Fcosystems for
water and food security

e

‘ 1 A ¢
PR i 24 2. S i

b B diret
five







Ecosystems for

water and food
security

LN
fany 1WAJRAL
WP ) SZ==S=S52
N\, International
T Water Management
UNEP Institute



CREDITS
Scientific Editor: Eline Boelee (WMI)

Main authors: Sitharo Afopattu (consultant), Jennie Barron [SEFSRC), Prem Bindraban (ISRIC), Stuart W.
Bunting (iCES), David Coates (CBD), Katrien Descheemaeker (IWMHLRI), Nishadi Eriyagama (IWMI), Max
Finlayson (ILWS), Line Gordon (Stockholm Resilience Center|, Elizabeth Khaka (UNEP), Gareth James Lloyd
(UNEP-DHI), David Molden (IWMI), Catherine Muthuri (ICRAF), Sophie Nguyen-Khoa [CPWF|, Don Peden
(IRI), Petina Pert (CSIRO), Fergus Sinclair (ICRAF), Elaine Solowey [AIES], Luke Sanford (consultant), David
Stentiford (consultant], Lamourdia Thiombiano (FAO).

Contributors: Tilahun Amede (IWMHLRI), Marc Andreini (IWMI), Stefano Barchiesi (IUCN), Malcolm
Beveridge (WorldFish), Luna Bharati (IWMI), Marta Ceroni (GIEE), Thomas Chiramba (UNEP), Floriane
Clement (IWMI), Karen Conniff (consultant], Jan de Lleeuw (ILRI), Kristina Donnelly (AIES), Pay Drechsel
(IWMI), Alexandra Evans (IVWWMI), Renate Fleiner (UNEP), Mark Giordano (IVWWMI), Delia Grace (IR}, Mario
Herrero (ILRI), Devra Jarvis (Bioversity), Robyn Johnston (IWMI), Tim Kasten (UNEP), David Lehrer (AIES), Clive
Lipchin (AIES), Abby Lutman (AIES), Matthew McCariney (IWMI), Bertha Nherera (Pelum), An Notenbaert
(ILRI), Asad Qureshi (IWMI), Sara J. Scherr (EcoAgriculture Partners), Katherine Snyder (IWMI), Rebecca
Tharme (TNC), Martin van Brakel (CPVWF), Jeanette van de Steeg (ILRI), Gerardo E. van Halsema (WUR),
Kees van 't Klooster (WUR), and others.

Language editor: Helen Cousins
Layout: Jennifer Odallo
Cover photo: Karen Conniff [rice field and forest gardens at Arankele monastery, Sri Lanka)

Boelee E [ed) 201 1. Ecosystems for water and food security. Nairobi: United Nations Environment
Programme; Colombo: International Water Management Insfitute.

/ ecosystems / agroecosystems / water management / food security/ ecosystem services / sustainability
ISBN: 978-92-80/-3170-5

Job Number: DEP/1392/NA

Copyright © UNEP 2011

Disclaimer

The contents of this report do not necessarily reflect the views or policies of UNEP or contributory organizations.
The designations employed and the presentations do not imply the expression of any opinion whatsoever

on the part of UNEP or contributory organizations concerning the legal status of any country, territory, city,
company or area or its authority or concerning the delimitation of ifs frontiers or boundaries.

ECOSYSTEMS FOR WATER AND FOOD SECURITY




CONTRIBUTING ORGANIZATIONS

Arava Institute for Environmental

Studies (AIES)

A% N2V (19N

Arava Institute

Lo gl agae

Bioversity International

Biovers
International

CGIAR Challenge Program on
Water and Food (CPWF)

6‘?) CRun s

Commonwealth Scientific and
Industrial Research Organisation
(CSIRO)

()

CSIRO

The Secretariat of the Convention

on Biological Diversity (CBD)

Convention on
Biological Diversity

EcoAgriculture Partners

Gund Institute for Ecological
Economics, University of Vermont
(GIEE)

Gund Institute ?

i Ecological Economics

Interdisciplinary Centre for
Environment and Society (iCES),
University of Essex

i University of Essex

Institute of Land, Water & Society
(ILWS), Charles Sturt University

Charles Sturt University 7

(| INSTITUTE FOR

v" LAND, WATER
AND SOCIETY

International Livestock Research
Institute (ILRI)

ILRI

International Union for
Conservation of Nature (IUCN)

~

‘ IUCN

International Water Management

Institute (IWMI)

-
E
\—

)
((
i
)
i

)
-
=
=
o
=Y
o

-~
-
B
"
3
m
=1
2=

——
s
-
o

wl0o

Stockholm Environment Institute
(SEI)

m STOCKHOLM
V‘ ENVIRONMENT
A INSTITUTE

Stockholm Resilience Centre
(SRC)

Stockholm
Resilience
Centre

The Nature Conservancy (TNC)

TheNature @

Conservancy =

Protecting nature. Preserving life.’

United Nations Environment

Programme (UNEP)

fan
[/

—<

UNEP

UNEP-DHI Centre for Water
and Environment

UMEP-DHI CENTRE
lor Water and Environmant

A=y
0=
UNEP PSS

Woageningen UR

WAGENINGEN
For quality of life

World Agroforestry Center
(ICRAF)

World Agroforestry Centre
LIVES AN

TRANSFORMING D LANDSCAPES

WorldFish Center

2
WorldFish

C ENTER

ECOSYSTEMS FOR WATER AND FOOD SECURITY



v

TABLE OF CONTENTS

PRE R A CE vi
FOREWORD ... Vil
ACKNOWILEDGEMENTS ..o viii
EXECUTIVE SUMMARY L. X
1. INTRODUCTION .. |
1.1, Background and justification ... ]

L SCOPE e 2

1.3.  Relationship between ecosystems, water and food .........................o 3

2. FOOD SECURITY L S
2.1. Introduction: hunger, access, and ecosystem impacts .................cccccoeviiiiiiiiii 5

2.2, Drivers and fUlure ProSPECTS ...........ooii i /
2.2.1. Demographic drivers. ... 8

2.2.2. Climate change and other shocks....................cco 10

2.3.  The necessity of ecosystems and water for food security......................... 11

2.4. Conclusion: challenges for food security ..................cco 14

3. B O S S S 15
3.1. Introduction: concepts and definitions ......................coo 15
3.1.1. Ecosystems and agroecosystems ..................ooooiiiiiiiieeii 15

3. T2, ECOSYSIEM SEIVICES ..ot 18

3.2. Challenges to agroecosystem management..................ocooiiiiiiii 21

3.3. Examples of agroecosystems ... 24

3.3. 1. Arid GQroeCOSYSIEMS ... 24

3.3.2. Wellands . ... 27

3.3.3. Dryrangeland ... 32

3.3.4. AQUATIC ECOSYSIEMS ... ooiiiii e 35

3.3.5. Tre8 BCOSYSIBIMS ..ot e 36

3.4. Sustainable management of agroecosystems ... 37

3.5. Conclusion: recognizing agroecosystem SErviCes ...............ccc.coeeiiiiiiiiieeeii 39

ECOSYSTEMS FOR WATER AND FOOD SECURITY




4.1, Introduction: water in €COSYSIEMS .......oiiiiiiiii e 41

4.2, Assessment of current and future Waler USe .............cc.ooiiiiiiiiiii 41
4.2.1. Water vulnerability, food security and poverty ... 42

4.2.2. Water use in agriculture................co 43

4.2.3. Watersoilplant inferachions ...............oooiiiiiii i 44

4.2.4. Tension between water for ecosystems and water for food.............................. 45

4.3. Increasing water productivity in agricullure ..o 47
4.3.1. Increasing crop water productivity ...............cooiiiiiiiiiiei 48

4.3.2. Increasing water productivity in agroforesfry systems. ... 52

4.3.3. Increasing livestock water productivity .............ccoooiiiiiiii 52

4.3.4. Increasing water productivity in aquaculture................. 54

4.3.5. Policy OPHONS ... 56

4.4.  Conclusion: tackling water scarcity in agroecosystems ..................cccoooiiiiiiiiiii 57

5. MANAGING WATER IN AGROECOSYSTEMS FOR FOOD SECURITY ..o 59
5.1. Infroduction: the role of water in ecosysfem Services .................oocioiiiiiiiiii 59

5.2. Managing agroecosysfemM SEIVICES .........cceiiiiiiiiiiiii e 60
5.2.1. Ecosystem services in agricullure. ... 60

5.2.2. Decision making over ecosystem ServiCes..............ccccoviiiiieiiiiiei ol

5.2.3. Payments for eCosystem ServiCes .............cooiiiiiiiiiiiii e 63

5.3, Managing water efficiently for ecosystems and food production.....................cooo. o4
5.3.1. Efficient water management ..o o4

5.3.2. Integrated Water Resources Management (IWRM) ... 65

5.3.3. IWRM and ecosystem SEIVICES...........oooiiiiiiiiie i 68

5.3.4. Practical approaches to water management in agroecosystems ....................... /1

5.3.5. Water for nature: environmental Hows ... 71

5.4.  Water management in agroecological landscapes...............coooo 74

5.5. Conclusion: managing agroecosystem services for food security ... 77
GLOSSARY . 81
REFERENCES .. 85
APPENDICES. .o 109

ECOSYSTEMS FOR WATER AND FOOD SECURITY \"4



PREFACE

Overcoming hunger and meeting the nutritional
needs of almost 7 billion people, rising to over @
billion people by 2050, is a central challenge for
this generation. Equally critical will be to achieve
this in a way that keeps humanity’s footprint within
planetary boundaries.

Water scarcity is selfevidently one of the key
factors that will limit food production. This is
especially the case in South Asia and sub-Saharan
Africa, where malnutrition and food insecurity are
already widespread. In these areas, the livelihoods
and wellbeing of poor communities are critically
dependent on their farm produce and the ecosystem
services from the local landscape that support their
livelihoods and income.

This background document and synthesis on An
Ecosystem  Services Approach to Water and
Food Security is part of UNEP's confribution to the
global food crisis, pledged to the United Nations
Secretary-General and developed in collaboration
with the International Water Management Institute
(IWMI) and other partners. Together, we identified
and explored the links between ecosystems, water
and food, and illustrate how resilient ecosystems
can support and increase food security.

It is clear that enormous opportunities exist fo
increase food production in ways that make opfimal
and susfainable use of water and other resources.
This means that we can feed a global population
without massive and irreversible damage to our

also generate  services
such as flood mitigation,
groundwater  recharge,
erosion  confrol  and
habitats for plants, birds,

fish and other animals.

ltalsorequiresintersectoral

collaboration,  because
only then can policies and practices change. The
overarching recommendation of this synthesis is that
future sustainability requires an infegrated approach
fo managing multipurpose agroecosystems in @

landscape or river basin sefting.

These ecosystems—whether they are wetlands or
forests, arid pastoral lands or rice fields—represent
the future of food security and resilience against
shocks while offering a way towards achieving
the Millennium Development Goals (MDGs) and
beyond.

This document does not come in isolation. Itis also a
contribution to UNEP's wider work and partnerships
on The Economics of Ecosystems and Biodiversity
(TEEB) and a transition to a low-carbon, resource-
efficient Green Economy.

Together they are all part of the urgency to evolve
the sustainable development agenda forged in a
previous century to reflect the new challenges and
also the emerging opportunities of the 21 century.

FRS 2450,
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