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Foreword

Sustainable management of the natural resource base supporting agriculture is one of the three
major strategic objectives of the Consultative Group on International Agricultural Research
(CGIAR). The CGIAR Research Program on Water, Land and Ecosystems (CRP5) combines the
resources of 14 CGIAR and numerous external partners to provide an integrated approach to
natural resource management (NRM) research, and to the delivery of its outputs.

The program focuses on the three critical issues of water scarcity, land degradation and
ecosystem services, as well as the CGIAR System Level Outcome of sustainable natural resource
management. It will also make substantial contributions to the System Level Outcomes on food
security, poverty alleviation and, to a minor extent, health and nutrition. Water, Land and
Ecosystems focuses on how we can develop sustainable agricultural management systems in the
face of the agricultural intensification needed to feed a rapidly growing global population.

Overcoming NRM problems and adapting to climate change will be achieved only by
understanding and managing the dynamics of water and nutrient flows across the whole
landscape and through the complete hydrological cycle. Solutions to water scarcity and
variability, land degradation, nutrient management and deteriorating ecosystem services must
be developed with a view to what works for communities across landscapes, not just what
works on the farm.

Water, Land and Ecosystems differs from crop-based programs in that it takes a river basin and
landscape view of these issues to provide solutions to widespread declines in soil fertility, land
degradation including erosion and salinization, and the critical phenomenon of water scarcity.
Where other CGIAR Research Programs operate at the levels of field and farm, CRP5 will
consider how resources can be accessed and shared equitably, better governed and more
effectively managed. To do this it will develop and adopt evidence-based approaches to
increasing food production, improving livelihoods and delivering ecosystem services - including
clean water and habitat - sustainably.

Our centers are ready, willing and able to tackle these challenges, which have been defined in
discussion with partners and stakeholders at regional level and in electronic fora organized to
formulate the Water, Land and Ecosystems program. They are immense challenges, but we
believe that by scaling up research outputs from farm to landscape to major river basins, we can
overcome them and contribute to a more sustainable planet, even in the face of increased
demand for food and water. Equally importantly, we contend that the improved NRM that
emanates from the program will improve the livelihoods of at least 300 million poor women
and men.

This is the revised draft of the proposal. It has undergone a very significant rewrite following
useful comments and suggestions made by the Independent Science and Partnership Council
and several CGIAR Fund Council members in mid 2011.
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Executive Summary

The global population in 2050 will be about 9 billion, with most of the increase between now
and then taking place in developing countries. To feed the world in 2050 and beyond, we will
need to intensify agricultural production. Many observers consider that intensification will
cause unacceptable harm to the environment, perhaps undercutting the ecosystems that
support agriculture. CRP5 challenges this perspective and examines how we can intensify
agriculture while protecting the environment and lifting millions of farm families out of poverty.

To achieve the vision of sustainable intensification, we must redouble our efforts to increase
agricultural productivity, while protecting the environment we must conduct new and
integrative research on agricultural and ecosystem interactions. Consequently the objective of
Water, Land and Ecosystems is:

To learn how to intensify farming activities, expand agricultural areas and restore
degraded lands, while using natural resources wisely and minimizing harmful impacts
on supporting ecosystems.

Conceptual framework

CRP5 is based around a conceptual framework that examines how changes in external drivers
affect production systems and how management responses in production systems in turn
impact ecosystem services and the broader environment. We aim to determine how these
changes will impact natural resources at basin and landscape scales, how to measure changes in
critical ecosystem services and how to use this information to improve land and water policy
decisions and management responses.

If changes in key processes (e.g. water flow, erosion rates and vegetation) can be observed and
measured at basin and landscape scales, we can use that information to provide policy advice
and further adjust management practices. Given that management practices may act
independently, we need also to determine the cumulative impacts of management practices at
landscape and basin levels through modeling and mapping. Hence CRP5 will be supported by a
strong foundation of analysis and information.

We view the relationships involving drivers and responses of the production system and its
underpinning natural resources through a nested, spatial approach. At the broadest level we
focus on major regions. Where possible, we will develop knowledge of broader agroecological
zones (e.g. international public goods on nutrient cycling, soil fertility and water scarcity). By
working at the basin level, we can quantify water flows and uses, and thus examine upstream-
downstream environmental changes and socioeconomic trade-offs. We will use basic tools of
water accounting and new approaches to monitoring land health, to quantify the impacts of
agriculture on the environment, and vice versa.



Strategic Research Portfolios

Within the broad topic of Water, Land and Ecosystems, we have identified five Strategic
Research Portfolios (SRPs). These are Irrigated Systems, Rainfed Systems, Resource Reuse and
Recovery, River Basins and Information Systems. They encompass irrigated and rainfed
agricultural systems, in which improved policy and management practices will have to be
implemented if we are to sustainably intensify agriculture. Resource Reuse and Recovery
focuses on the pressing need to improve the recovery and reuse of water and nutrients in
agriculture while at the same time limiting environmental pollution. We use landscape and
river-basin perspectives to understand how changes imposed by external drivers and
management practices will affect ecosystem services at broader scales. The SRP on the
development of better information systems is vital to support science-based policy development
and its implementation as well as improved natural resources management practices.

In addition to the five SRPs, we have established two cross-cutting themes that will influence
and enhance our research: 1) Ecosystem Services, and 2) Institutions and Governance. Within
each SRP we will promote ecosystem resilience and minimize negative impacts on ecosystem
services. We will seek to enhance, and increase the value placed upon, ecosystem services. In
doing so, we will work to improve resilience and provide farmers and pastoralists with
production systems that are better adapted to environmental change.

With regard to institutions and governance, we will examine measures for building capacity and
enhancing policy and institutional effectiveness across the SRPs. Throughout the program,
gender and equity considerations will be emphasized in project planning, targeting of potential
beneficiaries, and communication strategies.

Regional setting
We will work initially in eight regions that are centered on large river basins:

Region Basin

Southeast Asia Mekong

South Asia Indus and Ganges

Central Asia Amu Darya and Syr Darya
Middle East Tigris and Euphrates
West Africa Volta and Niger

East Africa Nile

Southern Africa Limpopo and Zambezi
Latin America Andes basins

Each basin contains a mixture of agro-ecological zones, urban and rural landscapes, and social,
economic and political entities. In each, the natural resource base supporting agriculture and
livelihoods is under stress. During the first five years of the CRP we will focus our research
around key ‘problem sets.” These contain a mixture of regional, basin-specific, global and
methodological issues. The precise nature of problem sets is specific to research sites, but cross-
regional parallels and similarities are not uncommon.



Our initial estimates suggest that at least 300 million people can benefit from the outcomes of
CRP5 during the next 10 to 20 years. Additionally the work on the Resource Recovery and Reuse
and Rainfed Systems SRPs may help another 200 million poor people, including some in urban
communities.

Integration of CRP5 with other CRPs

Whereas other CRPs will conduct research at the commodity, field and farm levels, CRP5
researchers will work primarily at larger scales (landscapes and basins), with an emphasis on
interventions that influence the environment and natural resources. However, to predict the
consequences of actions and interventions we will also examine interactions — and describe the
implications — at the plot and farm levels, to predict the consequences of actions and
interventions, thus enabling us to describe the implications of our results at the landscape and
basin scales.

CRP5 researchers have a unique opportunity to integrate research at basin and landscape
scales, and to investigate the spatial consequences of the site-specific work undertaken in CRP1
(Integrated Agricultural Systems) and CRP3 (Wheat, Maize and Rice). The nested strategy
adopted in our conceptual framework facilitates this approach. We will work in locations where
other CRPs are conducting crop and field management trials that have implications for research
questions at the basin and landscape scales. For example, drought-tolerant crop varieties may
have beneficial impacts on the hydrological cycle. Conservation tillage can increase
groundwater recharge while reducing runoff and erosion. Improved water management in
rainfed settings may increase crop production but reduce water flow in wetlands and streams,
thus affecting biodiversity. To improve long-term analysis, we will work with researchers in
other CRPs to select sentinel monitoring sites.

We will also focus on improving the understanding of hydrological and land degradation
processes in key basins with a view to better modeling water flow and guiding sustainable land
management strategies. Such work will be linked with the climate change analysis in CRP7
(Climate Change, Agriculture and Food Security). We will work with CRP2 (Policies, Institutions,
and Markets to Strengthen Assets and Agricultural Incomes for the Poor) with respect to the
policy changes needed to achieve better water and land governance.

Success through collaboration

By crafting new partnerships and enhancing existing relationships, CRP5 researchers will
strengthen links with universities, national research institutes and global organizations. The
program’s partnership strategy recognizes the different roles of ‘core research partners,’
‘implementing partners’ and ‘influencing and outreach partners.” We will develop new
partnerships with private-sector entities as we examine opportunities for businesses to provide
agricultural and environmental services.



Box ES.1. Key problem sets for each Strategic Research Portfolio

Irrigated Systems SRP

e Finally unlocking Africa’s irrigation promise

e Revitalizing public irrigation systems in Asia

e Managing groundwater overexploitation in India through the energy—irrigation nexus

e Rewving up the ‘Ganges Water Machine’ through intensive groundwater use for livelihoods and
environmental benefits

e Managing salt—water balance in Indus and Central Asian irrigation systems

Rainfed Systems SRP

e Recapitalizing African soils and reducing land degradation

e Revitalizing productivity on responsive soils

e Using agro-biodiversity to sustain agricultural production

e Reducing risk by ensuring water access for pastoralists

e Reducing risk by providing farmers with supplemental irrigation

Resource Recovery and Reuse SRP
e Creating wealth from waste
e A grey revolution in wastewater management

Basins SRP

e Payment for Environmental Services (PES) as a water management tool: Andes group of basins

e Water storage to reduce regional drought risk: Volta—Niger

e Integrating environmental water allocations and climate change impacts with water resources
development: Ganges—Indus

e Harmonizing the water—energy—environment nexus in the Mekong Basin

e Managing water resources to reduce poverty and improve wetland management in the
upstream Nile

e Solutions for transboundary water management hotspots in transition economies: Aral Sea
basins

Information Systems SRP
e Monitoring longer-term spatial and temporal change in agroecosystems
e Harnessing water and land information to improve management

Implementation of CRP5

The International Water Management Institute (IWMI) will be the lead center for CRP5, which
will have an advisory steering committee that will focus on scientific strategy, partnerships and
impact. The program will have a management committee under the leadership of the program
director and comprise a monitoring and evaluation specialist, SRP leaders and Working Group
leaders.

In the first six months we will develop annual work plans with milestones and deliverables, and
analyze the expected benefits of the work. Subsequently, a prioritization process led by the
program steering committee will advise management and the lead center on program strategy
and funding allocations across SRPs. To ensure that the program’s benefits are realized, an
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innovative marketing, communication and knowledge management strategy will be a feature of
all activities.

CRP5’s gender and poverty strategy will ensure that its outcomes target not only to the poor in
general, but also women farmers. A conference on gender will be held in the inception phase to
ensure that projects will incorporate key local and regional gender issues.

Considerable emphasis will be given to building the capacity of key target groups, including
policymakers and land and water managers, to capitalize on the availability of better
information. We will conduct tailored workshops to educate NARES staff about key issues,
technical methodologies and uptake strategies. IWMI and the International Rice Research
Institute (IRRI) already are planning an agricultural water management training course that will
be rolled out across CRP5 and CRP3.3 (Global Rice Science Partnership).

The program will have a strong focus on communicating its findings to users via different
strategies targeted at farmers and policymakers. We will emphasize monitoring and evaluation
of impacts, as well as our delivery process.

The three-year budget (2011-13) is estimated at US$246 million. This considers 2010 actual
expenditures and allows a modest average annual increase of 6.8%. The sums of first-year
funding for each of the SRPs are influenced significantly by existing restricted funding. However,
prioritization processes may change this distribution in later years. More than one quarter
(29%) of first-year funding will go to partners, with an increasing proportion of new funding
earmarked for partnerships. The Food and Agriculture Organization of the United Nations (FAO)
has offered to provide in-kind support, valued at US$33 million over the three years.

Finally, as we conduct the research of CRP5, we will generate policy recommendations for
increasing agricultural productivity, improving NRM and enhancing food security. We will work
with uptake specialists to ensure that our recommendations are considered by public officials
and others responsible for managing agricultural and natural resources and enhancing
livelihoods in developing countries. Our success in conducting good science and policy analysis
will contribute to achieving several changes we hope to see in the world by 2020 (Box ES.2).
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Box ES.2. Looking back from 2020
Consistent with the vision that motivates our work, we look forward to seeing the following
potential outcomes in 2020:

The pace of aquifer decline in the Western Indo-Gangetic plains is slowing, while previously
untapped water resources in the eastern plains are enabling 8 million farm households to secure
alternative livelihood activities. CRP5 researchers and their national partners are continuing to
model the groundwater hydrology and explore alternative livelihood options.

Irrigation has been made possible for 12 million households in sub-Saharan Africa. CRP5
agronomists and hydrologists joined forces with economists to develop the scientific and policy
recommendations that enabled successful irrigation interventions. Our research has inspired
irrigation development in 14 countries including Burkina Faso, Niger and Zimbabwe.

We have provided scientific and policy support for the expansion of irrigation in South Sudan.
CRPS5 researchers determined the best ways to develop irrigation potential, while minimizing
harm to flora and fauna in large wetland areas adjacent to irrigated farmland. An estimated 8
million households in South Sudan are food secure as a result.

We have reduced the vulnerability and improved the incomes of 17 million smallholder
households in rainfed and pastoral areas of sub-Saharan Africa and South Asia. We achieved this
by improving access to fertilizer while minimizing financial risk in the face of unpredictable rains,
and promoting agriculture that supports rather than degrades ecosystem services. CRP5
agronomists developed the crop, fertilizer and sustainable land management recommendations,
while economists crafted the risk-reducing safety net programs taken up by donor organizations.

We have enhanced the livelihoods of 9 million households in peri-urban areas (i.e. at the edges
of cities and towns) of Asia and Africa by developing safe ways to use polluted water for
irrigation. An estimated 48 million consumers face less risk of illness, and healthier farmers are
using nutrients recovered from wastewater.

We have resolved the longstanding issue of competition between food and energy for land and
water. Government subsidies for producing biofuels have largely been eliminated, and markets
reward farmers for producing moderate amounts from non-food plants. CRP5 research on the
implications of biofuel programs catalyzed changes in policy that have lowered food prices for 1
billion residents of low- and middle-income countries.

We have slowed the pace of and increased the benefits provided by hydropower development in
the Mekong Basin. With national partners and ministry officials, CRP5 scientists developed
innovative protocols for protecting the environment and enhancing the livelihoods of
smallholder families in hydropower watersheds throughout Cambodia, Laos and Vietnam. CRP5
economists developed measures for slowing the rate of growth in energy demands while
maintaining vigorous economic development. An estimated 45 million urban and rural residents
in the Mekong Basin benefit from lower energy prices.
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1. Motivation for new research on water, land and ecosystems

Our vision: agriculture and ecosystems thrive

Our vision is of a world in which agriculture thrives alongside vibrant ecosystems, and those
engaged in agriculture live in good health, enjoy food and nutritional security, and have access
to the inputs and resources they need to continuously improve their livelihoods. We see a future
in which the increasing numbers of urban residents, particularly in developing countries, have
access to safe and affordable food and water, made possible by gains in agricultural productivity
and public investments in food safety and water quality. We envision a world in which
sustainable management of water, land and ecosystems is the norm, food security is ensured for
most of humanity, and poverty has indeed become history.

To achieve this vision, we must redouble our efforts to increase agricultural productivity, while
protecting the environment. Agriculture provides essential food and fiber, and generates
employment for most residents of many poor countries. Hence, agriculture powers both the
supply and demand components of household food and nutritional security. To achieve long-
term growth and economic development, we must ensure that advances in agriculture do not
degrade the natural resource base on which agriculture depends. To this end, we must build on
past successes of the CGIAR in boosting agricultural growth through scientific inquiry and policy
analysis. We must conduct new research on agricultural and ecosystem interactions.

1.1. Background - successful past, challenging future

In the late 1960s, the prospect of widespread famine threatened many areas of the developing
world. In response, CGIAR scientists and their partners in national research centers developed
new crop varieties that produced much higher yields. Fertilizers were made available to support
the new seeds, and massive investments in irrigation provided reliable water supplies to
nurture the crops and give farmers the confidence to invest in change. Millions of farmers
became food secure, rural livelihoods were transformed and new food supplies drove down
prices for urban consumers.

That early success of the CGIAR had a number of factors in its favor. Those making the changes
benefited directly. Farmers saw the benefits of growing improved seed varieties that generated
better yields and higher incomes. Feedback was direct and easy to measure and adoption
increased quickly. Politicians could easily understand the issues and benefits. Thus, there was
strong political support for policy changes that led to subsidies on fertilizer and energy, and
construction of large irrigation schemes. The technical and engineering solutions were at hand.

Yet the improvements in productivity made possible by the technical innovations could not be
fully sustainable, because the institutions and policies influencing farmer decisions did not
always take into account the unintended impacts of change. Farmers had too little information
or incentive to consider the off-farm or long-term impacts of their intensive use of fertilizer,
pesticides or irrigation water. This situation resulted in land degradation, off-farm pollution and
excessive use of water resources, all of which compromised the ecosystem services on which
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farming depends. Working at the level of farm and plot provided the technology needed to
quickly expand food production, but failed to focus on larger-scale, longer-term implications.

Looking forward, we must not only reverse the degradation and reduce the excessive use of
scarce resources through the development of new technical interventions; we must also put in
place the right institutions to ensure that new research contributions generate sustainable gains
in resource productivity and livelihoods.

The CGIAR is well placed to conduct this research for two reasons: 1) NRM specialists within the
CGIAR are uniquely placed in that they can work across national borders, form partnerships
with advanced research institutes (ARIs) and work with NARES and the private sector to guide
and implement the technical and institutional components of this truly interdisciplinary
research program; 2) CGIAR NRM scientists while having a strong commitment to agriculture
and food production, also have the experience of working with non-traditional partners
including the Ramsar Convention on Wetlands and the larger environmental nongovernmental
organizations (NGOs); and 3) The research outputs will serve as international public goods.
Indeed, the CGIAR is precisely the organization that can take the larger-scale, longer-term view
that is needed to achieve sustainable outcomes. The time is ripe for this initiative because of the
magnitude of the problem and because a previous effort to integrate NRM across the CGIAR was
only partially successful (see Box 1.1).

Box 1.1. Integrated NRM in the CGIAR

Between 1999 and 2003, the Interim Science Council of the CGIAR and the Center Directors
Committee on Integrated Natural Resources Management undertook a process to define the
Integrated NRM (INRM) concept; describe the history of INRM research in the CGIAR; portray the
role of systemwide and ecoregional programs in operationalizing INRM; and illustrate successful
INRM research through seven case studies. The process featured four workshops (Bilderberg 1999,
Penang 2000, Cali 2001 and Aleppo 2002) and culminated in a summary publication (Harwood and
Kassam, 2003). In the summary, INRM was defined as “a conscious process of incorporating multiple
aspects of natural resource use into a system of sustainable management to meet explicit
production goals of farmers and other uses (e.g. profitability and risk reduction) as well as goals of
the wider community (sustainability).”

To some extent the Challenge Program on Water and Food followed up on these integrated
approaches after 2002, but few systematic studies have examined agriculture, NRM and their
environmental impacts in a comprehensive manner. CRP5 aims to fill this void.

1.2. The challenge - expand, intensify, restore and protect

The conditions that challenge agriculture today are quite different to those of the 1960s. Rivers
are drying up, groundwater is being depleted, and ‘water crisis’ is now a commonly used term.
Widespread land degradation is reducing productivity in many areas and more resources are
needed to maintain output. Agricultural intensification is harming the ecosystems on which
agriculture depends, resulting in salinity, waterlogging and other negative impacts. The
expansion of agriculture is imposing unacceptable costs on others who rely on natural
resources for their livelihood activities. Such problems arise through the ‘tragedy of the
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commons,’ or the fact that markets do not exist to deal with the basin-wide and long-term
impacts of agriculture. Developing solutions to such problems requires research that goes
beyond farm and plot-level analyses.

But our current challenge is not only to solve existing problems. With demands on agriculture
increasing, we must contend with many new pressures (Chartres and Varma, 2010). Two billion
people will be added to the global population by 2050. Higher incomes, changing diets, and
urbanization will impose new demands on farming systems, and the resources that underpin
them. With increasing energy demands, biofuel production will continue to compete with food
production for available resources. Climate change will bring more frequent droughts and
floods, and will influence temperature regimes in ways that will increase the challenges faced by
farmers in many areas. Economic growth will deepen competition between agricultural and
non-agricultural uses of resources. Although much of this can be resolved through political
discourse, conflict will be an increasing worry.

We know also that we have not yet solved the rural poverty challenge in much of the world, and
that large numbers of the rural poor will continue migrating to cities in search of employment.
Increasing urbanization will place additional pressure on agriculture to produce sufficient food,
in light of increasing competition for land and water. Affordable food is critical for the urban
poor and to support economic development. Thus, efforts to improve agricultural productivity
will benefit both the urban and rural poor in many developing countries.

The increasing global demands for food, fiber and energy will place new stresses on the land,
water and ecosystems that support agriculture. It will not be possible to satisfy global demands
in 2050 and beyond without increasing the land area devoted to agriculture and intensifying
crop production on lands already farmed. Most of the needed increase in agricultural output will
come from intensification, which can include increasing the use of fertilizer, greater use of
genetically modified organisms (GMOs), using farm chemicals, providing irrigation, or
increasing the amounts of labor and machinery used each season. Intensification will have
impacts on supporting ecosystems, but those impacts can be moderated through policies and
incentives informed by the research we propose in this portfolio.

1.3. Our objective - improve agriculture, protect ecosystems

We derive the objective for this CGIAR Research Program from the challenge we describe above.
In brief, our objective is the following:

We must learn how to intensify farming activities, expand agricultural areas and
restore degraded lands, while using natural resources wisely and minimizing harmful
impacts on supporting ecosystems. Our goal is to achieve the sustainable improvements
in agricultural productivity required to produce enough food for all and generate
sufficient income to lift millions of smallholder households from poverty, while also
ensuring their food and nutritional security.

In pursuing this objective, we will build upon previous successes of the CGIAR centers in
improving agriculture and addressing NRM issues. We will enhance those earlier successes by
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giving greater attention to the impacts of agriculture on ecosystems, and the importance of
ecosystems in supporting agriculture. The science we conduct and the recommendations we
produce will promote wise use of natural resources, in support of thriving agricultural sectors
and healthy ecosystems. We consider addressing this objective will contribute significantly to
the System Level Outcomes defined in the CGIAR Strategy and Results Framework (see Box 1.2)
and Figures 1.1-1.3.

Box 1.2. Addressing the CGIAR’s Strategy and Results Framework

CRPS5 plays a critical role within the CGIAR to deliver on NRM objectives. The CGIAR Strategy and
Results Framework has four System Level Outcomes:

e reducing rural poverty

e improving food security

e improving nutrition and health

e sustainable management of natural resources.

CRPS5 focuses on the fourth of these outcomes, but improved NRM is central to all four and
improving water quality also strongly relates to health and nutrition.

Figures 1.1-1.3. How CRP5 contributes to the strategic level outcomes of the CGIAR Strategy
and Results Framework (detailed sdescriptions of the Strategic Research portfolios (SRPs)
are given in subsequebt chapters).

Figure 1.1.

SRP3 Resource Recovery and Reuse

. RECOVE'Y and reuse of waste water removes
nutrients from rivers and improves water
quality and biodiversity

SRP2 Rainfed Systems \

e Ecosystem services objectives are defined and
builtinto participatory development and
management processes leading to more
sustainable agriculture

SRP4 River Basins

¢  Environmental flow allocations improve wetland
sustainability, water quality, habitat and
biodiversity

¢  Establishment of ecological thresholds for
groundwater extraction informs sustainable
yield determination

e Security of land access for pastoralists reduces
grazing pressure and consequent land and

A .
water degradation EnV|ron mental ¢ Payments for environmental services protect

* Incentives for sustainable management of . .pe downstream water yield and quality and
agriculture lead to continued benefits accruing Sustalnab'llty improve upstream land management

from ecosystem services to communities and

¢ Impacts of climate change on flow and
the environment.

ecosystem services factored in to improved land
and water use planning

SRP1 Irrigated Systems SRP5 Information Systems
*  New irrigation systems in Africa include environmental *  Identification of spatial risks to ecosystem
objectives from the outset services enables more informed planning

P and resource use
*  Recovery of groundwater levels due to less pumping

reduces impacts of salinity and contamination on
agriculture and drainage water in South Asia

*  Better strategies for groundwater use in India and SE Asia
lead to less pressure on surface water resources and
fisheries
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Figure 1.2.

SRP3 Resource Recovery and Reuse

. Access to waste water and nutrients increases

production in many rural towns

*  Access to waste water maintains food
