
An Ecosystem Services Approach 
to Water and Food Security 



An Ecosystem Services Approach 
to Water and Food Security 



2 3

Overcoming hunger and meeting the nutritional needs of almost 7 billion 

people, rising to over 9 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 self-evidently 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 well-being 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 synthesis and background document on Ecosystems for Water and Food Security is part of 

UNEP’s contribution 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 to increase food production in ways that make optimal 

and sustainable use of water and other resources. This means that we can feed a global popula-

tion without massive and irreversible damage to our ecosystems. It also means that ensuring food 

security, managing water resources and protecting ecosystems must be considered as a single 

policy rather than as separate, and sometimes competing, choices.

Credits

This report is based on the findings of the background document, Ecosystems for water and food security,
coordinated for the United Nations Environment Programme (UNEP) by the International Water Management 
Institute (IWMI). The full report can be downloaded at: www.unep.org/ecosystemmanagement and
www.iwmi.org/ecosystems 

Boelee E, Chiramba T & Khaka E (eds) 2011. An ecosystem services approach to water and food security.
Nairobi: United Nations Environment Programme; Colombo: International Water Management Institute. 

/ ecosystems / agroecosystems / water management / food security/ ecosystem services / sustainability

ISBN:    978-92-807-3152-1 
Job Number:  DEP/1371/NA

Copyright © UNEP 2011

Please send inquiries and comments to depiinfo@unep.org or iwmi@cgiar.org

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 its frontiers or boundaries.

UNEP promotes
environmentally sound practices
globally and in its own activities.

This publication is printed on paper from
sustainable forests including recycled fibre.

The paper is chlorine free, and the inks
vegetable-based. Our distribution policy
 aims to reduce UNEP’s carbon footprint.

Preface



4 5

Contents

1. The future of food  7
2. Ecosystem-water-food connections  15
3. Areas for change  19
4. Environment:
 shifting from protection to sustainable management  25
 ▪ Dryland agroecosystems  28
 ▪ Wetland ecosystems  31
5. Water resources management:
 ensuring water for ecosystems and ecosystems for water  35
6. Agriculture, aquaculture and livestock:
 from production systems to agroecosystems  43
 ▪ Crops  46
 ▪ Fish  49
 ▪ Livestock  51
7. Key recommendations  55
 
 References  60
 Acknowledgements  64

This approach calls for a fundamental shift in perspective and a deeper understanding of the 

enormous economic importance of ecosystems and the broad suite of services they provide. 

For example, well-managed agroecosystems not only provide food, fiber and animal products, they 

also generate services such as flood mitigation, groundwater recharge, erosion control and habitats 

for plants, birds, fish and other animals.

It also requires intersectoral collaboration, because only then can policies and practices change. 

The overarching recommendation of this synthesis is that future sustainability requires an integrated 

 approach to managing multipurpose agroecosystems in a landscape or river basin setting. 

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 synthesis report does not come in isolation. It is 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 pre-

vious century to reflect the new challenges and also the emerging opportunities of the 21st century.

Achim Steiner

UN Under-Secretary-General and Executive Director

United Nations Environment Programme (UNEP)
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5 The future of food

The recent rise in world food prices, which has driven over 110 million 
more people into poverty, is not an isolated event. Over the next 
several decades, food prices are predicted to rise by another 30-
50% due to the inability of food production to keep up with growing 
demand (Nellemann et al. 2009). 

We know that one of the main factors limiting future food produc-
tion will be water. Particularly in the poorest areas of the world, wa-
ter—accessing it, controlling and storing it—is already a problem. 
Currently, 1.6 billion people live in areas of physical water scarcity 
and this could easily grow to 2 billion soon if we stay on the present 
course. With the same practices, increased urbanization and chang-
ing dietary patterns, the amount of water required for agriculture in 
terms of evapotranspiration would increase from 7,130 km3 today to 
70-90% more (which is between 12,050 and 13,500 km3) to feed 9 
billion people by 2050 (CA 2007).

1
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Water plays a crucial role in the delivery of many ecosystem services, including provi-

sioning services such as biomass and crop production, as well as cultural, regulatory 

and supporting services (FiguRE 1). It is also a key ingredient in enhancing food produc-

tion—not just through irrigation for crops, but through better management of rain-

water and water for livestock, forests, fisheries and aquaculture.

Maintaining healthy ecosystems to ensure water availability and other ecosystem 

services is essential for long-term food security (Nellemann et al. 2009). But many eco-

systems are already under stress due to water withdrawals for agriculture and other 

purposes. Climate change is likely to exacerbate this situation in many areas—making 

future food security even more uncertain (BOx 1) 

The future of food

FIGURE 1:  Ecosystem ser vices can be divided into four main categories: provisioning, cul-
tural, regulator y and suppor ting ser vices (MA 2005). The management of agroecosystems has 
tended to focus on provisioning ser vices, of ten to the detriment of other types of ser vices. 
ultimately, if suppor ting ser vices (which operate on a much longer time scale) and regulator y 
ser vices are degraded, food security will be reduced.
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Impacts of climate change on water and food security

Most climate change predictions agree that the frequency of extreme events, such 

as droughts, heat waves, floods and severe storms, will increase. Some ecosystems 

are more vulnerable to these changes than others, but in many cases their resilience 

will be exceeded, leading to irreversible losses of biodiversity and various ecosystem ser-

vices such as regulation of pests and water flows (Fischlin et al. 2007). Impacts on the 

water cycle will vary from place to place, but may include changes in streamflow, pre-

cipitation, atmospheric water content, soil moisture, ocean salinity and glacier mass 

balance. Some areas may experience increased annual precipitation, but this water 

will not be useful for food production without the means to capture and store it, 

and could result in increased flooding and the associated loss of crops and livestock 

(Bates et al. 2008).  

Climate change adaptation needs to be mainstreamed into water management and 

agricultural planning to ensure food security targets (FAO 2009b). In general, improving 

resilience through an ecosystems services approach should reduce the vulnerability 

of food production to climate change. Land management and tree cover in catchment 

areas play a critical role in water yield and sediment flow (Carroll et al. 2004). In addition, 

efforts to improve the ability to deal with current rainfall variability and extreme 

climate events through increased water storage, early warning systems, and better 

post-harvest processing and food storage will improve the capacity to adapt to future 

climate change. > 

Box 1
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In important food-producing regions, limits have already been reached or breached 

in ways that endanger both water and food security. For example, groundwater lev-

els are declining rapidly in several major breadbaskets and rice bowl regions such as 

the North China Plains, the Indian Punjab and the Western USA (Giordano & Villholth 

2007). Land degradation driven by poor agricultural land and water management prac-

tices further limits productivity gains (Bossio & Geheb 2008). In parts of the tropics, 

agriculture has continued to expand into forest and woodland areas, thereby reducing 

tree cover and compacting soil, causing higher runoff (Ong & Swallow 2004). Demand 

for aquaculture products like fish and shrimp continues to rise (CA 2007), endanger-

ing the health of aquatic ecosystems in many areas (Hoanh et al. 2010). Also, growing 

wealth, particularly in countries with emerging economies, is shifting diets towards 

a greater consumption of animal products, which take more water to produce than 

plant-based food (de Fraiture & Wichelns 2010). 

Recent research suggests that declines in ecosystem services—leading to problems 

such as soil nutrient depletion, loss of biodiversity, soil erosion, increased vulnerability 

to disease and pests, and loss of buffering and storage capacity to deal with rainfall 

variability—have already begun to adversely affect agricultural productivity and will 

continue to do so at an accelerating rate under anticipated climate change. As a result, 

crop yields could fall 5-25% short of demand by 2050 (Nellemann et al. 2009). These 

problems have the greatest impact on the poorest people—those who are directly 

dependent on natural resources for food and livelihoods. 

The future of food

 

While part of the water storage solution, particularly in Africa, may involve more 

large dams, these can be designed and managed to provide multiple benefits and 

reduce trade-offs with ecosystem services. In addition, other strategies such as better 

management of soil moisture, enhancing aquifer storage, and promoting small-scale, 

community-based storage and water harvesting need to be included—not only to 

reduce negative impacts on ecosystem services but also to provide greater direct 

benefits to the rural poor (McCartney & Smakhtin 2010).

This is especially important for vulnerable populations with low adaptive capacity; 

poor women and marginal social groups with limited resources, poor social networks 

and access to services. Efforts to mitigate the impacts of climate variability and ex-

treme climatic events require taking into account these social inequalities, including 

gender-based differentiation.

Box 1



1 2 1 3

A new approach
So how do we increase food production to feed the additional 2 billion people ex-

pected to swell the world’s population in the next several decades? Many believe that 

we don’t have a choice, and that we will have to sacrifice ecosystem health for food 

security and hope that we will find technological solutions to the resulting problems.

But what if there was another way? What if, by managing agricultural areas as eco-

systems—agroecosystems—that provide a variety of services, we could enhance their 

productivity and sustainability? What if, by taking a broader view of our food pro-

duction systems and appreciating the connections between ecosystems, water and 

food, we could see opportunities to increase not just “crop per drop” but also food and 

other ecosystem services per drop? As demonstrated in the research collected in this 

synthesis and detailed in the background paper upon which it is based, it is possible 

to feed everyone without massive and irreversible damage to our ecosystems—dam-

age that would ultimately endanger both water and food security in the future. The 

knowledge is there, if only we can make the necessary changes to act on it.

Purpose of this synthesis
There is a tendency, when thinking about food security, to focus on increasing agricul-

tural production and ensuring a supply of staple crops, such as wheat, maize, rice and tu-

bers. But achieving food security is actually the product of many variables which include: 

▪ physical factors such as climate, soil type and water availability;

▪ losses and waste along the food chain;

▪ management of natural resources—water, land, aquatic resources, trees and live-

 stock—at both the farm-level and the broader landscape level; and

▪ policies in the many sectors that influence the ability of men and women to produce 

 and purchase food, and the ability of their families to derive adequate nutrition from it. 

The future of food

This publication looks specifically at how an ecosystem services approach to the   

management of water and other natural resources, and the policies that affect that 

management, can create more stable and sustainable food production and enhanced 

food security. It brings together the best thinking available from a number of fields to 

tease out the interconnections between ecosystems, water and food; suggest a way 

forward; and identify specific ecosystem-based opportunities to increase food pro-

duction—in ways that make optimal use of water resources, protect the resource base, 

and improve the incomes and food security of poor men and women (FAO et al. 2010). 

The main body of this publication focuses on three main areas that require change: 

environmental protection, water resources management and food production (agri-

culture, aquaculture and livestock). While one of the main messages of the publication 

is that we need greater coordination and collaboration among these sectors, it also 

acknowledges that it is largely within sectors, and according to sector interests, that 

policies and practices will change. Thus, this publication offers the basis for a multi-

sector agenda on food security, while also providing sector-specific recommendations 

to guide policymakers and practitioners in ministries and departments responsible 

for the environment, water, agriculture, fisheries, forestry and livestock—as well as 

donors, international agencies and nongovernmental organizations (NGOs) investing 

and working in these sectors.
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Ecosystems provide food both in their natural state (e.g., capture fish-
eries, forest products) and in the form of managed landscapes (e.g., 
crop systems, agroforestry, livestock, aquaculture). Population growth, 
urbanization and shifting consumption patterns are putting increased 
pressure on water and other natural resources, and thus threaten the 
capacity of ecosystems to support food production and other ser- 
vices. Also, because the majority of the world’s poor men and women 
directly depend on ecosystems—both natural systems and managed 
agroecosystems—for their food, fuel and livelihoods, they are the most 
vulnerable to ecosystem degradation and climate-related shocks. 

Ecosystems also provide a host of services that underlie water and 
food security. In particular, many ecosystems (such as forests, wet-
lands and floodplains) provide water management functions that are 
crucial for a stable food supply. These include water storage, purifica-
tion and regulation functions as well as flood control. Ecosystems also 
need water for functioning. Recognizing ecosystems as a water user, 
like industries and cities, is a first step in ensuring the continuation of 
key services provided by ecosystems. 

Ecosystem-water-food connections
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Ecosystem services are crucial to the livelihoods of the rural poor. While agriculture, 

forests and other ecosystems together comprise 6% of the GDP in Brazil and 11% of 

that in Indonesia, these ecosystem services contribute more than 89% of the GDP to 

poor households in Brazil and 75% to those in Indonesia, thus benefitting 18 and 25 

million people in Brazil and Indonesia, respectively (TEEB 2010). Hence, there is signifi-

cant potential to contribute to poverty reduction through conservation efforts and 

better management of agroecosystems.

Ecosystem-water-food connections

Looking at the world as a range of ecosystems (from pristine nature to intensive agri- 

culture) and recognizing that ecosystems provide a variety of services (FiguRE 1), can 

help us manage trade-offs and ensure that short-term gains (for example, in provi-

sioning services) do not undermine services that are critical for resilience and long-

term sustainability. In particular, there needs to be a shift in how we think about agri-

culture—from a focus on managing crop production to managing agroecosystems for 

multiple services.

The Millennium Ecosystem Assessment points out that the significant increases in 

provisioning services achieved in recent times, and, in particular, food production 

through agriculture, has been achieved at the expense of other ecosystem services, 

biodiversity and resilience of the resource base (MA 2005). The conversion of land to 

monocropped systems, with a high use of agrochemicals, high grazing pressure in dry-

lands and increased diversion of water for agriculture, have had the biggest impact on 

the balance of ecosystem services. A better balanced delivery of ecosystem services 

could mean:

▪ more efficient use of natural resources such as water (FiguRE 2);

▪ a reduction in the 5-10 million hectares of farmland that are lost each year due to  

 degradation; 

▪ fewer yield losses as a result of pests and diseases, droughts and floods;

▪ increased benefits for some of the world’s poorest people, particularly women and  

 children, who tend to be more engaged in activities that are dependent on ecosys- 

 tems— gathering firewood, fetching water and collecting food. 
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FIGURE 2:  Over view of global water use by sec tor showing consumption of water stored in the
soil profile (green water) and water stored in surface water bodies and aquifers (blue water) (CA 2007). 
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By recognizing healthy ecosystems as the underlying basis for sustain-
able water resources and stable food security, it is possible to make 
food supply not only more sustainable, but also: 
▪ more productive—producing more food per unit of land and
 water and more benefits for poor communities, particularly
 women and other disadvantaged groups;
▪ more resilient in the face of climate-related and external shocks; and
▪ more compatible with sustaining other ecosystem services
 and wild biodiversity.
But this will require changes as to how we manage our landscapes and 
natural resources, such as land and water, and our food production 
systems.

Areas for change 
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Areas for change 

In particular we need:
Changes in how we view our ecosystem assets. This means shifting from a focus on 

the protection of discrete ecosystems to management of larger landscapes—address-

ing them in bundles of interlinked services, including those that support food produc-

tion. The ministries of environment potentially have an expanded role to play here in: 

(a) increasing awareness of the role ecosystem services play in water and food secu-

rity, and of opportunities for enhancing a range of ecosystem services in agroecosys-

tems; (b) promoting more considered evaluation of potential trade-offs associated 

with food security policy and planning; and (c) encouraging better cooperation with 

other sectors to improve sustainability and productivity of food supply systems. 

Changes in how we manage water resources in river basins to ensure water for eco-

systems and ecosystems for water. When allocating resources and planning land and 

water development, it is important to value the various ecosystems services including 

the provision of water and food, as well as other services, to avoid making unintended 

trade-offs—particularly trade-offs that are ultimately detrimental to long-term water 

and food security. In particular, assessing water requirements for ecosystems (envi-

ronmental flows) and, when making allocation decisions, viewing ecosystems as water 

users are the critical first steps.

Changes in how we approach food production, shifting the focus from “food produc-

tion systems” to agroecosystems that provide a wider variety of services. This shift ap-

plies to large-scale food production, but also has benefits for small-scale subsistence 

production, which is often managed by women and youth. Taking an agroecosystem 

approach at landscape level also makes it easier to identify and act on opportunities 

for synergies among crops, fish, livestock, tree and forest products. For example, 

the reuse of agricultural waste products, such as crop residue and by-products from 

processing, in animal feed, can increase the amount of food produced without in-

creasing the amount of land and water resources required. This will also help curb-

ing losses along the food chain (Lundqvist et al. 2008). Strategic placement of trees 

in agroecological landscapes can increase water infiltration and percolation, thereby 

improving overall water productivity while providing fuel, fodder, fruit and timber

(Ong & Swallow 2004). 

These changes also need to be complemented by an approach to food security that 

considers equitable access to resources, and the information, infrastructure and other 

supports that are needed for poor women and men and their families to benefit from 

these resources.  

Concepts and tools for change
Throughout this document we refer to several concepts and tools that can support 

more sustainable and productive decisions, and management practices.

▪ Ecosystem Services (Figure 1 and Box 2): The direct and indirect benefits that humans

 derive from natural and managed ecosystems, such as provisioning (including food),  

 cultural, regulatory and supporting services. 

• Environmental Flows (Figure 3): The quantity, quality and timing of water flows that 

 are necessary to sustain ecosystem services, in particular, those related to downstream 

 wetlands and aquatic habitats, and the human livelihoods and well-being that depend  

 on them (adapted from eFlowNet 2010).  
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Areas for change 

▪ Agroecosystems: Agriculture viewed as a set of human practices embedded and part  

 of its own ecosystem that has certain ecosystem needs, functions and services and 

 that interacts with other ecosystems. Agroecosystem management is then the man-

 agement of natural resources and other inputs for the production of food and other  

 provisioning, cultural, regulatory and supporting ecosystem services.

▪ Integrated Water Resources Management (IWRM): A holistic approach to coordinated 

 water development and management that seeks to achieve a balance among the 

 objectives of social equity, economic efficiency and environmental sustainability by  

 considering rainwater, runoff and groundwater sources in a broad biophysical and social 

 context (adapted from GWP 2000).

 

UNEP’s ecosystem management approach

UNEP promotes an approach to the integrated management of land, water and living 

resources that provides a sustainable delivery of ecosystem services in an equitable 

manner. For food security in the short term, provisioning services are crucial, but for 

future and long-term secure access to food for all, regulatory and supporting services 

are as important. To target all ecosystem services, a holistic view is required of the 

links between ecosystem service delivery and human needs—an ecosystem approach.  

This approach requires adaptive management, as its implementation depends on 

local, national or even global conditions. Hence, the UNEP Ecosystem Management 

Programme (UNEP 2009) is working towards a cross-sector approach that integrates 

landscape elements in agroecosystems and non-agricultural ecosystems, and manag-

ing these towards delivery of the full range of ecosystem services. 

 

Valuing ecosystem services is an important tool when considering the costs and 

benefits of different options for achieving water and food security. Many goods and 

provisioning services come from non-agricultural land such as food, fodder, fiber and 

timber. When making decisions on water allocation, the whole range of ecosystem 

services, their benefits (values) and costs (social, financial, water) have to be taken 

into account (TEEB 2010). Well-balanced decisions can then be made about trade-offs 

and, ideally, ecosystem services can be enhanced (Bennett et al. 2009).

FIGURE 3:  Map of a water stress indicator that takes into account Environmental Water
Requirements (EWR). Areas in red show river basins where EWR are not being met. Areas in 
orange show river basins more likely to experience environmental water stress in the future 
(Smakhtin et al. 2004).

Box 2



2 4 2 5

4

Growing demands for water and food, coupled with land and water 
management practices that erode the natural resource base, are plac-
ing considerable pressure on ecosystems of all types and decreasing 
the productivity of agroecosystems. If efforts to increase food secu-
rity are not approached from an ecosystem services perspective, there 
is the potential to compound this problem.

On the other hand, greater understanding and appreciation of the role 
of the services provided by a variety ecosystems, including agroeco-
systems, could help break the cycle of declining food production as a 
result of degradation and reduce the need to convert more land and 
divert more water to agricultural production, which would further de-
crease resilience and increase vulnerability.

Environment: shifting from protection
to sustainable management 
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The ministries of environment may be in the best position to promote an ecosystem 

services approach to food security. This would involve promoting recognition of eco-

system services in food security policy and planning, and promoting better coopera-

tion between other sectors to improve sustainability and productivity of food supply 

systems, e.g., promoting habitat connectivity in agricultural landscapes and ecological 

solutions to the threat birds and other animals pose to seedlings and crops; linkages 

in the management of agroecosystems and other ecosystems, such as freshwater and 

coastal ecosystems, to reduce waste and negative externalities; and supporting agro-

ecosystem services and multifunctionality in food production systems. To play this 

expanded role, the ministries of environment would need a clear mandate and the 

resource and capacity building that is necessary to fulfill it.

It would also require changes in thinking and practice. In particular, taking a landscape 

view—moving from a focus on the protection of discrete ecosystems to promoting 

coherent management of larger landscapes, i.e., linked agroecosystems and non-agri- 

cultural ecosystems. This does not mean abandoning the protection of particularly 

fragile or threatened ecosystems, but it does mean looking at protection as one tool in 

recovering and maintaining ecosystem services, and considering interactions between 

protected areas and neighboring agroecosystems. 

The range of ecosystem services, including food production, provided by agroecosys-

tems can be enhanced with proper management and supporting policies. An impor-

tant part of this support is the design and implementation of appropriate incentives 

for male and female farmers, fishers, forest dwellers and livestock herders to maintain 

and, in some cases, restore ecosystem services. Payment for ecosystem services is one 

option. Subsidies and support for practices that enhance food production and 

Environment: Shifting from protection to sustainable management 

other ecosystem services is another—for example, better utilization of waste and by-

products from food processing; integration of cropping systems with trees, livestock 

and aquaculture, and situations whereby degraded lands can be brought back into 

productive use through rangeland conservation and farming practices that restore 

surface vegetation and soil functions.

There is great variation among agroecosystems and the possibilities for enhancing 

their ability to provide food and other services. The following sections take a more in-

depth look at agroecosystems in areas at the extremes of water availability—drylands 

and wetlands. We have chosen to focus on these systems because the majority of the 

world’s poorest people depend on them for food and because they are some of the 

most vulnerable to degradation and loss of critical ecosystems services.

There are also good opportunities to sustainably boost food production in these areas 

while halting or even reversing the decline in ecosystem services, but acting on these 

will require sustainable management plans with an ecosystem services perspective. 

These management plans should also integrate the multiple perceptions and needs of 

affected communities, and a gendered perspective in order to address issues of equity 

arising from differential access to, ownership of, and decision-making power over natural 

resources. 
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Dryland agroecosystems
Almost all of the Middle East, more than a third of Africa, and half of India are con-

sidered dryland. This means that, in these regions, on average, the amount of water 

evaporated from the Earth’s surface and transpired by plants exceeds rainfall. 

Drylands support one-third of the global population, up to 44% of all the world’s cul-

tivated systems, and about 50% of the world’s livestock (MA 2005). Hunger, malnutri-

tion and poverty are high in these areas. Droughts, poor soils and the high risks as-

sociated with investments in productivity-enhancing inputs have kept crop yields low.

There is a spectrum of potential for food production within drylands: from areas 

where cropping is not possible and livestock grazing can serve as a way to “harvest” 

highly dispersed and erratic rainfall to areas where crop and livestock production can 

potentially develop synergistically.  

Threats
The most prominent constraints for food production in dryland ecosystems are wa-

ter scarcity and land degradation. Increasing pressure on land and water resources, 

caused by population growth and migration, is intensifying these constraints and 

threatening the viability of agroecosystems.

Dry areas are relatively vulnerable to soil erosion, salinization and land degradation, in 

general (MA 2005). Desertification, defined as resource degradation (land, water, veg-

etation, biodiversity), is a major environmental problem in dryland areas. The expan-

sion of cropland, inappropriate grazing practices (Geist & Lambin 2004) and barriers 

to the mobility of pastoralists can all contribute to desertification. 

According to the desertification paradigm, which is based on the assumption that 

natural systems are in a state of equilibrium that can be irreversibly disrupted (MA 

2005), desertification leads to a downward spiral of loss in productivity and increasing 

poverty. However, there is increasing evidence of the recovery of areas that were previ-

ously thought to be irreversibly degraded (e.g., the greening of the Sahel as described 

in Olsson et al. 2005).

Environment: Shifting from protection to sustainable management 
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The way forward
Despite the fragility of drylands, as detailed below, there are opportunities to sustain-

ably increase the productivity of agroecosystems in these areas.

▪ New technologies, new cultivars and land and water management practices, such as 

 efficient collection of runoff and soil-based storage of moisture, can be combined to  

 greatly increase water productivity in cropped areas and restore degraded range- 

 lands. Cultivation of local plants, desert-adapted plants, silvopastures and perennial  

 grasses have the potential to capture benefits from infrequent and erratic rainfall  

 and control erosion in areas too dry to support traditional field crops. 

▪ Securing the mobility of herds for accessing natural resources, trade routes and 

 markets through appropriate policies that take into account transboundary herd  

 movements, e.g., by the creation of corridors and the establishment of water points  

 and resting areas along routes. This enables livestock keepers to get more benefits  

 from smaller herds and prevents overgrazing and degradation caused when animals  

 are confined to smaller areas.

▪ At farm and larger landscape level, the integration of crop, tree and livestock produc-

 tion can lead to resource recovery in the form of manure for soil fertility and crop  

 residues and tree fodder for feed. For instance, in savannah woodlands, farmer- 

 managed natural regeneration helps increase tree cover. 

Wetland ecosystems
Most wetlands—such as lakes, rivers, marshlands, mangroves, estuaries and lagoons—

host a wealth of biodiversity and support multiple ecosystem services. According to 

the Millennium Ecosystem Assessment, they account for about 45% of the total value 

of all global terrestrial ecosystem services. 

While recognizing the threats from agriculture to wetlands, which are well document-

ed elsewhere, we must also recognize the importance of wetlands for agriculture—

crop cultivation, livestock and fisheries—in developing countries, and the important 

role that wetland agriculture plays in providing livelihood opportunities (Wood & van 

Halsema 2008; McCartney et al. 2010). Out of more than 500,000 square kilometers 

(km2) of Ramsar sites, an estimated 93% support some form of fisheries or agriculture, 

and 71% are facing threats due to these activities (Rebelo et al. 2010).

Environment: Shifting from protection to sustainable management 
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Different types of wetlands provide different hydrological regulatory functions, many 

of which are critical for agriculture. These include: water regulation (i.e., water stor-

age, groundwater recharge and discharge, flood prevention by flow regulation and 

mitigation) and water quality control (water purification and retention of nutrients, 

sediments and pollutants) (MA 2005). 

 

Threats
Agriculture has been a major driver of wetland loss worldwide both through water use 

and direct conversion. Chemical fertilizers have also caused excessive nutrient loads 

in some wetlands with impacts on fish and freshwater availability. Irrigation has di-

verted freshwater from estuaries and also reduced the capacity of rivers to transport 

sediments—negatively affecting fisheries, reducing coastal zone protection and sedi-

ment deposition. Irrigation development and increased water use upstream can have 

a devastating impact on downstream wetlands, particularly in arid and semiarid areas.

The conversion of wetlands to farming use also continues relatively unabated, par-

ticularly in coastal areas. For example, in Asia, more than one-third of mangroves have 

been lost since the 1980s, mainly to aquaculture (38% to shrimp farming and 14% to fish 

farming), deforestation (some 25%) and to upstream water diversions (11%) (MA 2005).

The way forward
Certain strategies, as detailed below, can be adopted in order to realign agriculture 

and wetlands policies.

▪ Reducing pollution of downstream wetlands through improved practices for the ap-

 plication of agrochemicals in conjunction with integrated upstream land and water 

 management to reduce runoff, including the use of buffer strips to simultaneously 

 protect watercourses and provide additional products and services. 

▪ Providing alternate livestock drinking sites away from sensitive wetland areas—as

 a way of protecting wetlands and as a means to reducing risks to animal health

 (Peden et al. 2009).

▪ Improving inventories, assessments and monitoring of agroecosystem change in

 relation to the surrounding wetlands, and application of environmental monitoring  

 and decision support systems.

▪ Adopting an integrated approach to water management that considers the whole

 catchment, its land use, water sources (rainwater, surface water and groundwater) 

 and sinks (enhancing infiltration and percolation with trees), and wetland ecosystems  

 in order to balance water requirements among different ecological processes of wet- 

 land ecosystem services.

▪ Ensuring that interventions consider the gendered use of land and water and eco-

 system services provided by wetlands, and recognize that interventions will have a 

 differentiated impact on the livelihoods of men and women. 

Environment: Shifting from protection to sustainable management 



5 Water resources management: ensuring water
for ecosystems and ecosystems for water

Water resources management directly affects ecosystem health, 
and, in many cases, ecosystem health underpins critical services 
for clean, stable water resources. Some of these services could 
be replaced with infrastructure—for example, water storage 
facilities—but at a much higher cost and often to the detriment 
of other ecosystem services and biodiversity. All too often trade-
offs are made unwittingly.

3 4 3 5



F i g u R E  2 :  E C O S y S T E M  S E R v i C E S 

C A N  B E  D i v i D E D  i N T O  F O u R 

M A i N  C A T E g O R i E S :  S u P P O R T i N g , 

P R O v i S i O N i N g ,  R E g u L A T i N g  A N D 

C u L T u R A L .  T h E  M A N A g E M E N T  O F 

A g R O E C O y S T E M S  h A S  T E N D E D  

T O  F O C u S  O N  P R O v i S i O N i N g 

S E R v i C E S ,  O F T E N  T O  T h E  

D E T R i M E N T  O F  O T h E R  T y P E S 

O F  S E R v i C E S .  u L T i M A T E L y ,  i F 

S u P P O R T i N g  S E R v i C E S  ( W h i C h 

O P E R A T E  O N  A  M u C h  L O N g E R 

T i M E  S C A L E )  A N D  R E g u L A T i N g 

S E R v i C E S  A R E  D E g R A D E D ,  F O O D 

P R O D u C T i O N  W i L L  B E  R E D u C E D .

That is not to say that infrastructure to harness water for productive uses, such as 

agriculture and hydropower, are not necessary. In many parts of the world, particularly 

where rainfall variability is already high and predicted to increase as a result of climate 

change, such as sub-Saharan Africa, more water infrastructure is needed to ensure 

food security. But these decisions can be made in such a way that they yield more 

benefits and have fewer ecosystem costs than in the past. For example, considering 

all water storage options—from small to large and including ways to maximize the 

natural water storage provided by aquifers and wetlands—can reduce trade-offs with 

ecosystem services and, in some cases, may even enhance them.

Many countries have experienced unsustainable water resources development and 

management as a result of silo-like, sectoral policy making and planning that takes 

little or no consideration of water uses beyond the interests and jurisdiction of indi-

vidual sectors. Recognition of the lack of sustainability of this situation has resulted in 

an explosion of interest in more holistic approaches to developing and managing wa-

ter resources, most notably Integrated Water Resources Management (IWRM). Com-

bining an ecosystem services approach with IWRM would help achieve social equity, 

economic efficiency and ecosystem sustainability (FiguRE 4).

Water resources management: ensuring water for ecosystems and ecosystems for water

FIGURE 4: Water management for agroecosystems will enhance more ecosystem services and 
lead to environmental sustainability, equity and resilience to shocks.
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Other important tools in managing water for ecosystems and ecosystems for water 

include: economic valuation and cost-benefit analysis of ecosystem services, assess-

ment of environmental flows, risk and vulnerability assessment, strategic and en-

vironmental impact assessment and probability-based modeling. It is important to 

consider the different impacts on men and women, particularly when carrying out a 

cost-benefit analysis of ecosystem services.

Recommendations
In the realm of water management, there is scope for actions at different levels and 

scales: national, river basin, catchment and local.  

▪ At the national/state scale: When putting into place frameworks for allocating

 water resources and planning land and water development, ensure that various eco- 

 system services, including regulatory and supporting services, are valued in order to 

 avoid causing unintended trade-offs—particularly trade-offs that are ultimately  

 detrimental to water and food security. Greater investment is also needed in assessing,  

 monitoring and protecting environmental flows. These requirements need to be 

 recognized in legal frameworks, policies and regulations.

▪ At the river basin scale: Water accounting—to see where and how water resources in 

 a basin are being used—can reveal opportunities for real water savings, free up water  

 for ecosystems and ensure that initiatives to improve water efficiency in agriculture,  

 which reduce the amount of water returning to the system, do not end up hurting  

 downstream users. Environmental flows need to be assessed at the river basin level 

 and maintained for important ecosystems (Box 3). In addition, resource users—farmers, 

 

 pastoralists, environmentalists, fishers and domestic users—need to be brought 

 together in a common management arrangement to resolve conflicts between com- 

 peting users and promote greater social and gender equity.

▪ At the subbasin and watershed scale: Ensuring that water management recognizes

 the multiple ecosystem services of agroecosystems can enhance services and im- 

 prove sustainability. Strategic tree cover interventions can help regulate flows and  

 reduce erosion. Conjunctive use of groundwater and surface water and more at- 

 tention to the management of rainwater can reveal synergies, improve equity and  

 productivity per drop, particularly in the world’s poorest areas. 

▪ At the community/farm-level: There are many water management technologies and 

 practices that could increase the productivity and resilience of agroecosystems  

 while enhancing other ecosystem services, such as rainwater harvesting, soil man- 

 agement to facilitate rainfall infiltration and conserve nutrients, drip irrigation, cul- 

 tivation of water-conserving resilient multipurpose (e.g., food/feed) tree-crop mixtures, 

 maintaining year-round soil cover, as well as hedges, tree rows and other vegeta- 

 tion corridors. But because these practices often involve higher risk or lower returns,  

 farmers need incentive schemes in order to adopt these schemes, such as payment  

 for ecosystem services (FAO 2007). Even in the case of practices that could result  

 in beneficial economic returns, people need access to information, appropriate tech- 

 nologies and finances to adopt and adapt to these practices. Lastly, there are social  

 constraints that need to be overcome, for instance, women are often excluded from 

 stakeholder’s consultations and user groups who are involved in water management.  

Water resources management: ensuring water for ecosystems and ecosystems for water
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Water resources management: ensuring water for ecosystems and ecosystems for water

 
Environmental flows

The concept of environmental flows—the quantity, quality and timing of water flows 

necessary to sustain ecosystem services, in particular, those related to downstream 

wetlands and aquatic habitats and the human livelihoods and well-being that depend 

on them (adapted from eFlowNet 2010)—has achieved widespread recognition but it 

has been a challenge for many countries to implement. Most effort has been invested 

at the project specific level, e.g., individual large dam projects. Few countries have 

determined the required environmental flows at the river basin level and included 

provision for such flows in national water allocation frameworks.

Environmental flows are seasonal and basin-specific. The idea is that consumptive 

water use should be set at levels that do not undermine ecosystem resilience and 

productivity. Hence, it is critically important that in water resources planning a certain 

volume of water is reserved for the maintenance of freshwater ecosystem functions 

and the services they provide to people, also referred to as Environmental Water Re-

quirements (EWR). Hence, environmental flows could be seen as ‘environmental de-

mand’—similar to crop water requirements and industrial or domestic water demand 

(Smakhtin & Eriyagama 2008). 

It is not only the amount of water, but also the timing that is important. High flows 

of different frequency are important for channel maintenance and wetlands, while 

low flows of different magnitudes are important for algae control, fish spawning and 

maintaining diversity of aquatic habitats. However, maintaining the full spectrum of 

naturally occurring flows in a river is normally impossible due to water resources de-

velopment and catchment land-use changes. Planned environmental flows can, there-

fore, be seen as a compromise between natural river flow regimes and the control of 

water needed to harness it for human use—e.g., hydropower, irrigation, flood control.  

Box 3
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6

The success of modern agriculture is based on provisioning eco-
system services, particularly food, fuel and fiber. However, the 
expansion of these marketable ecosystem services has resulted 
in the degradation of other valuable and essential ecosystem 
services such as climate regulation, water regulation, biodiversity, 
pollination and soil erosion protection. Widening the focus on 
food production to include other ecosystems services—particular-
ly those that underlie sustainability and resilience—is our best 
hope for feeding a growing population and improving rural liveli- 
hoods, even in the face of challenges such as climate change.

Agriculture, aquaculture and livestock:
from production systems to agroecosystems
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Agriculture and ecosystem services are interrelated in at least three ways: (1) agro-

ecosystems generate ecosystem benefits such as soil retention, food production and 

cultural services; (2) agroecosystems receive beneficial ecosystem services, such as 

pollination and soil formation from non-agricultural ecosystems; and (3) ecosystem 

services from non-agricultural systems may be impacted by agricultural practices.

Taking into account these interconnections and looking at agricultural production sys-

tems—even intensive agricultural production systems—as agroecosystems, reveals 

opportunities to reduce losses and increase resource use to produce more food per 

unit of land and water and to increase a range of ecosystem services (Figure 5). The 

agroecosystem approach can improve food security and nutrition by diversifying food 

sources while also improving sustainability. For example, rice fields in Vietnam are 

used to grow rice (increase food security); reduce erosion and buffer water quantities 

(both regulatory services); retain nutrients (supporting services); and at the same time 

diversifying production by allowing for fish and other aquatic animals in the rice fields 

and in ponds interspersed with the fields for domestic and animal use. Similarly, mul-

tipurpose trees help increase infiltration and reduce runoff (regulatory services) and 

can be used in agricultural landscapes to connect forest habitats; bringing insects for 

pollination and soil organisms closer to fields; cycle nutrients and carbon (supporting 

services); and also diversify production by providing fuelwood and timber in addition 

to fodder and fruit (increasing food security).

Agriculture, aquaculture and livestock: from production systems to agroecosystems

FIGURE 5: The balance (or imbalance) of ecosystem services in natural ecosystems, intensive 
monocropped systems and in well-balanced multifunctional agroecosystems.
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The following sections look at opportunities that can be found in particular food

production systems.
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Crops
Agriculture is faced with significant challenges in relation to water use and availability 

(de Fraiture & Wichelns 2010). There are solutions that will enable us to increase 

production, make more efficient use of water resources and enhance ecosystem ser-

vices (Gordon et al. 2010). This change in thinking will result in systems that are more 

sustainably productive and resilient in the face of climate change. To support this, 

it is helpful to look at agriculture as a continuum between fully rain-dependent and 

entirely irrigated systems (Rockström et al. 2010).

The Comprehensive Assessment of Water Management in Agriculture (CA) argues that 

to meet future food demand and reduce poverty we should focus on increasing pro-

ductivity in the least productive rainfed areas. Currently, some 95% of agriculture in 

sub-Saharan Africa and 60% in India is under rainfed cultivation (CA 2007). Agricul-

tural productivity could be increased here by intensification without expanding the 

land area and water use. Productivity from rainfed agriculture remains low due to lim-

ited water availability at critical growing periods, limited soil nutrient availability and 

occurrence of pests and diseases. Several of these limiting factors are related to 

degradation of ecosystem services—degradation that could be halted or even re-

versed through incentives for better land and water management practices. In rainfed 

agriculture, emphasis must be on securing water to bridge dry spells and improving 

soil management to increase nutrient availability and the water holding capacity of 

the soil profile. A small change in tree cover can have a large impact on infiltration and 

catchment hydrology (Carroll et al. 2004).

In existing irrigation systems, the focus needs to be on implementing management 

strategies that reduce costs and increase water productivity, for example, by promoting 

greater integration with other methods of food production, particularly livestock and 

fisheries. Redesigning irrigation schemes to on-demand systems, where water is used 

to supplement rainwater and soil water, may allow a much higher agricultural produc-

tion with the same amount of water, as is the case in Syria where wheat yields were 

doubled by adding 150 millimeters (mm) of irrigation water to 300 mm rainwater 

(Oweis & Hachum 2006). 

Further improvements in the productivity of agroecosystems can be achieved using 

the following guiding principles (Molden et al. 2007; Hajjar et al. 2008; Zomer et al. 

2009; Garrity et al. 2010):

Agriculture, aquaculture and livestock: from production systems to agroecosystems
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▪ Promote diversity within the cropping system: Optimizing the diversity within cropping 

 systems (crop biodiversity, soil biodiversity and pollinators) can increase the adaptive 

 capacity to buffer against fluctuations in water availability and thus enhance the  

 resilience of rural livelihoods. Integration of trees in crop fields to fix nitrogen, tighten  

 nutrient, water and carbon cycles, and produce fruit, fodder, fuelwood and timber. 

▪ Promote diversity in landscapes: Large monocropped areas can be developed into

 landscapes with higher levels of biodiversity by identifying and linking natural habitat 

 patches. Habitat integrity and connectivity can be maintained by incorporating  

 hedgerows, multipurpose trees and corridors of natural vegetation interconnecting  

 parcels of agricultural land. This creates landscapes that are more resilient and better  

 able to mitigate environmental impacts, as hedgerows and buffer strips also reduce  

 runoff and erosion, and help protect watercourses and field crops. 

▪ Choose the right infrastructure and operation: Infrastructure planning and operation 

 should widen the focus from delivering water to field crops to providing water for  

 multiple uses, including both domestic and productive uses.  

▪ Mobilize social organization and collective action: Engaging local communities in 

 irrigation system and water resources management is critical to manage water sus- 

 tainably and meet the needs of different members of society, particularly those of  

 marginalized groups including women.  

▪ Develop institutions for integrated water resources management: Up to now, rela-

 tively more effort has been placed on building institutions to manage irrigation delivery 

 than to the overall management of water and natural resources. But institutions  

 must be developed and supported to maintain healthy multifunctional agroecosystems  

 and ensure equity of access, use and control over resources. At a larger scale, institutional  

 arrangements need to incorporate means to deal with both on-site and off-site effects. 

Fish  
Fisheries and aquaculture are major sources of protein in many developing countries, 

providing more than 2.9 billion people with at least 15% of their average per capita 

animal protein intake, according to 2006 figures (FAO 2009a). Small-scale inland fish-

eries in developing countries provide 33% of the world’s small-scale fish catch and 

employment for more than 60 million people, of which 33 million are women (UNEP 

2010). Most of this fish is used for home consumption.

Both aquaculture development and fisheries depend on the appropriation of various 

environmental goods and services from aquatic ecosystems including clean and oxy-

genated water for physical support and respiration, seed, feed and detritus inputs, 

waste removal, nutrient assimilation and carbon sequestration. Capture fisheries 

Agriculture, aquaculture and livestock: from production systems to agroecosystems
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and aquaculture are threatened by habitat degradation, pollution, invasive species, 

landscape fragmentation, disruption of river flows by dams and overexploitation of 

upstream water resources (UNEP 2010). These pressures, along with the increased 

demand due to population growth, have caused a severe decline in the quantity of 

fish and other aquatic species, particularly in inland fisheries. This decline particularly 

affects poor rural men, women and children, who depend on fish as an important 

source of food and nutrition.  

Evaluation of the full range of provisioning ecosystem services from aquatic ecosys-

tems, not only fish, is vital if the true value of such ‘aqua-ecosystems’ in the livelihoods 

of people and local and national economies is to be accounted for and safeguarded. 

Capture fisheries are the most frequently cited benefit of aquatic ecosystems, but 

these systems also provide biodiversity, cultural services and aesthetic values. Con-

tinued provision of fish stocks and flows of ecosystem services may actually benefit 

more people and make significant contributions to their well-being and resilience 

(Brummett et al. 2010). 

 

For capture fisheries, in addition to managing sustainable fishing practices, the focus 

should be on maintaining the connectivity of migratory routes and habitats required 

for different life cycle stages such as breeding and feeding. In aquatic and humid agro- 

ecosystems, ecologically sustainable water management often involves multiple uses 

of water for the whole range of ecosystem services. Some good examples are the 

integration of aquaculture into various agroecosystems such as livestock-aquaculture 

integration, rice-fish culture, aquaculture in irrigation reservoirs and water manage-

ment schemes, and wastewater-fed aquaculture (van der Zijpp et al. 2007).  

Agriculture, aquaculture and livestock: from production systems to agroecosystems

Livestock
Livestock products provide one-third of the human protein intake, but also consume 

almost one-third of the water used in agriculture globally (Herrero et al. 2009). Live-

stock grazing is also the single largest user of land. Most of the world’s animal produc-

tion comes from rainfed mixed crop-livestock systems in developing countries and 

from intensive industrialized production in developed countries (Herrero et al. 2010). 

The growing demand for animal products can be an opportunity for poor livestock 

keepers, both men and women, or it can drive them deeper into poverty as pressure on 

land and water resources increases competition and leads to ecosystem degradation.

Despite the perception of livestock being a major cause of environmental degradation, 

evidence shows that historically the world’s traditional pastoral lands are not the pri-

mary areas for desertification, unsustainable water use and greenhouse 
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gas emissions. In these areas, grazing animals capture the benefits of sparsely dis-

tributed rainfall by grazing on rainfed pastures (Bindraban et al. 2010). Due to their 

large area, rangelands as a whole can also be considered to be a global carbon sink of 

a roughly similar size to forests (Herrero et al. 2009).

However, in recent decades, the expansion of cultivation along with the establishment 

of international boundaries and barriers across traditional migratory routes have 

diminished herd mobility and forced herders to adopt more sedentary livelihood 

strategies. The result has been an increase in severe land and water degradation and 

aggravated poverty, poor health and food insecurity. Unintentional trade-offs associated 

with livestock production systems include environmental issues such as impacts on water 

scarcity, nutrient cycling, climate change and land degradation (Herrero et al. 2009). 

Opportunities exist for the sustainable management of livestock systems that main-

tain ecosystem services. These include policies that enable the management of climate 

variability such as early warning and response systems, improved markets, fodder re-

serves and insurance schemes to cover for loss of livestock (World Bank 2009). Others 

deal with changing the incentive system for keeping large herds, such as payment 

for environmental services. Measures to improve animal health, such as access to veteri-

nary services and a continuous supply of adequate quality water, also make it possible 

for livestock keepers to derive more food and income per animal (World Bank 2009). 

Interventions also need to take into account women’s roles in livestock production 

systems. Livestock often provide the main sources of income for women, particularly 

in mixed crop-livestock systems.  

Innovative approaches aim at improving water use in livestock (or ‘Livestock Water 

Productivity’) (Peden et al. 2009; Herrero et al. 2010; Descheemaeker et al. 2010): 

▪ Feed related strategies includes using crop residues and other waste products for 

 feed, increasing feed water productivity by altering feed crop choice, implementing  

 more sustainable grazing management practices and farm-level integration of trees  

 within crop-livestock systems to improve year-round availability of fodder and bio- 

 mass for use as fertilizer and fuel.

▪ Water management strategies includes water conservation, strategic placement 

 of watering points (to encourage more complete and uniform grazing and enable  

 animals to reach otherwise inaccessible feed sources) and integration of livestock  

 production into irrigation schemes.

▪ Animal management strategies includes appropriate animal husbandry and im-

 proving animal health, supported by awareness raising among livestock keepers, so  

 that feed can be used more effectively and herders are able to get the same benefit  

 from a smaller number of animals. 
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7 Key recommendations

By providing more insight into the links between ecosystems, 
water and food, a way forward is suggested that places ecosys-
tems at the heart of food security efforts. Opportunities exist 
to increase food production in ways that make optimal and sus-
tainable use of water and other resources (for further information, 
see Ecosystems for water and food security1).

1 The full report Ecosystems for water and food security can be downloaded at
   www.unep.org/ecosystemmanagement or www.iwmi.org/ecosystems
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The recent world food crises demonstrated the vulnerability of our food supply and 

the need to improve its sustainability and resilience. We know that one of the main 

factors limiting future food production will be water. Integrated water resources man-

agement can contribute to long-term food security by providing water for agroecosys-

tems and for non-agricultural ecosystems. Thus, more resilient ecosystems can sup-

port a wider range of ecosystem services, including water management functions that 

are crucial for stable food security, and become more diverse and more productive.

This requires changes, as detailed below, in how we approach ecosystems, water

resources management and food security.

▪ Value ecosystem services from agroecosystems and non-agricultural ecosystems,

 so that these can be used to understand incentives and trade-offs.

▪ Manage agriculture as a continuum of agroecosystems that not only produce food, 

 but also deliver a whole range of other ecosystem services necessary for long-term  

 food security, in a larger and diverse, tree-rich landscape.  

▪ Collaborate between sectors, as multiple services from agroecosystems require support 

 from authorities and experts in, for instance, agriculture, environment, water, aqua- 

 culture, forestry, fisheries, livestock and wildlife management at local, basin, 

 national and international scales. This may include specific incentives to users— 

 farmers, fishers, livestock herders—to maintain and improve ecosystem services. 

Key recommendations

▪ Manage all sources of rainwater and runoff for multifunctional agroecosystems at river 

 basin level to support the widest range of ecosystem services. With higher water pro- 

 ductivity in terms of ecosystem services (water for agroecosystems), ecosystems 

 will in turn be more efficient in their regulating and supporting water services  

 agroecosystems for water).

• Use adaptive Integrated Water Resources Management supported by capable and

 empowered institutions to provide water for non-agricultural ecosystems (water for  

 nature/environmental flows) and agroecosystems (water for food). 

Specific opportunities to enhance food security and increase water productivity include:

▪ Strategic placement of multipurpose trees in agricultural landscapes to tighten water, 

 nutrient and carbon cycles that sustain soil and water productivity, thereby reducing  

 pressure on the remaining forest resources. 

▪ In dryland agroecosystems with locally adapted cultivars, holistic utilization of water 

 and nutrients, provisions for herds and integrated tree-crop-livestock management  

 that are all crucial to guarantee ecosystem services in the long term.

▪ In wetland ecosystems by developing synergies with fisheries, aquaculture, livestock 

 grazing, and horticulture and strategic enhancement of tree cover without com- 

 promising the water regulating functions and other ecosystem services of the wider 

 catchment, including groundwater.
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Key recommendations

▪ In crop systems, where the highest potential is in increasing rainfed crop production, 

 yield increases could be obtained over vast cropland areas with targeted surface  

 water and groundwater management to bridge dry spells, careful nutrient management,  

 innovative field practices and adapted cultivars. More ecosystem services could be  

 provided by crop-tree-agroecosystems, if (a) diversity within the cropping system  

 as well as in landscapes is promoted, (b) habitat integrity and connectivity are main- 

 tained, (c) the right infrastructure is selected, and (d) effective supporting institutions 

 are in place for water management and collective action.

▪ In aquaculture and fisheries by providing healthy aquatic ecosystems with clean and 

 oxygenated water for physical support and respiration, seed and feed. If managed  

 well, such aquatic ecosystems need, and in return will also provide, regulation of  

 detritus, waste, nutrient cycling and carbon sequestration. In capture fisheries,  

 maintaining migratory routes and breeding habitats as well as sustainable fishing  

 practices are important. More ecosystem services can be provided in multipurpose  

 aquatic ecosystems such as livestock-aquaculture integration, rice-fish culture,  

 aquaculture in irrigation and water management systems, and wastewater-fed 

 aquaculture.

▪ In livestock systems animal management strategies to improve animal health and 

 survival can reduce herd sizes, while feeding strategies such as the use of crop residues  

 and other waste products, tree fodder, proper selection of fodder crops and imple- 

 menting grazing management practices can increase livestock water productivity,  

 while water quantity and quality can be conserved by, for instance, water point man- 

 agement. More ecosystem services can be provided in, for instance, mixed crop- 

 livestock systems with multipurpose crops and by integrating livestock in irrigation  

 systems. 



6 0 6 1

References
Bates BC, Kundzewicz ZW, Wu S, Palutikof JP (eds) 2008. Climate change and water. Technical Paper of the 
Intergovernmental Panel on Climate Change. Geneva: IPCC Secretariat.

Bennett EM, Peterson GD, Gordon LJ. 2009. Understanding relationships among multiple ecosystem serv-
ices. Ecology Letters 12: 1394–1404

Bindraban P, Conijn S, Jongschaap R, Jing Qi, Hanjra M, Kijne J, Steduto P, Udo H, Oweis T, de Boer I. 2010. 
Enhancing use of rainwater for meat production on grasslands—an ecological opportunity towards food 
security. Paper presented to the International Fertiliser Society, Cambridge, 10 December 2010. Proceed-
ings 686. Leek: International Fertiliser Society.

Bossio D, Geheb K (eds) 2008. Conserving land, protecting water. Comprehensive Assessment of Water 
Management in Agriculture Series 6. Wallingford: CABI; Colombo: International Water Management In-
stitute (IWMI); Colombo: CGIAR Challenge Program on Water and Food.

Brummett RE, Lemoalle J, Beveridge MCM. 2010. Can water productivity metrics guide allocation of fresh-
water to inland fisheries? Knowledge and Management of Aquatic Ecosystems 399: 1-7.

CA (Comprehensive Assessment of Water Management in Agriculture). 2007. Water for food, water for 
life: a comprehensive assessment of water management in agriculture. London: Earthscan; Colombo: In-
ternational Water Management Institute (IWMI).

Carroll ZL, Bird SB, Emmett BA, Reynolds B, Sinclair FL. 2004. Can tree shelterbelts on agricultural land 
reduce flood risk? Soil Use and Management 20: 357–359.

Descheemaeker K, Amede T, Haileslassie A. 2010. Improving water productivity in mixed crop-livestock 
farming systems of sub-Saharan Africa. Agricultural Water Management 97: 579–586.

de Fraiture C, Wichelns D. 2010. Satisfying future demands for agriculture. Agricultural Water Management 
97: 502-511. 

eFlowNet. 2010. Global environmental flows network. www.eflownet.org

FAO (Food and Agriculture Organization of the United Nations). 2007. The state of food and agriculture: 
paying farmers for environmental services. Rome: Food and Agriculture Organization of the United Nations.

FAO. 2009a. Global agriculture towards 2050. High Level for Food Security HLEF Issues paper. Rome: Food 
and Agriculture Organization of the United Nations.

FAO. 2009b. Coping with a changing climate: considerations for adaptation and mitigation in agriculture. 
Rome: Food and Agriculture Organization of the United Nations.

FAO, IFAD (International Fund for Agricultural Development), ILO (International Labour Office). 2010. 
Gender dimensions of agricultural and rural employment: Differentiated pathways out of poverty. Status, 
trends and gaps. Rome: Food and Agricultural Organization of the United Nations, International Fund for 
Agricultural Development, International Labour Office.

Fischlin A, Midgley GF, Price JT, Leemans R, Gopal B, Turley C, Rounsevell MDA, Dube OP, Tarazona J, Velichko 
 AA. 2007. Ecosystems, their properties, goods, and services. P211-272 in Parry ML, Canziani OF, Palutikof 
JP, van der Linden PJ, Hanson CE (eds) Climate change 2007: impacts, adaptation and vulnerability. Contri-
bution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge: Cambridge University Press.

Garrity DP, Akinnifesi FK, Ajayi OC, Weldesemayat SG, Mowo JG, Kalinganire A, Larwanou M, Bayala J. 2010. 
Evergreen agriculture: a robust approach to food security in Africa. Food Security 2: 197–214.

Geist HJ, Lambin EF. 2004. Dynamic causal patterns of desertification. Bioscience 54: 817-829.

Giordano M, Villholth K (eds). 2007. The agricultural groundwater revolution: opportunities and threats 
to development. Comprehensive Assessment of Water Management in Agriculture Series 3. Wallingford: 
CAB International. 

Gordon LJ, Finlayson CM, Falkenmark M. 2010. Managing water in agriculture for food production and 
other ecosystem services. Agricultural Water Management 97(4): 512-519. 

GWP (Global Water Partnership). 2000. Integrated Water Resources Management. TAC Background Paper. 
Stockholm: Global Water Partnership.

Hajjar R, Jarvis DI, Gemmill B. 2008. The utility of crop genetic diversity in maintaining ecosystem services. 
Agriculture, Ecosystems, and the Environment 123: 261-270.

Herrero M, Thornton PK, Gerber P, Reid RS. 2009. Livestock, livelihoods and the environment: understanding 
the trade-offs. Current Opinion in Environmental Sustainability 1: 111-120.



Herrero M, Thornton PK, Notenbaert AM, Wood S, Msangi S, Freeman HA, Bossio D. Dixon J, Peters M, 
van de Steeg J, Lynam J, Parthasarathy Rao P, Macmillan S, Gerard B, McDermott J, Seré C, Rosegrant M. 
2010. Smart investments in sustainable food production: revisiting mixed crop-livestock systems. Science 
327(5967): 822—825. 

Hoanh CT, Szuster BW, Kam SP, Ismail AM, Noble AD (eds) 2010. Tropical deltas and coastal zones: food 
production, communities and environment at the land-water interface. Comprehensive Assessment of 
Water Management in Agriculture Series 9. Wallingford: CABI; Colombo: International Water Manage-
ment Institute (IWMI); Penang: WorldFish Center; Los Baños: International Rice Research Institute (IRRI); 
Bangkok: FAO Regional Office for Asia and the Pacific; Colombo: CGIAR Challenge Program on Water and 
Food (CPWF). 

Lundqvist J, de Fraiture C, Molden D. 2008. Saving water: from field to fork – curbing losses and wastage 
in the food chain. SIWI Policy Brief. Stockholm International Water Institute.

MA (Millennium Ecosystem Assessment) 2005. Ecosystems and human well-being. Washington DC: 
World Resources Institute. www.maweb.org/en/Synthesis.aspx

McCartney M, Rebelo LM, Sellamuttu SS, De Silva S. 2010. Wetlands, Agriculture and Poverty Alleviation: 
appropriate management to safeguard and enhance wetland productivity. IWMI Research Report 137. 
Colombo: International Water Management Institute

McCartney M, Smakhtin V. 2010. Water storage in an era of climate change: addressing the challenge 
of increasing rainfall variability. IWMI Blue Paper. Colombo: International Water Management Institute.

Molden D, Tharme R, Abdullaev I, Puskur R. 2007. Irrigation. P231-249 in: Scherr SJ, McNeely JA (eds) Farming 
with nature: the science and practice of ecoagriculture. Washington DC: Island Press. 

Nellemann C, MacDevette M, Manders T, Eickhout B, Svihus B, Prins AG, Kaltenborn BP (eds) 2009. The 
environmental food crisis—the environment’s role in averting future food crises. A UNEP rapid response 
assessment. United Nations Environment Programme, GRID-Arendal.

Olsson L, Eklundh L, Ardö J. 2005. A recent greening of the Sahel: trends, patterns and potential causes. 
Journal of Arid Environments 63: 556.

Ong CK, Swallow BM. 2004. Water productivity in forestry and agroforestry. P217–228 in: Kijne JW, Barker 
R, Molden D (eds) Water productivity in agriculture: limits and opportunities for improvement. Walling-
ford: CAB International.

References

Oweis T, Hachum A. 2006. Water harvesting and supplemental irrigation for improved water productivity 
of dry farming systems in West Asia and North Africa. Agricultural Water Management 80: 57–73.

Peden D, Taddesse G, Haileslassie A. 2009. Livestock water productivity: implications for
sub-Saharan Africa. The Rangeland Journal 31: 187-193.

Rebelo L-M, McCartney MP, Finlayson CM. 2010. Wetlands of sub-Saharan Africa: distribution and contri-
bution of agriculture to livelihoods. Wetlands Ecology and Management 18: 557–572.

Rockström J, Karlberg L, Wani SP, Barron J, Hatibu N, Oweis T, Bruggeman A, Farahani J, Qiang Z. 2010. 
Managing water in rainfed agriculture: the need for a paradigm shift. Agricultural Water Management 
97(4): 543-550. 

Smakhtin V, Eriyagama N. 2008. Developing a software package for global desktop assessment of environ-
mental flows. Environmental Modelling and Software 23: 1396–1406.

Smakhtin , Revenga C, Döll P. 2004. Taking into account environmental water requirements in global-scale 
water resources assessments. Comprehensive Assessment Research Report 2. Colombo: Comprehensive 
Assessment Secretariat.

TEEB (The Economics of Ecosystems and Biodiversity). 2010. Mainstreaming the economics of nature: a 
synthesis of the approach, conclusions and recommendations of TEEB. United Nations Environment Pro-
gram. www.teebweb.org

UNEP (United Nations Environment Programme). 2009. Ecosystem management programme. A new ap-
proach to sustainability. Nairobi: United Nations Environment Program.

UNEP. 2010. Blue harvest: inland fisheries as an ecosystem service. Penang: WorldFish Center.

van der Zijpp AJ, Verreth JAJ, Le Quang Tri, van Mensvoort MEF, Bosma RH, Beveridge MCM (eds) 2007. 
Fishponds in farming systems. Wageningen Publishers, Netherlands. 

Wood A, van Halsema GE. 2008. Scoping agriculture-wetland interactions. Towards a sustainable multiple 
response strategy. FAO Water reports 33. Rome: Food and Agriculture Organization of the United Nations.

World Bank. 2009. Minding the stock: bringing public policy to bear on livestock sector development. 
Washington DC: The World Bank, Agriculture and Rural development Department.

Zomer RJ, Trabucco A, Coe R, Place F. 2009. Trees on farm: analysis of global extent and geographical patterns 
of agroforestry. ICRAF Working Paper no. 89. Nairobi: World Agroforestry Centre.

6 2 6 3



6 4

Acknowledgements

Editors: 
Eline Boelee (IWMI), Thomas Chiramba (UNEP) and Elizabeth Khaka (UNEP) 

With contributions from 
Marc Andreini (IWMI), Sithara Atapattu (consultant), Stefano Barchiesi (IUCN), Jennie Baron (SEI-SRC), Malcolm 
Beveridge (WorldFish), Prem Bindraban (ISRIC), Stuart W. Bunting (iCES), David Coates (CBD), Jan de Leeuw (ILRI), 
Katrien Descheemaeker (IWMI-ILRI), Kristina Donnelly (AIES), Pay Drechsel (IWMI), Nishadi Eriyagama (IWMI), Alex-
andra Evans (IWMI), Max Finlayson (ILWS), Renate Fleiner (UNEP), Mark Giordano (IWMI), Line Gordon (SRC), Mario 
Herrero (ILRI), Devra Jarvis (Bioversity), Robyn Johnston (IWMI), Tim Kasten (UNEP), Gareth James Lloyd (UNEP-
DHI), Matthew McCartney (IWMI), David Molden (IWMI), Sophie Nguyen-Khoa (CPWF), Nick Nuttal (UNEP), Don 
Peden (ILRI), Petina Pert (CSIRO), Sara J. Scherr (EcoAgriculture Partners), Fergus Sinclair (ICRAF), Elaine Solowey 
(AIES), Rebecca Tharme (TNC), Lamourdia Thiombiano (FAO) and others.

Professional writer: Sarah Carriger
Design and layout: Met Inhoud
Copy-editor: Mahen Chandrasoma
Cover image: Karen Conniff (rice field and forest gardens at Arankele monastery, Sri Lanka)
Photo credits: Akiça Bahri (p28, inner cover #1), Eline Boelee (inner cover #16), Stuart Bunting (p6, 18),  
   CBFM-Fem Com Bangladesh (p49, inner cover #9), Karen Conniff (p24, 54, inner cover #4, 5, 
   6, 14, 15), Michiko Ebato (inner cover #8), Max Finlayson (p31, 60), Stevie Mann (inner cover 
   #17), Matthew McCartney (p46), Don Peden (p51), Lisa-Maria Rebelo (inner cover #13), 
   Vladimir Smakhtin (inner cover #3), Sajal Sthapit (p34, 42), UNEP (p14, inner cover #10, 11, 12) 

The financial support of the European Commission/IFAD CGIAR Programme (2008-2010) to this work is gratefully 
acknowledged. 

Please send inquiries and comments to depiinfo@unep.org or iwmi@cgiar.org

  

Contributing organizations
Arava Institute for

Environmental Studies (AIES)
Bioversity International CGIAR Challenge Program

on Water and Food (CPWF)
Commonwealth Scientific and Industrial 

Research Organisation (CSIRO)

The Secretariat of the Convention
on Biological Diversity (CBD)

EcoAgriculture Partners interdisciplinary Centre for Environment 
and Society (iCES), University of Essex

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

International Livestock Research
Institute (ILRI)

International Union for Conservation
of Nature (IUCN)

International Water Management 
Institute (IWMI)

ISRIC—World Soil Information

Stockholm Environment Institute (SEI) Stockholm Resilience Centre (SRC) The Nature Conservancy (TNC) United Nations Environment
Programme (UNEP)

UNEP-DHI Centre for Water
and Environment

Wageningen University
and Research Centre 

World Agroforestry Centre (ICRAF) WorldFish Center



ISBN: 978-92-807-3152-1
Job number: DEP/1371/NA

www.unep.org/depi
United Nations Environment Programme

PO Box 30552
Nairobi, Kenya

phone: (+245) 20 762 3508
fax: (+245) 20 762 3917

e-mail: depiinfo@unep.org

www.iwmi.org/ecosystems
International Water Management Institute (IWMI)

PO Box 2075
Colombo, Sri Lanka

phone: (+94) 11 288 0000
fax: (+94) 11 278 6854

e-mail: iwmi@cgiar.org


