Strategic Analyses of the National

River Linking Project (NRLP) of India

Series 1

India’s Water Future: Scenarios and Issues

UpaliA. Amarasinghe, Tushaar Shah and R. P. S. Malik, editors

Changing demographic patterns

Changing consumption patterns

Changing economic growth patterns

- B B B | [ 1955 1975 1995 2015 2035 2055,
= E B | ] = Total population s Urban population
i Rural population s A g popUIation-% of rural

Increasing physical water scarclty

1961 1971 1981 1991 2001
« Food grains « Non-grain crops = Animal p;

N
S
N
a
S

ducts

——"
Ny
195 1965 1975 1985 1995 2005
smmm=Per Capita GDP A griculture
Industrial Services

Low growth in crop yield

Degres of development (%)

DN.,...,-n = Mo [ o

C ing land use patterns

1961 1971 1981 1991 2001

mmm\\/ orld ====India mm==China ====USA

1956

1965

1974 1983 1992 2001
e Investments in major/medium irrigation
mmmmNet surface water irrigated area

— irris

&

Hj jh potential in rainfed agriculture

%, G G Q. S
P, Sy, Y
° % oeoéi—\ % % % %?7 %

m Rainfed grain area M Rainfed grain |eld

CGIAR Challenge Program on

WATER & FOOD




Srategic Analyses of the National River
Linking Project (NRLP) of India
Series 1

India’s Water Future: Scenarios and Issues

Upali A. Amarasinghe, Tushaar Shah
and R. P. S. Malik, editors

INTERNATIONAL WATER MANAGEMENT INSTITUTE



IWMI receives its principal funding from 58 governments, private foundations, and international and
regional organizations known as the Consultative Group on International Agricultural Research
(CGIAR). Support is also given by the Governments of Ghana, Pakistan, South Africa, Sri Lanka
and Thailand.

The editors: Upali A. Amarasinghe is Senior Researcher, International Water Management Institute
(IWMI), New Delhi; Tushaar Shah, IWMI, Anand; R.P.S Malik, Fellow, Agricultural Economics Research
Centre, University of Delhi, New Delhi.

Amarasinghe, U. A.; Shah, T.; Malik, R. P. S. (Eds.) 2009. India’s water future: Scenarios and issues.
Colombo, Sri Lanka: International Water Management Institute. 417p

river basin management/ water demand/ water transfer/ land use/ irrigation efficiency/ food consumption/
water use/ groundwater irrigation/ irrigation systems/ crop production/ forecasting/ population/ case
studies/ models/ trade/ agricultural policy/ institutional constraints/ hydrogeology/ drip irrigation/
sprinkler irrigation/ water conservation/ India

ISBN: 978-92-9090-697-1
Copyright © 2009, by IWMI. All rights reserved.

Cover photo by Cover Photo by Upali A. Amarasinghe. Data for the graphs in the cover photo are from
various sources including, Annual publications of Agriculture Statistics at a Glance (2004, 2006) by the
Government of India, FAOSTAT database of the Food and Agriculture Organization, and Research Reports
119 and 123 of IWML

Please direct inquires and comments to: iwmi-research-news@cgiar.org

ii



Contents

ACKNOWIEAGEMENTS ...ttt ettt ettt sa s bbb ese s ess s e s eseesenean v
Prefate e vii
List of CONTriBULING AQUENOIS .....oviiiiiceeee et iX
India’s National River Linking Project - A SYNOPSIS c..cc.eoveeiririririeieiciceeneneses et Xi
Paper 1. India’s Water Future: Drivers of Change, Scenarios and ISSUES ........ccccoceeieieieieciicicncnenne 3

Upali A. Amarasinghe, Tushaar Shah and RP.S. Malik

Paper 2. India’s Water Future 2050: Potential Deviations from ‘Business-As-Usual’ Scenario ...... 25
Shilp Verma and Sanjiv J. Phansalkar

Paper 3. Irrigation Demand Projections of India: Recent Changes in
Key Underlying ASSUMPLIONS ..c..coueeueruieuiiiiiiiiiintentenieeie ettt st sttt ere e nesae e e 51
Upali A. Amarasinghe, Peter G. McCornick and Tushaar Shah

Paper 4. India’s Water Demand Scenarios to 2025 and 2050: A Fresh Look ........ccccoeeevieniencenncnne 67
Upali A. Amarasinghe, Peter G. McCornick and Tushaar Shah

Paper 5. Meeting India’s Water Future: Some Policy Options ........cccceccevieveieiinenineneneneeeerenenn 85
Upali A. Amarasinghe, Tushaar Shah and Peter G. McCornick

Paper 6. Demographic Projections for India 2006-2051: Regional Variations ..........c.cccceceeveenennne 101
Aslam Mahmood and Amithabh Kundu

Paper 7. The ‘Tipping Point’ in Indian Agriculture: Understanding the
Withdrawal of Indian Rural YOouth .........ccccoooiiiiiiiiiiiiceeeeee e 115
Anrita Sharma and Anik Bhaduri

Paper 8. Changing Consumption Patterns of India: Implications on Future Food Demand............ 131
Upali A. Amarasinghe and Om Prakash Singh

Paper 9. Indian Agriculture: Recent Performance and Prospects in the Wake of Globalization ...... 147
R. P.S Malik

Paper 10. Converting Rain into Grain: Opportunities for Realizing the
Potential of Rain-fed Agriculture in India .........ccccoivinininiiiiiiiiniiecccee 169
Bharat R. Sharma, K. V. Rao, and K. P. R. \ttal

Paper 11. Groundwater Expansion in Indian Agriculture:
Past Trends and Future OPPOTtUNILIES ........cceoiririreriririeietetctetcrteseese e 181
Anik Bhaduri, Upali A. Amarasinghe and Tushaar Shah

iii



Contents

Paper 12. Groundwater Exploitation in India, Environmental Impacts and
Limits to Further Exploitation for Irrigation .............ccccociiiiiiiiiiiiiiiiiccccecce 197
Krishnan Sundarajan, Ankit Patel, Trishikhi Raychoudhury and Chaitali Purohit

Paper 13. Water Productivity at Different Scales under Canal,
Tank and Well Irrigation SYStEIMS ....c.ccoveriiriiriririeieietetetceteete ettt 217
K. Palanisami, S. Senthilvel and T. Ramesh

Paper 14. Water Productivity of Irrigated Agriculture in India:
Potential Areas for IMpProvement ...........coccevveiiiiniiniinininieeeeeeeese et 227
M. Dinesh Kumar, O. P. Sngh, Madar Samad, Chaitali Purohit
and Malkit Sngh Didyala

Paper 15. Drip and Sprinkler Irrigation in India: Benefits, Potential and Future Directions........... 253
A. Narayanamoorthy

Paper 16. Water Saving and Yield Enhancing Micro-irrigation Technologies:
How Far Can They Contribute to Water Productivity in Indian Agriculture .......c..c.cecceee. 267
M. Dinesh Kumar, O. P. Singh and Bharat R. Sharma

Paper 17. An Assessment of Environmental Flow Requirements of Indian River Basins.............. 293
V. Smakhtin and M. Anputhas

Paper 18. Developing Procedures for Assessment of Ecological Status of
Indian River Basins in the Context of Environmental Water Requirements ...............c......... 329
Vladimir Smakhtin, Muthukumarasamy Arunachalam, Sandeep Behera,
Archana Chatterjee, Srabani Das, Parikshit Gautam, Gaurav D. Joshi,
Kumbakonam G. Sivaramakrishnan and K. Sankaran Unni

Paper 19. Groundwater Situation in Urban India: Overview, Opportunities and Challenges .......... 367
Ankit Patel and Krishnan Sunderrajan

Paper 20. Natural Flows Assessment and Creating Alternative Future Scenarios for
Major River Basins of Peninsular India ............ccccoevinininininiiiiiiiceeeeeceene 381
Anil D. Mohileand B. K. Anand

Y



Acknowledgement

First and foremost we thank the “Challenge Program for Water and Food,” of the Consultative
Group of International Agriculture Research Institutes for providing the financial support
for the project.

We greatly appreciate the comments and suggestions made by the members of the project
advisory committee chaired by Prof. M.S. Swaminathan. The other eminent members of this
committee included Prof. Yojindra K. Alagh, Prof. Vijay S. Vyas, Prof. Kanchan Chopra, Prof.
Vandana Shiva, Prof. Frank Rijsberman, Shri Anil D. Mohile, Shri S. Gopalakrishnan and Shri
Deep Joshi. Their guidance at various stages of the project was immensely helpful.

We also acknowledge the assistance of various government institutions for providing
the necessary data and published documents for this project. A special thank goes to the
Central Water Commission of India for providing the flow data of various river basins in
India. Many of the studies would not have been able to to be completed to our satisfaction
without the river flow information. The project team would also like to thank Shri Anil D.
Mohile, former Chairman of the Central Water Commission, for his constant help and
suggestions in this process.

We thank the participants from various government institutions, NGOs and civil society
for their useful suggestions at the inception workshop of Phase I, held in April 2005 at New
Delhi. The studies were greatly benefited by the comments and suggestions received from
our peers in the CPWF and IWMI theme leaders, and the participants of various workshops
wherein we presented our draft research reports. We also thank the organizers of various
workshops for providing us the opportunity to present the findings of these studies. These
include the IWMI-TATA Water Policy meetings in March 2006, the Project workshop in April
2006 at Delhi, and many other national forums.

‘We thank the researchers in India and in IWMI for their contribution, and the Director
General of IWMI and other staff for their support and guidance for research and management
of the project. Also we thank many other Indian researchers who expressed their willingness
to contribute to research in various stages of the project. In that, we believe, they indicated
their appreciation of research conducted by IWMI and their liking to be part of it. Finally we
thank Mr. Pantaleon Fernando for editing the manuscripts and Ms. Pavithra Amunugama, Mr.
Nimal Attanayake and Ms. Mala Ranawake for their assistance in the production process.



Preface

In 2005, the International Water Management Institute (IWMI) and the Challenge Program on
Water and Food (CPWF) started a three-year research study on “Strategic Analysis of India’s
River Linking Project”. The primary focus of the IWMI-CPWF project is to provide the public
and the policy planners with a balanced analysis of the social benefits and costs of the National
River Linking Project (NRLP).

The project consists of research in three phases. Phase I analyzed India’s water future
scenarios to 2025/2050 and related issues. Phase II, analyses how effective a response NRLP
is, for meeting India’s water future and its social costs and benefits. Phase III contributes to
an alternative water sector perspective plan for India as a fallback strategy for NRLP. This
book presents the findings of research in Phase I.

In 1999, the National Commission of Integrated Water Resources Development (NCIWRD)
published projections of India’s water supply and demand to 2025/2050. The trends of key
drivers before 1990’s were the basis for this projection. However, with economic liberalization,
the trends of these key drivers changed in the 1990’s. Therefore, the major focus of research
in phase I was to assess the trends and turning points of the key drivers in recent years and
assess their implications on future water supply and demand.

This volume, the first in a series of publications, presents the results of various research
activities conducted in Phase I on India’s Water Futures. Many papers in this book were
presented in various regional and national workshops between 2006 and 2007. And, different
versions are submitted for publication in various journals.
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India’s National River Linking Project - A Synopsis

The National River Linking Project (NRLP) envisages transferring water from the surplus river
basins to ease the water shortages in western and southern India while mitigating the impacts of
recurrent floods in eastern India. NRLP constitutes two basic components — the links which
will connect the Himalayan rivers and those which will connect the peninsular rivers (figure 1).
‘When completed, the project would consist of 30 river links and 3,000 storage structures to transfer
174 km?® of water through a canal network of about 14,900 km.

Figure 1. The Himalayan and peninsular components of NRLP project.

m— Pgninsular component

T
i

ij 10, Manas-Sankosh-Tata-Ganga
1, -Tista-Farakka (Alternate)
1 12, Farakia-Suncerbans
13. Ganga (Farakka) ~Damodar
ANDAMAN & NICOBAR Subcrnarckha
N 14 Subcrnarchha-Mahanadi

"

INDIAN OCEAN

X1



India’s National River Linking Project - A Synopsis

Componentsof the NRLP
The Himalayan component proposes to transfer 33 km? of water through 16 river links. It has
two subcomponents linking:

1. Ganga and Brashmaputra basins to Mahanadi basin (links 11-14), and

2. Eastern Ganga tributaries and Chambal, Sabramati river basins (links 1-10).

The Peninsular component proposes to transfer 141 km?® water through 14 river links. It
has four subcomponents linking

1.  Mahanadi and Godavari basins to Krishna, Cauvery and Vaigai rivers (links 1-9);
2. West-flowing rivers south of Tapi to north of Bombay (links 12 and 13);

3. Ken River to Betwa River and Parbati, Kalisindh rivers to Chambal rivers (links 10
and 11); and

4. some west flowing rivers to the eastern rivers (links 14 -16).

Proj ect Benefits

The NRLP envisages to:

e provide additional irrigation to 35 million ha of crop area and water supply to domestic
and industrial sectors;

e add 34 GW of hydro-power potential to the national grid;
e mitigate floods in eastern India; and

e facilitate various other economic activities such as internal navigation, fisheries,
groundwater recharge, environmental flow of water-scarce rivers etc.

The NRLP, when completed, will increase India’s utilizable water resources by 25 %, and
reduce the inequality of water resource endowments in different regions. The increased capacity
will address the long ignored issue of increasing India’s per capita storage, which currently
stands at a mere 200 m*/person as against 5,960; 4,717 and 2,486 m*/person for the US, Australia
and China, respectively.

Project Costs

The NRLP will cost more than US$120 billon (in 2000 prices), of which
e the Himalayan component costs US$23 billion,
e the Peninsular component costs US$40 billion, and

e the hydro-power component costs US$58 billion.

xii



India’s National River Linking Project - A Synopsis

Contentious | ssues

The NRLP has many contentious issues to tackle, and these include the following:

e Resource mobilization, despite the fact that India finds it difficult to finance the
completion of even the existing uncompleted projects;
e  Environmental concerns, as it will
e increase seismic hazards,
e transfer river pollution,
e destroy forest and biodiversity, and
e change the ecological balance of land and oceans, and freshwater and sweater
ecosystems;
e  Social issues, as it will
e displace more than 580,000 people under the peninsular component alone, and
submerge large areas of agriculture and nonagricultural land;
e  Cost recovery issues, as

e the interest on the capital during the construction could be twice the estimated
cost, and

e the annual installment and interest on the capital could be more than Rs. 17,000/
acre; and
e Political issues, which include issues regarding
e Interstate water transfers, and

e Water transfers between riparian countries-Nepal, Bangladesh and Buthan.
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