World Water and Food to 2025







World Water and Food to 2025:
Dealing with Scarcity

Mark W. Rosegrant
Ximing Cai
and Sarah A. Cline

International Food Policy Research Institute
Washington, D.C.



Copyright © 2002 International Food Policy Research Institute

All rights reserved. Sections of this book may be reproduced without the express per-
mission of, but with acknowledgment to, the International Food Policy Research
Institute.

Library of Congress Cataloging-in-Publication Data

Rosegrant, Mark W.

World water and food to 2025 : Dealing with Scarcity / Mark W. Rosegrant,
Ximing Cai, Sarah A. Cline.

p. cm.
Includes bibliographical references.
ISBN 0-89629-646-6 (alk. paper)

1. Water-supply—Forecasting—Econometric models. 2. Food supply—Forecasting—
Econometric models. 3. Twenty-first century—Forecasts. 1. Cai, Ximing, 1966- II. Cline,
Sarah A., 1974-. II1. Title.

HD1691 .R66 2002
333.91'001'12—dc21 2002015170

International Food Policy Research Institute
2033 K Street, NW, Washington, DC 20006-1002, USA
Telephone: +1-202-862-5600; Fax: +1-202-467-4439

www.ifpri.org



Contents

Tables vii

Figures xiii

Boxes  xvii

Foreword  xix
Acknowledgments xxi
Acronyms  xxiii

1. Water Resources and Food Production 1
Introduction 1
Issues and Challenges 3
Overview of the Book 12

2, The Water and Food Model 15
Literature Review 15
IMPACT-WATER Model 18
Water Demand 20
Water Supply 23
Water Simulation Model 24
Extension of the IMPACT Model 26
Linking IMPACT and WSM 27

3. Potential Water Worlds: Future Scenarios 33
Scenario Analysis 33
Scenario Narratives 35
The Business-as-Usual Scenario 35
The Water Crisis Scenario 38
The Sustainable Water Use Scenario 40
Scenario Specification 44

4. Maintaining the Status Quo: The Business-

as-Usual Scenario 61
The Water Story 61



Vi

CONTENTS

Water Productivity 79
The Future for Food 89
Summary 106

Sustainable Water World or Water Crisis? 109
The Water Story 109

The Future for Food 118

Summary 136

Water Prices, Water Demand, Food Production,
and Environmental Flows 137

Increased Water Pricing Scenarios 138

Summary 152

Balancing Water for Food and the
Environment 155

Unsustainable Groundwater Use 155
Groundwater Overdraft Reduction 156
Environmental Demands for Water 164
Increase in Environmental Water Flows 165
Summary 173

Irrigated and Rainfed Agriculture: Options for
Food and Production Growth 177

Investing in Water Supply Expansion and Efficiency Enhancement
Getting More from Rainfed Agriculture 183

Summary 194

Implications for the Future: Meeting the
Challenge of Water Scarcity 197
Investment in Infrastructure and Water Supply 200
‘Water Management and Policy Reform 201

Crop Productivity and Rainfed Agriculture 205
Summary 206

References 209

Appendix A

Model Formulation and Implementation:
The Business-as-Usual Scenario 225

Appendix B

Business-as-Usual Scenario Projections
for 1995, 2010, and 2015 257

Contributors 309

Index 311

177



Tables

1.1
3.1
3.2
3.3

3.4

3.5

3.6

3.7

4.1
4.2

4.3
4.4

4.5
4.6

4.7

Scenario groupings, names, abbreviations, and descriptions 13

Rural, urban, and total population, 1995 and 2025 45

Gross domestic product per capita, 1995 and 2025 46

Basin efficiency and reservoir storage for irrigation and water supply under
business-as-usual, water crisis, and sustainable water use scenarios, 1995 and
2025 48

Annual maximum allowable water withdrawal for surface and groundwater
under business-as-usual, water crisis, and sustainable water use scenarios,
1995 and 2025 51

Potential irrigated area under the business-as-usual scenario, 1995 and
2025 53

Minimum committed flow for the environment as a percentage of annual
total renewable water under business-as-usual, water crisis, and sustainable
water use scenarios, 1995 and 2025 54

Percentage of households with access to piped water under business-
as-usual, water crisis, and sustainable water use scenarios, 1995 and

2025 56

Total water withdrawal by volume and as a percentage of renewable water,
1995, 2010, and 2025 62

Non-irrigation consumptive water use, 1995, 2010, and 2025 67

Per capita domestic water demand, 1995, 2010, and 2025 68

Per capita domestic water demand for connected/unconnected households
in rural and urban areas under the business-as-usual scenario, 1995 and
2025 69

Industrial water use intensity, 1995, 2010, and 2025 70

Potential and actual use of water irrigation and irrigation water supply relia-
bility, 1995, 2010, and 2025 71

Cereal demand and total cereal production under the business-as-usual sce-
nario, 1995 and 2025 91



viii

4.8

4.9

4.10

4.11

4.12

4.13
4.14

4.15

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

TABLES

Demand for meat, soybeans, meals, and roots and tubers under the busi-
ness-as-usual scenario, 1995 and 2025 93

Production of meat, soybeans, meals, and roots and tubers under the busi-
ness-as-usual scenario, 1995 and 2025 94

Irrigated and rainfed cereal area under the business-as-usual scenario, 1995
and 2025 95

Irrigated and rainfed cereal yield under the business-as-usual scenario, 1995
and 2025 96

Relative irrigated cereal crop yields under the business-as-usual scenario,
1995 and 2025 97

Net food trade under the business-as-usual scenario, 1995 and 2025 98
World food prices under the business-as-usual scenario, 1995 and

2025 100

Irrigated and rainfed cereal production under the business-as-usual scenario,
1995 and 2025 104

Total and irrigation water consumption under business-as-usual, water cri-
sis, and sustainable water use scenarios, 1995 and 2025 110

Total mean water withdrawal under business-as-usual, water crisis, and sus-
tainable water use scenarios, 1995 and 2025 111

Beneficial irrigation water consumption under business-as-usual, water cri-
sis, and sustainable water use scenarios, 1995 and 2025 111

Irrigation water supply reliability under business-as-usual, water crisis, and
sustainable water use scenarios, 1995 and 2025 112

Domestic water consumption under business-as-usual, water crisis, and sus-
tainable water use scenarios, 1995 and 2025 114

Der capita potential domestic water demand for connected/unconnected
households in rural and urban areas under business-as-usual, water crisis,
and sustainable water use scenarios, 1995 and 2025 115

Total industrial water demand and industrial water use intensity under busi-
ness-as-usual, water crisis, and sustainable water use scenarios, 1995 and
2025 116

Non-irrigation water supply reliability under business-as-usual, water crisis,
and sustainable water use scenarios, 1995 and 2025 117

Ratio of water withdrawal to total renewable water under business-as-usual,
water crisis, and sustainable water use scenarios, 1995 and 2025 118
Irrigated and rainfed cereal area under business-as-usual, water crisis, and
sustainable water use scenarios, 1995 and 2025 119

Irrigated and rainfed cereal yield under business-as-usual, water crisis, and
sustainable water use scenarios, 1995 and 2025 120



TABLES ix

5.12 Ratio of irrigated and rainfed yield to potential yield under business-
as-usual, water crisis, and sustainable water use scenarios, 1995 and
2025 122

5.13 Irrigated, rainfed, and total cereal production under business-as-usual, water
crisis, and sustainable water use scenarios, 1995 and 2025 123

5.14 World food prices under business-as-usual, water crisis, and sustainable
water use scenarios, 1995 and 2025 127

5.15 Cereal demand under business-as-usual, water crisis, and sustainable water
use scenarios, 1995 and 2025 129

5.16 Der capita cereal consumption under business-as-usual, water crisis, and sus-
tainable water use scenarios, 1995 and 2025 130

5.17 Net trade under business-as-usual, water crisis, and sustainable water use
scenarios, 1995 and 2025 130

6.1  Seclected assumptions for the four higher water price scenarios 140

6.2 Water price elasticities 141

6.3  Elasticity of basin efficiency in terms of irrigation water pricing, various sce-
narios 143

6.4 Consumptive water use for non-irrigation sectors under business-as-usual
and higher price scenarios, 2021-25 144

6.5 Per capita domestic water demand under business-as-usual and higher price
scenarios, 1995 and 2021-25 145

6.6 Water withdrawal under business-as-usual and four higher price scenarios,
2021-25 146

6.7 Water consumption under business-as-usual and four higher price scenarios,
2021-25 147

6.8 Ratio of water withdrawal to total renewable water under business-as-usual
and four higher price scenarios, 2021-25 148

6.9 Irrigation water supply reliability under business-as-usual and four higher
price scenarios, 2021-25 149

6.10 Change in irrigated cereal production relative to the business-as-usual level
for four higher price scenarios, 2021-25 151

6.11 Net cereal trade under business-as-usual and four higher price scenarios,
2021-25 151

7.1 Total water withdrawal under business-as-usual and low groundwater
pumping scenarios, 1995 and 2021-25 158

7.2 Consumptive water use by sector under business-as-usual and low ground-
water pumping scenarios, 1995 and 2021-25 158

7.3  Cereal area harvested under business-as-usual and low groundwater pump-
ing scenarios, 1995 and 2021-25 159



x  TABLES

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

8.1

8.2

8.3

8.4

Cereal yield under business-as-usual and low groundwater pumping scenar-
ios, 1995 and 2021-25 160

Cereal production under business-as-usual and low groundwater pumping
scenarios, 1995 and 2021-25 161

Cereal demand under business-as-usual and low groundwater pumping sce-
narios, 1995 and 2021-25 163

Basin efficiency and beneficial irrigation water consumption under busi-
ness-as-usual, high environmental flows, and high environmental flows and
high irrigation efficiency scenarios, 2020-25 166

Total water withdrawal under business-as-usual, high environmental flows,
and high environmental flows and high irrigation efficiency scenarios, 1995
and 2021-25 167

Consumptive water use by sector under business-as-usual, high environ-
mental flows, and high environmental flows and high irrigation efficiency
scenarios, 1995 and 2021-25 168

Irrigation water supply reliability under business-as-usual, high environ-
mental flows, and high environmental flows and high irrigation efficiency
scenarios, 1995 and 2021-25 169

Cereal area harvested under business-as-usual, high environmental flows,
and high environmental flows and high irrigation efficiency scenarios, 1995
and 2021-25 170

Cereal yield under business-as-usual, high environmental flows, and high
environmental flows and high irrigation efficiency scenarios, 1995 and
2021-25 171

Cereal production under business-as-usual, high environmental flows, and
high environmental flows and high irrigation efficiency scenarios, 1995 and
2021-25 171

Cereal demand under business-as-usual, high environmental flows, and
high environmental flows and high irrigation efficiency scenarios, 1995 and
2021-25 173

Basin efficiency, reservoir storage, and water withdrawal capacity under
business-as-usual and low investment in infrastructure scenarios,
1995-2025 178

Total water withdrawal under business-as-usual and low investment in
infrastructure scenarios, 1995 and 2021-25 179

Consumptive water use by sector under business-as-usual and low invest-
ment in infrastructure scenarios, 2021-25 180

Cereal area harvested under business-as-usual and low investment in infra-
structure scenarios, 1995 and 2021-25 180



TABLES  xi

8.5 Cereal yield under business-as-usual and low investment in infrastructure
scenarios, 1995 and 2021-25 181

8.6 Cereal production under business-as-usual and low investment in infra-
structure scenarios, 1995 and 2021-25 182

8.7 Cereal demand under business-as-usual and low investment in infrastruc-
ture scenarios, 1995 and 2021-25 183

8.8 Rainfed and irrigated cereal area harvested under various scenarios,
2021-25 190

8.9 Rainfed and irrigated cereal yield under various scenarios, 2021-25 191

8.10 Rainfed and irrigated cereal production under various scenarios,
2021-25 192

8.11 Proportion of rainfed cereal production under various scenarios,
2021-25 192

8.12 World food prices under various scenarios, 2021-25 194

A.1 Input Data 252

A.2 Water demand and supply data 253

B.1 Water consumption, total and irrigation water 258

B.2 Water consumption, non-irrigation 260

B.3 Water withdrawal and the share of total renewable water 262

B.4 Water supply reliabilicy—irrigation and non-irrigation 264

B.5 [Irrigated and rainfed rice area, yield, and production,1995 266

B.6 Irrigated and rainfed wheat area, yield, and production, 1995 268

B.7 Irrigated and rainfed maize area, yield and production, 1995 270

B.8 [Iirigated and rainfed other coarse grain area, yield, and production,
1995 272

B.9 [Irrigated and rainfed soybean area, yield, and production,1995 274

B.10 Iirigated and rainfed rice area, yield, and production, 2010 276

B.11 Irrigated and rainfed wheat area, yield, and production, 2010 278

B.12 Irrigated and rainfed maize area, yield, and production, 2010 280

B.13 Irrigated and rainfed other coarse grain area, yield, and production,
2010 282

B.14 Irrigated and rainfed soybean area, yield, and production, 2010 284

B.15 Irrigated and rainfed rice area, yield, and production, 2025 286

B.16 Iirigated and rainfed wheat area, yield, and production, 2025 288

B.17 Irrigated and rainfed maize area, yield, and production, 2025 290

B.18 Irrigated and rainfed other coarse grain area, yield, and production,
2025 292

B.19 Irrigated and rainfed soybean area, yield, and production, 2025 294

B.20 Irrigated and rainfed roots and tubers area, yield, and, production,
1995 296



xii  TABLES

B.21 Irrigated and rainfed roots and tubers area, yield, and production,

2010 298
B.22 Irrigated and rainfed roots and tubers area, yield, and production,
2025 300

B.23 Food demand and net trade for wheat, 1995, 2010, and 2025 302
B.24 Food demand and net trade for maize, 1995, 2010, and 2025 303
B.25 Food demand and net trade for other coarse grains, 1995, 2010, and
2025 304
B.26 Food demand and net trade for soybeans, 1995, 2010, and 2025 305
B.27 Food demand and net trade for rice, 1995, 2010, and 2025 306
B.28 Food demand and net trade for roots and tubers, 1995, 2010, and
2025 307



Figures

21

2.2
4.1

4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14

4.15

IMPACT-WATER: The structure and integration of the IMPACT and
water simulation models 28

IMPACT-WATER: Driving forces for scenario analysis 30

Coefficient of variation of irrigation water supply for the world, India, and
the Indian Luni River basin 76

Irrigation water depletion in the Indian Ganges River basin under the cli-
mate regime of 1961-90 77

Coefficient of variation of irrigation water supply and the average supply in
Nigeria during 1995-2025 78

Comparison of withdrawal capacity, average computed withdrawal, and
withdrawal under one hydrologic scenario under the climate regime of
1961-90 78

Water productivity of rice, 1995 80

Water productivity of total cereals excluding rice, 1995 81

Water productivity of total cereals in river basins in China, India, and the
United States excluding rice, 1995 82

Water productivity of irrigated rice, 1995-2025 84

Water productivity of irrigated cereals excluding rice, 1995-2025 85
Crop yield and water consumption of rice per hectare, 1995 and

2025 86

Crop yield and water consumption of cereals excluding rice, per hectare,
1995 and 2025 87

Water productivity for irrigated and rainfed rice in developing countries,
1995-2025 88

Water productivity for irrigated and rainfed cereals excluding rice, in devel-
oping countries, 1995-2025 88

Water productivity for irrigated and rainfed rice in developed countries,
1995-2025 89

Water productivity for irrigated and rainfed cereals excluding rice, in devel-
oped countries, 1995-2025 90



Xiv

4.16
4.17
4.18
4.19

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

6.1
6.2
6.3
7.1
7.2

7.3

7.4

FIGURES

Cereal area, 1995 100

Cereal yield, 1995 101

Cereal production, 1995 101

Share of irrigated and rainfed production in cereal production increase
under the business-as-usual scenario, 1995-2025 105

Mean irrigation water supply reliability in developing countries under
business-as-usual, water crisis, and sustainable water use scenarios,
1995-2025 113

Contribution of rainfed cereals to additional cereal production globally and
in developed and developing countries under business-as-usual, water crisis,
and sustainable water use scenarios, 1995-2025 124

Relative irrigated cereal production in developing countries under
business-as-usual, water crisis, and sustainable water use scenarios,
1995-2025 127

Relative rainfed cereal production in developing countries under business-
as-usual, water crisis, and sustainable water use scenarios,

1995-2025 128

World prices for rice, wheat, maize, and soybeans under business-as-usual,
water crisis, and sustainable water use scenarios, 1995-2025 131
Average, maximum, and minimum world rice prices for 30 hydrologic
scenarios under business-as-usual and water crisis scenarios,

1995-2025 133

Average, maximum, and minimum world wheat prices for 30 hydrologic
scenarios under business-as-usual and water crisis scenarios,

1995-2025 134

Average, maximum, and minimum world soybean prices for 30 hydrologic
scenarios under business-as-usual and water crisis scenarios,

1995-2025 135

Industrial water demand as a function of water prices, 2025 142
Domestic water demand as a function of water prices, 2025 142
World food prices under business-as-usual and four higher water price sce-
narios, 2021-25 152

World food prices under business-as-usual and low groundwater pumping
scenarios, 2021-25 161

Net cereal trade under business-as-usual and low groundwater pumping
scenarios, 2021-25 164

World food prices under business-as-usual, high environmental flows,

and high environmental flows and high irrigation efficiency scenarios,
2021-25 174

Net cereal trade under business-as-usual, high environmental flows, and
high environmental flows and high irrigation efficiency scenarios,
2021-25 174



8.1
8.2
A1
A.2

A.3
A.4

FIGURES  xv

World food prices under business-as-usual and low investment in infrastruc-
ture scenarios, 1995 and 2021-25 182

Net cereal trade under business-as-usual and low investment in infrastruc-
ture scenarios, 1995 and 2021-25 184

Relative irrigated yield, area, and production versus relative crop evapotran-
spiration 231

IMPACT-WATER spatial elements 238

Connected flow among river basins, countries, regions 245

Flow chart of the IMPACT-WATER program 251






Boxes

21
2.2
4.1
4.2

5.1
6.1
71
7.2
8.1
A1
A.2
A.3

Water demand definitions 21

Water supply definitions 23

Water scarce basins 63

Water scarce basins under the business-as-usual scenario: Growing
scarcity 65

Irrigation, environment and food production in water scarce basins 126
The role of water pricing in water scarce basins 150

Elimination of groundwater overdraft in water scarce basins 163
Irrigation and environmental uses in water scarce basins 172
Irrigated and rainfed production in selected water scarce basins 193
IMPACT countries, regions, and commodities 226

Definitions of IMPACT countries and regions 227

Model implementation procedure 249






Foreword

he story of food security in the 21st century is likely to be closely linked to the
Tstory of water security. In the coming decades the world's farmers will need to

produce enough food to feed many millions more people, yet there are virtual-
ly no untapped, cost-effective sources of water for them to draw on as they face this
challenge. Moreover, farmers will face heavy competition for this water from house-
holds, industries, and environmentalists.

By analyzing various policy and investment scenarios, the authors of this book
show that how policymakers and water users manage this scarce resource can help
make the difference between a food-secure world and one in which water shortages
could lead to hunger, poverty, and conflict. With better water management, sound
policies, and increased investment in water, farmers and other water users can get more
use out of each unit of water and the amount of water reserved for the environment
can increase substantially. Continued complacency over the water situation, on the
other hand, is likely to lead to a water crisis that will have the direst consequences for
the world's poor.

This book is an outgrowth of the shared interest of the International Food Policy
Research Institute (IFPRI) and the International Water Management Institute
(IWMI) in how water- and food-related policies will affect global, regional, and local
water scarcity, food production, food security, the environment, and livelihoods in the
long term. In the past four years, IFPRI has developed the IMPACT-WATER model,
which is presented and applied in this book to examine water and food policy and
investment issues. At the same time IWMI has developed PODIUM, the Policy
Dialogue model that can help explore critical planning questions in water and food.

Future collaboration between IFPRI and IWMI will build on the work present-
ed here to further enhance policymakers' understanding of critical water and food
issues for the future. In January 2002 the two institutes joined forces on a program
to model and analyze water resources and food policy at the river basin, country,
regional, and global levels. Ultimately this program will also analyze the effects of cli-
mate change on water and agriculture over longer time periods; develop investment
and cost functions for water storage, new irrigation infrastructure, and efficiency



xx  FOREWORD

improvements in existing water and irrigation systems; and offer more detailed assess-
ments of the effects of water quality and pollution.

This work should further clarify the policy choices laid out in this book.
Although there is still much to learn about the future water situation, we already know
for certain that if we are to avoid a devastating water crisis, policy and management
reforms are needed now.

To share the key findings from this important research with a wider audience,
we are publishing a more popular version of this book as a food policy report titled
Global Water Outlook to 2025: Averting an Impending Crisis.

Joachim von Braun
Director General
International Food Policy Research Institute

Frank Rijsberman
Director General
International Water Management Institute
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