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THEMATIC AREA / MP 1  
INTEGRATED AGRICULTURE SYSTEMS FOR THE POOR AND VULNERABLE 

 

MP1.1: Integrated agricultural production systems for dry areas 
 
Summary 
This Mega-program (MP1.1) targets the poor and highly vulnerable populations of the dry areas and will 
develop technology, policy and institutional innovations to improve livelihoods using a systems approach. 
Two and a half billion people live in these dry areas. They have limited natural resources, are already 
facing serious environmental constraints and predictions are that rural communities will bear the brunt of 
climate change.  

Agricultural production systems in dry areas are already over-stretched. Enhancing productivity and 
managing risk through the diversification and sustainable intensification of these systems, using an 
integrated approach, is therefore critical for ensuring the future livelihoods of farming communities. 
Experience clearly shows that such an approach has to involve natural resource management, crop and 
livestock improvement, an enabling policy environment and institutional support to ensure impact in 
addressing challenges facing farming communities in these areas. Farmers need to understand their soils, 
manage their water, be crop specialists, understand livestock husbandry, grow trees, add value to their 
products and blend all into a family business to improve their livelihood, while coping with climatic variability 
from season to season and the implications of climate change. Agro-ecosystems in dry areas use a mixture 
of diverse and important staple and other food crops, fodder crops, fiber, rangeland and pasture species, 
fruit trees, livestock and fish for their livelihoods. Traditional and improved crops and indigenous knowledge 
combined with improved technologies and information dissemination are important for large scale impact. 
Knowledge of any one system component in isolation from other components is unlikely to result in major 
improvements in livelihoods. In order to reduce poverty, and enhance food security and sustain the natural 
resource base, research with direct participation of local communities is essential to study the complex 
interactions and find solutions to production constraints within the agro-ecosystems in dry areas.  

By definition MP1.1 will work closely with all other MPs and many partners beyond, and add value to the 
outputs of the MPs to help the poor and vulnerable rural communities. It will also provide information to 
other MPs on how their bio-physical products, be it water-harvesting approaches and water management, 
soil management, crop varieties, livestock breeds, fruit tree, conservation agriculture equipment, or policy 
advise all can interact synergistically to contribute to a resilient production system in dry areas.   

The overarching challenge for MP1.1 is to show how it will succeed in delivering benefits to the poor and 
vulnerable, especially women, in dry area systems. MP1.1 will focus within target areas/systems identified 
using two criteria: (i)  those with the deepest endemic poverty and most vulnerable people often associated 
with natural resource degradation and environmental variability, and (ii) those with the greatest potential to 
impact on the poor in the short to medium term. 

It prioritizes key agricultural systems for impact, identifies key researchable issues within target systems, 
increases the efficiency of natural resource use to sustain target systems and develops more resilient 
agricultural systems that manage risk and variability, promotes ex situ and in situ conservation and 
sustainable use of dryland agro-biodiversity, improves the productivity and profitability of agricultural 
systems through sustainable intensification, diversification, added-value product and market linkages and 
develops new partnerships and models of working together. 

Partnerships in MP1.1 will include all major players: farming communities, national research and extension 
programs, policy makers, international and regional organizations, advanced research institutes (ARIs), 
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civil society organizations (CSOs), NGOs, the private sector, and development agencies are paramount to 
build on and complement the expertise available, to address the challenges and ensure rapid impact in the 
fragile and complex agro-ecosystems of dry areas. In many ways MP1.1 brings people and institutions 
together in the expertise needed in all the phases of the research for development continuum. At the same 
time the research aims to identify IPGs that can be out-scaled rapidly to other areas with similar agro-
ecologies and system properties, so the research findings would spread rapidly and are adopted most 
widely.   
 
Justification  
This Mega-program (MP1.1) targets the poor and highly vulnerable populations of the dry areas and will 
develop technology, policy and institutional innovations to improve livelihoods using a systems approach. 
Dry areas have limited natural resources, are already facing serious environmental constraints and 
predictions are that rural communities will bear the brunt of climate change. 

The agro-ecosystems in the dry areas1

The production systems in these challenging environments are based on complex combinations of crops, 
livestock, rangelands and trees that are adapted to the prevailing climatic conditions. They have been 
developed over centuries and adapted by farmers to the limited resources and variable climate in these 
areas. However, increasing pressure on the natural resources is leading to greater water scarcity and 
degradation of land, soils and vegetation. Agricultural production systems in dry areas are already over-
stretched; enhancing productivity and managing risk through the diversification and sustainable 
intensification of these systems, using an integrated approach, is therefore critical for ensuring the future 
livelihoods of farming communities 

 (Figure 1) comprise a diverse and complex mix of pastoral, agro-
pastoral and mixed rainfed and irrigated systems. 800 million poor and vulnerable people depend on these 
agricultural systems for their food security and livelihoods.  Figure 2 lists the arid, semi-arid and dry sub-
humid areas with population in person per km2. A critical challenge for agriculture over the next 25 to 50 
years is to reach and improve the livelihoods of these poor and vulnerable smallholder farmers, both men 
and women, who have not to date benefited substantially from agricultural research while at the same time 
providing food and other ecosystem services for a growing global population. 

A key constraint in the dry regions of the world is natural resource degradation and limitation, particularly 
water scarcity. This may take the form of low overall annual precipitation or periods with a distinct wet and 
dry seasons that result in a moisture deficit for part of the year. Throughout the dry areas, variations in 
rainfall lead to periodic droughts within cropping seasons or to prolonged seasonal droughts. A key 
attribute of dry areas is therefore rainfall variability, which is expected to be amplified by climate 
change. The collection, “storage” and subsequent management of rainwater in these dry areas are 
imperatives if we are to achieve increases in productivity levels and ensure food security.  

The major dryland systems of Asia, Africa and Latin America are shown in Table 1, along with numbers of 
poor and the PDII index, which indicates systems at significant risk of crop failure due to drought. The 
greatest number of poor are found in mixed rainfed systems (260 million, split largely between Asia and 
Africa), followed by irrigated areas in arid and semi-arid areas (218 million of which 194 million are in the 
Indo-Gangetic Plain of Pakistan, India, Nepal and Bangladesh), and pastoral or agro-pastoral systems (45 
million, mostly in Central and West Asia and North Africa (CWANA). Many of these areas are vulnerable to 
variability in precipitation and temperatures, face economic and physical water scarcity, have low soil 
fertility and severe land degradation, and continue to lose biodiversity. In addition, they face social, 
institutional, capital, infrastructure, investment and other constraints. Natural resources, especially common 
property resources such as grazing lands, water resources and trees, are often essential to livelihoods. Yet 
there are substantial technical and institutional barriers to their sustainable management and use. 
                                                           
1  as defined by FAO and others, i.e. length of the growing period [LGP] <180 days 
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Figure 1. Dry areas of the world 
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Figure 2. The arid, semi-arid and dry sub-humid areas with population in person per km2
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Table 1.  Farming systems, population, poverty and drought. Adapted from Hyman et al. 2008. Agric. Systems 98: 50-61 and ILRI document for total and 
poor population numbers 
Drought probability based on broadly on growing season length/ stress index using 100 years data. PDII index from cropped area x drought. 

Area/ 
System 

Total 
population 
(millions) 

No. poor 
(millions) 

Drought 
probability 

PDII x 
1000 

Main crops & trees Main livestock Example 

Asia 

Mixed irrigated 
arid/semi-arid 

716  194 0.35 4050 Rice, wheat, pulses, sugarcane, potato, 
mustard, vegetables, sunflower, sorghum, 
millet; tree fodder in dry periods 

Buffalos, cattle, small ruminants, 
camels, chickens, pigs 

India: Indo-Gangetic Plain, Krishna, 
Pakistan: Indo-Gangetic Plain, 
Punjab 
 

Rainfed mixed 357 
EA: 9.9 
SA: 106.5 

 107 0.17 8176 Rice, millet, sorghum, chickpea, bean, 
groundnut, brassicas, linseed, vegetables, 
maize, wheat; tree fodder throughout year 

Cattle, buffalos, small ruminants, 
chicken 

India: parts of MP, UP, OR, JK, 
Bihar, and West Bengal 
Bangladesh: Barind tract 

Dry rainfed 46 3.6 0.32 1446 Sorghum, millets, chickpea, groundnut, 
bean, vegetables; trees for fodder and fuel 

Cattle, buffalos, small ruminants India: Deccan plateau (MP, AP, TN, 
KN) 

Agro-Pastoral 23 
SA: 18.6 
Eastern 
Islands of 
Indonesia/SE 
Asia:  8.5 
million 

SA: 6.9 
Eastern 
Indonesia: 
2.5 million 

  Rangeland, millet; firewood and tree 
fodder 

Camels, small ruminants, horses, 
pigs 

Rajasthan and parts of Haryana, 
Eastern Islands of Indonesia (NTT 
and NTB) in SEA 

Africa  (ESA: East & Southern Africa;  WCA: West & Central Africa) 

Mixed irrigated 
arid/semi-arid 

4 1.8    Cattle, chicken, small ruminants, 
pigs 

Part of East Africa and southern 
Africa 

Agro-pastoral 55 ESA:: 15.6 
WCA : 4.8  

0.53 2633 Millet, sorghum, pulses, groundnut, maize, 
trees as fuel, fodder, shade, fruits & 
medicinals 
 19% land area 

Cattle, small ruminants 
15 million livestock 

ESA: N Kenya, NW Uganda, Sudan, 
N & C Tanzania 

WCA: Sahel countries, northern 
parts Nigeria, Cameroon, Ghana, 
Cote d’Ivoire etc 

Pastoral 100 3.2   Rangeland species; fodder trees & shrubs 
40% land area 

Camels, cattle, sheep, goats Botswana, Namibia, SW RSA 
ranching 
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Area/ 
System 

Total 
population 
(millions) 

No. poor 
(millions) 

Drought 
probability 

PDII x 
1000 

Main crops & trees Main livestock Example 

Rainfed mixed 157 ESA: 75.8 
WCA: 35.6 

0.17 (5331) Wheat (Ethiopia + Eritrea), sorghum, 
millet, pulses (cowpea, chickpea, lentils, 
faba bean), maize, groundnut, cassava, 
trees. 16% land area 

Cattle, sheep, goats, chickens WCA: Sahel/Sudan savannas 

ESA: large parts Ethiopia, Eritrea,  
Kenya, Tanzania, s. Zimbabwe, 
Zambia,  n. RSA 

CWANA 682.49 139.7   Wheat, barley, pulses, forages,  Sheep, goats, cattle, camels All countries in WANA    

Mixed irrigated 
arid/semi arid 

-/99 24.0   Wheat, alfalfa and other fodder 
leguminous crops, chick peas, faba beans, 
beans, potato, lentils, vegetables, grapes, 
pomegranates, citrus 

Cattle, poultry, small ruminants Tunisia, Algeria, Egypt (Nile delta), 
Iraq, Iran, Central Asia & Caucasus 

Sparse arid/Agro-
pastoral 

35 8.3   Barley, Rangeland species ,  Sheep, goats, camels Syria, Jordan 

Rainfed mixed 39 
 

(22.6) 0.09 592 Durum wheat, Bread wheat, barley, potato 
(highlands) 

Small ruminants Tunisia, Algeria, Morocco, Syria, 
Turkey, Iraq, Iran, Central Asia & 
Caucasus 

Dryland mixed 47 0.8 0.19 413 Figs, palm dates, prickly pears Sheep, goats, camels Tunisia, Algeria, Morocco, Syria,  
Iraq, Oman, Central Asia & 
Caucasus 

Small scale 
cereal/livestock 

20 0.4 0.03 205   Pakistan 

Latin America 

Agro-pastoral 15 6.7    Cattle, goat, sheep, Camelids North East Brazil; 
Yucatan/Mexico;, 
Patagonia/Argentina 

Rainfed mixed 39 15.1    Cattle, goat, sheep, pigs  
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Drylands are generally economically and politically marginalized; national investment strategies tend to 
favor high potential or densely populated areas, despite evidence that the highest returns to investment in 
infrastructure are in less favored lands (Fan and Hazell, 2001). Many of smallholder systems in dry areas 
have poor access to markets and are often constrained by a lack of access to agricultural inputs such as 
improved seeds and seedlings, fertilizers, livestock breeds, animal health services, and information about 
alternate production technologies that could increase production and sustain the land.  Thus, improved 
market access and community institutional arrangements can be key to effective management of 
environmental risk.  

Non-farm or off-farm income is also an important contributor to income diversification and livelihoods, and 
is the only source of income for the rural landless. Smallholders need to be empowered to take part in the 
development of livelihood strategies that cope with economic and environmental shocks, increase the 
value of their assets, and create new opportunities. In particular, women, who contribute substantially to 
farm labor and are often the heads or de jure heads of the household, are often overlooked in the design 
and implementation of policies and programs. 

The dry areas encompass several of the major centers of origin and diversity of crops and livestock (FAO, 
2007) of global importance. Most of the traditional farming systems maintain local agrobiodiversity in the 
forms of landraces, local breeds, pastoral species and other wild and native species. However, biodiversity 
in dry areas is threatened by land degradation and pressure on natural habitats. The same genetic 
resources also provide plant breeders with the inherent traits needed to adapt crops to heterogeneous and 
changing environments (Fowler and Hodgkin, 2004). With proper incentives, drylands could also increase 
their supply of ecosystem services; the PES paradigm is increasingly being used in drylands to promote 
biodiversity conservation, including wildlife, and watershed-service provision, and the extensive rangelands 
are a potential contributor to climate change mitigation through carbon sequestration. 

Despite their diversity, dry area systems are all characterized by the need to manage environmental risk, 
and many are finely adapted to current agro-ecological conditions.  Indeed, an important feature of these 
systems is that they are “local” in character using indigenous knowledge, including traditional cultivars and 
ways of natural resource management. Some areas are largely closed systems with little external input or 
influence. Despite all these constraints, it is clear that in many of these dry area systems there is potential 
to increase food production in a more sustainable way, improve food and nutritional security and increase 
ecosystem resilience. Sub-Saharan Africa, South Asia and CWANA in particular have large productivity 
gaps, where quick wins would be possible (Cooper et al., 2009; Wani et al., 2009).  

Dryland systems often contain, and could contain more, small areas of high potential that play an essential 
role in the functioning of the entire system. Developing and managing the potential of these areas can have 
significant implications for the overall system. Increases in vulnerability are often driven by the fact that the 
management of high potential areas has been decoupled from the broader systems. Creating more of 
these areas, but with better integration into broader system functioning, is a goal of this MP. 

To address the many constraints facing the dry areas, international agricultural research for development 
needs to adopt innovative approaches that bring together all stakeholders, including local communities of 
farmers and livestock keepers, to develop sound technologies and resource management strategies that 
build resilience of these farming systems to increasing water scarcity and climate change. The aim, 
therefore, is to increase productivity per unit of water and land at farm and landscape levels, and to build 
ecosystem resilience. 

The overarching challenge for MP1.1 is to show how it will succeed in delivering benefits to the poor and 
vulnerable, especially women, in dry area systems. Unlocking the potential of drylands will not be easy. 
Dryland systems are complex, with multiple, mutually-reinforcing biophysical, economic, and social 
constraints.  They have not been reached by agricultural R&D efforts. A main reason for this is that the 
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enabling environments and innovations systems that are in place in high potential regions for generating 
and sharing information and knowledge, and for disseminating the outputs of research are 
underdeveloped, fragmented, or in some cases, entirely lacking.  To have impact in these systems, 
agricultural research must be organized in such a way that it not only generates appropriate knowledge 
and technology but serves to catalyze broad-based innovation and leverage key complementary 
investments and policy and institutional changes that will ultimately make the adoption of new technologies 
and livelihood strategies feasible, attractive and sustainable. 

This Mega Program aims to identify and alleviate the priority technical, institutional, informational, financial, 
policy, capacity, and other constraints that combine to limit agricultural productivity growth, degrade the 
natural resource base, and perpetuate poverty and vulnerability in dryland agricultural systems.  Research 
to alleviate constraints, both within and from outside this MP, as well as research on processes, will be a 
key element. But these have to be put in the wider context of research-for-development (R4D) pathways. 
Innovative technologies, economic incentives and institutional approaches that will enhance the resilience 
of smallholder farmers, livestock keepers and rural communities to a range of external change drivers are 
needed. The basic approach to achieving this aim will be to test on-the-ground with the intended end users 
a diversity of agricultural R4D approaches. This will require innovative approaches to working with 
research, policy, development and civil society partners in adaptive, collaborative processes.  

The research approach in this program is a reflection of the integrated research arrangements envisioned 
for Consortium research programs, based on inter-center complementarities and extended partnerships 
throughout the research for development continuum. It has a clear strategic focus using innovative system 
approaches that build on current Centers’ mandates and programs to address the development 
challenges. Boxes 1-3 give a few examples of how this systems approach can make a difference.  

The CG centers have a role not only in co-developing new technologies and management practices, but 
also as knowledge and partnership brokers, providing information and tools for decision making, for 
information sharing, and for experimentation and joint learning among partners. This MP will provide a 
process and learning framework within which all MPs and R4D organizations and actors can work to 
increase food security, reduce poverty and enhance the sustainable use of environmental resources.  
 

Box 1. Improving water and land use: a platform for sustainable agro-ecosystems 

The productivity and sustainability of dry-area production systems, and rural livelihoods in these areas, are 
severely limited by water scarcity and land degradation. Both factors are being successfully addressed by the 
Water Benchmarks Project. The project, implemented jointly with national research programs in ten countries, 
aims to help increase water productivity in three major agro-ecologies: rainfed systems, irrigated systems and dry 
rangelands. Project results are being used by scientists as well as policy makers, to improve water productivity and 
ecosystems resilience in dry areas. 

Benchmark research sites have been established in each agro-ecosystem, together with complementary ‘satellite’ 
sites in multiple countries. Research at these sites is conducted at the community level using participatory 
approaches. Crucially, water and land management technologies are integrated with appropriate cropping 
patterns, socioeconomic and policy aspects. This helps ensure that resources, inputs and management are in 
‘sync’, together helping to create more productive, sustainable and diverse farming systems. 

The project has developed ‘packages’ combining multiple technologies, such as rainwater harvesting, 
supplemental irrigation, planting date/method, and improved irrigation scheduling. For example in Egypt, the 
package included deficit irrigation (rather than traditional full irrigation), raised-bed planting, new wheat varieties 
and integrated soil and water management methods. This led to a 30% saving of irrigation water, lower fertilizer 
costs, and better control of salinity, weeds, pests and diseases. Water productivity increased by 25% and farmers’ 
income by 32%, in the project’s target areas. The package has been endorsed by the government, widely 
disseminated, and adopted by three development projects and over 1000 farmers. It has also been recommended 
by the Ministry of Agriculture for implementation in a new project that will cover 40,000 hectares.  
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Box 2. Integrated crop-livestock systems 

Particularly in dry areas, it is important to focus on integrated production systems, rather than single crops. One 
example is the integration of alley-cropping of fodder shrubs (salt-bush and cactus) into barley-based systems in 
North Africa. International and national research centers worked together to develop and promote alley-cropping 
technologies, and subsequently to conduct adoption and impact studies to provide lessons for future efforts. 

Crop-livestock systems in Morocco and Tunisia face two sets of problems: severe shortages of livestock feed, and 
poor crop productivity due to soil erosion and declining soil fertility. The alley-cropping technology addresses both 
sets of problems. Salt-bush (Atriplex) and spineless cactus (Opuntia) are alley-cropped between rows of barley, 
providing a reliable supply of fodder, reducing erosion and rainfall run-off, and increasing soil moisture retention. 
The technology, once developed and proven, was out-scaled by IFAD as part of their development projects.   

Impact assessments, conducted through case studies in the two countries, show: 
• 40% adoption of cactus alley-cropping in target areas in Tunisia 
• 26% of farm area alley-cropped with Atriplex in target areas in Morocco 
• Farmers were able to reduce purchases of feed concentrates by up to 72% 
• Internal rate of return was 20-40% in Tunisia (cactus) and 50-90% in Morocco (Atriplex) 
• Economic rate of return – after factoring in cost of subsidies and other government support – was 7-15% in 

Tunisia and 25-48% in Morocco.  

The studies highlighted several issues relevant to policy makers: (i) Subsidies are important, especially for the 
poor: small-scale livestock keepers could not have adopted this technology without subsidies, as they have to 
remove animals from the field until the alley-crop is established. (ii) Adoption depends on multiple factors 
including productivity, income and subsidies. (iv) Benefits from a technology may be direct and immediate (e.g. 
increased household income), or indirect and long-term (e.g. reduced soil erosion). Poor producers will adopt a 
technology only if it provides direct, immediate benefits. But without adoption, the substantial indirect or long-
term benefits will remain unrealized. In such situations there is a strong economic justification for providing 
subsidies or other incentives to encourage adoption. 

 

Box 3. Integrated watershed development in South Asia 

The productivity and sustainability of a dryland agro-ecosystem depend on the quality and reliability of water 
resources – which in turn depend on the health of its watersheds. Research on watersheds in the 1970s and early 
80s produced a number of improved soil conservation and fertility technologies, but adoption of these 
technologies remained poor. This changed when the producer- and technology-oriented approach was replaced 
by a community-based, demand-driven approach – integrated watershed programs that address livelihoods, 
community empowerment, agricultural production and natural resource management. 

The lessons learned are being successfully applied by policy makers in Asia. Crucially, introduction of new 
technologies must be based on incentives. In India, higher groundwater levels (achieved through technology 
interventions) have proved to be sufficient incentive for small-scale farmers to adopt improved watershed 
technologies. Other lessons are: methods to enable specific target groups to diversify production and seek new 
markets; and to use community-based mechanisms to improve resource allocation at various levels, from farm to 
landscape scale, depending on the livelihood or natural resource management issues. 

Using this approach, technologies that previously had low adoption rates, are now being enthusiastically adopted; 
and demand has been created for new technologies. These include new crops and varieties, more efficient 
irrigation methods, high-value products such as vegetables and milk, improved livestock breeds, agroforestry 
techniques, and many more.  With the new community-based, participatory approach, watersheds have become a 
growth engine for sustainable development of rainfed agriculture in Asia. Productivity, livelihoods and ecosystem 
services (groundwater recharge, reduced runoff and soil loss, improved water quality, increased carbon 
sequestration) have improved, while maintaining equity. The Government of India has now implemented policies 
to support integrated watershed management. Some State governments have gone further, effectively putting all 
crop production under watershed programs. 
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Objectives 
MP1.1 will coordinate related research across the CGIAR’s three strategic objectives, with the aim of 
harnessing and integrating science from the entire MP portfolio. This science will be directed towards 
developing IPGs that address several MDGs and lead to improved production options, resource 
management alternatives and policy options in dry area agricultural systems. 

The overall aim of this MP is the development of sustainable, resilient and viable production systems that 
contribute directly to food security and improved livelihoods by enhancing the productive and adaptive 
capacity of farming communities in the dry areas. 

The central objectives of the program are: 
1. Sustainable productivity growth and intensified production systems at the farm and landscape levels 

while optimizing and rationalizing the use of scarce water resources. 
2. More resilient dryland agro-ecosystems that can cope with climate change. 
3. Less vulnerable and improved livelihoods of rural communities through improved access to new 

technologies, diversification, natural resources and access to market. 
4. Innovations in approaches that enhance integration from farm to landscape scales and improve the 

targeting and impact of research and development investments in dry areas.   

 MP1.1 brings added value by: 
1. Solving the problem of the location specificity of natural resource management research that has 

seriously constrained the wide adoption of research outputs, through integration and better linkage 
to development. 

2. Integration within and between farm and landscape levels. 
3. Enhancing the effectiveness and contribution of R&D investments in reducing poverty and 

enhancing food security in dry areas. 
4. Providing innovations in R4D interaction and various scales and partnerships that will enhance the 

targeting and impact of research and development investments in dry areas. 

Within this framework the following Specific Research Objectives (SRO), representative of the steps in the 
impact pathway, will be addressed: 

1. Prioritization of key agricultural production systems and researchable issues for better 
targeting and maximum impact. Within the broad systems and geographical areas having the largest 
number of poor and vulnerable people (defined in Table 1), pastoral, agro-pastoral/extensive mixed 
and intensive crop-livestock/mixed systems are targeted using socioeconomic and livelihoods analysis, 
and systems and geospatial (GIS) analysis and ex ante modeling of potential impact, including IPG 
potential (see Figures 3 and 4 for examples of approaches to poverty mapping). Those systems that 
have the greatest potential for scaling-up are targeted  

Researchable issues identified within target systems, both technical and process-orientated, for short- 
and longer-term impact. Through integrated systems research and participatory research with R4D 
partners, improved understanding achieved of dryland agricultural systems, including their 
opportunities, challenges, chance of success and development strategies.   

2. Increased efficiency of natural resource use to sustain target systems and more resilient 
agricultural systems to manage risk, variability and change through participatory research and by 
embedding interventions in a systems approach within a supportive policy and institutional context. 
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3. Improved productivity and profitability of agricultural systems through sustainable 
intensification, diversification and market linkages, building on the combined efforts of partners 
and utilizing the outputs from other MPs. 

4. New partnerships and models of working together that engage end users, development actors, 
policy makers, the private sector and others to generate development innovations and strategies to 
deliver impact, and at the same time enhance local capacity to collaboratively conduct, deliver and 
communicate R4D.   

The CGIAR has significant experience with institutional innovations around multi-stakeholder research 
processes upon which to build.  Work on farmer participatory research made the case for involving end 
users in the research process and provided models for engaging effectively and efficiently to take research 
scale.  Work by CG and partners on participatory watershed management addressed the integration of 
agriculture and natural resource management at a landscape scale, and generated lessons and models for 
supporting and facilitating pro-poor multi-stakeholder processes.  More recently CPs such as SSA-CPA 
and CPWF have adopted highly innovative IAR4D models using approaches such as innovation platforms,  
social experimentation, and network theory to foster innovation, deliver impact on the ground, and generate 
global and regional IPGs around research for development processes.  Finally, many CG centers are 
participating as “knowledge” partners in large-scale development projects, providing technological 
backstopping and increasingly support to M&E and learning. Though the lessons have yet to be 
systematized, these experiences have taught both the research organizations and the development 
partners a lot about the challenges and benefits of working together in impact-oriented projects.  These 
experiences will provide MP1 with both a basis on which to build in the field—some of the sites and 
partners may be the same—as well as lessons about what works, what doesn’t, and how things can be 
done better.  One of the first activities will be to take stock of past experiences and extract lessons and 
implications for MP1.1. 
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Figure 3. Example of poverty mapping:  Agricultural resource poverty (score: 0-100) in the drylands of Central and West Asia, and North Africa. 
  



13 
 

 
Figure 4. Example of poverty mapping: Distribution of total income from agriculture and livestock in Syria. 
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Rationale 
Some dry area productions systems have been identified as those with the greatest potential to increase 
food production to meet growing demands. Sub-Saharan Africa, WANA and South Asia in particular have 
large productivity gaps where quick wins would be possible (Cooper et al., 2009). These areas have not yet 
benefited substantially from the technological, social, institutional and policy innovations generated by 
agricultural research. One of the major reasons why agricultural research has not delivered more to 
drylands is that much of it has been conducted on isolated single components of a system, while farmers, 
communities and policy makers operate in complex multifaceted systems.  Livelihoods of small farmers in 
dryland areas consist of a combination of different assets: natural, human, social, financial and physical 
related, which interact with different components of their production and food systems.  The interfaces 
among these components have not been sufficiently explored and their role in adoption of new 
technologies is not well understood (Pretty and Ward, 2001).  This MP will use an integrated systems 
approach to look at the interfaces among system components in order to propose the most suitable 
interventions to improve and diversify livelihoods.  The monitoring and evaluation of the interventions will 
also be made with an integrated systems perspective.   

Integrated R4D is not new. Recent advances in innovative technologies and development strategies 
including micro-dosing of fertilizers, micro-dams, in-field water harvesting, payments for environmental 
services, community institutions, community-based NRM, community-based livestock breeding, village-
based seed and seedling enterprises, participatory market development, participatory research, micro-
finance,  insurance, alternative energy sources, mobile connectivity and the increasing recognition of 
empowering local communities by national governments, provide a sound starting point. These and other 
innovations can be put to the test at different scales, from farm to landscape level,   in a globally 
coordinated manner. The success of this complex research would lead to a revaluation of how drylands 
contribute to national development policies. 
 
Targeting systems and focus 
In each targeted agro-ecosystem, the research partners will develop a research portfolio based on the 
most promising crop, land use, livestock, tree, and fish combinations, as well as the specific natural 
resources and market and institutional challenges that must be addressed to improve productivity while 
sustaining the resource base. Full account will be taken of the experiences and lessons from previous 
research programs, including from Systemwide and Ecoregional Programs (SWEPs) and Challenge 
Programs (CPs).  

MP1.1 will identify target areas/systems using two criteria: (i) those with highest levels of absolute poverty 
and vulnerability; and (ii) those with greater potential for impact through market-led intensification, 
explained in more detail below. The basis for this distinction is that approaches to these two groups will 
differ, requiring different “mixes” of technologies and social/institutional processes and policies. These two 
target groups are consistent with, and allow direct links to, other MPs, such as MP5 and MP7 for 
vulnerability, MP2 for markets, MP3, MP5 and MP6 for productivity, and MP4 for health and nutrition. 

The two main target systems are distinguished as follows

1. Areas/systems with the deepest endemic poverty and most vulnerable populations often 
associated with natural resource degradation and environmental variability. Pastoralists and 
agro-pastoralists or smallholder farmers with extensive systems are acutely vulnerable to risks 
associated with natural resources degradation and variable rainfall today, and their vulnerability will be 
exacerbated by climate change, particularly in the Sahelian belt, South and West Asia and North 
Africa). These systems, with chronic poverty and unsustainable natural resource management 
practices, have not benefitted from or been amenable to traditional R4D programs based on traditional 
technology transfer models. In these systems, science-based approaches and technologies must be 
strongly linked through local institutions to development programs that address issues around social, 

:  



15 
 

financial and other capitals, institutional support programs and capacity building. Development 
strategies in vulnerable systems will have entry points primarily around livelihood strategies rather than 
productivity per se. These strategies may include risk management (especially for land degradation 
and environmental variability), diversification into more market orientated systems or other income 
sources – for example payment for environment services (PES) in specific cases, or even exit from 
agriculture.  Strategies in these systems will also have to recognize that non-agricultural sources of 
livelihood will be important and that social and institutional support networks and systems will be 
needed. People in these systems will be harder to lift out of poverty, and it may take more time, effort, 
and innovation to reach them, though the payoffs in terms of poverty reduction justify the investment. 

2. Systems with the greatest potential for impact on poor in the short to medium term. Some 
economies in dry areas are in transition from primarily subsistence to more market-orientated 
economies (e.g. Central Asia, Caucasus; West Asia and North Africa; South Asia; parts of West, East 
and Southern Africa). These cover irrigated, rainfed and steppe regions. Many countries are urbanizing 
rapidly, creating an expanded demand for food. Research has shown that investment in infrastructure 
and improved access to markets can drive rural growth (Fan et al.,) and there are substantial 
opportunities to improve livelihoods and food security through combinations of market linkages and 
enterprise diversification or specialization (e.g. per-urban dairy systems, plastic house fruit and 
vegetable production) that result in greater productivity (intensification) and opportunities for income 
diversification. Development strategies for these areas will involve improved agricultural practices, 
combined with innovations around post harvest, market access and value-chains, livestock-driven 
fodder production and emerging markets for ecosystem services.  Intensification is often, but not 
always, associated with better soil and land management practices and hence greater sustainability. 
These systems are likely to be where the major productivity increases will come from in the next 20 
years, since there is relatively less competition for resources than in the high potential, intensive 
systems in developing countries (Herrero et al., 2010). 
 

These target areas/systems are not mutually exclusive and many agricultural systems will contain areas or 
elements of both. Urban markets create demand and opportunities to diversify rural livelihoods by growing 
high value crops (fruits, vegetables, herbal, medicinal and aromatic plants) and through processing and 
adding value to crop and livestock products. The proposed approach to targeting, defining and 
understanding dryland systems in terms of natural resources, livelihoods and opportunities for 
intensification will lead to different approaches – with different starting points, trajectories and partners – to 
developing innovations and new levels of resilience and risk management in systems. 
 
Priority/target systems 
MP1.1 will target key systems within regions based on the analysis of potential impacts and the extent of 
poverty and vulnerability, taking into account existing CGIAR research hubs and sites, emphasizing 
representative integrated research sites. It will exploit synergies among MP1.1 partners and across MPs, 
wherever these can add value (e.g. wider choice of crop varieties/types and livestock breeds from MP3; 
land and water management option from MP5, climate risk adaptation and mitigation with MP7, agro-
forestry with MP6).  

Examples of target systems are: 
• Intensive and extensive mixed crop-livestock systems in South Asia and Southern China. 

These systems cover different agro-ecologies, market-access and natural resource constraints 
Integrated community-based research programs will address issues and provide solutions at the small 
(<1000ha) watershed level, including natural resource management, enhancing tree cover, crop 
diversification, crop-livestock integration,  market access, and empowerment of communities and 
women.  There is considerable potential for south-south exchange and learning.  



16 
 

• Intensification of crop-livestock systems in the eastern Indo-Gangetic Plain (Bihar and Bengal) 
and adjacent areas in India such as parts of Madhya Pradesh, Orissa and Jharkhand, including 
irrigated systems in semi-arid/arid environments and extensive mixed crop-livestock systems. The 
number of poor in these areas is about 60 million and impact potential is high. Climate and soil 
potential are good.  Key developmental challenges revolve around land use systems and the 
constraints to diversification and intensification this imposes. There is a need for community action 
and institutions for improved land and water management, management of livestock, market access 
and information. Key research challenges revolve around crop and livestock productivity, competition 
for residues between livestock and improved conservation agriculture based practices, greater use of 
small-scale irrigation, diversification involving high value crops, and exploitation of post-rice fallow land 
with food legumes as an option.   Lessons can be learnt from neighboring parts of the Indo-Gangetic 
Plain that have achieved a food surplus, such as Bengal.  The potential impact can be 20 to 30 million 
poor people. 

• Agro-pastoral and pastoral and crop-livestock-tree systems in Sub-Saharan Africa.  Crop-
livestock and livestock systems in West and Central Africa are intimately linked with a transition from 
transhumance to intensive systems from north to south that involves livestock, crops/trees, natural 
resource management and access to markets. Competition for crop residues for livestock and for 
sustainable natural resource management is a major issue. Some of these systems, such as the Kano 
Close-Settled Zone in northern Nigeria, offer important lessons in sustainable intensification of crop-
livestock systems.  

• The rainfed, irrigated and steppe agro-ecosystems in CWANA as described above, can be 
generally divided into agro-pastoral systems, rainfed mixed crop/tree/livestock production systems and 
irrigated sub-systems. Each of these systems has unique development challenges.  
Rainfed areas suffer from climatic variability, low input use due to production uncertainty, and loss of 
soil fertility associated with poor rotations and mono-cropping. Rainfed mixed farming systems 
predominate in dry areas. Cereals, legumes, summer crops, fruit tree and olives are the prominent 
crops. However, in the drier areas low-productive cereal monocultures dominate with large yield gaps. 
Many farmers keep small ruminants, in particular dairy sheep and goats, accounting up to 45% of the 
farm income. Frequently affected by severe droughts, farmers suffer from crop failures and periods of 
intense feed scarcity, aggravated by the increasing effects of climate change.  
Irrigated areas suffer from severe land fragmentation and land degradation due to soil fertility / organic 
matter depletion, salinization and lack of diversification. However, these have large production 
potential, where increased water productivity can be achieved through deficit irrigation that allows 
achieving near-maximum yields but with less water, which can then be used for other uses.  
Steppe areas with predominantly rangelands mainly suffer from low and sporadic rainfall with severe 
land degradation and from weak institutions that govern their access and use and provoke community 
conflict, leading to overgrazing and degradation, loss of biodiversity, and ultimately desertification. 
Some rangelands, such as vast areas in central Asia on the other hand, are effectively underutilized, 
due to their remoteness and the limited mobility of small herders, and provide an opportunity for 
sustainable use. As steppe agro-ecosystems are severely degraded, livestock increasingly depends 
on crop residue grazing, and cereals, straw and purchased supplementary feedstuffs in winter. Due to 
the large fluctuation in feed grain prices, dairy sheep farming and fattening systems are high-risk 
operations. With the successful introduction of conservation agriculture, competition for crop residues 
for livestock and for sustainable natural resource management will become a major issue. 

 
Measurable results 
The immediate research outputs (results) required to achieve the strategic objectives are as follows.  
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Strategic Research Objective 1. Prioritization of key agricultural production systems and 
researchable issues for better targeting and maximum impact: 

Output 1.1: Agro-ecosystems and benchmark sites selected and characterized based on poverty, 
natural resource vulnerability and market access.  
Partners: linked with other MPs, national agricultural research and extension systems (NARES) and 
advanced research institutes (ARIs). 

Output 1.2: Ex ante analysis and mapping of domains for crops, varieties, dry areas technologies 
carried out. Livelihood and poverty mapping executed. Data set assembled and analyzed for 
identification of target groups (2011). 
Partners: linked with other MPs, NARES, ARIs. 

Output 1.3: Conceptual frameworks, methodologies and tools for analysis and improvement of crop-
livestock and/or range-crop-livestock system. 
Partners: linked with other MPs, NARES, ARIs. 

Output 1.4: Learning enhanced from diverse MP systems/approaches research/strategies: lessons 
learned about what research approaches, development strategies, and/or institutional models work in 
which systems and contexts. 
Partners: linked with other MPs, NARES, ARIs. 

Output 1.5: Research priorities and impacts defined in major systems using ex ante modeling. 
Partners: linked with other MPs, NARES, ARIs. 

Strategic Research Objective 2. Increased efficiency of natural resource use to sustain target 
systems and more resilient agricultural systems to manage risk and variability: 

Output 2.1: Participatory approaches to water and land use planning at different scales implemented 
and validated, by different user groups, emphasizing equity of representation.  
Partners: MP2, MP5 (NRM governance), NGOs, community and civil society groups. 

Output 2.2: Improved integrated strategies for different land use options (crop, livestock, 
water/soil/land), operating at various scales from farm- to landscape-level, and their potential to mitigate 
risk assessed.  
Partners: MP3, MP4, ARIs and NARES. 

Output 2.3: Improved water harvesting and supplemental irrigation technologies implemented and 
promoted to increase land and water productivity and to optimize and rationalize the use of scarce 
water resources. 
Partners: MP5, ARIs and NARES. 

Output 2.4:  Information and decision support tools to manage climate and other risks developed and 
validated in priority sites.  
Partners: MP2, MP3, MP7; insurance companies, banks and other providers of financial services; data 
providers (meteorological departments), agricultural extension, development/relief organizations. 

Output 2.5:  Better knowledge of the status and threats to local agrobiodiversity and development of 
technological, economic and institutional options for promoting community-driven in situ/on-farm 
conservation.  
Partners: linked with MP3, MP5, MP6 and MP7, and including local communities, key national 
stakeholders, NARES, development/relief organizations. 
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Output 2.6: Livelihood benefits derived from the use of agricultural biodiversity identified and 
awareness of these benefits promoted among researchers, policy makers, farmers and consumers. 
Partners: linked with other MPs, NARES, ARIs. 

Output 2.7: Alternative sources of livelihoods, such as Payment for Environmental Services (PES) 
schemes piloted and evaluated according to environmental, economic and social criteria.  
Partners: MP5, NARS, environmental research organizations, managers of protected areas, community 
groups and civil society organizations. 

Strategic Research Objective 3. Improved productivity and profitability of agricultural systems 
through sustainable intensification, diversification and market linkages: 

Output 3.1: Improved integrated production system options for productivity enhancement. This can be 
achieved through sustainable intensification and diversifying income generating options. Options are 
tested at representative integrated research sites (e.g. bench-mark sites) under different water and 
climate-change scenarios.  
Partners: MP3, MP4, MP5, NARES and ARIs. 

Output 3.2: Options for diversification of production systems and livelihoods, and added value gauged 
in terms of market potential, and promoted according to environmental, economic and social criteria.  
Partners: MP2, MP5, NARS, environmental research organizations, managers of protected areas, 
community groups and civil society organizations. 

Output 3.3: Options determined for increased sustainable use and efficiency of resources at farming 
system level and at larger scales. 
Partners: MP2, MP3, NARES and ARIs. 

Strategic Research Objective 4. New partnerships and models of working together: 

Output 4.1: Strategies for institutional arrangements to support communities in identifying, articulating 
and securing support from development agencies and decision makers in the public sector   
Partners: MP2 (infrastructure, services, social protection; decentralization); development and relief 
organizations, community organizations and other civil society groups like pastoral organizations; local 
government. 

Output 4.2: Methods for communication and enhancing public awareness within R4D partnerships to 
facilitate collaboration partnerships between stakeholders and share lessons learned. 
Partners: linked with MPs, NARES, ARIs, development and relief organizations, community 
organizations and other civil society groups like pastoral organizations; local government. 

Output 4.3:  Systematic approaches that integrate technological and institutional innovations and 
science-based interventions into livelihood strategies and link with development programs.  
Partners:  MP2, MP3, WB and other rural livelihood projects, development partners, local communities, 
NGOs, local and national governments. 

Output 4.4:  Strengthened capacity of national research and development programs through training 
programs, university curricula, graduate student research, etc  
Partners: linked with MPs, NARES, ARIs, development and relief organizations, community 
organizations and other civil society groups like pastoral organizations; local government. 

 



19 
 

Expected Outcomes 
The following outcomes, by Strategic Research Objective, are expected: 

Strategic Research Objective 1. Prioritization of key agricultural production systems and 
researchable issues for better targeting and maximum impact: 

1. Better understanding, by the international R4D community, national governments and decision 
makers, development agencies and other actors, of the opportunities and constraints in dry area 
systems, and the added value of system approaches for solving complex problems. Adoption of 
system approaches by national R&D programs. 

2. New impact pathways identified for reducing poverty and sustaining natural resources in complex 
systems and systems under pressure. 

Strategic Research Objective 2. Increased efficiency of natural resource use to sustain target 
systems and more resilient agricultural systems to manage risk and variability: 

1. Large-scale adoption by end users of  combinations of technological and institutional innovations 
to manage risk, improve agricultural and water productivity, and/or diversify incomes and 
livelihoods, leading to investment in better natural resource management  

2. Improved capacity of communities for agricultural innovation in communities and in local and 
regional institutions. 

Strategic Research Objective 3. Improved productivity and profitability of agricultural systems 
through sustainable intensification, diversification and market linkages: 

1. Overall increase in national production of major food commodities, including crops, livestock, fish 
and derived products with added value. 

2. Variability in livelihoods stabilized due to widespread adoption of risk management strategies. 

3. Genetic diversity of adapted plant and animal species increased, food production improved and 
farmers and local communities’ livelihood improved. 

4. Women and poor farmers benefit from new markets opportunities with the promotion of neglected 
and underutilized plant and animal species 10 developing countries. 

Strategic Research Objective 4. New partnerships and models of working together: 

1. Research organizations use collaborative partnership models co-developed in MP1.1 and have a 
greater and appreciation of the added value of  system approaches for solving complex problems 

2. Information from MP1.1 used to inform policies and other instruments (e.g. PES schemes) 
regarding dry area development, NRM and other issues relevant to dryland communities 

3. Resource access by dryland individual and communities, especially women and marginalized 
groups, maintained/increased, and local institutions for NRM created/strengthened  

4. Development organizations and other development stakeholders adapt and promote the modules 
co-developed in MP1.1 that integrate technologies, institutional and market innovations, 
community-based approaches, and supportive organizations that foster local development, 
enhance uptake of innovations, and support collective action 
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Timeframe 
The timeframe involves two 6-year periods to move from classification of targets areas to sizable adoption 
of more productive resilient mixed agro-ecosystems. The time table for technology adoption is six years 
with three for the development and fine-tuning and three for the out-scaling and dissemination.     
• In each system CGIAR and NARS partners will meet in inception workshops to develop a research 

portfolio based on the most promising crop, land use, livestock, tree, and fish combinations, as well as 
the specific natural resources, and market and institutional challenges that must be addressed to 
improve productivity while sustaining the resource base. Opportunities for spillovers from different 
domains will also be important. 

• Knowledge from existing research, indigenous knowledge and research networks compiled and 
lessons learned assessed. 

• Systems within Table 1 characterized by GIS, remote sensing and data analyses. 
• Research partners in all systems in Table 2 identified and involved in identifying constraints. 
• Research sites identified. Partners in MP1.1 already work in areas of extreme poverty and 

vulnerability and research sites and partnerships with NARS already exist for many systems. 
• Impact pathway and development actors start to be identified and brought into the process. 
• A common understanding among partners, including farmers of opportunities, challenges, chance of 

success and development strategies of dryland systems. 
• Technical solutions, either from existing knowledge or generated as part of MP1.1 research,  that 

address  key constraints identified in SRO1 and SRO2, designed, tested and validated by researchers 
and farmers, and shared with R4D partners. 

• Capacity to conduct, deliver and communicate R4D under challenging circumstances (complex 
systems both social/poverty and in terms of natural resources) will be needed to have impact, 
especially among poorest. 

• Capacity building, learning systems and feedback loops to ensure active participation, innovation in 
terms of new partners for R4D and development in place. 

• Participatory and community processes needed to deliver technical solutions in key systems, and 
mechanisms needed to ensure their effectiveness, governance and ownership by farmers and 
stakeholders, tested. 

• Development of innovations and strategies to deliver impact that can be scaled-up in different systems 
and impact domains.  
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Table 2. System types, type of intervention and CGIAR Centers and key others involved. 
 
System Bio-physical 

constraints 
Region/Examples Technological Social Investment/Infrastructure Policy Centres involved 

(alphabetical order) 

Mixed irrigated 
arid/semi-arid 

Severe land 
degradation in 
parts; 
groundwater 
depletion; water 
quality 
deterioration; 
land, salinization 
heat stress 

Asia 
Rice based crop-
livestock systems 
Eastern IGP of India 
(high poverty, high 
potential) 

 
Intensification, including 
better management water 
and livestock; competition 
for residue/fodder; use tree 
fodder & fuel supply; trees 
to improve water & 
nutrient cycling 

   
Key challenges around 
landuse systems and 
institutional constraints 
;incentives for better 
water management 

CIMMYT, ICRISAT, ILRI, 
IMWI,  IRRI  

WANA 
Oasis systems (highly 
vulnerable) 

 
Date-palm ecosystem with 
all its components including 
fruit trees, field crops, 
forages and local livestock 
breeds 

   ICARDA 

Africa 
River basins in Sahel; 
small-scale irrigation 
(drip, fadamas, 
dambos) high poverty, 
high potential 

 
Capacity building in 
irrigation and water 
management; suitable 
crop/vegetable varieties 
and management practices; 
trees for fodder and 
water/nutrient cycling 

 
Community 
empowerment, especially 
of women; capacity 
building; PIM on larger 
schemes 

 
Small-scale irrigation 
provision  

 
Land tenure and 
rights/access on common 
land 

ICRISAT, IMWI, WARDA 

Rainfed mixed 
(intensive crop-
livestock systems) 

Land degradation,  
widespread 
macro- and micro-
nutrient 
deficiencies;  
climate variability;  
water scarcity; 
seasonal gaps in 
feed supply; 
increase zoonotic 
and other 
diseases; crop 
monocultures 

South to East Asia 
Dryland systems in 
southern China, NE 
Thailand, Myanmar, 
fringe IGP (high 
potential, pockets of 
poverty) 
 

 
Integrated watershed 
development including 
natural resource 
management; trees to 
improve water & nutrient 
cycling 
 

 
Community 
empowerment;  self-help 
groups; income 
diversification; 
negotiation over landuse 
access & rights; linkages 
to providers & markets 

 
Small check dams; 
rainwater harvesting and  
soil erosion control 
structures; domestic water 
supply 

 
Policy to support 
investment & capacity 
building; integrated 
development through 
‘missions’ to unite 
different Ministries 

 CIP, ICARDA, ICRAF, 
ICRISAT, ILRI  

Africa 
Intensive crop-
livestock systems SSA 
(high potential, 
pockets of poverty) 

 
These offer valuable lessons 
to other areas as 
populations increase. 
Opportunities include 

   CIP, ICRAF,ICRISAT, IITA, 
ILRI,  
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System Bio-physical 
constraints 

Region/Examples Technological Social Investment/Infrastructure Policy Centres involved 
(alphabetical order) 

 greater specialization and 
product development, 
diversification; tree fodder 
& fuel supply; trees to 
improve water & nutrient 
cycling 

West & Central Asia 
Crop-rangeland-
livestock systems 

drought tolerant varieties of 
traditional feed crops and 
alternative feed; small 
ruminant management; 
competition for 
residue/grazing 

Community development; 
conflict resolution; 
rangeland management 

 Overcome weak 
institutions and lack of  
policy options  

ICARDA 

Dry rainfed 
(extensive crop-
livestock systems) 

Land degradation; 
climate variability; 
seasonal gaps in 
feed supply 

Asia 
Deccan Plateau, India  

 
Areas with high potential 
for productivity 
improvements through 
integrated watershed 
development centered on 
groundwater recharge and 
water harvesting, along 
with integrated nutrient 
management. 
Opportunities for improved 
market access and 
enterprise diversification. 

  
Infrastructure, roads; post-
harvest storage systems; 
water sources; product 
processing plants 

 
Incentives & enabling 
environment; credit; land 
tenure; support 
institutions 

ICRISAT, ILRI 

Africa 
Zimbabwe, Botswana, 
Namibia, Tanzania 

 
High goat mortality; lack of 
dry season feed;  develop 
sources dry season fodder; 
coordinate market 
information 

 
Target women; capacity 
building in animal health 

 
Investment in livestock 
market infrastructure; 
abattoirs; vet services 

 
Support to local 
government ; develop 
markets in neighboring 
countries 

ICRISAT, ILRI 

Agro-Pastoral Desertification; 
land degradation; 
soil erosion;  
climate variability; 
feed  
 
 

WCA (highly 
vulnerable) 

Matching livestock breeds 
to specific environments, 
changing livestock species, 
better/more adapted crop 
species, early warning 
systems, price information, 
telecommunications; 

Community action to 
increase tree regeneration 
& manage trees and 
shrubs 
 

Roads, livestock markets, 
health & education, 
development of water 
sources, food storage 
systems, 
telecommunications 

Frameworks for 
diversifying income 
source; PES; insurance-
based schemes. Safety 
nets 
 

Bioversity, ICRAF, ICRISAT, 
ILRI 
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System Bio-physical 
constraints 

Region/Examples Technological Social Investment/Infrastructure Policy Centres involved 
(alphabetical order) 

conservation biodiversity; 
water harvesting 
 

Rangeland ecosystems 
in CWANA (highly 
vulnerable) 
 

Dryland and desert ranges 
are undergoing rapid and 
alarming degradation which 
is threatening the 
livelihoods of poor 
communities. The 
empowerment of livestock 
keepers, the use of native 
biodiversity in the 
rehabilitation of degraded 
rangelands combined with 
water harvesting 
techniques and better 
management of grazing and 
livestock health can reverse 
the trend of degradation 
and maintain the 
inhabitants in the face of 
climate change. 

Community action to limit 
livestock damage to 
environment/grazing 
management; 
management rangeland 
trees & shrubs 

 Strengthen or create 
policies for rangelands 

Bioversity, ICARDA 

Eastern and Southern 
Africa 

Improving access to water 
for livestock, increase 
livestock productivity 
(health, feed);  livestock 
product quality;  assess 
feasibility of carbon storage 
and sequestration in 
rangelands 

More appropriate relief 
and social protection that 
support livelihoods, e. g. 
smart destocking and 
restocking; conflict 
management ; community 
organization and 
empowerment 

Roads, market access for 
livestock products  , 
including links between 
pastoral areas and peri-
urban;  strengthen ICT and 
rural financial sector 
(savings, insurance to 
manage risk) 

 Increased awareness 
related to  pastoral 
development; institutional 
teamwork to support PES; 
participatory land use 
planning 

ICARDA, ICRISAT, ILRI 
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Quantified impact pathway 
Figure 5 describes the quantified impact pathway. Areas with systems that have the largest numbers of 
poor and vulnerable people will be identified using spatial analysis and dialogue with farming communities, 
researchers (NARES, SROs, and ARIs), government, and development partners, including the private 
sector, within these regions.  

Dialogue will directly involve men and women farmers in the research process and identify and engage 
other R4D and development partners. Key researchable issues within target systems, both technical and 
process-orientated, will be identified through integrated and participatory systems research. The identified 
constraints and opportunities will differ, and will require different combinations of technical, institutional, and 
policy research, and capacity development, depending on the system and its characteristics.  

Research in key systems and research sites will focus on constraints, both technical and process (including 
partnerships) needed to  increase the efficiency of natural resource use and develop resilient agricultural 
systems as well as increase greater productivity and profitability depending on the systems needs identified 
above. 

Impacts (5-10 years)  

1. Number of people living below US$1 and US$2 per day in targeted areas reduced by around 15%. 
Poverty 

2. Higher and/or more stable incomes for men and women (at individual and house-hold level) in target 
systems. 

3. Individual and household asset portfolios (including, land, water, livestock, agricultural biodiversity, 
physical assets, and access to common resources) increased and/or improved and constraints to 
access to those assets alleviated. 

4. Increased development investments and improved access to services in target systems. 
5. Up to 250 million people aware of  and given greater access to knowledge and results disseminated 

through MP1.1 

1. Crop and livestock productivity increased by 20% and variability in productivity reduced in target 
systems. 

Food security 

2. Purchasing power of smallholders increased by 10% in target systems, providing more secure access 
to food supplies 

3. Improved nutrition especially among key target groups (children, women, landless) in target systems. 

1. Productive quality of environmental resources (water, soil, rangelands) improved and maintained in 
target systems. 

Environmental sustainability 

2. Agrobiodiversity with global and local significance conserved in situ and on-farm in target systems. 
3. National policies and institutions that promote and support sustainable natural resource use 

introduced in target systems. 

1. Environmental degradation reduced or reversed, with 20% of degraded lands rehabilitated and under 
sustainable grazing management or low intensity crop production in target systems. 

Vulnerability: 

2. Variability in productivity and incomes reduced in target systems  
3. Greater diversification of livelihood and income sources in target systems. 



25 
 

Research Outputs Outcomes Impact

• SRO2 Better NR use & risk/ 
change

• SRO3 Diversification & 
market

MP2, 3, 4, 5, 6, 7

Information/ knowledge sharing

Innovative 
processes/ 
systems

SRO1  System 
priorities and 
targeting

Key 
agricultural 

systems  

Better 
designed R4D

More efficient 
use NR

Adaptation to risk

Better livelihood 
strategies

Greater profitability

Global
Poverty
Malnutrition
Food security
Vulnerability
Environment

I
m
p
a
c
t

p
a
t
h
w
a
y

Stronger 
partnership

Monitoring & Evaluation, learning

SRO4 Partnership

MP2

 
Figure 5: Research-to-Impact pathway, showing how the Strategic Research Objectives focus 
the impact pathway, how other partners are involved and the pathway from research outputs to 
impact.  

 
 
Centers involved and their inputs  
The Centers involved are: 

• International Center for Agricultural Research in Dry Areas (ICARDA) 
• International Center for Research in the Semi-Arid Tropics (ICRISAT) 
• Bioversity International 
• International Center for Tropical Agriculture (CIAT) 
• International Potato Center (CIP) 
• World AgroForestry Center (ICRAF) 
• International Livestock Research Center (ILRI) 
• International Water Management Center (IWMI) 
• WorldFish Center 

Each Center will bring their own knowledge and experience of the agro-ecosystems or programmatic areas 
in which they already work to bear on the common problems associated with dry area agricultural systems.   

The roles of each Center in the different systems and interventions are indicated in Table 2.  Inputs will be 
determined based on joint program activities that build on the comparative advantages and 
complementarities between Centers. This will promote synergies and collective action among Centers, by 
ensuring that strategic research planning is done collaboratively among Centers and partners. 
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Management arrangements and implementation 
Building on the management principles defined in the SRF, the MP1.1 has a simple and cost effective 
management mechanism that will rely almost entirely on the capabilities of participating Centers and other 
partners. This will ensure no increases in bureaucracy. MP1.1 will have one or two lead Centers 
accountable to the Consortium Board.  Governance, fiduciary oversight and financial management of the 
main performance contract for the MP1.1 will be the responsibility of the Lead Center(s). 

The detailed organization of MP1.1, modified based on the recent SRF, is outlined in Figure 6 below. 
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Figure 6:  Proposed MP management arrangements 
 

MP1.1 will have a Steering Committee (SC), which would handle strategic oversight, (co-) chaired by the 
Lead Center(s) DG(s), with as members the MP Coordinator, NARS leaders (weighted representation; e.g. 
Director, ARC Egypt)), ARI leaders and development partners. The SC will be responsible for the overall 
direction of MP1.1, for monitoring the entire MP1.1 and for the suggested resource allocation across the 
MP. 

The Research Management Committee (RMC) will be chaired by the MP Coordinator, and further consist 
of  Leaders of Strategic Research Objectives, NARS (weighted representation) & ARI research topic 
Leaders (e.g. National Director of Livestock Department). Management of human resources and finances 
and administration will be undertaken by the RMC in communication with responsible organizations at the 
SRO level.  

The MP Coordinator will be appointed by the Lead Center(s) in consensus following consultation with other 
major partners in MP1.1. 

The Lead Center(s) will enter into performance contracts with Centers or other institutes who will be 
responsible for leading major component projects related to the Strategic Research Objective (SRO). Each 
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organization leading a SRO will be responsible and accountable for managing their activities together with 
partners, ensuring that work is consistent with the MP1.1 business plan and delivering results. This will 
ensure that wherever possible, funds, responsibilities and accountabilities are devolved to the 
Center/unit/partner undertaking specific tasks. 

Communications, monitoring and evaluation, and reporting on the program as a whole will be delivered 
collectively under the auspices of the MP1.1 Lead Center Director(s) using skills combined from the MP1.1 
partners with their respective roles and inputs defined in the performance contracts.  Resource mobilization 
(or fundraising) will be coordinated at the MP1.1 level.  
 
Integration with other MPs  
MP1.1 will build on a R4D focus.  Comparative advantages are focused around integrated, multi-
component complex and dynamic agro-ecosystems, where developing resilience is through diversification, 
and where change is predicted and anticipated. Opportunities for IPG potential will be prioritized.  

MP1.1 will interact with MP1.2 and MP1.3 to learn of new approaches and tools to address complex, 
dynamic agro-ecosystems. Research will be tightly structured around major system constraints and 
requirements for resilience, together with opportunities (such as new markets and other potential links to 
MP2).  MP1.1 will also utilize the outputs emanating from Thematic Area/MP3, including improved crop 
varieties and animal breeds with desirable traits, and will provide feedback to the various MP components 
of Thematic Area 3, on the performance of their products in these complex systems.  

Because diversification of systems is a priority in MP1.1, it will work closely with MP4 to further enhance 
food quality and diet diversity. Interaction with MP6 is important as many agro-ecosystems involve the use 
of agro-forestry. 

The agro-ecosystem research in MP1.1 will also link closely with, and utilize the results from, research on 
land and water management, and ecosystem services, in MP5.  The modeling and decision-support tools 
developed within MP5 and MP7, for land and water management and adaptation/mitigation to climate 
change, respectively, will be validated and used to support interventions in dryland areas. 
 
Necessary partners at the international, national and regional level 
MP1.1 requires careful, structured, consultation with many partners, to draw up a research agenda for the 
next 5-20 years. Partnerships with CGIAR Centers, NARS, advanced research institutes (ARIs), NGOs, 
and other partners will be developed, focusing on the most resource-poor and vulnerable rural communities 
and their faltering and/or threatened production systems, promoting regionally coordinated approaches. 
Who these specific partners are, is indicated above along with each of the expected Outputs. Research 
partners will contribute based on technical know-how, reliability of delivery, participatory interaction mode, 
commitment to the cause, and/or need for capacity-building through a community-based mode. Private 
sector partnerships will be built, where these add value, especially on specific commodities, markets and/or 
resources. 

The Centers involved will bring with them their existing partners from NARS, ARIs and international 
stakeholders. 
 
Innovation 
The principle at the foundation of MPs is fostering, implementing and demonstrating innovation; new areas 
of CGIAR work with interactions among Centers; and greater partnerships (including outside the CGIAR 
centers) in targeted regions.  This MP encompasses innovation in five arenas: 
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• Integrating local knowledge. Building on local knowledge including the management of local 
agrobiodiversity, the fostering of traditional institutions, the use of participatory approaches and the 
introduction of concepts of community development.  
Examples of applying these principles are the development of a methodological framework for 
community-based breeding program for smallholder livestock keepers including institutions and 
infrastructural requirements and development of small-scale value addition to livestock and their 
products, which include smallholder fattening, dairy systems and fiber processing.  

• Integrating new developments in science. The complex, integrated nature of smallholder production 
systems, combining private and common resources, requires progress in social, institutional and 
organizational research, and promotion of community-based, farmer-collaborative system approaches. 
This integrated, multidisciplinary research responds to global interests (e.g. poverty eradication, 
enhancing food insecurity and managing climate variability), and will take advantage of novel science 
innovations to improve agro-ecosystems without neglecting other stakeholder knowledge. 
Understanding farmers’ decision making rationale and processes is needed, as it is key to targeting 
interventions. New decision support and ex ante analysis tools to look at resource allocation and 
decision making (e.g. land, labor, water), and its site/farm specific impacts on livelihood and 
sustainability will be developed. Interactions and resources flow at farm and landscape scales will be 
examined. The diversification/resilience balance will be studied, as will the trade-off between 
intensification and natural resource conservation, and market linkages in these mixed systems. 
Enhanced participation of women along value chains will be sought and promoted through renewed 
efforts to support their capacity building. 
Examples of new areas of research include the conjunctive use of rain (green) and irrigation (blue) 
water in rainfed crops. Many scientists have worked on zero tillage, supplemental irrigation and crop 
varieties as means of improving yields in rainfed areas. No integrated studies, however, were 
conducted to help understand the mechanisms and processes that will allow yield and water 
productivity to be improved and stabilized due to proper scoping of synergistic effects. The use of RS 
and GIS tools for better targeting and outscaling (e.g. benchmark concept, GIS-based distribution 
maps of local breeds through overlaying spatial breed distribution with agro-ecological/production 
systems maps) will enhance understanding of adaptive traits and help match breeds with environment. 
Crop-livestock-soil/water interactions will be studied simultaneously as components of mixed 
production systems. 

• Tackling transformation and system change. These mixed farming systems are undergoing rapid 
change due to a variety of external drivers including demographic change, gender biased migration, 
urbanization, globalization, and climate change. There is danger of innovations becoming irrelevant 
before they are adopted if these factors are not taken into account, and in other cases system change 
may be the only option to increase productivity and reduce poverty. Smallholder mixed systems for 
example, are in very rapid intensification processes and there is urgent need to manage that change in 
such a way that the situation of the poorest is not worsened and resources further depleted 
(irreversibly)- e.g. irrigation development displacing grazing animals, managing landscapes for overall 
increased production, while stabilizing markets. People in agro-pastoral systems are some of the 
poorest and most vulnerable. They are increasingly losing their “space”, and communities do not have 
the capacity to adapt to settlement, due to isolation, and difficult environments. This requires much 
more use of tools like participatory scenario planning and the study of mixed dynamic systems. 

• Integration at the system level. The systems approach will develop new integration across key 
agriculture sectors.  MP1.1 will search for enhanced synergies among various crops without neglecting 
local/minor crops of high nutritional value and resilience (linking closely with MP4 and MP7), livestock, 
rangeland and fishery components.  It will strengthen integration with all actors, including across the 
MP portfolio. It will integrate across disciplines as well, linking agricultural improvements to market 
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interventions, as well as to innovations in risk management and vulnerability reduction. There will be 
also integration of technologies and techniques for a better use of water resources and nutrients. Last 
but not least, the aim is to also intensify vertical integration between farming communities and science 
communities, so they develop a common vocabulary. The technology development will be 
accompanied and integrated with policy measures and institutional set-ups to ensure significant 
impacts through wider dissemination of the technologies and their promotion by policy makers. 

• Effective partnerships.  MP1.1 will link much more with the private sector and ARIs with key 
competencies, including working with private enterprise and establishment of partnerships allowing 
improved stewardship of private enterprise technologies so the pathway to impact is sped up. Greater 
efforts to link science with the needs of farmers will be pursued, leveraging the livelihood potentials of 
local agrobiodiversity and innovation of value chain actors. Complex information (e.g. related to crop 
and livestock production, water and soil productivity) will be packaged in ways that farmers can better 
understand and sustainably adopt. 

 
Risk 
There are several types of risks that MP1.1 may face:  
1. Integrated systems research, looking at interfaces in complex systems is a relatively new area of 

research in agriculture and tools are in the process of being developed.  Hence, as any other research 
activity, there is the risk that system integration does not occur in the way that is envisioned 
theoretically. The program will utilize successful experiences in fostering integration to minimize this 
risk.  

2. This type of work implies new ways of relationship across Centers and partners, which have not been 
common in the past. So a risk would be that the learning process to work together takes longer than 
expected and affects the implementation of research and development activities in the field. The 
program will minimize this risk through developing joint research to enhance partnerships and benefit 
from the new CGIAR structure.  

3. In several cases dryland systems are located in areas with high social and political volatility, which also 
may affect the adoption of interventions in the targeted areas. In such countries, the program will 
emphasize local partnerships to minimize this risk.  

4. For the success of this MP we need to call for the participation of a range of partners, particularly 
governments, which may not act as quickly as expected to provide the additional investments needed 
for scaling-up and out research results and lessons learned. To reduce risk the program will diversify 
partnerships and ensure that NGOs and other institutes are part of the process.  

5. We also need to find ways to partner better, including greater accountability and ownership by 
partners. This carries some risks as many activities related to impact are beyond the control of the 
research program. Involving development agencies and extension services in research planning and 
implementation will help in reducing this risk. 

While dry area systems have always been characterized by risk, these risks are changing and in some 
cases increasing.  At the same time, there has been a reduction in capacity to manage risk as a result of 
restricted access to resources, lack of information, land degradation, land tenure insecurity. In several of 
the pastoral areas in the dry areas, reduced mobility, degradation, tenure insecurity, mobility and access, 
and disintegration of traditional collective systems, along with conflicting government support such as 
subsidized feeding, which indirectly increases pressure on rangelands (maintaining steady livestock 
numbers even during extended drought) contribute to the complex interplay of risk. Conflict over resources 
characterizes dry areas, and could be severe in some cases (i.e. water resources in Central Asia).   
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Gender Strategy 
In view of the differential roles of men and women in many agro-ecosystems and in the maintenance of 
traditional knowledge of agricultural diversity and associated practices, MP1.1 will have a prime focus on 
gender issues. The intra-household organization of dryland farming systems varies. Women play an 
important role in dryland systems as food producers, managers of livestock especially small stock, 
processors of agricultural products, and in managing natural resources. Understanding the gender 
dynamics of these systems through a targeted gender analysis will provide an important entry point for 
MP1.1 in the design of appropriate innovations and institutional arrangements that have both poverty and 
equity impacts.   

Women in the dry areas contribute substantially to agricultural production, but in the vast majority of the 
cases decisions are generally made by men. Empowerment of women is important to maximize gender 
diversity benefits and contribute to social development. The program will research the best avenues to 
women empowerment in major socioeconomic systems.  

MP1.1 will apply best practices in gender research, development of standardized indicators, methodology 
development, and capacity building for gender responsive R&D. Data and analysis will be disaggregated 
by gender in order to understand the differential impacts of interventions on rural men and women and their 
families. Similarly, impact indicators will be disaggregated by gender and wealth categories to ensure that 
project activities are oriented towards achieving impact on women and other vulnerable groups. 

Identification of target communities and smallholders will take into account proportions of women, youth 
and other marginalized groups. Consideration of cultural, social, religious or other constraints that limit 
women’s participation in research and development programs in these areas will be identified and to the 
extent possible addressed. Stakeholder consultations especially those involving communities, which will 
form the basis for priority setting for research, will integrate the identification of men’s and women’s needs, 
priorities, preferences and opportunities for technologies, policies and institutions. 

Access to resources in dryland areas is critical. Gender differences in access to and control of resources 
can influence the uptake of new technological and institutional innovations. Consideration will be given to 
the gendered access to and control of resources such as land, trees and other common resources, water 
and crop management technologies, inputs, services and whether they can use these on “women spaces”.   

Gender research and activities in market related innovations will focus both on the participation of women 
in value chains, what chains may be more beneficial for women (e.g. small stock vs. large stock, legumes 
vs. cereal grain markets) and on the benefits and control of income from (or the threat of loss of income) by 
women from these market related activities. The role of off-farm employment, and particularly the impact of 
male migration on women’s roles in farm management and decision-making, will be studied. 

Monitoring and evaluation indicators at different levels including outcome and impact indicators will be 
disaggregated by gender; for example asset and nutrition indicators will be measured at both individual and 
household level and for both male and female headed households in order to capture gender differences. 
Impact and evaluation studies will also focus on the effects of new innovations and new institutional 
arrangements on both men and women and especially on division of labor and appropriation of resources 
and benefits within households and communities. These evaluation studies should ensure that the views of 
both men and women are heard as opposed to the views of heads of households. Women self-help groups 
have been a successful method to empower and give women greater access and resources in India and 
similar models may work elsewhere. 

Addressing gender will require partner organizations with skills to address these issues and capacity 
building will be an important component. Encouragement of women in partner organizations to participate 
in the research and development activities will be crucial.  Resources for gender specific activities and 
strategies will be allocated in the budgets to ensure that innovations are delivered to both women and men 
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and that gender considerations are integrated throughout the research programs. Above all, this research 
should shed light on what kind of new interventions should be developed jointly with and for women so that 
they are better targeted to adoption by women.  
 
Capacity Development 
Given its focus on poor regions, many with weak NARS, capacity strengthening is likely to play a larger role 
in this MP than in others. The focus provides an important opportunity for institutional learning within the 
system. Likewise, MP1.1 offers good opportunities for South-South collaboration. For example, India has 
invested heavily in agricultural research and has considerable expertise and knowledge that is relevant to 
Africa. Likewise Brazil has significant areas of drylands and EMBRAPA has outreach stations in Africa. 
China has succeeded in attracting thousands of its young professionals, highly educated abroad, back to 
China by providing very competitive salary and benefit packages together with research facilities and 
equipment on par with those in the industrialized world.  

Capacity building and prioritization will need to recognize individual needs of organizations (regional, 
national and sub-national) in public and private sector, opportunities for capacity building and learning 
within MP1.1, and importantly take advantage of south-south and north-south collaboration.  In particular, 
capacity building needs to focus on the human and institutional capacity required to deliver results within 
key systems and at a local and national level. NARES are increasingly short of agronomists and subject-
matter experts needed at community-level. Integrated systems are also knowledge intensive (i.e. far more 
than just seed or fertilizer) and require FFS, local experts and other forms of capacity. Partnership will be 
vital for this. 

As many institutes are involved in capacity building, this program will focus on improving NARS capacity to 
conduct agricultural systems research. Especially weak areas of NARS related to the program projects to 
complement the capacity building made by universities and other institutes. 
 
Budget 
The 2011-2013 budgets are presented below in Tables 3 and 4.   
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Table 3. Budget for 2011, listing all participating CGIAR Centers.
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Table 4. Consolidated annual budgets for 2011-2013 
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