the Bhakra Reservoir 
extends over 168.35 km2 at full reservoir level (515.11 m) and its head touches a point about 
12.87 km above Slapper village near Kasol. The Bhakra Reservoir (Fig.5.15) is fed by the 
flows consisting of contribution from rain and snow melt. The Sutlej River transports heavy 
amounts of sediment, which is detrimental to the life of the reservoir.  

On reorganization of the erstwhile State of Punjab on 01 November, 1966, ‘Bhakra 

Management Board’ (BMB) was constituted under the Sec, 79 of Punjab Reorganization Act, 
1966 on 1 October, 1967 for operation and maintenance of the Bhakra Nangal Project. 
Following signing of the Indus Waters Treaty in 1960 between India and Pakistan, and 
completion of the Beas Project in 1976, the Beas Project was transferred to BBMB, which 
was renamed as the Bhakra Beas Management Board (BBMB). The water regulated by 
BBMB is distributed among Punjab, Haryana and Rajasthan, with smaller shares for water 
supply to Chandigarh and Delhi.  
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Fig. 5.14: Bhakra dam under the control of Bhakra-Beas Management Board 
(BBMB), one of the oldest dams/ reservoirs in the country with large lake 

(i) Sutlej Action Plan (SAP) -The Sutlej River flows in Himachal Pradesh and Punjab. 
In case of Himachal Pradesh, a Comprehensive Environmental Impact Assessment (CEIA) 
study in the context of HEPs was carried out by the HFRI, ICFRE and detailed report was 
submitted to MoEF&CC for acceptance and implementation. The Sutlej River in Punjab has 
been used as a source of irrigation, drinking purpose especially in southern Punjab and 
various activities including industrial purposes. The Sutlej and Beas Rivers have played a 
significant role in the socio-economic and industrial development in Himachal Pradesh and 
Punjab. Keeping in view the deterioration in the water quality of Sutlej River, the State 
Government of Punjab (GoP) initiated action in 2008 to identify the sources of its pollution in 
coordination with Punjab Pollution Control Board (PPCB). Ludhiana City lies within the 
catchment area of Sutlej River and is contributing significantly to the water pollution of 
Sutlej River, through Buddha Nallah, which passes through the heart of Ludhiana City. The 
GoP, Department of Local Government vide notification no. 14/89/20183LG1/2065 dated 
26.10.2018 has constituted a Task Force under the chairmanship of Satguru Uday Singhji of 
Namdhari Sampradaya for execution of the programme/ interventions for tackling pollution 
in Buddha Nallah approved by the Government under Mission Clean Sutlej River to prepare 
and implement a comprehensive action plan to clean Sutlej River.  

(ii) River Rejuvenation Committee (RRC)- The River Rejuvenation Committee was 
constituted by the Hon’ble NGT, Principal Bench at Delhi. The RRC constituted as four-
member committee comprising Director Environment, Director Urban Development, Director 
Industries, and Member Secretary, State Pollution Control Boards of Himachal Pradesh and 
Punjab. The RRC shall prepare action plans of all the polluted river stretches extending inside 
the Himachal Pradesh and Punjab and to make contaminated river water fit for at least 
bathing purposes according to standard water quality measures recommended by State 
Pollution Control Board (SPCB). 
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5.9 Treatment Models 

A multidisciplinary team of scientists, forest officers, technical officers and project staff at 
HFRI worked out the modalities with respect to various forestry interventions and proposed 
plantation and treatment models for Sutlej River Basin in Himachal Pradesh and Punjab 
which is summarised in Table 5.6. In all, 16 models for Natural Landscape in the Himalayan 
mountains from the Trans Himalaya to Outer Himalaya or Shivalik Hills in Himachal 
Pradesh have been designed, developed and adopted for proposed forestry interventions 
(Table 5.6). The model SL/HP/NL/01 and SL/HP/NL/02 are specific to cold desert areas 
between 3,000 to 4,500 m, experiencing harsh climatic conditions. The major focus of this 
model is on conservation and enrichment of native biodiversity and additional livelihood 
generation for local communities, while two other models viz., SL/HP/NL/03 and 
SL/HP/NL/04 are specific to sub-alpine and alpine areas (2,900-4,500 m). These models deal 
with enrichment and development of sub-alpine and alpine areas, respectively. Seven 
different models (SL/HP/NL/05 to SL/HP/NL/11) are proposed for upper, middle and lower 
temperate forested tracts in the Himalayan Mountains of Himachal Pradesh. The model 
SL/HP/NL/06 has been especially designed for the development of pasture and grazing lands. 
The treatment models SL/HP/NL/12 and SL/HP/NL/13 pertain to the removal of Lantana and 
removal of other invasive species including Lantana, respectively. The model SL/HP/NL/14 
has been designed for the natural regeneration while SL/HP/NL/15 is the fire protection 
model. All these 15 models prescribed for the Natural Landscapes will be implemented by 
the SFD, Himachal Pradesh with the exception of model SL/HP/NL/16 which will be 
implemented by the Eco Task Force in temperate region of Himachal Pradesh representing 
inhospitable topography and refractory conditions.  

In the vast area of alluvial plains of Punjab, altogether five different treatment models are 
proposed and included in the DPR. The treatment model SL/PB/NL/01 will be specifically 
applied in Shivalik Hills Forest Enrichment while SL/PB/NL/02 will be applied in degraded 
Shivalik areas in protected forests or vacant areas in village common lands or community 
lands (Table 5.6). Like-wise, in the Shivalik Hills, the model SL/PB/NL/03 meant for 
Lantana removal has been designed for the removal of invasive species including Lantana. In 
alluvial plains of Punjab, the proposed model SL/PB/NL/04 will be dealing with the 
restoration of the degraded forests while SL/PB/NL/05 have been designed and proposed for 
plantations along roadsides, railway tracks, and canals.  

Besides, models specific to Natural landscapes, various treatment models were developed and 
included especially meant for Agriculture Landscapes, Urban Landscapes, and Conservation 
Interventions. Accordingly, both the involved States (Himachal Pradesh and Punjab) would 
implement 2 models each in the Agriculture Landscapes, four models each in Urban 
Landscapes, five models each specific to soil and moisture conservation measures, and one 
model each relevant to the Riverine and Riparian Wildlife Management, and Wetland 
Management (Table 5.6).   

  



 

210 

 

Details on the extent and corresponding provisioned model-wise total cost are presented in 
Table 5.6. 

Table 5.6: Treatment models proposed in three type of landscapes within the Sutlej 
riverscape along with envisaged extent and provisioned budget 

Sr.   
No. 

Model Treatment Model/ Activity Area  
(ha) 

Cost 
(Rs. in crore) 

A. Himachal Pradesh 
A.1 Natural Landscapes 
1.1  SL/HP/NL/01   Cold Desert Greening 100 3.87 
1.2  SL/HP/NL/02   Cold Desert Conservation 100 2.55 
1.3  SL/HP/NL/03   Alpine Conservation 60 1.44 
1.4  SL/HP/NL/04   Sub-Alpine Enrichment 315 6.01 
1.5  SL/HP/NL/05   Dry Temperate Conifer Forest Enrichment 10 0.36 
1.6  SL/HP/NL/06   Temperate Conifer Forest 681 20.70 
1.7  SL/HP/NL/07   Temperate Mixed Forest 665 20.27 
1.8  SL/HP/NL08  Pasture and Grazing Land Development 185 4.21 
1.9  SL/HP/NL/09  Himalayan Chir Pine Forest 1,442 43.76 

1.10  SL/HP/NL/10   Himalayan Mixed Forest 820 22.38 
1.11  SL/HP/NL/11   Sub-Tropical Dry Deciduous Forest 2039 54.71 
1.12  SL/HP/NL/12   Eradication of Lantana (> 50%) 576 18.22 
1.13  SL/HP/NL/13 Control/ Removal of Invasive Species or 

<50% Lantana 
60 

1.84 
1.14  SL/HP/NL/14   Protection Model for Natural Regeneration 7,030 126.49 
1.15  SL/HP/NL/15   Fire Protection Model 1,585 20.43 
Sub -Total of Natural Landscapes 15,468 340.82 

A.2 Eco Task Force 
A.2.1 SL/HP/NL/16   Plantations in Temperate Forests by the ETF 2,000 82.54 
Sub-Total of Eco Task Force 2,000 82.54 

A.3 Agriculture Landscapes   
A.3.1 SL/HP/AL/01 Boundary Plantation Model 1,764 4.32 
A.3.2 SL/HP/AL/02 Block Plantation Model 500 6.52 
Sub Total of Agriculture Landscapes 2,264 10.84 

A.4 Urban Landscapes 
A.4.1 SL/HP/UL/01  Bioremediation and Bio filtration 17.25 4.27 
A.4.2 SL/HP/UL/02   Riverfront Development 4.75 11.76 
A.4.3 SL/HP/UL/03  Institutional and Industrial Estate Plantation 914 39.21 
A.4.4 SL/HP/UL/04   Eco Park Development 4.52 11.19 
Sub Total of SMC Measures 940.52 66.43 
A.5 Conservation Interventions 
(a)  Soil and Moisture Conservation Measures (Extent Values in m3) 

1.23 SL/HP/CI/01 Brushwood Interventions 1,26,990 3.81 
1.24 SL/HP/CI/02 Dry Stone Activities 1,81,641 32.70 
1.25 SL/HP/CI/03 Crate Wire Activity 1,22,031 54.91 
1.26 SL/HP/CI/04 Water Pond 1,20,865 4.23 
1.27 SL/HP/CI/05 Silt Detention Dam Type Activity 28,996 17.40 

Sub Total of SMC Measures 5,80,523 113.04 
(b) Other Interventions 

1.28 SL/HP/CI/06 Riverine and Riparian Management 277 27.70 
1.29 SL/HP/CI/07 Wetland Management 40 3.60 

 Sub Total of Other Interventions 317 31.30 
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Sr.   
No. 

Model Treatment Model/ Activity Area  
(ha) 

Cost 
(Rs. in crore) 

Total of Natural, Agriculture, Urban Landscapes and Other 
Interventions (ha) 

20,989.52 
640.19 

Total of Soil and Moisture Conservation Measures (m3) 5,80,523 
2. Punjab 
2.1 Natural Landscapes 

2.1.1 SL/PB/NL/01   Shivalik Hills Forest Enrichment 694 15.13 
2.1.2 SL/PB/NL/02   Degraded Model with Staggered Trench & 

Pits 
135 

2.64 
2.1.3 SL/PB/NL/03   Control/ Removal of Invasive Species and 

Lantana 
145 

0.95 
2.1.4 SL/PB/NL/04   Restoration of Degraded Forests 260 6.03 
2.1.5 SL/PB/NL/05   Road Side Plantation 37 1.66 

Sub -Total of Natural Landscapes 1,271 26.41 
2.2 Agriculture Landscapes   

2.2.1 SL/PB/AL/01   Boundary Plantation Model 6,400 16.14 
2.2.2 SL/PB/AL/02 Block Plantation Model 1,803 23.53 

Sub -Total of Agriculture Landscapes 8,203 39.68 
2.3 Urban Landscape   

2.3.1 SL/PB/UL/01   Bioremediation and Bio filtration 20 4.95 
2.3.2 SL/PB/UL/02  Riverfront Development 0.3 0.74 
2.3.3 SL/PB/UL/03  Institutional and Industrial Estate Plantation 281 12.05 
2.3.4 SL/PB/UL/04   Eco Park Development 10.5 25.99 

Sub -Total of Urban Landscapes 311.8 43.73 
2.4 Conservation Interventions 

(a) Soil and Moisture Conservation Measures (Extent Values in m3) 
2.4.1 SL/PB/CI/01 Brushwood Interventions 57,785 1.73 
2.4.2 SL/PB/CI/02 Dry Stone Activities 50,280 9.05 
2.4.3 SL/PB/CI/03 Crate Wire Activities 37,110 16.70 
2.4.4 SL/PB/CI/04 Water Ponds 19,870 0.70 
2.4.5 SL/PB/CI/05 Silt Detention Dam Type Activities 5,260 3.16 

Sub Total of Soil and Moisture Conservation Measures 1,70,305 31.33 
(b)Other Interventions 
2.4.6 SL/PB/CI/06   Riverine and Riparian Management 185 18.50 
2.4.7 SL/PB/CI/07 Wetland Management 40 3.60 

Sub Total of Other Interventions 225 22.10 
Total of Natural, Agriculture, Urban Landscapes and Other 
Interventions (ha) 

10,011 
163.26 

Total of Soil and Moisture Conservation Measures (m3) 1,70,305 
Grand Total of Proposed Interventions in Natural, Agriculture, 
Urban Landscapes and Other Interventions in the Sutlej Riverscape 
(values in ha) 

31,000.52 

803.46 

Grand Total of Soil and Moisture Conservation Measures (m3) 7,50,828 
 

5.10 Implementing Mechanism 
 
Although the subject of river and water resources in India comes under the ambit of Union 
Ministry of Jal Shakti (MoJS), but the subject of Forestry, Environment, Wildlife, and 
Climate Change comes under the purview of MoEF&CC. Till recent past, the National River 
Conservation Directorate and the Ganga Action Plan were under the purview of the 
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MOEF&CC, prior they were shifted to the MoJS. Accordingly, the MoEF&CC assigned the 
current task on the preparation of DPR to HFRI, Shimla, through the ICFRE, Dehradun. The 
DPR recognizes that the MoEF&CC would play the role of Central Nodal Ministry at the 
national level and would be responsible for advice, steer the project implementation besides 
would provide financial resources as provisioned in the DPR. The National Level Project 
Management Unit (NPMU) will be established at the MoEF&CC. The National Project 
Steering Committee (NPSC) chaired by the Hon’ble Prime Minister and having 

representatives of concerned Ministries/ central agencies will steer the project execution. The 
State Government and concerned State Forest Department of the Himachal Pradesh and 
Punjab would function as the primary Implementing Agency (IA) at the State level. Like at 
the national level, the State Level Project Management Unit (SPMU) will be established at 
headquarters of concerned SFD and each State will have the SPSC to guide, and steer project 
activities at the state level. The existing JFMCs, Gram Panchayats and other related 
Community Based Organisation (CBOs) would appropriately be involved in programme 
implementation. The Eco Task Force, Nehru Yuva Kendra, MahilaMandals, and other Civil 
Society organizations (CSOs) as envisaged in the DPR would also be involved by 
participating SFDs in programme implementation.  
 
A total of 24 Territorial Forest Divisions and 8 Wildlife Divisions in Sutlej Riverscape will 
carry out proposed activities relevant to forestry interventions within the riverscape. 
Altogether, 27,016 ha area of three Landscapes, 2,000 ha by the ETF, 542 ha area of Riverine 
and Riparian Wildlife Management and Wetland Management, and 7,50,828 m3 extent of 
Soil and Moisture Conservation Measures in the Sutlej Riverscape is envisioned to be treated 
under the various proposed forestry Interventions (Table 5.11). In addition, the DPR 
envisages that the HFRI, Shimla will be engaged as the National Partner Organization (NPO) 
so as to play vital functions of coordination across two States, capacity development, 
strategic research, awareness, participatory monitoring, and evaluation.  
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Proposed mitigation measures in Chenab Riverscape are summarized in Box 5.2. 
 

 
 
5.11 Project Outlay 

The DPR envisages two Phases: (a) Project Implementation, and (b) Maintenance Phase. 
Total projected financial outlay of the overall project is Rs. 995.99 crore (Table 5.7). The 
Government of India is required to consider this priority conservation project on the proposed 
forestry interventions aiming a significant contribution towards rejuvenation of the Sutlej 
River and take a decision about designating the MoEF&CC as the Central Nodal Ministry 

Box - 5.2 
Rejuvenation of Sutlej River - Mitigation Measures 

 
Sutlej River originates in the Western Tibet and flows through Himalayan State of 
Himachal Pradesh before it descends in Punjab Plains and prior its flow into Pakistan.  
Sutlej River primarily suffers on account of fragility of the Himalayan environment, 
active landslides, physical barriers - hydroelectric projects, diversion of water through 
river linking, traditional resource dependence on forests, grasslands and wetlands, 
urbanization, and enhanced tourism. Major proposed forestry interventions include:  

▪ Soil and moisture conservation works worth 160.99 crore, representing 18.51% 
of the proposed budget outlay by way of adopting 10 treatment models relevant 
to construction of brushwood and dry-stone check dams, ponds, and 
establishment of crate wire, and silt detention structures. 
 

▪ Altogether, 33 treatment models in Natural, Agriculture, and Urban landscapes 
spread over two States and one UT within the riverscape at a cost of Rs. 324.03 
crore, Rs. 47.68 crore, and Rs. 108.60 crore, respectively are proposed. These 
models focus on greening and conservation of cold desert, enrichment and 
conservation of alpine pastures, plantations in diverse forests, pasture and 
grazing land development, protection model for natural regeneration, fire 
protection, control/ removal of Lantana and other invasive species, planting of 
economic trees, boundary, avenue and block plantations, restoration of degraded 
forests, bioremediation and biofilters, riverfront development, plantations in 
educational and industrial estates, and eco-park development. Plantations in 
Temperate forests involving the Eco Task Force at a cost of Rs. 44.86 crore have 
also been provisioned. 
 

▪ A wide range of activities pertaining to riparian and riverine wildlife 
management and wetland management at a total cost of Rs. 53.13 crore have 
been envisaged.  
 

▪ In addition, supporting activities aiming for awareness campaign, capacity 
development, adaptive research, participatory monitoring, etc. have been also for 
implementation.  
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which will be responsible for project execution, coordination, steering and providing required 
finances as envisaged in the DPR. Considering the priority and specific focus on forestry 
interventions, the MoEF&CC will be the apt Central Ministry to lead the project and provide 
required finances. The Overall Project Outlay along with the Component and/ or Activity-
wise cost breakup is summarized in Table 5.7. 

Budget Outlay- Component and Sub Component wise - The following section provides an 
insight on proposed budgetary provisions Component and Sub-Component wise. 

(a) Component ‘A’ on Implementation of Forestry Interventions in Two States of the 

Riverscape’ - This Component is the principal Component considering the extent covered 
and projected budget outlay. This component would require a budget of Rs. 769.29 crore or 
77.24% of the overall budget outlay. The Component A of the Project has envisaged three 
Sub-Components. The Sub-Component (A.1) emphasizes on extensive plantations in three 
types of landscapes (Natural, Agriculture, and Urban) within the riverscape (Table 5.7). 
Among three landscapes, the highest prominence of proposed activities is in Natural 
Landscapes within the riverscape. An amount of Rs. 480.31 crore has been budgeted, except 
the proposed plantations and other interventions by the Eco Task Force. This Sub-component 
focuses on afforestation/ reforestation activities adopting a wide range of plantation/ 
treatment models. The budget allocation for plantations in Natural Landscapes alone accounts 
for Rs. 324.03 crore or 61.70% of the Sub-Component (A.1) on plantation and treatment 
models which represent 52.73% of the overall project budget outlay. One Battalion of Eco 
Task Force with two Companies/ Units will also carry out plantation activities to the extent of 
2,000 ha in the Natural Landscapes within the mountainous State of Himachal Pradesh at a 
projected cost of Rs. 44.86 crore. Accordingly, necessary budget provision of Rs. 14 crore 
has been made for the establishment of two Units of ETF. Plantations and other appropriate 
treatment models have been planned for Agriculture Landscapes and Urban Landscapes 
within the riverscape and budget provisions to the tune of Rs. 47.68 crore and Rs. 108.60 
crore or 9.08% and 20.68 %, respectively of the Sub-Component (A.1) have been made. The 
thrust of plantation models in Agriculture Landscapes is primarily on plantations of economic 
and fruit trees on privately owned farmlands and high-density block plantations, particularly 
in the Punjab plains. The focus of proposed activities in the Urban Landscapes would be on: 
(a) Bioremediation and biofiltration, (b) Institutional and industrial estate plantations, (c) 
Riverfront development, (d) Eco Parks, and (e) Roadside Avenue plantations.  

(b) Component ‘B’ on ‘Strengthening Knowledge Management and Enhancement 

Capacity for Forestry Interventions and Conservation of Riverscape’ – This Component 
would require a sum of Rs. 29.52 crore or 2.96% share of the overall project budget outlay. 
The DPR envisages that the HFRI, Shimla will be the National Partner Organization in the 
project implementation and involved in activities relevant to the project coordination, 
capacity development, research, awareness, monitoring, and evaluation. The NPO will 
establish the National Project Facilitation Unit (NPFU) at the Institute for the purpose so as to 
assist in various envisaged tasks. 
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(c) Component ‘C’ on the Maintenance Phase including Replication/ Scaling up - The 
Component C pertains to the Maintenance of the plantation activities undertaken during the 
Implementation Phase. The proposed forestry interventions, particularly plantations in the 
Natural Landscapes within the temperate zone envisages 7 to 8 years of plantation activities 
including the establishment of nurseries, other preparatory works, three to four years for 
developing planting material, actual planting activities, and the maintenance phase. This 
Component also has a small Sub-Component that relates to replication and up scaling of 
successful models in remaining tributaries. The Component-C seeks an overall amount of Rs. 
171.36 crore or 17.21% of the total project cost. 

(d) Component ‘D’ on the National Coordination for Proposed Forestry Interventions 

and Riverscape Conservation - The fourth Component D of the Project relates to National 
Level Project Coordination and Management by the Central Nodal Ministry. A sum of Rs. 
25.82 crore would be necessary for the establishment of NPU at the Central Nodal Ministry 
and for undertaking various envisaged activities for efficient project implementation, 
coordination, management, steering, evaluation, etc. (Table 5.7). The projected budget for the 
Component D represents 2.59% for the overall project budget outlay. 

It is amply evident that the major chunk (~77.24 %) of the budget outlay is planned for field 
level activities concerning proposed forestry interventions, Conservation Interventions, and 
supporting activities to be executed by two Implementing Agencies (IAs) i.e., the State Forest 
Departments of Himachal Pradesh and Punjab (Table 5.7).  
 
Table 5.7: Component/ Activity Wise Budget Allocation for the Sutlej Riverscape 

Sr. 
No. 

Project Component/ Activity Amount 
(Rs. in crore) 

Allocation 
(%) 

A. Implementation of Forestry Interventions in Two 
States of the Riverscape 

769.29 77.24 

A.1 Plantations and Treatment Models in Three Type 
of Landscapes 

525.17 52.73 

A.1.1 Natural Landscapes 324.03 
A.1.2 Eco Task Force 44.86 
A.1.3 Agriculture Landscapes 47.68 
A.1.4 Urban Landscapes 108.60 
A.2 Conservation Interventions 197.51 19.83 

A.2.1 Soil and Moisture Conservation Measures 144.38 
A.2.2 Riverine and Riparian Wildlife Management 45.93 
A.2.3 Wetland Management (Natural and Artificial) 7.2 
A.3 Supporting Activities 46.61 4.68 

A.3.1 Policy Level Interventions 0.36 
A.3.2 Research Activities 3.31 
A.3.3 Capacity Development 12.95 
A.3.4 Awareness 10.17 
A.3.5 Participatory Monitoring  1.63 
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Sr. 
No. 

Project Component/ Activity Amount 
(Rs. in crore) 

Allocation 
(%) 

A.3.6 Cost of PMUs of Two State Level Implementing 
Agencies 

17.09 

A.3.7 Evaluation 1.02 
A.3.8 Contingency and Miscellaneous Activities 0.09 

B. Strengthening Knowledge Management and 
National Capacity for Forestry Interventions and 
River Conservation  

29.52 2.96 

C. DPR – Maintenance phase,  including Scaling Up 
and Replication of Successful Models of Forestry 
Interventions 

171.36 17.21 

C.1 Maintenance Cost of A.1 and A.2  93.03   
C.2 Maintenance Cost of A.3, B and D 42.20 

 

C.3 Scaling Up and Replication of Successful Models of 
Forestry Interventions (5% of A.1 & A.2) 

36.13   

D. National Coordination for Forestry Interventions 
and Riverscape Conservation  

25.82 2.59 

 Total (A+B+D) 824.63   
 Total Project Cost (A+B+C+D) 995.99 100.00 

 

5.12 Potential Benefits  
 

The DPR has included a separate Chapter 8 in the Volume I so as to enumerate the potential 
benefits those are likely to accrue due to proposed forestry interventions in three type of 
landscapes including varied treatment and plantation models and conservation interventions. 
These estimated potential benefits would be in terms of the enhanced forest cover, carbon 
sequestration, ground water recharge, reduction in sedimentation, income from a wide range 
of NTFPs produced, and employment generation. Details on the procedures adopted for 
computation of estimated benefits have been provided in the Chapter 8 of Vol. I of the DPR. 
The quantified potential benefits are summarized in Table 5.8. The proposed forest 
plantations in Natural Landscapes would fall in the category of ‘Protective Plantations’, 

particularly ‘Environmental Plantations’. Some of these plantations are specifically intended 

as ‘Enrichment Plantations’ in managed forests through additional planting or/ and seeding. 

Proposed plantations in Agriculture Landscapes are mainly aimed for the purpose of increase 
in tree cover in Trees Outside Forests (TOFs) and subsistence or local sale and for their 
benefits alongside agriculture production and thus, would fall under the category of 
agroforestry plantations. Proposed plantations in the Urban Landscapes along roads, railway 
lines, canals and in educational and industrial estates would also fall in the category of 
environmental plantations. Agro-forestry plantations would also immensely help in 
increasing the tree cover in TOFs. Proposed Forestry Interventions in the Sutlej Riverscape 
will further contribute to achieving goal of enhanced forest and tree cover which will increase 
green cover besides adding carbon sink. 
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Estimated CO2 reduction from forestry Interventions after 20 years will be 4.64 million t CO2 

eq/ year. The forestry interventions activities will conserve 48.53 MCM water annually. The 
proposed interventions will be able to reduce 1,35,240 m3 of sedimentation annually (Table 
5.8). The estimated income from growing, selling and extracting NTFPs from forests 
plantations in Sutlej River Basin will be Rs. 2 crore. There will be generation of employment 
through plantation activities and other interventions besides improving the local climate for 
better output of agricultural and horticultural crops. The employment generation from 
proposed interventions will be to the tune of 36.98 million mandays (Table 5.8). 
 
Table 5.8: Potential Benefits of the Proposed Forestry Interventions 

 
Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

312.00 3.71 4.64 48.53 1,35,240 2.00 36.98 
 

 
 

************* 
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6. 

Yamuna River 

6.1 Introduction 

The Yamuna is one of the Himalayan and sacred rivers of India. It is the main and longest 
tributary of the holy river Ganga. It originates from the Yamunotri Glacier at 6,320 m altitude 
on the southwestern slopes of Banderpoonch peaks in the lower Himalayas of Mussoorie 
Range in Uttarkashi District, and traverses a distance of 1,376 km across five basin states viz., 
Uttarakhand, Haryana, Himachal Pradesh, Delhi and Uttar Pradesh before it joins the river 
Ganga at the Triveni Sangam, Prayagraj, Uttar Pradesh. At Prayagraj, Yamuna pours more 
water in Ganga than Ganga itself. Yamuna Basin accounts for 7.10% of the total geographical 
area of the country and constitutes 40.2% of Ganga Basin. Yamuna River helps in creating 
the highly fertile alluvial Yamuna-Ganga Doab region between itself and the Ganga in 
the Indo-Gangetic Plain.  
 
The drainage basin of Yamuna is distributed in the states of Uttarakhand, Himachal Pradesh, 
Haryana, Delhi, Uttar Pradesh, Rajasthan, and Madhya Pradesh. After its origin, the river 
flows south-southwest through narrow and steep valleys until Kalsi, Uttarakhand (45 km west 
of Dehradun) where it meets river Tons. Along its journey through the Himalayas, numerous 
small tributaries and streams (locally called gad) meet it, transforming it into a sixth-order 
river. In the upper Himalayan Ranges, the main tributaries that join the Yamuna are Rishi 
Ganga and Hanuman Ganga while Tons, Giri, Bata and Asan join Yamuna in the lower 
Himalayan Ranges. The drainage system of the river stretches between Giri-
Sutlej catchment in Himachal Pradesh and Yamuna-Bhilangna catchment in Garhwal, also 
draining the ridge of Shimla. The Yamuna from its origin at Yamunotri to Okhla barrage is 
called the ‘Upper Yamuna’. Once the river descends from the upper catchment and flows in 

plains, it forms the interstate boundary between Haryana and Himachal Pradesh; and later 
between Haryana, Delhi and Uttar Pradesh. Subsequently, prominent tributaries viz., Hindon 
originating from Upper Shivalik in Saharanpur District, Uttar Pradesh; Chambal originating 
in Rajasthan; and Sindh, Ken and Betwa in Madhya Pradesh join Yamuna. The National 
Capital New Delhi is located on the bank of river Yamuna besides prominent cities/ towns 
viz., Paonta Sahib, Yamuna Nagar, Karnal, Panipat, Sonipat, Delhi, Mathura, Agra, Etawah, 
Kalpi, Hamirpur, and Mau. Like Ganga, Yamuna River also receives water and sediments 
from prominent physiographic and biogeographic zones viz., Himalayas, Semi-Arid zone of 
Rajasthan, Gangetic Plains, and Deccan Peninsula.  
 
At the HathniKund Barrage, its waters are diverted into two large canals: the Western 
Yamuna Canal flowing towards Haryana and the Eastern Yamuna Canal towards Uttar 
Pradesh. Beyond that point the Yamuna is joined only by the Somb, a seasonal rivulet from 
Haryana, and by the highly polluted Hindon River near Noida, so that it continues only as a 
trickling sewage-bearing drain before joining the Chambal at Pachnada in the Etawah 
District of Uttar Pradesh. The water of Yamuna is of ‘reasonably good quality’ through its 

length from Yamunotri in the Himalayas to Wazirabad Barrage in Delhi, about 375 
kilometres; below this, the discharge of wastewater through 15 drains between Wazirabad 
Barrage and Okhla Barrage renders the river severely polluted. However, once its principal 

https://en.wikipedia.org/wiki/Alluvium
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https://en.wikipedia.org/wiki/Garhwal_division
https://en.wikipedia.org/wiki/Shimla
https://en.wikipedia.org/wiki/Yamunotri
https://en.wikipedia.org/wiki/Hathni_Kund_Barrage
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https://en.wikipedia.org/wiki/Hindon_River
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https://en.wikipedia.org/wiki/Pachnada
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tributaries (Chambal, Ken, Betwa) join, not only water quantity substantially increases but 
also the quality. Yamuna River has been sustaining means of livelihoods to millions.  
 
6.2 Conservation Significance  
Yamuna River and its basin have enormous ecological, cultural, and socio-economic 
significance. These values are highlighted below:  
 
(a) Ecological Values - Yamuna Basin encompasses varied climatic, physiographic and 
economic conditions. Glaciers, snow-capped Himalayan Mountains (youngest mountains), 
eroded slopes of Aravalli (oldest hill range), lush green valleys, arid and semi-arid tropical 
alluvial plains, famous and erosion prone Chambal and Yamuna ravines, alpine grasslands, 
diverse temperate to subtropical forests, scrub, fertile farmlands, wetlands, national parks, 
wildlife sanctuaries, urban aggregations, rural areas, industrial, religious, historical, cultural, 
and ecotourism places – a unique and complex mosaic of all such landscapes and features is 
found in Yamuna Basin (Fig. 6.1). Yamuna and its tributaries traverse ~7,512.11 km amid 
such diversities and interact with the much wider physical, biological, and socio-economic 
sub-environments. Being the prominent, longest and principal tributary of Ganga River, it 
constitutes the substantial basin of mighty river Ganga, Hence, Yamuna River deserves 
special mention from the varied ecological perspective. 
 

 
 

Fig. 6.1: Meandering Yamuna River in Mid Himalayan Hills, Uttarakhand and the 
Chibro Power House 

 
(b) Historical and Cultural Values – ‘Yamunotri’ shrine is listed among the four 

prominent religious and pilgrimage places (Char Dham) in Uttarakhand (Fig.6.2). The 
confluence of Ganga, Yamuna and Saraswati at Prayagraj is a place of religious importance 
in Hinduism and is referred as the Triveni-Sangam (confluence of three rivers) though the 
third (Saraswati) is not visible. Paonta Sahib, Karnal, Delhi, Agra, Mathura, Prayagraj, etc. 
are prominent places associated with Yamuna in the historical and religious context. Paonta 
Sahib is the famous Gurudwara (Sikh temple) on the bank of Yamuna.  Mathura, the birth 
place of Lord Krishna located on the bank of Yamuna is of immense significance in 
Hinduism and Sikhism. Hence, Yamuna River gets appropriate mention in folk lore, epic, 

https://en.wikipedia.org/wiki/Chota_Char_Dham
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stories, etc. The famous Red Fort, Agra Fort, and Taj Mahal on the banks of Yamuna are 
some of the world-famous historical sites and they have been conferred the duly deserved 
status of the ‘World Heritage Sites’ by the UNESCO under the cultural category. Several 

sites of cultural importance are also located all along numerous tributaries of Yamuna. Thus, 
Yamuna has huge religious and cultural significance. Many important commercial, religious 
and tourism centres viz., Paonta Sahib, Saharanpur, Yamuna Nagar, Meerut, Delhi, Mathura, 
Agra, Kanpur, Kota, Jhansi, etc. were established and flourished in Yamuna Basin close to 
Yamuna or its major tributaries. Many people venerate it with great hope in pursuit of 
spiritual inspiration (Fig. 6.2). 
 

 

Fig. 6.2: Yamunotri temple at origin point of Yamuna River on the Southwestern slopes 
of Banderpoonch peak and adjacent to the Yamunotri glacier 

(c) Socio-economic Values - Lives and livelihoods of millions of humans, and varied 
animals and plants in the Yamuna Basin are directly or indirectly dependent on Yamuna and 
its tributaries.  The river water is used for drinking, irrigation, bathing, industrial use, 
hydropower generation, fishery, etc. Delhi and Agra, two major administrative/ historical/ 
tourist centers of India, are located on the banks of the Yamuna. The river mirrors the state of 
environment and ecology in the mind of people from India and abroad. Since independence 
of the country, the population in the Yamuna Basin has increased nearly by 3.5 times. The 
river water is used in abstractive and non-abstractive forms. Among abstractive uses, about 
96% of the consumption of water in Yamuna Basin is for irrigation alone. Theirrigated area 
in the basin has increased to twice as compared to the year 1950. Also, since 1950, the 
contribution of groundwater resources for irrigation has multiplied more than three-fold. 
Abstraction for domestic and industrial uses is continuously on the rise. Flow of water has 
been regulated and diverted through a series of medium or small reservoirs and barrages for 
water consumption and flood control. More than 470 dams and barrages existed on Yamuna 
and its tributaries in 2012.  

6.3 Riverscape  

The drainage basin of Yamuna is 3,66,223 km2 in extent which comprises areas of seven 
states, viz., Uttarakhand, Himachal Pradesh, Uttar Pradesh, Haryana, Delhi, Rajasthan and 
Madhya Pradesh (Table 6.1). The Yamuna is of glacial origin and originates from the 
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Yamunotri glacier (SaptrishiKund) near Banderpoonch peaks in Uttarakhand. The GIS-
assisted assessment based on Micro-watershed Atlas of India revealed that Yamuna Basin is 
spread over an area of 3,30,372.03 km2. On the basis of consensus emerging in the extensive 
consultations with varied stakeholders, a riverscape covering an area of 44,070.77 km2 falling 
in the seven states in the basin was delineated for the purpose of proposed forestry 
interventions (Table 6.2; Fig. 6.4). Accordingly, the entire catchment area of Yamuna in the 
mountainous tract of Uttarakhand and Himachal Pradesh, and untreated watershed area 
identified by Rajasthan State Forest Department was included in the riverscape. However, 
once the river has descended in the plains, the river buffer of a width of 5 km on both sides of 
the main stem of Yamuna, and 2 km on both sides of tributaries in Haryana, Uttar Pradesh 
and Madhya Pradesh were incorporated for the purpose of delineation of the riverscape. For 
delineation of the riverscape, the year 2013 was identified as the highest flood level year 
based on literature review and stakeholder consultation process at various levels.In Delhi 
NCT, the riverscape included area from Yamuna bank up to the eastern side of Aravalli 
Ridge. 
 

 

Fig. 6.3: Religious congregation along the Yamuna River 

Table 6.1: Area coverage under the Yamuna basin and the Yamuna riverscape 
 
Sr. 
No. 

Consideration 
Unit 

Area 

1 Yamuna 
Drainage 
Basin 

3,66,223 km2 Drainage Basin (3,45,848 km2 catchment area + 
20,375 km2 water spread area) 

2 Yamuna 
Riverscape 

44,070.77 km2 areaincluding entire Yamuna Basinin mountainous 
tract of Uttarakhand and Himachal Pradesh (tributaries Tons and 
Giri); Untreated Watershed Areas identified in Rajasthan by SFD; 
and once river descends in plains, a river buffer of 5 km and 2 km 
width on either side of the bank of the main stem and tributaries 
(Hindon; Chambal – Banas, Mej, Gambhir, Kali Sindh, Parbati; 
Sindh, Betwa, and Ken) from the highest flood level, respectively 
were included (Fig. 6.4). 
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Fig 6.4: Yamuna River Basin and Yamuna Riverscape (symbols 2C and 2D represents 
Yamuna and Chambal Basin Area, respectively) 

Table 6.2: State-wise Spatial Extent of the Riverscape  

State Geographical 
Area (km2) 

Geographical Coordinates Riverscape 
Area 

 (km2) 

Riverscape 
(%) Latitude N Longitude E 

Uttarakhand 
53,483 

30° 18' 58.157"   
31° 17' 27.673" 

77° 34' 32.461" 
78° 37' 30.417" 

5087.84 11.54 

Himachal 
Pradesh 55,673 

30° 21' 47.190" 
31° 25' 35.568" 

77° 04' 26.310" 
78° 18' 25.459" 

5,660.36 12.84 

Haryana 
44,212 

27° 52' 32.331" 
30° 26' 44.618" 

77° 05' 53.504" 
77° 36' 05.641" 

1634.56 
 

3.71 

Delhi 
1484 

28° 28' 44.718" 
28° 51' 47.979" 

77° 09' 43.097" 
77° 20' 04.807" 

342.79 0.78 

Uttar Pradesh 
2,43,290 

24° 24' 33.437"  
30° 27' 57.912" 

77° 16' 54.255" 
81° 52' 56.391" 

12,640.77 28.68 

Rajasthan 
3,42,239 

23° 41' 42.590"  
27° 18' 19.584" 

73° 32' 10.057" 
78° 12' 31.277" 

6755.30 
 

15.33 

Madhya 
Pradesh 

3,08,245 
22° 26' 08.544"  
26° 54' 12.361" 

75° 16' 41.584" 
80° 24' 37.041" 

11,949.15 27.11 

Total 10,48,626 22° 26' 08.544" 
31° 25' 35.568" 

73° 32' 10.057" 
81° 52' 56.391" 44,070.77 100.00 

 

6.4 Preparation of DPR 

The MoEF&CC through ICFRE has entrusted the task on preparation of DPR of Yamuna 
River to the Forest Research Institute (FRI), Dehradun (Uttarakhand). On behest of the 
NMCG, FRI was earlier involved in the pilot project on preparation of DPR on forestry 
interventions in the context of National River Ganga and has gained considerable experience 
in adoption of multifaceted, multiscale, multidiscipline, and multistakeholder approach for 
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the design and development of the protocol.  In the present project, FRI while working on 
DPR of Yamuna adopted the broader protocol earlier developed and also complied with 
specific guidelines/ directives issued from time to time by the ICFRE to its nine institutes 
involved in the major exercise on preparation of DPRs of thirteen major Indian Rivers so as 
to maintain the consistency.   
 
The key steps followed in the preparation of DPR included the: (a) review of literature and 
appraisal of background information specific to Yamuna and its tributaries collected from 
varied sectors/ specialized agencies involved in river management and conservation, (b) 
extensive consultations with varied stakeholders including forest officials and frontline staff 
of concerned Forest Department of seven basin states, (c) delineation of Yamuna Riverscape, 
(d) geospatial analysis and modelling so as to get the first hand insight on the river basin and 
the environment of riverscape, (e) collection of primary field data and analysis, (f) 
prioritization of areas; (g) design and development of appropriate treatment models, 
conservation interventions, and planning for supporting activities and (h) preparation of DPR. 
Relevant information obtained from various stakeholders, viz., policy and decision makers; 
central and state governments; SFDs of the seven states, other relevant authorities, scientific 
and academic institutions dealing with the disciplines of environment, forestry and wildlife, 
civil society, non-governmental organizations, interest groups was collated and analyzed. 
Field level functionaries of SFDs were guided on collection of field data and filling of 
prescribed formats during the meetings with SFDs, and also during field visits undertaken by 
the project team of the Institute. Data entry and analysis of the primary field information was 
carried out using an especially developed web data portal. A website was also developed to 
provide information to the public about activities performed. Some of the activities are 
highlighted below, otherwise details on the approach adopted are provided in the DPR:  

 
Fig. 6.5: Tons river, a tributary of river Yamuna flowing through Tehri forest division, 

Uttarakhand 
 

(a) Logical Framework Analysis - The Logical Framework Analysis (LFA) tool was 
developed for the preparation of present DPR keeping in view that humans interact with 
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water in a wide variety of ways which impact the water environment, and that effective river 
management seeks to address the spatial dimensions of water by taking catchment or 
drainage basin as the natural unit of management which itself experiences complex processes. 
 
(b) Geospatial Analysis, Modelling and Prioritization of Areas - Geospatial analysis 
and modelling of the delineated riverscape was carried out using remote sensing data and GIS 
tools to appreciate the riverscape characteristics and quantify them. Landsat-8 satellite data 
for the month of February to April, 2019 was used for developing the insight on land use and 
land cover. The ancillary information on a wide range of attributes was collected from 
various sources under the Government of India. The multiple GIS layers viz., elevation, 
DEM, aspect, slope, soil type, soil depth, soil erosion, forest type, forest cover, land use and 
land cover and patchiness were generated.  

 
(c) Consultative Meetings with SFDs and Other Stakeholders - Multistakeholder 
approach was followed for preparing the DPR. The SFDs of all the concerned seven states 
that constitute the catchment area of Yamuna were consulted. SFDs agreed to extend all 
support to the FRI required in preparation of the DPR and consented to the broad approach 
that site-specific proposals for DPR would be prepared and submitted by SFDs to FRI for 
harmonization and development of suitable treatment models under the project. 
Recommendations emerged during the state level consultative meetings as well as 
discussions with SFDs during the preparation of the DPR formed the basis for the 
development of treatment plans. An Inception Workshop of the Project was organized by 
ICFRE at Dehradun on April 24-25, 2019. Guidelines were communicated by ICFRE to the 
project implementation teams for various rivers to ensure uniformity in methodology and 
envisaged outputs. As a part of the wider consultative process, special meetings were 
organized with expert agencies working in the specialized fields of hydrology, soil and water 
conservation, ground water, water quality, and urban development.  
 
The stakeholder meeting in the states suggested that indigenous species of trees, shrubs, 
grasses, medicinal plants etc. should be planted in forest areas with poor forest cover or high 
erosion rates. Soil and water conservation works should be given major emphasis in forest 
areas under the DPR. Traditional knowledge-based water conservation measures should be 
promoted.  
Apart from plantation activities, assisted natural regeneration, removal of invasive weeds 
(such as Lantana, Prosopis juliflora, etc.) should be included in forest areas. Planting of 
forestry and horticultural trees should be taken up on private agricultural land in the 
riverscape. Avenue plantation, institutional estate plantation, bioremediation/bio-filtration, 
riverfront and eco-park development, etc. may be adopted in urban/peri-urban areas in the 
riverscape in appropriate models. Riparian wildlife and wetland management should also be 
proposed as conservation interventions, in forest areas. The activities should be integrated 
with livelihood and income generation. Problems of forest fire, encroachment, mining, etc. 
may also be addressed. Delhi SFD pointed out that land is not available with the department 
for tree planting in the riverscape as planting is being carried out under ongoing programmes 
by DDA. Rajasthan state suggested that watersheds that have not been treated during the last 



 

225 

 

ten years should be taken for treatment. Assisted natural regeneration may be considered as 
the principal treatment model for plantation activities in the forest areas in hills of 
Uttarakhand state. Decision support system of MoEF&CC may be used for finalisation of 
sites during implementation of the project. Convergence with other schemes and flexibility to 
the implementation team should be permitted in the DPR.  
 
The problems of the Yamuna are diverse. The DPR would be restricted to forestry 
interventions. SFDs consented to the approach that site-specific proposals for the DPR would 
be prepared and supplied by SFDs to FRI for harmonization and development of suitable 
models under the project. 

Visits to select demonstration sites were also conducted. Appropriate inputs from these 
organizations were aptly availed during the preparation of the DPR. 

6.5 Riverscape and its Environment 

Relatively a small portion of the catchment of Yamuna River is in the mountainous tract 
of Himalayan States viz., Uttarakhand and Himachal Pradesh and snow as well as 
monsoon fed while the substantial basin area is arid to dry sub-humid zones of Haryana, 
Delhi, Uttar Pradesh, Rajasthan, and Madhya Pradesh and drained by monsoon fed 
tributaries. Thus, the characteristics of water flow of Yamuna especially during the non-
monsoon season are different from monsoon. Presence of physical barriers (e.g., barrages, 
canals) and low availability of water during the lean season hamper the continuity in 
environmental flow of the river. Thus, in dry season, the river course is distinguishable in 
four segments: (a) Segment I (Himalayan Segment between Yamunotri and Hathnikund 
Barrage) – 172 km long stretch; (b) Segment II (Upper Segment from Hathnikund Barrage to 
Wazirabad Barrage) - about 224 km in length;  (c) Segment III (Delhi Segment between 
Wazirabad barrage to Okhla barrage) – 22 km length; and (d) Segment IV (Mixed Segment- 
begins immediately downstream of Okhla Barrage and ends at Prayagraj at confluence with 
the Ganga – longest stretch of 958 km.  
 
The melting of glacier and snow forms the major source of water in the Segment I. A 
considerable amount of water of this segment is diverted into Eastern Yamuna Canal (EYC) 
and Western Yamuna Canal (WYC) for irrigation and domestic uses. The Segment II 
receives water from 17 sewage drains of Delhi and also from WYC, Upper Ganga Canal via 
Najafgarh drain and Hindon cut canal. Some quantity of water in this segment is diverted to 
Surghat where it is mainly used for bathing purposes. This river segment leads to Agra Canal 
just before Okhla barrage, which is meant primarily for supplying irrigation water to Haryana 
and Uttar Pradesh. In Segment III, ground water accrual is the major source of water while 
few small tributaries too add water. Water from WYC is discharged into this segment through 
drain number 2 to meet water requirement of Delhi. Flow of water downstream of Wazirabad 
barrage is restricted during lean seasons. The Segment IV has two sub-segments, i.e., (i) the 
eutrophicated segment of about 490 km length, between Okhla Barrage and confluence with 
Chambal, and (ii) the diluted segment of about 468 km length from the Chambal confluence 
to the Ganga confluence at Prayagraj. Water in this segment is contributed by groundwater 
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accrual, from tributaries like Hindon, Chambal, Sindh, Ken, Betwa, etc. and wastewater 
drains of Delhi, Mathura-Vrindavan, Agra and Etawah. The water of this segment is used for 
domestic and industrial uses at Mathura and Agra. 
 
(a) Physical Sub-environment – The Yamuna River in the Himalayan part of Uttarakhand 
and Himachal Pradesh has high mountains with steep slopes while the terrain of Chambal 
region, located in parts of Rajasthan, Madhya Pradesh, and Uttar Pradesh is irregular with 
low hills and steep slopes. Vindhya, a mountainous range in Madhya Pradesh and Uttar 
Pradesh exhibits flat topped hills and stepped slopes. Aravalli Range extends from eastern 
Rajasthan to Delhi and represents rocky hills that have been severely eroded by forces of 
weathering and human activities. The major part of Madhya Pradesh has undulating 
topography. The remaining area of Yamuna Basin is mostly flat.  
 
Altitudinal Variation - The riverscape depicts large altitudinal variation from less than 
70 m to more than 6,302 mAMSL. Altitude plays an important role in the physical 
characteristics, biological diversity and its distribution and socio-economic uses and 
consumption patterns. In particular, higher altitudes greatly influence river flow, rate of 
sedimentation, vegetation, wild animal use and even human settlements and their uses. In 
all, 12 elevation classes were derived. The distribution of areas under different elevation 
classes within the riverscape is given in Table 6.3 and Fig. 6.6. The maximum extent of 
20,386.81 km2 or 46.26% area of the riverscape lies in the lowest category of the elevation 
class, i.e., less than 250 m. Interestingly, despite Yamuna is a Himalayan River, the 
extent of elevation classes >2,000 m and above represented only ~11% area of the 
riverscape.  

Table 6.3: Extent under Different Elevational Classes within Yamuna Riverscape 

Sr. No. Elevation class (m) Area (km2) Riverscape (%) 
1 ≤ 250 20,386.81 46.26 
2 250 to 500 12,568.09 28.52 
3 500 to 750 1,118.94 2.54 
4 750 to 1000 587.38 1.33 
5 1,000 to 1,250 790.57 1.79 
6 1,250 to 1,500 1,136.72 2.58 
7 1,500 to 2,000 2,557.12 5.8 
8 2,000 to 2,500 2,016.38 4.58 
9 2,500 to 3,000 1,098.90 2.49 
10 3,000 to 4,000 1,011.08 2.29 
11 4,000 to 5,000 662.20 1.5 
12 ≥ 5,000 136.58 0.31 

Total 44,070.77 100 
 
(b) Biological Sub-environment – The Yamuna Riverscape representsfour Biogeographic 
Zones viz., 2-Himalayas, 4-Semi-Arid, 6-Deccan Peninsula, and 7-Gangetic Plains, and 
altogether six Biotic Provinces viz., 2A – North West Himalaya, 2B- Western Himalaya, 4A-
Punjab Plains, 4B-Gujarat Rajputana, 5A-Central Highlands, and 7A-Upper Gangetic Plains. 
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Thus, the riverscape harbours considerable diversity of natural ecosystems (forests, 
grasslands, wetlands) besides extensive areas under the Chambal and Yamuna Ravines. 
Hence, the riverscape area or Yamuna River Basin is rich and quite diverse in terms of 
associated flora and fauna. 

 
(i) Land Use and Land Cover – Altogether, 19 land use and land cover were 
deciphered in the riverscape. Agriculture was the dominant land use covering 22,994.99 km2 
area and represented 52.18% extent of the riverscape, followed by Scrub 4,064.81 km2 

thatrepresented 9.22% area of the riverscape (Table 6.4). Forests represented 17.25% extent 
of the riverscape. Nearly 5% or as much as 2,171.75 km2 extent of the riverscape was gullied 
or ravine land, while 3.57% or 1,574.89 km2 area was barren. Area under human settlement 
was 1,605.65 km2 or represented 3.64% area of the riverscape.  River (perennial) and river 
(dry)/ river sand classes covered 1,506.24 km2 and 977.04 km2 extent, respectively. 
 
Table 6.4: Extent under different land use and land cover within the riverscape 

Sr. 
No. 

Land Use and Land Cover Area (km2) Riverscape (%) 

1 Agriculture 22,994.99 52.18 
2 Alpine Pasture 42.44 0.1 
3 Barren 1,574.89 3.57 
4 Canal 29.92 0.07 
5 Dense Forest 2,348.97 5.33 
6 Gullied/Ravine Land 2,171.75 4.93 
7 Industrial Area 41.19 0.09 
8 Mining/Mining Dump 32.72 0.07 
9 Mod. Dense Forest 2,332.69 5.29 
10 Open Forest 2,923.71 6.63 
11 Plantation 66.96 0.15 
12 River (Dry)/River Sand 977.04 2.22 
13 River (Perennial) 1,506.24 3.42 
14 Scrub 4,064.81 9.22 
15 Settlement 1,605.65 3.64 
16 Snow/Glaciers 1,142.92 2.59 
17 Waterbody 45.55 0.1 
18 Cloud 135.89 0.31 
19 Cloud Shadow 32.44 0.07 

Total 44,070.77 100.00 
 
(ii) Forest Types and Forest Density –As much as 73.52% area of the riverscape was under 
the category of non-forest, while 9.22% area was under scrub vegetation. Tropical Dry 
Deciduous Forests occupied the maximum extent, being 4,064.81 km2 or 5.74% area of the 
riverscape amongst 11 forest types recorded. This was followed by Himalayan Moist 
Temperate Forests 2,531.61 km2 (4.83%). The Moist Alpine scrub vegetation occupied the 
smallest area of 3.06 km2 (Table 6.5).  
 
  



 

228 

 

Table 6.5: Extent under different forest types within the Yamuna riverscape 

Sr. 
No. 

Forest Type Area (km2) Riverscape (%) 

1 Dry Alpine Forests 8.6 0.02 
2 Himalayan Dry Temperate 

Forests 
69.2 0.16 

3 Himalayan Moist Temperate 
Forests 

2,126.64 4.83 

4 Moist Alpine Forests 3.06 0.01 
5 Sal Mixed Moist Deciduous 74.25 0.17 
6 Sub-Alpine Forests 55.17 0.13 
7 Subtropical Pine Forests 1,647.3 3.74 
8 Temperate Coniferous Forests 482.68 1.1 
9 Tropical Dry Deciduous Forests 2,531.61 5.74 
10 Tropical Moist Deciduous Forests 264.68 0.6 
11 Tropical Thorn Forests 342.18 0.78 
12 Scrub 4,064.81 9.22 
13 Non-Forest 32,400.59 73.52 

Total 44,070.77 100.00 
 

 
Fig. 6.6: Distribution of area under different elevational classes within Yamuna 

riverscape 
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(iii) Vegetation and Faunal Diversity - In the lower Himalayan part of the riverscape, the 
vegetation is predominantly moist deciduous tropical forest, while at higher altitude species 
of Pinus, Cedrus, Picea, Abies, Quercus, Cupressus, Rhododendron thrive depending upon 
altitude, aspect and other site factors. Lower down in the upper basin, and towards the east, 
Sal (Shorea robusta) is the primary species, while the Malwa Plateau supports forest 
vegetation dominated by Teak (Tectona grandis) and Sal. The large western part of the basin 
has typical dry deciduous thorn scrub vegetation composed chiefly of species of Acacia and 
Prosopis. The southern Kota region has dry deciduous forests. Terrestrial weeds such as 
Lantana camara and Prosopis juliflora are noxious weeds and have invaded large areas of 
forests in plains, ravines and low altitude hills in Yamuna Basin. Wide spread Eupatorium 
spp., Barleria prionitis, Alternanthera philoxeroides, Cassia uniflora and Chromolaena 
odorataare also a menace. Attempts to control Lantana camara and Prosopis juliflora have 
not been successful so far. Although weeds are harmful, the presence of such plants on 
difficult fragile slopes helps in checking soil erosion. Efforts need to be made to control and 
replace them with native, economically and ecologically useful plants. 
 
Prominent carnivores and herbivores of the riverscape are Snow leopard (Panthera uncia), 
Himalayan, Bengal tiger (Panthera tigristigris), common leopard (Panthera pardus), Asian 
elephant (Elephas maximus), Brown Bear (Ursus arctos isabellinus), Asian Black Bear 
(Ursus thibetanus), Bharal (Pseudois nayaur), Musk Deer (Moschus moschiferus), sambar 
(Rusa unicolor), Nilgai (Boselaphus tragocamelus), Himalayan goral (Naemorhedus goral), 
chital (Axis axis), wild pig (Sus scrofa). Two species of monkey – Rhesus macaque (Macaca 
mulatta) and Common or Hanuman Langur (Semnopithecus entellus) are widely distributed 
throughout the riverscape. The riverscape harbours enormous diversity of avifauna including 
terrestrial resident birds in diverse forests and grasslands, Galliformes, and migratory birds in 
some of the prominent wetlands.  
 
(iv) Wetlands, Aquatic Flora and Fauna - Natural and manmade wetlandsare widely 
spread over seven states represented in the riverscape. Prominent wetlands are: Asan, 
Renuka, Okhla, and Keoladeo besides prominent tributaries (Chambal, Ken, etc.) of Yamuna 
are also important designated wetland sanctuaries. Eichhornia crassipe and Ipomoea batatas 
are common aquatic weeds in Yamuna Basin. They impair water bodies, are not of much use 
and need to be managed. Several species of Tortoise, Turtle (hard-shell and soft-shell) 
besides prominent species viz., Crocodile (Crocodylus palustris), Gharial (Gavialis 
gangeticus), and Smooth coated otter (Lutrogaleperspicillata) occur in varied wetlands. 
Gangetic River dolphin (Platanista gangetica) has been reported in the lower stretches of the 
river. Fish belonging to the family Cyprinidae dominates the fish diversity in the river. 
Species of non-native Tilapia fish have become established in the river.  
 
(v)  Protected Areas - A number of protected areas (PAs) including National Parks, Wildlife 
Sanctuaries, Conservation Reserves, and Community Reserves besides some of the famous 
tiger reserves exist in the delineated riverscape or the basin area. Prominent PAs within the 
river basin are: Govind PashuVihar NP, Rajaji Tiger Reserve, Asan Conservation Reserve, 
Kalesar NP, Simbalbara WLS, Churdhar WLS, Renuka WLS, Okhla Bird Sanctuary, 

https://en.wikipedia.org/wiki/Tilapia
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Sultanpur NP, Keoladeo NP, Sariska, TR, Ranthambore TR, Kuno WLS, Panna TR, National 
Chambal WLS, Ken Gharial WLS, and Sur Sarovar Bird WLS. 

(c) Socio-economic Sub-environment - Yamuna basin has a dominant rural economy. As 
per 2011 Census, nearly 62.7% of the population in the basin lives in villages. Agriculture is 
the dominant occupation in villages. People in villages live in joint family structure, and grow 
traditional crops with family labor and farm machinery.  Landless people are also employed 
in farming by farmers with large landholding. Growing of commercial crops such as 
sugarcane, paddy and vegetables is common in Yamuna Basin districts belonging to Western 
Uttar Pradesh and Haryana, and is gaining popularity. Growing of horticultural crops like 
apple, peach, plum, apricot and off-season vegetables are popular in Himachal Pradesh. 
People in villages rear domestic animals like cow and buffalo. Rearing of sheep, goat and 
poultry is also practiced, especially in Uttarakhand, Himachal Pradesh and Rajasthan. Camel 
is reared in Rajasthan. Milk and meat of farm animals provide nourishment and generate 
income. Some families indulge in growing of vegetable crops on floodplain in an 
unauthorized manner. Fishing is practiced on a small scale in unorganized way. Skilled and 
unskilled workers in the unorganized sector constitute a large population in rural areas (for 
farming activities) and urban areas (for construction, business and industrial works). 
Urbanization is growing at a rapid rate. Agricultural land is being diverted for construction 
and commercial activities on a significant scale.  Trade and service sectors also provide 
employment to a large population and support economy in the basin. Micro, small and 
medium scale industries are the norm in urban industrial horizon.  
 

Traditional water conservation and storage structures abound in the Yamuna Basin states. 
However, they are inadequate in number and defunct or poorly maintained in many areas.  A 
significant part of the rural population is dependent on the forests for meeting the needs of 
fuelwood, fodder, small timber, bamboo and NTFPs. Villages in the proximity of forests 
termed as the Forest Fringe Villages (FFVs). Forests play an important role in the socio-
economic and cultural lives of the people inhabiting these villages. During the past six to 
seven decades, the pressure on FFVs has enhanced manifold. 
 

6.6 Major Issues 

Like other Himalayan River or any major river of the country, Yamuna River and its 
tributaries continue to decline in terms of water availability, quantity and quality as the 
natural resources in the catchment, river and its surrounds are being exploited by human need 
and greed, use, abuse and even neglect. Biological and water resources have already been 
deteriorated and ecological integrity is being challenged. Some of the prominent issues that 
concern conservation of Yamuna River are briefly described below:  
 

(a) Unsustainable Use of Natural Ecosystems - Forests, grasslands, floodplains, 
wetlands, river banks around Yamuna and its tributaries continue to experience unsustainable 
use. Enhanced landslides and erosion, high rate of sedimentation, fragmentation of the river, 
reduced e-flows and ever-increasing pollution from agriculture landscapes, towns and cities, 
and industrial and pilgrimage centres are some of the main concerns. 
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(b) Physical Barriers and Diversion of Water - The construction of diversion structures 
at regular intervals (Hathnikund, Wazirabad, Okhla, Gokul, etc.) for irrigation, domestic and 
industrial water supply has not only created physical barrier for the flowing river but largely 
modified the flow regime of the river Yamuna. The inflow of wastewater either treated or 
partially treated in the river further aggravates the water quality problem of the river.  
(c) Excessive Groundwater Abstraction - Though the Green Revolution was essential 
for self-sufficiency in grain production and food security, but lack of regulation in the 
groundwater abstraction has led to ground water table depletion, and caused damage to vital 
linkages between surface and ground water, resulting change in surface water dynamics 
during the lean season of the river. This is the main reason of dry river segments observed 
between Hathnikund and Palla (Delhi). 
(d) Law Enforcement and Mining Activities - The country has created several policies, 
legislations and authorities to enforce law for use and regulation of river resources. However, 
there are gaps and challenges in rigid enforcement. Encroachment and illegal constructions 
on lands in close vicinity of the Yamuna and its tributaries, besides illegal mining in river 
beds for sand and boulders remains a contentious issue.  
(e) Ecology of Fragile Himalayan Mountains - The Yamuna and some of its tributaries 
originating from glaciers and snow-capped Himalayas in India being in the high seismic zone 
and experiencing increasing seismic activities in recent times, face multifarious threats, viz., 
tectonic upheaval, enhanced landslides, cloudbursts, excessive rainfall and floods and the 
situation is expected to aggravate due to likely climate change and its impact. Natural 
ecosystems in the state of Uttarakhand and Himachal Pradesh Himalayas and the Yamuna 
plains are expected to be influenced in several ways. 
(f) Fragmentation and Loss of River Connectivity - Increasing demand of hydropower 
projects in the hilly part of Uttarakhand and Himachal Pradesh and other developmental 
projects all along the Yamuna and its tributaries are expected to further fragment the river, 
causing loss of longitudinal, horizontal, lateral, and temporal connectivity. 
(g) Land Degradation and Sedimentation - Land degradation and high rates of 
sedimentation owing to various factors remain major challenges for the maintenance of e-
flow and ecosystem integrity of the river and various tributaries. 
(h) Inter-state Issues and Coordination - The basin of river is spread across multiple 
states. Thus, issues related to inter-state/ Centre-State coordination and any change in policies 
and priorities could severely impact planned activities of rejuvenation of Yamuna and its 
tributaries. 

Further, the DPR has also discussed specific issues relevant to four segments of Yamuna 
River from its origin to confluence with Ganga. The Segment-wise pertinent issues are 
summarized below: 
 
(A) Segment I (Himalayan) - Receding glaciers, climate change, deforestation, forest 
fires, diversion of water, stone mining, landslides, dumping of muck, mushrooming of human 
habitations all along river and tributaries, expansion of agriculture and horticulture, disposal 
of solid waste, etc. Compound effect due to construction activities of a dam/ hydropower 
project in high altitude area involving expansion of road network, creation of physical barrier, 
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blasting, etc. resulting into landslides, muck disposal, submergence of forests, reduced e-
flow, etc. 

(B) Segment II (Upper Stretch; Hathnikund to Wazirabad Barrage) - Lack of flow, 
water-and agrochemical-intensive farming, sand mining, industrial pollution, etc. Boulder 
and sand mining in Himalayan River is one of the serious threats to the vertical 
connectivity in a river besides a major disturbance and contentious issue.  

(C) Segment III (Middle Stretch; Wazirabad Barrage to Etawah) - Industrial and sewage 
pollution, floodplain encroachment, chemical farming, sand mining, etc. Industrial growth 
and growing townships along the course of river and tributaries in different segments are 
major factors disturbing the ecological integrity of the river. 

(D) Segment IV (Lower Stretch; Etawah to Prayagraj) - Flattening of ravines, sand 
mining, use of blasting and poison in fishing, etc. (Fig.6.7). 

 

Fig. 6.7: Flattening of ravines owing heavy biotic pressure (vegetation cutting/ removal, 
lopping, grazing, fire, mining) and resultant erosion 
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Conservation problems, issues, and threats in the context of Yamuna River are summarized in 
Box 6.1. 

 

Box - 6.1 
Yamuna River – Problems, Challenges and Issues 

 

▪ The Yamuna exhibits conditions of dryness as well as flood during the year. Unsustainable 
extraction of ground water and diversion of surface water have reduced water availability in 
many stretches of Yamuna. During the non-monsoon period (November to May), the flow of 
Yamuna reduces significantly and some rivers stretches become dry, whereas, during monsoon 
period, the river (including tributaries) receives significant amount of water, which is beyond its 
conveyance capacity and result in floods. Excessive abstraction of groundwater for agriculture 
and poor replenishment of water has led to depletion of groundwater. Irrigated area has doubled 
in the Yamuna basin in comparison with 1950. 

▪ Deterioration in water quality due to contaminants from sewage, industries, agricultural run-
offs, idol immersions, human ashes, etc. is an area of high concern. River water in the plains is 
unfit for drinking. Aquatic species dwelling in the river, like the Gangetic dolphin and gharials, 
are nearly regionally extinct as a result. Besides this, the threat of climate change exists, which 
has the potential to melt large parts of the Yamunotri Glacier, drastically altering the flow of 
Yamuna. The total erosion rate (973 t km2yr-1) of the Yamuna is very high which is much 
greater than that of Ganga. The high rates of erosion increase sediment load in river water. Data 
on sediment load in Yamuna is not recorded regularly. Mining and construction activities have 
accelerated in the last three decades, which along with other factors related to catchment area 
degradation, lead to increase in the silt load in the river. 

▪ The Himalayan part of the Yamuna Riverscape like other Himalayan Rivers suffers on account 
of high seismic activity, expansion of developmental activities (hydropower projects, expansion 
of road network and terrace-agriculture/ horticulture, pilgrimage and nature/ adventure 
tourism), and growing townships and settlements along the river courses and resultant 
deforestation, submergence of forests, river and habitat fragmentation, landslides, soil erosion, 
sedimentation, dumping of muck, and diversion of water for irrigation, domestic and industrial 
water supply.  The disposal of urban waste and inflow of wastewater either treated or partially 

treated in the river further aggravates the water quality of the river. 
▪ Changing climate and its repercussions in the form of altered snow and rainfall patterns, glacier 

retreat, cloudbursts, avalanches, Glacial Lake Outburst Floods (GLOF), excessive rainfall and 
floods, and even occasional drought like conditions have direct bearings on the entire basin, e-
flow, and associated terrestrial and aquatic biodiversity. 

▪ Traditional resource dependence of people, particularly the mountain people and deprived 
communities inhabiting basin states on forests, grasslands, wetlands, and river banks around 
Yamuna and its tributaries and unsustainable use of vital resources is being continued unabated 
impacting biodiversity and productivity. Degradation of land and soil besides proliferation of 
invasive and alien species throughout the basin is widespread. 

▪ Encroachment and illegal constructions on lands in close vicinity of the Yamuna and its 
tributaries, besides illegal mining in river beds for sand and boulders remains a contentious 
issue.  

▪ The groundwater abstraction has led to ground water table depletion, and caused damage to 
vital linkages between surface and ground water, resulting change in surface water dynamics 
during the lean season of the river. This is the main reason of several dry river segments 
observed in different stretches of the river.  

▪ The larger river stretches once the river descends from mountains in plains is predominantly 
influenced by reduced flow, water-and agrochemical-intensive farming, excessive and blasting/ 
poison fishing, sand and boulder mining, industrial pollution, urban waste and sewage, 
encroachment and developmental activities in floodplain, etc.   

▪ The flattening of ravines and wide spread sand mining severely impact the riverine ecosystem.   
▪ Three types of spatial (longitudinal, horizontal and vertical) and temporal connectivity in 

various stretches of the Yamuna River from its origin to the confluence with Ganga River at 
Prayagraj are being severely influenced on account of multiple natural and manmade factors 
including unplanned development ultimately resulting into reduced ecosystem services. 
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6.7 Prioritization of Sites  

As stated earlier, priority sites under three categories (High, Medium, and Low) were 
identified in the riverscape based on the geospatial analysis and modelling for the purpose of 
proposed treatment/ forestry interventions within the Yamuna Riverscape. The criteria 
included land use and land cover, soil erosion, and degree of slope. Details on the number of 
sites along with corresponding area in seven states are summarized in Table 6.6. Accordingly, 
altogether 17,949.14 km2 arearepresenting 40.72% extent of the riverscape was in the high 
priority, followed by low priority zone representing 31.04% area of the riverscape. Amongst 
seven states, the greater extent of high priority areas was predominantly located in Himachal 
Pradesh, Uttarakhand and Uttar Pradesh (Table 6.6).  

Table 6.6: Prioritization of Areas for Proposed Forestry Interventions 

Sr. 
No. 

State Priority Zones Area within the 
Riverscape 

(km2) 
High 
(km2) 

Medium 
(km2) 

Low 
(km2) 

1 Uttarakhand 3,612.58 701.39 773.87 5,087.84 
2 Himachal Pradesh 4,673.31 465.92 521.13 5,660.36 
3 Haryana 30.74 1171.35 432.47 1634.56 
4 Delhi 2.39 84.31 256.09 342.79 
5 Uttar Pradesh 5,497.2 1,321.26 5,822.31 12,640.77 
6 Rajasthan 1,224.26 3410.91 2,120.13 6,755.30 
7 Madhya Pradesh 2,908.66 5,287.73 3,752.76 11,949.15 

Total 17,949.14 12,442.87 13,678.76 44,070.77 
Riverscape (%) 40.72 28.24 31.04 100.00 

 

6.8 Policy and legal issues 

The Chapter 4 of Volume I of the DPR specifically deals with the legal and institutional 
context and provides an insight on varied policies, laws, authorities, conventions, central/state 
level bodies/agencies dealing with matters pertaining to river management, conservation, and 
rejuvenation. 

However, it is considered appropriate to highlight some policy and legal directives specific to 
Yamuna by the Hon’ble Apex Court, High Court(s), and the National Green Tribunal (NGT) 

from time to time. 
 
(a) In 1986, the Hon’ble Supreme Court passed order to control unauthorized and illegal 

mining operations in Dehradun-Mussoorie belt that were adversely affecting the ecology of 
the area, including catchment of Yamuna. The Court held that a balance must struck between 
environmental protection and utilization. Accordingly, a monitoring agency was set up which 
effectively dealt with the problem. 

(b) The Supreme Court, on 14 May 1999, while deciding the Writ Petition (Civil) 537 of 
1992 directed the Government that a minimum flow of 10 m3 s-1(or 353 cusec) must be 
allowed to flow throughout Yamuna.  

(c) The National Green Tribunal (NGT) in its judgement dated 13 January, 2015 
recommended the maintenance of requisite environmental flow in Yamuna downstream of 
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barrage at Hathnikund, Haryana and at Okhla, Delhi NCT to retain enough fresh water flow 
till Agra for meeting the river’s ecological functions. The minimum environmental flow 

requirements in Yamuna downstream of Hathnikund Barrage and Okhla Barrage during the 
leanest month of January were, thus, fixed as 70 m3 s-1 and 42.48 m3 s-1, respectively.  

(d) On 29th June 2020, NGT’s Yamuna Monitoring Committee recommended release of 

water from Hathnikund Barrage that would meet the minimum water depth of 0.60 m for 
indicator fish species, viz., Indian carp and Indian trout at 13 identified locations. 

(e) Several orders have been passed by the Supreme Court, NGT and High Courts directing 
the Government to take steps to address different dimensions of pollution, water flow and 
other issues to clean Yamuna. The Environmental Impact Assessment (EIA) has made a 
mandatory requirement for setting up any industry in Himachal Pradesh by judgement in the 
case of Baldev Singh and Ors. vs. State of H.P. and Ors., 2006. In another significant move, 
the Supreme Court took suo moto cognizance of a news report titled ‘And Quiet Flows the 
Maily Yamuna’ published ina newspaper and called for action by all the concerned 
authorities. This led to execution of Maily se Nirmal Yamuna Revitalization Plan, 2017 in 
two phases which is an important case is under consideration of the NGT which relates to 
desilting in river bed for maintaining the environmental flow of rivers passing through the 
forest areas.   

(f) Taking note of the fact that the major problem of pollution has remained unaddressed, 
NGT on January 29, 2021 dissolved the Yamuna Monitoring Committee and directed the 
chief secretaries of Delhi, Haryana and Uttar Pradesh to personally monitor the progress 
being made in respect of all previous judgements and directions, and submit periodic reports 
to the Central Monitoring Committee, which is headed by Secretary, Jal Shakti Abhiyan in 
consultation with a cell of experts on the subject for meaningful monitoring in coordination 
with authorities like DDA, IDMC, DPCC, DJB, etc. 

6.9 Treatment models 

The DPR on Rejuvenation of Yamuna River through Forestry Interventions has put greater 
emphasis – than the present-day practice – on improvement of ground water recharge during 
plantation activities. Planting of trees, shrubs, grasses, medicinal plants has been prescribed 
in plantation models in conjunction with soil and moisture works. Models of soil and 
moisture conservation activities without plantation works have also been proposed in 
placeswhere plantation activities are not required or plantations have repeatedly failed in the 
past (Table 6.7). 
 
Species recommended in the Working Plan have been prescribed in the models, thereby not 
recommending use of exotics in the natural landscapes. Flexibility is permissible in 
application of the models to allow adaptation to unique site conditions and improvements 
based on local experiences while retaining the essence of the model. Use of species that are 
believed to draw excessive amounts of water or have other adverse effects on water and 
general environment have been avoided.  
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In urban landscape, it has been prescribed that the natural layout of the land will be 
maneuvered in such a way that the aesthetic beauty will be enhanced without much 
investment on civil works. Landscape area will be designed to afford good soil, moisture and 
biodiversity conservation. Nakshatra Vatika, Rashi Vatika, Nav-grah Vatika, Panchvati 
Vatika, Dhanvantari Vatika, etc. will be established within the Eco Park for awareness 
generation, meditation and spiritual fulfilment. In riverfront development, plantation of trees, 
shrubs and grasses will be done to stabilize the riverbank and control soil erosion. The 
infrastructure in the riverfront would be simple and integrated with the landscape. Under the 
Wetland Management model, de-siltation will be carried out in wetlands and in their entry-
exit channels. Terrestrial and aquatic weeds will be removed and regeneration of native 
species of trees, shrubs, grasses and other herbs will be promoted and augmented. Need-
based measures will also be taken to improve habitat and augment the population of native 
aquatic fauna and control invasive faunal species. Ponds may be created or dug deeper for the 
purpose of water harvesting and to prevent runoff or check inundation in surrounding areas. 
Water-logging tolerant plant species will be planted wherever possible.  
 
Voluntary public participation would be encouraged by the IAs. Low-cost soil and moisture 
conservation structures require lot of care in design. IAs would be required to guide, support 
and facilitate the public for collective and technically correct action in this regard.  
 
Awareness generation, capacity building, value chain development, entry point activities, 
nursery improvement and fire protection, research, monitoring and evaluation have been 
appropriately incorporated.  
 

Table 6.7: Treatment Models and Activities Proposed for Forestry Interventions in 
Yamuna Riverscape Along with Estimated Extent and Cost  

State Treatment Model/ Activity Model Number Area  
(ha) 

Total  
(Rs. in 
crore) 

Uttarakhand Natural 
Temperate Mixed Plantation YM/UK/NL/01 265.00 7.42 
Sub-Tropical Mixed Plantation YM/UK/NL/02 325.00 7.32 
Southern Dry Slope Mixed 
Plantation 

YM/UK/NL/03 20.00 
0.46 

Rehabilitation of Invasive 
Species Infested Areas 

YM/UK/NL/04 10.00 
0.26 

Assisted Natural Regeneration YM/UK/NL/05 490.00 11.68 
Shivalik Mixed Plantation YM/UK/NL/06 6.00 0.13 
Total – Natural Landscape 1,116.00 27.27 
Agriculture 
Planting of Saplings by Farmers YM/UK/AL/01 239.77 2.26 
Plantation on Community Lands YM/UK/AL/02 50.00 1.17 
 Total - Agriculture Landscape 289.77 3.43 
Urban   
Eco Park Development YM/UK/UL/01 20.50 7.02 
River Front Development YM/UK/UL/02 5.00 2.23 
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State Treatment Model/ Activity Model Number Area  
(ha) 

Total  
(Rs. in 
crore) 

Avenue Plantation YM/UK/UL/03 7.50 0.47 

Total – Urban Landscape 33.00 9.72 

Conservation Interventions 

SMC - Contour trenching YM/UK/CI/01 329.88 1.78 
SMC - Chalkhal YM/UK/CI/02 798.48 4.38 
SMC - Check dam YM/UK/CI/03 620.19 56.51 
SMC - Spur/Retaining wall YM/UK/CI/04 1,991.40 10.82 
Wetland management YM/UK/CI/05 2.00 0.21 
Mixed SMC works YM/UK/CI/06 38.50 0.21 
Total - Conservation Interventions 3,780.45 73.90 
Grand Total - Uttarakhand 5,219.23 114.33 

Himachal 
Pradesh 

Natural 
Temperate mixed plantation  YM/HP/NL/01 245.80 5.84 
Sub-tropical mixed plantation  YM/HP/NL/02 264.00 5.04 
Riverine mixed plantation YM/HP/NL/03 35.00 0.66 
Rehabilitation of invasive species 
infested areas 

YM/HP/NL/04 49.00 
1.17 

Assisted natural regeneration  YM/HP/NL/05 2,022.60 39.37 
Ecorestoration by Eco Task 
Force 

YM/HP/NL/06 600.00 
13.80 

Total – Natural Landscape 3,216.40 65.88 
Agriculture   
Planting of saplings by farmers YM/HP/AL/01 75.00 0.51 
Plantation on community lands YM/HP/AL/02 3.00 0.05 
Total – Agriculture Landscape 78.00 0.56 
Urban   
Eco Park development YM/HP/UL/01 5.25 1.75 
River front development YM/HP/UL/02 9.14 0.55 
Total – Urban Landscape 14.39 2.30 
Conservation Interventions   
Contour trenching YM/HP/CI/01 5.40 0.03 
SMC - Percolation pond YM/HP/CI/02 173.03 0.40 
SMC - Check dam YM/HP/CI/03 247.04 22.28 
SMC - Spur/Retaining wall YM/HP/CI/04 990.33 5.34 
Wetland management YM/HP/CI/05 2.00 0.21 
Mixed SMC works YM/HP/CI/06 140.80 0.76 
Total Conservation Interventions 1,559.00 29.00 
Grand Total - Himachal Pradesh 4,867.00 97.75 

Haryana Natural 
Enrichment plantation in weed 
infested areas 

YM/HY/NL/01 139.00 
2.66 

Plantation in open forest YM/HY/NL/02 29.00 0.78 
Sowing on contour trenches YM/HY/NL/03 60.00 0.20 
Vegetative barrier YM/HY/NL/04 33.00 0.69 
Total – Natural Landscape 261.00 4.32 
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State Treatment Model/ Activity Model Number Area  
(ha) 

Total  
(Rs. in 
crore) 

Agriculture   
Planting of Saplings by Farmers YM/HY/AL/01 844.46 8.31 
Silvipasture on Community Land YM/HY/AL/02 130.00 2.92 
Total – Agriculture Landscape 974.00 11.24 
Urban   
Strip Plantation along Roads YM/HY/UL/01 29.00 0.61 
Strip Plantation along Canals YM/HY/UL/02 10.00 0.25 
Floodplain Treatment YM/HY/UL/03 20.00 0.20 
Institutional Plantation YM/HY/UL/04 13.00 0.07 
Plantation in Unprotected 
Institutional Areas  

YM/HY/UL/05 125.00 
2.22 

Total – Urban Landscape 197.00 3.34 
Conservation Interventions   
Water Storage Bodies YM/HY/CI/01 1,637.76 1.09 
Managing Water Flow, Soil 
Moisture and Sedimentation 

YM/HY/CI/02  
 

RCC Structure YM/HY/CI/02/A 438.46 9.19 
CC Stud YM/HY/CI/02/B 1,048.73 22.09 
Dry Stone Structure YM/HY/CI/02/C 209.69 4.33 
Stone Crate Wire Structure YM/HY/CI/02/D 88.73 1.83 
Crate Wire Mesh YM/HY/CI/02/E 10.63 0.22 
Guide Bandh YM/HY/CI/02/F 22.50 0.46 
Rehabilitation of Soil and 
Moisture Conservation 
Structures 

YM/HY/CI/03 0.00 

4.74 
Riparian Wildlife Management YM/HY/CI/04 2.00 20.54 
Total – Conservation Interventions 3,458.00 44.15 
Grand Total - Haryana 4,890.95 63.07 

Delhi Natural -  0.00 
Agriculture -  0.00 
Urban   0.00 
Conservation Interventions   
Rehabilitation of Soil and 
Moisture Conservation 
Structures 

YM/DL/CI/01  9.04 
 

Total – Conservation Interventions  9.04 
Grand Total - Delhi   9.04 

Uttar 
Pradesh 

Natural   
Afforestation of Erosion-Prone 
Ravine Slopes 

YM/UP/NL/01 2,703.00 
66.84 

Afforestation of Slopes with 
Shallow Soil 

YM/UP/NL/02 585.00 
13.59 

Plantation in Open Forest Areas YM/UP/NL/03 448.50 11.08 
Plantation in Open Forest 
Ravines 

YM/UP/NL/04  
0.00 

Rehabilitation of Weed-Infested YM/UP/NL/05 2,235.00 55.12 
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State Treatment Model/ Activity Model Number Area  
(ha) 

Total  
(Rs. in 
crore) 

Forest Areas 
Treatment of Gullies and Steep 
Slopes Through Vegetative 
Measures with Soil Conservation 

YM/UP/NL/06  

0.00 
Earthen Check Dam YM/UP/NL/06/A 203.00 1.91 
Contour Bunding YM/UP/NL/06/B 2,073.94 6.47 
Gully Plug YM/UP/NL/06/C 58.17 0.14 
Eco-restoration By Eco Task 
Force 

YM/UP/NL/07 600.00 
14.50 

Plantation in Heterogenous Areas 
in Uneven Terrain 

YM/UP/NL/08 6,907.32 
30.54 

Plantation in Usar Flat Terrain YM/UP/NL/09 30.00 0.81 
Total – Natural Landscape 15,884.00 201.12 
Agriculture   
Planting of saplings by farmers YM/UP/AL/01 1,006.70 10.99 
Silvi-pasture on community land YM/UP/AL/02 604.85 10.98 
Community land afforestation in 
erosion-prone slope areas 

YM/UP/AL/03 564.00 13.80 

Total – Agriculture Landscape 2,176.00 21.75 
Urban   
Roadside linear plantation YM/UP/UL/01 279.50 24.29 
Roadside strip plantation YM/UP/UL/02 40.00 1.08 
Institutional plantation YM/UP/UL/03 18.38 0.09 
Block plantation in land bank 
and revenue land 

YM/UP/UL/04 164.00 
4.05 

Land bank treatment in erosion 
prone slope areas 

  
0.00 

Treatment of floodplain and land 
of irrigation department 

YM/UP/UL/06 14.00 
0.09 

Eco-Park development YM/UP/UL/07 19.50 6.55 
Riverfront development YM/UP/UL/08 26.00 10.77 
Bioremediation with strip 
plantation 

YM/UP/UL/09 595.00 
25.31 

Total – Urban Landscape 1,156.00 72.22 
Conservation Interventions   
Water Storage Bodies/Structures YM/UP/CI/01 4,519.30 2.99 
Managing Water Flow, Soil 
Moisture and Sedimentation 

YM/UP/CI/02  
0.00 

Smc - Sidewall YM/UP/CI/02/A 1,252.60 6.74 
Smc - Spur YM/UP/CI/02/B 211.48 1.15 
SMC - Pucca Check Dam YM/UP/CI/02/C 2,120.55 7.55 
Dry Gully Plug YM/UP/CI/02/D 1.90 0.00 
Spillway YM/UP/CI/02/F 24.00 0.13 
Mixed Soil and Moisture 
Conservation 

YM/UP/CI/02/G 2,719.36 
14.38 

Riparian Wildlife Management YM/UP/CI/03 71.00 2.96 
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State Treatment Model/ Activity Model Number Area  
(ha) 

Total  
(Rs. in 
crore) 

Wetland Management in 
Uniform Site Conditions 

YM/UP/CI/04 77.17 
2.47 

Wetland Management in 
Heterogenous Areas 

YM/UP/CI/05 6,936.35 
15.55 

Rehabilitation of Soil and 
Moisture Conservation 
Structures 

YM/UP/CI/06 0.00 

52.31 
Total -Conservation Landscape 17,934.00 106.23 
Grand Total - Uttar Pradesh  37,150.00 415.36 

Rajasthan Natural   

Rehabilitation of Degraded 
Forest  

YM/RJ/NL/01 6,429.00 
178.27 

 Assisted Natural Regeneration YM/RJ/NL/02 3,944.00 81.71 
Biodiversity Conservation YM/RJ/NL/03 4,650.00 25.56 

 Rehabilitation of Lantana-
Infested Forest Area 

YM/RJ/NL/04 1,860.00 
38.93 

Rehabilitation of Prosopis-
Infested Forest Area 

YM/RJ/NL/05 40,674.20 
889.74 

 Contour Trenching and Seeding YM/RJ/NL/06 462.87 1.69 
Deep Contour Trenching and 
Seeding 

YM/RJ/NL/07 588.67 
2.19 

 Contour Bunding and Seeding YM/RJ/NL/08 53.33 0.10 
Ecorestoration by Eco Task 
Force 

YM/RJ/NL/09 800.00 
19.33 

 Total – Natural Landscape 59,462.07 1237.52 
Agriculture   

 Planting of fruit plants by 
farmers 

YM/RJ/AL/01 258.79 2.64 

Planting of forestry plants by 
farmers 

YM/RJ/AL/02 234.51 2.57 

Silvipasture on community land YM/RJ/AL/03 20.00 0.22 
Total – Agriculture Landscape 513.00 5.43 
Urban   
Eco Park Development YM/RJ/UL/01 8.00 2.66 
Total – Urban Landscape 8.00 2.66 
Conservation Interventions   
Water Storage Bodies/Structures YM/RJ/CI/01   
SMC - Mini Percolation Tank/ 
Naadi/ Water Harvesting 
Structure 

YM/RJ/CI/01/A 4,722.41 

10.26 
SMC - Tanka YM/RJ/CI/01/B 13.70 0.03 
Managing Water Flow, Soil 
Moisture and Sedimentation 

YM/RJ/CI/02  
0.00 

SMC - Loose Stone Check Dam YM/RJ/CI/02/A 2.23 1.53 
 SMC - Pucca Check Dam YM/RJ/CI/02/B 369.55 0.79 

SMC - Anicut YM/RJ/CI/02/C 10,581.80 22.65 
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State Treatment Model/ Activity Model Number Area  
(ha) 

Total  
(Rs. in 
crore) 

SMC - Gabion YM/RJ/CI/02/D 270.23 0.57 
SMC - Stone Wall YM/RJ/CI/02/E 27,705.50 60.32 
SMC - Pucca Wall YM/RJ/CI/02/F 1,500.00 3.26 
SMC - Silt Detention Structure 
(SDS) 

YM/RJ/CI/02/G 143.85 
0.30 

SMC - Miscellaneous Structures YM/RJ/CI/02/H 67.20 0.14 
SMC - Mixed Structures YM/RJ/CI/02/I 3,14,953.25 686.89 
Riparian Wildlife Management YM/RJ/CI/03 1,145.00 37.63 
Wetland Management YM/RJ/CI/04 1,348.28 29.13 
Total – Conservation Intervention 3,62,823.00 853.50 
Grand Total - Rajasthan  4,22,806.00 2099.13 

Madhya 
Pradesh 

Natural    
Afforestation in Open Forest 
Areas 

YM/MP/NL/01 4,212.70 
94.77 

Assisted Natural Regeneration YM/MP/NL/02 687.50 6.08 
Rehabilitation of Forest Infested 
with High-Density Invasive 
Weeds 

YM/MP/NL/03 1,583.50 
21.07 

Rehabilitation of Forest Infested 
with Moderate-Density Invasive 
Weeds  

YM/MP/NL/04 50.00 
0.64 

Rehabilitation of Forest Infested 
with Low-Density Invasive 
Weeds 

YM/MP/NL/05 2,034.00 
25.64 

Removal of High-Density 
Invasive Weeds  

YM/MP/NL/06 1,200.00 
2.75 

Removal of Moderate-Density 
Invasive Weeds 

YM/MP/NL/07 100.00 
0.19 

Grassland Development in 
Wildlife Areas 

YM/MP/NL/08 288.00 
1.57 

Grass with Moisture 
Conservation 

YM/MP/NL/09 6,811.00 
10.58 

Treatment of Gullies and Slopes 
Through Vegetative Measures 
with Soil and Moisture 
Conservation 

YM/MP/NL/10  

0.00 
Earthen Check Dam YM/MP/NL/10/A 44.44 0.23 
Contour Trench YM/MP/NL/10/B 5,487.58 12.07 
Contour Bund YM/MP/NL/10/C 109.14 0.25 
Ecorestoration By Eco Task 
Force 

YM/MP/NL/11 800.00 
18.40 

Total Natural Landscape 23,407.87 194.23 
Agriculture 
Planting of fruit plants by 
farmers 

YM/MP/AL/01 7,500.00 80.17 

Planting of forestry plants by YM/MP/AL/02 7,500.00 84.25 
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State Treatment Model/ Activity Model Number Area  
(ha) 

Total  
(Rs. in 
crore) 

farmers 
Total – Agriculture Landscape 15,000.00 164.43 
Urban 
Eco Park Development YM/MP/UL/01 5.00 1.67 
Floodplain Treatment YM/MP/UL/02 120.00 0.45 
Total – Urban Landscape 125.00 2.12 
Conservation Interventions 
Water Storage Bodies/Structures YM/MP/CI/01  
SMC- Kachcha pond, 
dabradabri 

YM/MP/CI/01/A 6,018.13 
3.88 

Pitched Pond YM/MP/CI/01/B 80.00 0.42 
Percolation Tank YM/MP/CI/01/C 1,164.45 6.06 
Managing Water flow, Soil 
Moisture and Sedimentation 

YM/MP/CI/02  
0.00 

SMC - Loose Boulder Check 
Dam/Structure 

YM/MP/CI/02/A 363.11 
1.88 

SMC - Anicut YM/MP/CI/02/B 304.00 1.60 
SMC – Stop Dam YM/MP/CI/02/C 345.00 1.82 
SMC – Kharanja(brick/stone 
passage) 

YM/MP/CI/02/D 11.00 
0.06 

SMC –Rapta(causeway) YM/MP/CI/02/E 21.00 0.11 
SMC - Protection Wall along 
Riverbank/ Treatment Site  

YM/MP/CI/02/F 270.00 
1.43 

Mixed Soil and Moisture 
Conservation 

YM/MP/CI/02/G 939.04 
5.00 

Rehabilitation of Soil and 
Moisture Conservation 
Structures 

YM/MP/CI/03 0.00 

159.18 
Total - Conservation Interventions 9,515.73 181.44.23 

Grand Total – Madhya Pradesh 48,048.60 542.23 
Grand Total - All Seven States 5,22,982.08 3340.93 
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Proposed mitigation measures in Yamuna Riverscape are summarized in Box 6.2. 

 

6.10 - Implementation Mechanism 
 
The DPR of Yamuna River envisages Implementation Phase and Maintenance Phase. 
Proposed forestry activities would be executed during the Implementation Phase. However, 
the thrust of Maintence Phase will be on the maintenance of treatment and plantation models 
raised in Implementation Phase. 
 

Box - 6.2 
Rejuvenation of Yamuna River - Mitigation Measures 

 
Yamuna River after it originates from the Yamunotri Glacier on the southwestern slopes 
of Bandepoonch Peak in Lower Himalayas flows through five States (Uttarakhand, 
Himachal Pradesh, Haryana, Delhi and Uttar Pradesh) before confluence with Ganga. 
Yamuna River primarily suffers on account of fragility of the Himalayan environment, 
active landslides, hydroelectric projects, diversion of water, traditional resource 
dependence on natural ecosystems, urbanization, and industrialization. Major proposed 
forestry interventions include:  

▪ Soil and moisture conservation works worth 1,177.89 crore, representing 
30.44% of the proposed budget outlay by way of adopting 55 treatment models 
relevant to construction of brushwood and dry-stone check dams, ponds, 
percolation tanks, water harvesting structures, and establishment of crate wire, 
and silt detention structures. 
 

▪ Altogether, 69 treatment models in Natural, Agriculture, and Urban landscapes 
spread over seven States within the riverscape at a cost of Rs. 1,730.34 crore, Rs. 
220.90 crore, and Rs. 92.39 crore, respectively are proposed. These models 
focus on plantations in diverse forests, pasture and grazing land development, 
protection model for natural regeneration, fire protection, control/ removal of 
Prosopis juliflora and other invasive species, planting of economic trees, 
treatment of floodplains, boundary, avenue and block plantations, restoration of 
degraded forests, bioremediation and biofilters, riverfront development, 
plantations in educational and industrial estates, and eco-park development. 
Ecorestoration involving the Eco Task Force at a cost of Rs. 28.30 crore has also 
been provisioned in Himachal Pradesh and Uttar Pradesh. 
 

▪ A wide range of activities pertaining to riparian and riverine wildlife 
management and wetland management at a total cost of Rs. 119.40 crore have 
been envisaged.  
 

▪ In addition, supporting activities aiming for awareness campaign, capacity 
development, adaptive research, participatory monitoring, etc. have been also for 
implementation.  
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It is expected that MoEF&CC may provide the required funds for the implementation of the 
project, or approach the Govt. of India to allocate funds with support of appropriate ministries 
or funding agencies. The project will be implemented at the national, river, state and district 
(i.e., Forest Division) levels. Forest Departments in India have a long history and experience 
of afforestation and reforestation through natural and artificial regeneration. The forestry 
interventions in the DPR are proposed to be carried out in all the seven states in Yamuna 
Riverscape viz., Uttarakhand, Himachal Pradesh, Haryana, Delhi, Uttar Pradesh, Rajasthan 
and Madhya Pradesh. SFDs would play the role of the IAs at the state level and work on 
ground with appropriate local agencies, organizations and groups. All states in the Yamuna 
Basin will be grouped in Yamuna Cell at MoEF&CC.   
 
The existing framework within the MoEF&CC will broadly be used for implementation of 
the DPR on Yamuna for its rejuvenation through forestry interventions. The National Project 
Management Unit (NPMU) at the central Nodal Ministry has been envisioned. A State 
Project Management Unit (SPMU) will be set up at the headquarters of SFD in each of the 
seven states. PCCF or APCCF level officer may look after the SPMU. SPMU will implement 
the DPR through its hierarchical structure of CCF →  CF → DFO. The participating SFDs 
would also involve Joint Forest Management Committees, Eco Task Force, Department of 
Agriculture/ Horticulture/ Soil Conservation. The Nehru Yuva Kendra Sangathan, 
MahilaMandals, etc. would be involved in programme implementation as considered 
appropriate by the state level IAs. Steering Committees will be formed at the national and 
state level. The Annual Plan of Operations will be prepared by the concerned DFO which will 
be scrutinized at various higher levels by respective Steering Committees for final approval 
by Yamuna Cell at MoEF&CC. Upon approval of the APO, the funds shall be transferred 
against the APO to an account maintained separately by the respective IAs. The DPR has 
proposed for constituting the National and State level Project Steering Committees being 
referred as the NPSC and the SPSC, respectively to be chaired by the Hon’ble PM and the 

Hon’ble CM of the concerned state.  The DPR also envisages that the Forest Research 
Institute (FRI), Dehradun who has prepared the DPR of Yamuna will be involved as the 
National Partner Organization (NPO). The NPO will coordinate the efforts across seven 
states and provide specific inputs relevant to strategic and adaptive research, policy level 
interventions, capacity development, awareness, monitoring, etc. The NPO will establish the 
Project facilitation Unit for the project tenure. Necessary budgetary provision has been made 
in this regard. 
 
6.11 Project Outlay  
 
The total projected outlay for the Implementation Phase of the project on Forestry 
Interventions for Yamuna River is Rs. 3,868.89 Crore (Table 6.8). The Component-A on 
Implementation of Forestry Interventions in Riverscape Area of Seven States is Rs. 3,620.05 
Crore which accounts for 93.57% of the total project budget. The Component-B on 
Strengthening Knowledge Management and National Capacity for Forestry Interventions and 
Conservation of Riverscapes has been provisioned Rs. 197.74 Crore which accounts for 
5.11% of the overall project outlay (Table 6.8). The project also envisages Preparation of 
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Follow-up DPR for scaling up, monitoring and replication of successful models of forestry 
interventions and riverscape conservation in additional sites provided by the state forest 
departments, for which a sum of Rs. 2 crore (0.05% of the Project budget outlay) has been 
provisioned as Component- C. 
In order to oversee, steer and manage this important project by the Central Nodal Ministry 
(MoEF&CC), an amount of Rs. 49.10 crore has been provisioned under the Component-D, 
which is 1.27% of the projected outlay. Thus, it is evident that about 94 % of the budget 
outlay is meant for field activities on Plantations, Treatment Models, Conservation 
Interventions and Supporting activities to be implemented by the seven Implementing 
Agencies (IAs). The financial allocations for Uttarakhand, Himachal Pradesh, Haryana, 
Delhi, Uttar Pradesh, Rajasthan and Madhya Pradesh are Rs. 123.71 crore, Rs. 105.21 crore, 
Rs. 67.28 crore, Rs. 10.73 crore, Rs. 451.78 crore, Rs. 2,268.26 crore, and Rs. 593.08 crore, 
respectively (Table 6.8).  
 

Table 6.8: Component/Activity-wise Budget Allocation  

 

Sr. 
No. 

Component, Sub Component and Activities Amount 
(Rs. in crore) 

Allocation 
(%) 

A. Implementation of Forestry Interventions in 
Seven States of Riverscape 

3,620.05 93.57 

A.1 Plantation and Treatment Models in Three 
types of Landscape 

2,043.63 

A.1.1 Natural Landscapes 1,730.34 
A.1.2 Agriculture Landscapes 220.90 

A.1.3 Urban Landscapes 92.39 
A.2 Conservation Interventions 1,297.29 

A.3 Supporting Activities 279.13 
A.3.1 Awareness Generation 26.93 
A.3.2 Capacity Building and Value-chain 

Development 
31.14 

A.3.3 Entry Point Activities 15.11 

A.3.4 Nursery Improvement and Fire Protection 36.83 
A.3.5 Research 21.91 
A.3.6 Monitoring and Evaluation 66.80 
A.3.7 Field activities, Contingency and Miscellaneous 

Activities 
38.56 

A.3.8 Cost of PMUs of Seven State Level Implementing 
Agencies 

41.85 

B. Strengthening Knowledge Management and 
National Capacity for Forestry Interventions 
and Conservation of Riverscapes 

197.74 5.11 

C. Preparation of Follow-up DPR - Scaling Up 
and Replication of Successful Models of 
Forestry Interventions and Riverscape 
Conservation in Additional Sites 

2.00 0.05 

D. National Coordination for Forestry 
Interventions and Riverscape Conservation 

49.10 1.27 

Total Project Cost (A+B+C+D) 3,868.89 100.00 
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6.12 Potential Benefits  
 
The Chapter 8 of Volume I of the DPR specifically describes likely benefits of the proposed 
forestry interventions in terms of carbon sequestration, ground water recharge, reduction in 
sedimentation, production of biomass, economic returns from sale of NTFPs, and 
employment generation. Better ground water regime is expected to bring about improvement 
in site quality which, in turn, would result in easier plant establishment, greater survival and 
growth and natural transition of forest communities to later seral stages. Proposed forestry 
interventions for rejuvenation of river Yamuna will play a vital role in enhancing the water 
availability and its quality; control the runoff leading to better recharge of water bodies; and 
increasing the country’s forest and tree cover. Large-scale afforestation activities and other 
conservation interventions in the riverscape area will lead to increased carbon sequestration, 
conservation of biodiversity, mitigation of climate change, reduced instances of landslides 
and erosion, etc. 
 
The potential benefits ceteris paribus (i.e., other things remaining constant) expected from 
the implementation of the DPR are summarized in Table 6.9. The plantation shall increase in 
forest cover by 1270.89 km2.The total ground water recharge by proposed interventions is 
452.38 MCM. Altogether, proposed interventions will help in reduction of sediment load to 
the extent of 13,73,976 m3yr-1. After 20 years, the cumulative projected CO2 reduction by 
carbon sequestrationwould be 2.12 million tonnes CO2 eq yr-1. Varied NTFPs will provide 
economic returns to thetune of 66.83 crore. In addition, the proposed activities as envisaged 
in the DPR would generate employment opportunities to the tune of 74.68millionmandays 
(Table 6.9). 
 
Table 6.9: State-wise Potential Benefits of Proposed Forestry Interventions  
 
Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

1,270.89 1.69 2.12 452.38 13,73,976 66.83 74.68 
 

Timely and effective implementation of proposed forestry interventions would certainly 
contribute towards restoring the wholesomeness of the river defined in terms of 
ensuring Aviral Dhara, Nirmal Dhara and Swachchh Kinara.  
 
 

************* 
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7. 

Brahmaputra River 

7.1 Introduction 

The Brahmaputra River System is one of the largest river systems in the world. The river 
originates in the Angsi Glacier at an altitude of 5,300 m and traverses a distance of about 
2,900 km, through three countries, namely Tibet (China), India and Bangladesh, and 
thereafter joins the Bay of Bengal. This large Himalayan Mountain-fed river system has an 
average annual discharge of 19,820 m3 s-1 and an average annual sediment load of 735 MT.  
 
Originating as YarlungTsangpo River, the Brahmaputra is known by different names along 
its course as it flows east of the Mansarovar Lake. It changes course to enter India as river 
Siang at Namcha Barwa and then enters the Assam Plains near Pasighat and flows up to 
Dhubri before entering Bangladesh. The river is popularly known as the Brahmaputra along 
its crisscross course from Dibrugarh to Dhubri and as the Jamuna in Bangladesh. Finally, it 
enters into the Bay of Bengal through the Ganga-Brahmaputra Delta. The Brahmaputra is 
joined by various tributaries all along its course of about 2,900 km. The main tributaries 
among these include Lhasa He and Nyang Qu in Tibet; ParlungTsangpo in the eastern 
syntaxis; Dibang and Lohit from the Mishmi Hills; Subansiri, Ranganadi, Jia Bharali, 
Puthimari, Manas and Tipkai from the southern slopes of the Himalayas and the BurhiDihing, 
Dhansiri and the Kopili from the Indo-Burmese Ranges. The length of Brahmaputra River in 
India is about 916 km. 
 
The Brahmaputra Basin spreads over 5,80,000 km2 and represented by China (50.5%), India 
(33.6%), Bangladesh (8.1%) and Bhutan (7.8%). The basin is categorized into three different 
physiographic zones namely, the Tibetan Plateau, the Himalayan belt and the Floodplains. In 
India, the basin lies between Latitude N 24°44' to 30°3' and Longitude E 88°11' to 96°57' E.  
The Brahmaputra Basin covering 1,95,694 km2 area represents nearly 5.9% of the 
geographical area of the country and spreads over states of Arunachal Pradesh (covering 
42.79 % of the total basin area), Assam (36.04 %), West Bengal (5.90 %), Meghalaya (5.88 
%), Nagaland (5.72 %), Sikkim (3.63%) and Manipur (0.03 %). The Indian part of the basin 
in Arunachal Pradesh, Nagaland, Sikkim, Manipur and Meghalaya is mostly mountain ranges 
and narrow valleys. Most portion of the basin in Assam is substantially wide (about 80 km on 
an average) and flows mainly through plains. In West Bengal, the basin consists of hills and 
forests besides the plains in the districts of Cooch Behar and Jalpaiguri. 
 
The Brahmaputra Basin consists of two major sub basins ‘Brahmaputra Upper’ and 

Brahmaputra Lower’ which is comprised of 97 and 83 watersheds, respectively. The 

Brahmaputra and its tributaries carry more than 30% of the total water resource potential of 
the country.  
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7.2 Conservation Significance 

River Brahmaputra is of great significance in terms of geographical, ecological, 
environmental, religio-cultural, spiritual and economic aspects in India in general, and 
Northeast India in particular. It is considered as the ‘Life line’ of the people of Assam and 
North East India.  

(a) Ecological Values – The Brahmaputra Basin constitutes a major part of the North 
East India. The region exhibits wide range of the climatic, altitudinal, and edaphic variations 
besides enormous diversity of terrestrial and aquatic habitats (Fig. 7.1). The basin represents 
the sub-tropical, Himalayan temperate and sub-alpine zones. The basin is the geographic 
gateway for much of India’s rich and unique diversity of the living organisms, and 

contributes towards notable variation in the flora and fauna including endemism. The basin is 
a part of two globally known biodiversity hotspots (Himalaya and Indo-Burma). The basin 
states are abode of several endemic plant and animal species. The basin shows wide 
topographical variation varying from the floodplains of Assam to high snowcapped peaks. 
The basin receives high rainfall and offer favourable climatic conditions for occurrence of 
diverse vegetation/ forest types harbouring a variety of flowering plants including a large 
proportion of endemics. The basin represents three biogeographic zones and five biotic 
provinces viz., (a) 1C -Trans Himalaya Sikkim; (b) 2C - Central Himalaya; (c) Eastern 
Himalaya; (d) 9A: North East Brahmaputra Valley; and (e) North East Hills. 

The Sikkim plateau or popularly known as Tso Lhamo lies in the Trans-Himalayan region of 
the state is perhaps the widest and most extensive zone of krummholz (stunted forest) in the 
Himalayan region and offers enormous diversity of Rhododendrons. Ground vegetation is 
dominated by mosses and lichens. The Central Himalayan pristine forested landscapes in 
Sikkim and West Bengal, and Eastern Himalayan forests in Arunachal Pradesh harbour 
extensive evergreen, semi-evergreen, and other type of forests (Fig.7.2).  The Brahmaputra 
Valley, the largest floodplains in the northeast region have great significance in terms of 
tropical forests, wet tall grasslands, and diversity of wetlands (beels) which harbour a rich 
plant diversity and spectacular faunal species. The valley has made notable contribution to 
the world’s agriculture by promoting the cultivation of tea. The Brahmaputra Valley produces 

some of the finest and expensive teas in the world and has the native species Camellia 
sinensis var.assamica. The North East Hills cover Patkai-Purvanchal Hills, and Karbi-
Meghalaya Plateau Hills including Garo-Khasi-Jaintia Ranges and they are known for richest 
diversity in orchids, yams, Rhododendrons, bamboos, cane, and wild relatives of cultivated 
plants. The six major states falling within the river basin have a forest cover of 1,44,895 km2 

which is 20.46% of total forest cover of the country. The total growing stock inside 
the forests constitutes 15.83% of the total growing stock of the country. Forests in the 
Brahmaputra basin store large amounts of carbon (1664 MT) contributing to climate change 
mitigation. Diverse forests and other natural ecosystems (grasslands and wetlands) offer 
varied ecosystem services. 
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Fig. 7.1: Green Hills and Valleys in Brahmaputra Basin 
 

 
 
Fig. 7.2: Himalayan Mountains in Arunachal Pradesh with Diverse Forests and Terrace 

Agriculture 
 

(b) Economic Values – Theriver is a source of livelihood for millions of people engaged 
in cultivation, fishing, transport, tourism, etc. Almost all the districts/ places of Assam that 
are situated along the bank of Brahmaputra or its tributaries depend on the rivers for 
livelihood (Fig. 7.3). In this river basin, irrigable land constitutes 65 per cent of the gross 
cropped area and about 61% of the total population is engaged in agriculture. Annually, 
agriculture and allied sector (forestry, logging, and fishing) of all the states of Brahmaputra 
basin contributes about 22.90% of the total Gross State Domestic Product (GSDP).  
Brahmaputra is one of the few rivers in the world that has formation of large numbers of 
sandy wastelands, called Chars in Assam. Chars are formed during floods with deposits of 
silts, where people can live and cultivate. The char areas support 9.37% of the total 
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population of the state. Further, Brahmaputra and its tributaries provide huge scope for fish 
production, and it is estimated that inland fish production in Brahmaputra Basin during 2016-
17 was worth Rs. 350 billion. Brahmaputra and some of its tributaries are important medium 
for navigation and transport predominantly in Assam and West Bengal. The average water 
resource potential and utilizable surface water resource of the Brahmaputra Basin are 537.24 
BCM (Billion Cubic Meters) and 24.0 BCM respectively. The Brahmaputra Basin in India 
accounts for nearly 30% of the total water resources and about 40% of the total hydropower 
potential of the country. The riverine network also plays an important role in promoting 
tourism and about 19 tourist destinations are situated on the banks of Brahmaputra. The basin 
supports tea, oil, coal, limestone, bamboo and cane-based industries. 
 

 
 

Fig. 7.3: Blue mountains, green valleys and quite rivers in Brahmaputra basin 
 

(c)Cultural Values - Rivers are considered as the source of artistic and musical inspiration, 
and a purifier of soul in many religions. In Hindu mythology, river Brahmaputra is 
considered as the ‘son of Lord Brahma’ the Hindu deity who is considered as the ‘creator of 

the Universe’. As per Hindu Puranas, Brahmaputra born as the son of Lord Brahma and Devi 

Amogha flowed down as water.  Sage Shantanu placed this ‘son of Brahma’ (hence 

‘Brahmaputra’) in the middle of four mountains where he grew into a lake named 
Brahmakund. Lord Parashurama, the warrior-sage and one of the many incarnations of Lord 
Vishnu, killed his mother following orders from his father. As a result, the axe he used for 
decapitating his mother got stuck to his hand. On the advice of sages, Parashurama took holy 
dip in Brahmakund and got rid of the sin.  He then released the waters of Brahmakund that 
took form of a mighty river called Brahmaputra. The Tibetans have their own stories. They 
believe that in ancient times, in the Chang Thang plateau there existed a great lake. A 
compassionate Bodhisattva felt that for the betterment of the people around, the waters 
should flow down, and cut an outlet off the lake and named it ‘Tsangpo’ (or ‘Great River’). 

Tsangpo is considered very holy wherever it flows in Tibet. The Tibetans believe that in this 
area there exists the doorway to paradise on Earth, called ‘Shangri-la’. 
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(d) Social Values - The Brahmaputra basin with a total population of about 80 million is 
extremely rich in cultural, social, ethnic and linguistic diversity. It is the home of around 200 
odd indigenous ethnic communities. The river is considered as sacred and thousands of 
people take a dip during many festivals, e.g., Ashoka Astami. Like river Ganga, people collect 
water from Brahmaputra as well, as they consider it ‘Holy’, for festivities and religious 

events like Chhath Puja and Shiva Puja. Many of the folk, modern and Bihu songs are 
resplendent with river centric theme and are often linked to the glory of the people which 
depicts the cultural mosaic of the valley. Dr. Bhupen Hazarika, the ‘Bard of Brahmaputra’ 

wrote numerous poetry and songs about rivers like the Brahmaputra, Kolong, Kopili, Digaru 
and many others.  Majuli Island, one of the largest river islands of the world in the middle of 
the river Brahmaputra, is considered as the soul of Assamese culture. Majuli has a significant 
role in Assamese civilization and is the thriving center of the neo-Vaishnavitereligio-cultural 
heritage of Assam. In 15th century AD, Vaishnava saint reformer, SrimantaSankardeva 
established several monasteries, known as ‘Sattras’. The prominent among them are 

Dakhinpat, Garamur, Auniati, Kamalabari, Bengena-ati and Samaguri. Sattras being 
religious and cultural centers, conserve precious antiques and are nurseries of classical 
Sattriya dance, Bhaona (devotion drama) and Borgeet (devotional music) traditions.  
 
Umananda or ‘Peacock Island’, another small island in the middle of the river Brahmaputra, 

is also a famous religio-cultural centre in Assam. The mythology associated with the island 
states that Lord Shiva, created this island for his wife Parvati’s pleasure. As per Kalika 
purana, Lord Shiva burnt Kamadeva to ashes with his third eye when the latter tried to break 
his meditation here in this island, resulting in another name for the island as Bhasmachal, 
meaning hill of ashes. Of late, Assam celebrated the biggest River Festival praising the 
mighty Brahmaputra as ‘Namami Brahmaputra’ across 21 districts along Brahmaputra in its 

entire stretch from Sadiya to Dhubri for the first-time during March-April, 2017. The main 
objective of Namami Brahmaputra was to showcase Assam’s wonderful potential in trade, 

tourism and culture. 

7.3 Riverscape 

During the various consultative meetings with various stakeholders and experts, the 
consensus was built, and it was decided that the entire catchment in the hilly regions should 
be included while delineating the riverscape. However, once river descends in plains, the 
historical bank line of River Brahmaputra should be taken into consideration as the base line 
for generation of buffer area on either side of the river. A 5 km buffer on either side of the 
bank lines of the Brahmaputra River should be included, whereas a buffer of 2 km on either 
side of selected tributaries need be taken into consideration. Accordingly, the Brahmaputra 
Riverscape covering an area of 1,54,455 km2 across six states of North East India and parts of 
the state of West Bengal was delineated for the purpose of preparation of DPR.  A total of 30 
tributaries flowing to Brahmaputra were selected for inclusion in the riverscape. Relatively, 
smaller tributaries/ rivers were excluded from the list as it was not practically feasible to 
cover all of them in constrained resources and time frame for planning. However, it was 
considered worth mentioning here that most of the so called ‘smaller rivers’ were quite large 
in size when compared to rivers of drier regions. The list of tributaries included in the 
riverscape is provided in DPR. The delineate riverscape is shown in Fig.7.4. The area of the 
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delineated riverscape represents nearly 79% of the Brahmaputra Basin within India (Table 
7.1 and Table 7.2). 

 
Table 7.1: Area covered under the Brahmaputra Basin and Brahmaputra Riverscape 

 
Sr. 
No. 

Consideration 
Unit 

Area 
Covered 

(km2) 

Coverage Area 
(Countries/ States) 

1 Brahmaputra 
River Basin  

5,80,000 Basin area spreads across four countries viz., China, 
India, Bangladesh and Bhutan 

2 Brahmaputra 
River Basin in 
India 

1,95,694 Altogether seven Indian states form the Indian part of 
Brahmaputra River basin (Arunachal Pradesh, Assam, 
Manipur, Meghalaya, Nagaland, Sikkim and West 
Bengal) 

3 Brahmaputra 
Riverscape 

1,54,455 Entire catchment area in hilly regions, and 5 km buffer 
area on either side of Brahmaputra River and 2 km 
buffer area on either side of selected tributaries in plain 
areas were included.  

 
 

Table 7.2: State-wise Brahmaputra Basin and Riverscape area within India 
 

States Geographical 
Area of State 

(km2) 

Basin 
Area 
(km2) 

Basin Area of 
the State 

(% ) 

Riverscape 
Area 
(km2) 

Riverscape 
Area (%) 

Arunachal Pradesh 83,743 83,743 100.0 83,743 100.0 
Assam 78,438 70,526 89.9 37,267 52.8 
Manipur 22,327 68 0.3 68 100.0 
Meghalaya 22,429 11,503 51.3 11,503 100.0 
Nagaland 16,579 11,203 67.6 11,203 100.0 
Sikkim 7,096 7,096 100.0 7,096 100.0 
West Bengal 88,752 11,555 13.0 3,575 30.9 
Total  3,19,364 1,95,694 61.3 1,54,455 78.9 
 
7.4 Preparation of DPR 
 
The Rain Forest Research Institute (RFRI), Jorhat, (Assam), an Institute under the umbrella of 
ICFRE was entrusted the task on the preparation of DPR on forestry interventions for 
rejuvenation of river Brahmaputra. It is expected that the proposed forestry intervention 
would augment the efforts towards the broader goal of river rejuvenation of the Brahmaputra 
and its major tributaries. The project implementation would ultimately help in providing 
enhanced protection to the river and its catchment, improvement/ restoration of varied 
habitats through afforestation/ reforestation, catchment treatment, soil and moisture 
conservation works, ecological restoration of vital riparian forest buffer, etc.  Improvement of 
livelihood of forest dependent communities and forest dwellers through introduction of 
alternate income generation activities, consultations with different stakeholders at national 
and international level and generation of awareness among the riverscape inhabitants are other 
important activities envisaged.  
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Fig. 7. 4: The Brahmaputra Riverscape 

(a) The Consultative Process – As a part of the planned extensive consultative process, 
the RFRI, Jorhat organized sequential meetings and other consultations with varied 
stakeholders and experts. Subsequent to the National Level Inception Workshop held at 
ICFRE, Dehradun April, 2019, the Institute had conducted the Project Initiation Meeting and 
organized sequential state level consultative meetings in all concerned/ involved basin states. 
The Chapter 3 of the Volume 1 of the DPR provides details on each of the meeting and 
recommendations emerged from such consultative process.  

(b) Training of Field Staff - In all, twenty-eight sessions were organized to impart training 
to 1,006 frontline staff belonging to SFDs of six concerned states. Details on different field 
data formats were discussed and the issues raised by field officials related to filling up 
formats and collection of primary data were addressed during these field trainings. The field 
staffs were taken to the concerned sites and the methods of data collection were 
demonstrated, wherever felt necessary.  

(c) Geo-spatial Analysis and Modelling, Prioritization of Sites, and Situation and 
Problem Analysis – On the lines of DPR of Ganga, Remote Sensing and GIS technologies 
were used to carry outthegeo-spatial analysis and modelling in the delineated 
riverscapeavailing valuable multi-layer data from concerned government agencies. GIS and 
Image processing software namely ArcGIS and ERDAS Imagine packages were used for 
creation/ up-gradation of various spatial layers (viz., Drainage, sub-watershed, Physiography, 
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Agro-climatic zone, Digital Elevation Model, Altitude, Slope, Aspect, Forest Cover, Forest 
Type, Land use/Cover, Soil erosion, Soil tolerance limit, etc.) and riverscape analysis. The 
primary data for each of the attribute was obtained from the concerned agencies which were 
later updated using latest satellite images or other authentic data/ information. The GIS layers 
were used in the spatial modelling for determining the priority areas in three lower order 
landscapes (viz. natural, agriculture and urban) for proposed interventions. Prioritization of 
areas was accomplished adopting multi-factor criteria viz., slope categories, land use/ land 
cover, and soil erosion for proposed forestry interventions. Prioritization process identified 
three priority areas viz., High, Moderate and Low.  

(d) Collection of Primary Field Data, Data Analysis, and Development of Treatment 
Models - Five elaborate formats meant for field data collection were appropriately modified 
and sent to six states for collection of primary field data for proposed forestry interventions 
and other conservation activities. The geocoordinates provided in the prescribed field data 
format for each intervention site were converted to a point vector layer and overlaid on the 
priority zone map of the riverscape.  The findings were discussed with concerned forest 
officials of respective states as well and finally the prioritization of suitable areas for 
proposed forestry intervention was finalized.  

7.5 Riverscape and its Environment 
As earlier stated, the Brahmaputra Basin covers vast geographical expanse spread across 
multiple states in the North Eastern India and West Bengal, and exhibits wide range of the 
climatic, altitudinal, and edaphic variations besides enormous diversity of natural ecosystems 
and associated terrestrial and aquatic floral and faunal diversity besides each state also 
uniquely placed owing to its distinct ethnic groups, culture, and the socio-economic situation. 
Thus, the physical, biological, and socio-economic sub-environments not only display a wide 
range distinct complexities and peculiarities, but also pose enormous challenges for the 
intricate and dynamic river ecosystem and efforts towards river rejuvenation. A general 
account on three sub-environments has been provided in Chapter 2 of Volume 1of the DPR 
while state specific highlights on the environment have been summarized in Volume II on 
State Summaries.   
 
(a) Physical Sub-Environment – Certainly, the physical sub-environment of the 
riverscape collectively shaped and influenced by six basin states representing varied elements 
of the Trans Himalaya, Central and Eastern Himalayas, North East Hills, and Brahmaputra 
Valley and Floodplains is highly unpredictable in terms of physical characteristics/ attributes, 
particularly driving and abiotic variables.  

 
Altitudinal Variation - Nearly, 9,439 km2 or6.11% extent of the riverscape lies in the 
elevation classes >4,000 m, falling mainly in Arunachal Pradesh and Sikkim.  Since most of 
the areas falling in this elevation are having steep slopes with poor soil conditions, snow 
covered, avalanche prone areas and cold desert, thus, there is less possibility for forestry 
interventions. In contrast, elevation class ≤100 m represented 20,481 km2 or 13.26% area and 
are mostly falling under Brahmaputra Valley in Assam and some part of West Bengal.  These 
areas are suitable for plantation of tropical evergreen and semi-evergreen species. The 
maximum extent, being 34,299 km2 (22.21%) of the riverscape lies in the lower category of 
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the altitude class i.e., 100 to 500 m (Table 7.3). These areas are suitable for plantation of 
tropical evergreen and semi-evergreen species. A majority of such areas lies in the 
Brahmaputra valley in Assam, foot hills of hilly states, and West Bengal. The altitudinal class 
1,000 to 2,000 m occupied the second highest area i.e., 32,198 km2 (20.85%) and falls in hilly 
states and the hill districts (Karbi Anglong) of Assam and West Bengal (Darjeeling) under 
Brahmaputra riverscapes (Fig. 7.5). These areas support sub-tropical broad-leaved species, 
East Himalayan sub-tropical pine species and some temperate broadleaved species which 
requires soil and moisture conservation works. An area of 23,971 km2 (15.52%) falls in the 
elevation classes 500 to 1,000 m, covering mainly in the states viz., Arunachal Pradesh, 
Nagaland, Meghalaya, Sikkim, West Bengal (hill district), Manipur and Karbi-Anglong 
districts of Assam under Brahmaputra riverscape (Fig.7.5). Tropical moist deciduous and 
evergreen or semi-evergreen species are suitable for plantation in these areas. Areas falling 
within 2,000 to 2,500 m elevation class occupies an area of 10,775 km2 (6.98%) and are 
mostly distributed in some parts of hilly states of Brahmaputra riverscape that harbours 
various forests such as mountain wet temperate forests, East Himalayan mixed coniferous 
forests and East Himalayan dry temperate forests. The remaining altitudinal classes viz., 
2,500 to 3,000 m, 3001 to 3,500 m, and 3,501 to 4,000 m have occupied lesser areas to the 
extent of 8,882 km2 (5.75%), 7,388 km2 (4.78%) and 7,022 km2 (4.55%), respectively. All 
these areas are mainly found in Arunachal Pradesh, Sikkim, Nagaland and Manipur. Since 
most of the areas falling in these altitudinal classes have steep slopes with snow covered, 
avalanche prone areas and cold desert, thus, there are fewer opportunities for forestry 
interventions except in the lower part of these areas. However, plantation of some selected 
tree species, improvement of alpine pastures and planting of medicinal plants can be 
undertaken in the lower elevation of these areas 
 
Table 7.3: Extent under Different Altitudinal Classes within the Brahmaputra 

Riverscape 

Sr. No. Elevation Classes (m) Area (km2) Riverscape (%) 
1 ≤100 20,480.97 13.26 
2 100 to 500 34,299.13 22.21 
3 500 to 1,000 23,970.62 15.52 
4 1,000 to 2,000 32,197.90 20.85 
5 2,000 to 2,500 10,775.24 6.98 
6 2,500 to 3,000 8,882.23 5.75 
7 3,000 to 3,500 7,387.76 4.78 
8 3,500 to 4,000 7,022.30 4.55 
9  ≥ 4,000 m 9,439.39 6.11 

Total 1,54,455.54 100 
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.  

Fig. 7.5: Altitudinal variation in the Brahmaputra Riverscape 
 

(b) Biological Sub-environment – The foregoing description on ecological significance 
of the Brahmaputra River has already highlighted that the Brahmaputra Basin represents three 
important biogeographic zones and five biotic provinces those are rich in diversity of 
ecosystems and associated floral and faunal diversity. The riverscape, being the part of two 
world known biodiversity hotspots makes a significant contribution to India in getting her the 
status of one of the megadiverse countries.  
 
(i) Land Use and Land Cover – Altogether, 13 major types of land use and land cover 
classes were delineated within the riverscape.  Distribution of area under different land use/ 
land cover in the Brahmaputra Riverscape is given in Table 7.4. Notably, the maximum area, 
being 1,06,576km2 or 69.0% of the total riverscape area was covered by Forests, followed by 
Agriculture (11,883 km2 or 7.7% of the riverscape area), Snow Cover 9,607 km2 (6.2%), 
Open and Barren Land area 8,374 km2 (5.4%), and Water bodies 7,731 km2 (5.01%) 
(Table.7.4).  
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Table 7.4: Extent of Land Use and Land Cover within the Brahmaputra Riverscape 
 

Sr. No. Land Use and Land Cover Area  
(km2) 

Riverscape 
Area (%) 

1 Very Dense Forest 24,356.58 15.77 
2 Moderately Dense Forest 46,776.07 30.28 
3. Open Forest 35,443.10 22.95 
4. Scrub/ Grassland 3,267.88 2.12 
5. Home Garden/ Patch Vegetation/ Sacred Groves 4,523.09 2.93 
6. Plantation/ Tree outside Forest (TOF) 266.07 0.17 
7. Shifting Cultivation - Current 414.47 0.27 
8. Shifting Cultivation - Fallow 657.30 0.43 
9. Agriculture 11,882.91 7.69 
10. Snow Cover 9,606.87 6.22 
11. Settlement 1,156.26 0.75 
12. Open Barren Land 8,374.36 5.42 
13. Water bodies 7,730.59 5.01 

Total 1,54,455.54 100.00 
 

(ii) Forest Types and Forest Density – As many as 42 forest types were recorded in the 
riverscape (Table 7.5). Besides 42 forest types deciphered within the riverscape, seven other 
land cover categories were also deciphered including the non-forest.  The forest type Sub-
Himalayan Light Alluvial Semi-Evergreen Forest covered a maximum area 21,029 km2 

(13.6%), followed by Secondary Moist Bamboo Brakes (10,480 km2, 6.8%), Eastern Alluvial 
Secondary Semi-Evergreen Forest (9,015 km2, 5.8%), East Himalayan Moist Mixed 
Deciduous Forest (8,199 km2, 5.3%), East Himalayan Sub-alpine Birch/Fir Forest (7,874 
km2, 5.1%), and Cachar Semi-Evergreen Forest (7,114.7 km2, 5.3%).  An area of 35.809.55 
km2 (23.18%) was under the ‘non-forest’ category (Table 7.5). State-wise different forest 
types are shown in the following map (Fig.7.6). 

 

Table 7.5: Distribution of Different Forest Types/Sub Types in Brahmaputra 

Riverscape 

Sr. 
No. 

Forest Types/Sub Types Area (km2) Riverscape 
(%) 

1  Sub-Himalayan Light Alluvial Semi-Evergreen 21,029.38 13.62 
2  Secondary Moist Bamboo Brakes 10,479.90 6.79 
3  Eastern Alluvial Secondary Semi-Evergreen 

Forest 
9,015.22 5.84 

4  East Himalayan Moist Mixed Deciduous Forest 8,199.26 5.31 
5  East Himalayan Sub-Alpine Birch/Fir Forest 7,873.98 5.10 
6  Cachar Semi-Evergreen Forest 7,114.73 4.61 
7  Assam Alluvial Plains Semi-Evergreen Forest 5,988.04 3.88 
8  Eastern Sub-Montane Semi-Evergreen 5,504.04 3.56 
9  East Himalayan Mixed Coniferous Forest 5,229.20 3.39 
10  East Himalayan Sal Forest 3,940.71 2.55 
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Sr. 
No. 

Forest Types/Sub Types Area (km2) Riverscape 
(%) 

11  Terminalia-Duabanga Forest 3,535.88 2.29 
12  East Himalayan Subtropical Wet Hill 3,154.55 2.04 
13  Khasi Subtropical Wet Hill Forest 1,534.08 0.99 
14  Assam Sub-Tropical Pine Forest 1,529.91 0.99 
15  Kayea Forest 1,028.56 0.67 
16  Eastern Himalayan Dry Temperate Coniferous 1,019.83 0.66 
17  Buk Oak Forest 858.65 0.56 
18  Naga Hill Wet Temperate Forest 840.08 0.54 
19  Birch/ Rhododendron Scrub Forest 751.53 0.49 
20  Tropical Moist Deciduous Forests 516.06 0.33 
21  Northern Secondary Moist Mixed Deciduous 

Forest 
441.83 0.29 

22  Cachar Tropical Evergreen Forest 272.05 0.18 
23  Assam Valley Tropical Wet Evergreen Forest  263.46 0.17 
24  East Himalayan Upper Bhabar Sal Forests 242.11 0.16 
25  Himalayan Moist Temperate Forests 239.54 0.16 
26  Sub-Tropical Broadleaved Hill Forests 215.70 0.14 
27  Kamrup Sal Forests 206.20 0.13 
28  Montane Wet Temperate Forests 169.78 0.11 
29  Pioneer Euphorbiaceous Scrub 158.34 0.10 
30  Dwarf Juniper Scrub 141.96 0.09 
31  Tropical Dry Deciduous Forests 79.35 0.05 
32  Secondary Euphorbiaceous Scrub 71.90 0.05 
33  Khasi Hill Sal Forests 39.84 0.03 
34  Dwarf Rhododendron Scrub 30.88 0.02 
35  Terminalia-Lagerstroemia Forests 23.01 0.01 
36  Khair-Sissoo Forest 15.34 0.01 
37  Dry alpine Scrub 12.14 0.01 
38  Tropical Semi - Evergreen Forests 8.48 0.01 
39  Sub-Alpine Forests 5.92 0.00 
40  Mesua Forest 2.45 0.00 
41  Littoral & Swamp Forests 1.67 0.00 
42  Montane Bamboo Brakes 1.02 0.00 

Other Categories 
1  Home Garden /Patch vegetation/ Sacred groves 4,523.09 2.93 
2  Plantation/ Tree Outside Forest (TOF) 2,66.07 0.17 
3  Scrub 3,267.88 2.12 
4  Shifting Cultivation - Current 414.47 0.27 
5  Shifting Cultivation - Fallow 657.30 0.43 
6  Non-Forest 35,809.55 23.18 
7  Water 7,730.59  5.01 

Total 1,54,455.54 100.00 
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Fig. 7.6: Diversity and distribution of forest types in Brahmaputra Riverscape 
 
(iii) Wild Faunal Diversity - The riverscape hosts an exceptional diversity of terrestrial 
and aquatic rare, endangered, and threatened species besides numerous endemic species. 
There are 13 national parks, 29 wildlife sanctuaries, 8 tiger reserves, 5 elephant corridors, 4 
biosphere reserves, 2 Ramsar wetland sites, 1 biodiversity heritage site, 2 natural World 
Heritage Sites, 1 cultural site and 1 mixed World Heritage Site in Brahmaputra Basin. Along 
the course of Brahmaputra, there are 5 National Parks and 20 Wildlife sanctuaries which play 
a vital role in wildlife conservation and nature-based tourism. The Kaziranga National Park 
on the banks of Brahmaputra was conferred the status of the World Heritage Site and two 
national parks viz., Manas and Dibru-Saikhowa are categorized as Biosphere Reserves. The 
Brahmaputra Basin is home to several endangered species such as the Great One-horned 
rhinoceros (Rhino unicornis), Asian wild buffalo (Bubalus bubalis), Royal Bengal tiger 
(Panthera tigristigris), Hoolock gibbon (Hoolock hoolock) and Elephant (Elephas maximus) 
(Fig. 7.7). The river is also home to critically endangered Gangetic River dolphin (Platanista 
gangetica). DPR provides a great insight on diversity of carnivores, avifauna and 
Galliformes, herpetofauna, fish fauna, aquatic mammals, etc. and presented details region-
wise.   
 
According to the All India Monitoring of Tiger, Co-predators, Prey and Habitat Report of 
2018, a population of 219 tiger was reported in the Northeast India and Brahmaputra plains 
which is about 7% of the total tiger population estimated in India. As far as the Asian 
elephant is concerned, about 37% (10,139) of total population in India (27,312) is reported 
from the Northeast region. About 2,645 individuals of rhinoceros are found in the 
Brahmaputra floodplains in various National Parks or Sanctuaries. Beels or wetlands in the 
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Brahmaputra floodplains serve as ecotone and play an important role in the dynamics of the 
Brahmaputra ecosystem. These wetlands function as the natural feeding and breeding 
grounds for a number of fish species and other aquatic fauna. Wetlands like DeeporBeel help 
in maintaining water quality, recharge of groundwater, provide habitat for various species and 
their life history stages. 

 
 

Fig. 7.7: Great One Horned Rhinoceros (Rhinos unicornis), a featured and an obligate 
species of tall grasslands within Brahmaputra Floodplains 

 
(c) Socio-Economic Sub-Environment – The seven states viz., Arunachal Pradesh, Assam, 
Manipur, Meghalaya, Nagaland, Sikkim and West Bengal falling within Brahmaputra basin 
possess tremendous amount of diversity not only in terms of natural resources, physiography, 
ecology, and other opportunities (agriculture, fisheries, industries, tourism including 
pilgrimage) but also shows tremendous diversity of population as a whole. North East Indian 
states are truly called the paradise for Social Anthropologists as conglomeration of many 
tribes originating from different stocks has taken place here for centuries.  
 
The total population of the seven states as per the Census 2011 was 132.25 million, 
representing 10.92% of the country’s population. Out of this, rural population constitute 

75.4%, while 24.6% population live in urban areas against the country’s 68.8% rural and 

31.2% urban population. The average population density in the seven states ranges from 17 
persons/ km2 in the state of Arunachal Pradesh to 542 persons/ km2 in West Bengal (five 
districts only), against the country’s average human density of 382 persons/ km2. In addition 
to West Bengal, the state of Assam is also populous with human density of 398 persons/ km2. 
The values of sex ratio (male: female) in the seven states ranged from 890 to 989 females/ 
1,000 males against the country’s average of 940 females/ 1,000 males. The lowest literacy 

rate among these seven states was in Arunachal Pradesh (65.38%) while the highest literacy 
rate was in Sikkim (81.42%) against the country’s average of 74.04%. The values of poverty 

line (per capita income/ month) in rural population in the seven states ranged from per capita 
income of Rs. 783/- per month to Rs. 1,270/ - per capita per month against the country’s 

average rural poverty line of Rs. 816 per capita income per month. The poverty line in urban 
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population of seven states ranged from per capita income of Rs. 981 per month to Rs. 1,302 
per capita income per month against the country’s average urban poverty line of Rs. 1,000 
per capita income per month. The foregoing description on conservation significance of the 
river has already highlighted the social, cultural, and economical significance of the river 
basin.  
 

7.6 Major Issues  

Major problems associated with mighty river and its vast basin are numerous and they not 
only influence the river ecosystem and associated life forms but also people all through the 
course of river and its tributaries, government and private property including farmlands, 
livelihoods, socio-economics, and the overall development process (Box 7.1). Prominent 
problems include annual events of wide spread devastating floods, extensive bank line 
erosion, deforestation and degradation, shortened cycles and intensification of shifting 
cultivation, high seismicity, manmade physical barriers, landslides, excessive soil erosion and 
sedimentation, excessive braiding and frequent change in river course, mining, encroachment 
of river bank areas and catchment, pollution, and population influx in the basin area (Fig.7.8). 

 

 

Fig. 7.8: Extensive bank erosion in Brahmaputra River impacting the ecology, 
agriculture lands and livelihoods 
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Conservation problems, issues, and threats in the context of Yamuna River are summarized in 
Box 7.1. 

 

 
 
7.7 Prioritization of Sites 
 
The distribution of riverscape areas in three priority zones for proposed interventions across 
seven states is presented in Table 7.6. Accordingly, nearly 20% area of the riverscape lies in 
high priority zone. Interestingly, amongst seven basin states the highest extent of actual area 
in high priority zone, being 14,103.60 km2 was recorded in the Himalayan State of Arunachal 
Pradesh. However, nearly 91% area of the riverscape in Manipur state has fallen in high 
priority zone, followed by 43.06% riverscape area in Nagaland (Fig.7.9). The collective area 
under the moderate priority zone across seven states of the riverscape constituted almost 30% 
area of the total riverscape. The low priority zone represented nearly half of the riverscape 
area (Table 7.6). 

 

Box - 7.1 
Major Issues 

▪ The Brahmaputra is prone to disastrous flooding (the flow can even reach over 
1,00,000 m3/s) during summer and monsoon season as the Himalayan snow starts melting 
and also due to heavy rainfall.  

▪ Brahmaputra is a braided river extremely susceptible to frequent alteration, channel 
migration and exhibits a tidal bore. It is a mighty river with its banks more than 8 km distant 
from each other in many places. 

▪ The combined suspended sediment load of the Ganga-Brahmaputra system is about 1.87 
billion tonnes per year which is the highest in the world.  

▪ Complex hydrology is characterized by significant rates of sediment discharge, the large and 
variable flows, rapid channel aggradations and accelerated rates of basin denudation. 

▪ Deforestation in the catchment area due to shifting cultivation, landslide etc. results in 
increased siltation levels, flash floods, and soil erosion in downstream areas. 

▪ Serious bank erosion results loss of agricultural and industrial lands, forests homesteads, 
schools, and subsequent loss of human lives, livestock etc.  

▪ The Brahmaputra River is heavily burdened by human need and greed, use, abuse and even 
neglect. Biological and water resources already show signs of deterioration while ecological 
integrity is being challenged. 

▪ Global warming and climate change results aberration in the local weather results retreat of 
some of the glaciers; Forests, grasslands and wetlands outside PAs continue to experience 
unsustainable use. 

▪ Enhanced landslides and erosion, high rate of sedimentation, fragmentation of forests, 
reduced connectivity, reduced e-flows and ever-increasing pollution from agriculture 
landscapes, tea gardens, towns and cities, and industrial and pilgrimage centres are becoming 
prime concerns for the river of late. 

▪ Inadequate implementation and enforcement of existing laws, policies, legislations; 
ineffective monitoring of the developmental works and work of restoration, and regulation of 
river resources. There are gaps and challenges in rigid enforcement.  

▪ Encroachment in the river bank and illegal construction on lands in close vicinity of the river 
and its tributaries, besides illegal mining in river beds for sand and boulders and coal and 
other mining in the catchments remains a contentious issue. 

▪ Though people are religio-culturally connected to the river Brahmaputra, however, general 
awareness about the ecology and river health among people are still very less. 

https://en.wikipedia.org/wiki/Tidal_bore
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Table 7.6: Distribution of Priority Areas within the Brahmaputra Riverscape  
 
Sr. 
No. 

States High Priority Moderate Priority Low Priority Total 

(Area in 
km2) 

(%) (Area in 
km2) 

(%) (Area in 
km2) 

(%) (Area in 
km2) 

1  Arunachal 
Pradesh 

14,103.60 16.84 20,893.31 24.95 48,746.14 58.21 83,743.06 

2  Assam 7,652.87 20.54 12,017.49 32.25 17,596.66 47.22 37,267.02 

3  Meghalaya 2,375.77 20.65 4,534.79 39.42 4,592.44 39.92 11,503.01 

4  Nagaland 4,823.68 43.06 4,780.56 42.67 1,598.77 14.27 11,203.01 

5  Sikkim 1,050.28 14.80 1,451.17 20.45 4,594.56 64.75 7,096.00 

6  Manipur 61.93 90.83 0.35 0.52 5.90 8.65 68.18 

7  West Bengal 801.45 22.42 2,274.38 63.61 499.44 13.97 3,575.26 

Total 30,869.57 19.99 45,952.05 29.75 77,633.92 50.26 1,54,455.54 

 

 
 

Fig.7.9: Distribution of Priority Areas in Basin States within the Riverscape 
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7.8 Policy and legal issues 
 
The policy governing the use and management of river resources is the National Water 
Policy.  In order to meet the present challenges in water sector, revision of National Water 
Policy, 2012 has been envisaged by the Union Ministry of Jal Shakti and a drafting 
committee was constituted on 5th November, 2019 to revise the National Water Policy. On 
the aspect of clean water, the National Environment Policy, the Environment (Protection) 
Act, and the various rules framed thereunder influence the management of river Brahmaputra.  
The various laws related to pollution control govern the riverscape management, in the matter 
of control of pollution. The afforestation of the riverscape is supported by the National Forest 
Policy, 1988. The Brahmaputra Board Act, 1980 is a Central law exclusively made for 
control of floods and bank erosion. The Brahmaputra Board a statutory body established 
under the Brahmaputra Board Act, 1980 started functioning since 11 January, 1982 for 
planning and integrated implementation of measures for control of floods and bank erosion in 
Brahmaputra and Barak Valleys. The matters related to afforestation and management of 
forests in the riverscape are governed by various forest laws of the Central government and 
the States.  Several authorities have been setup at the Regional/ State level so as to resolve or 
manage the local and regional issues related to effective management of Brahmaputra Basin. 
Prominent authorities/organizations working on river Brahmaputra are: (a) The Brahmaputra 
Board, (b) North Eastern Hydraulic and Allied Research Institute (NEHARI), (c) Teesta 
Basin Organization, (d) North Eastern Regional Institute of Water and Land Management 
(NERIWALM), and (e) Brahmaputra and Barak Basin Organization. 

One of the major constraints in the management of the Brahmaputra, a transboundary river is 
that there is neither international Convention nor a Treaty that presently binds the countries of 
the Brahmaputra Basin to take into consideration the concerns of downstream countries.  The 
UN Convention on the Law of Non-navigational Uses of International Watercourses was 
adopted by the United Nations in 1997 and came into force on 17 August, 2014.  Both China 
and India, the major countries on the Brahmaputra Basin are non-signatories to the 
Convention, as India abstained while China opposed this Convention.  However, the need for 
a Trans-boundary River Basin Organization for the Integrated River Basin Management with 
mechanisms for dispute resolution as well as benefit sharing has been proposed in certain 
quarters. Obviously, there are some unsettled issues among the countries of the Brahmaputra 
Basin (Box 7.2).  

7.9 Treatment Models 
 
Proposed Models in Three Type of Landscapes - A list of proposed treatment and 
plantation models in three types of landscapes within the Brahmaputra Riverscape and 
conservation interventions are presented in Table 7.7. The Chapter 5 of Volume of the DPR 
provides detailed account on each proposed treatment or plantation model along with the 
criteria for selection of site, plantation design and activities, suggested species for proposed 
plantations, cost norms, etc. Table 7.7 also list state-wise details on proposed extent of 
activity and corresponding budgetary provisions made.  
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(a) Natural Landscapes in Hills - Altogether 13 different ecosystem-based models are 
finalized for natural landscapes in the hills. Among these, 8 models are applicable in 
Arunachal Pradesh, 6 in Sikkim, 6 in Nagaland, 4 in Meghalaya, 2 in Assam, 2 in West 
Bengal and 1 in Manipur. Two specific models, one for the Assisted Natural Regeneration 
(ANR) for the augmentation of forest density and one for the Eco-Task Force (ETF) for 
implementation of forestry interventions in arduous and challenging areas of Arunachal 
Pradesh and Sikkim have been proposed.  

(b) Natural Landscapes in Plains - Altogether, six forestry intervention models which are 
further categorized into 10 models for the state wise costing purpose have been proposed 
specifically for the part of floodplains within natural landscapes of the riverscape. 

(c) Agriculture Landscapes in Hills - Two treatment models have been proposed for lands 
under shifting cultivation. Out of these models, one model is specifically meant for the 
restoration of jhum fallow lands (BP/SC/01) and another one is the Jhum Agroforestry Model 
(BP/SC/02). Various time tested and site-specific agroforestry techniques are proposed under 
Jhum Agroforestry model.  

(d) Agriculture Landscapes in Plains - These are mostly riverine agriculture landscapes 
which are severely affected by bank erosion. Three models have been proposed for the 
treatment of agriculture lands in concerned states. First two models are outlined for the 
planting of economic trees on the bunds of agriculture fields. Distribution of 100 plants 
(BP/AL/04) and 200 plants (BP/Al/05) of economic importance (fuelwood, small timber, 
NTFP, etc.) per hectare of land to farmers for planting on agriculture land are proposed in 
these two models. One model similar to the BP/NL/18 is proposed for the restoration of 
riparian agriculture lands (BP/AL/06) in the Brahmaputra Plains in Assam.  

(e) Treatment Models for Urban Landscapes - Proposed forestry interventions in the urban 
landscapes specifically seek to develop a small number of pilot demonstration models in 
different types of sites in urban set-ups. Development of riverfront in small tributaries near to 
the town areas has been proposed by adopting model BP/RF/01. One model is proposed for 
the development of Eco Park in selected sites in the riverscape by adopting model (BP/EP/01) 
and these Eco-Parks shall be named as ‘Brahma Aranya’. All urban forestry interventions, 

Box - 7.2 

Memorandum of Understanding (MoU) Between China and India on Sharing of Flow Data and 
Advance Warning for Flooding 

While China does not has a specific transboundary river policy, India was a party to an existing MoU on the 
sharing of flow data on the YarlungTsangpo (tributary to the Brahmaputra flowing from China to India), first 
signed in 2002. This MoU, operational between 2008 and 2012, aimed at facilitating advance warning for 
flooding in the Brahmaputra during monsoon. Further, a follow-up MoU was signed in 2013 for extending this 
exchange of flow data of the YarlungTsangpo during flooding seasons. 
 
However, notwithstanding the existence of this MoU, China declined to share data with India in 2017, 
articulating damage of instruments and installations in the measuring stations. Several Indian analysts 
theorized that much of the damage due to the Assam floods could have been avoided if the data has been 
supplied by China. The MoU was renewed in June 2018 and a provision for data sharing was added, if the 
water level comes close to the warning level during non-flood seasons. 
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except roadside avenue plantations are covered under model BP/UF/01 while avenue 
plantations (roadside plantations) in any area irrespective of rural, urban, natural, agriculture 
area have been proposed by adopting treatment model BP/RP/01.  

It was decided that tree, shrub and herb species which are native to the region will be 
preferred and planted. Horticultural and ornamental species which have been growing for a 
longer period in the region are to be incorporated in agricultural and urban landscapes. Mixed 
plantation models have been proposed as far as possible.  

Table 7.7: State-wise Proposed Treatment and Plantation Models for Three Landscapes 
and Conservation Interventions within Brahmaputra Riverscape 

Model No. Model Name Area 
(ha) 

Length 
(in km) * 

Total 
Cost 

(Rs. in 
crores) 

A. Arunachal Pradesh 
Natural Landscape 
BP/AR/NL/02 Temperate Mixed Conifer Forest 433.00 - 11.11 
BP/AR/NL/04 Sub-Tropical Pine Forests 484.00 - 12.41 

BP/AR/NL/05 
East Himalayan Sub-tropical 
Broadleaved Hill Forests 

134.50 - 2.99 

BP/AR/NL/06 
Eastern Himalayan Alluvial Secondary 
Semi-Evergreen Forest 

5,650.29 - 125.45 

BP/AR/NL/07 Eastern Hollock - Duabanga Forests   634.18 - 14.08 
BP/AR/NL/10 Secondary Moist Bamboo Brakes 45.00 - 1.00 

BP/AR/NL/11 
Block Plantations of Miscellaneous 
Species  

502.00 - 10.85 

BP/AR/NL/13 
Assisted Natural Regeneration for 
Augmentation of Forests 

5,356.00 - 68.54 

Agriculture Landscape 
BP/AR/AL/03 Planting of Economic Trees in Hills 64.00 - 0.31 

BP/AR/SC/01 
Restoration of Shifting Cultivation - 
Fallow Lands 

1,893.13 - 20.79 

BP/AR/SC/02 Jhum Agroforestry Model 151.50 - 0.99 
Urban Landscape 
BP/AR/EP/01 Eco Park Development 10.00 - 1.10 
BP/AR/RP/01 Roadside Plantations 0.00 73.61 2.97 

BP/AR/UF/01 
Urban Forestry (Trees with Iron Tree 
Guard) 

36.65 - 2.49 

BP/AR/UF/02 
Urban Forestry (Trees with Bamboo Tree 
Guard) 

132.83 - 6.60 

Conservation Interventions 
Conservation Interventions (SMC, Wetland Management, 
Riverbank Protection, etc.) 

1,648.43 - 24.84 

B. Assam 
Natural Landscape 
BP/AS/NL/08 Cachar Tropical Semi-Evergreen Forest  112.30 - 2.81 

BP/AS/NL/09 
East Himalayan Moist Mixed Deciduous 
Forests  

53.00 - 1.33 
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Model No. Model Name Area 
(ha) 

Length 
(in km) * 

Total 
Cost 

(Rs. in 
crores) 

BP/AS/NL/15 
Block Forest Plantation for Sal Bearing 
Areas 

1,163.50 - 57.13 

BP/AS/NL/16 
Block Forest Plantation for Semi-
Evergreen Forests  

164.00 - 36.69 

BP/AS/NL/17 
Mixed Species Strip Plantation on 
Embankments 

66.00 - 4.97 

BP/AS/NL/18 
Riparian Trees-Shrubs-Grasses 
Plantation 

3,568.11 - 73.34 

BP/AS/NL/19 
Assisted Natural Regeneration for 
augmentation of Forests 

3,026.50 - 42.45 

BP/AS/NL/20 
Quick Growing Small Timber, Fuel and 
Fodder Plantation 

2,418.58 - 0.83 

Agriculture Landscape 

BP/AS/AL/03 
Planting of Economic Trees (200 plants/ 
ha) 

3,757.97 - 18.34 

BP/AS/AL/02 
Planting of Economic Trees (100 plants/ 
ha) 

5,833.05 - 14.29 

BP/AS/AL/04 
Riparian Trees-Shrubs-Grasses 
Plantation 

1,839.88 - 27.00 

BP/AS/SC/01 
Restoration of Shifting Cultivation 
Fallow Lands 

61.50 - 0.54 

Urban Landscape 
BP/AS/EP/01 Eco Park Development 5.00 - 0.56 
BP/AS/RF/01 Riverfront Development 44.00 - 5.76 
BP/AS/RS/01 Roadside Plantations 0.00 84.40 2.87 

BP/AS/UF/01 
Urban Forestry (Trees with Iron Tree 
Guard) 

51.20 - 4.19 

BP/AS/UF/02 
Urban Forestry (Trees with Bamboo Tree 
Guard) 

2.80 - 0.12 

Conservation Interventions 
Conservation Interventions (SMC, Wetland Management, 
Riverbank Protection, etc.) 

2612.80 5200 
RMT 

162.07 

C. Nagaland 
Natural Landscape 

BP/NL/NL/03 
Naga Hill Wet Temperate Broadleaved 
Forest 

73.20 - 2.42 

BP/NL/NL/04 Sub-Tropical Pine Forests 111.43 - 1.59 
BP/NL/NL/05 Khasi Sub-tropical Wet Hill Forests 181.90 - 3.54 

BP/NL/NL/09 
East Himalayan Moist Mixed Deciduous 
Forests  

692.00 - 13.48 

BP/NL/NL/10 Secondary moist bamboo brakes 22.00 - 2.05 
BP/NL/NL/12 East Himalayan Sal Bearing Forests 105.16 - 0.28 

BP/NL/NL/13 
Assisted Natural Regeneration for 
Augmentation of Forests 

1017.20 - 13.15 

Agriculture Landscape 
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Model No. Model Name Area 
(ha) 

Length 
(in km) * 

Total 
Cost 

(Rs. in 
crores) 

BP/NL/AL/01 Planting of Economic Trees in Hills 23.00 - 0.08 
BP/NL/SC/01 Restoration of Shifting Cultivation - 

Fallow Lands 
3530.21 - 35.43 

BP/NL/SC/02 Jhum Agroforestry Model 1501.50 - 9.21 

Urban Landscape 
BP/NL/EP/01 Eco Park Development 8.00 - 0.89 

BP/NL/UF/01 Urban Forestry (Trees with Iron Tree 
Guard) 

46.50 - 4.13 

BP/NL/UF/02 Urban Forestry (Trees with Bamboo Tree 
Guard) 

27.00 - 1.20 

Conservation Interventions 
Conservation Interventions (SMC, Wetland Management, 
Riverbank Protection, etc.) 

2,605.55 - 28.58 

D. Meghalaya 
Natural Landscape 
BP/ML/NL/04 Sub-Tropical Pine Forests 1,507.02 - 34.43 

BP/ML/NL/05 Khasi Sub-tropical Wet Hill Forests 73.07 - 6.85 

BP/ML/NL/09 East Himalayan Moist Mixed Deciduous 
Forests  

331.27 - 1.36 

BP/ML/NL/12 Khasi Hill Sal Forest 66.00 - 1.56 

Agriculture Landscape 
BP/ML/SC/01 Restoration of Shifting Cultivation -

Fallow Lands 
503.00 - 4.69 

BP/ML/SC/02 Jhum Agroforestry Model 134.00 - 0.49 

Urban Landscape 
BP/ML/EP/01 Eco Park Development 13.00 - 1.44 

BP/ML/RS/01 Roadside Plantations 0.00 25.00 0.88 

BP/ML/UF/01 Urban Forestry (Trees with Iron Tree 
Guard) 

20.00 - 1.65 

BP/ML/UF/02 Urban Forestry (Trees with Bamboo Tree 
Guard) 

20.10 - 34.43 

Conservation Interventions 
Conservation Interventions (SMC, Wetland Management, 
Riverbank Protection, etc.) 

592.91 - 8.97 

E. West Bengal 
 
Natural Landscape 

BP/WB/NL/03 Wet Temperate Broadleaved Forest 9.00 - 0.21 

BP/WB/NL/09 
East Himalayan Moist Mixed Deciduous 
Forests  

23.00 - 0.49 
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Model No. Model Name Area 
(ha) 

Length 
(in km) * 

Total 
Cost 

(Rs. in 
crores) 

BP/WB/NL/15 
Block Forest Plantation for Sal Bearing 
Areas 

88.36 - 2.30 

BP/WB/NL/16 
Block forest plantation for Semi-
Evergreen Forests  

543.96 - 14.17 

BP/WB/NL/18 
Riparian Trees-Shrubs-Grasses 
Plantation 

952.35 - 14.41 

BP/WB/NL/20 
Quick Growing Small Timber, Fuel and 
Fodder Plantation 

386.60 - 10.07 

Conservation Interventions 
Conservation Interventions (SMC, Wetland Management, 
Riverbank Protection, etc.) 

* - 26.44 

F. Sikkim 
Natural Landscape 

BP/SK/NL/01 
Alpine and Sub-Alpine Meadows 
Conservation 

126.03 - 0.89 

BP/SK/NL/02 Temperate Mixed Conifer Forest 10.00 - 1.72 
BP/SK/NL/03 Wet Temperate Broadleaved Forest 142.00 - 0.29 

BP/SK/NL/05 
East Himalayan Sub-Tropical Wet Hill 
Forests 

67.77 - 4.17 

BP/SK/NL/09 
East Himalayan Moist Mixed Deciduous 
Forests  

82.57 - 1.76 

BP/SK/NL/12 East Himalayan Sal Bearing Forests 67.10 - 1.43 
Agriculture Landscape 

BP/SK/AL/01 Planting of Economic Trees in Hills 217.16 - 1.44 
Conservation Interventions 
Conservation Interventions (SMC, Wetland Management, 
Riverbank Protection, etc.) 

273.12 - 7.98 

G. Manipur 
Natural Landscape 

BP/MN/NL/11 
Block Plantations of Miscellaneous 
Species  

170.00 - 3.18 

Agriculture Landscape 

BP/MN/SC/01 
Restoration of Shifting Cultivation 
Fallow Lands 

30.00 - 0.27 

Conservation Interventions 
Conservation Interventions (SMC, Wetland Management, 
Riverbank Protection, etc.) 

10.00 - 0.50 

*Length for Road-side Plantations 

The DPR has provisioned for proposed forestry interventions in three types of landscapes by 
way of varied treatment or plantation models to the extent of 51,516.93ha. Thus, project 
envisages increase in green cover/ tree cover by 515.16 km2. Additionally, 7,742.81 ha area 
has been proposed for various conservation interventions including Soil and Moisture 
conservation, wetland management, riverbank protection, etc. About 43.6% of the total 
proposed increase in green cover would be in Assam (22,467 ha), followed by Arunachal 
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Pradesh (15,827 ha or 30.7%), Nagaland (7,339 ha or 14.3%), Meghalaya (2,667 ha or 5.2%), 
West Bengal (2,003ha or 3.9%), Sikkim (1,013 ha or 2.0%), and Manipur (200 ha or 0.4%).  
 
(B) Conservation Interventions - Conservation interventions in addition to focused forestry 
intervention models in natural, agriculture and urban landscapes are also proposed especially 
in catchment area. These conservation activities include (i) soil and water conservation in 
hills, (ii) riparian wildlife management, (iii) wetland management in all states, and (iv) 
riverbank protection in plains.  
 
(a) Soil and Moisture Conservation Measures - Mechanical Measures proposed in Hilly 
Agriculture /Jhum Lands include the engineering or earth work structures for control of soil 
erosion include bunds, terraces, trenches, grassed waterways, diversion drains, small check 
dams, gully control, rock lining, etc. Biological Measures to control soil erosion in Hills 
include Strip cropping, Grass Strips, Planting Pits, Mulching, Cover Crops etc. Bio-
engineering Measures in Hilly Agriculture/ Shifting cultivation include Contour barriers, 
Contour live barriers, Contour dead barriers, Contour mixed barriers, etc.  
 
(b) Riparian Wildlife Management - The implementing states have a large number of PAs 
located within the riverscape, including several stretches of river Brahmaputra and its 
tributaries, which are either parts of a national park (Dibru-Saikhowa, Kaziranga, Orang, 
Manas, etc.), or wildlife sanctuaries (Pani-dehing WLS, Lakhowa, Pobitora WLS, 
Chakrashila WLS, Gurumara WLS, etc.) or even tiger reserves (Namdapha TR, Kaziranga 
TR, Pakke TR, Manas TR, etc.). Many of these protected areas are also having numbers of 
wetlands, which are directly linked with availability of water in river Brahmaputra and its 
tributaries. In addition to the above proposed forestry interventions, the following activities 
are also proposed according to the requirement: Awareness creation, Capacity development 
of protected area management staff, survey and demarcation of PA boundaries to check 
encroachment, protection and conservation measures for riparian/riverine wildlife, 
improvement of habitats for wildlife, removal of aquatic weeds, creation of high lands, 
creation of salt-licks, maintenance of wetlands inside the protected areas, population 
estimation of faunal species, and proper documentation and database (spatial and non-spatial) 
management.  
 
(c) Wetland Management - Brahmaputra Riverscape is having the maximum number of 
natural wetlands than any other riverscape of the country. Activities under the management of 
wetlands may be planned on the lines of National Plan for Conservation of Aquatic 
Ecosystem (NPCAE). Site specific activities provisioned in the DPR include de-siltation of 
wetlands and entry-exit channels, weed control in wetland and entry-exit channels, fencing 
for protection of embankments, soil and moisture conservation works, plantation 
programmes, and community participation. 

(C) Supporting Activities - In addition, various ‘supporting activities’ like (i) policy 

interventions, (ii) concurrent action research, (iii) capacity building, (iv) awareness, (v) 
participatory monitoring, and (vi) periodic monitoring and evaluation have also been planned.  

Proposed mitigation measures in Brahmaputra Riverscape are summarized in Box .2. 
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7.10 Implementation Mechanism 

Implementation of forestry interventions is planned in the seven states falling in the 
Brahmaputra basin. The State Forest Departments (SFDs) of these states would act as the 
primary Implementing Agencies (IAs) for this component. In addition to the seven State-level 
IAs (SFDs), the Brahmaputra Board and Autonomous District Councils (ADCs) will also be 
partners in implementation of various activities as most of the land jurisdiction is under the 

Box - 7.2 
Rejuvenation of Brahmaputra River - Mitigation Measures 

 
Brahmaputra River after it originates in China, flows through Arunachal Pradesh and 
Assam in the Indian Territory before it enters in Bangladesh. Water from seven Indian 
States drains through different tributaries into the river. River primarily suffers on 
account of fragility of the Himalayan environment, deforestation, shifting cultivation, 
active landslides, hydroelectric projects, diversion of water, annual flash floods, bank 
erosion, traditional resource dependence on natural ecosystems, urbanization and 
growing tourism. Major proposed forestry interventions include:  

▪ Soil and moisture conservation works worth Rs. 259.32 crore, representing 
22.85% of the total budget outlay by way of proposed varied activities relevant 
to SMC works, wetland management and riverbank protection including bunds, 
terraces, trenches, grassed waterways, diversion drains, small check dams, gully 
control, rock lining, etc. Biological measures to control soil erosion in hills 
include strip cropping, grass strips, planting pits, mulching, cover crops, etc. 
Bio-engineering measures in hilly agriculture/ shifting cultivation include 
contour barriers, contour live barriers, contour dead barriers, contour mixed 
barriers, etc. 
 

▪ Altogether, 71 treatment models in Natural, Agriculture, and Urban landscapes 
within the riverscape spread over seven States at a cost of Rs. 603.14 crore, Rs. 
133.19 crore, and Rs.37.73 crore, respectively are proposed. These models focus 
on the conservation of alpine meadows, plantations in diverse forests in hilly 
tracts and plain areas, interventions for assisted natural regeneration, strip 
plantations on embankments, riparian trees-shrubs-grass plantations, quick 
growing small timber, fuel and fodder plantations, planting of economic trees, 
treatment of floodplains, boundary, avenue and block plantations, restoration of 
shifting cultivation, jhum agroforestry, road side plantations, urban forestry and 
eco-park development. Eco-restoration works while involving the Eco Task 
Force at a cost of Rs. 4.50 crore has also been provisioned. 
 

▪ A wide range of activities pertaining to riverbank management and wetland 
management have been envisaged in the Brahmaputra Riverscape.  
 

▪ In addition, supporting activities aiming creation of awareness, capacity 
development, adaptive research, participatory monitoring, etc. have been also for 
proposed for implementation.  
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ADCs/ communities in many of the states. The organizational setup, mandate, activities, 
schemes (both, completed and ongoing) and strengths coupled with the existing situation of 
SFDs provide the most congenial institutional framework for implementation of the proposed 
forestry interventions for river Brahmaputra. The hierarchical levels of SFDs with their 
corresponding roles and responsibilities facilitate synergistic interaction between science and 
knowledge, an essential pre-requisite for the proposed interventions. Further, the natural 
micro-watershed boundary-based management units enable smooth planning and 
implementation of activities followed by subsequent monitoring and impact evaluation of the 
hilly states like Arunachal Pradesh, Nagaland, Meghalaya and Sikkim. Involvement of Civil 
Society Organizations in implementation of specific activities has also been planned in the 
DPR. 
 
7.11 Project Outlay  

(a) Component-wise Budget - Total projected financial outlay for the implementation of 
the proposed plan is Rs. 1,183.10 crore (Table 7.8). The predominant Component – ‘A’ on 

‘Implementation of forestry interventions in Brahmaputra riverscape’ accounts 91.39% of the 
total outlay i.e., Rs. 1,081.25 crore (Table 7.8). The Component - B on ‘Strengthening 

Knowledge Management and Regional Capacity for Forestry Interventions and Conservation 
of Brahmaputra Riverscape' would require a sum of Rs. 53.35 crore or 4.50 % of the total 
Project budget outlay. Thus, it is evident that the bulkof the proposed budget is meant for 
proposed forestry interventions, and conservation interventions or field level activities, and 
supporting activities to be implemented by the seven state IAs. Possible funding sources for 
the proposed forestry interventions for Brahmaputra Riverscapes have been discussed in 
Chapter 6 of Volume I of the DPR.  
 
Table 7.8: Component/ Activity-wise Project Outlay for the Brahmaputra Riverscape 
 

Sr. No. Components, Sub-Components and Activities Amount 
(Rs. in crore) 

Allocation  
(%) 

A. Implementation of Forestry Interventions in 
Brahmaputra Riverscape 

1,081.25 91.39 

A.1 Plantation and Treatment Models in Three 
Type of Landscapes 

779.34 

A.1.1 Natural Landscapes 603.14 
A.1.2 Agriculture Landscapes 133.19 
A.1.3 Urban Landscapes 37.73 
A.1.4 Plantation by Eco Task Force 4.50 
A.2 Conservation Interventions 259.39 
A.3 Supporting Activities 43.30 
A.3.1 Research Activities 7.38 
A.3.2 Capacity Building 6.72 
A.3.3 Awareness 7.70 
A.3.4 Monitoring and Evaluation 7.47 
A.3.5 Contingency and Miscellaneous activities  2.92 

A.3.6 
Cost of PMUs of Six State Forest Departments 
and Brahmaputra Board 

11.11 
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Sr. No. Components, Sub-Components and Activities Amount 
(Rs. in crore) 

Allocation  
(%) 

B. Strengthening Knowledge Management and 
Regional Capacity for Forestry Interventions 
and Conservation of Brahmaputra Riverscape 

53.35 4.50 

C. Preparation of Follow-up DPR - Scaling Up 
and Replication of Successful Models of 
Forestry Interventions and Riverscape 
Conservation in Additional Sites 

3.50 0.29 

D. National Coordination for Forestry 
Interventions and Riverscape Conservation 

45.00 3.80 

Grand Total 1,183.10 100 

 

7.12 Potential Benefits 
It has been estimated that as many as 24.7 million trees, 6.0 million shrubs, 3.8 million 
clumps of bamboos, 2.1 million medicinal plants including herb patches and 6.0 million 
patches of grasses will be planted in the seven states of Brahmaputra Riverscape during the 
project implementation phase leading to projected increase in forest area by 515.17 km2. An 
insight on potential benefits in terms of NTFPs, reduction in sedimentation, carbon 
sequestration, and employment generation is provided in Table 7.9. The implementation of 
the DPR as envisaged is expected to generate employment to the tune of 
15.28millionmandays. Proposed forestry interventions will help in reducing sedimentation to 
the extent of 6.67 lakh m3/year. The cumulative NTFP Provisioning Service calculated up to 
20 years with 80% survival rate of the plantation in the forestry intervention area is Rs. 1.31 
crore (Table 7.9).  
 
Table 7.9: Potential Benefits Proposed Forestry Interventions   

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

515.17 8.96 11.20 183.28 6,66,960 10.31 15.28 
 

 
 

************* 
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8. 
Luni River 

 
8.1 Introduction 
 
The ephemeral Luni River has been categorised as one of the ‘Inland Drained’ Rivers of 

India. The Luni is the largest river flowing through the Great Indian Desert or Thar Desert of 
northwest India and is important for the entire region. The Luni River originates from the 
Proterozoic Delhi Aravalli fold belt (pre-Cambrian terrain) in east i.e., near Pushkar in Ajmer 
district, Rajasthan and flows through a hard rocky granitic-rhyolitic catchment. At this point, 
the river is also known as the Sagarmati, then after passing Govindgarh, it meets its tributary 
Saraswati, which originates from Pushkar Lake, and after the confluence it is called Luni. 
The river then flows in the southwest direction through the hills and plains of the Marwar 
region in Rajasthan. It receives a number of tributaries from left and right flanks before it 
empties its runoff into the marshy Greater Rann of Kutch in the south-west region of 
Rajasthan, i.e., Kutch district of Gujarat. The Luni is also known as the Lavanavari or 
Lavanavati, which means ‘salt river’ in Sanskrit, due to high salinity of its water, particularly 
once it reaches Balotra in Barmer district.  
 
Luni Basin occupies about 40,978.62 km2 extent in almost 10 districts either full or in parts. 
After originating near village Tilora of the Naga Hills of the Aravalli Range in Ajmer district 
from a height of 772 m, river ‘Sagarmati’ meets with another tributary namely ‘Sarswati’ 

near village Lesawa/ Govindgarh. River ‘Saraswati’ originates as overflow of Anna Sagarand 
flows through the DayaljiNooriyavas and Pisanganbefore meeting with ‘Sagarmati.  

Confluence of ‘Sagarmati’ and ‘Saraswati’ makes river ‘Luni’ which then travels in the 

north-western direction in Nagaur district. The river then turns and starts travelling in south-
west direction in Nagaur district with total flows of 37 km before entering in Pali district. In 
Pali district, the main river covers a distance of 47 km, whereas in Jodhpur district, the river 
covers a distance of 122 km. Then it reaches Barmer district covering a distance of 270 km. It 
then enters Jalore district, where it covers a distance of about 20 km before discharging its 
water in the Greater Rann of Kuchchh in Gujarat state. The Luni traverses a total length of 
nearly 511 km from Naga Hills to the Greater Rann of Kuchchh having depth of about 2.4 m 
and width of about 1,140.1 m. Several small rivers and nallahs meet with the main Luni 
River. Major tributaries of Luni River are Bandi, Lilri, Raipur Luni, Sukri (Hemawas), Sagi 
and Sukri River which drain the western slope of Aravalli. The Jojari River I and Jojari River 
II are tributaries which joins the river on its right bank, draining the Jodhpur area and a part 
of Nagaur districts. Within the basin, excepting the Jojari, all other streams like Sukri, 
Rediya, Guhiya, Lilri, and Bandi originate from the Aravalli Ranges.  
 
The Upper Luni Basin is characterized by steep hills and valleys in the eastern parts, gently 
undulating rocky plains in the central parts and plains covered underneath with calcareous 
pans and the parent rock is replaced by the lime carbonate. The Central Luni Basin represents 
a steppe type desert condition. Sand dunes are common towards the west. A series of 
depressions also exists in the west, where internal streams or eccentric rivers flow, but the 

https://en.wikipedia.org/wiki/Thar_Desert
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Govindgarh,_Rajasthan
https://en.wikipedia.org/wiki/Pushkar_Lake
https://en.wikipedia.org/wiki/Sanskrit
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plain areas are almost absent of surface drainage. Towards the north of the central basin of 
the Luni, the landscape gives evidence of an inter-mountainous condition. Drainage lines are 
well developed towards the south and there are monadnocks of a peneplain landscape.  The 
river sand and young alluvium are deposited by occasional flood, whereas the old alluvium is 
derived from weathered volcanic and granite deposited by sheet wash. Pachpadra is one of 
the main salt basins in the Central Luni Basin. The inland drainage part of the Luni-Sukri 
constitutes the lower Luni basin. Most parts of this area are covered by the alluvium and wind 
deposited soils. Alluvium deposits are available in a strip of about one kilometer width and 
are parallel to the Luni River, where it flows in an east-west direction, i.e., floodplain of the 
Luni. Other areas are covered by wind deposited sand of more than 200 feet thick. Thus, most 
of the alluvium deposits along the small streams in the region are covered by the windblown 
sands. Hilly and mountainous areas of the villages Jasol, Samdari and Siwana in the west 
part, and Rama and Bhadrajun village areas in the east part are characteristics of the older 
geological formations (Fig.8.1).  
 

 
 
Fig. 8.1: Luni Basin area near Siwana showing dendritic type of gullies developed under 

wind and water actions along Haldeswar Mahadev Hills 

 
Availability of freshwater in the Luni River is limited to about hundred km of its flow and the 
water starts turning saline when it reaches Balotra in Barmer district because of salt rich 
surfaces of the areas it flows. Many of its tributaries also add salts dissolved in the water 
flowing through the salt rich surfaces in the basin area. Mountainous terrain with shallow 
overlying soils deposited over it and a minor amount of unconsolidated alluvial sediments 
covers about fifty per cent area of the basin. By its position in arid region, the Luni River and 
its tributaries response quickly to minor perturbation in climatic condition, and low and 
uncertain rainfall affects water flow. Flash floods and severe droughts have affected the basin 
since 1917 with severe loss of human life, livestock and agricultural crops and created serious 
and sometimes disastrous environmental impacts. But during high-rainfall years, water flows 
along the full length of these channels, but that too for a few hours to days. The thick sandy 
plains, in which the channels have been formed, absorb much of the water during each flow, 
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while the sandy banks encourage more widening of the beds than deepening (Fig.8.2).  It is a 
major river in the region and serves as a primary source of irrigation. The channels remain 
dry for most parts of the years, leading to invasions by invasive species and encroachments 
by local inhabitants or illegal miners. Change in cropping pattern and land uses, over 
exploitation of water resources and change in irrigation pattern and drainage systems are 
influencing the hydrological cycles in the basin. Furthermore, poor farming practices in the 
floodplains also leads to degradation to the river bank zone resulting in the accelerated stream 
bank erosion.  
 

 
 

Fig. 8.2: Luni River crossing Gandav Village, Jalore showing shallow water channel 
with Sand Bars, and proliferation of Prosopis juliflora on Sandy Banks 

8.2 Conservation Significance 
 
The Luni River, being a prominent and the largest river flowing through the Great Indian 
Desert not only supports the unique desert ecosystem, but also plays an important role in 
socio-cultural development of the region. The Luni Basin is home to about 8 million people 
and a large number of wild and domestic animals and a wide array of plant species. Marwar 
and Malani regions of the western Rajasthan are blessings of this river. It plays a key role in 
the release of water for agriculture, drinking and industrial use to the growing cities in the 
basin area. Its ephemeral nature and its evolution through a typical hydro-geomorphic process 
is taking place generally in the arid region. Abundant availability of transportable material of 
variable sizes in the Luni Basin is the signature of intermittent torrential rains, high rates of 
physical weathering, low and sparse vegetation cover and wind induced surface depositions 
during the past. Such type of thick sediment deposits is indicator of flash flood occurrence in 
the river of ephemeral nature. It is only river that forms the integrated drainage basin in the 
northwest dry region of India and flows into the Thar Desert. The most peculiar characteristic 
of this river is its increase in width rather than deepening the bed because of rapid 
development and disappearance of floods in the Luni river systems.  
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(a) Ecological Values - The basin harbours diverse natural ecosystems viz., forests, 
grasslands, natural and manmade wetlands harbouring a wide range of associated rare, 
endangered and threatened faunal species. The wild faunal species inhabit varied type of 
conservation reserves or otherwise occur outside the protected areas i.e., in human 
habitations, farmlands, pasture lands, sacred groves, etc. throughout the Luni basin.  
However, due to limited area under protection and low forests cover, most of the wildlife 
concentrations are outside the protected area, i.e., in community lands like ‘Oran’, ‘Gauchar 

(grazing lands)’ and even the agricultural lands. Blackbuck (Antilope cervicapra) or Indian 
antelope, Chinkara (Gazella bennettii), Leopard (Panthera pardus), Crocodile (Crocodylus 
palustris) etc., are some important wildlife that resides in the basin area. In addition, the 
region also harbours a wide range of threatened and endangered species of plants located in 
different regions of the basin. The vegetation in the basin is mostly herbaceous or stunted 
scrub or drought-resistant thorny trees and they characterized the landscape. On the hills, 
Acacia  spp. and Euphorbia spp. occur. The Khejri (Prosopis cineraria) tree grows 
throughout the plains. The basin harbours several important breeds of livestock (sheep, goat, 
cattle and camel) native to the region.  
 
(b) Historical and Cultural Values - Since ancient times, several holy places are located 
within the Luni Basin, and highly revered by the Hindus. Pushkar, a pilgrim town is one of 
them. Archaeological relics of Stone Age reveal antiquity of the Luni over millions of years. 
Vishnu temple of Khed village is of 11thcentury. Nakoda Jain temple at Mewa Nagar is of 
14th century and Rawal Mallinath and Rupan Devi temple near village Tilwara and Mata 
Rani Bhatiyani temple at Jasol in Barmer are of 15th century. Further, people of this region 
for centuries have lived in tree associated houses called ‘Hamlet’ under harsh conditions with 

a bare minimum of potable water, which was fetched from far-off places and stored as a 
precious treasure. The succulent vegetation existing in the region was also utilized to quench 
thirst. Traditional water harvesting structure like ponds, tankas and nadis turn into water 
reservoirs during good rainfall years and serve the human and livestock requirement. The 
dominant land uses are traditional grazing lands for livestock, supplemented by rain-fed 
agriculture producing millet, pulses and oil seeds. Organizing cattle fair and festivals at 
different locations, folk music, dance and cuisines in colourful ways are significance of the 
culture and traditions of the Rajasthan and the Luni Basin as well. The vibrant tradition, 
history, individuals, culture, monoliths, songs and dancing attracts travellers from all around 
the world. The folk music and dance of Manganiyars and Langas have added folk music to 
the Rajasthan.  
 
(c) Socio-economic – Native people living in the basin are predominantly ‘Rajasthanis’ 

and they form an ethno-linguistic group that is distinct in its language, history, cultural and 
religious practices, social structure, literature, and art. However, there are many different 
castes and communities, with diversified traditions of their own. However, there are many 
different castes and communities, with diversified traditions of their own. More than 70% 
population resides in the villages or a group of houses called ‘Dhani’ in western Rajasthan. 

Total number of villages in the Luni basin area is 3,884. More than 70% area of the basin is 
agriculture land and cultivated for agricultural produce, but these lands are under the category 

https://www.britannica.com/science/drought
https://www.britannica.com/plant/tree
https://www.britannica.com/plant/acacia
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of marginal lands. People also cultivate hill slopes and sand dunes to fulfill the growing food 
and fodder requirements of the increasing population of both human and livestock. People of 
this region are traditionally and culturally very rich, innovative in nature and very much 
adaptive to the climatic variations. For example, traditional runoff farming systems like 
‘Khadins’ was innovated by Paliwals and play a major role in storing the excess runoff water 

during wet years not only on the surface, but also in the soil profile to enable good production 
of crops in kharif and winter as well. Similarly, the village ponds play a crucial role in 
domestic water supply provisions in villages of arid western Rajasthan. A large number of 
Hindus particularly Bishnois followVishnoi sect of 29 principles/commandments given 
by Guru Jambeshwar including protection of plants and animals as they are important in 
order to peacefully co-exist with nature. Several town and cities viz., Ajmer, Beawar, Nagaur, 
Jodhpur, Pali, Sojat, etc. are located within the basin. The basin has several industrialized 
cities. Most industries are mineral, agro-based, engineering and metal, forest, leather, and 
handloom-based industries, etc.  

 
8.3 Riverscape 

The geographical location of Luni River Basin is between Latitude N 24° 36′ 35.67″ to 26° 

46′ 07.31″ and Longitude E 70° 59′ 33.03″ to 74° 42′ 18.45″. The basin area extends over 

Ajmer, Barmer, Bhilwara, Jalore, Jodhpur, Nagaur, Pali, Rajsamand, Sirohi and Udaipur 
districts in Rajasthan either full or in parts. The basin lies in the northwestern part of Aravalli 
encompassing Marwar region of western Rajasthan. Luni River basin lies within two major 
agro-climatic zones, i.e., (i) Arid western plains and Transitional plains of the Luni basin, and 
(ii) partly of the other agro-climatic zones, namely Internal Drainage of Dry Zone, Semi-arid 
Eastern Plain, Sub-humid Southern Plain and Humid Southern Plain. The basin is flanked by 
vast alluvial plain with few sandy uplands and hillocks in the northeast. Riverine landscapes 
or riverscapes are interconnected freshwater riverine habitats that are commonly associated 
with surrounding lands having diverse ecological, socio-economic, and cultural systems in 
the river basin. The riverscape spatially expands longitudinally and laterally. The Luni 
Riverscape having an extent of 18,310.70 km2 was delineated for the purpose of planning, 
assessment, and preparation of DPR. Hence, a buffer area covering 5 km each side of the 
main stem, and 2 km buffer width each side of its tributaries of 1 to 5th order were 
incorporated so as to cover upper reaches of the Aravalli Hill, where maximum water erosion 
takes place. Most of the tributaries of the Luni River originate from the western slope of the 
Aravalli hills, which requires special attention. District-wise details of basin area and extent 
included in the delineated Luni Riverscape are presented in Table 8.1. The Pali district 
contributed the maximum extent of 6,831.69 km2 or constituted 37.3% area of the riverscape. 
Other prominent districts in descending order were Jalore, Barmer, Jodhpur, and Sirohi 
contributing 19.6%, 16.1, 10.8%, and 8.2% extent representing the riverscape, respectively. 
The delineated riverscape is shown in Fig.8.3. 
 
  

https://en.wikipedia.org/wiki/Guru_Jambheshwar
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Table 8.1: District-wise Distribution of Extent Incorporated in the Luni Riverscape 
 

Sr. 
No. 

District Luni Basin  Luni Riverscape  
Area (km2) Basin  

% 
Area (km2) Riverscape  

% 
1  Ajmer 1,871.72 4.57 820.06 4.5 
2  Barmer 6,952.95 16.97 2,945.04 16.1 
3  Bhilwara 35.51 0.09 - - 
4  Jalore 8,799.15 21.47 3,584.08 19.6 
5  Jodhpur 6,453.89 15.75 1,971.26 10.8 
6  Nagaur 1,878.1 4.58 506.76 2.8 
7  Pali 12,386.25 30.23 6,831.69 37.3 
8  Rajasamand 386.27 0.94 110.52 0.6 
9  Sirohi 2,035.32 4.97 1,494.84 8.2 
10  Udaipur 177.36 0.43 46.06 0.3 

Total Area 40,978.62 100 18,310.70 100 
 
 

 
Fig. 8.3: Luni Riverscape  

8.4 Preparation of DPR 
 
The task of preparing the DPR of inland drained Luni River was entrusted to the Arid Forest 
Research Institute (AFRI), Jodhpur, Rajasthan, an autonomous institute under the umbrella of 
ICFRE, Dehradun. The AFRI adopted a comprehensive, multidiscipline, multiscale, and 
multistakeholder approach for the preparation of DPR that included collection and review of 
secondary information for background/ contextual analysis; Remote Sensing (RS) and 
Geographical Information System (GIS) based technique for delineation of Luni Riverscape, 
geospatial analysis and prioritization of areas for proposed forestry interventions; design of 
field data formats, collection of primary field data, collation, and analysis; formulation of 
strategy, and design and development of treatment models besides much desired a wider 
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consultative and participatory approach involving the representatives of State Forest 
Department and varied stakeholders (sectors, agencies, departments, organizations, and 
communities).   An insight on the adopted approach has been provided in a greater detail in 
Chapter 3 of the Volume I of the DPR. Some highlights of the adopted approach are 
presented below:    
 

(a) Consultative Process - The most important course of action in the process of DPR 
preparation involved a comprehensive planning and analyzing the activities in a systematic 
and transparent manner. It was performed in full and constant collaboration with the planners, 
decision makers and the interested and affected groups of peoples in the region. The 
important steps like workshops, meetings, focused group discussion with the various 
stakeholders connected with the development of the Luni River Basin has made the DPR 
preparation a robust, practical and impact oriented as well as time bounded and result 
oriented document. The work on the preparation of the DPR, particularly the consultative 
process, commenced soon after the task was initiated in April, 2019. The assignment 
envisaged the state level consultation at the time of project launch workshop that was 
organized on 27 June, 2019. Further, two rounds of state level consultation were carried out 
on 26 December, 2019 and 4 February, 2020 after the preparation of the draft DPR. 
Sequential consultative workshops and meetings were organized at the regional and state 
levels. All suggestions and recommendations emerged from these consultative meetings were 
given due care and considered while preparing the DPR.  
 

(b) Team Mobilization and Collection of Field Data - A full time dedicated team was 
constituted for the DPR preparation and execution of different activities. Dedicated teams 
were also constituted for field visits, stakeholder interactions, field trainings for collection of 
primary field data and verification of the field sites for proposed forestry interventions. A set 
of five different data sheets/formats relevant to different type of landscapes viz., natural, 
agriculture, community landscape, and urban landscape, and conservation interventions were 
developed. These formats have been filled up by the field level frontline staff/ officers of the 
respective Forest Divisions of State Forest Department, Agriculture Department, Horticulture 
Department and Non-government organizations. In view of active involvement of 
stakeholders and proper implementation of the forestry interventions, field level trainings 
were imparted to the frontline staff of 10 Forest Divisions involved in the Luni Basin. After 
receiving the filled in formats and suggested treatment models from different FDs within the 
Luni Riverscape, nearly 25% of forests and community land areas (28% sites) were visited by 
AFRI team for verification and ground truthing. 
 

(c) Geospatial Modelling and Prioritization of Areas - Different thematic maps were 
developed in the GIS domain. The Central Arid Zone Research Institute (CAZRI), Jodhpur 
has rendered the technical inputs in carrying out the desired exercise on geospatial modelling, 
development of GIS database and prioritization of areas for the proposed forestry 
interventions. Various GIS layers besides the foremost requirement of delineation Luni 
Riverscape incorporating the Luni main stem and its various tributaries were accomplished. 
Multi-attribute criteria were used for prioritization of areas for the proposed forestry 
interventions.  
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(d) Design and Development of Treatment Models and Preparation of Draft and 
Final DPR - The AFRI multidiscipline team in consultation with forest professionals and 
other stakeholdersdesigned and developed treatment models for various landscapes within the 
riverscape and shared with the officials of SFD and other stakeholders. Based on the 
feedback, treatment models were finalized and incorporated in the DPR. Likewise, the draft 
DPR (Vol. I and Vol. II) was submitted to the SFD, Rajasthan, ICFRE and MoEF&CC. The 
AFRI team made presentations on the draft DPR. Based on the comments and suggestions 
received, the DPR was finalized.  
 
8.5 Riverscape and its Environment 
 
The Luni River Basin falls in six agro-climatic zones viz., (i) Arid Western Plain and 
Transitional Plains of Luni Basin, (ii) Internal Drainage of Dry Zone, (iii) Transitional Plain 
of the Luni Basin (iv) Semi-arid Eastern Plain, (v) Sub-humid Southern Plain, and (vi) Humid 
Southern Plain. Because of its location in the western part of India and varying topography, 
the basin exhibits varying climate. Hence, exhibits unique physical, biological, and socio-
economic sub-environments.  
 
(a) Physical Sub-Environment - The Luni River Basin exhibits hills of varying slopes 
and height, and extensive alluvial and sandy plains as the topographical features which are 
extensively developed in the basin, particularly in the west of the Aravalli Hills where relict 
hills and scattered sandy hummocks are visible. Both stable and shifting sand dunes are 
observed on the alluvial plains as well as leeward side of the Aravalli ridge that show varying 
morphological features of aeolian, denudational, fluvial, and structural origins. The Luni 
Basin is a major fluvial as well as active tectonic basin.The Luni Basin yield very low runoff 
(12-20% of annual rainfall) and confined mostly in the eastern region making this river 
ephemeral stream as its flow lasts for just 2-3 months even in a normal rainfall year. This is 
because of low amount of rainfall and high aridity. However, an average 36.5 mm annual 
rainfall is added to ground water each year in the basin. 
 
Altitudinal Variation -Data on elevation was extracted from DEM (ASTER) - 30 m (as the 
input) and the data was classified into five elevation zones viz., <140 m, 140-249 m, 250-399 
m, 400-599 m and > 600 m (Table 8.2). Digitization was carried out using this raster data as 
polygons in GIS and total area under each elevation category was calculated.  The minimum 
elevation in Luni Basin is 0 m above msl (2 m above msl at village Tareesara at latitude N 
24º 40′ 19.84″ and longitude E 71º 06′ 39.60″, which falls in Chohtan area of Barmer district 
near meeting point of Sindh (Pakistan), Gujarat and Rajasthan, i.e., the Greater Rann of 
Kutch. Maximum elevation of 1,500 m lies in Mt. Abu area (N 24º 41′ 30.36″ and E 72º 48′ 

18.67″) of Sirohi district in the basin. Larger area falls of the riverscape represented the 
altitudinal class of 140 m-249 m, followed by area at elevation of 250 m -399 m. Almost 21% 
area falls in <140 m, whereas 0.99% area was registered at >600 m in the riverscape area 
(Table 8.2). The central and eastern part of the Luni basin is higher in elevation falls 
particularly in the parts of Rajsamand, Udaipur and Sirohi districts. Elevation decreases while 
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moving north-western portion of the basin. However, intermittent high elevation can also be 
seen in the basin like Haldeshwar Mahadev area of the Siwana Hill complex in Barmer 
district, and Jaswantpura hilly areas in Jalore districts (Fig. 8.4).  
 
Table 8.2: Distribution of altitudinal class-wise area within the Luni Riverscape  
 

Sr. 
No. 

Altitude Class 
(m) 

Area (km2) Riverscape (%) 

1  ≤140 m 3,805.5 21.05 
2  140 m to 249 m 6,167.42 34.12 
3  250 m to 399 m 5,852.49 32.36 
4  400 m to 599 m 2,078.17 11.5 
5  ≥ 600 m 178.05 0.99 

 

 
Fig. 8.4: Altitudinal variation within the Luni Riverscape 

 
(b) Biological Sub-Environment – The representation of six agro-climatic zones within 
the Luni Basin has already been highlighted above. The basin area and the Luni Riverscape 
predominantly represent two Biogeographic Zones (3 Desert and 4 Semi-Arid), and two 
Biotic Provinces viz., (a) 3 A-Thar, and (b) 4B – Gujarat Rajputana. In addition, the river 
basin has a very small representation of 3B-Kuchchh Biotic Province as the river discharges 
its water in the marshy Great Rann of Kuchch. The following section provides highlights on 
the land use land cover, forest types and cover, wild faunal diversity, protected areas, etc. 
within the basin and riverscape. 
 



 

283 

 

(i) Land Use Land Cover - The land use land cover for the Luni Riverscape revealed 
altogether 14 categories. The maximum extent to the tune of nearly 70% was under 
agriculture land use (including current fallow land use). Maize, Cotton, Wheat, Oil seed crop 
and Bajra are the predominant crops. About 44% area of Luni Riverscape is un-irrigated. 
Thus, crop production is mostly rain-fed depending upon monsoon. In area of access to wells 
or canals, irrigated crops are also grown in the region. The agriculture-irrigated category 
represented 26.73% area of the riverscape (Table 8.3). However, due to very high rainfall 
variability, the crops grown in monsoon season are provided with supplementary irrigation in 
the years of monsoon failure or longer dry spell. Forests account for 9.62% area of the 
riverscape. Open scrub cover 5.84% area of riverscape. Plantations covered as much as 
0.11% area of the riverscape. Rann and salt affected area occupied 1.87% area in the 
riverscape (Table 8.3). Habitation is in 2.38% area of the riverscape (Fig. 8.5). Sandy area or 
sand dunes covered 0.80% in the riverscape. Other land uses were mining, solar plants and 
the water bodies. Area under water bodies was 0.87% of the riverscape area. 
 
Table 8.3: Distribution of Area under Different Land Use Land Cover within the Luni 

Riverscape  
 
Sr. 
No. 

Land Use Land Cover  Area (km2) Riverscape (%) 

1  Agriculture-Irrigated 4,894.73 26.73 
2  Agriculture-Un-irrigated 8,048.81 43.96 
3  Forest 1,762.23 9.62 
4  Mining 56.65 0.31 
5  Open Scrub Land 1,069.62 5.84 
6  Plantation 20.55 0.11 
7  Rann 146.17 0.80 
8  Rivers/Streams/Canals 864.34 4.72 
9  Rocky/ Barren 509.55 2.78 
10  Salt Affected Land 196.26 1.07 
11  Sandy/Sand Dune 146.78 0.80 
12  Settlement 436.10 2.38 
13  Solar Plant 0.25 0.00 
14  Water Bodies 158.66 0.87 

Total 18,310.70 100.00 
 

(ii) Forest Types and Forest Cover - Two major forest types have been reported from 
the basin area. These are: The Tropical Dry Deciduous and Tropical Thorn Forests.These are 
dominated mostly by Anogeissus pendula and the Mixed Deciduous Forests. The Tropical 
Thorn forests are the dominant one throughout the basin. Tropical Dry Deciduous are found 
in patches on western slopes of Aravalli, which turns lush green during monsoon period and 
dominated by A. pendula. Such forests are also observed along the dry riverbeds and some 
hillocks including Sawana hill in Barmer district.  Reserved Forests (RFs) are confined to 
Aravalli Hills and fall under the type of Dry Tropical Forests. Lower slopes and foothills up 
to 300 m have common tree species of Acacia senegal, Balanites aegyptiaca, and Butea 
monosperma.  
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Fig. 8.5: Distribution of Different Land Use Land Cover Categories within the Luni 

Riverscape 

 
(iii) Wild Floral and Faunal Diversity - Despite harsh climatic conditions, the Luni 
Basin harbours a wide variety of plant and animal species inhabiting diverse habitats formed 
under varying topographical, edaphic and climatic conditions. Anogeissus pendula, Boswellia 
serrata, Acacia leucophloea, A. senegal, A. nilotica, Erythrina suberosa, Maytenus 
emarginata, Prosopis cineraria, Salvadora persica, S. oleoides, Sterculia urens, Tecomella 
undulata, Tamarix aphylla, Zizyphus mauritiana etc., are prominent tree species. Prominent 
shrub species include: Capparis decidua, Calotropis procera, Euphorbia caducifolia, Grewia 
tenax, Rhus mysorensis, Salsola baryosma, Zizyphus nummularia, etc.  Other regions of the 
Luni Basin also host a diverse biotic life. From the desert mesquite Prosopis cineraria and A. 
nilotica to Salvadora persica, S. oleiodes, C. decidua, and Lycium barbarum and Alhagi 
pseudoalhagi are often found growing in stony and rocky areas besides the succulent plant 
Euphorbia caducifolia. 
 
The Luni Basin is also rich in wild faunal life and it is one of the richest sites of blackbuck 
(Antilope cervicapra) designated by their significant population in different locations of the 
basin areas. The important locations of Blackbuck and Chinkara (Gazella bennettii) are 
GudaVisnoian, Dhava-Doli, Sanchor, Sathin, Hingoli, etc. (Fig. 8.6). These animals are easily 
visible in community pastures, sacred groves (Orans), and even agriculture lands in the 
region. Other animals found in the region inhabiting forests and sacred groves are amphibians 
and reptiles and numerous invertebrates. Higher group of fauna also nest and den in the 
groves or forests and/ or visit such areas temporarily for food, shelter, etc. Indian gazelles or 



 

285 

 

chinkara, blackbuck, nilgai (Boselaphus tragocamelus), Indian wolf (Canis lupus pallipes), 
hyena (Hyaena hyena), desert cat (Felis silvestris), desert fox (Vulpes vulpespusilla), Indian 
fox (Vulpes bengalensis), golden jackal (Canis aureus), wild pig (Sus scrofa), mongoose 
(Herpestes spp.) etc., can be seen not only in forest areas, but also in revenue lands and 
wastelands or even agricultural lands of the basin. Birds constitute one of the common faunal 
groups of the region. The orans and community pasture lands particularly in the vicinity of 
the Bishnoi community dominated villages provide protection to the wildlife and to the 
migratory birds in the region. Some protected areas like Todgarh Raoli, Kumbhalgarh, and 
Mount Abu Wildlife Sanctuaries situated in Rajsamand-Pali; Udaipur, Pali and Rajsamand; 
and Sirohi districts falls in the Luni Basin support protection and conservation to the 
representative wildlife of the region. Presently, there are 10 Conservation Reserves in 
Rajasthan covering an area of about 392.88 km2.  Out of these three Conservation Reserves 
are in the Luni Basin are: Sunda Mata CR in Jalore district, Jawai Bandh CR in Pali district 
and GudaVishnoiyan in Jodhpur districts. These conservation reserves harbour several 
species of wild animals, some of them are the endangered species. Despite of harsh 
environmental conditions, diverse and abundant wildlife in the region is due to high level of 
tolerance among the local people. Despite of experiencing losses of crops and domestic 
animals, local communities are in favour of protecting and conserving wildlife. 
GudhaVishnoiyan CR is famous for chinkara, blackbuck and wild boar, whereas, Jawai 
Bandh is famous for leopard and crocodile. 
 

 
 
Fig. 8.6: Occurrence of Endangered Blackbuck (Antilope cervicapra) in several pockets 

of community pastures, sacred groves (orans) and agriculture landscapes 
 
(c) Social Sub-Environment - More than 70% population resides in the villages or a group 
of houses (hamlets). Water accessibility is the most important limiting factor determining the 
distribution and density of the villages and the population. Majority of households existing in 
the basin/ riverscape are large size and joint families. However, high growth rate of 
population coupled with the so-called modernization has led to the breaking up of the 
traditional joint families into the nuclear families. About 40% houses are Kachha type either 
made up of mud wall or walls erected by using locally available vegetative materials called 
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‘Tat’ covered with thatched materials including Leptadenia pyrotechnica, Crotolaria burhia, 
etc. Its proportion, however, increases in the tribal areas of Aravalli Hills. The family size 
varies from 3.6 to 11.5 people per household in different districts in western Rajasthan with 
an average size of 5.6 people per household. 

Amongst districts in the basin, population density ranges between 92 persons per km2 in 
Barmer and 305 persons per km2 in Ajmer, with an average value of 173 persons per km2 in 
the basin as compared to state average of 200 persons per km2. Urban population shares about 
36.7% of the total population. Per cent increment in the population over decade i.e., 2001-
2011 is 21.35, being almost similar to the whole state. Rajsamand is the only district where 
the population of females is greater than the males. Literacy rate is 61.34% as compared to 
64.60% in Rajasthan. Livestock rearing is one of the most important economic activities in 
the region. According to the livestock Census 2019, total livestock population (cattle, buffalo, 
goat, sheep and pig) in the basin is 24.58 million animals. Barmer, Jodhpur, Nagaur and 
Udaipur districts had higher animal populations as compared to other districts. The basin 
represents 42.92% of the total livestock population of state. The per cent representations of 
cattle, buffalo, goat, sheep and pig were: 22.70%, 16.45%, 43.27%, 17.45% and 0.14%, 
respectively. Thus, nearly 61% population was represented by small ruminants (goats and 
sheep). When compared with the livestock Census of 2012, an increase in animal population 
in Ajmer, Jalore, Jodhpur, Sirohi and Udaipur districts was registered in 2019. Most of the 
households in the region are agrarian. Agricultural labour, animal husbandry and casual 
labour are subsidiary occupations in the region. Land holding per household is relatively low 
in the region. Maximum numbers of households face water shortage throughout the year. 
Main sources of drinking water are stored water in individual ‘Tanka’, government tanks, dug 

wells and open ponds. During water scarcity period, people depend mostly on private water 
supply, deep dug wells and public hand pumps. Drinking water is transported from other 
sources ranging between 0.5 to 10 km.  
 
8.6 Major Issues 

The Luni River is known as Maru Ganga of Marwar region that flows across the Great Indian 
Desert or Thar Desert in western part of Rajasthan. It is seasonal in nature and relatively 
shallow than other rivers of the state. The exhaustive review of the environment in the 
context of Luni River, wider consultative process, and observations during field visits 
revealed that the river has lost its dynamism due to scanty rainfall in the region and reduced 
inflow of water in the catchment area. Main reasons of reduced period of flow of the river 
Luni are attributed to low rainfall and high evaporation, sandy to sandy loam soil texture with 
high rate of infiltration, construction of dams and reservoirs in the catchment area, and 
extensive mining of sand stone, granite and sand. Low forest cover, encroachment of dry 
riverbeds, vegetation removal in upper catchment of Luni and its tributaries, overgrazing of 
community pastures by sheep, goat and cattle and enhanced pressure of livestock on forest 
lands influence hydrological cycle and has resulted in land degradation in the Luni Basin. 
Discharge of municipal waste and industrial effluents in the Luni River and its tributaries has 
degraded the quality of water flowing through these rivers and ground water as well. 
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Excessive collection of NTFPs and pressure of free livestock grazing even during the ‘active 

growth period’ have adversely affected forest resources and natural regeneration of many 

native species in the region. Invasion of floodplains and the catchment areas by exotic species 
like Prosopis juliflora and Lantana camara is yet another serious problem influencing river 
flow, by their negative effect on biodiversity as well as growing stock of forest, sacred groves 
and community lands.  

High human and livestock populations and consequently increased use of water for 
agricultural irrigation and industries has mounted pressure on underground water table that is 
available in the range of 10 to 40 m below ground level in most of the area of the Luni Basin. 
The ground water is even deeper in parts of Barmer, Jalore, Jodhpur and Naguar districts and 
likely to decrease further as predicted under the current use pattern of water. Out of total 
extent of 18,310.70 km2 of the riverscape, nearly 71% area is under the agriculture 
landscapes. Extensive and intensive irrigated and un-irrigated agriculture in 26.73% and 
43.96% area respectively depending mostly on the monsoon for cultivation aggravates the 
situation by way of over exploitation of ground water, soil erosion, chemical pollutants. 
Extremities of climatic adversities, reduced water availability, desertification, people 
migration and loss of biological diversity are important threats. Vegetation removal and 
reduced forest cover along the hills, followed by increase in soil erosion, sediment 
transportation, drying-up of the lakes, loss of surface water sources, and lowering of the 
water table cumulatively are affecting the soil fertility and agricultural productivity in the 
basin area. Water uses vary at different locations and in different sectors like agriculture, 
industrial and urban uses and drinking water supply. Water availability is decreasing 
exponentially with increase in demands. Despite building up of a large number of medium 
and large water storage ponds and reservoirs in the Luni Basin, there is an increasingly high 
rate of groundwater abstraction. In several parts of the basin, water consumption is much 
higher than the water availability. Such water scarcity exacerbates the effects of multiple 
stressors, and results in changes in water quality also impacting river ecosystem and threatens 
the ecosystem services they provide. The Luni Basin also faces water stresses due to increase 
in population, urbanization, and increasing demands in the agriculture and industrial sectors. 
Expected increase in air temperature is further aggravating the water shortage problem, 
because of increase in water evapotranspiration demand by 15% to 20% under 2-4 °C rise in 
temperature in western Rajasthan. The mean annual rainfall is expected to decrease slightly, 
but the extreme rainfall is expected to increase in frequency and intensity that will lead to 
increased surface run-off. Soil erosion is the most serious threat of land degradation caused 
by stripped /removal of plant cover by agricultural activities, grazing, mining, burning and 
bulldozing. Sometimes erosion takes place due to the ill farming activities and forestry 
operations, as farming system leaves the land bare for some part of the year, exposing it to 
wind and water erosions either alone or in combinations. Strong wind from south-western 
region erodes soil and is confined to north-western to western regions of the Luni Basin 
mostly in parts of Nagaur, Jodhpur, Barmer and Jalore districts. Severity of wind erosion is 
high in Baori-Birai region of Jodhpur and Siwana area of Barmer districts. Under water 
erosion, greater amount of run-off with high velocities is facilitated under hard crusts of solid 
rocks below the debris and slopes of 3 to 10%, when a sudden downpour of high intensity 
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rain occurs (Fig.8.7). This leads to formation of channels of 1 to 2 m deep and 2 to 3 m wide 
with enhanced soil erosion.  

Other problems associated with land degradation include overgrazing, different types of 
mining, excessive use of ground water, and its depletion, etc. A number of mining activities 
are going on in the basin for mining out sandstone, masonry stones, limestone, granite, 
marble, gypsum, brick, earth, sand, etc. Some of these mining activities are illegal. About 
1,662 numbers of leases covering cumulative area of 24,649 ha have also been allotted for 
mining activities in the riverscape. Salinity and alkalinity are other predominant factors in dry 
areas that often restrict vegetation growth and crop production. Invasion of exotics is a major 
factor of natural vegetation degradation and decline of useful native species by the aggressive 
alien colonizers, which are the second most important cause of biodiversity loss in western 
Rajasthan.  Rural and urban settlements in western Rajasthan are severely invaded by many 
invasive species like P. juliflora, L. camara, Parthenium hysterophorus, Ageratum 
conyzoides, Argemone mexicana, etc. The most severe infestation is by P. juliflora, the 
population of which decreases in the areas with increase in distance from the settlement, is 
posing threat to survival of native biodiversity of the desert. Most of the rivers of the Luni 
Bsin are invaded by P. juliflora, Tamarix dioica and Phragmites australis, because of dryness 
of the riverbed, whereas L. camara has invaded the hillslopes of Aravalli covering Ajmer, 
Rajsamand, Udaipur and Sirohi areas. 

Encroachment is another issue of the area. The river beds and the floodplains remain dry in 
most of the period in a year, hence, act as vast grazing grounds supporting millions of 
livestock in rest of times. These dried riverbeds invite encroachers for housing or illegal 
mining that restrict even seasonal flow of these rivers. The best example is Rohili River, 
which during heavy down pour in August, 2006 has led to >5 m water accumulation over 
Kawas area of Barmer and submergence of the village. The flash floods pose another threat in 
the river basin. Heavy rainfall during a short period of time leads flash floods as the riverbank 
soil is easily flattened by rushing waters. The most serious flood reported in last century was 
in 1979. In 2006, the desert region of western Rajasthan received 601 mm of rain water 
instead of the usual 200 mm rainfall in a year, which turned area into a virtual sea near 
Kawas and other areas. The overuse of groundwater during the last two and three decades so 
as to increase crop yield is worsening water balance situation in the state, resulting in the 
ever-increasing number of blocks under the categories of over-exploited, which has gone up 
to around 70% that were only 36% in 1984. This has led to notable decrease in underground 
water table. 
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Conservation problems, issues, and threats in the context of Luni River are summarized in 
Box 8.1. 

 
 

Box - 8.1 
Luni River – Problems, Challenges and Issues 

 
▪ The Luni River that flows across the super parched Great Indian Desert is rainfed and thus, 

ephemeral and relatively shallow than other rivers of the state. Over past several decades, 
river has lost its dynamism due to scanty and erratic rainfall, frequent droughts, sandy soils, 
high rate of water percolation, construction of dams and reservoirs in the catchment area, 
and extensive mining of sandstone, granite and sand in the region that results into reduced 
inflow of water in the catchment area. Some sporadic events of heavy rainfall during a 
short span of time occurs that leads into flash floods as the riverbank soil is easily flattened 
by rushing waters. The most serious floods were reported in 1979 and 2006 turning some 
regions of the riverscape into a virtual sea.  

▪ Land and soil degradation is the most serious threat in the river basin caused by removal of 
sparse vegetation cover by agricultural activities, sheep and goat and cattle grazing, 
mining, burning and bulldozing. Soil erosion by wind, particularly during summer 
aggravates the situation. Erosion often occurs due to the ill farming activities and forestry 
operations, as farming system leaves the land bare for some part of the year, exposing it to 
wind and water erosions either alone or in combinations. Salinity and alkalinity are other 
predominant factors in dry areas that often restrict vegetation growth and crop production.  

▪ Low forest cover, encroachment of dry riverbeds, vegetation removal in upper catchment 
of Luni and its tributaries, overgrazing of community pastures and enhanced pressure of 
livestock on forest lands influence hydrological regime and has resulted in land degradation 
in the basin. Excessive collection of NTFPs and pressure of free livestock grazing even 
during the ‘active growth period’ have adversely affected forest resources and natural 

regeneration of many native species in the region. 
▪ Invasion of floodplains and the catchment areas by exotic species like Prosopis juliflora 

and Lantana camara is yet another serious problem influencing river flow, by their negative 
effect on biodiversity as well as growing stock of forest, sacred groves and community 
lands. Encroachment is another issue of the area. The river beds and the floodplains remain 
dry in most of the period in a year, hence, act as vast grazing grounds supporting millions 
of livestock in rest of times. These dried riverbeds invite encroachers for housing or illegal 
mining that restrict even seasonal flow of these rivers. 

▪ High human and livestock populations and consequently increased use of water for 
agricultural irrigation and industries has mounted pressure on underground water table. 
Water availability is decreasing exponentially with increase in demands. Despite building 
up of a large number of medium and large water storage ponds and reservoirs in the basin, 
there is an increasingly high rate of groundwater abstraction. Much of the basin area is 
hydrologically stressed. Increase in population, urbanization, and enhanced demands in the 
agriculture and industrial sectors are aggravating the situation. Water scarcity exacerbates 
the effects of multiple stressors, and results in changes in water quality also impacting river 
ecosystem and threatens the ecosystem services they provide. 

▪ Discharge of municipal waste and industrial effluents in the Luni River and its tributaries 
has degraded the quality of water flowing through these rivers and ground water as well 

▪ Extremities of climatic adversities, reduced water availability, high biotic pressure, 
desertification, people migration and loss of biological diversity are important threats for 
river conservation. 
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Fig. 8.7: Enhanced wind and water caused soil erosion and creation of ravines 
 
8.7 Prioritization of Sites 
 
Various physical and biological attributes were considered in defining the prioritization of 
areas for implementation of proposed forestry interventions, and accordingly different 
geospatial layers in GIS domain were developed. As stated earlier, the multi-criteria were 
used. Out of the total forest area within the Luni Riverscape, 45.04%, 47.91% and 7.05% area 
were identified as the high, medium, and low priority areas (Table 8.4). The prioritized forest 
areas under three categories of prioritization are presented in Fig. 8.8.  
 
Table 8.4: Distribution of Prioritized Areas in the Luni Riverscape  
 

Sr. 
No. 

Priority Area (km2) Riverscape (%) 

1  High 485.82 45.04 
2  Moderate 516.79 47.91 
3  Low 76.00 7.05 

Total 1,078.61 100.00 
 
 
8.8 Policy and legal issues 

Sustainable development and enhancement of human well-being are the guiding principle for 
implementation of different policies and programmes. Over the past few decades, increasing 
pollution and decreasing per capita availability of water have led to the development of 
policies and laws related to regulation on water quality and water delivery. Since water is a 
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scant resource, particularly in arid and semi-arid tract of Luni Basin, its sharing and 
distribution requires a regulatory framework, which is brought about not only through written 
laws, but also through appropriate traditional and customary practices. In terms of statutory 
development, irrigation lawsconstitute historically the most developed part of water law. 
Statutory water laws and other related laws include a number of pre- and post-independence 
enactments in various areas. Some of them are on embankments, drinking water supply, 
irrigation, floods, water conservation, river water pollution, rehabilitation of evacuees and 
displaced persons, fisheries and ferries, wetland biodiversity, environment protection, forest 
conservation, wildlife, etc. The Chapter 4 of the Volume 1 of the DPR incorporates a review 
of existing legal and policy issues and institutional context of management and governance of 
river system within the country including Rajasthan state. Various legislative acts, rules and 
policies related to water, river, pollution, forest, wildlife, wetland etc. have been formulated. 
Some of the prominent acts, policies are: The Easement Act,1882; Rivers Board Act, 1956, 
Wildlife (Protection) Act, 1972; The Water (Prevention and Control of Pollution) Act, 1974; 
The Forest (Conservation) Act, 1980, Rajasthan State Mineral Policy, 2015, Rajasthan River 
Basin and Water Resources Planning Act, 2015; etc. All these laws and acts are important 
caps in protecting our natural resources including rivers. The Hon’ble Supreme Court of 

India, various High Courts, and the National Green Tribunal (NGT) have been giving 
judgments, passing orders and providing specific directives from time to time relevant to sand 
and mineral mining leases and renewal of old lease (e.g., Development and Regulation Act, 
1957), encroachment of riverbeds, illegal mining, etc. Despite considerable progress made by 
the Central/ State Governments, problems in the context of river management, use of river 
resources, and conservation persist in the region and within the state as one can see coverage 
in print and TV media almost on daily basis. 
 
The AFRI, Jodhpur was instrumental in preparing the DPR for rejuvenation of the Luni River 
through forestry interventions. The State Forest Department (SFD), Rajasthan has been 
recognized as the primary Implementing Agency (IA) as SFD, Rajasthan is the custodian of 
forests and wildlife of the state and have well hierarchical field level formations, professional 
manpower including multiple ranks of frontline staff, and appropriately distributed 
infrastructure in the state of Rajasthan including Luni Basin. The SFD, Rajasthan has been 
mandated to protect, conserve and manage the environment (land, water and air) besides the 
protection and management of forest lands and records of forest area. Likewise, the 
Department of Agriculture and Department of Horticulture come under the Rajasthan State 
Agriculture Department, which makes available the relevant information and services to the 
farming community and private sector through the use of information and communication 
technologies and supplements the existing delivery channels provided by the department. 
Other organizations either government or non-government are the Central Arid Zone 
Research Institute (CAZRI), Jai Narayan Vyas University, Jodhpur, Jal Bhagirathi 
Foundation (JBF) at Jodhpur, Tarun Bharat Sangh at Alwar, Green and Clean Aves Land 
Sansthan at Jalore, etc.  
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Fig. 8.8: Distribution of prioritized areas within the Luni Riverscape for the proposed 
forestry interventions 

 
8.9 Treatment Models 
 
The Luni Basin harbours a range of habitats, because of varying topography, climatic and 
edaphic conditions. Different treatment models have been proposed that includes the Assisted 
Natural Regeneration (ANR), specifically in the scrub areas of forest lands having adequate 
number of root stocks of native species left over after cutting or over grazing. The forest area 
with <40% canopy density involves models of degraded forest land restoration, whereas areas 
with canopy density of 50-60%, particularly in wildlife closure area will be treated under the 
enrichment planting using native species along with intensive work including digging of 
contour trenches, random rubble check dams, small anicut, and soil and moisture 
conservation measures. Treatment of saline/ alkaline areas has also been covered to promote 
green cover by minimizing the toxic effect of excessive salts and saline water. Other models 
include sand dune stabilization, development of community pasture lands, management of 
invasive species like P. julflora and L. camara, treatments of agriculture landscapes through 
agroforestry models like agri-silviculture, agri-horticulture, silvi-medicinal, boundary 
plantations, plantation of multipurpose trees and shrubs, etc. The models related to the 
development of Eco Park, riverfront and institutional and industrial estate plantation are for 
implementation within the urban landscape. Additionally, other pertinent activities including 
the generation of quality planting material, seedling distribution and supporting activities viz., 



 

293 

 

capacity building, research, awareness generation, and monitoring and evaluation, etc., have 
also been devised and finalized through a series of consultative meetings and workshops.   
 
(a) Natural Landscapes - The model LU/RJ/NL/01 is specific to scrub lands in non-
saline areas, while model LU/RJ/NL/02 is specific to highly degraded forestlands in hilly 
pediments. The model LU/RJ/NL/03 is meant for developing saline-alkaline lands available 
intermittently throughout the basin area (Table 8.5). The other model like LU/RJ/NL/04 is 
proposed for treatment of forests of having canopy around 50-60% with major focus on soil 
and water conservation measures, particularly in wildlife conservation areas.  
 
In order to control sand drift effectively, a specific model LU/RJ/NL/05 has been proposed 
introducing Cassia angustifolia or other shrubs/grasses to be used in erection of micro-wind 
breaks and surface vegetation with additional economic benefits as well. Two proposed 
model’s LU/RJ/NL/06 and LU/RJ/NL/07 are relevant to the management of invasive species 
like P. juliflora and L. camara. The former model is meant for ‘grass beeds’ (hay plots) of 

forest lands, but heavily infested by P. juliflora, which will be removed and converted to 
grassland. In the later model, larger trees of P. juliflora having >30 cm girth at breast height 
will be retained and smaller (<30 cm girth at breast height) and L. camara will be removed 
and the habitat will be improved by seed sowing of indigenous trees, shrubs and grass 
species. Afforestation/ reforestation; soil and moisture conservation measures; assisted 
natural regeneration; removal, control and management of P. juliflora / L. camara; and 
pasture land development will be implemented directly by the various Forest Divisions under 
the control of SFD.  
 
Table 8.5: Treatment Models Proposed in Different Landscapes within the Luni 

Riverscape Along with Corresponding Extent and Cost 
 

Sr. 
No. 

Proposed Treatment Model/ Activity Area  
(ha) 

Cost 
(Rs. in 
crore) 

A. Natural Landscape   
1  LU/RJ/NL/01 - Assisted Natural Regeneration 4,944.0 88.46 
2  LU/RJ/NL/02 - Restoration of Degraded Forest Lands 630.0 19.64 
3  LU/RJ/NL/03 - Plantation in Saline/ Alkaline Area 315.0 9.37 
4  LU/RJ/NL/04 - Enrichment Planting in Wildlife Closures 2,250.0 22.61 
5  LU/RJ/NL/05 - Sand Dune Stabilization 270.0 6.53 
6  LU/RJ/NL/06 - Removal/ Control of P. juliflora and 

Grass Beed (Hay Plot) Development 
5,945.0 109.62 

7  LU/RJ/NL/07 - Management of Invasive Species in Hilly 
Tracts 

1,175.0 6.17 

B. Agriculture Landscape   
8 LU/RJ/AL/01- Agri-silviculture of Multipurpose Species 125.0 0.28 
9 LU/RJ/AL/02 - Silvi-medicinal model 125.0 0.64 
10 LU/RJ/AL/03 - Agri-silviculture (Thar Shobha Khejari) 125.0 1.18 
11 LU/RJ/AL/05 - Boundary Plantation Model 1,711.8 3.61 
12 LU/RJ/AL/06 - Agri-horticulture (Pomegranate) Model 270.0 7.24 
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Sr. 
No. 

Proposed Treatment Model/ Activity Area  
(ha) 

Cost 
(Rs. in 
crore) 

13 LU/RJ/AL/07 - Agri-horticulture (Mixed Fruit Species) 4,217.8 39.99 
14 LU/RJ/AL/08 - Distribution of Agri-horti Plants 2,000.0 5.02 
15 LU/RJ/AL/09 - Distribution of Quality Forestry Plants 12,000.0 1.58 

C. Community Landscape   
16 LU/RJ/CL/01 -Silvi pastoral Plantation 2,814.0 54.04 

D. Urban Landscape   
17 LU/RJ/UL/01 - Eco Park Development 8.0 1.63 
18 LU/RJ/UL/02 - Riverfront Development 22.0 11.2 
19 LU/RJ/UL/03 - Industrial Belt Plantation 35.0 0.79 

E. Conservation Interventions   
20 LU/RJ/CI/01 (Enhancing Water Availability and Habitat 

Improvement) 
8,642.0 50.48 

21 LU/RJ/CI/02A - Soil and Water Conservation 9,000.0 11.70 
LU/RJ/CI/02B - Soil and Water Conservation 5,100.0 5.10 
LU/RJ/CI/02C - Soil and Water Conservation 3,300.0 3.30 
LU/RJ/CI/02D - Soil and Water Conservation 5,200.0 5.72 

Total 70,224.6 465.90 
 
(b) Agriculture Landscape – Altogether, six Models viz., LU/RJ/AL/01 to 
LU/RJ/AL/06 are meant for varied agriculture landscapes within the riverscape and will be 
executed by the Department of Agriculture and Department of Horticulture through farmers 
in the proposed village sites. The Model LU/RJ/AL/07 includes silvi-horticultural species 
established by the SFD, Rajasthan, and subsequently will be maintained by farmers/ villagers 
not covered in the above-mentioned models of agriculture landscapes. The model 
LU/RJ/AL/08 includes distribution of forestry or shady tree species to be planted in school 
premises, cantonment area, house premises etc., after getting seedlings from forest nurseries 
or forest seedling distribution points. 
 
(c) Community Landscape - The proposed Model LU/RJ/CL/01 pertains to 
rehabilitation of community pasture lands. Nearly, 60% of human population residing in the 
basin is dependent on animal husbandry. Silvopastoral practices will provide the fodder for 
livestock of the area. This model will be applicable to forest/ community lands with sandy 
loam soil or shallow soil depth which can be developed as a grassland. The land should be 
free from exotic species, before executing the planting treatment. Different activities carried 
out will be planting of multipurpose fodder tree and grass species coupled with soil and water 
conservation measures. Plant density will be 200 trees per hectare with spacing of 10 m x 5 m 
using local native species. In this model, grass seeds will be sown in strip of 5 m width in 
between the two rows of plants situated at 10 m intervals. The community lands heavily 
infested with P. juliflora, the model ‘Removal/ Control of Prosopis juliflora and Grass Beeds 
(Hay Plot) Development (LU/RJ/NL/06)’ will apply.  

 
(d) Urban Landscape - The proposed models LU/RJ/UL/01 to LU/RJ/UL/03 involve 
treatment of urban landscapes and will be implemented by the SFD, Rajasthan/ NGOs. 
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Models LU/RJ/CI/01 and LU/RJ/CI/02 pertain to habitat improvement for wildlife in 
protected areas and soil and water conservation measures outside protected areas and 
involves establishment of rainwater harvesting and soil and water conservation structures.  

 
About 67,66,493 seedlings will be planted in the prioritized areas of the riverscape covering 
38,982.6 ha area by adopting different models relevant to different landscapes. In addition, 
31,242.0 ha area will be treated under habitat improvement and soil and water conservation 
measures.  

 
In addition, various supporting activities that include nursery renovation and creation, 
research, capacity building, awareness generation, and monitoring and evaluation 
implemented through the SFD, Rajasthan, being the Implementing Agency have also been 
proposed.  In order to raise seedlings in bulk quality and distribution for planting materials 
for the estates of schools, cantonments, houses, etc, provisions have been made to renovate 
seven old nurseries including two nurseries in Jodhpur, and one each in Pali, Jalore, 
Rajasamand, Sirohi, and Barmer Forest divisions besides the establishment of three new 
nurseries one each in Sirohi, Pali and Jalore division. 
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Proposed mitigation measures in Luni Riverscape are summarized in Box 8.2. 
 

 
 
8.10 Implementation Mechanism  
 
For effective implementation and fund flow, this DPR visualizes setting up of two 
Programme Steering Committees (PSCs), one at the national level in the Central Nodal 
Ministry as National Project Steering Committee (NPSC), and the other one at the state level 
as State Project Steering Committee (SPSC). The NPSC will be chaired by the Prime 
Minister and have multiple members represented by ministers/ senior officials of the 
MoEF&CC, MoJS, Ministries of Agriculture, Animal Husbandry, Tribal Development, 
Urban Development, Rural Development, Panchayati Raj, and Tourism; PCCFs and HoFF or 
his representative; and the National Partner Organization-Project Facilitator.  
 
The NPSC shall meet at least once in a year at appropriate time for approving the Annual 
Plan of Operations (APOs) submitted by the SFD, Rajasthan and overseeing and steering the 
execution of the project plan. The funds against the approved APOs of the state shall be 
transferred by the NPSC to the SFD, Rajasthan.  The composition of the SPSC should be on 

Box - 8.2 
Rejuvenation of Luni River – Major Mitigation Measures 

 
Luni River after it originates from the Naga Hills of the Aravalli Range flows through the 
Western Rajasthan before it empties its runoff in marshy Greater Rann of Kutchchh.  
Luni River mainly suffers on account of low and erratic rainfall, frequent droughts, low 
forest cover and vegetation removal, overgrazing, excessive collection of NTFPs, sand 
mining, proliferation of Prosopis juliflora in floodplains and catchment areas, and 
disposal of municipal waste and industrial effluents. Major proposed forestry 
interventions include:  

▪ Soil and moisture conservation works worth Rs. 76.30 crore, representing 
16.37% of the total budget outlay by way of proposed varied activities including 
contour trenches, anicuts, rubble check dams and other SMC works. 
 

▪ Altogether, 20 treatment models in Natural, Agriculture, Community and Urban 
landscapes within the riverscape are proposed at a cost of Rs. 260.04 crore, Rs. 
59.53 crore, Rs. 54.03 crore and Rs. 12.00 crore, respectively. These models 
focus on the assisted natural regeneration, restoration of forests, plantation in 
saline/ alkaline areas, enrichment planting, control/ removal of Prosopis juliflora 
and other invasive species, grassland development, adoption of agri-silviculture, 
agri-horticulture, agri-medicinal, and silvi-pastoral plantations, eco-park 
development, riverfront development and industrial belt plantations.  
 

▪ In addition, supporting activities aiming creation of awareness, capacity 
development, adaptive research, participatory monitoring, etc. have been also for 
proposed for implementation.  
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similar pattern to that of NPSC involving officers of all the stakeholders and line departments 
and CCFs of Ajmer, Jodhpur and Udaipur for effective implementation and fund flow. The 
SPSC will be chaired by the Chief Minister. The state level funds will be released on the 
recommendations of the State Project Steering Committee (SPSC) to State level Project 
Management Unit (SPMU). In case of the project sanction under convergence of different 
schemes, the matching funds then will be transferred to State Level Project Management Unit 
(SPMU) headed by PCCF or Additional PCCF rank officer designated as State Project 
Director (SPD) for its further allocation to the Forest Divisions and Deputy Director, 
Agriculture/ Assistant Director, Horticulture/ NGO as per the respective APOs duly approved 
by the SPSC. At district/ division, Division/District level Project Implementation Committee 
(DPIC) will be constituted under the chairpersonship of concerned DFO/ DCF and officers of 
all line departments like Department of Watershed Management, Revenue, Agriculture, 
Horticulture, Water Resources, Mining, NGO, specialized institutions, etc. This will provide 
a transparent and accountable mechanism for implementation of various activities under the 
Project at the district/division level. DFO/DCF will be the Chief Executive Officer for 
implementation of forestry interventions for rejuvenation of the River Luni and its tributaries. 
However, a committee may also be constituted at the division level to involve other 
stakeholders. The SPMU shall scrutinize the APOs and get the same approved by SPSC, with 
or without changes, for further submission to the NPSC. Upon approval of the APO by the 
NPSC, the funds shall be transferred against the APO to an account maintained separately by 
the SFD, Rajasthan. Fund transfer to the accounts of other line departments will be affected 
by the DFO after approval of the SPSC. Separate accounts shall be opened by DFOs, Deputy 
Director Agriculture (DDA), Assistant Director Horticulture (ADH), and NGO (Green and 
Clean Aves Land Sansthan, Jalore) exclusively to execute the forestry interventions at the 
division level, so that there should not be any mixing up of any other accounts maintained by 
the DFOs and other line departments as mentioned above. 
 
8.11 Project Outlay 
 
The proposed outlay of the DPR on forestry interventions for rejuvenation of Luni Riverscape 
during the implementation phase is Rs. 534.29 crore (Table 8.7). Out of this, nearly 92% 
allocation is meant for the proposed forestry interventions that includes treatment models in 
different landscapes, conservation interventions, and supporting activities.  
 

(a) Component and Sub-Component wise Budget – The DPR has included four 
components.  
(i) Component A- Implementation of Forestry Interventions - This component 
mainly includes: (a) Plantation and treatment Models in different type of landscapes, (b) 
Conservation Interventions, and (iii) Supporting Activities. The maximum sum of Rs. 264.04 
crore has been provisioned for interventions in Natural Landscapes. The proposed allocations 
for Agriculture, Community, and Urban Landscapes are to the tune of 59.53 crore, Rs.54.04 
crore, Rs. 12.0 crore, respectively (Table 8.6). Total allocation for varied Conservation 
Interventions is to the tune of Rs. 76.30 crore. The budgetary provision for varied supporting 
activities is of the tune of Rs. 23.30 crore. 
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Table 8.6: Project Outlay for Proposed Forestry Interventions  
 

Sr. No. Activity Amount 
(Rs. in 
crore) 

Budget 
Allocation 

(%) 
A. Implementation of Forestry Interventions 

in the Luni Riverscape, Rajasthan 
489.21 91.56 

A.1 Plantations and Treatment Models in 
Different Landscapes 

389.61 
 

A.1.1 Natural Landscapes 264.04 
A.1.2 Agriculture Landscapes 59.53 
A.1.3 Community Landscapes 54.04 
A.1.4 Urban Landscapes 12 
A.2 Conservation Interventions 76.30 

A.2.1 Improving Wildlife Habitats 50.48 
A.2.2 Soil and Water Conservation 25.82 
A.3 Supporting Activities 23.30 

A.3.1 Up-gradation of 7 and Creation of 3 New 
nurseries 

1.39 

A.3.2 Research Activities 5.50 
A.3.3 Capacity Building 4.00 
A.3.4 Awareness 1.50 
A.3.5 Monitoring and Evaluation 1.60 
A.3.6 Miscellaneous Activities 0.65 
A.3.7 Cost of SPMU Including Upgradation of GIS 

Lab, App Development etc. 
8.66 

B. Strengthening Knowledge Management 
and Capacity Enhancement for Forestry 
Interventions and Conservation of 
Riverscape 

31.68 5.93 

C. Preparation of DPR including maintenece, 
Scaling Up and Replication of Successful 
Models of Forestry Interventions and 
Riverscapes Conservation in Additional 
Sites 

0.60 0.11 

D. National Coordination for Forestry 
Interventions and Riverscape 
Conservation 

12.80 2.40 

Total Projected Outlay 534.29 100.00 
 
 
(i) Component B- Strengthening Knowledge and Capacity Enhancement - This 
Component aims at incorporating scientific knowledge into policy, planning, and 
management for informed decision making that can yield positive results for sustainable 
management of the Luni River. The facilitating organization i.e., the AFRI, Jodhpur as the 
NPO will also help to facilitate monitoring and evaluation work, carry out some concurrent 
research, play a vital role in capacity building and strengthening the knowledge required for 
conservation and rejuvenation of the riverscape and provide the best available practices for 
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forestry interventions and conservation besides supplementing scientific knowledge in 
policy, planning, and management dimensions. A sum of Rs.31.68 crore has been proposed 
for the Component B (Table 8.6). 
 
(ii) Component C - Scaling Up and replication of Successful Models - A budget of Rs. 
0.65 crore has been envisaged for the maintenance phase so as to facilitate maintenance, 
scaling up and replication of successful models (Table 8.6). 

 
(iii) Component D: National Coordination for Forestry Interventions - A budget of 
Rs. 12.80 crore has been provisioned for the Component D (Table 8.6).  

 

8.12 Potential Benefits 
 
Proposed forestry interventions within the Luni Riverscape covering 70,224.60 ha area using 
different treatment models is expected to enhance tree cover by 233.9 km2 andr educe surface 
run-off by 1-3% of annual rainfall by facilitating infiltration favouring soil moisture storage 
and ground water recharge. Forestry interventions coupled with soil and water conservation 
measures and corresponding increase in vegetation cover will reduce surface runoff and soil 
and nutrient losses. Growing trees and associated vegetation under forestry interventions will 
facilitate infiltration improving groundwater by 7.66 million cubic meter water per year, thus 
will optimize the local water cycle and help increase water flow timing with increased water 
availability for a longer period as a process of river rejuvenation. This will reduce silt load in 
river by 1.29 million tonnes per year leading to improved water quality. Thus, reforestation 
and other forestry interventions will help to mitigate water problems in the region. The 
proposed forestry interventions would immensely help in carbon sequestration, both in 
aboveground biomass and soils depending upon total area coverage, plant density and types 
of conservation measures adopted. Interventions in different landscapes will accumulate 1.20 
million tonnes of carbon in 20 years and 0.62 million tonnes at the age of 10 years, which is 
an important strategy for reducing emissions from deforestation and forest degradation 
(REDD+). Combating desertification is another potential benefit from the proposed 
interventions by ameliorating severity and frequency of droughts, reducing soil erosion, 
increasing soil fertility and soil organic carbon, enhancing primary productivity, and 
improving crop yields in the Luni basin area.  
 
Increase in the yield of non-timber forest produce (NTFPs) will ultimately enhance 
livelihoods of the local people by increased supply of fodder and fuelwood from the 
integrated trees and shrubs through different agroforestry models in the agricultural 
landscapes. NTFPs worth Rs. 68.20 crores are expected from the proposed plantation. 
Altogether, 11.10 million mandays will be generated while implementing this programme. 
Thus, the generation of employment is one of the most important potential benefits of this 
programme. Varied potential benefits those are likely to be estimated owing to the proposed 
forestry interventions as envisaged in DPR are summarized in Table 8.7. 
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Table 8.7 Estimated potential benefits from proposed forestry interventions in Luni 
Riverscape 

 

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

233.90 0.62 1.20 7.66 8,82,800 68.20 11.10 
 
 
 

 
************* 
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9. 
Narmada River 

9.1 Introduction  
 
The Narmada River is also known as the ‘Reva’, and previously the river was called as the 
Narbada (Nerbudda). The Narmada River is monsoon fed, and it is one of the prominent 
‘Deccan or Peninsular Rivers’ of the country. The river originates from ‘Narmada Kund’, 

Amarkantak Plateau in Anuppur district at an elevation of about 1,057 m AMSLin the Maikal 
Range in Madhya Pradesh (Fig.9.1 and Fig.9.2). It forms the boundary between the North 
India and South at India as just a few kilometers away, the origin area of the Narmada also 
gives rise to the Son River, a tributary of the Ganga River that flows northward. The 
Narmada River flows between Vindhya and Satpura Hills before falling into the Gulf of 
Khambhat (Cambay) in the Arabian Sea, about 10 km North from Bharuch City in Gujarat. It 
is one of the three major rivers in peninsular India along with the Tapti River and the Mahi 
River. 
 
The Narmada is one of the rivers in India that flows in a rift valley. Being the rift valley river, 
Narmada River does not form delta. Rift Valley River forms estuaries. This river is 
predominantly located in Madhya Pradesh and Gujarat state of India. It is known as the ‘Life 

Line of Madhya Pradesh and Gujarat’ for its huge contribution to these two states in several 
ways. Out of the total journey of 1,312 km distance from the origin to before Narmada drains 
through the Gulf of Khambhat into the Arabian Sea. In the first 1,077 km stretch, the river 
flows in Madhya Pradesh.  The next 35 km stretch of the river forms the boundary between 
the states of Madhya Pradesh and Maharashtra. Again, for the next 39 km, it forms the 
boundary between Maharashtra and Gujarat.The last stretch of 161 km lies in Gujarat. The 
first 321 km of its course winds among the Mandla Hills, which form the Head of the Satpura 
Range till it reaches Jabalpur where it passes through the 'Marble Rocks' and enters the 
Narmada plains (Fig. 9.3). The river runs another 745 km through the plains before the 
Vindhyas and the Satpuras come close to the banks of the river. 
 
The Narmada Basin lies between the latitude N 21° 20' to 23° 45' and longitude E 72° 32' to 
81° 45' and the Vindhya Range in the North, the Satpura Range in the South, the Maikal 
Range in the East and the Arabian Sea in the West form the boundaries of the basin. The 
Narmada River Basin is divided into three sub-basins; upper, middle and lower with a total of 
150 watersheds and 19 important tributaries along with the main river Narmada and drains an 
area of 98,796 km2, which is approximately 3% of total geographical area of the country 
(Fig.9.4).  
 

9.2 Conservation Significance 
 
The river Narmada is the fifth largest and west flowing river of India. It drains a large area in 
Madhya Pradesh, besides some areas in the states of Chhattisgarh, Maharashtra and Gujarat. 

https://en.wikipedia.org/wiki/Amarkantak
https://en.wikipedia.org/wiki/Anuppur_district
https://en.wikipedia.org/wiki/Madhya_Pradesh
https://en.wikipedia.org/wiki/North_India
https://en.wikipedia.org/wiki/North_India
https://en.wikipedia.org/wiki/South_India
https://en.wikipedia.org/wiki/Tapti_River
https://en.wikipedia.org/wiki/Mahi_River
https://en.wikipedia.org/wiki/Mahi_River
https://en.wikipedia.org/wiki/Rift_valley
https://en.wikipedia.org/wiki/Madhya_Pradesh
https://en.wikipedia.org/wiki/Gujarat
https://en.wikipedia.org/wiki/Madhya_Pradesh
https://en.wikipedia.org/wiki/Gujarat
https://en.wikipedia.org/wiki/Gulf_of_Khambhat
https://en.wikipedia.org/wiki/Arabian_Sea


 

302 

 

The entire Narmada Basin is being developed under a comprehensive river valley project 
programme through a series of dams, which contributes in a significant way towards various 
schemes relevant to drinking water, expansion of irrigated agriculture in rainfed states, and 
harness of hydropower besides enhanced fishery resources in reservoirs, increase in  inland 
fish production for India, and numerous multiple benefits relevant to a wide range of forest 
produce including bamboo, pilgrimage, wildlife tourism, recreation and adventure. The 
ecological, historical, paleontological cultural and the socioeconomic values of the river and 
river basin have been summarized and highlighted below:  
 

 

Fig. 9.1: ‘Narmada Kund’, Origin of Narmada River at Amarkantak Plateau in Maikal 

Range, Madhya Pradesh 

 

 

Fig. 9.2: Narmada Valley, Amarkantak, Maikal Range, Madhya Pradesh 
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Fig. 9.3: Narmada, a rift valley river flowing through metamorphic marble rocks, 
Jabalpur 

(a) Ecological Values - The river basin represents two prominent Biogeographic Zones 
(6- Deccan Peninsula, and 4-Semi Arid) and two Biotic Provinces viz., 6A Deccan Peninsula 
- Central Highlands, and 4B Semi-Arid - Gujarat Rajputana. The former constitutes the larger 
part of the basin.  About 1/3rd of Narmada’s Basin is covered by diverse forests ranging from 

Tropical Thorn Forests to Tropical Deciduous Forests including sub-types Tropical Moist 
Deciduous, Tropical Mixed forests besides Littoral and Swamp Forests dominant by 
mangroves. The Littoral and Swamp Forests have been severely impacted by human 
activities and have declined considerably. Diverse forests along the altitudinal gradient 
support approximately 4,000 plant species, 276 species of birds, 76 mammals and 118 fish 
species. The basin harbours more than 11 Protected Areas including the world famous Kanha 
Tiger Reserve and Satpura Tiger Reserve besides the Achanakmar–Amarkantak and 
Pachmarhi Biosphere Reserves. The river basin is home to the oldest Forest Reserve of the 
country i.e., the Bori Forest Reserve and harbours India's best teak (Bori Teak) and hardwood 
forests.  Most forests also have an integral component of bamboo (Dendrocalamus strictus). 
A significant part of the basin is covered by varied grasslands, adding the floral and faunal 
diversity. The major part of basin is agricultural accounting nearly 57% of the basin and 
contributes significantly towards the agro-biodiversity. The water bodies cover 2.95% of the 
total basin area. Large irrigation projects have been completed on Narmada River, which not 
only supply water to hundreds of farmers all over the central and western India but have 
created a diversity of habitats attracting winter migrants. 
 
(b) Paleontological and Historical Values - The Narmada Valley is a graben, a layered 
block of the Earth's crust that dropped down relative to the blocks on either side due to 
ancient spreading of the Earth's crust. Two normal faults, known as the Narmada North fault 
and Narmada South fault, parallel to the river's course, and mark the boundary between the 
Narmada block and the Vindhya and Satpura blocks or Horsts which rose relative to the 
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Narmada Graben. The Narmada's watershed includes the northern slopes of the Satpuras, and 
the steep southern slopes of the Vindhyas, but not the Vindhyan tableland, the streams from 
which flow into the Ganga and Yamuna. The Narmada Valley is considered extremely 
important for paleontological studies in India. Several dinosaur fossils have been found in the 
area including of titanic lizard (Titanosaurus indicus) found in 1877 by Richard Lydekker 
and the recently discovered (Rajasaurus narmadensis). The Fossils National Park situated in 
Mandla district of Madhya Pradesh has plants in fossil form that existed anywhere between 
40 million and 150 million years ago and spread over seven villages of Dindori district. The 
Birbal Sahni Institute of Paleobotany, Lucknow has done some preliminary research on the 
plant fossils of Mandla. The petrified trunks of trees have been identified as Gymnosperms 
and Angiosperms-Monocotyledons and palms. Fossils of certain Bryophytes have also been 
reported. The pertinent question before scientists is whether the fossils are from the late 
Jurassic or the early and mid-Cretaceous age. The absence of dicotyledons suggests that plant 
evolution was still at an early stage. 
 
The Pachmarhi Hills within the Satpura Range are situated in the geographical center of the 
Indian sub-continent in the State of Madhya Pradesh, formed of the Gondwanaland 
sandstone. These hills form one of the most beautiful parts of the Satpura Range. The rock 
shelters are found all over the hills and the surrounding forests, in the foothills and 
riverbanks. Many shelters are covered with rock paintings made over centuries by early 
inhabitants depicting a wide range of subjects expressed by them in a variety of styles and left 
as great heritage. By popular belief the name ‘Pachmarhi’ is a derivation of ‘Pach-marhi’ or a 

complex of five caves of the ‘Pandava’ brothers, who are supposed to have spent a 
considerable portion of their lifetime of exile incognito in this area. The hills are thickly 
vegetated with rich floristic and faunal biota but quite widespread and difficult to access. The 
natural species represented in the rock art were of great economical importance, having food 
value for the shelter-dwellers and often form subjects of their painting. Rock paintings found 
within shelters are the major sources of understanding of how ancestors were related to their 
physical, biological and cultural environments. The rock paintings of this region belong to the 
Mesolithic and later periods (around 6,000 -10,000 years old based on carbon dating). The 
Mesolithic paintings clearly depict a society of hunters and gatherers. Mainly they portray 
man and his relationship with animals. A variety of animals can be seen from elephants to 
ants. 
 
Thus, in last two hundred years or so, the Narmada Valley has witnessed the well-known 
history of changes in the social matrix. Despite a long tradition of spirituality sought for 
places that register accounts of mythological antiquity to the austere place of Adi 
Shankaracharya and likes in the later times as well, and later during the time of Kalchuri 
Kingdom spread along and across the Narmada River and the Gondwana Kingdom.  
 
(c) Cultural Values – The Indian culture holds water and rivers in high esteem, revering 
them as a God and mother, respectively. The cultural significance of Mother Narmada can 
hardly be over emphasized. The river was mentioned by Ptolemy in the second century AD as 
‘Namade’ and by the author of the ‘Periplus’ ‘Ramayana’, ‘Mahabharat’, and the ‘Puranas’  

https://en.wikipedia.org/wiki/Ptolemy
https://en.wikipedia.org/wiki/Periplus
https://en.wikipedia.org/wiki/Ramayana
https://en.wikipedia.org/wiki/Mahabharat
https://en.wikipedia.org/wiki/Puranas
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too referred to it frequently. The ‘Reva Khand’ of ‘Vayu Purana’ and the ‘Reva Khand’ 

of ‘Skanda Purana’ are entirely devoted to the story of the birth and the importance of the 
river. Thus, Narmada is also called the Reva. This divine and holy river has been glorified 
even by the ‘Vedas’. Mythologically, Narmada is one of the seven holy rivers. Out of a deep 

sense of gratitude, the river has been worshipped as the Mother Goddess Narmada for ages. 
Narmada in Sanskrit means ‘the giver of pleasure’. The river Ganga is believed to have 
acquired the form of a black cow and immersed in the holy water of river Narmada. The 
banks of the Narmada are strewn with centers of pilgrimage and temples where seekers attain 
spiritual elevation. There are several places of religious significance along the river such as 
Amarkantak, Maheshwar and Omkareshwar. A pilgrimage along the banks of Mother 
Narmada is called the ‘Narmada Parikrama’. The Narmada is not merely a river; she is a 

cradle of civilization and represents a complete culture.  
 
(d) Socio-economic Values - The Narmada River has immense aesthetic and religious 
significance to Indians, especially the people of the central and western regions. The 
Narmada Valley, particularly in the part of Madhya Pradesh is predominated by two tribal 
groups such as Gond and Korku. The social organization of Gond and Korku reveals that they 
are divided into clans. They have developed various stories about the natural resources, 
ecosystem, environment and environmental phenomenon. Prominent cities/ towns of interest 
in the Narmada Valley along the river are Mandla, Jabalpur, Barwani, Hoshangabad, Harda, 
Omkareshwar, Dewas, Narmada Nagar, Maheshwar in Madhya Pradesh, and Rajpipla and 
Bharuch in Gujarat. Some places of historical interest are Joga Ka Quilla, Chhatri of Baji Rao 
Peshwa and Bhimbetka, and among the important falls are the:  Dugdhdhara, Dhardi, 
Bheraghat, Dhuandhara, Kapiladhara and Sahastradhara. Pachmarhi is an important hill 
station in the region and attracts a large number of domestic and international tourists 
including pilgrims to the famous Mahadeo/ Chauragarh Temples during Shivratri. The area 
along banks of Narmada owns its prosperity to river water. The river is not only sacred, but 
rightly called the ‘Lifeline of Madhya Pradesh and Gujarat owing to the fact that after its 

origin, the Narmada flows through 16 districts in Madhya Pradesh and four districts in 
Gujarat quenches the thirst of a nearly 60 million odd population in these districts, besides 
irrigating considerable extent of two states and generating over 2,400 MW power.  
 
A number of dams have been constructed on the Narmada River and its tributaries. Among 
the 29 large dams planned for Narmada, the Sardar Sarovar dam is the largest with height of 
138.68 m and with a reservoir capacity of 3,700 x 106 m3.  As per the Narmada Valley 
Development Authority (NVDA), varied hydropower projects on the river Narmada within 
Madhya Pradesh on their full development has a potential of irrigating over 6 million ha of 
land along with a capacity to generate about 3,000 MW of hydroelectric power. The Sardar 
Sarovar Dam in Gujarat alone irrigates 17,920 km2 of land spread over 12 districts, 
62 talukas, and 3,393 villages (75% of which is drought-prone areas) in Gujarat and 
730 km2 in the arid areas of Barmer and Jalore districts of Rajasthan. The dam also provides 
flood protection to riverine reaches measuring 30,000 ha covering 210 villages 
and Bharuch city and a population of 4,00,000 in Gujarat. Thus, the most significant 
contribution of Narmada River is to the larger arid and semi-arid regions of Gujarat including 
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the Gujarat Mainland, Saurashtra, and Kuchchh besides the super-parched areas of the non-
basin state of Rajasthan by way of the Narmada Canal from the Sardar Sarovar Dam and its 
distributaries. The Narmada Canal is a contour canal in northwestern India that brings 
water to the state of Gujarat and then into Rajasthan state. Efforts are on to enhance irrigation 
potential from the river. 
 
9.3 Riverscape 
 
The Narmada Basin spreads over 20 parliamentary constituencies, comprising 15 of Madhya 
Pradesh, 3 of Gujarat, and one each of Chhattisgarh and Maharashtra covering an area of 
98,796 km2 which is nearly 3% of the total geographical area of the country (Table 9.1). Out 
of total basin area, nearly 86.15% extent of the basin lies in Madhya Pradesh, 11.54% in 
Gujarat, 1.56% in Maharashtra, and 0.75% in Chhattisgarh states, respectively. The River 
Narmada is the fifth largest and west flowing river of India. It drains a large area in Madhya 
Pradesh, besides some areas in the states of Chhattisgarh, Maharashtra and Gujarat. 
 
The Narmada River Basin has five well-defined physiographic zones viz., (i) Upper hilly 
areas, (ii) Upper plains, (iii) Middle plains, (iv) Lower hilly areas, and (v) lower plains. The 
upper hilly areas and plains come under the Vindhyanchal - Baghelkhand region of Central 
India. The region is a hill-valley complex. The main elements of this region spreading over 
Narmada Basin are scarps of: (i) Vindhyan sandstone, and (ii) Narmada-Son Trough on its 
south. The Narmada Valley has youthful appearance and has falls, rapids and gorges in its 
course. The Dhuandhar falls (Bheraghat, 15 m) followed by a 3 km long marble gorge is an 
example in point. The whole surface in this zone is an assemblage of flat-topped plateaus 
with 600-900 m general elevation. The middle plains and the lower hilly areas come under 
the Malwa region. The Malwa region in the basin represents well-marked physiographic 
units: (i) West Vindhyas (ii) West Narmada Trough and (iii) West Satpuras. The lowermost 
part of the basin falls under Gujarat region. The Gujarat Alluvial Plain is the outcome of an 
extensive Pleistocene sedimentation called as Coastal Alluvium. The elevation of this region 
ranges from 5-10 m or even less. The water availability in a river basin is primarily 
determined by its geographical characteristics, especially for the Narmada River, which is the 
only non-snow fed perennial river in India. Narmada River has 41 tributaries. Of these, 22 are 
the left bank tributaries originating from the Satpura Range while remaining 19 are the right 
bank tributaries and they originate from Vindhyan Range. The basin has an elongated shape 
with a maximum length of 953 km from east to west and a maximum width of 234 km from 
north to south. 
 
The Narmada riverscape covering an area of 14,672.02 km2 was delineated by considering the 
year 1994 as the highest flood level year based on literature review and stakeholder 
consultation at various levels (Table 9.2). A 2-km buffer on either side of the bank line for 
the main stem, and 1-km on either side for the included tributaries of the Narmada River was 
created for the delineation of the riverscape. In other words, the riverscape covering 
14,672.02 km2 area was delineated out of the Narmada Basin area by merging boundaries of 
selected micro watersheds for the areas where the possibility of creating a buffer was not 
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feasible e.g., origin of the river, mouth, etc. (Table 9.2). The Narmada Riverscape has the 
highest representation of 12,527.15 km2 areain the state of Madhya Pradesh or as much as 
85.38% extent of the riverscape as all prominent tributaries originate and traverse through the 
state (Fig.9.4). The Gujarat State represented 1,845.28 km2 or12.58% area of the riverscape. 
The states of Chhattisgarh and Maharashtra represented small extents of 0.36% and 1.68% of 
the riverscape, respectively (Fig. 9.4). 
 

Table 9.1: Basin Area and the Extent of the Narmada Riverscape 

Sr. No. Consideration Unit Area (km2) Coverage Area (States) 

1  Narmada Basin 98,796.00 Chhattisgarh, Madhya Pradesh, 
Maharashtra, Gujarat 

2  Narmada Riverscape 14,672.02 Chhattisgarh, Madhya Pradesh, 
Maharashtra, Gujarat 

       
Table 9.2: State wise Distribution of Areas within the Narmada Riverscape  

Sr. 
No. 

State Geographical Area (km2) Riverscape (%) 

1 Chhattisgarh 52.22 0.36 
2 Madhya Pradesh 12,527.15 85.38 
3 Maharashtra 247.37 1.68 
4 Gujarat 1,845.28 12.58 

Total 14,672.02 100 

 

9.4 Preparation of DPR  

The ICFRE, Dehradun had entrusted the major task on the preparation of the DPR in the 
context of Narmada River to the Tropical Forest Research Institute (TFRI), Jabalpur, Madhya 
Pradesh as the assignment of such nature required the development of a comprehensive 
framework, strategies and activities so as to accomplish project goals and objectives. The 
project required the multi-science knowledge, professional experience and field level 
expertise.  
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Fig. 9.4: Catchment Area with Delineated Narmada Riverscape 

The TFRI has a benefit of its multi-discipline team, expertise, scientific knowledge, 
information base, hierarchical organizational set up, essential infrastructure in terms of well-
established library, RS and GIS facility, etc. Thus, these were optimally utilized for 
developing the required framework, strategies, delineation of riverscape, geospatial analysis 
and modelling,  prioritization of areas, and development of treatment models for the present 
DPR through an exhaustive consultative process by involving policy and decision makers, 
scientists, conservationists, field practitioners, representatives of civil society, non-
governmental organizations and State Forest Departments (SFDs) of the four concerned 
states viz., Madhya Pradesh, Chhattisgarh, Maharashtra and Gujarat. These states not only 
form part of the Narmada River Basin but also located on the river course as Narmada 
traverses through these states from its origin to the Gulf of Khambhat in the Arabia Sea. 
 
(i) The Consultative Process – Consultation and feedback from various stakeholders 
have been the key step in the preparation of the present DPR. The sequential workshops and 
meetings involved various stakeholders from different organizations, policy and decision 
makers, scientists, conservationists, field practitioners, representatives of Civil Society and 
Non-Governmental Organizations (NGOs), officials from State Forest Departments, 
Agriculture and Horticulture departments; local Universities, Narmada Valley Development 
Authority, Municipal Corporation, etc. The preparation of DPR adopted a comprehensive, 
multidisciplinary participatory approach, wherein a collaborative effort from various 
departments/organizations was established. A series of consultative process including 
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academicians, scientist, administrators, Narmada Sevaks was held as a larger part for the 
preparation of DPR. All the suggestions and recommendations of these meetings and 
workshops were recorded and duly incorporated while preparing the DPR. 
 
(ii) Delineation of Riverscape - For the delineation of the riverscape, the year 1994 as 
the highest flood level year based on the literature review and stakeholder’s consultation at 

various levels was considered. Later, a post-monsoon satellite image was used to create the 
bank-line of the main stem and considered tributaries of the Narmada River. Further, 2 km 
buffer on either side of the bank line for the main stem, while 1 km buffer on either side for 
the included tributaries of the Narmada River was created for the delineation of the Narmada 
Riverscape for the purpose of DPR. 
 
(iii) Field Work and Data Collection - A fulltime dedicated team was constituted for the 
preparation of DPR. A team was constituted for frequent monitoring of the progress and 
facilitation of different works to be carried out. Ten field teams were formed for field visits, 
data collection, trainings for field level data recording and field verification of the sites 
proposed for forestry interventions. For field data recording, different formats were 
developed for different type of landscapes viz., natural landscape, agriculture landscape and 
urban landscape within the riverscape. These formats were filled in by the field staff/officers 
of the respective Forest Division under the State Forest Department, Agriculture Department, 
Horticulture Department and Collectorates. For active involvement of stakeholders and 
proper collection of primary field data, field level trainings were imparted to the frontline 
staff of all forest divisions within the Narmada Riverscape. 

 
(iv) Geo-spatial Modelling and Prioritization of Areas - Remote Sensing and 
Geospatial modelling based on GPS and GIS technologies had immense role in identification 
of suitable sites for forest plantations and proposed treatment models within the Narmada 
Riverscape. The main objective of the use of RS and GIS technologies in the present 
assignment was for the identification, selection and delineation of suitable sites for proposed 
forest plantations and other forestry interventions and to relate these with the selection of 
appropriate plantation species on the basis of their requirements and matching with the 
existing situation and characteristics of the available lands/potential sites. This essentially 
involved several aspects relevant to the technical, social and economic suitability of land 
along the delineated buffer or influence areas within the Narmada Riverscape, as it was not 
feasible to manually integrate, analyze and manipulate such vast amount of spatial and non-
spatial data and retrieve the desired information for site suitability analysis. Hence, the use of 
geospatial modelling has immensely helped in selecting suitable sites.  
 
9.5 Riverscape and the Environment 
 
As already stated, the Narmada River and its surrounding lands from the origin to sea 
represents five well-defined physiographic zones, high variability in climatic conditions, 
varied geological formations and landforms, topographical features, altitudinal variation, 
considerable diversity of forests, grasslands, and wetlands, and associated flora and fauna 
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besides ethnic groups and human uses. The Chapter 2 of the Volume I of the DPR provides 
details on the prevailing environment within the river basin and the Narmada Riverscape. The 
following section attempts to highlight specific aspects of the three sub-environments viz., 
physical, biological, and socio-economic.  
 
(a) Physical Sub-Environment - The climate of the basin is humid and tropical, 
although at places, extremes of heat and cold are often encountered. In the year, three distinct 
seasons occur in the basin; (i) Winter- the cold weather season from November to February; 
(ii) Summer - the hot weather from March to the middle of June; and (iii) Rainy - the south-
west monsoon sets in by the middle of June and withdraws by the first week October. 
Generally, July and August months receive heavy rains. Rainfall is heavy in the upper hilly 
and upper plains areas of the basin. It gradually decreases towards the lower plains and the 
lower hilly areas and again increases towards the coast and south-western portions of the 
basin. In the upper hilly areas, the annual rainfall, in general, is more than 1,400 mm but it 
goes up to 1,650 mm in some parts. In the upper plains, from near Jabalpur to near Punasa 
Dam site, the annual rainfall decreases from 1,400 mm to less than 1,000 mm with the high 
rainfall zone around Pachmarhi where the annual rainfall exceeds 1,800 mm. In the lower 
plains, the annual rainfall decreases rapidly from 1,000 mm at the eastern end to less than 650 
mm around Barwani. This area represents the most arid part of the Narmada Basin. In the 
lower hill areas, the annual rainfall again increases to a little over 750 mm. A major portion 
of the precipitation in the basin takes place during the southwest monsoon, and accounts for 
about 85% to 95% of the total precipitation. Temperature of Narmada Basin is that in like any 
other part of Central India. The difference between the maximum and minimum 
temperatures, in any part of the basin, is quite pronounced. The temperature is maximum in 
the month of May and minimum in the month of January. In general, the upper Narmada 
Basin records lower temperature as compared to middle basin. In lower section of the basin, 
the influence of the sea is prominent, and temperature though lower than the middle basin, is 
higher than the upper reaches of Narmada River.  
 
As stated earlier, the Narmada is a rift valley river and part of the longer Narmada-Son 
lineament, which is inactive fault zone, and a distinguished tectonic feature of central India. 
Extensive basaltic flows known as Deccan Traps have come out of the fault and underlie 
most of the basin. Apart from this, there are some granites and the Gondwana shale, and 
sedimentary rocks in parts of the hills and plains and alluvial deposits near the river courses. 
The soils in the upper hilly regions of the basin are mostly shallow red and yellow with low 
fertility in the plateau of Amarkantak, hillocks along the Narmada River, particularly in the 
semi-arid zone of West Nimar, Alirajpur and Jhabua districts of Madhya Pradesh, Dhulia 
district of Maharashtra and parts of Gujarat state. The upper Narmada plains are broad and 
fertile areas, representing the sub-humid eco-zone. In this zone, mostly deep black and red 
soils well suited for cultivation, are encountered up to the Khandwa and Dewas districts of 
Madhya Pradesh. Soils of this eco-region are highly water retentive in nature. Thereafter, 
there are medium black soils in the Khargone, and Barwani districts mixed with skeletal red, 
yellow soils. The lower hilly portions in Madhya Pradesh, Maharashtra and Gujarat have 
mostly shallow red and yellow and skeletal soils of low fertility. There are alluvial deposits 
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on the banks of most of the major tributaries of the Narmada River. The coastal plains in 
Gujarat are composed of alluvial clays with a layer of black soils on the surface. 
 
Altitudinal Variation within the Riverscape - The riverscape from east to west direction 
depicts large altitudinal variation from less than 250 m AMSL to more than 1,000 m AMSL. 
Altitude plays an important role in the physical characteristics, biological diversity and its 
distribution and socio-economic uses and consumption patterns.  In particular, higher 
altitudes greatly influence river flow, rate of sedimentation, vegetation, wild animal use and 
even human settlements and their uses. A total of five elevation classes were derived (Table 
9.3; Fig.9.5). The distribution of areas under different elevation classes within the riverscape 
given in Table 9.3 revealed that the maximum extent of 6,425.75 km2 or 43.8% area of the 
riverscape lies in the altitudinal class of 250 m to 500 m. This was followed by 42.96% area 
of riverscape representing the lowest elevation class of <250 m. Nearly 12% area of 
riverscape has fallen in the elevation class (500 m to 750 m) (Fig.9.5).  

 

Table 9.3: Distribution of Elevational Categories within the Narmada Riverscape 

Sr. 
No. 

Elevation Classes Area (km2) Riverscape Area (%) 

1  ≤ 250 m 6,303.31 42.96 
2  250 m to 500 m 6,425.75 43.8 
3  500 m to 750 m 1,706.34 11.63 

4  750 m to 1000 m 198.01 1.35 
5  ≥ 1000 m 38.61 0.26 

Total 14,672.02 100 
 

(b) Biological Sub-Environment – Nearly one-third area of the Narmada Basin is covered 
by forests. The hilly and upper plain regions of the upper basin extending up to the Tawa 
catchment are well forested with good crown cover of tropical moist deciduous and tropical 
dry deciduous forests. The forests of the middle and lower basin represent tropical dry 
deciduous and scrub forests. The forest of the lower plain region has been heavily denuded 
over the years and the best forest has been submerged by the reservoir of the Indira Sagar 
Dam. Forests are practically non-existent in the parts of the basin in the states of Maharashtra 
and Gujarat where forestlands have been converted into agriculture or grazing lands. The 
major challenge to forests in the basin is the pressure created by the livelihood needs of forest 
dependent communities, residing in and around the forests. These communities are mainly 
tribal living in the interiors of the forests with little alternate sources of livelihood. The 
natural vegetation of the region is a three-tiered forest adapted to the monsoon climate. 
Riparian areas along the rivers and streams receive year-round water providing congenial 
conditions for moist evergreen forests dominated by tree of Terminalia arjuna, Syzygium 
cuminii, Syzygium heyneanum, Salix tetrasperma, Homonoia riparia, Vitex negundo, etc. 
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Fig. 9.5: Altitudinal Variation within the Narmada Riverscape 

(i) Land Use Land Cover within the Riverscape – Land information is important to a 
wide variety of human activities such as agriculture, forestry, water resource management, as 
well as other types of land/natural resource management. The pre-processed geometrically 
and radio-metrically corrected PAN merged satellite datasets were displayed on screen for 
attempting visual interpretation of various land use classes. Standard image interpretation 
keys viz., shape, size, colour, tone, texture, pattern, shadow, site, association, and phenology 
were used to generate Image Interpretation Schemes. Altogether, 20 land use land cover 
categories were deciphered within the Narmada Riverscape (Table 9.4). Five categories 
relevant to forest cover were registered within the riverscape. These included: (a) Dense 
Forest, (b) Moderately Dense Forest, (C) Open Forest, (d) Swamps/ Mangroves, and (e) 
Scrub.  These five categories collectively represented 30.80% area of the riverscape. The 
Dense Forests constituted a small extent of 112.26 km2 and represented just 0.77% area of the 
riverscape (Table 9.4). Among remaining 15 land use land cover categories, the highest 
extent was of agriculture, being 7,545.58 km2 and represented 51.43% area of the riverscape. 
This was followed by River (Perennial) and River (Dry)/ River Sand as they represented 
10.16% and 2.33% area of the riverscape, respectively.  Gullied/ Ravine Lands and 
Settlements represented 2.12% and 1.93% area of the riverscape. Rest LULC classes had 
representation of less than 0.5% (Table 9.4). 
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Table 9.4: Extent of land use land cover classes within the Narmada Riverscape 

Sr. No. Land Use Land Cover Area (km2) Riverscape Area (%) 

1  Dense Forest  112.26 0.77 
2  Moderately Dense Forest  1,361.09 9.28 
3  Open Forest  1,479.48 10.08 
4  Swamp/Mangroves  7.5 0.05 
5  Scrub  1,565.52 10.67 
6  Agriculture  7,545.58 51.43 
7  Agriculture Plantation  2.87 0.02 
8  Settlement  282.51 1.93 
9  Industrial Area  27.79 0.19 
10  Barren  46.8 0.32 
11  Gullied/Ravine Land  311.24 2.12 
12  Mining/Mining Dump  10.01 0.07 
13  Mud Flat/ Coastal Wetland  64.44 0.44 
14  Canal  5.45 0.04 
15  Pisciculture-Pond  1.9 0.01 
16  River (Perennial)  1,490.53 10.16 
17  River (Dry)/River Sand  341.24 2.33 
18  Waterbody  9.61 0.07 
19  Sea  3.63 0.02 
20  Cloud  2.57 0.02 

Total 14,672.02 100 
 
(ii) Forest Type and Forest Cover - The forest type information is most important in 
suggesting suitable sites for forestry interventions based on areas which do not have dense 
forest cover or which fall in scrub and riverine habitats along the river banks. Thus, the 
insight on distribution of various forest types and forest cover was developed using reference 
data provided by the Forest Survey of India. Broadly, four types of forests were recorded 
within the riverscape besides the non-forest category. These were: Tropical Dry Deciduous 
Forests, Tropical Moist Deciduous Forests, Littoral and Swamp Forest, and the Scrub. These 
categories collectively covered 30.85% of the riverscape. The non-forest category covered 
the highest extent of 10,146.17 km2 and represented 69.15% of the riverscape (Table 9.5). 
The two prominent forest types viz., Tropical Dry Deciduous Forests and Tropical Moist 
Deciduous Forests represented 18.08% and 2.04% area of the riverscape, respectively (Table 
9.5). The Scrub covered nearly 10.67% area of the riverscape.   

Table 9.5: Extent under different forest types within the Narmada Riverscape 

Sr. 
No. 

Forest Types Area (km2) Riverscape Area (%) 

1  Tropical Dry Deciduous Forests 2,653.17 18.08 
2  Tropical Moist Deciduous Forests 299.66 2.04 
3  Littoral Swamp Forests 7.5 0.05 
4  Scrub 1,565.52 10.67 
5  Non-Forest 10,146.17 69.15 

Total 14,672.02 100 
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(iii) Wildlife Diversity – Teak (Tectona grandis) and India's best hardwood forests are 
found in the Narmada River Basin and they are much older than the ones in the Himalayas. 
The lower Narmada River Valley and the surrounding uplands, primarily consists of dry 
deciduous forests. The natural vegetation of the region is a three–tiered forest. Tectona 
grandis is the dominant canopy tree, in association with Diospyros melanoxylon, Anogeissus 
latifolia, Lagerstroemia parviflora, Terminalia tomentosa, Lannea coromandelica, 
Hardwickia binata and Boswellia serrata. The basin is home to 76 species of mammals and 
to 276 bird species, none of which are endemic. About 30% of the region is covered in 
relatively intact vegetation. The region includes some large blocks of varied habitats in the 
Vindhya and Satpura Ranges. Some of the important national parks and wildlife sanctuaries 
in the Narmada Valley are: Kanha National Park located in the upper reaches of Narmada, 
boasts of several wild animals including the Tiger. Two tributaries of Narmada, namely, 
Halon and Banjar, flow through this park. It is one of the best and well managed parks, which 
has been described vividly by Rudyard Kipling in his famous creation ‘The Jungle Book’. 

The Satpura National Park, set up in 1981, is located in Hoshangabad district of Madhya 
Pradesh. Its name is derived from Satpura Hill Range (Mahadeo hills) and covers an area of 
524 km2 and along with the adjoining Bori and Panchmarhi Sanctuaries, provides 1,427 km2 
of unique central Indian Highland ecosystem. Satpura NP, being part of a unique ecosystem, 
is very rich in biodiversity and harbours the tension zone between sal (Shorea robusta) and 
teak (Tectona grandis). The fauna comprises tiger (Panthera tigristigris), leopard (Panthera 
pardus), sambar (Rusa unicolor), chital (Axis axis), bhedki/ barking deer (Muntiacus 
muntjak), nilgai (Boselaphus tragocamelus), four-horned antelope (Tetracerus quadricornis), 
chinkara (Gazella bennetti), gaur (Bos gaurus), wild boar (Sus scrofa), wild dog (Cuonal 
pinus), sloth bear (Melursus ursinus), mouse deer (Moschiola indica), Indian flying squirrel 
(Hetaerist philippensis), and Indian giant squirrel (Ratufa indica). There are a variety of 
birds. Hornbill and peafowl are the common birds. The flora of the national park consists of 
mainly sal (Shorearobusta), teak (Tectona grandis), tendu (Diospyros melanoxylon), aonla 
(Phyllanthus emblica), mahua (Madhuca longifolia), bael (Aegle marmelos), bamboo 
(Dendrocalamus strictus), and a variety of grasses and medicinal plants. 

Forest areas outside protected areas are also quite rich in floral and faunal diversity. The 
Pachmarhi Biosphere Reserve covers an extent of 4,926.28 km2 and envelops three wildlife 
conservation units viz., Bori Sanctuary (518.00 km²), Satpura National Park (524.37 km2), 
and Pachmarhi Sanctuary (461.37 km2). Satpura National Park comprises the core zone and 
the remaining area of 4,501.91 km2, surrounding the core zone serves as buffer zone. The 
area exhibits variety of geological rock and soil formations. There is a wide spectrum 
of floral and faunal features that occupy the Satpura Conservation Area. Bori is one of the 
oldest forest reserves, which had an established tradition of scientific management of forests. 
It constitutes a large contiguous forest block that harbours a community of plant and animal 
species typical of the central highland region. Apart from the above national parks, there are 
also a number of natural preserves such as the Amarkantak-Achanakmar Biosphere Reserve. 
The Shoolpaneshwar Sanctuary in Gujarat, near the Sardar Sarovar Dam site, previously 
called the Dumkal Sloth Bear Sanctuary and expanded in the extent four times now covers an 
area of 607 km2, comprises a major watershed feeding the Sardar Sarovar and Karjan 
Reservoir (on the Karjan River, a tributary of Narmada in Gujarat). The sanctuary provides a 
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substantial extent of diverse forests those provide a wide array of habitats to mammals, birds, 
herpetofauna, and fishes beside numerous invertebrates.  

The Narmada River has a huge water resource potential of as much as 40.96 km3 average 
annual flow. More than 90% of this flow occurs during the monsoon months of June-
September. The 75% dependable flow is 35 km3.The upper, middle and lower plains are 
broad and fertile areas, well suited for cultivation. As in case of other inter-state rivers, 
planned development of Narmada Basin also suffered owing to dispute among basin states, 
particularly in the context of proposed height of the Sardar Sarovar Dam in Gujarat as it 
envisaged submergence of substantial forested tract and a large number of villages.  The 
Government of India has set up the Narmada Water Disputes Tribunal (NWDT) in 1969. The 
NWDT has considered the development of the water resources of the basin as a whole, gave 
its award in December, 1979, and allocating share of water and hydropower of the Sardar 
Sarovar Project besides providing an insight on the cost sharing among basin states. 
Additionally, the NWDT also specifically directed the Government of Gujarat to bear all 
costs of resettlement and rehabilitation work for people affected in the three states. The 
uniqueness of the Award was that a non-riparian state i.e., the Rajasthan was allocated a share 
of Narmada waters, for meeting the water requirements of the drought prone districts 
of Barmer and Jalore, which have no other source of dependable water. In addition to power 
generation and irrigation within the basin, water was allocated for domestic and industrial 
water uses and for multipurpose trans-basin diversions to Son River and Tons River Basins in 
eastern MP, drought prone areas of Saurashtra, Kutch, northern mainland in Gujarat, and 
southern Rajasthan. Thus, the Narmada River development is envisaged as a multi-state 
program for development of hydropower and irrigation dams and their associated irrigation 
networks. The total installed capacity of major operational power projects is 3,060 MW. 
Since most projects on the Narmada and its tributaries have been implemented as per the 
award and they have been commissioned to offer a wide range of ecosystem services 
including supply of drinking water, expansion of agriculture, hydropower generation, 
enhanced fish resources, recreation, and tourism besides industrial development and 
employment of generation. At the same time, such huge comprehensive development 
programme has also resulted into several environmental and social concerns.  

(c) Demographic Environment - Proportion of rural population in the four states along the 
river Narmada is lower than the country’s average. The average population density along 

Narmada riverscape of the four states ranged from 157 person km2 in Madhya Pradesh to 331 
persons km2 in Gujarat. Most of the rural population continues to depend on various 
resources from diverse grasslands, forest and wetlands. Gradually, with the advent of 
industrialization and urbanization all along the Narmada River and its tributaries, population 
expansion in towns and cities was experienced owing to migration of laborers and other 
workers for availing newer job opportunities. 

Among different districts of Madhya Pradesh, the Dhar district has the highest population of 
1.22 million scheduled tribes. In case of scheduled castes, the highest population has been 
observed in Mewasi district of Maharashtra having 7,30,089 persons. Jabalpur is the most 
populated district population with 24.63 lakh among all the districts situated in the catchment 
area of Narmada River, followed by Chhindwara (East), Chhindwara (West) and Seoni in 
Madhya Pradesh. Jabalpur district is also the most densely populated district with a 
population of 473 per km2 while Dindori is the least densely populated district with 

https://en.wikipedia.org/wiki/Barmer_district
https://en.wikipedia.org/wiki/Jalore_district
https://en.wikipedia.org/wiki/Son_River
https://en.wikipedia.org/wiki/Tons_River
https://en.wikipedia.org/wiki/Saurashtra_(region)
https://en.wikipedia.org/wiki/Kutch
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population of just 94 people per km2. The highest literacy rate was observed in Baruch 
(81.5%), followed by Jabalpur (81.1%). In terms of area, Chhindwara has 11,815 sq km, 
which is the highest among other districts of the state. People, particularly in the basin have 
been traditionally associated with forests for subsistence, occupation and way of life 
(Fig.9.6). Different development projects and conservation initiatives have directly or 
indirectly impacted their livelihoods, life style, and even traditional cultural practices. For 
example, nearly 50+ forest settlement villages and some revenue villages were rehabilitated in 
order to ensure legally defined ‘inviolate space’ /or core area of the two prominent tiger 

reserves viz., Kanha and Satpura TRs. On one hand, sequential dam/ reservoir/ hydroelectric/ 
multi-purpose projects resulted in the substantial expansion of agriculture at the cost of 
conversion of natural ecosystems, while on the other hand, numerous villages came within 
the identified submergence zone and were rehabilitated.  

 

 

Fig. 9.6: Enhanced agriculture in valleys in mountainous forested landscape within the 
riverscape owing to available irrigation facilities  

9.6 Major Issues  

Despite the river Narmada is the lifeline of two prominent states viz., Madhya Pradesh and 
Gujarat, over past decades the condition of Narmada, its tributaries and even the catchment as 
whole has degraded and continue to deteriorate on account of several natural and manmade 
factors. These are highlighted below:  
 
(a) Physical Barriers, Diversion of Water and Reduced e-flow – The potential of 
Narmada River for irrigation and hydroelectricity has been optimally harnessed through a 
series of dams which have been constructed and commissioned, while some others are 
underway. The Government plans to build 30 large, 135 medium and 3,000 small dams to 
harness the waters of the Narmada and its tributaries. There are proposals for river link 
projects (e.g., Ken-Betwa, MoU signed) and the Parawit Kalsindh-Chambal links are under 
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consideration with other states. Hence, one of the primary causes of reduced flow and 
deteriorating condition of the river and its tributaries is due to creation of sequential physical 
barriers all through the course of river, diversion of water, excessive use of water for 
irrigation, and even the exploitation of ground water. 
 
(b) Declining Forests and Degradation – The forests in three states, particularly 
Chhattisgarh, Madhya Pradesh, and Maharashtra have not only been burdened by traditional 
dependence of a large section of rural society including forest dwellers, tribal people but were 
heavily worked for more than 100 years during the British regime and even after until the late 
1970s when the gradual emphasis on conservation of forests was laid. Thus, forests have 
suffered on account of exploitation, traditional resource dependence, gradual conversion of 
native forests through selection system, introduction of exotics and extensive plantations 
under monocultures, excessive pressure of livestock grazing, recurrent forest fires, 
proliferation of weeds, diversion of forest lands for developmental projects, etc.  

 
(c) Expansion of Agriculture and Resultant Soil Erosion – The entire mountainous 
tract under the Maikal, Satpura or Vindhya Ranges is being extensively cultivated by forest 
dwellers and rural populations whether they live on plateaus or in intermittent valleys. 
Increasingly, heavy machinery is also being used to level the land and improve the condition 
of crop fields, resulting to enhanced erosion (Fig.9.7).  

 
(d) Growing Urbanization and Industrialization – Like most rivers in India, all along 
the course of Narmada River and its tributaries, several cities/ townships and settlements have 
not only come up but they are growing at a fast pace. These urban centers contribute in a big 
way towards deterioration of water quality through industrial effluents, chemical pollutants 
from agriculture, sewage and waste disposal. The congregation of pilgrims, visitors at several 
prominent places along the river aggravates the deteriorating situation. Till recent past, the 
problem of water pollution was considerably less in the Narmada River. However, for the last 
few decades, increasing activities of human interventions, agriculture, industries, etc. in the 
Narmada Basin have increased the pollution level in water of the river. There are also 
concerns about the groundwater quality in Bharuch, Gujarat with the chemical units pumping 
their effluents into the aquifers leading to heavy pollution of groundwater. 

 
Fig. 9.7: Eroding River Bank 
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Conservation problems, issues, and threats in the context of Narmada River are summarized 
in Box 9.1. 

 

9.7 Prioritization of Sites  

For the purpose of preparation of DPR and for identification of priority areas for the proposed 
treatment/forestry interventions within the Narmada Riverscape, GIS-assisted decision-
making process by way of geospatial analysis and modelling was employed. GIS was used to 
generate different layers for the riverscape like physical and biological attributes viz., 
elevation classes, DEM, slope, aspect, soil types, soil erosion rate, etc. besides land use land 
cover, forest types and cover, forest fragmentation, etc.   As stated earlier, multiple attribute 
criteria (land use land cover/ forest cover, slope, and erosion rate) were considered for 
modelling and generation of an insight on the priority areas under three categories viz., High, 
Medium, and Low for the proposed interventions. The State-wise distribution of priority 
areas within the Narmada Riverscape are presented in Table 9.6. Accordingly, 34.10% area 
of the riverscape lies in High priority area. The medium priority area represented 21.28% area 
while the low priority area represented 44.62% area of the riverscape, respectively. 

Box - 9.1 
Narmada River – Problems, Challenges and Issues 

 
▪ The westerly flowing Narmada River has been optimally harnessed for irrigation and 

hydroelectricity through a series of dams (30 large, 135 medium and 3,000 small) which have 
been either constructed or commissioned or some others are underway. In addition, ambitious 
river link projects (e.g., Ken-Betwa, MOU signed) and the Parbati-Kalisindh-Chambal link are 
under consideration. Thus, these sequential dams are primary cause of reduced flow and 
deteriorating condition of the river and its tributaries. Physical barriers all through the course of 
river, diversion of water, excessive use of water for irrigation, and even the exploitation of 
ground water are prominent factors responsible for the deteriorating situation of river.  

▪ The forests in basin states, particularly Chhattisgarh, Madhya Pradesh, and Maharashtra have 
not only been burdened by traditional dependence of forest dwellers and tribal people but were 
also heavily worked for more than 100 years during the British regime and post-independence 
of the country. Thus, diverse forests in the forested basin have suffered on account of 
exploitation, traditional resource dependence, gradual conversion of native forests through 
selection system, introduction of exotics and extensive plantations under monocultures, 
excessive pressure of livestock grazing, recurrent forest fires, proliferation of weeds, diversion 
of forest lands for developmental projects, etc.  

▪ The upper basin area in the mountainous tract under the Maikal, Satpura or Vindhya Ranges is 
being extensively cultivated by forest dwellers and rural populations whether they live on 
plateaus or in intermittent valleys. Heavy machinery is being used to level the land and improve 
the condition of crop fields. Thus, extensification of agriculture and use of heavy machinery are 
resulting in enhanced soil erosion and chemical pollutants to the river. 

▪ Several cities/ townships and settlements growing at a fast pace have come up all along the 
main channel and its tributaries and these urban centers contribute in a big way towards 
deterioration of water quality through industrial effluents, sewage and waste disposal. 

▪ The congregation of pilgrims and other visitors at several prominent places along the river 
aggravates the deteriorating situation. Increasing human activities, agriculture, industries, etc. in 
the Narmada Basin have enhanced the pollution level in water of the river. Chemical units at 
Bharuch, Gujarat pumping industrial effluents into the aquifers leading to heavy pollution of 
groundwater. Much higher mercury level in the groundwater near the Ankleshwar Industrial 
Estate more than the admissible limits have been reported. Ingress of saline water ingress due to 
heavy drawl of ground water in the area has aggravated the situation. Some areas in Mandla, 
Dindori, Chhindwara, Sehore, Jhabua and Dhar districts have reported high fluoride content in 
the groundwater leading to the prevalence of fluorosis among the local population. 
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Table 9.6: Distribution of Priority Areas within the Narmada Riverscape  

Sr. 
No. 

State Priority Areas (km2) Riverscape Area (km2) 
High Medium Low 

1  Chhattisgarh 0.01 
(0.00%) 

13.34 
(0.09%) 

38.87 
(0.26%) 

52.22 

2  Madhya Pradesh 4,771.94 
(32.53%) 

2,707.19 
(18.45%) 

5,048.02 
(34.40%) 

12,527.15 

3  Maharashtra 85.41 
(0.58%) 

92.58 
(0.06%) 

69.38 
(0.47%) 

247.37 

4  Gujarat 146.24 
(0.99) 

308.39 
(2.10) 

1,390.65 
(9.47%) 

1,845.28 

Total  5,003.6 3,121.50 6,546.92 14,672.02 
Riverscape Area (%) 34.10 21.28 44.62 100 

 
 
9.8 Policy and legal issues 

There have been perceptible changes and evident degradation of most Indian rivers. There 
has been a felt need for the continuous and unpolluted flow of rivers. This needs to be 
urgently addressed in the current pressing scenario of the country. The emphasis on forestry 
interventions also gives legal recognition to the significance of land use in integrated 
watershed management, which needs to be expressly envisaged in the existing legal and 
policy framework. The Chapter 3 in Volume 1 of the DPR provides an overview on concerns 
regarding the governance of natural resources and prevailing policy and legal framework for 
river systems in India. Since the last five decades, India has undertaken a large number of 
policy and legislative measures to reduce the degradation and launched multi-focal 
programmes to protect the environment, land, soil, water resources, and natural ecosystems 
along with associated floral and faunal diversity. India is not alone in its fight against global 
environmental challenges and has therefore, joined international conventions and 
commitments. Thus, India is trying its best to adopt and implement national and international 
strategies towards sustainable land and ecosystem management, and biodiversity 
conservation and also for to mitigation and adaptation to climate change. India is committed 
to fulfil the requirements and implementation of various commitments. The Central ministries 
like MoEF&CC, Ministry of Jal Shakti are mainly dealing with disciplines of forests, 
wildlife, environment, and climate change, and water resources and river development, 
respectively.  
 
(i) Legislations for Protection of Water - As per the section 2 (a) of the Environmental 
Protection Act, 1986 the term 'Environment' includes (i) water, air and land (ii) the inter 
relationship which exists among and between (a) water, air and land and (b) human beings, 
other living creatures, plants, microorganisms and property. The judiciary has also played a 
vital role for the environmental protection through its dynamic interpretation of Articles 21, 
48 A and 51 A(g) of the Indian Constitution. In the case of Narmada Bachao Andolan vs. The 
Union of India, the Hon’ble Supreme Court held that the right to clean water is a fundamental 
right under Article 21 of the Indian Constitution. The court had observed that the right to 
clean water is a part of the basic necessity of the human's right to life. The state is duty bound 
to prevent the water from getting polluted. Article 51 A (g) envisages the protection and 
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improvement of the natural environment including forests, lakes, rivers and wildlife and to 
have compression for living creatures. The Central Government agencies like the Narmada 
Control Authority, Narmada Water Disputes Tribunal and programmes like National 
Narmada Water Policy, Narmada –Shipra link Project, Par-Tapti Narmada Link Project, Jal 
Kranti Abhiyaan, Jal Shakti Abhiyan, etc. have gone a long way in addressing problems 
related to river Narmada. Similarly, state policies and programmes of Madhya Pradesh 
Government like Narmada Valley Development Authority, Narmada Conservation and 
Development Program, Narmada River Trust, Water Sector Restructuring Project, ‘Namami 

Devi Narmade’ Program, Madhya Pradesh State Water Policy have been instrumental in 

sustainable water utilization, maintenance of water quality and efficient use of water 
resources to match with the growing demands of people. 
 
(ii) Prominent Agencies/Departments in the context of Narmada River - The Water 
Resources Department, Madhya Pradesh is one of the major establishments of the 
Government of Madhya Pradesh. It protects the right of State in sharing Water of Inter State 
Rivers/ Basins. The field of operations of Water Resources Department is responsible for 
creation and maintenance of irrigation potential through construction of water resources 
projects. It also looks after calamity management in the form of construction and 
maintenance of flood control works, reservoir operation and reconstruction of structures 
damaged by cyclones. The Narmada Valley Development Authority (NVDA), an 
organization of Government of Madhya Pradesh constituted for planning water resources 
development in Narmada Basin and expeditious implementation of projects in the year 1985. 
The NVDA is a multidisciplinary organization of the State Government and its objectives is 
to plan for the proper conservation and development of forests, wildlife and fisheries in the 
Narmada Valley. The NVDA directly helps in the management of the water resources of the 
Narmada River and its tributaries and also provides resettlements and rehabilitation of 
affected communities. The NVDA have jurisdiction over the major water resources 
development projects in the Narmada Basin. The Narmada Control Authority (NCA) was set 
up in accordance of the final orders and decision of the Narmada Water Disputes Tribunal 
(NWDT) as machinery for implementation of its directions and decision. The authority 
functioning from 20 December, 1980 is a body corporate with representatives of the four 
States of Madhya Pradesh, Gujarat, Maharashtra, Rajasthan and representatives of 
Government of India. The authority is funded in equal proportions by all the four states. The 
Secretary (Water Resources), Government of India is the ex-officio Chairman of the 
Authority, whereas the routine administration is the responsibility of Executive Member of 
the Authority. NCA presently has six subgroups. The Narmada Control Authority with its  
headquarters based at Indore has been mandated with the duty of implementation of the order 
of the Tribunal with respect to (i) the storage, apportionment, regulation and control of the 
Narmada water; (ii) sharing of power benefits from Sardar Sarovar Project; (iii) regulated 
releases by Madhya Pradesh; (iv) acquisition by the concerned states for Sardar Sarovar 
Project of lands and properties likely to be submerged under Sardar Sarovar; (v) 
compensation and rehabilitation and settlement of oustees; (vi) sharing of costs; and (vii) 
Environmental protection measures. 
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9.9 Treatment Models 
 
As stated earlier, the Narmada Riverscape represents a mixture of prominent land use land 
cover categories viz., forests, agriculture, and urban landscapes besides several other natural 
and manmade categories.   Varied forestry interventions have been proposed within the 
natural, agriculture, and urban landscapes within the riverscape. Proposed treatment models 
are mainly based on the landscape type; soil status, species prioritization by the local people 
so as to enhance cover of native vegetation, water flow, and soil and moisture conservation. 
Proposed forestry interventions have been identified, designed and developed by TFRI, based 
on extensive consultative process with professionals including forest officials besides NGOs, 
and local communities. The selection criteria of various species for proposed interventions 
included: (a) indigenous and native species to the local area, (b) dependency of local people 
on the species, (c) regeneration status, (d) livelihood and economic significance, (e) rare, 
threatened, and endangered species, and (f) species those have been over exploited. The TFRI 
team also considered the existing practices by the SFDs of Chhattisgarh, Madhya Pradesh, 
Maharashtra and Gujarat, State Agricultural Universities, NGOs, etc. and optimally utilized 
their multi-disciplinary scientific and management knowledge for the establishment and 
management of various forestry interventions including production of quality planting 
material, planting of tall seedlings, digging of larger pit for early establishment, irrigation and 
protection measures, application  of VAM and bio-fertilizers, etc. for better survival, growth 
and success of the plantations. Proposed forestry interventions meant for natural, agriculture 
and urban landscapes were discussed in detail with various stakeholders and accordingly 
finalized and incorporated in DPR for the purpose of rejuvenation of river Narmada and its 
tributaries. 
 
Treatment Models – Altogether, 48 treatment models meant for three types of landscapes 
within the riverscape across representative parts of four involved states were finally included 
in the DPR for rejuvenation of river Narmada and its tributaries (Table 9.7).  
 
(a) Natural Landscape – In all, 29 treatment models were included for interventions in 
natural landscapes of four states (Table 9.7) Out of this, 17 treatment models (NR/MP/NL/01 
to NR/MP/NL/17), being the highest in number were meant for natural landscapes within the 
largest basin state i.e., the Madhya Pradesh in the context of Narmada River. A provision of 
six models (NR/GJ/NL/01 to NR/GJ/NL/06) was made in the case of Gujarat State while five 
models were developed and included in the state of Maharashtra (NR/MH/NL/01 to 
NR/MH/NL/05). Only one model was included in the state of Chhattisgarh due to small area 
falling in this state (Table 9.7).  A few treatment models are unique and very much suited to 
the region to meet various direct and indirect needs. For example, Rehabilitation of degraded 
forests (RDFs) through mixed species plantations through model NR/MP/NL/02 will not only 
help in restoration and rehabilitation of the degraded areas using mixed species but would 
also immensely help in maintaining the local biodiversity and to meet out various needs of 
local area. Likewise, treatment model NR/MP/NL/04 - Mixed plantation of grass and fodder 
species is primarily devised so as to check the soil erosion and provide fodder to the wild 
animals especially during the lean period and under this model it is proposed to sow seeds of 
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various fodder species. Also, this model will help in control the soil erosion and maintain the 
soil moisture status. Mixed plantation of indigenous edible fruit yielding trees by way of the 
proposed model NR/MP/NL/15 mainly aims to improve the habitat of wild animals and 
provide food to them. Various models also aim to provide various services to local people 
and also help in rejuvenation of river Narmada and its tributaries. 
 
The proposed treatment models NR/MP/NL/13 and NR/MP/NL/14 specifically meant for 
Natural Landscapes in Madhya Pradesh focused on the Mixed Plantations of 
Hardwickiabinnata and its associates, and Mixed Plantations of Anogeissus pendula and its 
associates, respectively as they are highly specific to the region and both the species are 
dominant in particular forest tracts. Due to various reasons, population densities of both the 
species have drastically declined and it is very much important to maintain the dominant 
species and it associates for direct and indirect benefits. The model NR/MP/NL/16 pertains to 
in-situ conservation of site-specific threatened species. Thus, proposed mainly to conserve 
some threatened species all along the river course which helps in maintaining the local 
biodiversity. In the case of natural landscapes, while designing various models, importance 
was given to the attribute of slope that plays pivotal role in soil erosion and accordingly 
bamboo and grass species which are having potential to control soil erosion and maintain the 
soil moisture besides meeting the local needs have been recommended. In the case of state of 
Gujarat, some specific models meant for natural landscapes focus on the Mixed Plantation of 
Riverine Species (NR/GJ/NL/03), besides the Coastal Border Plantation with Casuarina 
equisetifolia Block Plantations (NR/GJ/NL/04) as a wind break model to control the wind 
speed and increase the fruit production from agricultural fields and Mangrove Plantation 
through propagules (NR/GJ/NL/05) to maintain the mangrove ecosystem. These models are 
very specific to the area and are immensely required to maintain various threatened 
ecosystems 
 
(b) Agriculture Landscapes – The agriculture landscapes across Madhya Pradesh, 
Chhattisgarh, and Gujarat included in total 09 models (Table 9.7). The maximum number of 
models, being five was in case of Gujarat State while Madhya Pradesh and Chhattisgarh had 
three and two models, respectively.  

 
(c) Urban Landscapes – In all, 10 models for Urban Landscapes within the riverscape 
have been included in the DPR (Table 9.7). These models relate to avenue, educational and 
industrial estates, and riverside plantations besides the Eco Park and Riverfront Development. 
Two states (Madhya Pradesh and Gujarat) were provisioned of five models each under this 
category of the landscape.  
 
In addition to the above models, activities relevant to soil and conservation measures have 
been also envisaged in four states. State/ Landscape/ Model-wise details on the proposed 
extent and total cost are provided in Table 9.7. 
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Table 9.7: Treatment and plantation models for proposed forestry interventions in 
three type of landscapes and conservation interventions within Narmada 
Riverscape  

Model No. Model Name Area 
(ha)  

Total Cost 
(Rs. in crore) 

(A) Chhattisgarh 
Natural Landscape 
NR/CG/NL/01 Mixed Plantation of Southern Tropical Dry 

Deciduous Tree Species 
9.41 0.16 

Sub -Total Natural Landscape 9.41 0.16 
Agriculture Landscape 
NR/CG/AL/01 Block Plantation of Tree Species 0.70 0.01 
NR/CG/AL/02 Bund Planting 10.50 0.02 
Sub -Total Agriculture Landscape 11.20 0.03 
Conservation Interventions 
Conservation Interventions (SMC Measures) - 0.36 

(B) Madhya Pradesh 
Natural Landscape 

NR/MP/NL/01 
Plantation of Northern Tropical Moist Sal and 
Associates 

488.78 8.07 

NR/MP/NL/02 
Rehabilitation of RDF Area Through Mixed 
Species Plantation 

1,056.95 17.88 

NR/MP/NL/03 Mixed Plantation with Bamboo Species 598.10 10.71 
NR/MP/NL/04 Mixed Plantation of Grassand Fodder Species 1,023.79 15.99 
NR/MP/NL/05 Rehabilitation of Weed Infested Forest Areas 1,179.17 34.76 

NR/MP/NL/06 
Rowand Block-Plantations of Sal and Its 
Associates-Upper Hilly and Plains 

469.00 9.18 

NR/MP/NL/07 
Row and Block Plantation of Teak and its 
Associates-Upper Plain, Middle Plain and 
Lower Hilly Areas 

2,825.41 55.32 

NR/MP/NL/08 Soil and Water Conservation Measures 20,475.90 737.06 

NR/MP/NL/09 
Mixed Plantation of Southern Tropical Dry 
Deciduous Tree Species 

576.31 10.32 

NR/MP/NL/10 Mixed Plantation of Riparian Species) 343.51 10.45 

NR/MP/NL/11 
Southern Tropical Very Dry Deciduous Tree 
Species 

878.31 16.40 

NR/MP/NL/12 Dry Deciduous Scrub Forest Tree Species 72.00 2.78 

NR/MP/NL/13 
Plantation of Hardwickiabinaata and 
Associates 

70.00 1.31 

NR/MP/NL/14 
Plantation of Anogeissus pendula and 
Associates 

470.00 8.77 

NR/MP/NL/15 
Plantation of Indigenous Edible Fruit Yielding    
Trees 

1,219.53 22.76 

NR/MP/NL/16 
In-Situ Conservation Site Specific Threatened 
Species 

200.50 5.60 

NR/MP/NL/17 Plantation of Mixed Deciduous Tree Species 9,866.53 164.09 
Sub -Total Natural Landscape 41,813.79 1,131.45 
Agriculture Landscape 

NR/MP/AL/01 Block Plantation 2,831.00 12.15 
NR/MP/AL/02 Silvi-Pasture Model 2,831.00 21.97 
NR/MP/AL/03 Bund Planting 21,375.00 21.38 
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Model No. Model Name Area 
(ha)  

Total Cost 
(Rs. in crore) 

Sub -Total Agriculture Landscape 27,037.00 55.5 
Urban Landscape 

NR/MP/UL/01 Avenue Plantation 39.53 6.25 
NR/MP/UL/02 Institutional and Industrial Estate Plantations 1.57 0.07 
NR/MP/UL/03 Riverside Plantations 5.23 0.15 
NR/MP/UL/04 Eco Parks 21.72 2.40 
NR/MP/UL/05 River front development 50.16 10.03 
Sub -Total Urban Landscape 118.21 18.9 
Conservation Interventions 
Conservation Interventions (SMC Measures) - 114.11 
(C) Maharashtra 
Natural Landscape 

NR/MH/NL/01 
Rehabilitation of Degraded Forest (RDF) Area 
Through Mixed Species Plantation 

06.00 0.10 

NR/MH/NL/02 Mixed Plantation with Bamboo Species 21.00 0.35 

NR/MH/NL/03 
Rowand Block Plantation of Teak and its 
Associates 

25.00 0.46 

NR/MH/NL/04 Soil and Water Conservation Measures 25.00 0.84 
NR/MH/NL/05 Plantation of Mixed Deciduous Tree Species 25.00 0.39 
Sub -Total Natural Landscape 102.00 2.14 
Agriculture Landscape - - 
Urban Landscape - - 
Conservation Interventions (SMC) - - 
(D) Gujarat 
Natural Landscape 

NR/GJ/NL/01 
MixedPlantation of Dry Deciduous Teak and 
its Associates Through ANR 

1,960.36 27.92 

NR/GJ/NL/02 
Rehabilitationo f Degraded Forests (RDF) 
Through Bamboo and Grass 

245.00 6.75 

NR/GJ/NL/03 Mixed Plantation of Riverine Species 986.00 12.98 

NR/GJ/NL/04 
Coastal Border Plantation-Casuarina 
equisetifolia Block Plantation 

1,840.00 25.49 

NR/GJ/NL/05 
Mangrove Plantation Through Propagules -
Seed Sowing 

444.00 7.23 

NR/GJ/NL/06 Mangrove Plantation-Planting by Seedlings 2,500.00 31.99 
Sub -Total Natural Landscape 7,975.36 112.36 
Agriculture Landscape 

NR/GJ/AL/01 StripPlantation 21.00 1.52 

NR/GJ/AL/02 
Plantation of Commercially Important 
Tree Species– Irrigated 

2,736.31 179.95 

NR/GJ/AL/03 
Plantation for Environment Amelioration 
through Community Participation 

327.39 13.79 

NR/GJ/AL/04 Agri-Silvi-Horticulture Model 1,957.47 40.90 

Sub -Total Agriculture Landscape 5,042.17 236.16 
Urban Landscape 

NR/GJ/UL/01 Avenue Plantation 1.84 0.29 
NR/GJ/UL/02 InstitutionalPlantation 0.30 0.01 
NR/GJ/UL/03 Riverside Plantation 0.60 0.02 
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Model No. Model Name Area 
(ha)  

Total Cost 
(Rs. in crore) 

NR/GJ/UL/04 Eco-Parks 5.52 0.61 
NR/GJ/UL/05 Riverfront Development 0.16 0.03 
Sub -Total Urban Landscape 8.42 0.96 
Conservation Interventions 
Conservation Interventions (SMC Measures) - 49.14 
Sub -Total Conservation Interventions - 49.14 
 
9.10 Implementation Mechanism 
 
Varied forestry interventions in three types of landscapes (Natural, Agriculture, and Urban) 
within the riverscape form a significant aspect of the DPR Implementation Phase. The 
success would largely depend on the effective implementation through active involvement of 
varies stakeholders and inbuilt monitoring system.  
 
The State Forest Department (SFD) of the four basin states will be the primary Implementing 
Agencies (IA) for the DPR. Various hierarchy levels in SFDs have specific roles and 
responsibilities. Apart from the four SFDs, other line departments (Agriculture, Horticulture, 
Animal Husbandry, Urban development, Municipal Corporations (Nagar Nigam, Zila 
Panchayat, Panchayat, etc.), civil society organizations (JFMCs, VFCs, and EDCs) and other 
NGOs would also be actively involved in execution of the project activities. Three tier 
hierarchical structures i.e., national, state and district levels are proposed for the 
implementation of DPR. The proposed three tier structure will ensure effective 
implementation of planned activities of the project, financial management, project 
monitoring, and reporting through transparency and accountability measures. 
 
Since emphasis is on the forestry interventions, the Ministry of Environment, Forest and 
Climate Change (MoEF&CC) will be the nodal ministry and will provide overall guidance 
and supervision for the project. National Project Directorate (NPD) at MoEF&CC will be 
responsible for overseeing and coordination/ implementation of the project, ensuring timely 
release of funds and monitoring. 
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Proposed mitigation measures in Narmada Riverscape are summarized in Box 9.2. 
 

 
 
 
The State Project Directorate (SPD) in four involved states i.e., Madhya Pradesh, Gujarat, 
Maharashtra and Chhattisgarh are primary implementing agencies (IAs) for forestry 
interventions within the riverscape. The, SFDs especially of Madhya Pradesh and Gujarat are 
expected to cover large extents of natural, agriculture, and urban landscapes in their 
respective states, wherein diverse activities ranging from intensive plantations, soil and water 
conservation works, riverfront development, eco parks, riparian wetland management, and 
bioremediation and biofiltering, besides implementation of various allied/supporting 
activities viz., community mobilization, capacity building, awareness generation research and 
monitoring, and evaluation have been planned. For Maharashtra and Chhattisgarh, structure 
of SPMU may be smaller compared to the states of Madhya Pradesh and Gujarat as almost 
90% extent for the proposed interventions falls in these two states only. The SPMUwill be 

Box - 9.2 
Rejuvenation of Narmada River – Major Mitigation Measures 

 
Narmada River after it originates from the Amarkantak Plateau in Madhya Pradesh flows 
between Vindhyas and Satpura Hill Ranges before falling in Gulf of Khambhat and 
suffer chiefly on account of physical barriers-damming the river for irrigation and 
hydropower and diversion of water, declining of forests and degradation, traditional 
resource dependence on forests, expansion of agriculture and soil erosion, and growing 
urbanization and industrialization. Major proposed forestry interventions include:  

▪ Soil and moisture conservation works worth Rs. 163.25 crore, representing 
7.67% of the total budget outlay by way of proposed varied soil and moisture 
conservation (SMC) works. 
 

▪ Altogether, 48 treatment models in Natural, Agriculture, and Urban landscapes 
within the riverscape are proposed across Chhattisgarh, Madhya Pradesh, 
Maharashtra and Gujarat at a cost of Rs. 1246.47 crore, Rs. 319.78 crore, and 
Rs. 34.86 crore, respectively. These models mainly focus on the assisted natural 
regeneration; restoration of degraded forests (RDFs); enrichment planting in 
diverse forests; plantations of Anogeissus pendula and Harwickia binata and 
their associates;  plantation of riparian, fruit bearing trees, and deciduous tree/ 
scrub species;  block plantations of Sal/ Teak; rehabilitation of weed infested 
areas; mixed plantations of bamboo, grass and fodder species; bund planting; 
silvi-pastoral plantations; coastal border Casuarina equisetifolia and mangrove 
plantation;  avenue plantations; eco-park development; riverfront development, 
riverfront development; and plantations in educational and industrial estates.  
 

▪ In addition, supporting activities aiming creation of awareness, capacity 
development, adaptive research, participatory monitoring, evaluation, etc. have 
also been proposed for implementation.  
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headed by the PCCF/ Addl. PCCF level officer who will be designated as the State Project 
Director, while a CCF level officer will be designated as State Project Coordinator (SPC) to 
assist the SPD. The District Implementing Committee (DIC) will be specially constituted for 
the implementation of the project at the district level. It will have District Collector as the 
Chairperson, the concerned DFO as the Member Secretary and district level representatives 
of line departments (Agriculture, Horticulture, Urban Development, Animal Husbandry, 
Fisheries, etc.) as well as representatives civil of society as its members.  
 
The TFRI, Jabalpur has been instrumental in the preparation of DPR based on exhaustive 
consultations and stakeholder’s participation while following a scientific planning process. It 

is therefore, of paramount importance that TFRI should play vital role in capacity 
development and strengthening knowledge management required for the conservation of 
Narmada Riverscape by providing best available practices for forestry interventions and 
conservations besides appropriate insertion of science in policy, planning and management 
arena. The TFRI is thus, envisaged to function as the National Partner Organization (NPO). 
 

9.11 Project Outlay 
 
The projected financial outlay of implementation phase is Rs. 2,127.28 crore. The national 
mission on rejuvenation of rivers under the MoEF&CC or Union Ministry of Jal Shakti, 
Government of India, will provide the full financial support for the proposed forestry 
interventions within the Narmada Riverscape. The project cost by component and or activity 
is presented in Table 9.9. 
 
(a) Component and Sub-Component-wise Proposed Outlays - The predominant 
Component-A on implementation of forestry interventions in four states of the riverscape 
accounts to Rs. 1,926.76 crore i.e., 90.57% of the total project budget outlay. The 
Component- B on Strengthening Knowledge Management and Enhancement of National 
Capacity for forestry interventions and conservation of riverscape would require a sum of Rs. 
161.52 crore or 7.59% of the total envisaged budget. A sum of Rs. 4.00 crore or 0.19% of the 
project budget outlay is for maintenance, scaling up and replication of successful models of 
forestry interventions and riverscape conservation. In order to oversee, steer, and manage this 
priority project, the MoEF&CC under the central Government would require an amount of 
Rs. 35.00 crore which is 1.65% of the projected budget outlay. Thus, it is evident that the 
bulk (~90%) budget outlay is meant for field level activities on proposed forestry 
interventions, conservation interventions and supporting activities to be implemented by the 
states.  
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Table 9.8: Project outlay for the proposed forestry interventions  

Sr. 
No. 

Component/ sub-component along with specific 
activities 

Amount  
(Rs. in crore) 

Allocation 
(%) 

A. Implementation of forestry interventions in four states 
of the riverscape  

1,926.76 90.57 

A.1 Plantations and Treatment Models in Three Type of 
Landscapes 

1,601.11 

A.1.1 Natural Landscape 1,246.47 
A.1.2 Agriculture Landscape 319.78 
A.1.3 Urban Landscape 34.86 
A.2 Conservation Interventions 163.25 
A.2.1 Soil and Moisture Conservation 163.25 
A.3 Supporting Activities 162.40 
A.3.1 Capacity Building 8.44 
A.3.2 Awareness 6.77 
A.3.3 Research 17.31 
A.3.4 Contingency and Miscellaneous Activities 25.82 
A.3.5 Monitoring and Evaluation 86.06 
A.3.6 Cost of PMUs of Four State Level Implementing 

Agencies 
18.00 

B. Strengthening Knowledge Management and National 
Capacity for Forestry Interventions and Conservation 
of Riverscapes 

161.52 7.59 

C. Preparation of DPR – maintenance, scaling up and 
Replication of Successful Models of Forestry 
Interventions and Riverscape Conservation 

4.00 0.19 

D. National Coordination for Forestry Interventions and 
Riverscape Conservation 

35.00 1.65 

Total Project Cost (A+B+C+D) 2,127.28 100 
 
9.12 Potential Benefits 
 
The proposed forestry interventions emphasize on a wide range of activities in three types of 
landscapes within the riverscape. The foregoing sections have highlighted that much of the 
proposed activities are field based. Proposed forestry activities are expected to significantly 
contribute towards increase in forest cover, reduction in sedimentation, carbon sequestration, 
production of biomass including NTFPs and bamboo and economic returns from them, 
groundwater recharge and employment generation. Accordingly, the potential benefits likely 
to accrue at different stages were computed following the standard protocols. The Chapter 8 
in Volume I of the DPR provides details of potential benefits. However, from the perspective 
of River Summary, potential benefits are summarized in Table 9.9. 
 
On the whole, about 3.40 million tonnes of carbon will be sequestered by the plantations 
raised along the river Narmada in the three types of landscape. Growing trees and associated 
vegetation under forestry interventions will facilitate infiltration improving groundwater by 
32.30 MCM. The approximate monetary gain from NTFPs in different natural landscape 
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models for rejuvenation of river Narmada will be approximately Rs. 25.82 crore. The 
treatment models meant for the natural landscape will create nearly 41.55 million mandays of 
employment opportunity. The proposed interventions in agricultural landscape are likely to 
create an employment opportunity of 10.66 million mandays. The forestry interventions in 
Urban Landscapes will create employment opportunity worth 0.66 million mandays. Potential 
benefits are summarized in Table 9.9. 
 
Table 9.9: Estimated Potential Benefits from Proposed Forestry Interventions within 

Narmada Riverscape  
 

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

801.18 1.68 3.40 32.30 5,93,790 25.82 52.87 

 

 

************* 
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10. 
Godavari River 

10.1 Introduction 

The Godavari River is one of the prominent Peninsular Rivers. The Godavari River is also 
known as the ‘Dakshin Ganga’ or ‘Briddha Ganga’. The Godavari River originates in 

Sahyadaris (Western Ghats) from Trimbakeswar in the Nashik district of Maharashtra at an 
altitude of 1,067 m AMSL, generally flows in southeasterly direction for 1,745.7 km, and 
traverses through Maharashtra, Telangana and Andhra Pradesh, and meets the Bay of Bengal 
in Andhra Pradesh after forming the Konaseema Delta. Out of the total river length of 
1,745.70 km, the maximum length of 766.47 km lies in Maharashtra, followed by 558.31 km 
in Telangana, 398.53 km in Andhra Pradesh, and 22.42 km in Chhattisgarh.  
 
The Godavari River is the largest river system in the peninsular India, in terms of length, 
catchment area and discharge. The Godavari River Basin spreads over an area of 3,01,941.12 
km2 is the second largest in India after the Ganga Basin and accounts for 9.5% of total 
geographical area of the country. The basin is spread over the states of Maharashtra, 
Telangana, Andhra Pradesh, Madhya Pradesh, Chhattisgarh, Odisha, Karnataka and the 
Union Territory of Puducherry. The Godavari Basin falls in the Deccan Plateau region, lying 
between latitude N 16° 19´ to 22° 34´ and longitude E 73° 24´ and 83° 4´. 
The Godavari Basin is bounded on the north by the Satmala Hills, on the south by 
the Ajanta Range and the Mahadeo Hills, on the east by the Eastern Ghats and on the west by 
the Western Ghats. From its origin in the Western Ghats, Godavari River flows through the 
Deccan Volcanic Province or Deccan Trap for a major part of its journey. Except for the hills 
forming the watershed around the basin, the entire drainage basin of the river comprises 
rolling and undulating country – a series of ridges and valleys interspersed with low hill 
ranges (Fig.10.1). The basin is delineated into a number of hydrological units viz., 08 
Catchments, 94 Sub-catchments, 340 Watersheds, 1,646 Sub-Watersheds and 5,780 Micro-
watersheds, for better management and exploitation of water resources.  
 
Ten prominent tributaries of Godavari are: Pravara, Purna, Manjira, Maner, Penganga, 
Wardha, Wainganga, Pranhita, Indravati, and Sabari. The Godavari main stem bifurcates into 
two distributaries viz., Gautami and Vasishta, at about 7 km downstream of Rajahmundry 
near Dowlaiswaram. The Vasishta further bifurcates into two to form the third distributary 
i.e., Vainateyam, while the bifurcation of Gautami leads to the formation of the fourth 
distributary i.e., the Nilarevu. These four distributaries form the Konaseema Delta at the 
mouth of Godavari (Fig.10.2). The delta of Godavari consists of a wide belt of river borne 
alluvium formed by deposits at the mouth of the river over the ages. The process of silting at 
the mouth of the river is still continuing and the delta is gradually extending into the sea. 
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Fig. 10.1: Godavari River at Papi Hills, border region of Telangana and Andhra 
Pradesh 

 
 

 
Fig.10.2: Mangroves at the mouth of Godavari River 

 

10.2 Conservation Significance 

The vast extent of Godavari Basin is home to nearly 98.4 million people, who directly or 
indirectly depend on the river and its tributaries for their livelihood needs. In fact, the river is 
a life line for the seven beneficiary states and their riparian communities, taking care of their 
livelihood-fisheries, raw materials like timber, NTFPs, herbal medicinal/aromatic products, 
etc. The Godavari River and its basin has enormous conservation significance. The 
ecological, cultural and socio-economic values of the Godavari River and its basin are briefly 
highlighted. 

(a) Ecological Values - The basin represents three biogeographic zones viz., (a) 5-
Western Ghats, (b) 6-Deccan Peninsula and (c) 8-Coastal Zone, and the six biotic provinces, 
viz., (i) 5B-Western Ghats Mountains, (ii) 6A-Central Highlands, (iii) 6C-Eastern Highlands, 
(iv) 6D-Central Plateau, (v) 6E-Deccan South, and (vi) 8B-East Coast. These biotic provinces 
support diverse terrestrial, aquatic, and the deltaic ecosystems, and the associated rich 
diversity of flora and fauna (Fig.10.3). The basin provides rich habitat for the flagship species 
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Royal Bengal Tiger with as many as six number of tiger reserves viz., Indravati, Kanha, 
Pench, Melghat, Tadoba-Andhari and Kawal. Besides Royal Bengal Tiger, the basin is home 
to a number of rare (Black Panther, Chausingha, Wild Asian Water Buffalo), endangered 
(Indian python, Indian Monitor, White Backed Vulture, Long Billed Vulture), threatened 
species (Mugger Crocodile, Indian Otter) and endemic species like Bastar-Hill Mynah, 
Asiatic Wild Buffalo, Kadaknath/ Kalamasi (A fowl breed), etc. The Coringa mangroves at 
the mouth of Godavari River is the second largest mangroves in India and an important 
breeding and nursing grounds for a wide variety of fishes, decapods, crustaceans (prawns/ 
shrimps), amphibians, avifauna and other higher groups of animals (reptiles, mammals, etc.).  
 
(b) Cultural Values - The religious, social and cultural relevance of the Godavari River 
continues to grow strong despite the passage of the millennia. The origin of the river at 
Trimbakeswar, Nashik, in Western Ghats, happens to be one of the twelve Jyotirlingas in 
India, revered by all Hindus world over. Incidentally, Trimbakeswar, Nashik, also, enjoys the 
distinction as one of the four religious venues where Kumbh Mela is held once every twelve 
years. Ramkund and Kushavarta are the two bathing ghats, where thousands of sadhus, holy 
men and millions of pilgrims take a dip to atone for their sins. Numerous other temples and 
ashrams can be seen on the banks of the meandering course of Godavari River. The Saraswati 
temple at Basar, the Narasimha temple at Dharmapuri, the Mukteshwar temple, 
Kaleshwaram, the Sita-Rama temple at Bhadrachalam, the Takth Huzur Sahib at Nanded are 
some of the famous pilgrimage sites for Hindu/ Sikh communities. Takht Sri Hazur Sahib is 
located in the middle reaches of Godavari at Nanded, where Guru Gobind Singh breathed his 
last. Incidentally, the location is one of the five holiest sites in Sikhism.  
 
Godavari River is sacred to Hindus and has several sites on its banks, that have been places of 
pilgrimage since time immemorial. According to Puranas, river Ganga is to be visited only 
after the visiting the Godavari. Traditionally, a Pushkaram (fair) is held on the banks of the 
river every twelve years. According to a widely believed legend, Lord Shiva diverted the 
Ganga pleased with the tapas of sage Gautama, which washed away his sins (a dead cow), 
flowing past Kovvur and giving rise to the Godavari River in Nashik.  
 
Similarly, the river banks, in Telangana and Andhra Pradesh too have numerous mosques, 
temples and ghats of historical significance. The Kotilingala in Karimnagar, Telangana, lies 
at the confluence of Peddavagu and Godavari. Historically, the region was the first capital of 
the Satavahanas ca. 230 BC. Understandably enough, the important towns in Satavahanas era 
were located alongside the Godavari. Ironically, today the Kotilingalas is facing threat of 
submergence from SripadaYellampalli Irrigation Project (SYIP). Sri Veerabhadra Temple 
which is tucked into a hillock and is referred to as one of the PanchakasiKshetrams of the 
Shaivites in Patti Seema of Andhra Pradesh captures attention with hill ranges, silver struck 
sand dunes and exotic sculptures. Kotilingalarevu (one million Shiva Lingas) which is a 
popular Shiva Temple, is another pilgrimage site in east Godavari district. Dharmapuri, 
Kaleshwaram, and Basara in Telangana state are famous for Lord Narasimha, Sri Kaleshwara 
Mukhteshwara Swamy and Goddess Saraswati, respectively. Bhadradri temple, abode of 

https://en.wikipedia.org/wiki/Hindus
https://en.wikipedia.org/wiki/Godavari_Maha_Pushkaram
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Lord Rama, is cradled on the banks of river Godavari in the town of Bhadrachalam, 
Telangana. 
 

 
 
Fig.10.3: The Godavari Riverscape from source to sea offers a wide range of terrestrial, 

aquatic, and deltaic habitats 
 
(c) Historical and Tourism Values - Durgawadi waterfall at Trimbakeswar, Gangapur 
Dam, Pandavleni, Dudhsagar Falls (also known as Someshwar Falls), Harihar Fort, Coin 
Museum in close proximity of the Anjeri Hill, Vihigaon Waterfall, Dhodap Fort, Shubham 
Water World, Brahmagiri Hills, Nasik are the major ecotourism spots. Additionally, 
Jayakwadi Dam, Dnyaneshwar Udyan Garden at Aurangabad, Dalher houses and Deolali Hill 
stations in Sahyadri mountains, Mahurgad, Nanded Fort, Khandar Fort, Sahastrakund 
Waterfall, Isapur Dam in Nanded district are exciting places of tourism. The Papi Hills is a 
beautiful tourist place surrounded by dense forests. 
 
(d) Socio-economic Significance - The water resources availability in the basin is 
estimated to be 113.09 BCM with a hydropower potential of 5,091 MW at 60% load factor. A 
large number of hydroelectric and irrigation projects in the basin are already exploiting this 
potential. In fact, Godavari Basin is having the highest number of dams among all the river 
basins in India. According to the Union Ministry of Water Resources, ca. 921 Dams, 28 
Barrages, 18 Weirs, 1 Anicut, 62 Lifts and 16 Powerhouses have been constructed in 
Godavari Basin for irrigation, hydro power generation, diversion or, storage purposes. The 
basin has 70 Major Irrigation Projects and 216 Minor Irrigation Projects. Godavari River is 
the main drinking water source for major cities like Hyderabad (12.2 million, 2019), Nagpur 
(2.9 million, 2019), Nashik (2.3 million, 2019), Aurangabad (2.8 million, 2019), 
Rajahmundry (5.5 lakhs, 2019), and a host of smaller religious temples towns (Bhadrachalam 
and Basar, Telangana). Besides the use as major drinking water source, Godavari and its 
tributaries are extensively used for transportation of men and material at several places. 
Godavari River has been declared as the National Waterways. 
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Agriculture is the major land use in the basin constituting 59.7% of the basin area. Extensive 
cultivation in drawdown areas or river banks a common practice (Fig.10.4). Farmers cultivate 
a wide array of crops, including cash crops like sugarcane, cotton and a number of fruit crops. 
A large number of agro-based industries including rice milling, cotton spinning and weaving, 
sugar and oil extraction, fruit processing, etc. are operating within the basin, generating 
employment and supporting the agrarian economy. Godavari and its tributaries support 
riparian communities of the basin, taking care of their livelihood, supplementing traditional 
fishing/allied trades reliant on various renewable riverine resources like fresh water fishes, 
shrimps, prawns, aquatic weeds, timber, etc. Sand mining is one of the important commercial 
activities in the basin that provides livelihoods to masses (Fig.10.5). The river basin is also an 
important natural source of huge deposits of coal, lime stone reserves and other mineral 
resources like bauxite, mica, slate and phyllites, in addition to decorative stones and river 
sand. 
 

 
 

Fig.10.4: Extensive Agriculture in drawdown areas of the Godavari Riverscape 
 
 

 

Fig. 10.5: Sand mining in Godavari River, a commercial activity involving masses and 
providing livelihoods 
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10.3 Riverscape  

The Godavari River from its origin to sea flows a distance of 1,745.7 km draining the states 
of Maharashtra, Telangana, Andhra Pradesh, Chhattisgarh, Odisha, and smaller parts of 
Madhya Pradesh, Karnataka and Union Territory of Puducherry (Table10.1 and Fig.10.6). 
The riverscape includes the course of the river and a lateral buffer corridor linking adjacent 
lands. A variable width riverscape was adopted in the DPR for assessment and planning for 
the proposed forestry interventions. The Remote Sensing (RS) and Geographic Information 
System (GIS) were intensively used for delineation and spatial analyses of Godavari 
Riverscape. A river and the riverscape has three important zones i.e., (i) Headwater 
catchment/ recharge zones, (ii) Discharge zone in plains, and (iii) Deltaic zone at the mouth. 
The headwater catchment at the origin of main stem Godavari and its tributaries are the main 
recharge zones that need to be protected/ conserved or treated as a single entity/ one whole. 
In the present DPR, all micro watersheds at the headwater catchments have been delineated 
for protection and/or appropriate treatment. Similarly, all micro watersheds at the deltaic zone 
of Konaseema have been considered for plantation and/or SMC treatment. So far as the area 
of intervention in discharge zones in plains are concerned, the IFB, Hyderabad initiated 
extensive consultations with various stakeholders and experts in the basin states to arrive at a 
5.0 km riparian corridor on either side of the main stem, and 2.0 km corridor on either side of 
tributaries. Considering the fact that river bank line changes with flooding, it was decided to 
consider high flood level (HFL) of last two decades as the bank line. The stakeholder/expert 
suggestions to treat 5.0 km/2.0 km river buffer/corridor on either side of main stem and 
tributaries were corroborated by the meander geometry formula. Thus, an area of 38,067.23 
km2 along the main stem Godavari and ten tributaries was delineated as the Godavari 
Riverscape. The extent of the delineated riverscape included 3,176.00 km2 headwater 
catchment and 2,255.00 km2 deltaic region (Table 10.1). The main tributaries included in the 
riverscape are: Pravara, Purna, Manjira, Maner, Penganga, Wardha, Wainganga, Pranhita, 
Indravati and Sabari. Subsequently, during the consultative process with the stakeholders of 
Telangana brought out the limitations of a fixed width riparian corridor, and it was suggested 
to go for a variable width riparian corridor/ buffer to accommodate problematic areas falling 
partly inside and partly outside the defined buffer. Keeping this in mind as also the fact that 
65% of the riverscape is under agriculture land use, it was decided to consider village 
boundary as the variable buffer width in the agricultural landscapes i.e., boundary of villages 
partly inside/touching 5.0 km/2.0 km buffer would form the variable boundary of riverscape 
 
Table 10.1: Extent of Godavari Basin and Godavari Riverscape  
 

Sr. 
No. 

Unit Area (km2) Coverage Area (States) 

1  Godavari Basin 3,01,941.12 
Maharashtra, Madhya Pradesh, Chhattisgarh, 
Odisha, Karnataka, Telangana and Andhra Pradesh 

2  
Godavari 
Riverscape 

38,067.23 
Maharashtra, Madhya Pradesh, Chhattisgarh, 
Odisha, Karnataka, Telangana and Andhra Pradesh 
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Fig. 10.6: Delineated Godavari Riverscape within the Godavari Basin 
 

10.4 Preparation of DPR 

The Indian Council of Forestry Research and Education, Dehradun had assigned the major 
task on the preparation of DPR in the context of Godavari River to the Institute of Forest 
Biodiversity (IFB), Hyderabad, one of its institutes. The project team at IFB, Hyderabad 
entrusted with the task followed a multi-pronged and multistakeholder consultative approach, 
leveraging the latest RS and GIS technologies, besides sound, contemporary ecological 
approaches relevant to landscape/ ecology and river science for river rejuvenation. The 
preparatory phase entailed identification of core team and their orientation training at ICFRE, 
Dehradun, on 24-25 April, 2019 during the Project Inception Workshop organized by ICFRE. 
Subsequently, concerned State Forest Department (SFD) of each of the seven beneficiary 
states in Godavari Basin viz., Maharashtra, Telangana, Andhra Pradesh, Odisha, 
Chhattisgarh, Madhya Pradesh and Karnataka nominated Nodal officers for the project. Later, 
experts/ subject matter specialists concerning a wide range of disciplines related to river 
ecosystem and management besides varied stakeholders including different Central/ State 
sectors/ agencies/ departments were identified. Extensive and sequential consultations were 
held with the representatives of the State/ Central Government agencies, experts and other 
stakeholders so as to take stock of past and contemporary initiatives and developments 
relevant to conservation of Godavari, and also to identify the problems/ issues / knowledge 
gaps, etc. for developing a comprehensive strategy and measures for rejuvenation.  
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(a) Stakeholder Analysis and Extensive Consultative Process - Stakeholders from 
various line departments of the State Governments of basin states were involved in the 
consultation process to understand past interventions in Godavari Basin and their 
effectiveness and further, to identify issues/ problems/ challenges for developing appropriate 
strategies. The line departments consulted included Forest, Agriculture, Horticulture, Water 
Resources, Ground Water Departments., Soil Conservation Directorate, Mining Dept., State 
level Space Application Centers (SACs), State Pollution Control Boards (SPCBs), Tourism 
Dept, and others. Besides these line departments, central level research organizations like 
WII, KGBO, IIFM, NEERI, NBSS&LUP, IISWC, etc.; Central Water Commission (CWC), 
state/central Universities and Colleges, NGOs and civil society were also involved in the 
various consultation process.  
 
(b) Insight on the Riverscape Environment - An exhaustive literature search and 
review was carried out on all aspects of river Godavari and its basin so as to develop much 
desired insight on the physical, biological and socio-economic sub-environment. For this, the 
available published literature, both from print and online sources, Working Plans of Forest 
Divisions, CAT plans of hydroelectric and irrigation projects, state Government schemes on 
watershed management, soil and moisture conservation, etc. were appropriately consulted. 
Additionally, the Geographic Information System (GIS) and Remote Sensing (RS) were 
intensively used for delineation and geospatial analysis of Godavari Riverscape. Spatial 
modelling using multicriteria analysis was carried out to identify and prioritize intervention 
areas within the riverscape.  

(c) Description of Field Data Formats - Field attributes of the actual sites selected for 
interventions was captured through four data formats, designed for Natural Landscape, 
Agricultural Landscape, Urban landscape and Conservation Interventions, respectively. Each 
of the four formats were divided into several sections to capture treatment site details, i.e., 
geographic details of treatment site, baseline data for the treatment site, rough sketch and 
current photograph of the site. The section on the baseline data was designed to collect 
information on geology, rock and soil, dominant flora and fauna, terrain, slope, rainfall, 
accessibility, current land use pattern and land ownership, suggestive species for planting, 
extent of plantation/Assisted/Aided Natural Regeneration(ANR), proposed budget for 
plantation and maintenance, proposed budget for SMC measures, geo coordinates of the 
intervention sites, proposed budget for allied activities like awareness raising, capacity 
building, monitoring and evaluation, etc. The purpose of baseline data collection was to 
develop site specific intervention models, assess the extent of area availability and develop 
site specific estimates for various forestry interventions. 
 
(d) Geo-spatial Analysis, Modelling and Finalization of Treatment Models -
Following the stakeholder meetings and geospatial analysis of the riverscape, extensive field 
level trainings were organized for the departmental staffs of Forest, Agriculture., Horticulture 
and Rural Development, and Urban Development Departments for capturing site-specific 
primary data. Data formats for collection of primary field data relevant to three types of 
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landscapes (Natural, Agriculture, and Urban), Conservation Interventions, and Supporting 
Activities were designed and developed.  The site-specific primary field data collected from 
the seven basin states were collated and analyzed so as to design and develop landscape-wise 
treatment/ intervention models and their cost norms. A specifically designed data portal was 
used to collate and estimate budget requirement at various levels i.e., state-wise, landscape-
wise, model-wise, and division-wise. Subsequently, the treatment/ intervention models 
developed for each state, their cost norms, and implementation mechanism were discussed 
with the stakeholders of concerned state during the second round of state level consultations 
organized for the purpose. The comments/ suggestions received during the second 
consultation meetings were appropriately incorporated for the finalization of treatment 
models, their cost norms, and implementation schedules. 
 
10.5 Riverscape and its Environment 
 
The western edge of the basin is an almost unbroken line formed by the Sahyadri Range of 
the Western Ghats from 600 to 2,100 m height. It receives heavy rainfall and experiences the 
dampest climate in the basin. Hardly 50 to 60 km east of the Ghats lie the sparsely cultivated 
and undulating plains of the Deccan, with a dry climate. The interior of the basin is a plateau, 
the greater part of which is at an elevation of 300 to 600 m with its general slope eastwards. 
Great undulating plains, divided from each other by flat topped ranges of hills, are the chief 
characteristics of this plateau. The Eastern Ghats which forms the eastern boundary of the 
peninsula are not well-defined or continuous as the Sahyadri Range on the west. They rise 
from the plains of East Godavari and Visakhapatnam to the level of the table land of Jeypore. 
The northern boundary of the basin comprises a series of table-lands varying from 600 to 
1,200 m in elevation, which have withstood the effect of ages of denudation better than the 
terrain to the north and south of them. To the south, lie great stretches of plain at an elevation 
of more than 300 m interspersed with and surrounded by hill ranges, some bare and rocky, 
but generally covered with forests and scrub jungles.  The characteristic attributes of the 
physical, biological and the socio-economic sub-environment are described below: 
 
(a) Physical Sub-Environment - The Godavari Basin represents five agro-climatic zones 
viz., (i) Central plateau and hill region, (ii) Western plateau and hill region, (iii) Eastern 
plateau and hill region, (iv) Southern plateau and hill region, and (v) East coast plains and hill 
region. The following section describes altitudinal variation within the riverscape. 
 
Altitudinal Variation within the Riverscape – Advanced Land Observing Satellite based 
digital elevation model (ALOS-DEM) data was used to derive the elevation map of 
Godavari riverscape. A large altitudinal variation ranging from 1.0 m to 1,447m AMSL, 
was registered in the Godavari Riverscape. The range of elevation was regrouped into a 
total of 6 elevation classes. The extent of area under different elevation classes within the 
riverscape is presented in Table 10.2. The maximum extent of riverscape (43.40%) lies 
below 250 m AMSL, and this low-lying portion of the riverscape is mostly confined to 
Telangana and Andhra Pradesh. Further, almost similar extent of riverscape (42.90%) 
lies in the next elevation class of 250 m-500 m (Fig.10.7). A very little extent of the 
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riverscape (2.9%) lies beyond 750 m. These high elevation areas are mostly confined to 
the upper reaches of Godavari and its tributaries. Altitude plays an important role in the 
physical characteristics of the area, biological diversity and its distribution, socio-
economic uses and consumption patterns. In particular, higher altitudes greatly influence 
river flow, rate of sedimentation, distribution of wildlife and even human settlements.  
 

Table 10.2: Distribution of Elevational Categories within the Godavari Riverscape 

Sr. 
No. 

Elevation Classes Area  
(km2) 

Riverscape Area (%) 

1  ≤ 250 m  16,521.30 43.40 
2  250 m to 500 m  16,330.86 42.90 
3  500 m to 750 m  4,109.85 10.80 

4  750 m to 1,000 m  1,026.37 2.70 
5  1,000 m to 1,250 m 73.71 0.19 
6  ≥1,250 m 5.14 0.01 

Total 38,067.23 100 
 

(b) Biological Sub-Environment – The Chapter 2 of the Volume 1 of the DPR provides 
a detailed narration on the biological sub-environment. However, from the perspective of 
river summary, an insight on the land use land cover, forest types and forest cover, and 
wildlife diversity is provided below: 
 

(i)Land Use and Land Cover (LULC) - Land use refers to man’s activities such as 

agriculture, settlements, industries, etc., while land cover refers to the natural state of land 
surface e.g., vegetation, water bodies, rock/soil, river and river sand, etc. Developing an 
understanding of the Land Use and Land Cover within the Godavari Riverscape was 
considered essential for formulating appropriate strategies for forestry interventions. The 
geospatial analysis provided 20 major land use land cover classes within the riverscape. 
These categories were: Dense Forest, Moderately Dense Forest, Open Forest, 
Swamp/Mangroves, Agriculture, Agriculture-Plantation, Settlement, Industrial Area, Barren, 
Scrub, Gullied/Ravine Land, Mining/Mining Dump, Mud Flat/Coastal Wetland, Canal, 
Pisciculture Pond, River (Dry)/River Sand, River (Perennial), Waterbody, etc. Because of 
cloud and cloud shadow, some areas of the riverscape could not be delineated. The extent of 
riverscape under each LULC is presented in Table.10.3. The agriculture was the most 
prevalent land use with 65.24% coverage, followed by Scrub (8.56%), Open Forests (5.79%), 
Moderately Dense Forest (4.31%), etc. Varied categories relevant to forests (Dense Forest, 
Moderately Dense Forest, and Open Forest) collectively represented 10.97% area of the 
riverscape (Table 10.3). In addition, the Scrub covered 8.56% area of the riverscape.  Further, 
it was also observed that agriculture category was more prevalent all along the course of main 
stem of Godavari than its tributaries. This is a significant piece of information from planning 
point of view. Nearly, 3% area of the riverscape was represented by Settlements.  
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Fig. 10.7: Altitudinal Variation within Godavari Riverscape 

Table 10.3: Distribution of Land Use land Cover Classes within the Godavari 
Riverscape 

Sr. No. Land Use Land Cover Area (km2) Riverscape (%) 
1  Agriculture  24,833.31 65.24 
2  Barren  252.85 0.66 
3  Beach  4.17 0.01 
4  Canal  56.94 0.15 
5  Cloud  28.51 0.07 
6  Cloud Shadow  13.30 0.03 
7  Dense Forest  332.16 0.87 
8  Moderately Dense Forest  1,641.50 4.31 
9  Open Forest  2,204.25 5.79 
10  Scrub  3,260.42 8.56 
11  Gullied/Ravine Land  18.35 0.05 
12  Industrial Area  37.72 0.10 
13  Mining/Mining Dump  119.34 0.31 
14  Mud Flat/Costal 

Wetland  
57.66 0.15 

15  Pisciculture-Pond  274.69 0.72 
16  Plantation  504.80 1.33 
17  River (Dry)/River Sand  1,353.47 3.56 
18  River (Perennial)  1,653.92 4.34 
19  Sea  12.82 0.03 
20  Settlement  1,136.39 2.99 
21  Swamp/Mangroves  157.24 0.41 
22  Water body  113.42 0.30 

Total 38,067.23 100 
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(ii) Forest Types and Forest Cover – The distribution of forest types within the riverscape 
gives valuable clues about suitable species that can be taken up for plantation activities while 
the forest cover based on canopy density provides an important insight in deciding suitable 
sites for forestry interventions. The vital layers on forest type and forest cover were generated 
using geospatial analysis and using reference information provided by the Forest Survey of 
India. The geospatial analysis facilitated an insight on distribution of various forest types 
within the Godavari Riverscape. The spatial analysis has segregated six forest types within 
the riverscape viz., (A) Tropical Moist Deciduous Forests, (ii) Tropical Dry Deciduous 
Forests, (iii) Littoral and Swamp Forests, (iv) Scrub Forests, (V) Sub Tropical Broadleaved 
Hill Forest, and (VI) Tropical Thorn Forests (Table 10.4). Non-forestry presented a 
substantial chunk i.e., 80.05% area of the riverscape. The maximum extent of area, being 
8.56% of riverscape is recorded as Scrub, followed by Tropical Dry Deciduous Forest 
(7.08%).  Among six forest types, the Tropical Dry Deciduous Forests covered 2,693.65 km2 

or represented 7.08% areaof the riverscape (Table 10.4). This was followed by Tropical 
Moist Deciduous Forests, representing 3.77% geographical extent of the riverscape. The 
Littoral and Swamp Forests covered 157.24 km2 and represented 0.41% area of the 
riverscape. The Subtropical Broadleaved Hill Forests and Tropical Thorn Forests represented 
0.04% and 0.09% area of the riverscape, respectively (Table 10.4).  
 

Table 10.4: Extent of different forest types within the Godavari Riverscape 

Sr. No. Forest Types Area (km2) Riverscape (%) 
1  Subtropical Broadleaved Hill Forests  15.37 0.04 
2  Tropical Moist Deciduous Forests  1,434.16 3.77 
3  Tropical Dry Deciduous Forests  2,693.65 7.08 
4  Littoral & Swamp Forests  157.24 0.41 
5  Tropical Thorn Forests  34.71 0.09 
6  Scrub  3,260.42 8.56 
7  Non-Forest  30,471.68 80.05 

Total 38,067.23 100 
 
 
(iii) Wildlife Diversity and Protected Areas - The Godavari Basin harbours diverse 
terrestrial, aquatic and deltaic ecosystems and they exhibit enormous diversity of associated 
flora and fauna. As already stated above, the basin support occurrence of five prominent 
forest types those are home to a wide variety of rare, endangered, and threatened (RET) 
species. However, there is a lack of a comprehensive study describing overall biodiversity 
from the source of Godavari to its exit in the Bay of Bengal. Besides forest, the Godavari 
Basin exhibit diversity of grasslands, wetlands riverine wetlands, estuaries, 
mangroves/coastal forests, creeks, mud-flats, sand bars, etc.  They all harbour rich flora and 
fauna. The review revealed that the basin states are important from the perspective of 
conservation of flagship species like Royal Bengal Tiger with three number of tiger reserves, 
viz., Indravati, Pench, Tadoba-Andhari and Kawal, together hold a reasonably high 
population. Besides Tiger, the basin is home to critically endangered Asian Wild Buffalo 
(Bubalus bubalis). The basin/riverscape harbours a wide range of mammal, bird, reptile, 
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amphibian and fish species. Besides the Royal Bengal Tiger (Panthera tigristigris), other 
prominent fauna of Godavari Basin includes Indian leopard (Panthera pardus), Dhole 
(Cuonalpinus), Sloth bear (Melursus ursinus), Gaur (Bos gaurus), Nilgai (Boselaphus 
tragocamelus), Small Indian Civet (Viverricula indica), Jungle Cat (Felis chaus), Sambar 
(Rusa unicolor), Barking Deer (Muntiacus muntjak), Chital (Axis axis), Blackbuck (Antilope 
cervicapra), Chousingha (Tetracerus quadricornis), Honey Badger (Mellivora capensis), 
Indian Python (Python molurus), Common Indian monitor (Varanus bengalensis), Langur 
(Semnopithecus entellus), Rhesus Macaque (Macaca mulatta), etc. Endangered speciesl ike 
White Backed Vulture (Gyps bengalensis), Long Billed Vulture (Gyps indicus) and 
threatened species (Mugger Crocodile - Crocodilus palustris, Smooth-coated Otter –

Lutraperspillata) also occur in the basin. The, basin has endemic species like Bastar-Hill 
Mynah (Gracula religiosa peninsularis). Interestingly, Godavari River serves as a migration 
barrier to Macaque spp., restricting Rhesus macaque to north of Godavari while, Bonnet 
macaque inhabits regions south of Godavari.  
 
Several protected areas (national parks, wildlife sanctuaries, conservation reserves, and 
community reserves) besides tiger reserves, biosphere reserve, and Important Bird Areas 
occur within the riverscape. Prominent among them are:  Kanger Valley National Park, 
Papikonda NP, Coringa Wildlife Sanctuary, Kaundinya WLS, Indravati, Pench, Tadoba-
Andhari TRs, and Sheshachalam Biosphere Reserve. Coringa WLS forms the second largest 
stretch of mangroves in India with 24 species. As per the Indian State of Forest Report, 2019, 
nearly 188.06 km2 area is under mangrove forests at the Godavari estuary. Out of this, 126 
km2 is under moderately dense mangroves while remaining 62.06 km2 under the category of 
open mangroves. Coringa wildlife sanctuary lies in this part of the Godavari Basin. Important 
mangrove flora of Coringa includes dominance of Avicennia marina, Excoecaria agallocha, 
Acanthus ilicifolius, Myriostachya wightiana, while species like Rhizophora apiculate, 
Xylocarpus moluccensis, Bruguiera cylindrica, Ceriops decandra are rare. Other mangrove 
associates include species like Thespesia populneoides, Hibiscus tiliaceus, Clerodendrum 
inerme, Suaeda maritima, Suaeda nudiflora, etc. Pure stands of Avicenniaalba are seen near 
the Kakinada Bay with Sonneratia apetala on the leeward side of the Bay. Further away from 
the Bay, mixed stands of Excoecaria agallocha, Aegiceras corniculatum, Lumnizera 
racemose and Avicennia marina are found. Suaeda maritima and Suaeda nudiflora are seen 
in the degraded areas of Coringa mangroves. Rhizophora apiculate and R. mucronate are 
found along creeks of Rathikalava, Bhairavapalem and Corangi Extension Reserve Forests. 
 
(c) Socio-economic Sub-Environment - The Godavari River Basin spreads across seven 
states is home to nearly 100 million population. A major chunk of this population lives in 
important towns/ cities like Nashik, Aurangabad, Nagpur, Wardha, Nanded and Chandrapur 
in Maharashtra; Bhadrachalam, Nizamabad, Mancherial and Ramagundam in Telangana; 
Rajahmundry and Narsapur in Andhra Pradesh, besides Seoni and Balaghat in Madhya 
Pradesh. The population density ranges from 25-50 persons per km2 to 500-1000 persons per 
km2. Nagpur district, Maharashtra has highest literacy rate of 88% in whole basin area. 
Agriculture is the largest land use practice in Godavari Basin comprising about 59.7% of 
basin area. The total cultivable area in Godavari basin was ca. 18.93 million ha, with 14.43 
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million ha as net sown area. The gross irrigated basin area reported was about 2.33 million 
ha, whereas the net irrigated area was 1.76 million ha. The net irrigated area was 12.2% of 
net sown area. A wide range of crops are sown across the basin including cereal, oil, 
vegetable, fruit crops.  
 
The major Urban Centers in the basin are Nagpur, Aurangabad, Nashik in Maharashtra, and 
Rajahmundry, in Andhra Pradesh. Nashik and Aurangabad, particularly have large number of 
industries, especially automobile e.g., Motor Industries Company Limited (MICO), Mahindra 
and Mahindra Limited, and others (Siemens, Ceat, Gabril, Glaxo Ltd. etc,). Besides many 
large industries (125 nos.), there are 350 medium sized and 2,500 small scale units/ industries 
in industrial areas. Other industries in the basin are mostly based on agricultural produce, 
e.g., rice milling, cotton spinning and weaving, sugar factories and edible oil mills. The large 
deposits of coal in Godavari Valley Coal Field and Wardha Valley Coal Field are sustaining 
the coal mining industries and the coal-fired power stations in the Godavari Basin. Sand 
mining, mostly unregulated in the basin area, generates a lot of employment. Cement, paper 
and some allied engineering industries also exist in the basin.  
 
10.6 Major Issues 

There are myriad environmental problems plaguing the large river basins in India and 
Godavari River Basin is no exception. The basin faces similar general broad based 
environmental problems and threats. However, the IFB team involved in the preparation of 
DPR of Godavari based on extensive consultative process, field level observations, and 
review of the existing information base/ scientific reports was able to identify critical 
problems/ issues concerning the river. The same have been listed/encapsulated briefly here 
under. 
 

(a) Meagre Forest/Vegetation Cover, Enhanced Soil Erosion, and Sedimentation -
The spatial analysis of headwater catchments and riparian zones along Godavari and its 
tributaries have amply revealed that the Godavari Basin as well as the Godavari Riverscape 
are inadequately covered by forests or any other type of vegetation.  Of the riverscape, a mere 
19.95% was under varied categories of forests. Barring 332.16 km2 under the Dense Forest 
and another 157.24 km under Mangroves, bulk forests were under Scrub (3,260.42 km2), 
Open (2,204.25 km2) and Moderately Dense Forest (1,641.50 km2). Barring few stretches, the 
riparian corridor is either missing or highly degraded due to high anthropogenic pressure. 
Thus, most stretches of river banks are devoid of vegetation that provide tensile strength to 
soil to resist water stresses on banks, as a result larger stretches of banks are prone to severe 
erosion during the rainy season. Further, nearly 65.24% of Godavari Riverscape is under 
intensive land use of agriculture. Surface runoffs from agriculture fields not only contribute 
to the silt load of nearby streams and rivers but also bring enormous quantity of chemical 
pollutants from diverse agriculture and horticulture crop fields. Excessive silting of reservoirs 
due to large scale deforestation, eroded river banks, agriculture close to riverbank and flood 
plains, mining activities and the attendant ecological degradation is the primary problem 
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plaguing the beneficiary states. Godavari is placed as the ninth largest sediment transporting 
river according to a study on tropical rivers in India. 
 
(b) River Pollution/ River Water Quality - The water pollution scenario in the 
Godavari River Basin has been a cause of concern. The quality of water has been categorized 
as ‘Class D’, by the Central Water Commission, for many stretches of Godavari and its 

tributaries. The main reason for not complying to the desired class is the high biological 
oxygen demand (BOD) values at various river stretches. Yet another factor is the agricultural 
run-offs into the river stream of chemical fertilizers, pesticides, insecticides, etc. As per the 
CPCB, the application of fertilizers is reportedly high in the Godavari Basin, ca.50 kg per ha 
vis-a-vis 25 kg per ha at the national level. Likewise, the pesticide usage is reported to be 
146.47 kg per km2, which is quite high compared to the national average. Interestingly, quite 
a few other widely scattered studies highlight deteriorating river water quality, following 
municipal/ industrial waste discharges along its stretches. Some notable studies cite discharge 
of different municipal and industrial waste water, besides surface run-offs from agricultural 
and various mining activities in and around the river basin as important causative factor for 
heavy metal contamination. 
 
(c) Floods and Droughts -The vicious cycle of floods and droughts are a recurrent 
problem in the basin states especially Maharashtra, Telangana, Andhra Pradesh and Odisha. 
Flooding is a recurrent natural problem in the lower reaches of the Godavari Basin owing to 
the flat topography and drainage congestion. The recent episodes of floods (twice in June-
July, 2016) and drought in Telangana and Andhra Pradesh (Summer, 2017) are a grim 
reminder of the reality. The recent monsoon floods and large-scale inundation of towns in 
western Maharashtra (Kolhapur, Sangli, Satara, etc.) in 2019 further reinforces the economic 
damages to human life/ habitations following natural calamities. Similarly, the Marathwada 
region, falling under western Maharashtra in the Godavari Basin faces perennial droughts, 
while the coastal areas are cyclone-prone. 

 

(d) Clandestine Sand/other Mining Activities - Illegal, indiscriminate, exploitive 
mining activities by river sand mafia is a significant threat, calling for stringent 
Governmental regulations/ actions. Uncontrolled, unregulated sand mining activities have led 
to enhanced velocity of flow in the river main stem, tributaries, distributaries, etc., leading to 
change in the river hydrological regimedue to disturbances in channel morphology in its 
geomorphic equilibrium/ threshold and also as a result of other aberrations arising due to 
climate change.  
 
(e) Encroachment and Illegal Construction Activities in the Floodplain Zone - The 
National Green Tribunal has repeatedly held that construction activities in floodplain area are 
prohibited, since it not only affects the natural flow of the river but even causes several allied 
environment problems besides raising risk to human life and property. Despite this, there is 
largescale encroachment of the river banks and floodplains for agriculture, prawn/fish 
cultivation, construction and other activities. 
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(f) Enhanced Resource Dependence and Biotic Activities - Despite the diverse 
economic, social and religious values of Godavari and its significance for the well-being of 
the society, the Godavari River continues to be heavily burdened by human need and greed, 
use and abuse, and indeed gross neglect. The water and the associated biological resources 
are already showing signs of stress, in some polluted stretch of this vast river system. The 
forests, grasslands and wetlands outside PAs of the basin continue to experience 
unsustainable extraction/ use. The riparian corridor along the main stem and tributaries are 
devoid of vegetation and are mostly under cultivation/ agriculture. These ultimately result 
into enhanced erosion, sedimentation, and the ever-increasing pollution. 
 

(g) Fragmentation of River - The increase in number of hydro-electric, irrigation and 
drinking water projects on main stem of Godavari and its tributaries have severely 
fragmented the river system, reducing connectivity and flow of water. Rapid urbanization and 
industrialization along Godavari and its tributaries and the consequent water 
demand/withdrawal have the potential to adversely affect the water balance in the basin and 
e-flow. 
 

(h) Enforcement of Laws - India has formulated several policies and legislations 
relevant to the use and regulation of river resources and authorities to enforce them. 
However, there are gaps and challenges in their rigid enforcement. Encroachment, illegal 
construction and cultivation on river banks and flood plains of Godavari and its tributaries, 
besides illegal mining for sand, coal, boulders and other minerals remain a contentious issue 
and threat.  
 
(i) Inadequate Research and Monitoring, Lack of Holistic Approach - The 
inadequacy and availability of subject matter/domain experts, lack of support for 
comprehensive research and monitoring, particularly biological and socio-economic sub-
environments from the river origin to sea provides poor insight on the riverine environment/ 
river ecology and it causes is a serious impediment. The river has not gained holistic attention 
despite its transboundary existence and lack of coordination among the basin states. Being a 
trans-state river system, water disputes among beneficiary basin states, in times to come, 
could become a major threat for conservation of river Godavari.  
 
(j) Climate Change Implications - The predicted climatic changes in the Godavari 
Basin are going to severely affect the water availability, its vast biological resources and 
consequently the sustenance and livelihood of millions of people. Further, the climate change 
induced sea-level rise may influence the deltaic region at the mouth of Godavari.  
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Conservation problems, issues, and threats in the context of Godavari River are summarized 
in Box 10.1. 
 

 

10.7 Prioritization of Sites  

The DPR has adopted multicriteria geospatial analysis approach assisted by expert 
knowledge to identify and prioritize areas for forestry interventions in the delineated 
riverscape. The GIS technology was used to generate shape files of the riverscape specifically 

Box - 10.1 
Godavari River – Problems, Challenges and Issues 

 
▪ The Godavari Basin is inadequately covered by forests. Barring few stretches, the riparian 

corridor is either lacking or highly degraded due to high anthropogenic pressure. Thus, most 
stretches of river banks are devoid of vegetation. As a result, larger stretches of banks are 
prone to severe erosion during the rainy season. 

▪ Nearly two-third part of the riverscape is under intensive land use of agriculture. Surface 
runoffs from agriculture fields not only contribute to the silt load of nearby streams and rivers 
but also bring enormous quantity of chemical pollutants from diverse agriculture and 
horticulture crop fields. Excessive silting of reservoirs due to large scale deforestation, eroded 
river banks, agriculture close to riverbank and flood plains, mining activities and the attendant 
ecological degradation is the primary problem plaguing the beneficiary states.  

▪ The water pollution scenario in the river has been also a cause of concern. The quality of water 
has been categorized as ‘Class D’, for many stretches of Godavari and its tributaries. 

Application of excessive fertilizers and usage of pesticides in basin is quite high compared to 
the national average. Additionally, municipal/ industrial waste discharges and chemical 
pollutants from agriculture and mined areas lead to heavy metal contamination.   

▪ Stochastic events of droughts and floods in the basin states are recurrent features causing not 
only natural disturbances but also results into enormous loss of terrestrial and aquatic 
biodiversity and disruption of ongoing vital ecological processes. Cyclonic storms in coastal 
areas aggravate the situation. Recent episodes of flood in western Maharashtra as well as in 
the lower reaches of basin in Odisha are grim reminders of reality.  

▪ Illegal and clandestine activities by river sand mafia in various stretches of river are a serious 
threat impacting the riparian and riverine zones of the riverscape. Such activities are prone to 
influence the channel morphology, hydrological regimes and velocity of river flow. Further, 
large scale encroachment of the river banks and floodplains for agriculture, prawn/ fish 
cultivation, construction and other human induced activities affect natural flow as well as 
create numerous environmental concerns.  

▪ The Godavari River continues to be heavily burdened by competing demands and suffer on 
account of gross neglect. The biological and water resources are already showing signs of 
stress, in some polluted stretches of this vast river system. 

▪ River fragmentation induced by growing number of hydro-electric, irrigation and drinking 
water projects on main stem of Godavari and its tributaries have severely fragmented the river 
system, reducing connectivity and flow of water.  

▪ The inadequacy and availability of comprehensive research and monitoring, particularly 
baseline information on biological resources is a serious impediment in holistic planning and 
management efforts towards river conservation. Despite a trans-state river system and prone to 
likely inter-state disputes, the river is yet to gain holistic attention, sectoral integration and 
convergence among varied stakeholders. 

▪ The climate change is likely to severely affect the biological resources, water availability and 
consequent livelihoods of millions of people in the Godavari Basin, particularly in the deltaic 
region at the mouth of Godavari. 
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of three important attributes viz., land use category, slope and erosion that were mainly used 
in the multicriteria analysis. Expert knowledge was used to assign appropriate weightage to 
various classes of above three attributes so as to generate an insight of priority areas under 
three categories viz., High, Medium, and Low. Accordingly, 5,286.31 km2 area or 13.89% of 
the riverscape has fallen in high priority area, the medium priority area covered 11,181.46 
km2 and represented 29.37% area of the riverscape (Table 10.5). The low priority area 
reflected as much as 21,599.45 km2 area or 56.74% area of the riverscape. Amongst seven 
states, and in terms of coverage of actual extent, Telangana State represented the highest area, 
being 1,680.11 km2 under the category of High priority area. Otherwise, the riverscape stretch 
within Odisha represented the highest area of 45.62% under the high priority. The State-wise 
distribution of priority areas in three categories within the riverscape are presented in 
Fig.10.8. 
 
Table 10.5: Distribution of Priority Areas within the Godavari Riverscape  

Sr. 
No. 

State Priority Areas within the Riverscape Total area 
(km2) High Priority 

Area 
(km2) 

Moderate 
Priority Area 

(km2) 

Low Priority 
Area 
(km2) 

1  Maharashtra 
680.74 
(3.83%) 

3,279.51  
(18.45%) 

13,811.21 
(77.72%) 

17,771.46 

2  Telangana 
1,680.11 
(18.30) 

4,691.31 
(51.09) 

2,810.75 
(30.61%) 

9,182.17 

3  Andhra Pradesh 
608.22 

(13.68%) 
864.49 

(19.45%) 
2,971.88 
(66.87%) 

4,444.59 

4  Madhya Pradesh 
256.44 

(15.40%) 
697.47 

(41.90%) 
710.85 

(42.70%) 
1,664.76 

5  Chhattisgarh 
870.59 

(44.85%) 
468.64 

(24.14%) 
601.98 

(31.0%1) 
1,941.21 

6  Odisha 
1,167.17 
(45.62) 

722.9 
(28.26) 

668.31 
(26.12%) 

2,558.38 

7  Karnataka 
23.04 

(4.57%) 
457.14 

(60.59%) 
24.47 

(4.85%) 
504.65 

Total 
5,286.31 
(13.89%) 

11,181.46 
(29.37%) 

21,599.45 
(56.74%) 38,067.22 

 

10.8 Policy and legal issues 

The Chapter 4 of the Volume 1 of the DPR has specifically covered varied aspects of river 
ecosystem, river management, river conservation, and river rejuvenation from the perspective 
of existing State/Central level legislative and policy instruments and has appropriately 
highlighted specific provisions, implications of such provisions besides identified 
inadequacies in dealing with rivers matters effectively. The various laws and policies 
appropriately recognize ‘river as a complex and dynamic ecosystem’, visualize varied land 
use patterns within the catchment andconsider their implications, attempts to identify linkages 
between forests and rivers, elaborates on the role of terrestrial, aquatic and deltaic 
biodiversity, appreciates the significance of wetlands and floodplains besides cover the need 
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for catchment area treatment (CAT Plan), Cumulative Environmental Impact Assessment of 
sequential hydroelectric power projects, impact of sand mining, and role of individuals and 
communities have also been considered. 

 

Fig. 10.8: Distribution of Priority Areas within the Godavari Riverscape 

 
(i) Review of the Existing Laws and Policies -Although, rivers have a prominent 
identity in the cultural and religious context, there has been a largely anthropocentric 
approach to the legal framework governing rivers and natural resources in India. In this 
country, the people view river both as a 'source' and a 'sink'; a source of water for sustaining 
life, and a sink to dispose all pollutants and effluents. It is this irony that makes legal and 
policy interventions for river restoration a rather difficult task. Over time, there have been 
perceptible as well as discernable changes in the manner in which rivers in general, and the 
Godavari in particular has been viewed through the legal and policy lens. The NMCG 
(National Mission for Clean Ganga) marks an important shift in approach from an 
anthropocentric one under which rivers were seen primarily as a 'water resource' to a more 
holistic approach that acknowledges the importance of continuous and unpolluted flow, 
maintenance of ecological and geological entities of the river. The emphasis on forestry 
interventions also gives legal recognition to the significance of land use in integrated 
watershed management. 
 
The wide spread development of hydro-engineering projects on Godavari and its tributaries 
(both existing and planned, and also the project under construction like Polavaram), activities 
like river bed mining, construction on the floodplains and discharge of untreated/partially 
treated municipal waste and industrial effluents have severely deteriorated the river system. 
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There exist a number of legal and policy interventions which do address different aspects of 
such problems, in a highly fragmented and piecemeal manner. The intricate relationship 
between rivers and forests, wetlands and biodiversity in Godavari basin need to be 
appropriately addressed and adequate emphasis need to be laid within the legal framework.  
 
(ii) The Need for Strengthening Laws and Policies -The issues/ problems involved in 
the rejuvenation of Godavari needs to be dealt holistically and scientifically in a systematic 
manner. Any proposed policy and legal interventions need to be viewed in the context of the 
broader framework of governance of river and factors affecting them. It is important to 
address the regulatory gaps - some of which could potentially be corrected within the existing 
regulatory frame while others may need a new approach. The rejuvenation and protection of 
riverine ecosystem is vital for long term sustenance of Godavari and its associated 
biodiversity. The provisions of the Forest (Conservation) Act, 1980, the Environment 
(Protection) Act, 1986 and the Biological Diversity Act, 2002 need to be applied proactively 
in order to achieve the task of long-term protection of the forests in the catchments and 
riparian corridor. There is a need to declare such areas, i.e., headwater catchments, riparian 
corridors and river banks, as ecologically sensitive sites/zones under the Environment 
(Protection) Act, 1986. There is a need to effectively use the Wetland Rules, 2017 
specifically in demarcation of the zone of influence that includes the drainage area or 
catchment of the wetlands. Any developmental activities within this zone of influence must 
be strictly regulated and forestry interventions which improve the ecological characteristics 
of such areas should be carefully planned. The review also made amply clear that 
environmental flow pertains to water needs to sustain freshwater and estuarine ecosystems in 
coexistence with agriculture, industry, and cities. There is a pressing need to review the 
minimum flow requirement of Godavari prescribed by various basin states. The minimum 
flow should reflect the ecological needs of the river. Further, there is a need to formulate a 
nationally agreed statement of principles of water-sharing (between riparian States, between 
uses, between sectors and between areas), and of institutional arrangements for allocations, 
priorities, and the prevention and/or settlement of disputes (except for the adjudication 
provision for inter-State river-water disputes), so that each drop of water is utilized on 
scientifically sound way. 
 
(iii) The Institutional Context - The MoEF&CC will be the nodal agency for 
implementation of the DPR on forestry interventions for rejuvenation of river Godavari. The 
DPR provides a detailed account of its organizational structure, including the constituent 
National Afforestation and Eco-Development Board (NAEB), and functioning in Chapter 1. 
The structure and functioning of other implementing agencies envisaged in the DPR are 
described below. 

 
(iv) State Forest Department as the Implementing Agency - The Forest Department of the 
State/ UT is the custodian of the State’s/UT forest resources including wildlife. The 

Department is responsible for the conservation of this vital resource and protection of the 
environment, which is achieved through the implementation of various policies and 
enforcement of various laws enacted by the MoEF&CC. The Forest Department is one 
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amongst the oldest and most organized departments in the country that has evolved as a 
versatile institution capable of meeting any challenges facing the wildlife and environment. 
The State Forest Department is a well-structured/ hierarchical organization and have vast 
experience in implementing afforestation, soil conservation and eco-restoration schemes in 
their respective states. Besides implementing solo schemes, they also have the experience of 
working in close association with other line departments like Panchayati raj, Revenue, 
Irrigation, Tribal Development, Agriculture, Horticulture, Animal husbandry, DRDA, Public 
Works Department etc., which is reflected in the successful implementation of inter-sectoral 
schemes like Green India Mission (GIM), Mahatma Gandhi National Rural Employment 
Guarantee Scheme (MNREGS), Integrated Watershed Development Project (IWDP), 
Integrated Watershed Management Programme (IWMP), National Afforestation Project 
(NAP), National Bamboo Mission (NBM), etc. Most of the State Forest Departments are, 
experienced in implementing conservation projects funded by reputed international agencies 
including UN agencies. Thus, it is obvious that the Forest Department in concerned basin 
states of Godavari is capable of implementing forestry interventions envisioned in the DPR. 
 
10.9 Treatment Models  

Altogether, forty-seven (47) plantation models were developed and finally included in the 
DPR targeting varied areas in the three types of landscape within the riverscape and across 
seven basin states. 
 
(a) Natural Landscape - Forestry interventions for natural landscapes such as protection, 
habitat management by way of soil and water conservation measures, weed management, 
afforestation/ reforestation, eco-restoration, etc., have been envisaged under the different 
proposed treatment and plantation models. Altogether, fourteen models were developed for 
the natural landscapes by the multidisciplinary team of IFB while taking into account the 
native forests and vegetation, soil conditions, rainfall, agro-climatic zone, etc. The purpose of 
these planned models is primarily conservation of headwater catchments, eco-restoration of 
riparian forests and protection of river banks. The species composition and treatment/ 
interventions proposed in the models were thoroughly discussed in the second stakeholder 
consultation meetings held in the seven basin states and appropriate modifications were 
carried out based on suggestions received from the stakeholders. As some of these models are 
implemented in more than one state, changes have been made in species composition and 
treatment plan by incorporating local best practices. Details of varied treatment models 
proposed in natural landscapes within the Godavari Riverscape along with their model 
number, model name, envisaged extent, and the provisioned cost for implantation are 
presented in Table 10.6.  
 
(b) Agricultural Landscape - About 65% of Godavari Riverscape falls under the 
agriculture landscapes, hence, this landscape type assumes importance from the perspective 
of proposed rejuvenation of the Godavari River. In all, twelve models have been developed 
for the basin states, aimed at enhanced agricultural production through planting of timber and 
fruit trees, adoption of agroforestry practices, and appropriate soil and moisture conservation 
measures (Table 10.6). 
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(c) Urban Landscape - Though the extent of area under urban and peri-urban landscape 
is relatively less compared to the Natural and Agricultural landscapes, nevertheless these 
areas contribute to the pollution load of Godavari and its tributaries significantly. In all, five 
unique models have been developed and incorporated for six basin states (Table 10.6).  
 

Table 10.6: State-wise proposed treatment and plantation models meant for three 
landscapes and conservation interventions within the Godavari Riverscape  

Model No. Model Name Area 
(ha)  

Total Cost 
(Rs. in crore) 

(A) Maharashtra 
Natural Landscape 
GV/MH/NL/01 Tropical Moist Deciduous Forests-Teak 

Bearing Forests  
100.00 6.33 

GV/MH/NL/02 Tropical Moist Mixed Deciduous Forests  98.35 4.61 
GV/MH/NL/03 Tropical Dry Deciduous-Teak Bearing 

Forests 
841.80 53.38 

GV/MH/NL/04 Tropical Dry Mixed Deciduous Forests  587.59 27.59 
GV/MH/NL/05 Tropical Thorn Forests  764.40 37.76 
GV/MH/NL/06 Riverbank Stabilization with Grasses and 

Bamboo  
47.81 0.80 

GV/MH/NL/07 Aided Natural Regeneration (ANR) with Gap 
Planting 

634.01 8.95 

GV/MH/NL/08 Plantations by the Eco Task Force (ETF) 0.00# 0.00# 
GV/MH/NL/09 Removal of Invasive Weeds and Replanting 

with Valuable Species  
483.50 21.77 

Agriculture Landscape 
GV/MH/AL/01 Planting of Silvicultural/ Fruit Trees in 

Homesteads, Farm Bunds and other Village 
Lands  

844.35 4.49 

GV/MH/AL/02 Planting of Silvicultural/ Horticultural Fruit 
Trees (Agroforestry) in Block Plantation  

26,457.61 343.13 

Urban Landscape 
GV/MH/UL/01 Godavari Riverfront Development  51.53 12.88 
GV/MH/UL/02 Godavari Eco-park Development  23.47 5.87 
Conservation Interventions 
Soil and Water Conservation Measures 12,419.46 31.66 
(B) Telangana 
Natural Landscape 

GV/TS/NL/01 Riverbank Stabilization with Bamboo  1011.11$ 16.74 
GV/TS/NL/02 Development of Riverine Grasslands  1760.5 27.54 
GV/TS/NL/03 Aided Natural Regeneration (ANR) with Gap 

Planting  
13608.13 247.03 

GV/TS/NL/04 Removal of Invasive Weed Species and 
Planting with Economic Species  

4978.63 76.82 

GV/TS/NL/05 Bald Hill Afforestation  222.41 7.03 
Agriculture Landscape 

GV/TS/AL/01 Sacred Groves Plantation  22.76 0.25 
GV/TS/AL/02 Community Land Plantation for Livelihood 

Support 
652.42 5.44 

GV/TS/AL/03 Tank For Shore Plantation 341.9 3.17 
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Model No. Model Name Area 
(ha)  

Total Cost 
(Rs. in crore) 

Conservation Interventions 
Soil and Water Conservation Measures 4112.32 293.26 
(C) Andhra Pradesh 
Natural Landscape 
GV/AP/NL/01 High Density Hill Area Mixed Plantation  510.00 4.36 
GV/AP/NL/02 Aided Natural Regeneration (ANR) with Gap 

Planting  
1520.00 11.14 

GV/AP/NL/03 High Density Mud Planting with Mangrove 
Species 

196.00 3.63 

Urban Landscape 
GV/AP/UL/01 Avenue Plantation  259.00$ 18.39 
Conservation Interventions 
Soil and Water Conservation Measures 606.60 1.53 
(D) Madhya Pradesh 
Natural Landscape 
GV/MP/NL/01 Aided Natural Regeneration (ANR) with 

Gap Planting  
2600.91 28.34 

GV/MP/NL/02 Mixed Block Planting of Riparian Species 
along Riverscape 

170.00 2.21 

Agriculture Landscape 
GV/MP/AL/01 Boundary Planting with Timber/ Fruit Yielding 

Tree Species  
113.21 0.47 

Urban Landscape 
GV/MP/UL/01 Social Forestry Block Plantation 1.99 0.04 
Conservation Interventions 
Conservation Interventions (SMC Measures) 1086.39 0.17 
(E) Chhattisgarh 
Natural Landscape   
GV/CH/NL/01 Aided Natural Regeneration (ANR) with Gap 

Planting 
770.00 7.49 

GV/CH/NL/02 Mixed Block Planting of Riparian Species 
Along Riverscape  

264.00 3.74 

Agriculture Landscape 
GV/CH/AL/01 Boundary Planting with Timber/ Fruit Yielding 

Tree Species 
503.50 2.10 

Conservation Interventions 
Soil and Water Conservation Measures 476.08 1.74 
(F) Odisha 
Natural Landscape 
GV/OD/NL/01 Riverbank Stabilization with Vetiver spp. Grass 

and Bamboo 
7.32 0.12 

GV/OD/NL/02 Mixed Block Planting of Riparian Species 
Along Riverscape 

163.70 3.30 

GV/OD/NL/03 Aided Natural Regeneration (ANR) with Gap 
Planting  

2065.0 36.1 

GV/OD/NL/04 Bald Hill Afforestation  200.00 8.32 
Agriculture Landscape 
GV/OD/AL/01 Boundary/ Bund/ Homestead Planting with 

Fast Growing Timber Trees 
55.80 1.004 
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Model No. Model Name Area 
(ha)  

Total Cost 
(Rs. in crore) 

GV/OD/AL/02 Homestead Planting with High Yielding 
Varieties of Cashew and Mango 

464.69 1.339 

GV/OD/AL/03 Creation of Woodlot in Village Commons 9.50 0.43 
Urban Landscape 
GV/OD/UL/01 Godavari Eco Park Development  10.00 2.50 
GV/OD/UL/02 Avenue Plantation  54.00$ 2.69 
Conservation Interventions 
Soil and Water Conservation Measures 922.00 1.91 
(G) Karnataka 
Natural Landscape 
GV/KA/NL/01 Aided Natural Regeneration (ANR) with Gap 

Planting  
485.20 5.60 

Agriculture Landscape   
GV/KA/AL/01 Planting of Economic Trees in Plains 45.00 0.23 
GV/KA/AL/02 Distribution of Fruit Tree Species  15.85 0.08 
$Units in linear kilometer (for models like Avenue Plantation, Riverbank stabilization) 
# Area under this model and cost norm to be decided by implementing agency 
 
10.10 Implementation Mechanism 
 
The Godavari Riverscape not only involves the vast extent of 38,067.22 km2 but also 
includes 90 Forest/ Wildlife Divisions across seven states those will be responsible to 
execute the project activities involving varied stakeholders. Hence, the project of this nature 
will certainly require national level coordination effort. Hence, the DPR envisages a 
National Project Facilitation Unit (NPFU) at IFB, Hyderabad for enhancing National 
Capacity on river conservation and knowledge management. The PFU will have 
multidisciplinary scientific team representing fields of Forest Policy and Law, Forest 
Ecology, Forest Hydrology, Riverine Ecology, Ecosystem Services, Climate Change, and 
Environmental Science. Additionally, contractual staff having experience in Forest 
Biodiversity, Bioremediation and Biofiltration, Aquatic Ecology/ Biology, Remote Sensing 
and GIS, Agroforestry, Computers and Database management will also be engaged.  In order 
to make the NPFU functional, the DPR has provisioned necessary budget.  
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Proposed mitigation measures in Godavari Riverscape are summarized in Box 10.2. 
 

 
 
10.11 Project Outlay 
 
The Overall Project Outlay provisioned for implementation of the DPR of Godavari River 
across seven involved basin states is Rs. 1,700.84 crore (Table 10.7). 

The total projected outlay for the Component-A on the ‘Implementation of forestry 

interventions in seven Godavari Basin states is Rs.1,566.84 crore and it accounts for 92.12% 
budget of the total projected outlay (Table 10.7). The Component-D on ‘Cost of National 

level PMU’ for central level steering, coordination and management of the project activities 
at the central Nodal Ministry - MoEF&CC level would require Rs.65.50 crores and this 

Box - 10.2 
Rejuvenation of Godavari River – Major Mitigation Measures 

 
Godavari River after it originates from the Sahyadri Hills in Maharashtra traverses 
through Maharashtra, Telangana, and Andhra Pradesh before forming delta in the Bay of 
Bengal. Godavari principally suffers on account of fragmentation of river, meagre forest/ 
vegetal cover, soil erosion and sedimentation, floods and frequent droughts, 
encroachment of riverbanks and floodplains, illegal and clandestine sand and other 
mining, enhanced resource dependence, pollution and declining water quality, and 
inadequate research, monitoring and capacity. Major proposed forestry interventions 
include:  

▪ Soil and moisture conservation works worth Rs. 330.27 crore, representing 19.42% 
of the total budget outlay by way of undertaking varied soil and moisture 
conservation (SMC) works have been proposed. 

▪ Altogether, 47 treatment models in Natural, Agriculture, and Urban landscapes 
within the riverscape are proposed across Maharashtra, Telangana, Madhya 
Pradesh, Chhattisgarh, Karnataka, and Odisha at a cost of Rs. 651.24, Rs. 361.99 
crore, and Rs. 74.61 crore, respectively. These models mainly focus on the assisted 
natural regeneration and enrichment plantings in Teak/ Mixed and Thorn forests; 
restoration of degraded forests (RDFs); riverbank stabilization with bamboo and 
grasses;  removal of invasive species and rehabilitation of weed infested areas; bald 
hill afforestation; sacred grove plantations; community land plantations for 
livelihood; tank shore plantations; creation of woodlots; agro-forestry plantations 
and bund planting; fruit trees in homesteads; development of riverine grasslands; 
and mangrove plantations; avenue plantations; eco-park development; riverfront 
development; and plantations in educational and industrial estates. 

▪ Additionally, supporting activities aiming creation of awareness, capacity 
development, adaptive research, participatory monitoring, evaluation, etc. have also 
been proposed for implementation.  
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accounts 3.85% of the projected outlay. The Component-B on ‘Strengthening National 

Capacity for Conservation and Management of Rivers’ would require Rs.68.50 crore and 

represent 4.03% of the projected outlay (Table 10.7). It is clear that major chunk of the outlay 
i.e., 92.12% is provisioned for field level forestry interventions, soil and moisture 
conservation activities, and supporting activities like capacity building, raising of awareness, 
research, monitoring and evaluation. 

Table 10.7: Project outlay for implementation of proposed forestry interventions within 
Godavari Riverscape 

Sr. 
No. 

Component/Sub-component Budgeted Amount 
(Rs.in crore) 

Allocation 
(%) 

A Implementation of forestry interventions 
in seven Godavari basin states 

1,566.84 92.12 

A.1 Treatment Models in Three Type of 
Landscapes 

1,087.84 63.96 

A.1.1 Natural Landscapes 651.24 38.29 
A.1.2 Agricultural Landscapes 361.99 21.28 
A.1.3 Urban Landscapes 74.61 4.39 
A.2 Conservation activities 330.28 19.42 
A.3 Supporting activities 75.72 4.45 

A.3.1 Capacity building 13.60 0.80 
A.3.2 Raising of awareness 45.35 2.67 
A.3.3 Research 4.94 0.29 
A.3.4 Monitoring & Evaluation 4.94 0.29 
A.3.5 Contingency for miscellaneous activities 6.89 0.41 
A.4 Cost of state level (seven) PMUs 73.00 4.29 
B. Strengthening National Capacity for 

Conservation and Management of River 
68.50 4.03 

D. Cost of National Level PMU 65.50 3.85 
Grand Total 1,700.84 100.00 

Component/Sub-component wise Projected Outlay - The DPR includes three Components 
for proposed forestry interventions. The Component A on the Implementation of Forestry 
Interventions in Seven Godavari Basin States has four Sub-Components (A1 to A4). The total 
projected budget for the Component A is Rs.1,566.84 crore, which is 92.12% of the total 
project outlay. The projected budget under the four sub-components is presented Table 10.8. 
The Sub-Component A-1 on ‘Treatment Models in Three Type of Landscapes’ has three Sub-
Components (A.1.1, A.1.2 and A.1.3), specifying treatment costs in Natural, Agricultural and 
Urban Landscapes within the riverscape. The projected outlay for the Sub-Component A.1 is 
1,087.84 crore or 63.96% of the total project outlay. The Sub Component A.1.1 concerning 
proposed interventions in natural landscapes has been allocated Rs. 651.24 crore, the 
maximum amongst the three landscapes. In all, 1,177 sites spread over 33,052.64 ha 
(polygon) and 1,031.11km (linear distance) will be treated under the natural landscapes. An 
amount of Rs. 361.99 crore has been projected for proposed interventions in agriculture 
landscape (Sub Component – A.1.2). A total of 1,117 sites spread over 29,527.71 ha will be 
treated under agriculture landscape. Further, an amount of Rs.74.61 crore has been projected 
for treatments within the urban landscapes (Sub-Component- A.1.3). The treatments will be 
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implemented at 759 sites, spread across 206.15 ha (polygon) and 1,482 km (linear distance) 
under the urban landscape (Table 10.8). An amount of Rs.330.28 crore or 19.42% of the total 
project outlay has been provisioned for the various proposed conservation interventions under 
the Sub-Component A.2. An amount of Rs.75.72 crore or 4.45% of total project outlay has 
been provisioned for various supporting activities under the Sub-Component A.3. Further, an 
amount of Rs.73.00 crore or 4.29% of total project outlay has been provisioned for Sub-
Component - A.4 to cover overall cost of PMU including the office expenses, POL, travel 
expenses, contractual staffs, scientific and office equipment (Table 10.7). 

10.12 Potential Benefits 

The DPR of Godavari has proposed forty-seven (47) plantation models for three types of 
landscapes within the riverscape. The projected increase in forest cover various interventions 
is 653 km2. The changes in base flow caused by plantation intervention are estimated to be 
141.70 MCM per annum. Similarly, the ground water recharge due to the SMC interventions 
only is estimated to be 73.59 MCM per annum. The combined effects of plantations and SMC 
measures have the potential to conserve 215.29 MCM water annually. The proposed 
interventions have the potential to reduce an estimated 4,04,740 m3yr-1of sedimentation 
annually.The potential reduction over a twenty-year period is expected to be 16.94 million 
tones CO2 equivalent and estimations over ten-year period is expected to be around 13.55 
million tones CO2 equivalent. There are three ways forests contribute to human livelihood 
viz., forests contribute timber and NTFPs for household use (subsistence), forests provide 
food when crops fail (food security), and further forests provide income from labour and sale 
of produce. The present DPR for rejuvenation of Godavari will generate 27.04 lakh man day 
works for direct cash benefits to the riverscape communities. Besides income from wages, it is 
expected that the riverscape communities will generate additional income from the sale of 
small timber, fruits and other NWFPs from these restored forests and newly established 
plantations. Based on a conservative estimate, about Rs.131 crore will be generated annually 
from the sale of NTFPs. Further, improved productivity from agricultural crops as a result of 
the climate and water regulating effects of the forests is expected to generate indirect 
additional income for the riverscape households.It is perceived that the proposed forestry 
interventions for rejuvenation of Godavari that are holistic and intersectoral are going to make 
significant contributions to India’s commitments on as many as nine identified SDGs. The 

estimated potential benefits from the proposed forestry interventions in Godavari Riverscape 
have been summarized in Table 10.8. 

Table 10.8: Potential Benefits of the Proposed Forestry Interventions  

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground Water 
Recharge  
(million 
m3/year)  

Sedimentati
on 

Reduction  
(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. in 

crore) 

Employment 
Generation  

(million-man day 
generated) over 

the Project 
Period  10 

Years 
20 

Years 

653.00 13.55 16.94 215.29 4,03,740 131.00 27.04 
 

************* 
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11. 

Mahanadi River 

11.1 Introduction 

The Mahanadi River is also known as the ‘Ganga of Chhattisgarh’ and the ‘Life Line of 

Odisha’. The word Mahanadi is a combination of two words of Sanskrit  viz., ‘maha’ (great) 
and ‘nadi’ (river). The Mahanadi is one of major east flowing Peninsular Rivers of the 
Eastern Central India. The Mahanadi River is formed by numerous mountain streams and the 
farthest headstream originates at an elevation of 457 m AMSLin the Bastar Plateau near 
Pharasiya village of Dhamtari district in the state of Chhattisgarh (Fig.11.1).  
 
The Mahanadi Basin predominantly extends over the states of Chhattisgarh and Odisha 
besides comparatively smaller portions of the basin in   Jharkhand, Maharashtra and Madhya 
Pradesh. The geographical extent of the basin lies between latitude N 19°8’ to 23°32’ and 

longitude E 80°28’ to 86°43’. The Mahanadi drains an area of 1,38,837.9 km2 which is nearly 
4.3% of the total geographical area of the country. The basin has maximum length and width 
of 587 km and 400 km. It is bounded by the Central India hills on the north, by the Eastern 
Ghats on the south and east, and by the Maikal Range on the west. In 2009, the basin spreads 
over 27 parliamentary constituencies comprising 13 of Odisha, 11 of Chhattisgarh, and 1 
each of Maharashtra, Jharkhand and Madhya Pradesh. 
 
The Mahanadi is one of the major rivers of the country and among the peninsular rivers, in 
water potential and flood producing capacity, it ranks second to the Godavari. Theriver from 
its origin to sea traverse a distance of 858 km, of which 370 km in Chhattisgarh and 488 km 
in Odisha. Prominent tributaries of the river are: Sheonath, Hasdeo, Mand, Jonk, Ib, Tel and 
Ong. The Seonath, Hasdeo, Mand and Ib joins Mahanadi on the left bank whereas the Ong, 
Tel, and Jonk joins on the right bank. Six other small streams between the Mahanadi and the 
Rushikulya River draining directly into the Chilika Lake also forms the part of the basin. The 
initial journey of the river is northwards from its origin to Raipur, fromthat point; it is joined 
by one of its major tributaries, Sheonath and takes the eastern route. It enters Odisha in 
Sambalpur district through Hirakud Dam. From this point, it traverses towards Cuttack 
through Dholpur, Satkosia and Boudh. Before entering Cuttack city, it gives off a large 
distributary called the Kathjori and finally drains into Bay of Bengal through many 
distributaries such as Paika, Birupa, Nun, Chitratala, Genguti, Jotdar, and Brahmani. The 
Mahanadi proper enters the sea via several channels near Paradip Port at False 
Point, Jagatsinghpur (Fig.11.2). The combined delta of Mahanadi's numerous distributaries 
and the Brahmani is one of the largest in India. 
 

https://en.wikipedia.org/wiki/Sanskrit
https://en.wikipedia.org/wiki/Paradeep
https://en.wikipedia.org/wiki/False_Point
https://en.wikipedia.org/wiki/False_Point
https://en.wikipedia.org/wiki/Jagatsinghpur
https://en.wikipedia.org/wiki/Mahanadi_River_Delta
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Fig.11.1: Shringi Rishi Ashram, Sihawa Hills, Dhamtari - Origin Point of Mahanadi 
River  

 

Fig.11.2: The Mouth Site of Mahanadi River at Paradip, Odisha 

11.2 Conservation Significance 
 
Predominantly, two states, namely Chhattisgarh and Odisha collectively contribute an extent 
of 1,40,570 km2 that constitutes 99.2% area of the Mahanadi Basin. Three states viz., 
Jharkhand, Maharashtra and Madhya Pradesh together form just minuscule 0.8% area of the 
Mahanadi Basin. Nearly 55.5% and 42.13% geographical area of the state of Chhattisgarh 
and Odisha form major parts of the Mahanadi Basin. In actual terms, the larger part i.e., 
52.9% area of the Mahanadi Basin is contributed by Chhattisgarh while 46.3% area of the 
basin by Odisha. Thus, two states – Chhattisgarh and Odisha contribute to the wide range of 
conservation values in the context of Mahanadi River Basin and Mahanadi Riverscape 
delineated for the purpose of DPR of Mahanadi.  
 
Three states – Chhattisgarh, Odisha, and Maharashtra represent four prominent biogeographic 
zones viz., (a) 5-Western Ghat, (b) 6-Deccan Peninsula, (b) 7-Gangetic Plains, and (c) 8-
Coast, and five biotic provinces viz., (i) 5A- Malabar Plains, (ii) 5B-Western Ghat Mountains, 
(iii) 6B- Chotta Nagpur, (iv) 6C- Eastern Highlands, (v) 6D- Central Plateau, (vi) 7B-Lower 
Gangetic Plains, and (vii) East Coast. Thus, three states contributing to the extent of the 
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riverscape boast of a wide range of diversity of landforms – mountain ranges, plateaus, 
coastal plains, delta; natural ecosystems including tropical forests ranging from Scrub to 
Tropical Evergreen and even Littoral and Swamp Forests, a variety of natural and manmade 
wetlands including estuaries; and rich mineral resources, historical places, religious and 
pilgrimage sites besides enormous diversity of ethnic groups. Obviously, Mahanadi Basin has 
enormous geological, environmental, historical, religious, cultural, and socio-economic 
values. The basin not only plays a significant role in the sustainable development of the 
concerned states along the course of the river from its origin in Chhattisgarh to its mouth in 
Bay of Bengal through Odisha but also for the prosperity and economic development of the 
country by way of production of some of the important minerals; forest, agriculture and 
horticulture produce; fish, and sea food. The Mahanadi River Basin is a great source of water 
for irrigation, industry, domestic utilities and for producing hydroelectricity and is capable of 
catering to the requirements of the society. The ecological, historical, religious, cultural and 
socio-economic significance of the Mahanadi River Basin is highlighted below: 
 
(a) Ecological Values - Two predominant basin states of Mahanadi, i.e., Chhattisgarh 
and Odisha have rich, unique, and spectacular diversity of forests, wetlands-floodplains, 
coastal plains, estuaries, and delta and associated flora and fauna. The state of Odisha had 
recorded forest cover of 51,619 km2 and it represented 33.15% geographical area of the state. 
Two states not only made a significant contribution to the country’s forest cover but also to 

the growing stock, and carbon storage in trees and soils besides they provided enormous 
yields of timber, NTFPs, and livelihoods to a notable section of the society, particularly forest 
dwellers and tribal and other ethnic people living in the interiors of the forests or in the forest 
fringe villages. In addition to various goods, diverse forests immensely helped in providing a 
wide variety of ecosystem services ranging from the improvement in air quality, interception 
of water, recharge of ground water, reduction in sedimentation and runoff, water purification, 
tourism, recreation, and adventure. These forests offer natural habitat to wide range of plant 
species, vertebrate and invertebrate fauna, and microorganisms including several rare, 
endangered and threatened (RET) species.  
 
Rugged mountains, deep gorges, geomorphic caves, and dense forests make the state of 
Chhattisgarh an unmatchable refuge for wildlife. Likewise, the Mahanadi based ecological 
systems of Odisha are highly diversified. Ecological systems of coastal plains, where the 
distributaries, rivers and rivulets crisscross the entire coastal plains and major wetlands, 
various flora and fauna are found. The coastal ecosystem is very rich and sustains the 
livelihoods of crore of people. The estuarine ecological system at the mouth of river 
Mahanadi is repository of diversified mangrove flora and fauna including rich aviaries. This 
is the land of rookeries of many reptiles and birds and also fishes. This ecosystem controls 
the regional climate of this tract, and saves the coast from sea erosion. The diverse flora and 
fauna of the region sustains the livelihoods of lakhs of people. The wetland ecological 
systems of Ansupa, Chilika and artificial lake created by the Hirakud Dam are of great 
significance to Odisha. Ansupa is a fresh-water lake formed by river Mahanadi. The flora and 
fauna of this fresh water lake is unique. Similarly, the lagoon ecosystem of Chilika is quite 
different from other freshwater ecosystems. The unique flora and fauna including sea-
mammals are sustainably reared by this oceanic wetland. This is also a land of rookeries and 
nests of several reptiles and birds. Hirakud Dam and its surroundings provide habitat to 
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several birds and animals including migratory birds. Besides the above ecosystems, the 
Satkosia gorge ecological system is quite different from others, which is very much reputed 
for Gharial (Gavialis gangeticus), fish eating crocodile (Crocodylus palustris) (Fig.11.3). 
 
Two primary basin states contributing to the riverscape area harbour populations of Tiger 
(Panthera tigristigris), Leopards (Panthera pardus), Hyena (Hyaena hyaena), Elephant 
(Elephas maximus), Indian Gaur (Bos gaurus), Sambar (Rusa unicolor), Chital (Axis axis), 
Wild pig (Sus scrofa), Indian giant squirrel (Ratufa indica), Hill myna (Gracula religiosa), 
Mugger/ Marsh Crocodile (Crocodylus palustris), Gharial (Gavialis gangeticus), Saltwater 
Crocodile (Crocodylus porosus),  The state of Chhattisgarh harbours a very small population 
of critically endangered wild buffalo (Bubalus bubalis), the state animal that too in widely 
scattered protected areas. The Kanger Valley National Park in Chhattisgarh is famous for the 
Bastar hill mynah, a subspecies of the common hill mynah (Gracula religiosa) and the state 
bird. A network of protected areas undertakes special care of endangered and threatened 
species. The state of Chhattisgarh has three National Parks, eight Wildlife Sanctuaries, and 
three Tiger Reserves, blessed with natural beauty and having unique biodiversity. In addition 
to this, the state has one ‘Achanakmar-Amarkantak Biosphere Reserve’. The coastal state of 

Odisha has 19 Sanctuaries, including Gahirmatha Marine WLS, Bhitarkanika NP and 
Simlipal NP. The state has three stretches of mass nesting beaches of endangered Olive 
Ridley Sea turtles (Lepidochelys olivacea). It also includes the world’s largest nesting ground 

of Olive Ridley Sea turtle at Gahirmatha. Besides, the state also has natural wetlands like the 
largest wetland of Asia (Chilika) and Bhitarkanika. These have been declared as ‘Ramsar 

Sites’. The Hirakud Dam on Mahanadi River, near Sambalpur in Odisha is one of the 

multipurpose projects constructed after the independence of the country and has been 
recognized as the longest earthen dam in the country, and it has created a large artificial lake 
having an extent of 743 km2 at the full capacity of the dam (Fig.11.4). The state of Odisha has 
6.72 lakh ha of fresh water area, 480 km of coast line and 4.18 lakh ha of brackish water 
resources. Thus, forming an important source of livelihood for its people. Inland fishing is 
carried out in reservoirs, tanks, rivers, canals, swamps, lakes, etc., whereas estuaries and the 
Chilika Lake have brackish water resources. 
 

(b) Historical and Cultural Values - The archaeology of Chhattisgarh explains the 
mythological Bali yatra and the presence of the largest Vishnu Mandir of the world in 
Angkor Wat in Cambodia, veneration of God Jagannatha and Balarama in Odisha and 
Balarama and Krishna in Dwarka of Gujarat. It also helps understand the trans-basin 
interactions among the earlier people. The river systems could have helped interactions 
among the maritime people of the west and east coasts.In ancient times the region around 
Raipur was known as Dakshin-Kausal. This finds mention in Ramayana and Mahabharata 
also. Between the sixth and twelfth centuries Sarabhpurias, Panduavanshi, Somvanshi, 
Kalchuri and Nagvanshi rulers dominated this region. Kalchuris ruled in Chhattisgarh from 
980 to 1,791 AD. Chhattisgarh situated in the heart of India, is endowed with a rich cultural 
heritage and attractive natural diversity. The State is full of ancient monuments, carved 
temples, Buddhist sites, palaces, water-falls, caves, rock paintings and hill plateaus. Bastar 
represents unique cultural and ecological identity; Chitrakoot Falls, a spot where the river 
Indravati has an abrupt fall of nearly 30 m; Tirathgarh Falls, the picturesque waterfall of 
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Kanger River from a height of 30 m in the form of steps; Keshkal Valley; Kailash caves; Sita 
Bongara and Kutumbsar caves are rich in natural beauty. The holy confluence of three 
rivers Mahanadi, Pairi and Sondur, called Triveni Sangam is at Rajim. Rajim is also known 
as the ‘Prayag of the Chhattisgarh’.  
 
The Mahanadi Valley in Odisha, stretching from Hirakud Dam to the Tikarpada gorge in 
Angul, was home to a complete and continuous sequence of ancient cultures, ranging from 
the Neolithic phase (2,000 BC) to the Early Historic Period (200 BC). Occurrence of rare 
iron-age house foundations, earthen utensils and remains of human and animals, indicating 
inhabitation by iron-using people dating back to at least about 1,000 BC, prove it. This 
civilization continued to exist during the early historic period (200 BC), during which the site 
had turned into a very large gemstone bead manufacturing centre in Odisha. During the 
period the site had massive earth fortification walls on all four sides. The stone bead-makers 
mostly exploited locally available raw materials like beryls, aquamarine, ruby and other semi-
precious stones. There is no proof available if the gem beads of Badmal were exported to the 
outside world. The radiocarbon dating of the charcoal samples from the site have been 
demonstrated to be between 1,000 BC and 200 BC. 
 
The cities of Cuttack and Sambalpur were prominent trading places in the ancient world and 
the river itself has been referred as the Manada in Ptolemy's works. However, today the 
Mahanadi Valley is best known for its fertile soil and flourishing agriculture. Chilika WLS, 
Bhitar Kanika WLS, Simplipal TR, and some other PAs are major tourist destinations within 
Odisha. The Konark and Jagannath Temples are world famous and attract a large number of 
tourists/ pilgrims. The mass nesting sites or Arribada sites of Olive Ridley Sea turtle on the 
Odisha Coast are important from the conservation point of view and attracts tourist during the 
brief nesting season. 
 
(c) Socio-economic Values - The Mahanadi River System is a major source to cater various 
needs including irrigation, domestic and industry for the states falling under its catchment. 
The average annual surface water potential of 66.9 km³ has been assessed in the Mahanadi 
Basin. Out of this, 50.0 km³ is utilizable water. Culturable area in the basin is about 80,000 
km2, which is 4% of the total culturable area of the country. The major part of basin is 
covered with agricultural land accounting to 54.27% of the total area and 4.45% of the basin 
is covered by water bodies. The predominated basin by the agriculture landscape and 
agriculture related occupations are the major livelihood for the inhabitants besides 
employment in industries, mining and power sectors in both the major basin states. 
 
Mineral resources also play a big part in the development of both states. Chhattisgarh and 
Odisha’s central location and the abundance of mineral resources in both the states have 
played an important part in attracting resource intensive and exploitative industries to the 
state. Chhattisgarh is rich in minerals. It produces 50% of the country's total cement 
production.It is third in iron ore production and first in tin production. Limestone, dolomite 
and bauxite are abundant. It is the only tin ore-producing state in India. Other commercially 
extracted minerals include corundum, garnet, quartz, marble, alexandrite and diamonds. 
Odisha is also equally rich in minerals with 52% of the country’s bauxite reserves, 44% of 

manganese reserves, 33% of iron ore reserves, and of 24% of coal reserves.   

https://en.wikipedia.org/wiki/Allahabad
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Fig.11.3: Gharial (Gavialis palustris) basking on the river island within the Mahanadi 
River at Satkosia Wildlife Sanctuary, Angul, Odisha  

 
The state-owned South-Eastern Coalfields Ltd. is the largest mining company in operation in 
Chhattisgarh as well as Odisha. Vedanta, ESSAR, LANCO, Jindal, Monet, DB Power, 
National Thermal Power Corporation, Steel Authority of India Ltd. and Bharat Aluminum 
Company Ltd. Are the major companies in Chhattisgarh in the mineral, power, steel and 
aluminum businesses. The state also has many large industrial areas principally around 
Raipur, Bilaspur and Durg cities. Korba is another industrial hub and Raigarh is being further 
developed as a power and mining hub. 
 
Live storage capacity in the basin has increased from just about 0.8 km³ in the pre-
independence period to the total live storage capacity of the completed projects to 8.5 km³. In 
addition, a substantial storage quantity of over 5.4 km³ would be created on completion of 
projects under construction. Additional storage to the tune of over 11.0 km³ would become 
available on execution of projects under consideration. The hydropower potential of the basin 
has been assessed as 627 MW at 60% load factor. Both Chhattisgarh and Odisha generate 
more power than they consume. Korba district in Chhattisgarh is the ‘power capital of India’. 

The entire state of Chhattisgarh itself has about 10,683 MW in production capacity as of 
January 2015, of which 6,413 MW is private and 4,290 is owned either by the State or 
Centre. While this is one of the most important sectors providing huge employment 
opportunities. In addition to the above, both states provide enormous opportunities for 
fisheries, food processing, religious, pilgrimage, and tourism related industries. People living 
in the proximity of Mahanadi Basin are vulnerable to recurrent cyclones and the tide of 
climate change every year, especially the community living at the edge of the river. Many of 
these constraints like weather conditions are beyond their control but their livelihood risks 
can be reduced by adopting resilient livelihood practices to reduce disaster risk. 
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Fig.11.4: Hirakud Dam on the River Mahanadi 

11.3 Riverscape 

Increasingly, the rivers are investigated from the landscape perspective, both as ‘landscapes’ 

in their own right and as ‘ecosystems’ Thus, the riverine landscapes or the riverscapes are 
viewed from the evolving concepts and principles of the landscape ecology and river ecology 
those place a greater emphasis on the critical aspects of spatial heterogeneity, connectivity, 
and scale, all of which have received considerable attention in running waters. The riverscape 
approach integrates the elements of flowing water and surrounding lands those have been 
impacted by human activities and can contribute not only for the sustainability of the 
riverscape but also for improving and maintenance of vital ecosystem services in the 
changing environment. Thus, the landscape perspective of rivers (‘riverscape’) has emerged 

and widely accepted and adopted towards efforts aiming rejuvenation and conservation of the 
river. In addition, the improved communication, trust, and working together among varied 
river stakeholders (sector, agencies, departments, regulators, users, beneficiaries, and local 
communities) has been recognized as the key step towards the success of river conservation 
programmes. The riverscape approach emphasizes on the catchment-level planning and 
processes while tackling the causes of degradation rather than the symptoms. The holistic 
strategy adopted by the DPR of Mahanadi River towards river rejuvenation focus on the 
riverscape approach. 
 
The Mahanadi Basin across five catchment states covers an area of 1,38,837.9km2. The states 
of Chhattisgarh and Odisha have maximum catchment areas of the basin, whereas, 
Jharkhand, Maharashtra and Madhya Pradesh have comparatively smaller portions. Mahanadi 
River has a total 15 major tributaries out of which 12 originate in Chhattisgarh while only 
three tributaries originate in the state of Odisha. But 33 sub-tributaries of the three main 
tributaries of Odisha form the geo-hydrological network within Odisha. In practice, the 12 
tributaries of Mahanadi contribute most water input to Mahanadi Basin those originate in 
Sonpar, Deoghar, Korea, and Bastar Hills, and Pendra and Parasgaon Plateaus in 
Chhattisgarh. Mahanadi has 20 natural distributaries or branch and sub-branch rivers, which 
entirely flow within Odisha. The Mahanadi Delta, which is the most fertile alluvial flat land 
in the basin, is the mother of distributaries, where the main stream of Mahanadi splits into 
several distributaries. 
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The wider consultative process recommended that proposed Mahanadi Riverscape should 
include a buffer of 5 km on both sides of the main River and 2 km on both sides of its 
tributaries those have been considered for the purpose of DPR. Also, the entire area of 
Mahanadi Delta needs to be considered as the main river here distributes into several 
distributaries forming a network and finally exit into the Bay of Bengal and moreover the 
physical demarcation of the riverscape in the deltaic region is impractical. Thus, out of total 
area of Mahanadi Basin, a riverscape extent of 24,923.89 km2 was delineated. Although, the 
Mahanadi River has five basin states, only relevant identified areas lying within three states 
i.e., the Chhattisgarh, Odisha and Maharashtra were considered for delineation of the 
riverscape (Table 11.1). The riverscape represented 17.60% area of the Mahanadi Basin. The 
main stem and surrounding lands contributed 12,211.19 km2 or 48.99% areaof the riverscape 
while the buffer areas in the context of seven select tributaries across three basin states 
collectively contributed an extent of 12,712.70 km2 and represented 51.01% of area of the 
riverscape (Fig. 11.5).  
 

Table 11.1: State-wise Distribution of Area within the Mahanadi Riverscape  

Sr. No. State Area (km2) Riverscape (%) 

1.  Chhattisgarh 9,932.44 39.85 

2.  Odisha 14,918.66 59.86 

3.  Maharashtra 72.79 0.29 

Total 24,923.89 100.0 
 

 
Fig.11.5: The Mahanadi Riverscape within the River Basin Area  
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11.4 Preparation of DPR  

The MoEF&CC through the ICFRE, Dehradun has entrusted the major task pertaining to the 
preparation of DPR on the proposed forestry interventions for rejuvenation of Mahanadi 
River to the ‘Institute of Forest Productivity (IFP), Ranchi’. The IFP, Ranchi is one of the 

nine institutes under the umbrella of ICFRE. The Institute has a long history and has been 
mandated with enlarged and focused research of augmenting forest productivity and quality 
vis-à-vis enhancing livelihood of tribal people and forest fringe villagers of eastern part of the 
country, i.e., Bihar, Jharkhand and West Bengal. The Institute constituted a core team of 
multidisciplinary scientists, practicing foresters, and technical staff besides involved 
consultants and professional experts and subject matter specialists for the specific theme-
based tasks. 
 
(a) The Approach and Key Steps - The approach adopted for the preparation of DPR has 
envisaged several key steps and processes. Prominently, it included the (a) review of 
secondary information for developing an insight on the Mahanadi River Basin and its 
environment, conservation issues, and river specific conservation initiatives; (b) identification 
of stakeholders including sectors, departments, regulatory agencies, users, beneficiaries, and 
local communities besides professionals and specialized scientific organizations concerning 
river rejuvenation and conservation at the national, state, regional and local levels, and 
execution of wider consultative process; (c) design of field formats for collection of primary 
field level data and training of field level staff in collection of data; (d) collection of field data 
and ground truthing; (e) development of software based web portal for entry, collation, 
synthesis, and generation of customized reports; (f) delineation of Mahanadi Riverscape; (g) 
geospatial analysis and modelling for the development of GIS based layers on physical and 
biological attributes and prioritization of areas; (h) formulation of comprehensive strategy, 
and identifications of three type of landscapes within the riverscape; (i) development of 
treatment and plantation models including conservation interventions; and (j) preparation of 
draft DPR, consultation, feedback and finalization. 
 
(b) The Consultative Process and Developing an Understanding of Key Issues - A proper 
understanding of the environment of the Mahanadi River Basin and formulation of 
developmental plans for the catchment, and riparian and riverine habitats within the 
concerned basin states, specifically in the riverscape was a prerequisite and also for 
appreciation of prevalent key issues. The consultative process through consultations and 
interaction with all stakeholders allowed the identification of key issues and their causative 
factors vital for planning, assessment and preparation of DPR.  
 
(c)Development of Information System: RIVSYS - In order to efficiently and effectively 
handle vast field data, collate, analyze, synthesize, interpret and retrieve the desired summary 
information and customized reports, the Information Technology Division of the IFP, Ranchi 
designed and developed a user-friendly information system named ‘RIVSYS’ to manage all 

the primary data collected for the purpose of rejuvenation of Mahanadi. 
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(d) Field Visits and Ground Truthing of Sites for the Proposed Interventions – The 
frontline of the Forest/Wildlife Division under the concerned SFD was required to facilitate 
collection of primary data for three identified landscapes. Six teams constituted by the IFP 
undertook the important task of ground truthing of a small number of representative sample 
sites. The ground truthing process included proper representation of different landscapes 
within the riverscape for high, moderate and low priority zones. These data received from the 
field were entered into RIVSYS software for access and analysis. 
 
(e) Division Level Field Trainings for the Data Collection – The collection of primary field 
data across the basin states and vast expanse of the delineated riverscape including three 
types of landscapes and conservation interventions focusing on the soil and moisture 
conservation measures, riverine wildlife management, and wetland management was a 
challenging and herculean task. The concerned Forest/ Wildlife Divisions of basin states were 
involved and the frontline staff was imparted relevant field level training so as to enable them 
to collect primary field data effectively.  Thus, sequential field level training programs were 
organized. Six teams constituted by the IFP also facilitated collection of Division-wise data 
using the .kml files of the relevant forest beats. 
 
11.5 Riverscape and its Environment 

The structure, composition and functions of a river are influenced by a variety of natural and 
anthropogenic factors. Most major Indian Rivers are in endangered state as they shown sign 
of fragmented longitudinal connectivity or reduced e-flow from source to sea on account of 
physical barriers (dams, reservoirs, barrages, etc.), diversion of water, deforestation/ removal 
of riparian vegetation, and altered patterns of rainfall, snowfall, and implications of climate 
change. In most instances, the vertical connectivity has been impacted due enhanced 
sedimentation, rampant gravel, silt and sand mining, and flash floods and excessive runoff. 
The horizontal or lateral connectivity has also declined or suffered on account of riparian 
buffer/ forests and removal of vegetation, poor regeneration, and resultant loss of riverine and 
riparian linkages and interconnections, terrestrial and aquatic biota. The Mahanadi River 
originating in Chhattisgarh and flowing through Odisha and Mahanadi delta before it exists in 
the Bay of Bengal is no exception. The land use land cover changes; number of dams, 
reservoirs, barrages along the course of main river and its tributaries; enhanced 
developmental activities (agriculture, urbanization, industrialization), and several other 
natural and manmade factors are responsible are worrisome condition of Mahanadi.  Thus, it 
is imperative to understand the environment including the physical, biological, and socio-
economic sub-environments of the river, especially the causative factors responsible for 
declining trends, and conservation initiatives and outcomes before planning, assessment, and 
preparation of the DPR for the proposed forestry interventions or any efforts towards river 
rejuvenation. The Chapter 2 of the Volume I of the DPR has critically examined the 
environment in the context of Mahanadi River and narrated causes, trends, current state, and 
in some instances future perspective. The Chapter 3 of the Volume I of the DPR supplements 
the understanding on the environment, particularly specific to the Mahanadi Riverscape based 
on the wider consultative process; and geospatial analysis, modelling and prioritization. The 
following section highlights pertinent aspects of three sub-environments.   
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(a) The Physical Sub-Environment – The physical sub-environment in the context of 
Mahanadi River is predominantly influenced by hill ranges, geology, landforms, altitude, 
slope, soil, and erosion besides manmade physical barriers, and climatic conditions. Often, 
the ever-increasing biotic pressure aggravates the situation and creates avoidable manmade 
disturbances. The following section attempts to provides an insight on altitudinal variation 
within the riverscape and its implications on the river environment.   
 
Altitudinal Variation - The riverscape from east to west direction depicts large altitudinal 
variation from 1 m AMSL to more than 1,000 m. Altitude plays an important role in the 
physical characteristics, biological diversity and its distribution and socio-economic uses and 
consumption patterns. In particular, higher altitudes greatly influence the river flow, rate of 
sedimentation, vegetation, wildlife and human settlements and their uses. A total of 5 
elevation classes were derived (Table 11.2; Fig.11.6). The distribution of areas under 
different elevation classes within the riverscape is given in Table 11.2 revealed that the 
maximum extent of 19552.15 km2 or 78.45% area of the riverscape lies in the lowest 
category of the elevation class i.e., less than 250 m. The elevation class of 250 m to 500 m 
covered 4,070.63 km2 and represented 16.34% area of the riverscape. The elevation class 
(500 m to 750 m) covered 4.19% area of the riverscape. The elevation class (750 m to 1,000 
m) represented just 1% area of the riverscape. A tiny area of the riverscape i.e., 0.02% area 
was 1,000 m. Thus, it can be concluded that as much as 98.98% area of the riverscape was 
below 750 m in elevation (Table 11.2). Some of the prominent tributaries of Mahanadi 
originating in different hills and plateaus of Chhattisgarh those join the main stem are 
relatively higher in elevation classes. 
 
Table 11.2: Distribution of different elevational classes within Mahanadi Riverscape 
 
Sr. No. Elevation Class (m) Area (km2) Riverscape (%) 

1  ≤ 250 m 19,552.15 78.45 
2  250 m to 500 m 4,070.63 16.34 
3  500 m to 750 m 1,045.38 4.19 
4  750 m to 1,000 m 250.06 1.00 
5  ≥1,000 m 5.67 0.02 

Total 24,923.89 100 
 
(b) Biological Sub-Environment – The biological sub-environment of a river primarily 
relates to the land use land cover, the state of natural ecosystems (forests, grassland, wetlands 
including floodplains, delta), and especially forest/ vegetation cover in the catchment 
including the riparian buffer besides the status of terrestrial and aquatic wildlife, and 
conservation efforts by way of establishment of protected areas, and maintenance of vital 
functional corridors. Hence, the following section provides an insight on the land use land 
cover, forest types and forest cover, and wildlife within the Mahanadi Basin/ Riverscape.    
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(i) Land Use Land Cover (LULC) - Altogether, 23 classes of LULC were deciphered 
(Table 11.3). Out of this, 11 classes fall under the category of ‘Natural LULC’ viz., (a) Very 

Dense Forest (VDF), (b) Moderately Dense Forest (MDF), (c) Open Forest (OF), (d) Scrub, 
(e), (f) Swamp/ Mangrove, (g) Mud Flat/ Coastal Wetland, (h) Wetland/ Waterlogged, (i) 
River Perennial, (j) River (Dry)/ River Sand, (k) Water Bodies, and (l) Sea while 12 were 
‘Manmade LULC’ viz., (a) Agriculture, (b) Agriculture Plantation, (c) Barren, (d) Beach, (e) 

Cloud, (f) Cloud Shadow, (g) Canal, (h) Industrial Area, (i) Mining/Mining Dump, (j) 
Pisciculture Pond, (k) Mixed Settlement, (l) Settlement,  (Table 11.3).  
 
The agriculture land use was the predominant category as it covered the extent of 14.386.78 
km2 or as much as 57.72% area of the riverscape. Four forest cover categories viz., VDF, 
MDF, OF, and Scrub together occupied 5,560.60 km2 and represented 22.31% area of the 
riverscape (Table 11.3). In addition, Swamp/Mangrove covered 118.72 km2 or 0.48% area of 
the riverscape. The categories of River Perennial and River (Dry)/ River Sand collectively 
represented 9.74% area of the riverscape. The natural categories like Sea, Water Bodies, and 
Wetland/Waterlogged represented 0.16%, 0.5%, and 0.15%, respectively. The manmade 
categories viz., Mixed Settlement, Settlement, Barren, Beach, Canal, Cloud, Cloud Shadow, 
and Pisciculture Pond represented 3.24%, 3.27%, 0.49%, 0.08%, 0.15% 0.01%, 0.01%, 
0.52% area of the riverscape, respectively.  
 

 
Fig.11.6: Distribution of Different Elevational Classes within the Mahanadi Riverscape 

 
  



 

369 

 

Table 11.3: Distribution of area under different land use land cover classes 
within the Mahanadi Riverscape 

 
Sr. No. Land Use Land Cover Class Area (km2) Riverscape (%) 

1  Agriculture 14,386.78 57.72 
2  Agriculture Plantation 107.50 0.43 
3  Barren 121.34 0.49 
4  Beach 19.24 0.08 
5  Canal 38.38 0.15 
6  Cloud 1.67 0.01 
7  Cloud Shadow 2.86 0.01 
8  Very Dense Forest 270.84 1.09 
9  Industrial Area 65.38 0.25 
10  Mining/ Mining Dump 63.65 0.26 
11  Mixed Settlement 807.57 3.24 
12  Moderately Dense Forest 1,600.32 6.42 
13  Mud Flat/ Coastal Wetland 56.28 0.23 
14  Open Forest 1,547.54 6.21 
15  Pisciculture-Pond 128.36 0.52 
16  River (Dry)/River Sand 887.58 3.56 
17  River (Perennial) 1,540.67 6.18 
18  Scrub 2,141.90 8.59 
19  Sea 40.22 0.16 
20  Settlement 813.78 3.27 
21  Swamp/Mangroves 118.72 0.48 
22  Water body 124.92 0.5 
23  Wetland/ Waterlogged 38.39 0.15 

Total 24,923.89 100 
 
(ii) Forest Types and Forest Cover - The forest type information is most important in 
suggesting suitable sites for forestry interventions based on areas which do not have dense 
forest cover or which fall in scrub and riverine habitats along the river banks. The forest type 
and cover map were prepared using the reference data provided by the Forest Survey of India. 
The vegetation type information is most important in suggesting suitable sites based on areas 
which do not have dense forest cover or which are falling in scrub and grasslands along the 
river banks.  
 
Forest Types - The forest type information is most important in suggesting suitable sites for 
forestry interventions based on areas which do not have dense forest cover or which fall in 
scrub and riverine habitats along the river banks. The forest type and cover information for 
the riverscape was generated using reference data provided by the Forest Survey of India. 
Altogether, five forest types were deciphered in vast expanse of the Mahanadi Riverscape and 
collectively they covered 22.791% area of the riverscape while non-forest category 
represented 77.21% area of the riverscape (Table 11.4). Amongst different forest types, the 
Tropical Deciduous Forest covered the maximum extent of 2,459.15 km2 and represented 
9.87% area of the riverscape. The Scrub represented an extent of 2,141.90 km2 and 
represented 8.59 % area of the riverscape. The Tropical Semi-Evergreen Forest represented 
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the minimum extent of 0.18% area of the riverscape. The Tropical Moist Deciduous Forest 
and the Littoral and Swamp Forest types represented 3.67% and 0.48% of the riverscape area, 
respectively (Table 11.4).  
 
Table 11.4: Extent of different forest types within Mahanadi Riverscape 
 

Sr. 
No. 

Forest Types Area 
(km2) 

Riverscape (%) 

1  Tropical Dry Deciduous Forest 2,459.15 9.87 
2  Tropical Moist Deciduous Forest 914.75 3.67 
3  Tropical Semi-Evergreen Forest 44.79 0.18 
4  Littoral and Swamp Forest 118.71 0.48 
5  Scrub 2,141.90 8.59 
6  Non-Forest 19,244.59 77.21 

Total 24,923.89 100 
 
(iii) Wildlife Diversity – The foregoing section on the conservation significance of the 
Mahanadi River has narrated the ecological significance and highlighted the physiographic 
and biogeographic representation and narrated the wildlife diversity. The above section has 
provided an overview of land use land cover, and forest types and cover within the 
riverscape. Current in situ conservation efforts is based on a combination of holistic 
ecosystem-based approach and those specifically based on flagship and other key features 
species.  Some of these are in the form of programmes such as Biosphere reserves, Tiger 
reserves, National Parks and Sanctuaries, wetlands, mangroves, coral reefs, deserts and 
mountains.  Since the conservation of an entire range of species is neither practical nor 
possible, conservation organizations identify the flagship, keystone and umbrella species. 
Conserving such species ensures protection of all related species as well. Similarly, there is a 
need to develop models/packages for the conservation of endemic species as well. However, 

some prominent aspects of floral and faunal diversity are summarized below: 

Chhattisgarh - The topographical features of the state of Chhattisgarh predominantly 
includes mountain ranges, plateau region and plain land areas with the river basin situated in 
the central region of Chhattisgarh, which is divided into undulating rim land and the plain 
land of Chhattisgarh. However, the gradient of the Chhattisgarh Plain is generally flat with 
elevation varying from 250 m to 330 m. There are three National Parks and 11 sanctuaries. 
Indravati and Achanakmar are two Tiger Reserves in the state. 

Odisha - The diversified topography and variable climate of the state of Odisha have given 
rise to a rich and varied flora. Though Orissa harbours a diversified floristic composition, six 
predominant forest pockets were found as the richest granaries of biodiversity after studying 
the different vegetational patterns coupled with extensive field surveys. These were: (a) 
Gandhamardan Hill Ranges, (b) Mahendragiri Hill Ranges, (c) Deomali Hill Ranges, (d) 
Kondakamberu Hill Ranges, (e) Niyamgiri Hill Ranges, (f) Saptasajya-Kapilash Hill Ranges, 
(g) Mangroves of Bhitarkanika and Mahanadi Delta, and (h) Ansupa wetland and its 
environs.  
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Chilika, spread over 1100 km2, is the largest brackish water lagoon in the country, having the 
pride of being a ‘Ramsar site’. It attracts thousands of colourful migratory birds, particularly 
from Siberia. This natural paradise, which has nearly an extent of 350 km2 covered under 
diverse vegetation. Bhitarkanika National Park, spread over an area of 145 km2, in 
Kendrapara district is another famous estuarine wetland and the Ramsar site. It is also rich 
and home to saltwater crocodile (Crocodylus porosus) and many other floral and faunal 
species. The area is highly rich in salt tolerant mangroves, which themselves form a complex, 
dynamic and vibrant ecosystem. Spread over 672 km2 of the wetland area, Bhitarkanika is 
home to well over 215 species of birds, saltwater crocodiles, and a variety of other wildlife 
inhabitants. The rich wildlife diversity of the Odisha State is represented by amphibians (27 
species), reptiles (131 species including three crocodilian species), birds (479 species) and 
mammals (87 species), besides fish fauna and invertebrates.  The list also includes 54 species 
of threatened animals (17 species of reptiles, 15 species of birds and 22 species mammals).  
 
Maharashtra - The state of Maharashtra has very heterogeneous composition of flora. Some 
of the forest areas have been converted into wildlife reserves, thus preserving their 
biodiversity. Western Ghats of Maharashtra are included in the 34 global Biodiversity 
hotspots owing to its extraordinarily rich biodiversity. The biodiversity includes more than 
five hundred species of birds. The state has some of the prominent and well-known national 
parks and wildlife sanctuaries. Important national parks are: Chandoli National Park, Sanjay 
Gandhi National Park, Navegaon National Park, and Gugamal NP. The six tiger reserves 
located in the state cover a total area of 9,133 km2. Wildlife sanctuaries in the state include 
Bhimashankar, Radhanagari, Bor, Koyna, Nagzira, and Mhadei WLSs. However, mining and 
other developmental projects are major threats to the wildlife and their habitat in three above 
stated states besides attracting man-animal conflict. Therefore, resulting instances of habitat 
fragmentation and the ensuing man-animal conflict are the real challenges before the 
government and non-governmental organizations involved in wildlife conservation. 
 
(c) Socio-economic Sub-Environment - States (Chhattisgarh, Odisha, Maharashtra) 
contributing to the area of the Mahanadi Riverscape owing to enormous diversity of natural 
resources (forests, grasslands, wetlands, coastal plains and floodplains, delta, minerals, silt 
and sand, etc.) and other prominent opportunities like agriculture, fisheries, industries, 
tourism including pilgrimage, and coastal and marine resources, have always attracted people 
and, therefore, these states are highly populous. The majority of the population lives in rural 
areas and the main occupation of rural people is agriculture. A substantial part of the 
population solely depends upon forests including mangroves, fish resources, sea foods, and 
varied river resources for their subsistence and livelihoods. Paddy is the major crop of these 
states, but farmers also grow vegetables. The state of Chhattisgarh is rich in tribal culture. 
Likewise, Odisha, due to several natural conservation sites of national and international 
importance, vast coastal area, and historical and cultural significance has many tourist spots, 
and tourism-oriented activities like hotels, travel industry, sightseeing and handicrafts, etc. 
that provide immense job opportunities to the local population in this basin state.  
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Demography - The Mahanadi Basin covers 45 districts with 38.6 million human population, 
which is an increase by 1.9% from 2001 census. Between 2001 and 2011, the decadal 
increase in population for the Chhattisgarh region of the basin was 2.42% and for Odisha 
region, 1.42%. The total number of households (HHs) in the basin is about 8,793,033 and the 
population density is 273 persons per km2. As per the Census-2011, 77.19% of the population 
in Mahanadi Basin, lives in rural areas. However, there has been a 1.53% increase only in the 
rural population since 2001.  

Agriculture Sector - The basin is dominated by the agriculture landscape and thus 
agriculture and related occupations are the major livelihood for the inhabitants besides 
employment in industries, mining and power sectors in both the major basin states. 
Cultivators and agriculture labourers have decreased from 68 per cent in 2001 to 58.38 per 
cent in 2011, which indicates that a large section of the basin population is moving to other 
means of primary livelihood.  

Fishery Sector - The Mahanadi, which is a perennial and comparatively healthier River, has 
abundant species of fishes. While Odisha state is abundant in fisheries, both inland and 
marine, Chhattisgarh state is slowly gaining growth in inland fisheries.  The Chhattisgarh 
Government has introduced various schemes to improve the inland fish production. Odisha 
state also offers many central and state level schemes for fishermen. The Mahanadi Basin has 
a high potential to develop fisheries further with effective use of scientific knowledge and 
provisioning of essential infrastructure besides appropriate interventions towards marketing 
and forward linkages.    

Industrial growth - The Gross Domestic Product (GDP) of the two states shows that the size 
of the entire economy has grown massively in the last decade. The available figures show that 
Chhattisgarh’s Gross State Domestic Product (GSDP) was Rs.1,85,682 crore in 2013-14, a 
rapid increase from Rs. 47,862 crore just a decade ago. This represents an annual growth rate 
of 14.5% in nominal terms. Odisha’s industrial growth has stayed constant at about 24%, as 
against the downfall in Chhattisgarh from 37% to 25%. The rise of the tertiary service sector 
has picked up as river contributes to the growth. However, it employs relatively fewer people, 
while the largest part of the population still depends on agriculture. The share of agriculture 
in the economy has grown by 1.5% in Chhattisgarh and fallen by 3.4% in Odisha. Odisha’s 

economy had a GSDP of Rs 272,979 crore in 2013–14, a jump from Rs. 77,729 crore in 
2004–05 i.e., an annual nominal growth rate of 13.4%. The tertiary sector comprises about 
47% of the GSDP and the secondary sector which represents industries, construction, etc. 
comprises 34%. This shows that Odisha’s economy is more skewed towards the services as 
compared to that of Chhattisgarh. 

 
11.6 Major Issues 
 
Mahanadi Basin is a large river basin covering more than 4% of the total geographical area of 
India and earlier known as a region where aquifers were largely in the ‘safe category’; i.e., 

the ratio between annual groundwater draft and available groundwater (annual recharge) of 
groundwater is below 70% and water tables were not showing significant declines. However, 
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similar to many other India River systems, Mahanadi Basin has also its own set of 
environmental (abiotic) and anthropological (biotic) issues and interlinked challenges, which 
have been mainly described in Chapter 2 of the Volume 1 of the DPR. However, most 
important factors affecting the Mahanadi River and its basin are: (a) decreasing and erratic 
rainfall during monsoon, (b) increasing agricultural land use and decreasing natural green 
cover, (c) soil erosion and eroding river banks due to open basin, (d) rapid urbanization and 
population increase, (e) depletion of natural flow and ground water level besides enhances 
ground water use due to erratic rainfall,  (f) inadequate carrying capacity of the channels, 
causing flooding in the delta region, and (h) declining water quality due to pollution owing 
increased industrial units in the basin. While all the above factors adversely affect the 
ecological integrity and overall river health, but the most important disturbing factors are; (a) 
altered water cycle due to erratic rainfall, longer dry spells and run off resulting in decreased 
ground water recharge concurrently with excessive use of ground water. As per the Central 
Water Commission, Mahanadi River has an average annual runoff of 66.9 billion cubic meter 
(BCM). The drought is common and recurrent in some districts due to uneven rainfall 
received in the basin. In all, fourteen districts in the basin are drought prone, whereas districts 
situated near coastal parts like Jagatsinghpur, Puri and Kendrapara face problems on account 
of water logging. Like most rivers, several environmental and developmental issues have 
been impacting the Mahanadi River too.  However, conservation issues specifically 
associated with socio-ecological factors, stream recharging, different land use pattern are 
highlighted below: 
 
(a) Depletion of Natural Flow in Mahanadi Basin - The natural flow in a river is 
directly related to the various organs of the river viz., catchment, tributaries, riparian forests/ 
vegetation, and terrestrial and aquatic biota besides vital ecosystem functions performed by 
the river (providing habitat, serving as conduit, biofilter, source and sink). The ecological 
stresses affecting these vital organs and functions can very well be observed in Mahanadi 
Basin that brings gradual changes to the functioning of river ecosystem and the ecosystem 
services it once used to offer. These ecological stresses are natural events (like flood) or 
human-induced activities that occur separately or simultaneously, affecting the structure of a 
river system and its capability of carrying out important ecological functions. These could be 
physical barriers (damming, reservoir, canals), gravel and sand mining, channelization, water 
diversion, habitat fragmentation, exotic species, landslides and debris flows, intensive fluvial 
processes and changes in LULC changes.  
 
(b) Reduced e-flow - Reduction in the average annual flow in the Mahanadi basin from 
1951 to 2004 was estimated to the tune of 10%. Significant reduction in e-flow has been 
reported in the subsequent years. Likewise, 4.5% reduction in flow was reported during 1972-
2003 in the Mahanadi Basin. However, reducing forest cover has been attributed as the cause 
for this. The river showed high variations in the runoff in different years. The Central Water 
Commission recorded river flow to vary from 20 BCM in some previous years to 70 BCM in 
some other years. Therefore, the available water from one year to another will significantly 
vary depending largely on planning and allocation needs as factors. The estimates indicate an 
average of 66.8 BCM resource potential (average annual flows), of this 50 BCM is estimated 
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utilizable surface water and 13.6 BCM is estimated utilizable groundwater. As per a study 
Mahanadi’s average resource potential has been estimated to be 59.16 BCM. From the 

catchment of Chhattisgarh, it is estimated to be 29.26 BCM and from Odisha it is 29.90 
BCM. Out of the total annual flows, 32.2 BCM has been estimated to enter as annual flows in 
the Hirakud Reservoir. The annual flows in the basin have been reported to be 43.80 BCM, 
and the inflow in the Hirakud to be 23.5 BCM (at 75% dependability). However, recent 
assessments by CWC based on 1985–2015 data indicate that the average water resource 
availability of the Mahanadi River Basin is 73 BCM. 
 
(c) Depletion of Ground Water Level - Rainfall is an important factor affecting the 
groundwater resources in an area. The Indian Meteorological Department’s (IMD’s) long-
term district level data (1901 to 2000 and 2004 to 2013) indicated decreasing trends of annual 
rainfall in majority of the districts, except a few exceptions. Significant changes in rainfall 
pattern have a direct impact on groundwater. Decreasing rainfall during the monsoon seasons 
and faster changes in LULC as catchment phenomenon can be attributed as important factors 
for disturbing hydrological cycle and depletion of ground water level in two major states of 
the basin i.e., Chhattisgarh and Odisha. Further, reduced annual rainfall, especially during the 
monsoon season results in an increased agricultural dependence on groundwater to offset the 
delays in arrival of monsoon as well as gaps in rainy days. Increased intensity of rainy days, 
on the other hand, will lead to higher runoff and a reduction in groundwater recharge.  

 
(d) Silt and Sand Mining – There is evident exponential growth in silt and sand mining 
activities, particularly in the lower basin and it has interconnected implications by way of 
impacting the vertical connectivity of the river, disturbance and causing floods.  
 
(e) Flood Problem in Mahanadi Basin - The river flooding is mainly due to overbank 
flowing of water due to heavy rainfall at the upper end and catchment areas with factors 
associated with the river like the amount of water collected at the river course, the carrying 
capacity, the run off to the ocean at the mouth, and the flow dynamics-morphological setting 
system. Mahanadi River having vast catchment also brings in huge amount of sediment 
deposits in the coastal basin to form the arcuate delta. Flood is one of the natural disasters 
causing loss of life, agricultural crops and health hazard, disruption of human activities and 
damage to properties. The coastal districts of Odisha like Kendrapada, Jagatsingpur, Puri, 
Boudh, Cuttack, Subarnapur, Nayagarh and Sambalpur routinely face devastation due to 
severe floods in the Mahanadi River system. The Mahanadi River runs in east-west direction 
and passes through Odisha along the central graben area (Mahanadi Graben). The maximum 
threshold of flood devastation is received by the coastal plain that constitutes the Mahanadi 
Delta and the segment of eastern sector of the basin. The reservoirs built for the purpose of 
handling the floods, besides others do not serve when the flood at delta head of Mahanadi 
(Munduli) exceeds the safe limit of 24,600 cumecs. The Hirakud Dam was built in 1956 on 
the Mahanadi near Sambalpur with the purpose to cater for irrigation, hydroelectricity 
generation mainly and also as a major check point for flood control in the downstream. 
Before the construction of Hirakud dam the area of the delta had witnessed 27 years of 
flooding all through 90 years (1868-1957). However, after its construction out of last 53 years 
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(1959-2011), only 9 years observed the floods in the delta. Besides all the above, 
sedimentation has negatively affected the purpose. Lack of vegetation cover promotes heavy 
soil erosion resulting in heavy sedimentation from upstream and tributaries.  
 
(f) Drought Problem - Drought is a recurrent natural feature. During last 50 years, the 
Odisha state has witnessed drought for 19 years and the periodicity reported was once in five 
years affecting paddy crop. The Odisha State Disaster Management Authority has identified 
Bolangir, Bargarh, Nuapada, Kalahandi and Phulbani as the drought prone districts. In 2015, 
27 out of 30 districts were declared drought affected. In general, number of affected districts 
ranged from 4 during 2012 to 29 districts during 2000 and 2002, with almost yearly incidence 
in varying numbers. Similarly, Mahanadi Basin falling under the state of Chhattisgarh, 
especially the central part of the basin, has also been facing the challenges of the droughts. 
Highly variable river flow, resulted in flood conditions during wet years and droughts in 
Chhattisgarh part of the basin during dry years. 
 
(g) Environmental Pollution - The environmental pollution assessments on the Odisha 
part of the basin are more pronounced than the Chhattisgarh part. Increasing industrialization, 
mining and growing urban population have brought overall changes in the land, water and air 
pollution scenario, in these states. The assessment carried out by CWC and Central Pollution 
Control Board (CPCB) in 2009-2010 indicated poor water quality parameters for the 
Mahanadi Basin. The municipal sewage, industrial effluents and biomedical wastes posed a 
serious threat to the health of people living on the banks. The larger industries (15 in number) 
in the Mahanadi Basin discharge effluent into the Mahanadi directly.  
 
Conservation Initiatives – All basin states have taken a wide range of conservation 
initiatives pertaining to the conservation of natural ecosystems, and associated flora and 
fauna, establishment of protected areas, and river conservation including legal and policy 
level interventions, awareness, capacity development, research and monitoring, field level 
inputs, etc.  The DPR provides appropriate details of such efforts and initiatives in relevant 
Chapters. However, it is worth mentioning two important following initiatives by the states of 
Chhattisgarh and Odisha. These include the ‘Green Mahanadi Mission’ and ‘Narwa-Garua-
Ghurwa-Badi’ scheme by the Government of Odisha and Chhattisgarh, respectively. 
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Fig.11.7: Plantation work carried out under Green Mahanadi Mission (GMM) by Govt 
of Odisha 

Conservation problems, issues, and threats in the context of Mahanadi River are summarized 
in Box 11.1. 

 

Box - 11.1 
Mahanadi River – Problems, Challenges and Issues 

 
▪ Like most rivers, varied ecological stresses caused by natural events (floods and droughts) or 

human-induced activities (physical barriers - dams, reservoirs, canals), land use changes, 
agriculture expansion, urbanization, gravel and sand mining, channelization, water diversion, 
deforestation, mining, and introduction of exotic species that occur separately or 
simultaneously affecting the structure and composition of the Mahanadi River system 
including its vital organs (catchment, tributaries, riparian forests, terrestrial and aquatic biota) 
and its capability of carrying out important ecological functions are amply evident. Some of 
the prominent factors responsible for deteriorating condition of river are reduced vegetation 
cover, landslides and debris flows, chemical pollutants from agriculture areas and industrial 
effluents, and urban waste and sewage.   

▪ Decreasing and erratic rainfall, depleting natural flow, reduced e-flow and exploitation of 
groundwater in in the basin area are notable and causing concerns. The central and lower parts 
of basin are facing recurrent droughts.  

▪ Mahanadi River having vast catchment brings in huge amount of sediment deposits in the 
coastal basin to form the arcuate delta. Flood is one of the natural disasters causing loss of life, 
agricultural crops and health hazard, disruption of human activities and damage to properties. 
The coastal districts of Odisha viz., Kendrapada, Jagatsingpur, Puri, Boudh, Cuttack, 
Subarnapur, Nayagarh and Sambalpur routinely face devastation due to severe floods in the 
Mahanadi River system. River flooding owing to overbank flowing in lower basin is wide 
spread and recurrent.  Further, exponential growth in silt and sand mining activities, 
particularly in the lower basin and its interconnected implications by way of impacting the 
vertical connectivity of the river, disturbance and causing floods are also amply evident.  

▪ Increasing industrialization, mining and growing urban population have brought overall 
changes in the land, water and air pollution scenario, in basin states. The assessment carried 
out by CWC and Central Pollution Control Board (CPCB) indicated poor water quality 
parameters for the Mahanadi Basin. The municipal sewage, industrial effluents and biomedical 
wastes posed a serious threat to the river health. 
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11.7 Prioritization of Sites 
 
The sites for adoption of various treatment models of proposed forestry interventions have 
been carefully selected considering the geospatial analysis, modelling and resultant 
prioritization of treatment areas. The multi-attribute criteria viz., land use and land cover, 
slope and soil erosion, were used and integrated. The modelling provided three categories of 
priority areas viz., low, medium and high based on statistical quartile. The State-wise 
distribution of priority areas in three categories viz., high, medium and low are summarized in 
Table 11.5. Accordingly, an extent of 1,908.7 km2 or 7.60% area of the riverscape has 
represented the high priority area. The medium priority area covered 4,123.07 km2 or 16.50% 
area of the riverscape. The low priority area occupied 18,892.25 km2 or almost 76% area of 
the riverscape (Table 11.5). In terms of actual extent, Chhattisgarh has the maximum area of 
1,200.89 km2 in the high priority. The Odisha part of the riverscape had 706.3 km2 in the 
high priority area. In case of Odisha part of the riverscape, the maximum extent of 12,675.3 
km2 has fallen within the low priority area (Table 11.5).  The state-wise distribution of 
priority areas within the riverscape are depicted in Fig. 11.8. 
 

Table 11.5:  Distribution of priority areas within Mahanadi Riverscape 

Sr. 
No. 

States Priority Areas Riverscape (%) 
High  
(km2) 

Medium  
(km2) 

Low  
(km2) 

1  Odisha 706.3 
(4.74%)  

1,537.06 
(10.30%)  

12,675.3 
(84.96%) 

14,918.66 
(59.86%)  

2  Chhattisgarh 1,200.89 
(12.09%) 

2,548.16 
(25.66%) 

6,183.39 
(62.25%) 

9,932.44 
(39.85%) 

3  Maharashtra 1.38 
(1.90%) 

37.85 
(52.00%) 

33.56 
(46.10%) 

72.79 
(0.29) 

Total 1,908.7 
(7.60%) 

4,123.07 
(16.50%) 

18,892.25 
(75.99%) 

24,923.89 
(100%) 
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Fig.11.8: Distribution of different priority areas within Mahanadi Riverscape  

 
11.8 Policy and legal issues 
 
There are multifarious environmental and socio-economic issues associated with the 
management and governance of all the river basins. Same is also true with respect to the 
Mahanadi River Basin, rather more complicated as nearly 60% of the riverscape being under 
agricultural landscapes. Thus, it was considered essential to review existing laws and policies 
that can control and contribute to the proposed forestry interventions for execution of not 
only the DPR of Mahanadi but also the general water management related issues. The 
Chapter 4 of the Volume 1 of the DPR is exclusively devoted to the critical examination of 
legal, policy and institutional context. Hence, the Chapter provided a detailed account on 
various aspects of the existing situation relevant to the national legal framework and 
constitutional provisions, policies and institutional arrangements available for regulation of 
water uses. Despite all the legislative, legal and institutional frameworks at central and state 
level, successful community participation, cooperation and coordination among various 
implementing agencies are some of the prerequisites for proper implementation of policies to 
eradicate or even dilute the looming threats being mounted by the steep challenges of 
judicious use of water resources and to proper recharging of these resources.  
 
Challenges with the Policies and Institutional Provisions - Water Governance issues 
greatly affect development and management of this precious resource. The governance 
mechanism must be flexible enough to incorporate and respond to the changes happening in 
the water sector. In general, water governance encompasses legal and policy framework 
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along with institutional mechanisms, implementation tools and strategies. The Water 
Resources Management and Governance scenario in the country needs to be restructured to 
bring harmony amongst multiple current legal frameworks pertaining to water, variety of 
instruments, legislation, legal principles, customary mechanisms and a number of judicial 
precedents, at times contradicting each other. Three scenarios requiring immediate attention 
are: (i) surface water, allocation equals or exceeds available water; in case of groundwater, 
extraction exceeds recharge. This makes the allocation of water in space and time and over 
different regions, sectors and social groups increasingly interlinked and complex due to 
‘Complexity’ of interdependencies in water management influencing decisions; (ii) new 
priorities and demands of water use due the rapid urbanization and industrialization. Since, 
about 80-84% of total utilizable freshwater is used by the agriculture sector presently, this 
puts new emphasis, both on the efficiency of water use in agricultural cultivation 
(maintaining the productivity with reduced allocation) and on the equity dimensions of its 
distribution; and (iii) despite the water resources management being an inherently a localized 
phenomenon, global ideas and concerns are increasingly entering country’s water policy and 

politics (e.g., Integrated Water Resources Management, i.e., IWRM), concepts, Irrigation 
Management Transfer (IMT), Right to Water, and Sanitation, etc., and appropriated and 
embedded in domestic discourse and practice in a variety of ways. 
 
The SFDs are liable for management, conservation of protection of the environment (lands, 
water, and air) and deal with the forests and wildlife of the state. It is also responsible for the 
management of forest lands or recorded forest areas irrespective of the type of vegetation 
these lands harbour. The SFDs are also responsible for implementation of various policies, 
strategies and enforcement of law framed / enacted from time to time by the MoEF&CC. The 
Forest Department is one of the oldest organizations formed in India. The SFDs have 
undergone a great change in management objective and strategies and geared up to meet the 
multiple challenges facing human environment, rural development, biodiversity conservation, 
integrated watershed management and climate change aimed through community 
participation. The SFDs have vast experience in executing and implementing various eco-
restoration and rehabilitation programmes, other than their regular works. This multi-
disciplinary sectoral approach of SFDs can be utilized for rejuvenation of the Mahanadi 
involving two major basin states of Chhattisgarh and Odisha including a minimal basin area 
of Maharashtra. SFDs of all three basin states have unique distinction by virtue of their 
professional presence in the entire riverscape, right from the origin of the river in the 
Chhattisgarh to the major tributaries and its mouth in Odisha. The SFDs are capable of 
implementing the activities as designed and envisaged in the DPR and carry out the proposed 
forestry interventions in different landscapes along the course of the Mahanadi, employing 
cost norms and designs, specific to the region. 
 
11.9 Implementation Mechanism 
 
The three tier institutional arrangements for the execution and monitoring of the DPR have 
been envisaged at the national, basin states and Division/ District levels to be performed with 
enhanced transparency and accountability at each level. The DPR envisages that the overall 
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policy guidance and supervision for the project will be provided by the central nodal ministry 
i.e., the MoEF&CC through the NAEB. The Project Monitoring Unit (PMU) at the national 
level will be responsible for overseeing and coordinating the implementation of the project, 
ensuring timely release of funds and reporting, assisting with project supervision, learning, 
and ensuring the replication of riverscape conservation concepts to additional sites/tributaries 
of Mahanadi River during and after the project period. The PMU will carry out the following 
tasks relevant to financial management: (a) annual budgetary allocations for programme 
implementation and monitoring of project expenditure; (b) approval of Annual Plan of 
Operations (APO)/ Work Plan and budgets; (c) coordination and ensuring sufficient and 
timely fund flow to state Implementing Agencies (IAs) and national partner organization; (d) 
regular financial reporting at all levels of the project and compilation of quarterly financial 
reports and annual financial statements of the Project; and (e) ensuring annual external and 
internal audits of the Project. 
 
The DPR has envisaged that IFP, Ranchi would be the best agency to serve the role of 
National Partner Organization (NPO) responsible for capacity development. The NPO will 
set up a Project Facilitation Unit (PFU) for overseeing, implementation (policy level 
interventions, concurrent research, capacity building, and awareness), coordination, 
monitoring and evaluation. The state level Implementing Agencies will also establish their 
respective SPMUs for planning and assisting in the execution of Plan at the state and local 
levels. The DPR has elaborated on the setting up of NPMU, SPMUs, and PFU besides the 
constitution of national and state level Project Steering Committee, being designated as the 
NPSC and SPSC, respectively, and mechanism of fund flow from the NPU to field level 
formations i.e., the Forest/Wildlife Divisions, District level agencies, and the CSOs.  
 
11.10 Treatment Models 
 
Three types of landscape have been deciphered within the riverscape for the proposed 
forestry interventions. These are: (a) Natural Landscape (NL), (b) Agriculture Landscapes 
(AL), and (c) Urban Landscapes (UL). Altogether, 25 treatment models were finalized and 
incorporated in the DPR (Table 11.6). Out of this, 10 models were meant for the natural 
landscapes, 07 models for the agriculture landscapes, and remaining six models for the urban 
landscapes within the riverscape (Table 11.6). Further, two models were meant for the Urban 
Forest Development in the states of Chhattisgarh and Odisha. In addition, conservation 
interventions, primarily focusing on the soil and moisture conservation measures in three 
states across different divisions. However, the implementing agency has the flexibility to 
relocate the proposed intervention sites due to any local issues and further modify the 
models/model parameters and choice of species as per site specific requirement within the 
designated riverscape subject to approval of higher authority as deemed appropriate by the 
state nodal agency. 
 
(a) Natural Landscape - Altogether, 10 treatment Models have been proposed in the 
Natural Landscapes within the Mahanadi Riverscape (Table 11.6). This includes three 
different treatment Models (MN/CG/NL/01 to MN/CG/NL/03) for the state of Chhattisgarh 
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and pertains to proposed interventions in Tropical Deciduous Forest, Tropical Moist 
deciduous Forest, and Water Stream Bank Afforestation.  In the case of state of Odisha, seven 
treatment Models (MN/OD/NL/01 to MN/OD/NL/07) have been proposed in the Natural 
Landscapes within the riverscape. These models focus on protection and conservation of the 
natural ecosystem involving various forestry practices such as plantation, soil and moisture 
conservation. While designing and development of the model, an emphasis has been given on 
inclusion of native tree species that suits a particular agro-climatic zone and the preferred 
species by the stakeholders as emerged during consultative meetings. Some of the models 
have been formulated so as to meet some specific objectives, as desired by the state. One 
such Model (MN/OD/NL/05) focuses on coastal afforestation to conserve mangrove species 
in Odisha. Similarly, the treatment Model (MN/OD/NL/06) befits the existing plantation 
scheme ‘Jagannath Van Prakalp (JVP)’, run by the Odisha Forest Department. Model 

(MN/OD/NL/07) pertains to the elephant corridor area (Table 11.6). It is expected that 
implementation of this particular model will reduce pressure on villages, where man-animal 
conflict is very common. 
 
(b) Agriculture Landscape - Most of the Mahanadi Riverscape is dominated by the 
wider presence of Agriculture Landscapes and the large landscapes are subject to periodic 
rotation of crops with huge quantities of agricultural produce. It is one of the most precious 
activities and represents the major support in the context of rural economy. In the entire 
riverscape stretch within Chhattisgarh, Odisha, and Maharashtra, monoculture is the most 
preferred practice by the farmers as rice being a prime crop. During extensive surveys, 
farming with plantations of desired fruit tree species along with bamboos was preferred by 
most of the farmers to generate additional income besides other ecological functions under 
the agriculture landscape. In all, total of 7 models for Agriculture Landscapes have been 
proposed in the entire stretch of the riverscape (Table 11.6). The DPR has provisioned for 
four Models for Chhattisgarh (MN/CG/AL/01 to MN/CG/AL/04), two Models 
(MN/OD/AL/01 and MN/OD/AL/02) for Odisha, and just one Model (MN/MH/AL/01) for 
the state of Maharashtra which were approved and recommended for final inclusion in the 
DPR during the final round of state level consultations. The Agri-horticulture Model 
(MN/OD/AL/01, MN/CG/AL/01, and MN/MH/AL/01) have been developed for all three 
basin states, and Bamboo and Economic Tree Plantation Models viz., MN/OD/AL/02 and 
MN/CG/AL/02 developed for two basin states viz, Odisha and Chhattisgarh, respectively 
whereas the Sericulture Model (MN/CG/AL/02) and Pond Rejuvenation Model 
(MN/CG/AL/02) were specifically developed and included for the state of Chhattisgarh. 
 
(c) Urban Landscape - The Urban landscapes are concrete built-up environments in the 
urban and peri-urban areas of the riverscape. The extent of urban landscapes is getting 
enhanced importance due to the new emerging human-environment interactions. 
Accordingly, it was important to appreciate the adverse impact of varied developmental 
works and also to devise mitigation measures so as to provide a favourable and healthy 
environment that might offer recreation sites, natural ways to reduce the noise and air 
pollution besides providing fruit, fuelwood, fodder and timber. All these objectives can be 
achieved through plantation in available land in the premises which eventually recharge 
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ground water and increase aesthetic beauty of the urban areas. Thus, it was considered 
important to design and develop appropriate treatment models and plans for interventions. In 
view of this, few models have been proposed under the urban landscape in Chhattisgarh and 
Odisha and for restoring habitats, and creating values through significant economic, social 
and environmental benefits. In all, six models have been incorporated for the urban 
landscapes, three each for Chhattisgarh and Odisha (Table 11.6).  These models pertain to the 
Riverfront Development (MN/OD/UL/R/01 and MN/CG/UL/R/01), Park Development 
(MN/OD/UL/P/02, MN/CG/UL/P/02) and Avenue Plantation (MN/OD/UL/A/03, 
MN/CG/UL/A/03) and have been accordingly included.  
 
The Table 11.6 summarizes the state-wise extent and estimated allocated cost for each of 
treatment model proposed within the riverscape. Accordingly, the total cost for execution of 
various treatment models and conservation interventions focusing on soil and moisture 
conservation (SMC) measures in Chhattisgarh estimated to the tune of Rs. 53.921.20 lakh. 
The total estimated costs for implementation of various treatment models and conservation 
interventions in Odisha and Maharashtra are of the tune of Rs. 59,596.40 lakh, and Rs. 
242.71 lakh, respectively (Table 11.6). Thus, the cumulative cost for envisaged treatment 
models in three types of landscapes, Urban Forest Development and conservation 
interventions (SMC measures) in three basin state amounts to Rs. 1,13,760.30 lakh (Table 
11.6).  
 
Table 11.6: Treatment models with corresponding extent and estimated cost  
 

Sr. 
No. 

Model Number Model Name Proposed 
Extent  

(ha) 

Estimated 
Cost  

(Rs. in crore) 
A. Chhattisgarh 
1  MN/CG/NL/01 Dry Deciduous Forest Conservation 960.51 30.55 
2  MN/CG/NL/02 Moist Deciduous Forest Conservation 3,665.14 116.57 
3  MN/CG/NL/03 Water Stream Bank Afforestation 748.6 25.95 
4  MN/CG/AL/01 Agri-horticulture 2,900.48 13.65 
5  MN/CG/AL/02 Bamboo   and Economic Trees 

Plantation 
2,164.83 

43.96 
6  MN/CG/AL/03 Sericulture 1,862.73 37.82 
7  MN/CG/AL/04 Pond Rejuvenation 1,036.51 7.58 
8  MN/CG/UL/R/01 River Front Development 90/4 Sites 5.39 
9  MN/CG/UL/R/02 Park Development 94.50/4 Sites 14.53 
10  MN/CG/UL/R/03 Avenue Plantation 1,500 9.00 
11  Conservation 

Interventions 
SMCWork 67,800 

157.88 
12 MN/CG/UF/01 Urban Forest Development 2,400 76.33 
Sub Total - Chhattisgarh - 539.21 
B. Odisha 

1  MN/OD/NL/01 Dry Deciduous Forest Conservation 175 11.20 
2  MN/OD/NL/02 Deciduous and Semi Evergreen Forest 2323.5 148.77 
3  MN/OD/NL/03 Water Stream Bank Afforestation 1,041.22 87.74 
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Sr. 
No. 

Model Number Model Name Proposed 
Extent  

(ha) 

Estimated 
Cost  

(Rs. in crore) 
4  MN/OD/NL/04 Coastal Afforestation, Mangrove 

Species 
10 

0.25 
5  MN/OD/NL/05 Plantation Under the ‘Jagannath Van 

Prakalp (JVP)’ 
992.62 

63.55 
6  MN/OD/NL/06 Elephant Corridor 50 1.14 
7  MN/OD/NL/07 Removal of Invasive Species and 

Meadow Conservation 
450 

3.69 
8  MN/OD/AL/01 Agri-Horticulture 3,786.5 16.39 
9  MN/OD/AL/02 Bamboo and Economic Trees Plantation 1,963.5 32.86 
10  MN/OD/UL/R/01 Riverfront Development 170.55/3 Sites 15.57 
11  MN/OD/UL/P/02 Park Development 22.54/4 Sites 9.17 
12  MN/OD/UL/A/03 Avenue Plantation 500.00/7 Sites 7.00 
13  MN/OD/UF/01 Urban Forest Development 1,200 76.83 
14  Conservation 

Interventions 
SMCWork 300Villages, 

17Divisions 121.79 
Sub Total - Odisha - 595.96 
C. Maharashtra 

1 MN/MH/AL/01 
 

Agri-horticulture 15 0.07 

2 Conservation 
Intervention 

SMCWork 3,178 2.35 

Sub Total - Maharashtra - 2.421 
Grand Total - Riverscape - 1137.60 
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Proposed mitigation measures in Mahanadi Riverscape are summarized in Box 11.2. 
 

 
 
11.11 Project Outlay 
 
The projected budgetary outlay for the proposed forestry interventions in three basin states 
over a period of ten years is Rs. 1,370.28 crore (Table 11.8). The cost estimates of the 
proposed interventions are formulated on the basis of cost norms/ Forest Schedule Rates 
(FSR) as provided by the concerned states and considering 2019-20 as the base year. 
However, considering the variation in Wholesale Price Index (WPI) parameters, the estimates 
are subject to escalate as per the cost norms/FSR applicable at the time of actual year of 

Box - 11.2 
Rejuvenation of Mahanadi River – Major Mitigation Measures 

 
Mahanadi River formed by numerous mountain streams originating from the Bastar 
Plateau flows through Chhattisgarh and Odisha and during its course joined by several 
tributaries initiating in the basin states before forming a large, combined delta of its 
various distributaries and of Brahmani River in the Bay of Bengal. Mahanadi principally 
suffers on account of decreasing and erratic rainfall, recurrent droughts, water storage 
and diversion of water, enhanced agriculture and reducing natural green cover, eroding 
riverbanks and soil erosion, depletion of natural flow and groundwater, inadequate 
carrying capacity of channels due to sedimentation, wide spread sand mining, floods, 
rapid urbanization and declining water quality. Major proposed forestry interventions 
include:  

▪ Soil and moisture conservation works worth Rs. 282.03 crore, representing 
20.58% of the total budget outlay by way of undertaking varied soil and 
moisture conservation (SMC) works have been proposed. 
 

▪ Altogether, 25 treatment models in Natural, Agriculture, and Urban landscapes 
within the riverscape are proposed across Chhattisgarh, Maharashtra, and Odisha 
at a cost of Rs. 489.42, Rs. 152.33 crore, and Rs. 60.66 crore, respectively. In 
addition, specific interventions for the proposed development of urban forest at a 
cost of Rs. 153.16 crore has been envisaged. Varied treatment models in three 
types of landscapes mainly focus on the conservation of dry deciduous forests, 
moist deciduous forests and semi-evergreen forests; riverbank afforestation; 
plantations of bamboo and economic trees; restoration of elephant corridor;  
removal of invasive species and rehabilitation of weed infested areas;  agro-
forestry plantations; plantations in coastal areas and mangrove plantations; 
development of urban forest; sericulture, pond rejuvenation; agri-horticulture; 
avenue plantations; eco-park development; and riverfront development. 
 

▪ Additionally, varied supporting activities including awareness campaigns, 
capacity development, adaptive research, participatory monitoring, evaluation, 
etc. have also been proposed for implementation.  
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execution. Accordingly, the actual year of execution will be considered as the base year for 
calculation of cost estimates. The DPR has envisaged four broad Components.  
 
Components, Sub-Component and Activity Wise Allocations - Details of Component, Sub 
Component and Activity wise proposed budget allocations are as under: 
 
Out of the total project cost, allocation to the tune of Rs.1,166.64 crore or 85% of the overall 
budget has been proposed for the Component-A on the ‘Implementation of Forestry 
Interventions’ in proposed sites across three basin states falling within the defined riverscape 

area (Table 11.7). The budgetary provision for the Component-B ‘Strengthening Knowledge 

Management and National Capacity for Forestry Interventions and Conservation of 
Riverscape’ to the tune of Rs. 131.58 crore or 9.8% of the total outlay has been provisioned 

(Table 11.7). Further, for the maintenance phase, 1.1% of the budget i.e., Rs. 15.00 crore has 
been provisioned. In addition, a budget of Rs. 57.06 crore or amounting to 4% of the project 
outlay has been made for the Component-D on the ‘National Coordination for Forestry 

Interventions and Riverscape Conservation’ (Table 11.7). In all, 95% of the total budget is 
proposed for field level activities relevant to forestry interventions in three type of 
landscapes, conservation interventions and other supporting activities and strengthening of 
knowledge management for forestry interventions to be implemented by the Implementing 
agencies in three basin states. 
 
The Sub-Component (A.1) on Plantation and Treatment Models in three types of Landscapes 
and for the Urban Forest Development envisages four broad activities. Amongst these four 
activities, field level activities by way of implementation of forestry interventions, 
conservation interventions within the riverscape and supporting activities in three basin states 
included in the Mahanadi Riverscape form the major Sub-Component. The total budgetary 
provision for the Sub-Component A.1 is the maximum as includes interventions in three type 
of landscapes (Natural, Agriculture and Urban) including Urban Forest Development within 
the riverscape and it amounts to Rs. 855.56 crore (Table 11.7). Among three types of 
landscape, the emphasis is on extensive plantations and adoption of various treatment models 
within the natural landscapes. An amount of Rs. 489.42 crore has been provisioned for 
afforestation activities under this landscape. Thus, budget allocation for natural landscapes 
alone accounts for 57% of the Sub-Component (A.1) on plantations and treatment models in 
three types of landscape within riverscape or 35% of overall project outlay. Budgetary 
provisions for the treatment models and interventions in the Agriculture and Urban 
Landscapes account for 16% of the overall budget outlay and is to the tune of Rs. 212.99 
crore. Activities in the Agriculture Landscapes mainly focus on plantation of fruit and 
economic tree species on private lands owned by farmers/ villagers. Prominent activities 
planned in the Urban Landscapes include the Riverfront Development, Eco Park 
Development, and Avenue Plantations in the major cities on the banks of Mahanadi River 
and its tributaries. For the Urban Forest Development, a total of Rs. 153.16 crore has been 
provisioned, which is to the tune of 11% of total project outlay (Table 11.7). The Sub-
Component A.2 pertains to the Conservation Interventions and it mainly includes planned 
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SMC measures and a budgetary provision of Rs. 282.03 crore or 20% of the total budget 
outlay has been proposed for this purpose (Table 11.7). 
 
Table 11.7: Project outlay for the proposed forestry interventions within the Mahanadi 

Riverscape 
 

Sr. 
No. 

Components/ Sub-Components and 
Activities 

Amount 
(Rs. in crore) 

Allocation 
of Total Outlay (%) 

A. Implementation of Forestry 
Interventions in Four States of the 
Krishna Riverscape 

1,166.64 

85.00 

A.1 Plantation and Treatment Models in Three 
Type of Landscapes and Urban Forest 
Development 

855.56 

A.1.1 Natural Landscapes 489.42 
A.1.2 Agriculture Landscapes 152.33 
A.1.3 Urban Landscapes 60.66 
A.1.4 Urban Forest Development 153.16 
A.2 Conservation Interventions (SMC) 282.03 
A.3 Supporting Activities 29.03 

A.3.1 Capacity Building 1.32 
A.3.2 Awareness 1.21 
A.3.3 Monitoring and Evaluation 5.85 
A.3.4 Cost of SPMUs of Three States Level 

Implementing Agencies 
20.65 

B. Strengthening Knowledge Management 
and National Capacity for Forestry 
Interventions and Conservation of 
Riverscape 

 
131.58 

 
9.8 

C. Maintenance, Scaling Up and 
Replication of Successful Models of 
Forestry Interventions and Riverscape 
Conservation in Additional Sites/ States 

 
 

15.00 

 
 

1.1 

D. National Coordination for Forestry 
Interventions and Riverscape 
Conservation by the Central Nodal 
Ministry (MoEF&CC) 

 
57.06 

 
4.1 

Total Project Cost (A+B+C+D) 1,370.28 100.00 
 
11.12 Potential Benefits  
 
Rejuvenation of rivers through forestry interventions is getting global importance to protect 
the native river ecosystems and to solve the major conservation challenges. The DPR of 
Mahanadi River envisages varied forestry interventions along the entire course of Mahanadi 
River and selects tributaries with appropriate use of scientific approaches and technical tools. 
Diverse activities for conservation and rejuvenation of Mahanadi River from its origin in 
Sihawa Village of Dhamtari District in Chhattisgarh to the exit point in Cuttack, Odisha have 
been planned. Moreover, it also desires to achieve objectives of sustainable livelihoods 
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through forestry interventions in natural, agriculture and urban landscapes by taking 
opportunities to build and strengthen local institutions through policies and project-level 
interventions. The potential benefits arising from the implementation of proposed forestry 
interventions for rejuvenation of Mahanadi River will vary from environmental, societal and 
economical perspective. At this stage, it would be not possible to make an exact estimation of 
the tangible and intangible benefits in monetary terms. However, efforts have been made to 
compute the tangible benefits arising from the implementation of various activities in 
ecological, societal and economical terms as envisaged in the DPR. It is expected that the 
proposed implementation shall help in achieving: (a) an increase in forest cover to the extent 
of 301.24 km2, (b) CO2 sequestration at the end of 20 years estimated at 2.71 million tonnes 
of CO2, (c) ground water recharge at the rate of 388 m3 per year, (d) reduction in 
sedimentation by 4,20,120 m3 per year, (e) economic returns from NTFPs to the extent of Rs. 
77.65 crore and (f) employment generation equal to 5.0 million mandays’ work (Table 11.8). 
 

Table 11.8: Projected Potential Benefits of the Proposed Forestry Interventions within 
the Mahanadi Riverscape 

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

301.24 1.43 2.71 388.00 4,20,120 77.65 5.00 
 
 

************* 
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12. 

Krishna River 
 

12.1 Introduction 

 
Krishna is one of the prominent and major South Indian Peninsular Rivers. The mighty 
Krishna River bears the name of Lord Krishna. The river is also called ‘Krishnaveni’. The 

Krishna River originates in Mahadev Range at Mahabaleshwar in the Western Ghats at an 
elevation of 1,337 m. The source of the river is near Jor village in the extreme north of Wai 
Taluk, Satara District, Maharashtra in the west and the river empties into the Bay of Bengal at 
Hamasaladeevi, near Koduru in Andhra Pradesh, on the east coast. In Maharashtra, the river 
is perceived in a feminine form called ‘Krishna Mai’ meaning ‘Mother Krishna’. 
 
The Krishna Basin covering an extent of 2,58,948 km2 spreads between the latitude N 13° 10′ 

to 19° 22′ and longitude E 73°17′ and 81°9′.  The basin is roughly triangular in shape and 

bounded by Balaghat Range on the north, the Western Ghats on the west, and the Eastern 
Ghats on the south and the east (Fig.12.1). The triangular shape of the basin is formed by the 
Western Ghats as its base, the apex at Vijayawada, and the Krishna itself forming the median. 
The western border of Krishna basin is formed by an unbroken line of ranges of the Western 
Ghats. Most other parts of this basin are comprised of rolling and undulating terrain. The 
mountain ranges viz., Balaghat Range, Western Ghats, and the Eastern Ghats form the 
boundaries of Krishna Basin. The Krishna River Basin is one of the old and matured drainage 
systems of Peninsular India. The interior of the basin is a plateau generally sloping eastward. 
 
The Krishna River has the fourth largest river basin in India in terms of annual discharge, 
fifth in terms of basin area, and second-largest river in peninsular India having a stretch of 
1713.87 km. The Krishna River flows across the whole width of the peninsula from west to 
east and covers the state of Karnataka, Telangana and Andhra Pradesh before its exit in the 
Bay of Bengal through the vast extent of Krishna Delta. The delta is the seaward-extended 
landmass created by alluvial deposits of the river which has led to the formation of 
Nizampatnam Bay in the south and MachilipatnamBay in the north. Geomorphologically, the 
Krishna Delta comprises bays, tidal creeks, extensive tidal mudflats, spits and sand bars. The 
Krishna Delta is one of the most fertile regions in India and was the home to ancient 
Satavahana and Ikshvaku Sun Dynasty kings. Vijayawada is the largest city on the Krishna. 
 
The river basin covers 8% of the surface area of the country and extends over the four Indian 
states of Maharashtra, Karnataka, Telangana and Andhra Pradesh. The largest part of the 
basin, being 1,13, 271 km2 or 43.7% area of the total basin lies in Karnataka. The basin area 
of 69,425 km2 or 26.8% lies in Maharashtra, while Telangana and Andhra Pradesh states 
represent nearly 76,252 km2 or 29.4% basin extent. The Krishna River Basin consists of 
seven sub-basins: (a) Krishna Upper, (b) Krishna Middle, (c) Krishna Lower, (d) Bhima 
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Upper, (e) Bhima Lower, (f) Tungabhadra Upper, and (g) Tungabhadra Lower (Fig.12.2). 
The river basin harbours nearly 24% of India’s human population.   
 
The principal tributaries joining Krishna are the Ghataprabha, Malaprabha, Bhima, 
Tungabhadra and Musi Rivers. The largest tributary of the Krishna River is the Tungabhadra 
River with a drainage basin measuring 71,417 km2, running for about 531 km; but the longest 
tributary is the Bhima River, which makes a total run of 861 km and has an equally large 
drainage area of 70,614 km2. After its origin, the course of Krishna River in Maharashtra is 
generally south flowing. Tributaries like Koyna, Varna, Panchganga and Dudhganga flow 
eastward from slopes of Western Ghats to meet Krishna within the Maharashtra State. The 
river takes an eastward turn after it enters Karnataka near Kurundwad after flowing a length 
of about 300 km. In Karnataka, tributaries like Ghataprabha and Malaprabha meet Krishna 
River. Bhima which is the largest tributary of Krishna River flows 861 km through 
Maharashtra, Karnataka, and Telangana states, before its confluence with the Krishna River 
at Kadlur, Raichur in Karnataka. The Krishna River is joined by another major tributary, 
Tungabhadra from the south near Kurnool in Andhra Pradesh, draining a major section of the 
Western Ghats in Karnataka. Smaller tributaries like Dindi, Musi, Palleru and Muneru 
draining the dry north-eastern parts of the basin join the river flowing through Telangana and 
Andhra Pradesh but do not add much water. The Krishna River forms one of the most 
suitable arable basins in the world as 75.6% area is under cultivation because of availability 
of water. The Krishna River is one of the major sources of irrigation for Maharashtra, 
Karnataka, Telangana and Andhra Pradesh. 
 
12.2 Conservation Significance 
 
Krishna River owing to its origin in the Western Ghats, vast extent of the basin across four 
major states, river traversing through the larger parts of Deccan Peninsula, Eastern Ghats, and 
the East Coast, and large delta has immense ecological, geographical, socio-economic, 
cultural and religious significance. Varied conservation values of the river and its basin in 
particular are highlighted below:   
 
(a) Ecological Values - The Krishna Basin and the Krishna River course represents four 
major physiographic regions: The Western Ghats, The Deccan Plateau, The Eastern Ghats 
and The Krishna's mouth and Deltaic plains.  Biogeographically, the basin represents three 
biogeographic zones (5-Western Ghats, 6-Deccan Peninsula, and 8-Coasts) and five biotic 
provinces viz., (a) 5B- Western Ghats Mountains, 6C- Eastern Highlands, 6D-Central Plateau, 
6E-Deccan South, and 8B-East Coast. Krishna River, during its course, supports an extensive 
array of biodiversity. Mainly the borders of the basin are lined with various native species of 
plants, trees, birds and wild animals. Thickly forested slopes of the Western Ghats are home 
for four tiger reserves viz., Chandoli in Sangli District of Maharashtra, Kudremukh National 
Park and Bhadra Tiger Reserve in Chikmagalur District of Karnataka, and Nagarjunasagar-
Srisailam in Mahbubnagar District of Telangana. Grasslands of the basin in Solapur District 
of Maharashtra are home for the Great Indian Bustard, the endangered bird species. Delta of 
the river also harbours vast tracts of mangrove forests. The pristine mangrove habitat of 
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Krishna Wildlife Sanctuary (KWLS) which is in the estuary of the Krishna River is one of the 
rare ecoregions in the world. It is the home for many endangered species such as fishing cat, 
smooth-coated Indian Otter as well as migratory birds. The delta is dominated by the river-
dominated allochthonous type of mangroves. Out of the 33 species of true mangroves 
recorded in Indian wetlands, 12 species are found in the Krishna Basin.  
 

 

Fig. 12.1: Rolling mountains of Western Ghats form the Upper Krishna Basin  

 

 
Fig. 12.2: A View of forests and the Krishna River from Octopus Viewpoint in the 

Amrabad Tiger Reserve 
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(b) Historical and Cultural Significance- Krishna River has been a part of the broad 
cultural heritage of India. The Krishna Delta is one of the most fertile regions in India and 
was the home to ancient Satavahana and Ikshvaku Sun Dynasties. It also cradled to the 
renowned kingdoms of Bahmani and Vijaynagar dynasty, who had established their 
administrative centres in the Krishna Basin. Pattadakal and Hampi are recognized as a 
UNESCO world heritage site. The river is considered as sacrosanct by Hindus and the 
Krishna River was also metioned in Ramayana where it is referred as Pampa. Several 
pilgrimage places are found in Maharashtra, Karnataka, Telangana and Andhra Pradesh along 
the course of the river. The centre of attraction is the Krishna Pushkaram fair which is held 
once in twelve years on the banks of the Krishna River. The Wai, known for the Mahaganpati 
Mandir and Kashivishweshwar temple is a prominent holy place; it has seven ghats along the 
river. Temples like Dattadeva temple, which is revered by the people of Maharashtra, are 
located on the banks of Krishna at Narsobawadi and Audumbar near Sangli. Yadur in 
Karnataka and Sangameshwar Shiva temple at Haripur are some of the important holy places 
which are also on the bank of Krishna. Some of the other temples are the Kanaka Durga 
Temple in Vijayawada, Ramling Temple near Sangli, Mallikarjuna, Srisailam (Jyotirlinga), 
Amareshwara Swamy Temple, Vedadri Narasimha Temple, Dattadeva Temple and 
Sangameshwara Shiva Temples at Alampur and Gadwal in Telangana. Therefore, 
rejuvenation of Krishna and tributaries is important not only because of ecological and 
hydrological significance but also from socio-economic and cultural point of view. 
 
(c) Socio-economic Values - An average annual surface water potential of 78.1 km3 has been 
assessed in the Krishna Basin. Out of this, 58.0 km3 is utilizable water. Culturable area in the 
basin is about 203,000 km2, which is 10.4% of the total cultivable area of the country. As the 
water availability in the Krishna River was becoming inadequate to meet the growing water 
demands, Godavari River was linked to the Krishna River by commissioning the Polavaram 
right bank canal with the help of Pattiseema lift scheme in the year 2015 to augment water 
availability to the Prakasam Barrage in Andhra Pradesh. The irrigation canals of Prakasam 
Barrage form part of National Waterway 4. The Krishna-Godavari delta is known as the 
‘Rice Granary of India’. The Krishna Basin has seen an increasing development of its water 

resources and a dramatic expansion of irrigation since the 1850s. This phenomenon hastened 
after India gained Independence, and the total storage capacity in large reservoirs has 
multiplied eightfold since the 1950s to reach 54.5 km3 in 2002. Although their extent is not 
well quantified, small-scale irrigation projects commit significant volumes of water as well. 
Existing infrastructure regulates more than the 75% dependable annual flow. Along with this, 
infrastructural development and surface water–irrigated areas have more than doubled since 
the 1950s. They covered 2.9 million hectares (Mha) in 1996-2002. At the same time, 
groundwater-irrigated areas extended owing to the boom of groundwater abstraction. 
Groundwater-irrigated areas have more than doubled during the last 50 years. They 
suppliedwater to about 1.9 Mha in 1996-2002. The total irrigated area in the Krishna Basin 
covered 4.8 Mha in 1996-2002. 
 
The three principal tributaries of river Krishna are: Bhima from the north (Maharashtra), the 
upper Krishna from its center-west (Maharashtra), and the river Tungabhadra from the south 
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(Karnataka). The majority of runoff is available in the upper portion of the Krishna (26% of 
total runoff), Upper Bhima (16%), and Tungabhadra (18%). The Upper Krishna has an 
absolute gross and lives storing capacity of 6,213 Mm3 and 5,836 Mm3, respectively in 11 
major and 15 medium reservoirs. The Bhima tributary originates from Maharashtra and 
passes through Karnataka and confluences into the river Krishna in Andhra Pradesh. There is 
gross storage of about 7,800 Mm3 in six major and more than 30 medium reservoirs in the 
upper Bhima catchment area. The Tungabhadra tributary rises in Karnataka but joins the 
Krishna River in Andhra Pradesh. This tributary is regulated by two major dams, the Bhadra 
(2,023 Mm3) and Tungabhadra (3,736 Mm3), and several medium reservoirs, with a 
combined storage of 7,351 Mm3, respectively. The Tungabhadra Dam, in the lower 
catchment, is the largest on this tributary. Further downstream in the lower Krishna in Andhra 
Pradesh, there are two major hydropower dams, Srisailam (8,716 Mm3) and Nagarjuna Sagar 
(11,556 Mm3) together with the Prakasam barrage (Krishna delta). These twin reservoirs with 
a live storage capacity of 15,129 Mm3 accounts for 50% of the live storage in major 
reservoirs in the entire basin and were intended to function as balance reservoirs while 
serving the delta and the Nagarjuna Sagar command, and meeting hydropower and urban 
water demands. Krishna River is one of the rivers whose water energy has been harnessed to 
a large extent by installing various hydroelectric power stations across the basin. Prominent 
hydroelectric power projects excluding small and medium installations are: Koyna HEP 
(1,920 MW), Nagarjuna-Srisailam HEP (2,800 MW), Mulshi Dam (300MW), Almatti Dam 
(290 MW), Jurala HEPs (480 MW), Tungbhadra Dam (127 MW). 
 

12.3 Riverscape 

The riverscape approach integrates a river with its surrounding lands. Riverscape includes a 
forest/ vegetation predominantly covered buffer area on either side of the river banks which 
harbours riverine forests as well as a zone of influence which is to be conserved for 
sustaining the quality and quantity of water with an ecological flow in the rivers. The 
riverscape approach emphasizes on the maintenance of vital three types of connectivity viz., 
longitudinal (from origin to sea), horizontal/lateral (linkages with surrounding lands), and 
vertical (surface to ground water) besides the temporal connectivity. The emerging and 
rapidly evolving concept of the riverscape conservation has been adopted in this DPR. On the 
basis of review of scientific literature and consensus emerging during the extensive 
consultations with the various stakeholders at the national/ state levels, the Krishna 
Riverscape covering an area of 34,977.47 km2 falling in the four basin states was delineated 
using Remote Sensing and GIS technologies (Table 12.1). A criterion of 5 km buffer on 
either side of the main river, and 2 km buffer in case of selected tributaries was adopted. The 
5 km/ 2 km aerial distance was considered from the respective high flood level on either side 
in the case of main stem as well as tributaries. In case of mountainous areas and the deltaic 
areas, entire region was included in the delineated riverscape. The delineated riverscape has 
been considered as the project planning, assessment, and implementation area for the 
proposed forestry interventions.  
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The Krishna Riverscape represents 13.73% of area of the Krishna Basin (2.58,948 km2). The 
state of Karnataka contributed the maximum extent of 12,845.32 km2 or 37%area of 
theriverscape, followed by Maharashtra covering an extent of 8393.98 km2 or representing 
24% area of the riverscape (Table 12.1). The states of Telangana and Andhra Pradesh 
covered 8130.34 km2 and 5607.83 km2 and represented23% and 16% area of the riverscape, 
respectively (Fig.12.3). The Krishna River from its origin to exit in the Bay of Bengal covers 
a total distance of 1,713.87 km. Out of this, the river traverses a distance of 320.44 km in 
Maharashtra, 452.85 km in Karnataka, 440.24 km in Telangana, and the maximum journey of 
500.34 km in the coastal state of Andhra Pradesh. Altogether, 13 tributaries were included 
within the riverscape and they covered a total collective length of 4,307.68 km across four 
states.  Thus, the total cumulative length of 6021.55 km in case of Krishna main stem and 13 
tributaries included within the riverscape was considered.  
 
Table 12.1: State-wise distribution of area incorporated within the Krishna Riverscape  
 

Sr. No. State Area (km2) Riverscape (%) 
1  Maharashtra 8,393.98 23.99 
2  Karnataka 12,845.32 36.72 
3  Telangana 8,130.34 23.24 
4  Andhra Pradesh 5,607.83 16.03 

Total 34,977.47 100.00 

 

12.4 Preparation of DPR  

The MoEF&CC through the ICFRE, Dehradun has entrusted a major task for preparation of 
DPR in the context of Krishna River to the Institute of Wood Science and Technology 
(IWST), Bengaluru. The IWST constituted a core team of scientists, practicing foresters, and 
technical officials besides subject and theme-based consultants/ subject matter experts to 
carry out the task of preparing the DPR. The exercise of DPR preparation envisaged 
exhaustive consultative process besides the multipronged, multi-scale, multi-discipline, and 
multi-stakeholder approach including the Remote Sensing (RS), Geographic Information 
System (GIS), and Geographic Position System (GPS) based technologies for the essentially 
required geospatial analysis and modelling so as to develop an insight on the physical and 
biological sub-environments relevant to the delineated riverscape and also to identify priority 
areas based on a multi-attribute criteria for the proposed forestry intervention within the 
Krishna Riverscape. In addition, the IWST’s core team of professionals was required to 
formulation of a comprehensive strategy, design data formats for collection of primary field 
data, development of treatment and plantation models for the proposed forestry interventions 
in the vast and varied extent of riverscape. The key steps involved in the preparation of DPR 
are briefly described below one by one:  
 
(a) The Consultative Process – One of the key process for the preparation of DPR 
included identification of stakeholders at the state/ regional/ local levels and facilitating the 
consultative process, particularly involving senior officers of state level forest, agriculture, 
horticulture, irrigation, panchayat raj and  rural development departments, state pollution 



 

394 

 

control board and subject matter experts from various government and non-government 
organizations besides local communities representatives of national level agencies involved 
in use, management, and regulation of water resources. Accordingly, extensive and sequential 
consultation meetings at four states/ Forest Circle/ Division were organized. The entire 
process of consultation was facilitated by the IWST, Bengaluru. Consultation and feedback 
from various stakeholders have been the key step in the preparation of the DPR, formulation 
of strategies, and proposed actions for implementation.  
 
(b) Geo-spatial Analysis, Modelling and Prioritization of Suitable – The RS and GIS 
based geospatial and modelling was used for generation of various thematic layers viz., land 
use and land cover, altitude, DEM, aspect, slope, soil type, soil erosion, forest types and 
forest cover, etc. for the Krishna Riverscape.The geospatial modelling was specifically used 
in prioritization of areas for proposed forestry interventions in three type of landscapes within 
the Krishna Riverscape. Multi-Criteria Analysis using Land Use Land Cover, Soil erosion 
and Slope categories was applied to prioritize the riverscape areas into high, medium and low 
priority and the generated information was shared with the stakeholders during the Forest 
Circle level orientation meetings organized in collaboration with SFDs to facilitate the 
identification of potential sites for forestry interventions within the riverscape.  
 
(c) Design of Field Data Formats and Data Portal - The project team at the IWST, 
Bengaluru designed five elaborate formats for field collection of primary data. These formats 
pertained to the Natural landscape, Agricultural landscape, Urban landscape, Conservation 
interventions and Supporting activities. These formats were provided to stakeholders of four 
states for the collection of field information with respect to afforestation activities, 
conservation interventions and supporting activities. The SFDs played a crucial role in 
collection and compilation of field data. Altogether, 4,556 data formats were obtained from 
the four states. In order to effectively collate, analyze, synthesize, interpret and retrieve 
desired summary information, a software-based Data Portal was designed and developed by 
the Institute.  

 
(d) Development and Prescription of Forestry Intervention Models - Forestry 
intervention models are comprehensive set of activities to be performed in the proposed sites 
along with computed costs. These models were developed based on the site-specific 
information collected from the states on Land Use Land Cover, Geographic and Climatic 
factors. GIS was also used to determine model prescriptions based on the proximity of the 
sites to human settlements and proximity to the rivers. In Natural landscapes (forest areas), 
forest type and cover classes were also taken into consideration. In case of Agriculture and 
Urban landscapes, model prescriptions were mainly based on stakeholder recommendations 
and agro-climatic conditions. 
 
12.5 Riverscape and its Environment 

The riverscape and its environment are influenced by a wide range of natural and 
anthropogenic factors. In order to appreciate the overall environment in the context of river 
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ecosystem/ riverscape, it can be conveniently examined and understood from the perspective 
of the physical, biological, and socio-economic sub-environments.  The following sections 
attempt to highlight the physical, biological and socio-economic sub-environments in the 
context of Krishna Riverscape based on the collation and synthesis of secondary information 
and planning and assessment exercises carried out as a part of DPR preparation. Therefore, 
information and insight on the physical, biological and socio-economic environment was 
developed through exhaustive review of secondary information and highlights are provided 
below.  
 
(a) The Physical Sub-Environment - The physical environment, especially in the geological 
framework of the Krishna Riverscape is rather complex due to the consequences of the 
continental drift – tectonic movements, specifically India – Asian collision processes initiated 
in the Palaeogene, geodynamic processes, fluvial and denudation processes and climate 
changes. The riverscape represents four major physiographic regions: Western Ghats, Deccan 
Plateau, Eastern Ghats, and Krishna Estuary and Deltaic Plains. The Krishna River rises in 
western Maharashtra in the Western Ghats which drains the drier areas of Deccan Plateau and 
forms a delta before discharging into the Bay of Bengal. The climate of the Krishna Basin 
and Riverscape is predominantly semi-arid with an average annual rainfall of 840 mm and 
potential evapotranspiration exceeding rainfall in all but three months during the peak of the 
monsoon. Seasonal and interannual rainfall variability is the foremost feature of the climate 
of the Krishna basin. The flow of river shows high variability which leads to forecasting and 
management a challenge. The following section provides an insight on the distribution of 
elevation.  
 
Altitudinal Variation within the Riverscape - The riverscape from east to west direction 
depicts large altitudinal variation from less than sea level to 1,903 m asl; with the mean 
elevation being around 522 m. Altogether, six elevation classes within the riverscape were 
deciphered. Altitude plays an important role in the physical characteristics, biological 
diversity and its distribution and socio economic uses and consumption patterns. In particular, 
higher altitudes greatly influence river flow, rate of sedimentation, vegetation, wild animal 
use and even human settlements and their uses. The State wise distribution of area under 
different elevation classes is presented in Table 12.2 which revealed that the most extent of 
17,065.45km2 or 48.78% area of the riverscape lies in the 250 m to 500 m AMSL elevation 
class. Nearly 30% area of the riverscape lies in the lowest elevation class of <250 m. The 
elevation class of 500 m to 750 m represented an extent of 6,449.94 km2 or 18.44% area of 
the riverscape (Table 12.2). A meagre area of just 29.62 km2 or 0.08% area of the riverscape 
has fallen in elevation class > 1,250 m. The maximum extent of 24.25 km2 under the highest 
elevation class (>1,250 m) was recorded in Maharashtra. The state of Telangana registered 
only three lower elevation classes. Thus, the entire area in Telangana part of the riverscape 
lies in <750 m altitude. Notably, the riverscape part in the coastal state of Andhra Pradesh 
depicted only three elevation classes out of six classes recorded in the entire riverscape. Two 
elevation classes (250 m to 500 m and 500 m to 750 m) as well the highest elevation class 
(>1,250 m) were conspicuously unrepresented in the riverscape part within Andhra Pradesh 
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(Table 12.2). The State wise distribution of area under different elevation classes within the 
riverscape is presented in Fig.12.3.  
 
(b) Biological Sub-Environment – The Krishna River Basin and the Krishna Riverscape in 
particular is biologically rich and diverse as the river originate in the Western Ghats, 
traverses from the west to east covering the entire peninsula, and before it exits in the Bay of 
Bengal through the Krishna Delta travels a long distance of 1,713.87 km. Four large states 
contribute to the basin of Krishna River and the basin cover 8% geographical area of the 
country. In its journey, the river passes through varied forests ranging from the Tropical Wet 
Evergreen Forests in the west to Littoral and Swamp Forests in the east, a variety of natural 
and manmade wetlands, semi-arid grasslands all through the plateau, and coastal plains and 
deltaic region. The following section highlights the land use land cover, forest types and 
cover, and wildlife in the basin with a focus on the riverscape. 
 
Table 12.2: Extent of different elevational classes within the Krishna Riverscape 
 

Sr. 
No. 

Elevation 
Class (m) 

Area in Four States of the Krishna Riverscape 
(km2) 

Total 
Area 
(km2) 

Rivers
cape 
(%0) 

 
Maharashtra 

 
Karnataka 

 
Telangana 

 
Andhra 
Pradesh 

1  < 250 0.37 116.07 5,470.20 4,920.47 10,507.11 30.03 
2  250 to 500 4,367.19 10,014.28 2,071.15 612.83 17,065.45 48.78 
3  500 to 750 3,241.03 2,545.39 588.99 74.53 6,449.94 18.44 
4  750 to 1,000 584.55 143.20 - - 727.75 2.08 
5  1,000 to 1,250 176.59 21.01 - - 197.60 0.56 
6  ≥1,250 24.25 5.37 - - 29.62 0.08 

Total 8,393.98 12,845.32 8,130.34 5,607.83 34,977.47 100.00 
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Fig.12.3: Distribution of area under different elevational classes within the Krishna 
Riverscape 

 
(i) Land Use Land Cover (LULC) - Land information is important to a wide variety of 
human activities such as agriculture, forestry, water resources, as well as other types of land 
resource management. The pre-processed geometrically and radio-metrically corrected PAN 
merged satellite datasets were displayed on screen for attempting a visual interpretation of 
various land use classes. Standard image interpretation keys, viz., shape, size, colour, tone, 
texture, pattern, shadow, site, association, and phenology were used to generate Image 
Interpretation Scheme. Altogether, 21 classes of LULC were deciphered (Table 12.3). Out of 
this, 12 classes fall under the category of ‘Natural LULC’ viz., (a) Very Dense Forest (VDF), 
(b) Moderately Dense Forest (MDF), (c) Open Forest (OF), (d) Scrub, (e) Grassland, (f) 
Swamp/ Mangrove, (g) Mud Flat/ Coastal Wetland, (h) Wetland/ Waterlogged, (i) River 
Perennial, (j) River (Dry)/ River Sand, (k) Water Bodies, and (l) Sea while nine were 
Manmade LULC viz., (a) Agriculture, (b) Plantation, (c) Barren, (d) Cloud, (e) Canal, (f) 
Industrial Area, (g) Mining/Mining Dump, (h) Pisciculture Pond, and (i) Settlement (Table 
12.3). The agriculture land use was the predominant category as it covered the extent of 
22,136.10 km2 or 63.26% area of the riverscape. Four forest cover categories viz., VDF, 
MDF, OF, and Scrub together represented 22.01% area of the riverscape (Table 12.3). In 
addition, Swamp/Mangrove covered 134.08 km2 or 0.39% area of the riverscape. The 
categories of River Perennial and River (Dry)/ River Sand collectively represented 6.42% 
area of the riverscape. The manmade categories viz., Settlement, Barren, Canal, Cloud, and 
Pisciculture Pond represented 3.79%, 1.57%, 0.16%, 0.03%, and 0.47% area of the 
riverscape, respectively.  
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Table 12.3: Extent of area under different land use land cover classes within the 

Krishna Riverscape 
 

Sr. 
No. 

Land Use Land Cover Class Area  
(km2) 

Riverscape (%) 

1  Agriculture 22,136.10 63.26 
2  Barren 544.91 1.57 
3  Canal 52.80 0.16 
4  Cloud 9.35 0.03 
5  Very Dense Forest 426.60 1.21 
6  Grassland 111.02 0.32 
7  Industrial Area 103.15 0.30 
8  Mining/ Mining Dump 81.00 0.23 
9  Moderately Dense Forest 1,614.20 4.62 
10  Mud Flat/ Coastal Wetland 94.42 0.27 
11  Open Forest 2,022.28 5.78 
12  Pisciculture Pond 162.5 0.47 
13  Plantation 171.16 0.49 
14  River (Dry)/ River Sand 443.47 1.26 
15  River Perennial 1,804.02 5.16 
16  Scrub 3,642.81 10.40 
17  Sea 33.5 0.10 
18  Settlement 1322.6 3.79 
19  Swamp/ Mangroves 134.08 0.39 
20  Water Bodies 59.04 0.17 
21  Wetland/Waterlogged 8.51 0.02 

Total 34,977.47 100.0 
 

(ii) Forest Types and Forest Cover - The forest type information is most important in 
suggesting suitable sites for forestry interventions based on areas which do not have dense 
forest cover or which fall in scrub and riverine habitats along the river banks. The forest type 
and cover map were prepared using the reference data provided by the Forest Survey of India. 
The vegetation type information is most important in suggesting suitable sites based on areas 
which do not have dense forest cover or which are falling in scrub and grasslands along the 
river banks.  
 
Forest Types - Altogether, eight forest types were deciphered in vast expanse of the Krishna 
Riverscape and collectively they covered 22.41% area of the riverscape while non-forest 
category represented 77.59% area of the riverscape (Table 12.4). Amongst different forest 
types, Scrub covered the maximum extent of 3,642.76 km2 and represented 10.42% area of 
the riverscape. The Tropical Wet Evergreen Forest represented the minimum extent of 0.27% 
area of the riverscape. The Tropical Dry Deciduous Forest and Tropical Moist Deciduous 
Forest types represented 6.27% and 1.80% of the riverscape area, respectively (Table 12.4). 
The Tropical Semi Evergreen Forest, Sub-Tropical Broadleaved Forest, Tropical Thorn 
Forest, and Littoral and Swamp Forest covered 752.46 km2, 221.82 km2, 171.39 km2, and 
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134.08km2 and represented 2.15%, 0.63%, 0.49%, and 0.38% area of the riverscape, 
respectively.  
 
Table 12.4: Extent of area under different forest types within the Krishna Riverscape 
 
Sr. 
No. 

Forest Types Area 
(km2) 

Riverscape (%) 

1  Sub-Tropical Broadleaved Forest 221.82 0.63 
2  Tropical Dry Deciduous Forest 2,194.74 6.27 
3  Tropical Moist Deciduous Forest 628.55 1.80 
4  Tropical Semi-Evergreen Forest 752.46 2.15 
5  Tropical Wet Evergreen Forest 94.1 0.27 
6  Tropical Thorn Forests 171.39 0.49 
7  Littoral and Swamp Forest 134.08 0.38 
8  Scrub 3,642.76 10.42 
9  Non-Forest 27,137.57 77.59 

Total 34,977.47 100 
 
(iii) Wildlife Diversity - As stated earlier, the Krishna River Basin and Krishna 
Riverscape in particular spreads across the vast extent of four major states represent three 
biogeographic zones (5-Western Ghats, 6-Deccan Peninsula, and 8-Coasts) and five biotic 
provinces viz., (a) 5B- Western Ghats Mountains, 6C- Eastern Highlands, 6D-Central Plateau, 
6E-Deccan South, and 8B-East Coast and they support an extensive array of natural 
ecosystems and associated floral and faunal diversity. The river Krishna, its tributaries and 
surrounding areas from the origin to mouth showcase different landforms, altitudinal 
variation, climatic differences, besides the enormous diversity of forests, grasslands and 
wetlands and associated floral and faunal diversity. A wide range of mammals, reptiles, 
amphibians, birds, fishes and invertebrates have been reported from the basin.  
 
Protected Areas - Altogether,, 18 protected areas including national park, wildlife 
sanctuaries, and two tiger reserves covering total area of 8,226.06 km2 have been reported 
from the Krishna River. In Maharashtra, (a) Koyna Wildlife Sanctuary, (b) Radhanagari 
Wildlife Sanctuary, (c) Great Indian Bustard Sanctuary, (d) Chandoli National Park, and  (e) 
Bhimashankar Wildlife Sanctuary are the imporatnt PAs. In Karnataka,  (a) Kudremukh 
National Park, (b) Shettihalli Wildlife Sanctuary, (c) Bhadra Wildlife Sanctuary and TR, (d) 
Ghataprabha Bird Sanctuary, (e) Gudavi Bird Sanctuary, (f) Ranibennur Blackbuck 
Sanctuary, and (g) Daroji Sloth Bear Sanctuary are different PAs. In Telangana, three 
national parks viz., Kasu Brahmananda Reddy National Park, Mahavir Harina Vanasthali 
National Park, and Mrugavani National Park represent the basin area. Pakhal Wildlife 
Sanctuary, Rollapadu Wildlife Sanctuary, and Krishna Wildlife Sanctuary besides 
Nagarjunsagar-Srisailam Tiger Reserve are important PAs/ TR from the basin part wihin the 
Andhra Pradesh. 
 
(c) Socio-economic Sub-Environment - The ecological processes along with socio-
economic and human activities have been strained with changes in land use/ land cover by 
converting natural landscapes to monocultures and urban areas which have given rise to 
severe environmental problems. Anthropogenic consumptive utilities have taken little care 



 

400 

 

regarding limitations of availability of renewable resources degrading various ecosystems. 
Water use for urban, industrial and agricultural growth is approaching a limit and, in some 
cases, even exceeding the availability of renewable water. Agroecosystem dynamics and 
excessive infrastructural development result in over-commitment of water. This particular 
approach to water resources management and development has led to significant degradation 
of river basin and it faces an environmental water scarcity. Since the 1850s, the Krishna 
Basin has witnessed a dramatic development of irrigation and water demand. Since India 
gained Independence, the Krishna Basin has seen an increasing mobilization of its water 
resources. In 1990-2000, consumptive water use accounted for 90.5% of the basin net inflow; 
warnings of basin closure (zero or minimal flow to the ocean) emerge during dry periods. 
Basin water development and local rural dynamics have given rise to recent trends of 
increasing groundwater abstraction and aquaculture development in the Lower Krishna 
Basin, and a fragmented institutional landscape has led to environmental degradation 
manifesting itself by soil and groundwater salinization, enhanced pollution, disappearing 
mangroves, and wetland desiccation. The natural resources management is often constrained 
by political and economic interests with a lesser emphasis on equitable use of the resources or 
environmental sustainability of the ecosystem. 
 
Irrigation Projects and Expansion of Agriculture - The lower Krishna Basin has a long 
history of irrigation. The first large-scale project was implemented in the early 1850s. During 
1954-1957, it was modernized and the actual project irrigates about 5,40,000 ha and is the 
‘rice bowl’ of Andhra Pradesh. Agricultural and rural dynamics of the lower Krishna Basin 
are closely linked to the emergence of a large class of prosperous peasants or owner 
cultivators who can be best termed ‘farmer-capitalists’. These agriculturalists largely 

benefited from the agricultural productivity boom of the Green Revolution (1965-1985) and 
from a strong state-driven institutional support to agricultural development until the mid-
1980s. They are both involved in agricultural production and surplus commercialization and 
based on their agricultural successes, they have progressively invested in other avenues 
(agro-industries, industries, manufacturing activities, and real estates) and the education of 
their children. They dominate the social landscape of the lower Krishna Basin. Aquaculture, 
strongly supported by the Government of Andhra Pradesh and its development during the 
1990s had significant impacts on the lower Krishna basin agroecosystems. Aquaculture 
developed mainly on revenue lands. It came together with land speculation. Prospects of high 
revenues attracted poor farmers and fishermen, who being under both economic and political 
pressure, sold or leased out their land to rich local entrepreneurs and outside investors. 
Although the land was officially entitled to them, small local farmers and fishermen became 
de facto labourers, hired on a daily or monthly basis by rich entrepreneurs. The emergence of 
social movements backed up by the mobilization of the local elites who wanted to limit the 
in-migration of outsider investors who could have cornered the sector, pushed the 
government to legislate on shrimp farming in 1996. The legislation aimed at controlling 
aquaculture development to limit environmental degradation but implementation remains a 
difficult task as it goes against the economic objectives of the Government of Andhra Pradesh 
to revive aquaculture. As generally documented in other cases, the change in the mode of 
access to land was the main driver of the degradation of natural resources in the lower 
Krishna Basin. 
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Land Use - Water stress during 2015-2016 had given rise to significant changes in 
agricultural land use. Agricultural land use decreased from 14.7 M ha in a normal year 
(2013–2014) to 11.5 M ha during the water stress year (2015–2016). These changes are 
mainly due to reduced cropping intensity and conversion of croplands to fallow due to water 
scarcity. Rainfed croplands in the Krishna Basin were reduced to half of the normal year to 
2.8 Mha, and there was a significant reduction in the irrigated croplands. Overall, 7.6 M ha of 
croplands were affected by water scarcity, including rainfed and irrigated croplands, and 7.1 
M ha were not affected. A significant decrease can be observed in the total irrigated area 
including surface and groundwater areas in the Krishna Basin between 2013-2014 (5.1 M ha) 
and 2015-2016 (4.0 M ha). However, due to low inflows and low rainfall during the rainy 
season of 2015, a significant decrease in the rainfed cropped area between 2013-2014 (4.10 
M ha) and 2015-2016 (1.3 M ha) was observed. The area irrigated by canals decreased during 
2013-2014 (1.6 M ha) and 2015-2016 (1.3 M ha) due to lower water storage in the reservoir 
during 2015-2016. There were some visible changes in cropping patterns in 2015–2016. 
Long-duration irrigated cropland under sugarcane was converted to crops such as rice and 
maize. The area under double crop (monsoon rice + winter rice) also fell, with pulses 
included in the system. Intensively irrigated areas, which include groundwater irrigated areas, 
in 2013–2014 were under fallows in 2015–2016. Water scarcity in minor irrigation systems 
forced farmers to drill bore wells to irrigate. 
 
Human Settlement and Demography - The total population of the four states which falls 
under the Krishna Riverscape was found to be 258.16 million as per Census 2011 which 
represents 21.32% of the nation’s population. Out of this, the rural population constitutes 

60.19%, indicating that the rural population in the four states along the river Krishna was 
much less than the country’s average.  The population density was found to be 308 persons 

per km2 in combined Andhra Pradesh and Telangana which was the least in the region. While 
it was 365 persons per km2 in Maharashtra, in Karnataka it was highest at 825 persons per 
km2. The values of literacy ranged from 67.07% to 82.34% as against the country’s average 

of 74.04%. Among the four states, Maharashtra is found to have the highest literacy rate 
exceeding national average and Andhra Pradesh and Telangana have the least. The values of 
the poverty line in the rural population in four states ranged from per capita income of Rs, 
816 per month to Rs. 967 per month against country’s average rural poverty level of 816 per 

capita per month; the poverty line in the urban population of four states ranged from per 
capita income of Rs. 1,009 per month to 1,126 per month against country’s average urban 

poverty level of Rs. 1,000 capita income per month. All four states are found to have a higher 
poverty line in rural as well as urban populations. 
 
Culture and Religion - Being the fourth biggest river basin in the country, the Krishna River 
has been a part of the broad cultural heritage of India. It has cradled several kingdoms 
prominently Bahamani and Vijayanagar dynasties which had established their dynasties with 
their administrative centres over the Krishna River Basin. The delta of this river is one of the 
most fertile regions in India and was the home to ancient Satavahana and Ikshvaku Sun 
Dynasty kings.  Hampi is recognized as a UNESCO world heritage site. In southeastern India 
(modern Andhra Pradesh and Telangana), the Krishna River Valley has played a pivotal role 
in the development and rise of Buddhism. This river is revered by Hindus as sacred. The river 
is also believed to remove all sins of people by taking a bath in this river. There are many 
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pilgrimage places in Maharashtra, Karnataka, Telangana and Andhra Pradesh on the course 
of the river.  

 
Livestock - The four states along with the Krishna account for nearly 22.7% country’s 

livestock. The values of livestock population as per the 19th Livestock Census (2012) ranged 
from 27.70 million to 56.09 million heads in the four states. Karnataka has the lowest 
livestock population whereas Andhra Pradesh and Telangana combined have the highest 
livestock population. 

 
Agriculture and Allied Activities - A considerable area of the basin falls under the semi-arid 
region of which agriculture covers 76% of the total area. A major part of this basin lies on 
basaltic and crystalline rocks, having low yield potentials, while the delta regions have 
alluvium sediments having high yield potential. In the Krishna Basin, crops are grown in 
three seasons, Kharif crops during the monsoon (June to mid-December), Rabi crops in the 
post-monsoon dry season (mid-December to March), and Zaid crops during the dry summer 
period (April and May). Major canal irrigation schemes occur along the major reservoirs in 
the upper basin, and along the main drainage in the lower basin and in the delta, which are 
predominant rice-growing areas. Minor irrigated systems include small tanks, small riparian 
lift schemes and groundwater irrigation. Groundwater sources include dug wells, shallow 
tube wells and deep tube wells. 

 
Growing Population and Pressure on the River Ecosystem - Water demand in the Krishna 
Basin is increasing due to population growth, urbanization and economic growth. Two main 
factors driving increased food demand are population growth and dietary changes. As the 
standard of living improved, a shift in consumption pattern happening from cereals to 
livestock products, fish and high valued crops. It is estimated that the total food grain 
consumption would reach from 13.1 million tonnes in 2001 to 24.3 million tonnes by 2035. 
The demand for water in industrial and domestic uses is, thus, growing at a fast pace with 
urbanization. The estimates also show that the proportion of water diverted for non-
agricultural sectors increases, but agriculture remains the largest water user. The water 
withdrawals for domestic and industrial purposes were estimated as 3 km3 and 8 km3 by 
2035. Among the sub-basins, Lower Krishna is facing the biggest water scarcity problem 
with its water supply only providing 56% of its total demands. 
 
12.6 Major Issues 
 
Like most Indian Rivers, the Krishna River also faces multi-prongedconservation issues. 
Prominent issues and problems faced by the river and tributaries are on account of 
deforestation and degradation of forests in the upper catchment; creation of physical barriers 
due to sequential dams/ reservoirs for irrigation and power generation and diversion of water 
by canals; reduced vegetation cover;  larger arid and semi-arid portion of the basin 
experiencing frequent droughts; rainfed river and tributaries; enhanced agriculture, erosion 
and sedimentation, urbanization and industrialization with increase effluents and waste; 
increased religious, pilgrimage and tourism activities along the river course; and  excessive 
abstraction of ground water. Specific issues are briefly covered below: 
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Flash floods - Krishna River and majority of its tributaries originate in the Western Ghats 
which is considered as one of the world’s highest rainfall areas. The catchment area of 

Western Ghats receives very heavy precipitation (> 5,000 mm) coupled with quick runoff in 
the Western Ghats region leading to flash flooding. 

Aridity in Southern Dry Zone – The Central Krishna Basin has an absolute arid climate 
experiencing frequent drought occurrence. There is significant rise in the number and 
intensity of the hot days in Krishna Basin. Except for the southern part of the Krishna Basin, 
an increase in the number of the zero rainfall days is observed. The most unique feature of 
Krishna Basin is that the rivers originate in the highest rainfall area and then they enter an 
arid climate where frequent droughts are experienced. 

Deforestation in Western Ghats - The area of Western Ghats is one of the world’s 

biodiversity hot spots and at the same time it is facing high anthropogenic pressure resulting 
in deforestation and degradation of forests. This is also a catchment area for many rivers 
including Krishna that has been opened up due to deforestation. Open areas with high 
precipitation are leading to reduced infiltration and heavy runoff leading to floods and soil 
erosion. Deforestation and degradation of forest lands also led to the rapid loss of 
biodiversity. 

Physical Barriers, Sedimentation and Flash Floods - There are more than 600 reservoirs 
constructed across Krishna and its tributaries and they have adversely affected the riverine 
ecosystem. Eroded soil from open and barren catchments and river banks lead to 
sedimentation of these reservoirs and reduced their storage capacity over the years.  

Intensive farming and Shift in Cropping Pattern - Krishna Basin is fertile area and due to 
improved irrigation facilities, farmers have shifted from subsistence farming to intensive 
farming and the cropping pattern has drastically changed with high valued crops (Sugarcane 
and Paddy). This has gradually resulted in salinity in the command areas and loss of fertile 
soil (Fig. 12.4). 

Reduced e-flow and Degradation of Mangroves - Intensive farming also demands more 
water and that result in increasing ground water extraction. Depletion of ground water has led 
to reduction of e-flow in the streams. The lack of e-flow in the rivers has led to mangrove 
vegetation deterioration in the Lower Krishna Basin. 

Industrialization and Urbanization - There are many urban areas on the banks of Krishna 
and its tributaries with rapid development and industrialization. Improper waste management 
has led to water pollution and waste dumping on the riverbanks. 

Conservation problems, issues, and threats in the context of Krishna River are summarized in 
Box 12.1. 
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12.7 Prioritization of Areas for the Proposed Forestry Interventions 

The GIS-assisted decision-making process by way of geospatial analysis and modelling was 
used to prioritize areas within the riverscape under three categories viz., ‘High’, ‘Medium’, 

and ‘Low’ for the proposed forestry interventions. The geospatial modelling used three vital 

GIS layers viz., land use land cover, soil erosion rate, and slope within the riverscape. The 
detailed information for prioritization of areas is provided in Chapter 3 of Volume I of the 
DPR. The State-wise distribution of areas under different priorities has been summarized and 
presented in Table 12.5. Accordingly, an extent of 5,624.85 km2 or 16.08% area of the 
riverscape has fallen in the high priority area. The medium priority area covered 13,861.83 
km2 and represented 39.63% area of the riverscape. The remaining area, being 15,490.79 
km2, representing 44.29% extent of the riverscape belonged to the low priority (Table 12.5). 
The distribution of three priority areas is shown in Fig. 12.5. 

 

Box - 12.1 
Krishna River – Problems, Challenges and Issues 

 
▪ High anthropogenic pressure arising due to burgeoning human population and unplanned 

development, particularly in the Upper Krishna Basin (the Western Ghat part) is resulting in 
deforestation and degradation of forest lands that is one of the world’s biodiversity hot spots. 

This is also a catchment area for many rivers including Krishna that has been opened up due to 
deforestation. Open areas with high precipitation are leading to reduced infiltration, heavy 
runoff causing soil erosion, and rapid loss of biodiversity. 

▪ The most unique feature of Krishna Basin is that the river originates in the very high rainfall 
area and then they enter an arid climate zone where frequent droughts are experienced. 
Krishna River and majority of its tributaries originate in the Western Ghats which is high 
rainfall (> 5,000 mm) areas, coupled with quick runoff leading to flash flooding. In contrast, 
the Central Krishna Basin has an absolute arid climate experiencing frequent droughts. There 
is notable rise in the number and intensity of the hot days in Krishna Basin. Except for the 
southern part of the Krishna Basin, an increase in the number of the zero rainfall days is also 
observed.  

▪ The Krishna River and its tributaries have been intensively dammed as more than 600 
reservoirs have been constructed across Krishna River system and they have adversely 
affected the riverine ecosystem. Eroded soil from open and barren catchments and river banks 
lead to sedimentation of these reservoirs and ultimately reduce their storage capacity over the 
years.  

▪ Owing to fertile area of the basin and improved irrigation facilities over past decades, intensive 
farming with high valued crops (sugarcane and paddy) has gradually resulted in salinity in the 
command area and loss of fertile soil. Intensive farming demanding more water also resulted 
in enhanced ground water abstraction, depletion of ground water and reduction of e-flow in the 
streams. The lack of e-flow in the river and tributaries has led to deterioration of mangrove 
vegetation in the Lower Krishna Basin. 

▪ Rapid urbanization and industrialization, particularly along the banks of Krishna and its 
tributaries coupled with improper waste management and release of untreated effluents have 
led to waste dumping on the riverbanks and water pollution. 

▪ Increased religious, pilgrimage and tourism activities all along the river courses are also 
adversely impacting the river environment.  
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Fig.12.4: Intensive agriculture on river banks and changing cropping pattern resulting 
in enhanced Water Consumption, Soil Erosion and Salinity Ingress within the Krishna 

Riverscape  
 

Table 12.5: Distribution of priority areas within the Krishna Riverscape 

Sr. 
No. 

States/UT Priority Areas Riverscape 
(%) High Priority 

(km2) 
Medium Priority 

(km2) 
Low Priority 

(km2) 
1  Maharashtra 2,117.84 

(25.23) 
2,184.30 
(26.02) 

4,091.84 
(48.75) 

8,393.98 
(24.0%) 

2  Karnataka 2,275.23 
(17.71%) 

6,239.07 
(48.57%) 

4,331.02 
(33.72%) 

12,845.32 
(36.72%) 

3  Telangana 548.74 
(6.75%) 

3,994.18 
(49.13)  

3,587.42 
(44.12%) 

8,130.34 
(23.25%) 

4  Andhra 
Pradesh 

683.04 
(12.18%) 

1444.28 
(25.75%) 

3480.51 
(62.07%) 

5,607.83 
(16.03%) 

Total 5,624.85 
(16.08%) 

13,861.83 
(39.63%) 

15,490.79 
(44.29%) 

34,977.47 
(100%) 

 

12.8 Policy and legal issues 

The Krishna River throughout its course harbours various hydropower and irrigation projects. 
There are numerous small- and large-scale industries in its basin. Hence, apart from being a 
‘source’ of water, it also plays a role of a ‘sink’ for the all the effluents and pollutants 
generated in the basin. It is this incongruity that makes framing legal and policy interventions 
for this river fairly difficult. The water quality of Krishna has been deteriorated due to the 
development of river valley projects, biotic disturbances like river bed mining, intensive 
agriculture on the floodplains, and release of untreated municipal waste and industrial 
effluents. Emerging perspective about the intricate interconnections among rivers, forests, 
wetlands, flora, and fauna need to be correctly addressed as per the legal provisions and 
policy framework. In this context, DPR enumerates and reviews various legal and policy 
instruments relevant to the river conservation while focusing on the vital aspects of water 
distribution, management and rejuvenation of the Krishna. After the country’s independence 

and the establishment of the state of Andhra Pradesh, the political map of the Krishna Basin 
transformed significantly. The state of Tamil Nadu was excluded from the riparian state list 
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and only Andhra Pradesh, Karnataka and Maharashtra remained. Thus, each of them claimed 
the ownership rights over the waters of Krishna. Hence, the role of following two institutions 
in the context of Karnataka Krishna River is of utmost importance. 

 

Fig.12.5: Distribution of Priority Areas within the Krishna Riverscape 

 
The Krishna Basin Development Authority (KBDA) is responsible to streamline decisions 
and settle issues such as land acquisition, contract dispute and to expedite the completion of 
irrigation projects in the Krishna Basin to ensure the use of Karnataka’s share of Krishna 
water. The authority is also responsible for the planning, investigation, assessment, execution, 
operation and maintenance of all irrigation projects in the Krishna Basin. The authority is 
empowered for the expeditious use of the Karnataka share of the waters of the Krishna River 
and its tributaries to encourage the rapid implementation and maintenance of the Irrigation, 
Hydropower and other associated projects and works in the Krishna Basin Region and to 
promote the agricultural and general economic growth of the Krishna Basin area. The 
Karnataka Government founded Krishna Bhagya Jala Nigam Limited (KBJNL) Limited on 
19 August, 1994 that undertakes the planning, research, assessment, execution, operation and 
maintenance of Krishna Command Area Development Authority, Upper Krishna Projects, 
Field Irrigation Channels (FICs), Ayacut Roads and other engineering works of all Irrigation 
Projects under the Upper Krishna Project.  
 
12.9 Treatment Models 
 
The DPR of Krishna River has deciphered three types of landscapes viz., Natural, 
Agriculture, and Urban within the riverscape. Altogether, 40 treatment and plantation models 
meant for three types of landscapes were included in the DPR proposed to be implemented by 
four basin states. The summary of 40 treatment models with corresponding proposed extent 
and the estimated cost treatment model/intervention wise is provided in Table 12.7. In 
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addition, conservation interventions focusing on the soil and moisture conservation, riverine 
wildlife management, and wetland management have also been envisaged in four basin states.  
 
(a) Natural Landscape - The forestry interventions for natural ecosystems include 
plantations with the objectives such as eco-restoration, assisted natural regeneration and 
artificial regeneration and apart from that, soil and water conservation works, weed control 
and plantation protection works have also been considered to be indispensable from a holistic 
perspective. Considering the type of ecosystems, native vegetation, soil conditions and agro-
climatic zones, potential models for various types of plantation were identified and designed. 
These suggested models broadly vary for the Hilly regions of Western Ghats, Deccan 
Plateau, and the coastal ecosystems within the river basin. The purpose of various models in 
the natural landscape is primarily to make the forestry intervention suitable with respect to 
edaphic, climatic and management requirements. Altogether 22 different models relevant to 
natural landscape within the riverscape parts of fours states have been included (Table 12.7). 
In states of Maharashtra and Karnataka, the Assisted Natural Regeneration models (ANR) are 
proposed to moderately dense and open forests specific to evergreen and semi-evergreen, 
moist deciduous and broad-leaved hill forests, dry deciduous and scrub forests. The Artificial 
Regeneration models have been proposed in barren and scrub areas. The Artificial 
Regeneration (AR) models have been proposed for the: (i) plantation of hardwood species in 
localities which are situated away from the human settlements (more than 1 km away from 
the settlement), (ii) plantation of NTFPs around human settlements (less than 1 km away 
from the settlement), and (iii) riparian forest restoration in areas along the banks of the rivers 
(sites situated less than 500 m from the river bank). 
 
(b) Agriculture Landscape -The agriculture landscapes in the rural environment 
involves different cropping patterns and cropping systems. The purpose of forestry 
interventions in such agriculture landscapes is to improve the productivity of agricultural 
lands by appropriate soil and moisture conservation works and planting economic forestry 
tree species and fruit trees so as to enhance the overall conservation values, other expected 
ecological functions and ecosystem services. The states have adopted different methods to 
promote agroforestry in farmlands. Agroforestry models have been proposed based on the 
existing practice in the states. Within the agroforestry model, seven different planting 
methods such as mixed horti-silvi plantation, block plantation, alley cropping, bund and 
boundary plantations have been proposed which may be adopted by farmers based on site 
quality and their specific preference. In Telangana, plantation in community land and tank 
bunds are considered under this landscape only which were proposed by the Department of 
Rural Development and Panchayat Raj. 

 
(c) Urban and Peri-Urban Landscape - Proposed forestry interventions in the urban 
landscapes specifically seek to develop models to enhance greenery, tree cover and 
aesthetics; such as the development of Riverfront, Eco Park, Institutional Plantations, and 
Avenue Plantations in urban and peri-urban landscapes. 
 
In addition to the above specific described afforestation models, ‘Conservation Interventions’ 

and ‘Supporting activities’ are the two other important interventions/activities which are 
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common to all the three landscapes. The total extent for the proposed treatment under 40 
different models meant for natural landscapes and conservation interventions in four basin 
states is to the tune of 2,31,544.28 ha and the estimated cost for implementation of this much 
extent was computed to Rs. 2075.29 crore (Table 12.6). 

Table 12.6: Proposed treatment models with corresponding extent and estimated cost  

Sr. 
No. 

Model Number Model Name Proposed Extent 
(ha) 

Estimated 
Cost 

(Rs. in crore) 
A. Maharashtra 
1  KR/MH/NL/01 Assisted Natural Regeneration for Eco-

Restoration 
1,022.50 25.87 

2  KR/MH/NL/02 Assisted Natural Regeneration for Semi 
Evergreen and Moist deciduous Forests 

2,857.72 114.88 

3  KR/MH/NL/03 Assisted Natural Regeneration for Dry 
Deciduous and Scrub Forest Areas 

899.68 36.17 

4  KR/MH/NL/04 Artificial Regeneration for Hard Wood 
Timber Yielding Species 

1,979.21 116.77 

5  KR/MH/NL/05 Artificial Regeneration for NTFP Species 1,686.70 75.56 
6  KR/MH/NL/06 Artificial Regeneration for Rejuvenation 

of Riparian Forests 
1,539.50 68.97 

7  KR/MH/AL/01 Agroforestry in Farmland 21,881.00 194.66 
8  KR/MH/UL/01 Institutional and Industrial Plantation) 15.00 0.54 
9  KR/MH/UL/02 Krishna Van -Eco Park Development 15.00 2.70 
10  KR/MH/UL/03  Avenue Plantation 38.00 1.14 
11  Conservation 

Interventions 
Soil and Water Conservation 1,360.68 73.51 

12  Riparian Wildlife Management 5,885.50 11.77 
Sub Total - Maharashtra 39,180.49 722.54 
B. Karnataka 
1  KR/KA/NL/01 Assisted Natural Regeneration for Eco-

Restoration 
19.70 0.29 

2  KR/KA/NL/02 Assisted Natural Regeneration for 
Evergreen and Moist Deciduous Forest 
Areas 

920.50 32.22 

3  KR/KA/NL/03 Assisted Natural Regeneration for Dry 
Deciduous and Scrub Forest Areas 

3,821.00 148.25 

4  KR/KA/NL/04 Artificial Regeneration for Hard Wood 
Timber Yielding Species 

2,844.90 128.87 

5  KR/KA/NL/05 Artificial Regeneration for NTFP Species 3,385.64 153.37 
6  KR/KA/NL/06 Artificial Regeneration for Rejuvenation 

of Riparian Forests 
4,671.02 211.60 

7  KR/KA/AL/01  Agroforestry in Farmland 52,950.78 300.74 
8  KR/KA/UL/01 Avenue Plantation 106.70 4.41 
9  KR/KA/UL/02 Institutional and Industrial Plantation 297.20 2.65 
10 KR/KA/UL/03 Krishna Van - Eco Park Development  17.30 3.11 
11 KR/KA/UL/04 River Front Development and Ecotourism 133.74 4.88 
12 Conservation 

Interventions 
Soil and Water Conservation 10,729.19 13.42 

13 Riparian Wildlife Management 2,448.81 12.38 
14 Wetland Management (Natural and 

Artificial) 
981.92 0.75 
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Sr. 
No. 

Model Number Model Name Proposed Extent 
(ha) 

Estimated 
Cost 

(Rs. in crore) 
Sub Total - Karnataka 83,328.40 1,016.94 
C. Telangana 
1  KR/TS/NL/01 Bamboo Plantation along the Rivers 258.70 5.74 
2  KR/TS/NL/02 Grassland Development in Riverine 

Areas 
67.00 1.35 

3  KR/TS/NL/03 Assisted Natural Regeneration in Dry 
Deciduous and Scrub Forests 

920.47 25.05 

4  KR/TS/NL/04 Artificial Regeneration with Economic 
Species and Removal of Invasive Weeds 

463.60 17.37 

5  KR/TS/NL/05 Artificial Regeneration for Barren Hill 
Afforestation 

100.00 2.98 

6  KR/TS/AL/01 Community Land Afforestation 19.17 0.39 
7  KR/TS/AL/02 Tank bund Plantation 19.00 0.50 
8  KR/TS/AL/03 Barren Hill Afforestation 6.10 0.18 
9  KR/TS/AL/04 Agroforestry in Farmland 44,081.80 7.09 
10  KR/TS/UL/01 Avenue Plantation 65.95 1.80 
11  KR/TS/UL/02 Institutional Plantation 10.01 0.20 
12  KR/TS/UL/03 Eco Park Development 6.45 8.35 
13  Conservation 

Interventions 
Soil and Water Conservation 1,858.44 41.86 

14  Riparian Wildlife Management 8,984.00 17.97 
Sub Total - Telangana 56,860.69 130.83 
D. Andhra Pradesh 
1  KR/AP/NL/01  Assisted Natural Regeneration for Dry 

Deciduous and Scrub Forest Areas 
556.00 16.39 

2  KR/AP/NL/02 Artificial Regeneration for Hard Wood 
Timber Yielding Species 

1,401.00 63.87 

3  KR/AP/NL/03 Artificial Regeneration for NTFP Species 193.00 8.52 
4  KR/AP/NL/04 Artificial Regeneration for Rejuvenation 

of Riparian Forests 
1,505.00 68.18 

5  KR/AP/NL/05 Assisted Natural Regeneration for 
Mangrove Species 

30.00 0.80 

6  KR/AP/AL/01 Agroforestry in Farmland 30,403.70 4.89 
7  KR/AP/UL/01  Avenue Plantation 145.00 3.59 
8  Conservation 

Intervention 
Soil and Water Conservation 437.00 3.73 

9  Riparian Wildlife Management 17,504.00 35.00 

Sub Total - Andhra Pradesh 52,174.70 204.98 
Grand Total - Riverscape 2,31,544.28 2075.29 
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Proposed mitigation measures in Krishna Riverscape are summarized in Box 12.2. 
 

 
 
12.10 Implementation Mechanism 
 
Overall institutional arrangements for the execution of the project are based on 
implementation and monitoring at the national, state, district/division and local community 
levels. The arrangements at all the hierarchical levels will focus on the implementation of 
planned project activities, financial management and procurement functions, project 
monitoring, and reporting through enhanced transparency and accountability measures.  

Box - 12.2 
Rejuvenation of Krishna River – Major Mitigation Measures 

 
Krishna River after it originates from the Mahadeo Range in the Maharashtra part of 
Western Ghats traverses from west to east in the states of Maharashtra, Karnataka, 
Telangana and Andhra Pradesh before it exits in the Bay of Bengal through vast Krishna 
Delta. Krishna River mainly suffers on account of deforestation and degradation of diverse 
forests in upper mountainous basin, creation of sequential dams and reservoirs, diversion of 
water by canals, reduced vegetation cover, rainfed main channel and frequent droughts, 
expansion of agriculture and intensification, groundwater exploitation, growing cities/ 
townships along river courses, erosion and sedimentation, enhanced pollution and declining 
water quality, and growing tourism.  
Major forestry interventions proposed include:  

▪ Soil and moisture conservation (SMC) works worth Rs. 132.52 crore, representing 
5.69% of the total budget outlay by way of undertaking varied activities have been 
proposed. 
 

▪ Altogether, 40 treatment models in Natural, Agriculture, and Urban landscapes 
within the riverscape are proposed across above stated four states at a cost of Rs. 
1,323.08, Rs. 508.45 crore, and Rs. 33.37 crore, respectively. Varied treatment 
models mainly focus on the assisted natural regeneration for eco-restoration of 
semi-evergreen, moist deciduous, dry deciduous, riparian, scrub, and mangrove  
forests;  plantations of commercial wood yielding tree species and NTFPs; bamboo 
plantations and grassland development; community land afforestation; bund 
plantations; removal of invasive species and rehabilitation of weed infested areas; 
barren hill plantations; agroforestry in farm lands; avenue plantations; eco-park 
development; plantations in institutional and industrial estates; and riverfront 
development. 
 

▪ Various field level interventions towards management of riparian wildlife and 
wetlands worth Rs. 77.87 crore have also been provisioned.  
 

▪ Additionally, varied supporting activities including awareness campaigns, capacity 
development, adaptive research, participatory monitoring, evaluation, etc. have also 
been proposed for implementation.  
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(a) Central Nodal Ministry - The DPR envisages that the MoEF&CC will act as the 
Central Nodal Ministry and will provide overall policy guidance and supervision mechanism 
for the project. The National Project Management Unit (NPMU) at the national level will be 
responsible for overseeing, steering, and coordinating the implementation of the project 
besides ensuring timely release of funds, documentation of learning experiences, and the 
replication of riverscape conservation concepts to additional sites/ tributaries of Krishna 
during and after the project period. 
 
(b) National Partner Organization (NPO) - The DPR envisages that the IWST, 
Bengaluru involved in preparation of the implementation plan would serve as the National 
Partner Organization (NPO). Thus, the NPO will setup the Project Facilitation Unit (PFU) for 
overseeing, procurement, implementation (policy-level interventions, concurrent research, 
capacity building and awareness), coordination, monitoring and evaluation.  

 
(c) State Level Implementing Agencies - The four state-level SFDs as the Implementing 
Agencies will also establish their respective State Level PMUs (SPMUs) for planning and 
execution of the plan at the state and local field levels. The existing designated staff at the 
Partner Organization and four State Forest Departments, besides some contractual staff 
specially engaged for the Project period will constitute the PFU at the NPO and SPMU at 
each of the concerned the SFD, respectively. The hierarchical implementation arrangement 
framework for forestry interventions has been described in DPR. Each SFD, as major IA will 
require a SPMU at the state level to facilitate and coordinate various activities. 
 
(d) Forest Division Level - A total of 50 Forest Divisions and relevant line departments 
across four states will be involved in the execution of activities as envisaged in the plan. The 
DCFs of the 50 Forest Divisions will be responsible for the actual implementation of the 
forestry interventions and other activities as envisaged in the DPR. The mechanism of the 
existing FDAs operating at the Division/ District level would be utilized for implementation 
at the field level while actual execution will be through respective JFMC.  

 
(e) Role of Joint Forest Management Committee (JFMC) -The JFMCs have played a 
vital role in protection of the forests and also raising and managing the plantations in forest 
areas. An active JFMC would play a crucial role in the establishment and subsequent 
maintenance of the forest plantations. It can also become an institutional platform for 
awareness generation, capacity building and equitable benefit sharing. 
 
(f) Eco Development Committees (EDCs) - An Eco Development Committee (EDC) is 
similar to JFMCs but meant for villages in Protected Areas and their buffer zones. Their 
setup, working, role, responsibilities, powers, funds are as per the state-level orders. Their 
area of operation is restricted to protected areas, and forest and non-forest areas near 
protected areas. EDCs are set up with twin objectives of protecting wildlife and biodiversity 
and undertaking ecodevelopment activities in the villages. The EDCs play the similar role in 
implementing the forestry interventions, which the JFMCs perform outside protected areas. 
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(g) Mechanism for Implementation, Steering, Fund Flow, Monitoring and 
Evaluation - Further, the DPR provides details of the proposed mechanisms of programme 
implementation, fund flow, project steering at the national/ state level, and field level 
execution of the DPR. In addition, the DPR provides an insight on the proposed constitution 
of the National Project Steering Committee (NPSC) at the National level and the State Project 
Steering Committee (SPSC) in each of the four involved states. 
 
12.11 Budget Outlay 
 
River Krishna makes its course through three types of landscapes. Originating from the 
evergreen forested landscapes in the steep mountains of Western Ghats, the river and its 
tributaries traverse through the scrubland of the Deccan Plateau and the Eastern Ghats before 
finally joining the Bay of Bengal through the delta region which harbours the mangroves. 
Apart from forested areas, the river and tributaries flow through the vast expanse of 
agricultural lands with diverse cropping patterns besides meandering through the densely 
populated areas of urban/peri-urban lands. Considering the great diversity of the riverscape, 
various treatment models for forestry interventions have been proposed in different 
landscapes within the riverscape. Apart from treatment and plantation activities, Conservation 
Interventions and Supporting activities have also been envisaged. Thus, the DPR has 
provisioned for four Components, and various Sub-Components and specific activities.  
 
The projected total cost of the Project Implementation as envisaged in the DPR of Krishna 
River is Rs. 2,327.47 crore. The project has four broad components and a financial outlay of 
the same has been summarized in Table 12.7. Accordingly, the Component-A on the 
‘Implementation of Forestry Interventions in Four States of Riverscape’ is one of the 

principal components of the Project which has a budgetary provision for Rs. 2214.31 crore 
and represents 95.14% of the total outlay.  The Component–B on the ‘Strengthening 

Knowledge Management and Enhancement of National Capacity for Forestry Interventions 
and Conservation of Riverscape’ has been provided a budget of Rs. 80.09 crore or 3.44% of 

the total budget. The Component-C of the Project envisages Scaling up and Monitoring the 
Plantation activities. A sum of Rs. 1.57 crore or 0.07% of the project outlay has been 
provisioned for this broad component. In order to oversee, steer, and manage the priority 
project, the Component -D specifically envisages that the MoEF&CC as the Central Nodal 
Ministry would be responsible for the National level Project Implementation, Coordination, 
Steering, Monitoring and Evaluation. A budget of Rs. 31.50 crore has been provisioned for 
this important Component. The following section provides an insight on Component/ Sub-
Component and Activity, State Implementing Agency, and Forest/ Wildlife Division-wise 
budget outlays proposed in the DPR of Krishna River. 
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Table 12.7: Component/ Sub-Component and Activity Wise Project Outlay for the 
Proposed Forestry Interventions within Krishna Riverscape 

 
Sr. 
No. 

Components/ Sub-Components and 
Activities 

Amount 
(Rs. in crore) 

Allocation 
of  

Total Outlay 
(%) 

A. Implementation of Forestry 
Interventions in Four States of the 
Krishna Riverscape 

2,214.31 95.14 

A.1 Plantation and Treatment Models in Three 
Type of Landscapes 

1,864.90  

A.1.1 Natural Landscapes 1,323.08 
A.1.2 Agriculture Landscapes 508.45 
A.1.3 Urban Landscapes 33.37 
A.2 Conservation Interventions 210.39 

A.2.1 Soil and Water Conservation 132.52 
A.2.2 Riparian Wildlife Management 70.37 
A.2.3 Wetland Management (Natural and 

Artificial) 
7.50 

A.3 Supporting Activities 33.58 
A.3.1 Research Activities 5.00 
A.3.2 Capacity Building 3.79 
A.3.3 Awareness 9.66 
A.3.4 Monitoring and Evaluation 5.00 
A.3.5 Contingency and Miscellaneous Activities 2.34 
A.3.6 Cost of PMUs of Four States Level 

Implementing Agencies 
7.80 

A.4 Contingency 105.44 
B. Strengthening Knowledge Management 

and National Capacity for Forestry 
Interventions and Conservation of 
Riverscape 

80.09 3.44 

C. Maintenance, Scaling Up and 
Replication of Successful Models of 
Forestry Interventions and Riverscape 
Conservation in Additional Sites/ States 

1.57 0.07 

D. National Coordination for Forestry 
Interventions and Riverscape 
Conservation 

31.50 1.35 

Total Project Cost (A+B+C+D) 2,327.47 100.00 
 
Component/Sub-Component and Activity-wise Outlays - The Component-A deals with 
the ‘Implementation of Forestry Interventions in Four States of the Krishna Riverscape’ and 

it includes four Sub-Components. The Sub-Component A.1 pertains to the ‘Plantation and 

Treatment Models in Three Type of Landscapes’ and a budget of Rs. 1,864.90 crore has been 
provisioned for this prominent Sub-Component.  The DPR envisages plantations and various 
other treatment models in three types of landscapes (Natural, Agriculture and Urban) within 
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the riverscape. Among the three landscapes, the prominence is of activities in the natural 
landscapes as a budget of Rs. 1,323.08 crore has been proposed for afforestation activities 
within the natural landscapes. Budget outlays provisioned for agriculture and urban 
landscapes are to the tune of Rs. 508.45 crore and Rs. 33.37 crore, respectively.  Activities on 
agriculture landscapes mainly focus on plantations of economic and fruit trees on privately 
owned farmlands, while activities in the urban landscapes include: (a) institutional/industrial 
plantations, (b) avenue plantations, (c) riverfront development and ecotourism, and (d) 
development of Eco Parks. The budget outlay for the Sub-Component A.2 on ‘Conservation 

interventions’ has been allocated an amount of Rs. 210.39 crore (Table 12.7). The Sub-
Component A.3 on the ‘Supporting Activities’ has been provisioned a sum of Rs. 33.58 crore 

and to be implemented by four states. The Sub-Component A. 4 pertains to the ‘Contingency’ 

and a sum of Rs. 105.44 crore or 5% of the total project outlay has been provisioned so as to 
compensate the price raise in case of delay in implementation of the project. 
 
The Component-B pertains to the ‘Strengthening Knowledge Management and National 

Capacity for Forestry Interventions and Conservation of Riverscape’. Rivers are the chief 

sources of renewable freshwater and their sustainable management face a number of 
challenges as streams and rivers are among the most endangered ecosystems. The ‘Best 

Available Science’ is, therefore, expected to play an important role in the policy, planning 
and management arenas through major policy decisions, regional planning and management 
actions that can range in scale from local to national. In view of these facts and emerging 
needs, the Component-B of the Project aims at introducing science into policy, planning, and 
management for informed decision making that can yield positive results from sustainable 
management of rivers. The IWST, Bengaluru has been visualized to play the role of National 
Partner Organization (NPO) and meaningfully contribute towards much desired strategic and 
adaptive research, capacity development, awareness, monitoring, and evaluation. Hence, a 
budget of Rs. 80.09 crore or 3.44% of the overall project outlay has been provisioned for the 
various proposed activities by the NPO including the establishment of PFU. The Component-
C on maintenance, scaling and replication of efforts of implementation period include a 
budget of Rs. 1.57 crore and this is 0.06% allocation of the overall budget outlay (Table 
12.7). The Component-D pertains to the National Coordination for Forestry Interventions and 
Riverscape Conservation at the national level. This includes programme implementation, 
steering, coordination and management of the Project by the MoEF&CC as the Central Nodal 
Ministry and a budget of Rs. 31.50 crore for the Project duration has been made. This is 
1.35% allocation of the overall project outlay (Table 12.7).  
 
12.12 Potential Benefits  

The proposed DPR envisions to value, conserve, rejuvenate the Krishna River system and at 
the same time wisely make use of the ecosystem services in a judicial manner while ensuring 
ecosystem integrity, maintaining river health, and delivering essential benefits to all life 
forms. In a nutshell, it is estimated that the successful implementation of the proposed 
forestry interventions as envisaged in the DPR would result in the improvement of forest 
cover by 1,813.54km2 (Table 12.8). The implementation of the plan is estimated to generate 
38.82 million mandays. The annual income from varied NTFPs would be Rs. 51.56 crore. 
The forestry interventions would result in conservation of 400.80 MCM water annually by 
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reducing the runoff and improving the infiltration. Annually, the DPR activities will reduce 
8,69,220 m3 sedimentation. The likely reduction in sedimentation is equivalent to increase in 
the water storage capacity of the reservoirs along the Krishna Riverscape and also reduction 
in loss of top soil and thereby conserving the fertility of land which is otherwise prone to 
degradation in terms of soil fertility and productivity due to erosion. The project also 
contributes to address the adverse impacts of climate change by sequestering 14.23 million 
tonnes / year CO2 equivalent after 20 years (Table 12.8). 
 

Table 12.8: Potential Benefits of the Proposed Forestry Interventions  

Projected 
Increase 
in Forest 

Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-Timber 
and other 

Forest 
Produce  

(estimated 
benefit in Rs. 

in Crores) 

Employment 
Generation  

(in millions of 
man days 
generated) 

over the 
Project 
Period  

10 
Years 

20 
Years 

1,813.54 7.16 14.23 400.80 8,69,220 51.56 38.82 
 
 
 
 

************* 
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13. 
Cauvery River 

13.1 Introduction 

The Cauvery also known as ‘Dakshin Ganga’ or ‘Ganga of South’ is the fourth largest and 

east flowing Indian Peninsular River that originates at Talacauvery, Kodagu in Western 
Ghats at an elevation of 1,341 m. It flows through the states of Karnataka, Tamil Nadu, and 
the Union Territory of Puducherry in south east direction. It finally drains into the Bay of 
Bengal. The Cauvery (also spelt as ‘Kaveri’), known as ‘Ponni’ in Tamil, is the fourth-largest 
river in south India and basin has nurtured a great civilization thousands of years. 
 
The Cauvery Basin extends over an area of 87,900 km2 which is nearly 2.7 per cent of the 
total geographical area of the country. Cauvery Basin is with a maximum length and width of 
about 560 km and 245 km, respectively. Out of this, 42% area lies in Karnataka, 54% area in 
Tamil Nadu and Karaikal region of Puducherry and 4% in Kerala. The basin is bound by the 
Western Ghats on the west, by the Eastern Ghats on the east and south and by ridges 
separating it from Krishna and Pennar River Basins on the north. The basin runs roughly in a 
NW–SE direction. Of the 800 km Cauvery traverses, 320 km, 416 km, and 64 km are in 
Karnataka, Tamil Nadu, and common border between Karnataka and Tamil Nadu, 
respectively. The Cauvery River is one of the seven sacred rivers and has been the 
provenance of Hindu culture and civilization. The Cauvery River System consists of 21 
principal tributaries namely, Amaravathi, Arkavathy, Bhavani, Chinnar, Harangi, Hemavati, 
Honnuhole, Kabini, Kannika, Kollidam, Lakshmana Tirtha, Lokapavani, Moyar, Noyyal, 
Pambar, Sarabanga, Shimsha, Sujyothi, Suvarnavathy and Thirumanimuthar. Out of these, 
nine are located in Karnataka and 12 in Tamil Nadu / Kerala.  
 
13.2 Conservation Significance 

The river Cauvery is one of the oldest and revered rivers of the country. The river had been 
hub of activity since time immemorial and had contributed generously to the economy and 
the culture of the southern peninsula. Trade had flourished on its bank and the river also has 
marked much recognition in the international maritime trade of yesteryears. From the distant 
past to the present era, the river has been the lifeline of many ancient kingdoms and cities of 
south India. The Cauvery River is of immense socio-economic, ecological, cultural and 
religious significance. Referred to as the Ganges of the South in various literature, the river is 
the lifeline for the States of Karnataka and Tamil Nadu, with its presence in Kerala and 
Karaikalregion of Puducherry.  
 
(a) Ecological Values - The River has its origin in the Brahmagiri Hills in the Western 
Ghats and flows through the Delta into the Bay of Bengal. The river basin represents three 
bio-geographic zones (i) 5-Western Ghats, (ii) 6-Deccan Peninsula, and (iii) 8-Coasts 
including the deltaic region (Fig.13.1 to Fig.13.2). The basin collectively harbours 16,640 
km2 of diverse forests, which account for about 2.5 per cent of the forests of the country. In 
addition, the region harbours 38,058 km2 of Trees Outside Forests (TOFs). The forests in the 
States along the river harbour 960 million tonnes of carbon stock in the different types of 
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forests which sequester carbon and help in reduction of greenhouse gas emissions. The basin 
is distinguished with unique forests and some distinct fauna and flora. It is home to the hump-
backed mahseer, gyps’ species of vultures, Smooth coated and small-clawed otters, besides 
being a high potential tiger habitat. Many endemic and vulnerable aquatic fauna are also 
found in the basin. The basin hosts one Natural and three Cultural World Heritage Sites, 3 
Biosphere Reserves, 18 Important Bird Areas, 16 Wetlands of National Importance, 4 
Biodiversity Heritage Sites, 42 Coastal and Marine Biodiversity Areas, besides other 
important protected areas.  
 
The Cauvery deltaic region harbours famous Pichavaram mangroves, as it consists of a 
number of islands interspersing a vast expanse of water and covered with green trees. The 
area is about 1,000 ha and is separated from the sea by a sand bar. These mangroves are 
considered among the healthiest mangrove occurrence in the world and act as a nursery for a 
variety of finfish and shell fish. They attract an appreciable bird population of residents, local 
migrants and true migrants. The availability of different habitat types such as channels, 
creeks, gullies, mud flats and sand flats and adjacent sea shore offers ideal habitat for 
difference species of birds; 177 species of birds belonging to 15 orders and 41 families have 
been recorded. 
 
(b) Historical and Cultural Values - The Cauvery River and its tributaries are linked 
closely to the culture, tradition and history of the States of Karnataka and Tamil Nadu for 
over 2,000 years of recorded history. The river and its tributaries are worshipped as mother, 
sincethe river water sustains life for agriculture, which is the main source of revenue for the 
farmers. The people of the basin interact with the river through practices of ritualism; the 
Cauvery has attained a sacred status among farmers who not only worship the river, but also 
mark the commencement of the monsoon with different festivals. Along the river Cauvery 
there are a number of ancient temples which are of religious and cultural significance. There 
are as many as 55 main tourist places including many pilgrim centres, wildlife sanctuaries, 
waterfalls, hill station, forts and lakes. 

A unique network of water storage and harvesting system was designed to make full use of 
the river waters before it entered the sea. There was a simple act of engineering directed 
water from the river into tanks through dug out earthen channels, which then in turn took care 
of the associated villagers' irrigation needs. Every village temple had a tank, KovilKulam. 
Apart from bathing and for temple ritual, these tanks were primarily built for water 
harnessing. Kulam and Kuttai, are small local village troughs. Kulam is slightly larger, whilst 
Kuttai is smaller. These were used for temple ceremonies, for daily ablution and other daily 
needs of people and cattle including the daily fishing needs of the local community. All these 
water bodies were beautifully networked to keep overflowing into successive tanks down the 
chain. These networked tanks, called the Chain Tank System of the Carnatic, built over 1,500 
years ago itself, qualify to surpass any engineering marvel that the world has produced. 
 
(c) Socio-economic Values – The basin spreads over thirty-threedistricts comprising 18 
in Tamil Nadu, 11 in Karnataka, 3 in Kerala, and one of Puducherry. Basin supports 4.4 
million people in around 17,356 villages. The basin supports an average density of 
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approximately 478 persons per km2 of whom about 70 per cent are rural. In Tamil Nadu part 
of the basin, around 75 per cent of the population lives in rural areas. In Karnataka, rural 
population comprises 60 per cent whereas in Kerala the population is completely rural. 
Cultivable area in the basin is about 5.8 million ha, which is 3 per cent of the total cultivable 
area of the country. About 70 per cent of the basin is under agriculture. The Cauvery River 
has been providing 26 per cent agriculture production in Karnataka while Cauvery delta 
region has been contributing nearly 40 per cent of agricultural production in Tamil Nadu. 
Cultivable area in the basin is about 5.8 million ha, which is 3 per cent of the total cultivable 
area of the country. The Cauvery Delta Region, known as the ‘Rice Bowl of South India’ or 

the ‘Food Basket of Tamil Nadu’ or the ‘Garden of South India’, had been flourishing for 

millennia and supports 4.4 million people. The basin mainly consists of three crop seasons 
such as Rabi, Summer and Kharif. Paddy, bajra, jowar, rice, ragi, cotton, millets etc., are 
grown in Kharif. Paddy is the primary crop, while ragi, jowar and other millets are also 
extensively cultivated depending on rainfall. Cocoa, betel, cinnamon, grapes and lemon are 
grown throughout the year as horticultural crops. Sandalwood, bamboo, teak, eucalyptus, 
blue gum, wattle, cinnamon, and honey are some of the prominent forest products. There are 
132 watersheds with a total renewable surface water potential of 21.4 cu km. The potentially 
utilizable water in the basin is about 27.8 cu km. There are about 29 major and medium 
irrigation projects in Karnataka and 25 major and medium irrigation projects in Tamil Nadu. 
There are 15 major hydroelectric projects with 24 power houses available in the basin. The 
hydropower potential of the basin has been assessed as 1,359 MW at 60 per cent load factor.  
Asia's first hydroelectric dam was built across the Cauvery at Shivasamudra. 
 

 
 

Fig.13.1: The Upper Basin of the Cauvery River in the Western Ghats  
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Fig.13.2: Pichavaram, the Largest Extent of Mangroves in the Cauvery Deltaic Region 

13.3 Riverscape 

The Cauvery River Basin is one of the twelve major basins in India. Physio-graphically, the 
basin can be divided into three parts, namely, the uplands in the Western Ghats, the plateau 
region of Mysore, and the delta in Tamil Nadu and Puducherry. Depending on the relief 
structure, basin can be further divided into five zones viz., (i) Hilly Region, (ii) High Plateau 
Region also known as the Mysore Plateau, (iii) Transition Zone, (iv) Riverine Plain, and (v) 
the Deltaic region. As a part of the task on the preparation of DPR of Cauvery River, one of 
the key steps was to delineate the riverscape. The area of consideration for the present DPR is 
referred as the ‘Cauvery riverscape’. For the preparation of DPR, a planning and assessment 
area within the huge Cauvery Basin and particularly in the three states of southern India 
along the river course was selected and delineated based on extensive consultation with 
related organizations, dedicated discussion sessions with experts and research staff of the 
institute. The consultative process came up with the view that the river should have a 
protective river/ forest corridor on either side of the river having a width of 5 km on the main 
river, and 2 km buffer on the tributaries. In view of the above, the delineated Cauvery 
Riverscape includes various forested watersheds and its main tributaries which contribute 
significant quantity of water to the river. In non-forested watersheds, areas which are highly 
prone to soil erosion i.e., >15 tonnes of soil/ha/ year have been included in the riverscape. In 
rest of the areas, the criteria of 5 km buffer riverscape on either side of river Cauvery and 2 
km of buffer on either side of selected tributaries was employed. The entire delta region of 
the basin which has a network of distributaries and highly fertile top soil has also been 
included in the riverscape. The riverscape also included all the areas in the basin which are 
highly prone to severe soil erosion. Details of the area distribution under the delineated 
Cauvery Riverscape across three basin states and one UT are presented in Table 13.1. The 
maximum extent of 22,924.17 km2 or 55.9% area of the riverscape was contributed by Tamil 
Nadu. The second largest extent of 14637.16 km2 or 35.7% area of the riverscape was 
contributed by Karnataka State (Table 13.1). The state of Kerala and Puducherry UT 
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contributed 7.9% and 0.5% area of the riverscape, respectively. The delineated Cauvery 
Riverscape is shown in Fig. 13.3. 
 

Table 13.1: State Wise Distribution of Area in the Cauvery Riverscape 

Sr. 
No. 

State/ UT Geographical 
Area 
(km2) 

Geographical 
Coordinates 

Cauvery 
Riverscape (km2)  

Riverscap
e Area 

(%) 

1  
Tamil 
Nadu 

1,30,461.2 N 10°2'38'' to 12°39'11'' 
E 76°14'49'' to 79°52'59'' 

22,924.17 55.9 

2  Karnataka 
1,93,022.3 N 11°35'31'' to 13°23'46'' 

E 75°29'42'' to 77°46'41'' 
14,637.16 35.7 

3  Kerala 
38,836.7 N 10°3'29'' to 11°58'34'' 

E 75°47'17'' to 77°17'38'' 
3,245.04 7.9 

4  
Puducherry  
(UT) 

549.4 N 10°49'8'' to 11°0'14'' 
E 79°43'8'' to 79°50'60'' 

192.50 0.5 

  Total 3,62,869.6 - 40,998.87 100.0 
 

 

Fig.13.3: The Cauvery Riverscape 

13.4 Preparation of DPR  

The MoEF&CC through the ICFRE, Dehradun has assigned a major task on the preparation 
of DPR on forestry interventions for rejuvenation of the Cauvery River to the Institute of 
Forest Genetics and Tree Breeding (IFGTB), Coimbatore, Tamil Nadu keeping in view the 
jurisdictional area of the autonomous organization,  multidisciplinary expertise available in 
the field of forestry and its allied subjects, professional experience, and  facilities of scientific 
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laboratories, Computer, Remote Sensing and GIS Technologies. The preparatory phase 
involved the constitution of a core team of scientists, technical officials and project staff; 
collection of background/ secondary information from varied Central/ State Government 
organizations dealing with the wider subject relevant to  the use of river resources, river 
management and conservation; review of information and contextual analysis; identification 
of stakeholders and extensive consultative process; appreciation of river and its environment; 
delineation of Cauvery Riverscape; geospatial analysis and modelling; design and 
development of formats for collection of primary field data; training of field level staff on 
collection of field data; design and development of treatment and plantation models including 
conservation interventions; prioritization of areas for proposed interventions adopting multi-
criteria and geospatial modelling; collation and analysis of field data; preparation of draft 
DPR; and finalization of DPR. Obviously, the consultative process was one of the important 
aspects of the multifaceted, multiscale, multistakeholder approach. Accordingly, extensive 
and exhaustive consultations at the national and state levels were organized. The States of 
Karnataka, Kerala, Tamil Nadu and Union Territory of Puducherry formed the part of the 
delineated Cauvery Riverscape and the State Forest Department (SFD) of these concerned 
States/ UT were recognized not only as the primary Implementing Agency (IAs) of the DPR 
but also considered their pivotal role in facilitating, planning and organization of state level 
consultations. The entire process of consultative process was coordinated and facilitated by 
the IFGTB. Consultations and feedback from various stakeholders have been the key step in 
the preparation of the present DPR and proposed strategies and actions for its 
implementation. 
 
13.5 Riverscape and its Environment 

The Cauvery Basin is bounded by the Western Ghats on the west, by the Eastern Ghats on the 
east and south, and by the ridges separating it from the Tungabhadra and Pennar River Basins 
on the north. At Shivanasamudram, the river divides into two parts and falls through a height 
of 91 m in a series of falls and rapids. The falls at this point is utilized for power generation. 
The power station at Shivanasamudram was built during 1902. The two branches of the river 
join after the fall and flow through a wide gorge which is known as ‘Mekedatu’ (Goat’s leap) 

and continues its journey to form the boundary between Karnataka and Tamil Nadu for a 
distance of 64 km. The following sections describe the physical, biological and socio-
economic sub-environments in the context of Cauvery River Basin with an emphasis on the 
riverscape.   
 
(a) Physical Sub-Environment - Broadly, the Cauvery Basin has been classified in three 
sub-basins: (a) Upper, (b) Middle, and (c) Lower.  The middle sub-basin has the maximum 
extent. The Upper sub-basin is smallest among three sub-basins. The upper sub-basin in parts 
of the mountainous tract of Western Ghats is characterized by high hills with moderate to 
high slopes. The land use is generally intensified in the form of plantations, agriculture and 
urban settlements. The upstream areas which are forested watersheds and prone to severe soil 
erosion, therefore, requires intensive forestry interventions including soil and moisture 
conservation measures, protection, and preventions of forest fires besides a relatively wider 
corridor on either side of the primary main river and its tributaries for the maintenance of 
quality of water flowing into the river, its quantity and duration of flow. The middle sub-
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basin is a meeting point for the Western Ghats and the Eastern Ghats. This zone also suffers 
high erosion and needs intensive interventions, particularly in areas those have high erosion 
and predominantly forested watersheds experiencing high biotic pressure. The lower sub-
basin is characterized by delta supporting prominently three crops viz., paddy, banana and 
coconut. The alluvial topsoil deposited in the delta results in higher productivity. It receives 
rain during both the monsoons (South-West and North-East). The top soil definitely needs 
protection in order to maintain and enhance the productivity of the deltaic region. The delta, 
therefore, requires a wider buffer for treatment. The following section provides insight on the 
altitudinal variation within the riverscape.  
 
Altitudinal Variation within the Riverscape - The distribution of areas under different 
elevation classes within the Cauvery Riverscape is presented in Table 13.2 which revealed 
that the maximum extent, being 18,490.5 km2 or 45% area of the riverscape lies in the 500 m 
to 1000 elevation category (Table 13.2; Fig.13.4) whereas lowest elevation class (0 to 50 m) 
covered 7,336.13 km2 or 17.89 % of the riverscape. A majority of such low elevation areas 
are in the deltaic areas of Tamil Nadu are prone to annual seasonal flooding and erosion. 
These areas are suitable for different types of plantations and require soil and moisture 
conservation measures owing to the loose soil or fragile geological formation. The hilly 
forested zones in the northwest and southwest part of the basin receive significantly high 
rainfall due to south-west monsoon are abode to relatively rich and unique biodiversity. The 
central part of the basin is landlocked and it suffers from inadequate rainfall. However, 
limited plantation of selected tree species, improvement of farming systems and cultivation of 
medicinal, horticultural plants are feasible in the lower elevations of this altitudinal class. 
Table 13.2 also revealed that 1.72% of the riverscape lies at an elevation above 2,000 m and 
2.32% area of the riverscape falls under the1,500 m to 2,000 m elevation zone. 

 

Table 13.2: Extent of different elevational classes within the Cauvery Riverscape 

Sr.  
No. 

Elevation Class  
(m) 

Area  
(km2) 

Riverscape (%) 

1  0 to 50 7,336.13 17.89 
2  50 to 100 1,766.59 4.31 
3  100 to 200 1,708.1 4.17 
4  200 to 300 1,949.12 4.75 
5  300 to 400 2,845.39 6.94 
6  400 to 500 2,360.13 5.76 
7  500 to 1,000 18,490.5 45.10 
8  1,000 to 1,500 2,886.49 7.04 
9  1,500 to 2,000 949.78 2.32 
10  ≥ 2,000 706.47 1.72 

Total 40,998.7 100.0 
 
(b) Biological Sub-Environment - The basic information on Land Use and Land Cover 
is a prerequisite for assessing the status of Cauvery Riverscape and prioritizing the sites for 
forestry interventions. Thus, the following section on the biological sub-environment 
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provides an insight on the land use land cover, forest types and forest cover, wildlife diversity 
and protected areas within the riverscape.  
 
(i) Land Use Land Cover within the Riverscape - The visual interpretation of satellite 
images and geospatial analysis deciphered 18 major land use land cover types within the 
Cauvery Riverscape (Table 13.3). These LULC categories were: Very Dense Forest, 
Moderately Dense Forest, Open Forest, Scrub, Land with Scrub, Agriculture Crop Land, 
Fallow land, Horticultural Plantation, Built-up Rural, Urban Built-up, Aquaculture, Mining 
area, Salt Pan, Water Bodies, Swamp/Wetland, Forest Plantation, Sand, Grassland, and 
Mangrove Forest (Table 13.3). The three categories of Forest cover (VFD, MDF, OF), 
collectively occupied the highest extent of the riverscape, being 32. 28%. The Moderately 
Dense Forests represented the maximum extent among 18 LULC, being 7,520.24 km2 and 
represented 18.34% area of the riverscape. The VDFs and OFs represented 2.13% and 
11.81% area of the riverscape, respectively.  In addition, the Scrub covered 7,364.04 km2 area 
or represented 17.96% area of the riverscape. Nearly 14.15% of Cauvery Riverscape was 
represented by agricultural land covering an area of 5802.79 km2. The built-up area in rural 
and urban environments represented 1.89 % and 0.24% extent of the riverscape, respectively. 
The Fallow lands covered as much as 17.22% area of the riverscape (Table 13.3). The 
existing condition in Cauvery Riverscape offers favourable opportunity for utilization of land 
for different uses. However, due to fast growing population and ever-increasing human 
demands, ecological imbalance, land degradation, etc. the land use pattern of the basin / 
riverscape had changed drastically. Realizing that the natural (forests, scrub, grasslands, 
wetlands – swamps, mangroves, etc.), agriculture and fallow lands, and built-up rural/ urban 
environments cover considerable areas of the riverscape, various stakeholders during the 
consultative process emphatically emphasized that forestry interventions are required to be 
undertaken in the natural landscapes, agriculture landscapes, and the urban landscapes within 
the riverscape.  

 

Table 13.3: Extent of Different Land Use Land Cover Categories within the Cauvery 
Riverscape 

Sr.  
No. 

Land Use Land Cover Area  
(km2) 

Riverscape (%) 

1  Scrub Forest 7,364.04 17.96 

2  Agriculture Crop Land 5,802.79 14.15 

3  Land with Scrub 1,782.55 4.34 

4  Moderately Dense Forest 7,520.24 18.34 

5  Open Forest 4,843.85 11.81 

6  Horticultural Plantation 4,332.84 10.57 

7  Very Dense Forest 873.89 2.13 

8  Fallow Land 7,060.56 17.22 

9  Built-up Rural 778.49 1.89 

10  Water bodies 262.21 0.63 

11  Built-up Urban 100.22 0.24 
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Sr.  
No. 

Land Use Land Cover Area  
(km2) 

Riverscape (%) 

12  Mining Industry 18.59 0.04 

13  Aquaculture 57.45 0.14 

14  Mangrove Forest 16.69 0.04 

15  Swamp 148.61 0.36 

16  Sand 1.33 0.003 

17  Forest Plantation 15.48 0.03 

18  Grassland 6.73 0.01 

 
 

 

Fig.13.4: Distribution of Different Elevational Classes within the Cauvery Riverscape 

 
(ii) Forest Types and Forest Cover - Interpretation of digital information obtained from the 
Forest Survey of India (FSI) on forest types and forest cover revealed that about 24% of the 
riverscape area falls in various forest types and the remaining 76% area fall in non-forest 
areas (Table 13.4). Altogether, nine forest types were deciphered. Among the various forest 
types, Tropical Dry Deciduous Forests covered the highest extent of 6,455.23 km2 and 
represented 15.74% area of the riverscape. The Tropical Moist Deciduous Forests covered 
1,312.90 km2 and represented 3,20% area of the riverscape. The Tropical Wet Evergreen, 
Tropical Semi-Evergreen, and the Tropical Thorn Forests represented 1.29%, 1.30% and 
1.92% area of the riverscape, respectively (Fig. 13.5).  The remaining forest types viz., 
Tropical Dry Evergreen, Sub Tropical Broadleaved Hill, Montane Wet Temperate, and 
Littoral and Swamp Forests represented meagre area of < 0.03% of the riverscape (Fig.13.5). 
Despite these forests had very low coverage in extent but are of enormous significance in 
harbouring characteristic floral and faunal diversity. These forests are ecologically unique 
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and are home to some of the unique flora and fauna. Thus, these forests need all concerted 
efforts not only to protect them but also to improve their condition.  
 

Table 13.4 - Extent under different forest types within the Cauvery Riverscape 

Sr. 
No. 

Forest Types Area  
(km2) 

Riverscape (%) 

1.  Tropical Wet Evergreen Forests 531.00  1.29 
2.  Tropical Semi-Evergreen Forests 533.50 1.30 
3.  Tropical Moist Deciduous Forests 1,312.90 3.20 
4.  Tropical Dry Deciduous Forests 6,455.23 15.74 
5.  Tropical Thorn Forests 791.15 1.92 
6.  Tropical Dry Evergreen Forests 7.65 0.01 
7.  Subtropical Broadleaved Hill Forests  27.13 0.06 
8.  Montane Wet Temperate Forests 120.36 0.29 
9.  Littoral and Swamp Forests 44.85 0.10 
10.  Non-Forest  31,174.90 76.03 

Total 40,998.87 100.00 
 

 
Fig.13.5: Distribution of different forest types within the Cauvery Riverscape 

(iii) Wildlife Diversity - The river basin and the Cauvery Riverscape represents three 
prominent Biogeographic Zones (5-Western Ghats, 6-Deccan Peninsula, and 8-Coasts) and 
three biotic provinces viz., 5B – Western Ghat Mountains, 6E – Deccan South, and 8B- East 
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Coast. The broken hills of the Eastern Ghats form the part of the Deccan Peninsula – South 
Deccan. In the present  context of Cauvery River, the segment of Eastern Ghats are covered 
under the Deccan South biogeographic province. It is considered apt to briefly describe the 
characteristics of three biogeographic zones represented in the Cauvery Basin and the 
Cauvery Riverscape below one by one.  
 
The Western Ghats - The Western Ghats constitutes immensely important geomorphic 
features along with unique biophysical and ecological processes. These are older than the 
Himalayan Mountains. The Western Ghats region has a unique and fascinating influence on 
large-scale biophysical and ecological processes over the entire Indian peninsula. The Ghats 
act as a key barrier, intercepting the rain-laden monsoon winds that sweep in from the south-
west during late summer. It is a UNESCOWorld Heritage Site and is one of the ‘hot-spots’ of 

biological diversity in the world. The forests of the site include some of the best 
representatives of non-equatorial tropical evergreen forests anywhere and are home to at least 
325 globally threatened flora, fauna, bird, amphibian, reptile and fish species.  Cauvery River 
takes birth in the Western Ghats of Kodagu district. The Western Ghats contain high plant 
and animal diversity and endemicity for a continental area. It has an exceptional animal 
diversity also. A number of flagship mammals occur in the Ghats, including parts of the 
single largest population of globally threatened ‘landscape’ species such as the Asian 

elephant, gaur and tiger. Endangered species such as the Lion Tailed Macaque, Nilgiritahr 
and Nilgiri langur are unique to the area. The Ghats is also key to the conservation of a 
number of threatened habitats, such as unique seasonally mass-flowering wildflower 
meadows, shola forests and Myristica swamps. This unique mountain chain plays an 
important role in maintaining the geo-hydrological and climatological setting (especially 
monsoon) of the Peninsular India.  
 
The Deccan South including Eastern Ghats -Eastern Ghats are older than Western Ghats 
and their elevation is lower than the Western Ghats. It covers a total area of around 75,000 
km2. Sirumalai and Karanthamalai hills of Tamil Nadu lie in the southernmost part of the 
Eastern Ghats. North of Cauvery River is higher Kollimalai, Pachaimalai, Shevaroy, 
Kalrayan Hills, Palamalai and Mettur Hills in north Tamil Nadu. The Eastern Ghats include 
several discontinuous and dissimilar hill masses running in the northeast-southwest along the 
Bay of Bengal. It runs from the northern Odisha through Andhra Pradesh to Tamil Nadu in 
the south and passing through some parts of Karnataka. The Eastern Ghats continue as the 
Javadi and Shevaroy Hills in southwest of Chennai, beyond which they merge with the 
Western Ghats in the Nilgiris. The mountains’ slopes have sparse forests containing valuable 

timber species. The coastal plains lie between the Eastern Ghats and the Bay of Bengal. The 
region harbours more than 3,700 vascular plants that include 380 species of legumes, 200 
species of orchids. Grasses dominate the landscape with over 400 species. Over 40 per cent 
of the plant species i.e., nearly 1,400 species have medicinal properties. The Eastern Ghats 
stretch from north of river Cauvery in the South-West to South of river Mahanadi in the 
North-East of Peninsular India. The Eastern Ghats are interspersed by a number of hills, 
elongated dissected ridges, residual isolated hillocks, buttes, plateaus, pediment and plains. 
The Cauvery River drains the southernmost part of the Deccan plateau, which bends south to 
break through the Nilgiri Hills at the island town of Shivanasamudra and then falls into Tamil 
Nadu at Hogenakal Falls before flowing into the Stanley Reservoir and the Mettur Dam that 
created the reservoir. The river traverses through undulating terrain, mostly plains and finally 

https://en.wikipedia.org/wiki/UNESCO
https://en.wikipedia.org/wiki/World_Heritage_Site
https://en.wikipedia.org/wiki/Biological_diversity
https://www.britannica.com/place/Eastern-Ghats
https://www.britannica.com/place/Chennai
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emptying into the Bay of Bengal. Some of the major plateaus of the region are: (a) Mysore 
Plateau and (b) Sigur Plateau, the Mysore Plateauis one among the four geographically 
unique regions of the state of Karnataka. It has many undulations and is bound on the west 
and south by the Western Ghats. Large amount of the Cauvery River flows through 
Karnataka in this plateau. The major rivers of the plateau include the Godavari, Krishna, 
Cauvery (Cauvery), Tungabhadra, Sharavati, and Bhima. South Deccan Plateau dry 
deciduous forests ecoregion occupies a major portion of the region, which extends south into 
eastern Tamil Nadu.  Agriculture and animal husbandry are the major occupation of the 
region, and the main crops include cotton, sorghum, millet, and peanuts.  
 
The region is much drier than coastal Karnataka and the Western Ghats as it lies in the rain 
shadow of the Western Ghats. Most of the open-canopied Tropical dry deciduous forests, 
characterized by the trees Acacia, Albizia and Hardwickia, were cleared for agriculture, 
timber, grazing and firewood. Overexploitation of the forests for fuelwood and fodder has 
resulted in much of the original forest being degraded into thickets and scrublands. Canthium 
parviflorum, Cassia auriculata, Dodonea viscosa, Erythroxylum monogynum, Pterolobium 
hexapetalum and Euphorbia antiquorum are species typical of the thicket and scrubland 
vegetation. The Sigur Plateau is a plateau in the north and east of Nilgiri district in the Nilgiri 
Hills of Tamil Nadu, South India. It covers the portion of the Moyar River drainage basin on 
the northern slopes of the Nilgiri Hills, south of the Moyar River. The plateau is an important 
wildlife corridor maintaining connectivity between the Western Ghats and the Eastern Ghats 
to sustain elephant and tiger numbers and their genetic diversity. It is an important link 
between several contiguous protected areas forming the Nilgiri Biosphere Reserve, the largest 
protected forest area in India. The area supports over 6,300 elephants that represent the 
largest single population of elephants and tigers in India.  
 
The Moyar, Sigur, Avarahalla, Kedarhalla and Gundattihalla River are the five major streams 
in the Sigur plateau which originate in the Nilgiris plateau. The plateau is an important 
watershed area for the Cauvery River. Due to rainfall differences, there is tropical dry 
deciduous forest, part of the South Deccan Plateau dry deciduous forests ecoregion in the 
west part of Sigur, while the eastern part has more thorn scrub forests. Dense sholas are found 
along the river and stream courses, or dwarf moist deciduous forest in both the west and east 
parts of the plateau. At higher elevations of the plateau montane grassland habitats occur. The 
river valley acts as a crucial micro-habitat for herbivores, especially elephants, gaur and 
sambar and carnivores such as tiger, leopard, wild dog (dhole), sloth bear and striped hyena 
for feeding, resting and denning. Smaller carnivores such as palm civet, small Indian civet, 
jungle cat, jackal and several species of mongoose also use this valley intensively for feeding, 
resting and denning. The critically endangered white-rumped vulture, long-billed vulture and 
king vulture (or) red-headed vulture and the endangered Egyptian vulture have been 
documented in the forests of Nilgiris Eastern Ghats landscape, which comprises the Sigur and 
Moyar Valleys out of the nine species of vultures which exist in India, A proposal was 
initiated to notify Sigur and adjoining forest areas as a wildlife sanctuary for vultures.  
 
Cauvery Delta Zone (CDZ) – The Cauvery Delta Zone lies in the eastern part of Tamil 
Nadu and divides into 36 distributaries before reaching the Bay of Bengal in the east. The 
region is renowned as a hub of Tamil culture and civilization. The region has been 
continuously inhabited since the 1st millennium BC. It is bounded by Tiruchirapalli district 
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on the west, Perambalur, Ariyalur districts on the North West, Cuddalore district on the north 
and Pudukkottai district on the south west. Cauvery delta zone has a total geographical land 
area of 14.47 lakh hectare, which is equivalent 11% of the total area of Tamil Nadu state. The 
erstwhile Thanjavur district occupies 5 per cent of Cauvery delta zone followed by 
Tiruchirapalli, Ariyalur, Cuddalore and Pudukkottai districts. In Peninsular India, Cauvery 
Delta (Lat N 10°16’ to 11°30’; Long E 78°45’ to 79°51’) is one of the major sediment 

repositories and biggest in the east coast of Tamil Nadu. Potential aquifer systems are found 
along the paleo-channels and levee deposits in the Cauvery Delta Region and the underlying 
Cauvery Basin is known for its hydrocarbon prospects. The Cauvery Delta is a river 
dominated delta and is inhabited by several of its distributaries. The present delta has 
developed a triangular pattern with three distinct morphological areas consisting of a 
marginal denudational unit, a central fluvio-marine depositional unit and a coastal marine 
depositional unit. With its origin located east of Tiruchirappalli, in this fanning delta, the 
present-day river flows through the northern channel of the delta as the river Coleroon. 
Geomorphological features identified in the delta region includes paleo river channels, 
lagoons, swales, dunes, beach ridges, salt marshes, swamps etc. 
 
The Cauvery Basin is distinguished with unique forests and with some of distinct fauna and 
home to many Protected Areas. The river system is very rich in fish biodiversity. The basin 
has high tiger and elephant population in the country and both have religious and cultural 
significance in this landscape. Prominent mammals found in various forests in the Cauvery 
Basin includes Elephant (Elephas maximus), Gaur (Bos gaurus), Sambar (Rusa unicolor), 
Chital (Axis axis), Bonnet Macaque (Macaca radiata), Indian giant squirrel (Ratufa indica), 
Tiger (Panthera tigris tigris), Leopard (Panthera pardus), Sloth bear (Melurus ursinus), 
Striped hyena (Hyaena hyaena), etc. (Fig.13.6).  
 
Protected Areas - The three major states in the Cauvery River Basin namely Karnataka, 
Kerala and Tamil Nadu altogether has 84 PAs including 15 national parks and 69 wildlife 
sanctuaries, covering an area of 16,248.36 km2 and represents 4.50% geographical area of the 
three states. 
 
Significance of Talacauvery and Surrounding Landscape -Talacauvery Wildlife 
Sanctuary and its surrounding landscape represent the whole of Kodagu district, Karnataka 
which is a global biodiversity hotspot and World Heritage Site. Talacauvery is the origin of 
the river Cauvery, which is the lifeline of southern states of Karnataka, Tamil Nadu, Kerala 
and Puducherry. It consists of three wildlife sanctuaries and the reserved forests adjacent to 
these wildlife sanctuaries. Talacauvery wildlife sanctuary is spread over an area of 105 km2. 
The sanctuary derives its name from Talacauvery, the source of the Cauvery, a sacred river of 
great religious and cultural significance.  
 
(c) Socio-economic Sub-Environment - The total population of the four states as per the 
Census 2011 was 13.9 million, representing 7.0% of the country's population. Out of this, 
rural population constituted 55%, while 45% population lived in urban areas against the 
country's 68.8% rural and 31.2% urban populations, indicating that the proportion of urban 
population in the states along the river Cauvery was much higher than the country's average. 
The average population density in the five states ranged from 319 persons per km2 in 
Karnataka to 2,598 persons per km2 in Puducherry, against the country's average human 
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density of just 382 persons per km2. Puducherry ranked third among UTs in the country in 
terms of density while the state of Kerala ranked third among states.  
 

 

Fig.13.6: Wild Asiatic Elephant (Elephas maximus) in Nagarhole Tiger Reserve 

 
There have been several changes in the demographics in the Cauvery Basin in the past 
century. Today, even by conservative estimates, close to 50 million people live in the basin in 
Karnataka and Tamil Nadu, based on the 2011 census. This amounts to an almost twofold 
increase. With a major proportion of the rural population depending on the river for their 
daily requirements, it becomes even more crucial that the issues of the basin are addressed by 
proper management and planning. The sex ratio (male: female) in the states ranged from 973 
to 1084 females per 1,000 males; the entire basin being higher than the country's average of 
940 females per 1,000 males. The population of the five states (167.9 million) lived in 83 of 
the country's total 650 districts, respectively. Of these, 21 are hill districts and 20 are tribal. 
Puducherry has no hill or tribal districts. Literacy among four states was above the national 
average (74.04%) ranging from 75.4% to 94. The lowest literacy rate was in Karnataka while 
the highest literacy was in Puducherry. The values of poverty line (per capita income/ month) 
in rural population in the four states ranged from per capita income of Rs. 880 per month to 
Rs. 1,301 per capita per month against the country's average rural poverty line of Rs. 816 per 
capita income per month; the poverty line in urban population of four states ranged from per 
capita income of Rs. 937 per month to Rs. 1,309 per capita income per month against the 
country's average urban poverty level of Rs. 1,000 per capita income per month. Among the 
four states, the state of Tamil Nadu had the lowest poverty line in the rural as well as urban 
populations. In Puducherry, the difference between the rural and urban was low, which could 
be attributed to the availability of jobs, mainly in the tourism sector. Despite this, 17 per cent 
population was observed to remain below poverty line in the rural areas. Increasing 
population pressure, declining forest resources and other options of earning in urban areas 
make livestock rearing lesser lucrative. Traditional resource dependent occupations are not 
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able to cover current livelihood needs for the whole year. Villagers have to search for 
alternative sources of livelihood thus migrating to urban areas to earn wages or engaging in 
illicit extraction of forest resources. Increasing restrictions on the use of forest resources, 
depleting forest resources and enhanced human-wildlife conflict are some important concerns 
forcing migration.  
 
13.6 Major Issues 

River Cauvery has been impacted by drastic changes in land use and land cover adversely 
affecting the ecology of the riverine system, increased pollution and deforestation. 
Phenomenal changes in groundwater quality in various parts of Cauvery River Basin have 
been reported. The water analysis results, particularly in downstream have shown substantial 
presence of effluents due to use of fertilizers, agricultural ashes, industrial effluents and other 
anthropogenic wastes. The anthropogenic activities have led to diversion of considerable 
amount of water from the first and second order streams for domestic consumption, while the 
increased waste loads might be damaging the endemic fauna. Encroachment of wetlands and 
lakes, water pollution, agricultural and sewerage disposal has altered the riverine ecology.  
One of the attributes that has been affecting Cauvery Basin ecology is the expansion of 
plantation cash crops such as coffee, tea and cardamom. These land use changes and the 
destruction of riparian forests, have led to denudation of vegetation. Habitat fragmentation, 
largely due to anthropogenic activities namely construction of dams for hydropower, 
extension of agricultural fields into forested areas, and urbanization is also taking place at a 
rapid pace, particularly in the upper forested catchment. Forest fragmentation has led to 
formation of meta-species that are under high risk of extinction and invasion of alien species. 
Forest goods and services, once thought to be abundant, are now a scarce resource. The 
region has witnessed rapid deforestation in the past, primarily due to the focus on economic 
development. Local impact owing to poverty, traditional resource dependence, population 
pressure, agricultural expansion and intensification and extensification of infrastructure has 
been also observed. The basin is also being influenced by tourism, pilgrimage, ritual 
activities, sand mining, siltation and sedimentation. In the said scenario need was felt to 
understand the concerns for developing the strategies for the conservation and sustainable 
management of the Cauvery River and its buffer zone. Prominent conservation issues are as 
follows: 

 
Siltation - Basin geology and river water discharge are the major natural factors controlling 
the sediment transport. In the monsoon period, about 75% of the annual rainfall, 73% of the 
annual water discharge, and 85% of the annual sediment transport takes place in the Cauvery 
River. Sixty per cent of the sediment transported by river was less than 0.02 mm. It is greatly 
influenced by the presence of two major dams built across the river. The suspended 
sediments dominated by quartz, feldspar, secondary clay minerals and carbonates.  
 
Soil Erosion - The highly productive and fertile soils of the basin are now facing the serious 
problem of soil erosion like other parts of the country. Under heavy precipitation and humid 
climate loss of top soil through surface run-off is the most common type of soil erosion in the 
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entire basin. The delta area is the most fertile tract in the basin. The principal soil types found 
in the basin are black, red, laterite, alluvial, forest and mixed soils. Red soils occupy large 
areas in the basin. Alluvial soils are found in the delta areas of Cauvery which is the most 
important agricultural tract in the basin. In addition to the distinct soil types within the basin, 
combinations of mixed red and black soils, etc. also occur. Soil erosion is a major problem in 
this basin since 2.50% of the total basin area comes under ‘very severe’ erosion activity, 

while 17.93% area comes under ‘severe’ condition, and about 50.33% area of the basin have 

moderate erosion. Major portion of the basin has a gentle slope accounting to 66.60%, 
followed by 12.17% area having steep slope. Due to heavy rainfall, the highly productive 
surface soil gets eroded through runoff is more common in the river basin. 
 
Forest Degradation - An intense biotic pressure on riparian forest can be observed 
throughout the basin. The large stretch of trees growing along the riverbanks offers various 
ecosystem services for wildlife. Dry deciduous patches and riparian forests during the dry 
season assume a very significant place for wildlife, particularly to otter and elephant. 
Riparian forests in the basin have been an integral part of the cultural and traditional activities 
of the landscape, thus, witnessing the enhanced biotic pressure. A study on smooth-coated 
otter (Lutra perspicillata) has reported that thinning of bank vegetation has a detrimental 
effect on its population. The peripheral villages having substantial livestock population also 
create the disturbance in riparian zone. Lantana camara and Chromolaena odorata have 
invaded the riparian areas and suppressed the natural regeneration of species and substantially 
reduced the growth of fodder for herbivores. Forest fire is common in this zone due to the 
accumulation of dry biomass. Mekedatu, Barachukki and Gaganachukki have become 
popular forest and river-related tourism spots.  
 
Most of the Riparian areas are converted in to agricultural fields, not more than 10 m of 
riparian forest buffer is found in such areas. Native vegetation has been replaced by 
plantations like Eucalyptus spp., Acacia spp., Coconut, Areca nut, etc. The riparian areas 
have been encroached to give the impression that river banks have become part of 
agricultural land. The riparian areas in the upper stretch of river Cauvery in Kodagu district, a 
mountainous region located in the central part of the Western Ghats, has diverse vegetation 
with 80% of the geographical area under tree cover. The Kodagu district was lauded under 
the International Model Forest Network (IMFN) due to its unique approach to forest 
conservation through community participation and management known as ‘Sacred Groves’, 

incorporating a broad range of forest values including social, cultural, economic and 
environmental concerns. For the past 30 years or so, the district has been the focus of a 
variety of farming activities, including crop plantations that has led to a loss of 30% of 
species rich forest cover, creating a more vulnerable and fragile ecosystem. The headstream 
region of the river district is the largest coffee producer in the country dates back to 18th 
century and has an international reputation as a prominent coffee-producing center. This 
anthropogenic pressure has led to forest cover dropping to 45% which is far lower than the 
60% minimum required to be preserved in mountain regions according to the National Forest 
Policy, 1988. The river valley in the region is also degraded in the past by shifting 
cultivation, affecting biodiversity. Even under such extreme anthropogenic pressure, 
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substantial portion of habitats in the headwater streams of river Cauvery are still in intact as 
they enjoy legal protection. Grazing and sand mining, encroachment for agricultural activities 
along the riparian corridor in the basin have led to a decline in many ripicole and evergreen 
species. 
 
Drought - Changes in the average annual rainfall are expected to result in severe droughts 
and excess flooding in parts of India. Monsoonal areas will be affected by excessive rainfall 
over a shorter period, exacerbating flooding and erosion in catchments, as well as a higher 
proportion of runoff and a reduction in the proportion of groundwater recharge. This leads to 
decrease in the water availability when sufficient storage is not available. Apart from the 
change in rainfall intensity, also a change in total precipitation amounts is expected due to 
climate change. Water availability is thus expected to decrease.  
 
Ground Water Fluctuation - The groundwater table generally depends upon the rainfall, 
drainage, elevation, and the geological conditions of the area. Ground water fluctuation in the 
Cauvery Basin is being assessed for recharge and draft conditions based on the available 
ground water level in four different seasons. The difference between highest water level value 
and lowest water level value is termed as fluctuation in ground water level; this value can be 
positive as well as negative depending upon various factors. In general, ground water level in 
major part of the basin falls between 10 to 20 m bgl, however, in Cauvery Delta the water 
level was less than 10 m bgl during pre-monsoon in year 2009. The ground water level 
fluctuation revealed that there was a fall of < 2 m, 2 to 4 m and >4 m at different places in the 
Cauvery Basin while at some places there was positive change in water level fluctuation 
(recharge) ranging from 2 to 4 m maps. The rise in water level was maximum in Cauvery 
lower sub-basin. The water fluctuation due to draft is positive in major part of Cauvery 
middle sub-basin as well in Cauvery lower sub-basin while in Cauvery upper sub-basin fall is 
noticed in the range from 2 to 4 m depending on terrain. 

 
Declining Water Quality - Water quality management is one of the many challenges in 
natural resource management. Increasing demand of water for human consumption besides 
irrigation and growing industrial activities has impacted water quality of the river. Water 
quality data on rivers is being monitored and evaluated against quality criteria. The Central 
Water Commission and Indian Meteorological Department monitor daily rainfall data of 
1,342 stations within Cauvery River Basin showed that the mean annual rainfall of the 
Cauvery and other east flowing river basins is about 924 mm. Monitoring of water quality in 
Cauvery Basin has revealed that in case of tributaries, the pH was neutral and the water 
quality parameters were well within the permissible limits for drinking in all the samples of 
Bhavani. Water quality in the confluence of Bhavani River with Cauvery for a considerable 
length of the river downstream was good. However, confluence of Noyyal attributed to 
pollutants. A very similar trend was noted in the confluence point of Amaravathi River with 
Cauvery. As per the CPCB, the Kabini River stretch from Nanjanagud to Hejjige, 
Lakshmanathirtha from Kattemalavadi to Hunsur, and Yediyar to Halagur stretch of Shimsha 
were highly polluted and designated as priority V. Arkavathi River from Halli Reservoir to 
Kanakapura town finds its place under IV. The Karnataka State Pollution Control Board 
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(KSPCB) monitors the river Cauvery at 15 locations. The six monitoring locations are on 
mainstream of river Cauvery, and nine locations on tributaries viz., Arkavati, Kabini, 
Laxmantirtha, Shimsa, Hemavati and Yagachi. Monitoring studies around KRS Dam on 
Cauvery River in 16 locations has indicated exceeding limits of microbial loads in all the 
samples than the permissible norms. Total Suspended Solids (TSS) and Total Dissolved 
Solids (TDS) were high and the Biological Oxygen Demand value was also exceeding the 
standards.  
 
Dumping of Solid Waste - Rapid urbanization and industrial diversification has led to 
generation of considerable quantities of municipal, plastic, hazardous and biomedical waste. 
Improper disposal of waste often results in spread of diseases and contamination of river and 
soil. The solid waste comprises mainly organic, plastic, paper waste and small quantities of 
other wastes. Unscientific and haphazard dumping of solid waste on the bank of the river has 
led to deterioration of the water quality in the river, besides causing several ecological 
impacts. It is well known that chemicals and other contaminants found in solid waste results 
in leachates percolating to the soil and altering the water quality 
 
Sand Mining - The Cauvery River Basin carries sand from different locations and deposits 
largely in the basin. Sand mining in the river bed leads to several impacts i.e., erosion of river 
bed, increase in river gradient and alteration in river morphology. Further, it also effects 
upstream of the river, river flow velocity, and further leads in changes in the downstream 
environment. Rapid urbanization is the major cause for sand demand and is responsible for 
unsustainable extraction of sand from dried river beds. Due to increasing demand for sand, it 
is being over extracted at different depth varying from three to forty feet from different 
streams within the basin. Mining activities directly affect the riverine habitats such as, the 
riverbed lose its ability to hold water and affects groundwater recharge threat to river banks 
and nearby structures and premature failure of irrigation wells associated in farming. Sand 
mining is a direct and obvious cause of erosion and also impacts the local wildlife. Since the 
extraction of sand is a simple process, the people carry out the sand mining in huge quantity 
without considering their adverse effect on environment. 
 
Seasonal Encroachment - Seasonal encroachment for cultivation purposes along the river 
bank was observed in the Cauvery Basin. The farming activities along the river stretch have 
an impact on the water quality of the river. The extensive use of chemicals in the form of 
fertilizers and spraying pesticides in agriculture practices has an impact on the water quality 
of the river. The runoff from agricultural fields brings these fertilizers or pesticides applied 
on the land into river where aquatic plants and algal bloom results from the accumulation of 
nitrogen and phosphorous which in-turn kills other aquatic life. The pesticides which are not 
easily biodegradable enter the food chain leading to biomagnifications. Use of chemicals in 
agriculture has added to the problems in deteriorating the quality of water in the river. Further 
farming activities along the river bank leads to degradation of water quality and aquatic 
habitat due deposition of eroded soil sediments carried through rain water in the river. 
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Tourism and Religious Activities - An uncontrolled tourism activity near the river is the 
main threat to the sustenance of river course. Similarly, ecological sensitive areas around the 
river are affected due to increasing anthropogenic pressure including tourism, mushrooming 
of hotels and recreational activities contributing immensely for sewage pollution. The 
substantial management of tourist facilities is a major challenge in the high-density areas of 
tourist places. The tourist activities on the river bank are the main ecological concern as it is 
altering water quality and impacting aquatic fauna. Immersion of ashes, materials used in 
rituals including mass bathing in the river, during the festivals is another cause for pollution. 
Many studies have shown that when thousands of people take a holy dip simultaneously, the 
Biochemical Oxygen Demand (BOD) level rises invariably. Now, it is very common to see 
that tourists immerse offerings in plastic bags and these floating plastic bags contribute to the 
pollution. The Ministry of Water Resources has identified the major pilgrimage sites in the 
Cauvery Basin. Some of the prominent places in Tamil Nadu include Srirangam, 
Thiruvaiyaru, Swamimalai, Kumbakonam, Thanjavur, Chidambaram, Nagore Dargah, 
Karaikal Church, Christ Church, Our Lady of Lourdes Church, and Velankanni. In 
Karnataka, Talacauvery, Sri Rangapattanam, Triveni Sangama, Somanathapura, Nanjangud, 
Sri Bhagandeshwara Temple, Nimishamba Temple, Talakad are popular. Thirunelli in Kerala 
on the side of Brahmagiri Hill is popular destination for pilgrims.   
 
Forest Fires -An analysis of fire prone forest areas was carried out by the Forest Survey of 
India and findings of the study indicated that the states forming a part of the Cauvery Basin 
fall under the less fire prone category (> 80 per cent). Kerala revealed 11.67 % of the total 
forest cover to be moderately fire prone, followed by Karnataka and Kerala. Karnataka 
recorded more areas under the extreme, very high and high fire prone zones. 
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Conservation problems, issues, and threats in the context of Cauvery River are summarized in 
Box 13.1 

 

Box - 13.1 
Cauvery River – Problems, Challenges and Issues 

 
▪ The Cauvery River Basin has been severely impacted by drastic changes in land use and land 

cover owing to varied developmental activities adversely affecting catchment as well as the 
ecology of the riverine system. Certainly, agriculture expansion and urbanization in most part of 
the basin are prominent causes for such changes.  

▪ Basin geology and river water discharge are the major natural factors controlling the sediment 
transport in the Cauvery River. Nearly 75% of the annual rainfall, 73% of the annual water 
discharge, and 85% of the annual sediment transport takes place in the monsoon season. 
Sedimentation is greatly influenced by the presence of two major dams built across the river. The 
highly productive and fertile soils of the basin are now facing the serious problem of soil erosion. 
Nearly 12.17% area of the basin has steep slope. Due to heavy rainfall, the highly productive 
surface soil gets eroded through runoff. Soil erosion is a major problem in this basin as 2.50% of 
the total basin area comes under ‘very severe’ erosion category while 17.93% area comes under 

‘severe’ category. Under heavy precipitation, loss of top soil through surface run-off is the most 
common type of soil erosion in the entire basin.  

▪ Habitat fragmentation, largely due to anthropogenic activities namely construction of dams for 
hydropower, extension of agricultural fields into forested areas, and urbanization is also taking 
place at a rapid pace, particularly in the upper forested catchment. Forest fragmentation has led to 
formation of meta-species that are under high risk of extinction and invasion of alien species. 
Forest goods and services, once thought to be abundant, are now a scarce resource. 

▪ An intense biotic pressure on riparian forest can be observed throughout the basin. Thinning of 
vegetation on river banks has a detrimental effect on wild animal populations. The peripheral 
villages having substantial livestock population also create the disturbance in riparian zone. 
Native vegetation has been replaced by plantations like Eucalyptus spp., Acacia spp., Coconut, 
Areca nut, Coffee, Cardamom, Tea Estates, etc. The riparian areas have been encroached. Lantana 
camara and Chromolaena odorata have invaded the riparian areas and suppressed the natural 
regeneration of species and substantially reduced the growth of fodder for herbivores. Forest fires 
in Karnataka part of the basin recorded more areas under the extreme, very high and high fire 
prone zones. 

▪ The anthropogenic activities have led to diversion of considerable amount of water from the first 
and second order streams for domestic consumption. Phenomenal changes in groundwater quality 
in various parts of Cauvery River Basin have been reported due to the substantial presence of 
effluents owing to use of fertilizers, agricultural ashes, industrial effluents and other 
anthropogenic wastes. In general, ground water level in major part of the basin falls between 10 to 
20 m bgl. Encroachment of wetlands and lakes, water pollution, agricultural and sewerage 
disposal has altered the riverine ecology. Some stretches of the river are highly polluted.  

▪ The basin is also being influenced by tourism, pilgrimage, ritual activities, sand mining, siltation 
and sedimentation. Ecological sensitive areas around the river are being affected due to increasing 
anthropogenic pressure including mushrooming of hotels and recreational activities contributing 
immensely for sewage pollution. The substantial management of tourist facilities is a major 
challenge in the high-density areas of tourist places. 

▪ Local impact owing to poverty, traditional resource dependence, population pressure, agricultural 
expansion and intensification and extensification of infrastructure have also been observed.  

▪ Changes in the average annual rainfall are expected to result in severe droughts and excess 
flooding. Monsoonal areas will be affected by excessive rainfall over a shorter period, 
exacerbating flooding and erosion in catchments, as well as a higher proportion of runoff and a 
reduction in the proportion of groundwater recharge. Water availability is thus expected to 
decrease. 
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13.7 Prioritization of Sites 

The geospatial analysis facilitated adoption of multi-criteria (Land Use Land Cover, Forest 
Density, Slope, Soil Erosion) for decision analysis based on modelling. All the GIS spatial 
layers were assigned score weightages based on the severity of features and scope of forestry 
interventions. The total of score weightages was computed for each of multi-criteria 
combination matrix. Based on the weightage of score in the prioritized sites, the sites were 
grouped in three categories viz., High, Medium and Low priority areas.  Priority areas in 
these three categories were delineated in each of the three states of Karnataka, Tamil Nadu 
and Kerala and Puducherry UT. Nearly 32% area of the riverscape has fallen in the high 
priority area, while 24% area represented medium priority area, and the remaining 44% 
extent of riverscape has fallen in the low priority area (Table 13.5).  

Table 13.5: State wise distribution of priority areas within the Cauvery Riverscape 

Sr. 
No. 

States/UT Priority Areas Riverscape 
(%) High Priority 

(km2) 
Medium Priority 

(km2) 
Low Priority 

(km2) 
1  Tamil Nadu 6,371.51 

(27.79%) 
4,698.47 
(20.50%) 

11,854.26 
(51.71%) 

22,924.24 

2  Karnataka 5,524.33 
(37.74%) 

3,828.28 
(26.15%) 

5,284.55 
(36.10%) 

14,637.16 

3  Kerala 1,052.11 
(32.42%) 

1,214.32 
(37.42%) 

978.74 
(30.16%) 

3245.17 

4  Puducherry 3.97 
(32.42%) 

68.60 
(35.71%) 

119.56 
(62.23%) 

192.14 

Total 12,951.92 
(32%) 

9,809.67 
(24%) 

18,237.11 
(44%) 

40,998.71 
(100%) 

 

 

Fig.13.7: Distribution of priority areas within the Cauvery Riverscape 
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13.8 Policy and legal issues 

Over the past few decades, increasing water pollution and decreasing per capita water 
availability have led to the development of several measures such as water quality regulation 
and an emphasis on water delivery, particularly in cities, as well as environment-related 
measures, progressively changing economic policies at the national and international levels, 
and new water policy priorities at the international level. The DPR not only enumerates 
various national level laws pertaining to forest, environment, river, wildlife, pollution, inter-
state river dispute, etc. and provides an insight how they have been helpful in regulating uses 
and management of river resources and surrounding lands. The DPR also provides details on 
state (Karnataka, Tamil Nadu, and Kerala) and Puducherry UT specific prominent acts and 
policies relevant to river use and management. Prominent among them are: (a) Karnataka 
Irrigation Act, 1965; (b) Karnataka Cauvery Basin Irrigation Protection Act, 1991 are 
some of the prominent instruments in the context of Cauvery River; (c) Tamil Nadu 
Farmers’ Management of Irrigation Systems Act, 2000; (d) Kerala Water Supply and 
Sewerage Act, 1986; (e) Kerala Protection of River Banks and Regulation of Removal of 
Sand Act, 2001 was enacted in 2001; (f) Kerala Conservation of Paddy Land and Wetland 
Act, 2008; (g) Kerala Irrigation and Water Conservation Act, 2003; (h) Kerala Ground Water 
(Control and Regulation) Act (2002); and (i) Pondicherry Ground Water (Control & 
Regulation) Act, 2002; and (j) Inter-State River Water Disputes (Amendment) Bill, 2019. 
Further, some of the important authorities, institutions, programmes and other relevant 
initiatives viz.,(a) Krishna Bhagya Jala Nigam Ltd. (KBJNL), (b) Cauvery Neeravari Nigam 
Limited (CNN), (c) Jala Samvardhane Yojana Sangha (JSYS), (d) Tamil Nadu Water 
Resources Conservation and Augmentation Mission, (e) Jal Shakti Abhiyan (JSA), (f) Centre 
for Water Resources Development and Management (CWRDM), Kerala, and (g) Cauvery 
Water Management Authority (CWMA) are relevant in case of Cauvery River. 
 

13.9 Treatment Models 

The DPR envisaged a focus on restoration of Shola forests, assisted natural regeneration, 
rehabilitation of degraded forests, multi-tier plantation, shelterbelts, agroforestry bund 
planting, agroforestry block plantation, sandal block plantation, community seed orchards, 
forest genetic resource conservation models, riparian forest models, mangrove models, urban 
forestry models, replacement of exotics, fruit bearing, green leaf manure and conservation 
models. The interventions should also focus on tree plantation along riparian corridors in 
natural areas, agricultural areas and urban areas, soil and moisture conservation, conservation 
interventions and supporting activities like capacity building, training, awareness raising, etc. 
The proposed interventions will meet needs of fuelwood, fodder and small timber of local 
communities, enhancement of biodiversity, and creating alternative income generation 
opportunities through ecotourism. Mangrove ecosystem conservation in the basin along with 
wetland conservation would aim to improve riverine and riparian wildlife. Alternate income 
generation activities and schemes like community seed orchards, community nursery, 
improved livelihood opportunities through appropriate processing, value addition and 
marketing of herbs, handicrafts were considered as an integral part of the DPR so as to link 
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the project with livelihood of the people. The DPR also envisaged to promote the concept of 
ecotourism.  
 
In view of the above, the multi-disciplinary expertise available at the IFGTB, Coimbatore has 
used in developing potential plantation and treatment models for the proposed forestry and 
other conservation interventions in three types of landscapes visualized within the Cauvery 
Riverscape. These are: (i) Natural (ii) Agriculture, and (iii) Urban landscapes. Considering 
the diversity of natural ecosystems, native vegetation, vast expanse under the agriculture and 
built-up urban environments, soil conditions and agro-climatic zones, potential treatment 
models for three types of landscapes were identified, designed and developed by the IFGTB 
expert team. These suggested models broadly varied for the Hilly areas and the delta plain. 
The purpose of various models planned in the natural landscapes was primarily protection, 
eco-restoration and conservation. Thus, relevant activities have been planned and proposed 
under various models. Details of potential models on afforestation and specific treatment 
plans were sent to the four concerned states for selection and to recommend appropriate 
modifications, if necessary, based on local knowledge, expertise, and experience. Based on 
the feedback from SFDs of three States and Puducherry UT, treatment models were finalized 
and incorporated in the DPR.  

 
In all, the DPR included 83 treatment models represented by 37 models meant for natural 
landscapes, 10 models for agricultural landscapes, 14 models for the urban landscapes within 
the riverscape (Table 13.6). Additionally, 22 models aimimg varied conservation 
interventions were included (Table 13.6).  In case of Karnataka, the natural, agriculture, 
urban landscapes and the conservation interventions included 09, 01,04, and 08 treatment 
models respectively, totaling 22 models. In case of Kerala State, the total number of 
treatments models incorporated in the DPR was 29. This was represented by 13 models in 
natural landscapes, 05 models for agriculture landscapes, 04 models meant for urban 
landscapes besides 07 models for conservation interventions (Table 13.6). The Tamil Nadu 
State also had altogether 29 models, represented by 15 models for the natural landscapes, 03 
for agriculture landscapes, four for urban landscapes, and 07 models for conservation 
interventions. The Puducherry UT (Karaikal) was provisioned with altogether 3 treatment 
models represented one model for agriculture landscape and two models for urban 
landscapes. Details of state-wise and landscape-wise model have been described in the DPR. 
Each treatment plan includes the site characteristics, potential species recommended for 
raising plantation, specific activities involved, identified sites/ forest divisions and cost norms 
on unit area basis. The treatment models and cost norms are indicative. Depending on the site 
conditions, the implementing agency can make suitable modifications in the models with the 
approval of competent authority. The local communities should be involved in the 
establishment and maintenance of the plantations to provide alternative livelihood 
opportunity to them. 
 
The total treatment extent proposed in Karnataka was 69,920.28 km2 at the overall estimated 
cost of Rs. 910.14 crore. The total extent proposed under 29 models in Kerala was 33,061.82 
km2 at the cumulative cost of Rs.  563.42 crore (Table 13.6). The Table revealed that the 
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maximum extent of 2,07,128.64 km2 was proposed under 29 different treatment models in 
Tamil Nadu. The Puducherry UT has altogether proposed extent of 141 km2 under three 
models relevant to agriculture and urban landscapes.  
 
Table 13.6: Proposed treatment models with corresponding extent and provisioned cost 
 
Sr. 
No. 

Model Number Model Name Proposed 
Extent (ha) 

Estimated 
Cost  

(Rs. In crore) 
A. Karnataka 
1  CV/KA/NL/02 Eco Restoration Model 675 3.48 
2  CV/KA/NL/03 Assisted Natural Regeneration-400 150.00 1.65 
3  CV/KA/NL/04. Assisted Natural Regeneration-200 1,080.00 16.94 
4  CV/KA/NL/06 Artificial Regeneration of Degraded 

Forests -1000 
300.00 

4.99 
5  CV/KA/NL/07 Sandalwood Conservation 75.00 1.28 
6  CV/KA/NL/08 Rehabilitation of Weed Infested Forests 200.00 4.62 
7  CV/KA/NL/10 Forest Fire Control Model 4,000.00 68.32 
8  CV/KA/NL/11 River Side Plantation Model 768.09 11.66 
9  CV/KA/NL/14 Habitat Improvement of Protected Areas 8,850.00 349.31 
10  CV/KA/AL/05 Seedling Distribution 40,724.09 185.89 
11  CV/KA/UL/01 Nagar Van - Institutional Plantation 277.00 16.76 
12  CV/KA/UL/02 Nagar Van - Avenue/ Roadside Plantation 244.00 9.55 
13  CV/KA/UL/03 Nagar Van – Eco Park 60.00 80.69 
14  CV/KA/UL/04 Nagar Van - Riverfront Development 10.00 5.27 
15  CV/KA/CI/01 Continuous Contour Trench 2,000.00 8.78 
16  CV/KA/CI/02 Staggered Contour Trench 4,200.00 12.92 
17  CV/KA/CI/04 Loose Boulder Check Dams 3,470.00 33.32 
18  CV/KA/CI/05 Gabion Structure 600.00 34.00 
19  CV/KA/CI/06 Masonry Check dam 175.00 15.65 
20  CV/KA/CI/07 Percolation Tank 464.00 10.42 
21  CV/KA/CI/08. Riparian Corridor  1,568.10 26.32 
22  CV/KA/CI/09 Wetland Conservation  30.00 8.33 

Sub Total - Karnataka 69,920.28 910.14 
B. Kerala 
1  CV/KL/NL/01 Shola Forests and Grasslands Restoration  4,188.66 66.08 
2  CV/KL/NL/02 Eco Restoration  1,699.00 12.70 
3  CV/KL/NL/03 Assisted Natural Regeneration-400 1,882.36 17.13 
4  CV/KL/NL/04. Assisted Natural Regeneration-200 652.37 10.92 
5  CV/KL/NL/05 Artificial Regeneration of Degraded 

Forests -800 
20.25 

0.65 
6  CV/KL/NL/06 Artificial Regeneration of Degraded 

Forests-1,000  
611.91 

7.60 
7  CV/KL/NL/07 Sandalwood Conservation  1,083.50 8.81 
8  CV/KL/NL/08 Rehabilitation of Weed Infested Forests  1,871.31 80.79 
9  CV/KL/NL/10 Forest Fire Control  8,344.81 133.03 
10  CV/KL/NL/11 River side Plantation  812.60 12.00 
11  CV/KL/NL/12 Bamboo/ Rattan/ Canes Plantation  194.25 7.96 
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Sr. 
No. 

Model Number Model Name Proposed 
Extent (ha) 

Estimated 
Cost  

(Rs. In crore) 
12  CV/KL/NL/14 Habitat Improvement of Protected Areas  2,280.00 23.19 
13  CV/KL/NL/15 Medicinal Plants and NTFP Plantation  150.00 4.82 
14  CV/KL/AL/01 Agroforestry Bund Plantation  550.89 33.14 
15  CV/KL/AL/02 Agroforestry Block Plantation 1,058.65 27.15 
16  CV/KL/AL/03 Agroforestry Silvi-Horti Plantation 894.85 33.42 
17  CV/KL/AL/04 Canal Bank Plantation 110.00 7.38 
18  CV/KL/AL/05 Seedling Distribution Model 164.00 0.83 
19  CV/KL/UL/01 Nagar Van - Institutional Planting Model 3976.64 26.94 
20  CV/KL/UL/02 Nagar Van - Avenue/ Roadside Plantation  839.17 7.44 
21  CV/KL/UL/03 Nagar Van-Eco Park Development  995.80 17.63 
22  CV/KL/UL/04 Nagar Van- Riverfront Development 19.81 16.29 
23  CV/KL/CI/01 Continuous Contour Trenches 22.00 0.23 
24  CV/KL/CI/03 Contour Bunds 350.00 0.51 
25  CV/KL/CI/04 Loose Boulder Check Dams 110.00 3.10 
26  CV/KL/CI/05 Gabion Structures 62.00 1.16 
27  CV/KL/CI/06 Masonry Check dam 70.00 0.63 
28  CV/KL/CI/08 Riparian Corridor Model 45.00 1.61 
29  CV/KL/CI/09 Wetland Conservation Model 2.00 0.28 

Sub Total - Kerala 33,061.82 563.42 
C. Tamil Nadu 
1  CV/TN/NL/01 Shola Forests and Grasslands Restoration  5,297.20 25.35 
2  CV/TN/NL/02 Eco Restoration  10.00 0.06 
3  CV/TN/NL/03 Assisted Natural Regeneration-400 3,978.07 14.80 
4  CV/TN/NL/04. Assisted Natural Regeneration-200 4,099.00 42.85 
5  CV/TN/NL/05 Artificial Regeneration of Degraded 

Forests-800 
8,088.16 

18.91 
6  CV/TN/NL/06 Artificial Regeneration of Degraded 

Forests-1,000 
3,540.00 

59.83 
7  CV/TN/NL/07 Sandalwood Conservation Model 290.00 5.32 
8  CV/TN/NL/08 Rehabilitation of Weed Infested Forests  20,534.47 171.07 
9  CV/TN/NL/09 Mangrove Forest Restoration  100.00 1.71 
10  CV/TN/NL/10 Forest Fire Control  4,914.67 9.76 
11  CV/TN/NL/11 River Side Plantation  10,837.00 144.46 
12  CV/TN/NL/12 Bamboo/ Rattan/Canes Plantation  100.00 2.21 
13  CV/TN/NL/13 Teak and Other Valuable Timber 

Plantation  
2,700.00 

32.34 
14  CV/TN/NL/14 Habitat Improvement of Protected Areas  2,750.00 83.12 
15  CV/TN/NL/16 Costal Shelterbelt Plantation  223.00 3.65 
16  CV/TN/AL/03 Agroforestry Silvi-Horti Plantation 22,288.15 306.48 
17  CV/TN/AL/04 Canal Bank Plantation  730.17 22.39 
18  CV/TN/AL/05 Seedling Distribution  4,980.00 2.46 
19  CV/TN/UL/01 Nagar Van - Institutional Planting  674.64 43.55 
20  CV/TN/UL/02 Nagar Van - Avenue/ Roadside Plantation  622.70 27.97 
21  CV/TN/UL/03 Nagar Van – Eco Park Development 33.21 20.18 
22  CV/TN/UL/04 Nagar Van - Riverfront Development 51.00 16.19 
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Sr. 
No. 

Model Number Model Name Proposed 
Extent (ha) 

Estimated 
Cost  

(Rs. In crore) 
23  CV/TN/CI/02 Staggered Contour Trench 1,01,943.00 51.60 
24  CV/TN/CI/03 Contour Bunds 20.00 0.01 
25  CV/TN/CI/04 Loose Boulder Check Dams 900.00 8.24 
26  CV/TN/CI/05 Gabion Structures 3,830.00 12.93 
27  CV/TN/CI/06 Masonry Check dam 1,410.00 14.30 
28  CV/TN/CI/07 Percolation Tank 1,908.20 16.21 
29  CV/TN/CI/09 Wetland Conservation  276.00 68.43 

Sub Total 2,07,128.64 1226.37 
D. Puducherry (Karaikal) 
1  CV/PY/AL/05 Seedling Distribution  40.00 0.20. 
2  CV/PY/UL/02 Nagar van - Avenue/Roadside Plantation 100.00 4.21 
3  CV/PY/UL/03 Nagar Van – Eco Park 1.00 1.31 

Sub Total - Puducherry (Karaikal) 141.00 5.73 
Grand Total - Riverscape 3,10,251.74 2705.67 
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Proposed mitigation measures in Cauvery Riverscape are summarized in Box 13.2. 
 

 

13.10 Project Implementation Mechanism 

The State Forest Departments (SFDs) of three states (Karnataka, Kerala and Tamil Nadu) and 
the Puducherry UT would be the primary Implementing Agencies (IAs) for execution of the 
DPR. The institutional framework of the SFDs is the most appropriate for implementation of 

Box - 13.2 
Rejuvenation of Cauvery River – Major Mitigation Measures 

 
Cauvery River after it originates at Talacauveri, Kodagu district in Western Ghats 
traverses from the states of Karnataka, Tamil Nadu and Puducherry UT before it exits in 
the Bay of Bengal. Krishna River mainly suffer on account of changes in land use and 
land cover, deforestation, ecological decline and degradation of forest/ riverine 
ecosystems, fragmentation of river by dams, reservoirs and canals, expansion and 
intensification of agriculture including cash crops, erratic rains and flash floods, erosion 
and sedimentation, mushrooming of urban centres, dumping waste, release of effluents 
and sewage, groundwater abstraction, pollution and deterioration of water  quality, and 
expanding religious, wildlife and adventure tourism. Major forestry interventions 
proposed include:  

▪ Soil and moisture conservation (SMC) works worth Rs. 224.01 crore, representing 
7.29% of the total budget outlay by way of undertaking varied activities viz., 
continuous and staggered trenches, loose boulder and masonry check dams, gabion 
structures, and percolation tanks have been proposed. 

 
▪ In all, 83 treatment models in Natural, Agriculture, and Urban landscapes within the 

riverscape are proposed across above stated four states at a cost of Rs. 1,463.37, Rs. 
619.34 crore, and Rs. 293.98 crore, respectively. Varied treatment models mainly 
focus on the assisted natural regeneration and  eco-restoration; rehabilitation and 
restoration of degraded forests;  shola forest and grassland restoration; sandalwood 
conservation; bamboo, rattan, and cane plantations; habitat improvement of protected 
areas; teak and other valuable timber plantations; riverside and canal bank  
plantations; coastal shelterbelt and mangrove plantations; forest fire control; 
agroforestry plantations – bund/ block/ silvi-horticulture; seedling distribution; 
removal of invasive species and rehabilitation of weed infested areas; avenue 
plantations; eco-park  (Nagar Van) development; plantations in institutional and 
industrial estates; and riverfront development. 

 
▪ Various field level interventions towards management of riparian corridors and 

wildlife, and conservation of wetlands worth Rs. 104.98 crore have also been 
provisioned.  

 
▪ Additionally, varied supporting activities including awareness campaigns, capacity 

development, adaptive research, participatory monitoring, evaluation, etc. have also 
been proposed for implementation.  
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the proposed forestry interventions for clean Cauvery as it provides for greater options for 
scientific interventions. As mentioned in Chapter 4 of the Volume I of the DPR, SFDs are 
specialized institutions with over 150 years of experience in handling conservation and 
production forestry in the country. For a long time, the SFD have been involved in watershed 
restorationand rejuvenation, thereby improving the quality and quantity of water outflow 
through watersheds while also considering social outflows. The SFDs, through its scientific, 
administrative and technical skills have developed professional competencies to implement 
this programme through a new approach – the riverscape. Earlier experiences of watershed 
treatments would be appropriately fitted into the riverscape approach for the sustainability of 
Cauvery River Ecosystem. Support for the administrative activities like establishment and 
management of the state-level Project Management Units (SPMUs) in the three states and the 
UT to implement, coordinate, and monitor the state-wide programme and activities of 
forestry interventions is also provisioned in the DPR.  
 
The Institute of Forest Genetics and Tree Breeding (IFGTB), an autonomous institution under 
the umbrella of ICFRE is a renowned Knowledge Management Centre in the field of natural 
resources and conservation, particularly forestry, and is bestowed with (i) professionals with 
specific multidisciplinary background, (ii) infrastructure, and (iii) processes and innovative 
technologies. The DPR envisages that the IFGTB will be involved as the National Partner 
Organization (NPO) so as to coordinate and facilitate the proposed activities besides to play 
pivotal role towards capacity development, participatory monitoring, strategic research, and 
evaluation. Hence, the DPR has provisioned for the establishment of the Project facilitation 
Unit (PFU) at the NPO for smooth conduct of envisaged diverse activities.  
 
The Central Nodal Ministry i.e., the MoEF&CC would provide overall policy guidance and 
supervision for the project. The national level PMU being referred as the NPMU would be 
responsible for overseeing and coordinating the implementation of the project, ensuring 
timely release of funds and reporting, assisting with project supervision, learning, and 
ensuring the replication of riverscape conservation concepts to additional sites/ tributaries of 
Cauvery during the project period.  
 
13.11 Budget Outlay 

The proposed total projected financial outlay for the implementation of the DPR is Rs 
3,069.31crore (Table 13.7). A cost escalation of 5% every year has been incorporated while 
calculating the budget. The details on cost norms and activity-wise cost for each model has 
been provided in Chapter 5 of the Volume I of the DPR and these costs were computed/ 
arrived on the basis of the base year 2019-20. However, the PMU may revise the budget, 
based on the Wholesale Price Index. The Component, State Implementing Agency, and 
Forest Division-wise projected outlays are presented below one by one: 
 
Component/ Sub-Component and Activity-Wise Outlays - The predominant 
Component-A on ‘Implementation of Forestry interventions in the States of Kerala, 

Karnataka, Tamil Nadu and the Union Territory of Puducherry’ accounts for Rs. 2,762.21 
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crore or 89.99% of the total Project budget outlay (Table 13.7). The Component-B on 
‘Strengthening Knowledge Management and National Capacity for Forestry Interventions 

and Conservation of Riverscape’ would require a sum of Rs. 253.20 crore which is 8.25% of 

the total project cost. The Component 'C' account for Rs.7.0 crore which is 0.23% of the 
projected outlay. The Component 'D' on the ‘National Coordination for Forestry Interventions 

and Riverscape Conservation’ has been provisioned a sum of Rs. 46.90 crore that accounts 
1.53 % of the project outlay (Table 13.7). 
 
The major Component A of project implementation would have the largest Sub-Component 
A.1 on plantations and treatment models in three types of landscapes (Natural, Agriculture, 
and Urban) within the riverscape. The budgetary provision for the Sub-Component A.1 is Rs. 
2,376.69 crore. Among three landscapes, the highest emphasis is on extensive plantations and 
adoption of various treatment models in natural landscapes. An amount of Rs. 1,463.37 crore 
has been provisioned for execution of various proposed treatment models including 
afforestation activities in natural landscapes (Table 13.7). Thus, budget allocation for natural 
landscapes alone accounts for 61.57% of the sub-component (A.1) on plantations and 
treatment models in three types of landscapes within the Cauvery riverscape or 47.68% of the 
overall project budget outlay. Budget provisions for agriculture landscapes and urban 
landscapes are to the tune of Rs. 619.34 crore and Rs. 293.98 crore or 26.06 % and 12.37 %, 
respectively of the sub-component (A.1) on plantations and treatment models (Table 13.7). 
Activities on agriculture landscapes, which is the second bigger component under the 
plantation activities mainly focus on tree planting along farm bunds, block plantation in 
farmlands, canal bank plantations, Silvi-Horti plantations of economic and fruit trees on 
privately owned farmlands and distribution of seedlings to farmers. The project envisages 
higher outcome for Tree outside Forests (TOF) in the project area. The activities in the urban 
landscapes include: (a) institutional and industrial estate plantations, (b) riverfront 
development and ecotourism, (c) development of Eco-Parks, and (d) avenue plantations. The 
Sub-Component (A.2) on 'Conservation Interventions' includes three major types of 
interventions / activities. These are: (a) soil and water conservation measures, (b) riparian 
wildlife management, and (c) wetland management. Budget outlay for this Sub-component 
relevant to the proposed conservation interventions is Rs. 328.99 crore and this is 11.91% 
allocation of the funds provisioned for implementation of forestry interventions by the states 
(Table 13.6). The Sub-Component (A.3) on ‘Supporting Activities’ to be implemented by 

three state and one UT level implementing agency and this Sub-Component includes specific 
activities relevant to the: (a) research, (b) capacity building, (c) awareness, (d) monitoring 
and evaluation, (e) contingency and miscellaneous activities, and (f) cost of PMUs of the 
three-state and one UT level IAs. The overall budget provisions for various supporting 
activities would be Rs.56.54 crore or 1.84 % allocation of funds provided to the states. As 
indicated earlier, the budget outlay of Rs. 253.20 crore has been made for the national level 
partner organization for implementation of various priority activities towards strengthening 
knowledge management and enhancement of national capacity for forestry interventions for 
riverscape conservation. Activity-wise budget allocation is shown in Table 13.7. 
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Table 13.7: Projected outlay for the implementation of DPR of the Cauvery Riverscape 

 

Necessary budget provisions for three other prominent activities, namely (a) policy level 
interventions, (b) capacity building, and (c) awareness have been made accordingly. The 
Component-C on preparation of DPR to scale up and replicate forestry interventions and 
riverscape conservation includes a budget of Rs.7.0 crore and this is 0.23% allocation of the 
overall Project budget outlay. The Component-D on National level coordination and 
management of the Project by the Central Nodal Ministry (MoEF&CC) would require a 
budget of Rs. 46.90 crore. This is 1.53% allocation of the overall Project budget outlay 
(Table 13.7).  
 
 
 

Sr. 
No. 

Component/ Sub Component and Activities Amount 
(Rs. in 
crore) 

Allocation 
% 

A. Implementation of Forestry Interventions in 
Three states and one Union Territory of 
Riverscape 

2,762.21 89.99 

A.1 Plantations and Treatment Models in Three Type of 
Landscapes within the Cauvery Riverscape 

2,376.69 

A.1.1 Natural Landscapes 1,463.37 
A.1.2 Agriculture Landscapes 619.34 
A.1.3 Urban Landscapes 293.98 
A.2 Conservation Interventions 328.99 

A.2.1 Soil and Water Conservation 224.01 
A.2.2 Riparian Wildlife Management 27.93 
A.2.3 Wetland Management (Natural and Artificial) 77.05 
A.3  Supporting Activities 56.54 

A.3.1 Capacity Building 6.03 
A.3.2 Awareness 5.36 
A.3.3 Research Activities  4.50 
A.3.4 Contingency and Miscellaneous Activities 3.00 
A.3.5 Monitoring and Evaluation 4.30 
A.3.6 Cost of PMUs of Three States and one Union 

Territory Level Implementing Agencies 
33.35 

B. Strengthening knowledge Management and 
National Capacity for Forestry Interventions and 
Conservation of Riverscape 

253.20 8.25 

C. Maintenance, Scaling Up and Replication of 
Successful Models of Forestry Interventions and 
Riverscape Conservation in Additional Sites/ 
States/ Tributaries 

7.00 0.23 

D. National Coordination for Forestry Interventions 
and Riverscape Conservation 

46.90 1.53 

 Total Project Cost (A+B+C+D) 3,069.31 100 
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13.12 Potential Benefits 
 
A wide range of potential benefits are expected to accrue as a result of the proposed forestry 
interventions in three landscapes within the vast extent of the Cauvery Riverscape including 
conservation interventions. These benefits would be in form of enhancement in forest cover, 
ground water recharge, reduction in sedimentation, carbon sequestration, enhanced 
production of biomass and NTFPs, economic returns from NTFPs, and employment 
generation. Details adopted for quantification of likely estimated benefits have been provided 
in the Chapter 8 of the Volume 1 of the DPR. A gist of quantified potential benefits has been 
summarized in Table 13.8. 
 
Table 13.8: Projected potential benefits of the programme implementation 

Projected 
Increase in 

Forest 
Cover 
(km2)  

Estimated 
CO2 

Sequestered  
(million tons 
of CO2 eq) 

Ground 
Water 

Recharge  
(million 
m3/yr.)  

Sedimentation 
Reduction  

(m3/yr.)  

Non-
Timber 

and other 
Forest 

Produce  
(estimated 
benefit in 

Rs. in 
crore) 

Employment 
Generation  

(in millions of man 
days generated) 
over the Project 

Period  
10 

Years 
20 

Years 

1,013.15 3.24 7.47 68.50 6,43,250 4.47 36.51 

 

 

************* 
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