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SUMMARY 

Much of the past progress in boosting agricultural productivity has taken place in more favored irrigated systems (green-revolution areas).  Because of rainfall variability, accelerating land degradation and limited investments, the productivity of rain-fed systems has been low. In partnership with the National Agricultural Research Systems (NARSs), and focusing on tropical water scarcity zone of SAT to dry humid areas of Asia (India and Vietnam) and East Africa (Ethiopia, Kenya, and South Africa), this two-year project aims to assess the available options including dry spell mitigation through supplemental irrigation for improving the productivity of agriculture in rain-fed systems in the Semi-Arid Tropics (SAT). The gap between current and potential production will be quantified; alternative technological, policy and institutional options, and intervention strategies for enhancing water productivity and sustainability of SAT agriculture and livelihoods will be evaluated.

II. BACKGROUND 

The world population is estimated to grow by 2.9 billion people over the next 50 years, of which 95 % will occur in developing countries. The most rapid population growth occurs in poverty stricken regions, with a high share of rural communities where rain-fed agriculture forms the dominant basis for livelihood security. Of the world’s 1.1 billion farmers, 70 % are resource poor small-holder farmers. Moreover, the largest share of resource poor rural communities is hosted in tropical regions. From a water for food perspective, a global hot-spot emerges, namely the drought prone arid, semi-arid and dry sub-humid savannah zone, where rapid population growth, resource poor rural communities, hosted in landscapes subject to serious human induced land degradation coincide. These regions, generally defined as “drylands” which cover some 40 % of the worlds land area, are of particular concern in terms of their environmental vulnerability, due to the high incidence of human induced land degradation, or desertification, the importance of which was manifested through the creation of the UN Convention on Desertification (UNEP, 2000). Sub-saharan Africa and South Asia fall out as two regions facing a particularly large challenge of securing water for food in a sustainable manner in water scarcity prone environments. These are regions where rain-fed agriculture dominates.   

Prospects of further irrigation development are limited in Asia, and despite high development potential in sub-Saharan Africa, the last decades have shown a decline in irrigation expansion. In the last few years, owing to the degradation of soils and pest and disease incidence, emerging evidence indicates that crop productivity growth in irrigated areas has either slowed or stagnated (Pingali and Rosegrant, 2001). With increasing population pressure and the intensification of irrigated crop production, the costs of new water development have increased and environmental problems like the depletion of groundwater reserves, salinization and waterlogging have become major sustainability issues. In addition, increased competition for scarce water for industrial and household use is expected to reduce future water supply for low-value irrigated crops. Low economic efficiency of water use in irrigated regions has also contributed to overuse and shortage of water for non-agricultural uses. As the sources of growth in irrigated areas decline, rain-fed production must increase to fill the gap.

Furthermore, irrigated agriculture accounts for the lion’s share (more than 70% of water withdrawals) of direct blue water demand (withdrawal of stable runoff water) and use worldwide. This ranges from 40% in developed countries to 90% in low income developing regions (World Bank, 1992). Some studies have indicated that on a global average, at least 30 % of the natural river flow needs to be secured to sustain ecological functions, further limits the potential on relying too strongly on irrigated agriculture. For rain-fed agriculture the pressure on freshwater resources is less clear. Rain-fed agriculture depends on rainfall infiltrated in the soil and the return of green water flow to the atmosphere as vapour flow sustaining crop growth (generally understood as total evaporation from agricultural land). Recently, Rockstrom et al. (1999) estimated that rain-fed agriculture consumed (in year 2000) in the order of 5,000 km3/yr of green water, compared to 1,800 km3/yr for irrigated agriculture. This not only indicates the relative importance of rain-fed agriculture, but supports the general (blue water based) statement that agriculture is the world’s single largest water using sector directly supporting humans. 

Despite its high share of water demand, technical and economic efficiency of water use in agriculture has been very low. Coupled with poor efficiency, high subsidies for water, high costs of new water development, degradation of water and soil, and the increasing competition of non-agricultural use are major challenges for sustainable water management in agriculture (Rosegrant, 1997). Increased human pressure on limited runoff water resources for irrigation development and growing concern on the need to secure runoff flow for environmental and non-agricultural human use, further limits the possibilities of relying on irrigation development as a panacea for food security in regions of the world with the fastest population growth.

This suggests, that the large dependence on rain-fed agriculture as a livelihood base, will continue, and rain-fed agriculture will in a foreseeable future constitute the livelihood base for the vast majority of rural inhabitants in tropical developing countries.

This combined pressure from poverty, environmental degradation, population growth and climate change, has raised calls for the need of a new evergreen revolution. The 1st green revolution mainly occurred in (and depended on) regions of reasonably good access to blue runoff water, farmers who could afford hybrid seed, fertilisers and above all small-fuel pumps. The new evergreen revolution has to occur in water scarcity prone tropical environments, among resource poor smallholder farmers, to a large extent relying on a vulnerable resource base subject to human induced land degradation.

Rain-fed systems globally account for 69% of all the cereal area and 58% of the world food production (Rosegrant et al., 2002). Rain-fed farming systems primarily depend on  soil moisture derived directly from infiltrated rainfall, which is returned to the atmosphere as green water.  Rain-fed systems may incorporate “blue components”, i.e., complementary use of blue runoff water, such as supplemental irrigation or sub-surface irrigation from upstream percolation ponds. However, rainfall converted to green water flow after soil water uptake by crops, remains the main water source. In such rain-fed areas off-season cropping (sole or intercrop) if practiced, is based on stored soil moisture with/without supplemental irrigation. The semi-arid regions in Asia and Africa are primarily dependent on rain-fed agriculture. Because of rainfall variability, accelerating land degradation, on adoption of appropriate technologies, and limited economic investments, the productivity of rain-fed systems has been quite low. Hence, the relative share and severity of poverty is often higher in rain-fed regions (Ryan and Spencer, 2001). Addressing the problems of resource degradation, poverty and food insecurity at national levels necessitates improvements of the productivity of rain-fed systems through efficient use of water and development of new technological and policy options for sustainable intensification and diversification of production systems.   

Nearly 75% of the poor in South Asia, and about 80% of the population in East Africa, depend on rain-fed agriculture for food security, employment and cash income. In Asia (excluding West Asia), about 63% of cropland is grown under rain-fed conditions. The share of rain-fed cropland in Asia varies from 40% in the Far East to 87% in island states (FAO, 2002). In India, rain-fed agriculture accounts for about two-thirds of total cropped area and generates nearly half of the total value of agricultural output  (Kerr, 1996). In Vietnam, some 55% of the cropland is rain-fed and provides livelihood for one-third of the entire nation’s population (28 out of 84 million people) (Long and Ramakrishna, 2001). In comparison with Asia, irrigation investments in Africa have been very limited; more than 90% of the cropland is still rain-fed (FAO, 2002)
. Options for enhancing soil fertility and agricultural water management are critical for sustained productivity growth and food security in both developing regions of Asia and sub-Saharan Africa.

In the drier areas, water supply is a major limiting factor to crop growth. The scarcity of water due to low and variable rainfall, lack of market access, poor soil fertility, biotic constraints and lack of productivity-enhancing agricultural technologies are probably the primary constraints to agricultural productivity growth in rain-fed semi-arid areas (Wani, et al., 2002). However, the large prevailing yield gap between farmers’ yields and potential yield levels as well as large (generally in the order of 70–80%) non productive water flows in the on-farm crop water balance, suggests very substantial opportunities to increase small-holder farmers yield levels through improved soil and water management (Rockstrom and Falkenmark, 2000). Also, recent research in India and sub-Saharan Africa, indicates that even in so-called “dry lands” water scarcity is more often caused by poor distribution of unreliable rainfall, causing frequent dry spells, rather than absolute water scarcity, causing meteorological droughts (Rockstrom, 2000, Barron et al., 2002; Agarwal, 2000: Hatibue and Mahoo, 2001). The implications are, as shown by several researchers, that soil fertility often constitutes a more limiting factor to crop growth, even in semi-arid tropical regions, than water (Klaij and Vachaud, 1992, Fox and Rockstrom, 1999; Breman et al., 2001). However, as rainfall is the only real random factor to crop growth, water constitutes the key entry point to upgrading rain-fed agriculture as it determines risk perception among farmers. High risk for crop failure, implies low incentives to invest in improved land management.

The challenges for water management and possible consequences of water shortages for agriculture vary across countries and regions in Asia and Africa. In many developing regions of Asia, several case studies (Moorman and van Breemen, 1978; Abrol, 1987; Pingali and Rosegrant, 2001) indicate high levels of agricultural water demand, poor efficiency of water use, depletion of groundwater, and degradation of agricultural land (due to nutrient depletion, salinity and waterlogging problems). In this case, population growth, urbanization, and industrial transformation place greater pressure on the land and water resources and reduce the share available for agricultural production. The last three decades, ICRISAT, ICARDA, CIMMYT, ILRI, and other CGIAR centers and NARSs have developed new technologies, crop varieties and innovations for improving the productivity of agriculture in rain-fed systems. These innovations are being evaluated under farmers’ conditions through participatory approaches in Asia (e.g., Asian Grain Legume On-farm Research (AGLOR) project funded by the UNDP-FAO, 1990 to 1995; Strengthening Grain Legume Research in Asia project funded by the Asian Development Bank, 1987-1999; Improving Management of Natural Resources for Sustainable Rain-fed Agriculture [RETA5812] project funded by Asian Development Bank, 1999-2002) and Africa (e.g., Resource Management for Improving and Sustaining Crop and Livestock Production on Highland Vertisols in Ethiopia funded by the Government of Netherlands, 1994-2000). In recent years ILRI and IFRI have studied policies and strategies for improving land management and welfare of the smallholder producers in the less favored areas of the East African Highlands.  During this period, FAO and IIASA have developed the Agro-ecological Zones (AEZ) approach (Fischer et al. 2002) a GIS-based modeling framework that combines land evaluation methods with socioeconomic and multiple-criteria analysis (MCMA) to evaluate spatial and dynamic aspects of agriculture (Wierzbicki et al. 2000). The selected case studies in Asia and Africa are targeted to capture this historical variation in opportunities and challenges for improved utilization of rain-fed systems.

III. PROJECT PURPOSE 
The overall project goal is to improve management of water and land resources for increased food production and improved livelihoods of farm households in tropical rain-fed systems.  The specific project objective is to enhance the understanding of the limiting constraints, available opportunities and future potentials for improving the productivity of agriculture in tropical rain-fed systems.  This assessment of rain-fed agriculture will identify key trends, provide a status statement on what is known and which key areas need further investigation, and provide insights into the future potential from rain-fed agriculture.  This will be achieved through a critical review of the current and future impacts of water scarcity and soil degradation on agricultural productivity. 
A multi-level assessment will focus on identifying and quantifying constraints, potential impacts of water scarcity on food security and livelihoods, and the evaluation of alternative technological, policy and institutional options, and intervention strategies including supplemental irrigation for enhancing water productivity and sustainability of tropical rain-fed agriculture in the SAT. The macro-level assessment and synthesis will be supported by local case studies.  The project will employ simulation-modeling, GIS and genomics tools to assess the impacts of water scarcity and soil degradation and the scope for improving productivity in rain-fed systems. The synthesis and identification of biophysical and socioeconomic constraints will be enriched by identification of potential and future options for improving rain-fed production systems through alternative technologies, policy options and institutional arrangements.  The target ecoregion covers the hydroclimatic boundary of hot tropical water scarcity zones of SAT to dry humid areas to arid areas.  The study will focus on small farm holders practicing rain-fed farming systems primarily dependent on rainfall and supplemental irrigations for increasing productivity. 

Particular focus will be given to the opportunities to upgrade rain-fed agriculture through technological, management and system approaches that lie in the interface between pure green water use in rain-fed agriculture and blue water components based on productive use of runoff water. The reason for this focus on the green-blue interface in rain-fed agricultural development is two-fold. First, there is ample knowledge, research and development experience from direct improvements of rainfall use, through soil and water conservation measures (e.g., terracing, ridging, broadbeds and furrows, mulching, etc.) that aim at maximizing soil infiltration, water holding capacities of soils, and root water uptake. Secondly, there is a growing understanding that significant and long term upgrading of rain-fed agriculture in drought and dry spell prone semi-arid tropical agro-ecosystems may only be possible through combined use of rainfall and local runoff. Apart from this focus of the study, it will furthermore not cover the sedentary farmers for whom water is no longer scarce.  It will also not cover the nomadic farmers. 

The primary goals can be separated into several secondary objectives:

· Synthesize and document the knowledge generated and major lessons learned on integrated soil and water management, rainwater harvesting for supplemental irrigation, conjunctive use of surface and groundwater, and crop improvement research for managing water scarcity and enhancing food security in rain-fed systems;

· Fill gaps in data and knowledge using case studies to assess and quantify the impacts of water scarcity and soil degradation on crop yields and livelihoods and evaluate intervention options for improving the productivity and sustainability of agriculture in rain-fed systems;

· Quantify the “yield gaps” between actual and potential yields in time and space and the potential improvement of yield for a range of selected alternative technologies and land and water management practices, such as soil and water conservation, water harvesting and supplementary irrigation;

· Carry out a synthesis of water productivity implications of improved water management in rain-fed agriculture, and assess potential implication on water resource availability at local, regional and global scale. This analysis will contribute to the assessment of how much water will be required to provide food for a growing population, and the relative contribution in terms of food and water resource use from irrigated and rain-fed agriculture at present and in the future; and

· Evaluation of the social acceptability and economic feasibility of potential and future technologies, policy options and management practices to mitigate biophysical and socio-economic constraints to sustainable intensification of rain-fed crop production, in support of technology development, policy formulation and implementation.

Iv. Outputs (Deliverables)

The project will deliver:

1. A State of the Art Knowledge Review. A review of constraints, knowledge generated and major biophysical and socio-economic lessons learned on integrated soil and water management, blue-green water interventions such as rainwater harvesting and supplemental irrigation; and crop improvement research for managing water scarcities and enhancing food security in tropical rain-fed systems.  
2. Yield Gap Analysis. Analyzed “yield gaps” between actual and potential yields in time and space using water limiting situations based on long-term climatic data. This will give information on expected production potential from rain-fed agriculture and identification of potential areas for interventions. 

3. Knowledge Gap Filling using Case Studies. Filling of key knowledge gaps, especially on adoption of technologies, socio-economic and environmental impact and assessment of potential food contribution from tropical rain-fed systems.

4. Capacity Built. The project will engage MSc and PhD students in doing the analysis. Research capacity will be built at all levels through this exercise by engaging a number of researchers from various backgrounds.   

5. Synthesis. The knowledge gained from a variety of studies will be synthesized to provide answers to some key questions about rain-fed agriculture: whether key interventions in rain-fed agriculture can deliver food, livelihood, and environmental security; what those key interventions are; and where more understanding is required. 

6. Communication and Outreach. The Comprehensive Assessment Program places much effort in delivering key messages to a number of stakeholders. The research findings from this comprehensive assessment will be communicated through working papers, policy briefs, and a book on potentials of rain-fed agriculture based on the outputs of reviews, yield gaps analyses at country and global level, and specific micro-level case studies undertaken through the comprehensive assessment.  A CD-ROM will be prepared based on the major findings and useful datasets from this study.

V.  ACTIVITIES

The study will employ an integrated and multidisciplinary framework to assess the problems of soil and water management and options for improving productivity in rain-fed systems at various levels: at micro levels in selected watersheds and meso/macro levels at regional and/or national scales. 
1. Knowledge Review.

Review literature on constraints, knowledge generated and lessons learned on:

· Soil water management  

· Blue – Green  interventions:  supplemental irrigation, rainwater harvesting

· Reviewing the potential of alternative breeding strategies, including genomics tools in promoting water productivity and crop drought adaptation in water scarce environments.

Reviews will cover socio-economic and gender issues, impact on poverty, and issues of adoption and uptake.
Deliverables:  3 working papers – at least one peer reviewed paper by the end of the first year. 
2.  Yield Gap Analysis.

2.1.  Quantification of yield gaps at within country scale

2.1.a. Methodology Workshop.  As an initial step, a workshop will be held to develop conceptual framework, methodologies and integrated modeling approaches for assessing the potential and impacts of rain-fed systems.  Invited to this workshop will be participants from partner institutes undertaking this activity. The workshop will be combined with a workshop to discuss methodologies for undertaking individual case studies in selected countries.

2.1.b. A literature review will be carried out to identify suitable models and necessary data sets to run the models.  Crops considered will be sorghum, maize, pearl millet, groundnut, pigeon pea, chick pea, soybean, mungbean, rain-fed wheat. The review will be used to catalogue, and compile available data on crop-water productivity for yield  gap analysis. (ICRISAT, IHE, NARES).

2.1.c. The study will consider 3 levels of yield, namely:  the simulated potential yield with only water as a limited constraint, the feasible maximum yield based on data from yield maximization trials, and the actual farmers yields.  Feasible maximum and farmers yield will be obtained from existing data.  Potential yield will be estimated using suitable models for each crop under a variety of agro-climatic conditions.  Wherever the simulation model use is not feasible, data from yield maximization trials and the current farmers yields, yield gaps will be estimated for major crops.  

ICRISAT, IHE, ICARDA and CIMMYT will divide the task in partnership with NARES according to their comparative advantage based on knowledge of crop, availability of necessary data and regional knowledge.  

2.2. Application of AEZ model for assessments of attainable production from rain-fed systems considering dry spells during the season based on weekly-daily rainfall steps.  Specific activities to be undertaken by IIASA include:

· Collating and synthesizing geo-information (RS and GIS), statistical data and survey information for meso/macro level analysis.

· Incorporating information collected in this study.  Refining the methodology for potential yield estimation for agro-eco zones using weekly and daily data sets available from selected sites.  Short duration drought periods (10 days) can have a big impact on yields, but these are not captured by using monthly steps.

· Applying adapted AEZ models for assessments of attainable (potential) production taking into account:

· Alternative water management technologies - 
· From purely rain-fed to water conservation, water harvesting, and supplementary irrigation systems
· Climate variability impact assessments

Using historical data (1901-95), allowing assessment of year-by-year agricultural production potentials. Results provide quantification of crop production variability under current and alternative crop-water management regimes and facilitate assessment of associated food security issues.

· Climate change impacts assessments


These assessments will, account for impacts of climate change on agricultural production.

· Application of IIASA’s multiple criteria decision support system (MCMA) for the selection of technologies and management practice options that optimize sustainable rain-fed crop production in support of policy formulation and implementation.

3.  Filling Knowledge Gaps with Case Studies

At the micro levels, available data from selected watersheds (communities) will be used to evaluate intervention options for soil and water management and sustainable productivity growth in rain-fed systems. 
More specifically the methods will include: 

Methodology Workshop – This workshop will involve case study researchers to define methodologies and issues to be addressed through case studies.  The issues include adoption constraints, physical and socio-economic constraints to closing the yield gap; including cross cutting issues of  gender, poverty, and health. This workshop will be combined with yield gap analysis methodology workshop.

Case Studies in:

Vietnam –  This study will investigate the potential of soil water management practices and their adoption in Northern Vietnam where the conditions are:  small land holdings, dependent on rain-fed agriculture, insecure food production systems, prone to sever land degradation, and high incidence of poverty.   ICRISAT and MSEC have projects to test interventions on farmers fields over the last four years.
India – studies will be carried out in 3 agro-ecological regions in rain-fed areas where ICRISAT and NARES have already evaluated and are being studied various soil-water-nutrient-crop management options for increasing the productivity of rain-fed systems.  Interventions include rainwater harvesting – in-situ and ex-situ, and various management options for maximizing yields and incomes.
South Africa – Thaba Nchu – RAPIDS will undertake economic and technical evaluation of small water harvesting structures in the Free State of South Africa. 

Ethiopia –  The Mekelle University, EARO, IHE and ILRI will undertake micro-level case study in Ethiopia to assess the potential of various conservation farming technologies and integrated water management options and also the constraints for their adoption by the farmers.  This work is supported separately through the competitive grants proposal and the outputs from the CGP will form the part of the book  on rain-fed agriculture potentials.
Kenya – ICRISAT, IHE and KARI will investigate the potential of nutrient and water management options and their adoption by the rain-fed small farm holders in Kenya.  Under SWMnet   various soil, water and nutrient management options are being evaluated at Kenya on farmers’ fields.

Dry area case studies – ICARDA will undertake the comprehensive assessment for dry areas supported by the CA separately and the outputs will also form the part of the book on rain-fed agriculture potentials.

4. Capacity Building.  MSc and PhD students will be involved in literature reviews, modeling exercises, field studies and modeling.   
5. Synthesis into a CA book on Rainfed Agriculture.  ICRISAT and IHE will be responsible for taking the lead to synthesize results into a book on rainfed agriculture.  The outline of the book is shown in Appendix 1. 
6. Communication and Outreach. The project will take advantage of the communization and outreach program being set up by the Comprehensive Assessment which includes a strong link to the Dialogue on Water, Food and Environment.  Activities include the preparation of working papers, peer reviewed manuscripts and a book.  Based on these, the CA communication team will assist in preparing policy briefs and material for implementers, placing key findings in newsletters, communicating through the Dialogue network, and participating in key meetings.
VI.  BENEFICIARIES AND IMPACTS 

The project aims to influence investment decisions that will improve the livelihoods of poor women and men dependent on rainfed agriculture.  Types of investments include those made by resource poor cultivators, development agencies, countries and donors.  The project does this by providing key information to the right people so that these improved decisions can be made.  

 To achieve this impact, we produce a state of the science assessment telling what can be applied, where important investments can be made, and where more research is necessary.  The science is translated into material for policy makers, national and international investors through policy briefs.  We have links to the Dialogue and NGOs who can use this material to develop their projects and training material.  The material produced will be useful training material in universities, and we directly do capacity building.  The Challenge Program on Water and Food will benefit by focusing on the most important research required in this field.  This approach will lead to better investments by farmers and other public and private sectors institutes that will affect farmers, and reduce environmental degradation.

VII. PROJECT MANAGEMENT AND RESOURCES

The project will last for two years (April 2003-March 2005):  

· ICRISAT is the overall project leader, coordinating activities across all selected case study countries.  ICRISAT in partnership with NARSs in India, Kenya and Vietnam will undertake micro-level case studies and assist meso/macro level assessments by IIASA. 
· IIASA will contribute to meso/macro-level assessments at country and regional scales, apply AEZ models for assessments of attainable production and apply multiple criteria decision support system (MCMA) for selection of technologies and policy options.

· UNESCO-IHE will contribute to micro-level assessments in Ethiopia and Kenya and the development of simulation models to identify and document best bet options for upgrading of rain-fed agriculture, and to assess water productivity at field and watershed scale. UNESCO-IHE will also be involved in the meso-scale assessment of yield gaps between observed and potential farmers’ yields.

· The Mekelle University, EARO and ILRI will undertake micro-level case studies and assist in meso/macro-level assessment in Ethiopia through the CA funded project on Community Based Irrigation Management in Ethiopia.  ILRI will also provide necessary data sets on livestock-based farming systems in India.

· IWMI will provide water harvesting and supplemental irrigation scenarios giving a basin perspective, provide a link with their intensifying rainfed project and groundwater projects, and undertake studies on adoption and uptake in India and Africa.  
· NARSs: CRIDA, NBSS&LUP, NRSA and NCAP in India, and VASI in Vietnam are partners in on-going projects in India and Vietnam and will be responsible for additional data collection and also for providing historical data sets.  All these institutions will also contribute in yield gap analysis, policy and institutional models and land degradation mapping.  
· RAPIDS – will assist with socio-economic adaptation constraints for the uptake of an in-field rainwater harvesting technology by smallholders in the Thaba Nchu area of the Free State in South Africa.  ……………………………………………………………………………………

Key Scientists:

ICRISAT       :   
Drs. S.P. Wani; Piara Singh; B. Shiferaw; T.J. Rego; A. Ramakrishna;  K.P.C. Rao; R. Serraj; and Mr. P. Pathak.  

IIASA
:
Drs. G. Fisher, S. Prieler, Harrij Van Velthuizen , and D. Wiberg 

UNESCO-IHE
:
Drs. Johan Rockstrom, Hubert Savenije, Peter Hollanders  
IWMI
:
Drs. Frits Penning de Vries, Marna de Lange, Christopher Scott, D. Molden 

CRIDA
:
Drs. Y.S. Ramakrishna,  and H.P. Singh

NBSS&LUP
:
Drs. D.K. Pal, Tapas Bhattacharya, and K.S.Gajbhiye 
NCAP
:
Drs. P.K. Joshi and Mruthyunjaya

IFRI
:
Dr John Pender

RAPIDS
:
Profs. M.F.Viljoen, D.C.Groenewald and Dr. G. Kundhlande 

VIII. LINKED PROJECTS AND ACTIVITIES 

The project builds on various related completed projects that ICRISAT and partners have undertaken on crop-water productivity, soil and water management for combating land degradation, pest and disease management, and so forth. ICRISAT also had a number of local case studies and benchmark sites for participatory watershed management in Asia (Improving management of natural resources for sustainable rain-fed agriculture in India, Vietnam, and Thailand funded by the Asian Development Bank, 1999 to 2002 June; Combating land degradation and increasing productivity in Madhya Pradesh and Eastern Rajasthan funded by Sir Dorbaji Tata Trust, 2002-2005; Andhra Pradesh Rural Livelihoods Project funded by DFID, 2002-2004). ICRISAT has also been very active in integrated soil and water management and micro-watersheds in Ethiopia (joint project on Vertisol management with ILRI, EARO and other partners), Kenya, Zimbabwe, Niger, Burkina Faso and Mali. UNESCO-IHE is involved in several field to watershed scale activities on development and assessment of small-holder water management systems. 
In Ethiopia UNESCO-IHE together with EARO and RELMA (the Regional land management unit of SIDA) is carrying out promotion and assessment of various conservation farming technologies. In Kenya and Burkina Faso UNESCO-IHE is involved in research on water harvesting for supplemental irrigation. UNESCO-IHE with IWMI, Sokoine University of Agriculture and the University of Natal is at present embarking on a watershed and basin scale programme in Tanzania and South Africa focusing on upstream-downstream implications of upgrading rain-fed agriculture through smallholder water management (programme contributing to the Global Dialogue on Water for Food and Environmental Security). 

The present CA project will thus draw from the vast experience and knowledge base that ICRISAT, IWMI, ILRI, IIASA, UNESCO-IHE and NARS partners have accumulated for improving the productivity of rain-fed crop-livestock systems across and tropical Asia and sub-Saharan Africa.

As described above, the project through its link with the Comprehensive Assessment will help build the Knowledge Base of the Dialogue on Water, Food and Environment, and help to scope future research for the Challenge Program on Water and Food.

REFERENCES

Abrol,  I.P. (1987) Salinity and food production in the Indian sub-continent. In: Jordan W.R (ed.) Water and water policy in world food supplies. Texas A&M University Press.

Agarwal, A., 2000. A political drought. Down to Earth, volume 9, number 1, New Delhi, India

Barron, J., Rockström, J., Gichuki, F., and Hatibu, N., in prep. Dry spell occurrence and potential impact on maize yields: Rainfall analysis and simple water balance modelling for semi-arid farming systems in Kenya and Tanzania. Submitted to Agric. For. and Meteorol., April 2002

Breman, H., Groot, J.J.R., and van Keulen, H., 2001. Resource limitations in Sahelian agriculture. Global Environmental Change, 11: 59 - 68

FAO (2002) FAO's Information System on Water and Agriculture: Aquastat database. Available on the FAO website at: http://www.fao.org/waicent/faoinfo/agricult/agl/aglw/aquastat/main/ index.stm
Fischer, G., van Velthuizen, H., Shah, M. and Nachtergaele F.O., 2002. Global Agro-ecological Assessment for Agriculture in the 21st Century: Methodology and results, RR-02-02, FAO and IIASA, Laxenburg, Austria.

Fox, P., and Rockström, J., 2000. Water harvesting for supplemental irrigation of cereal crops to overcome intra-seasonal dry-spells in the Sahel. Physics and Chemistry of the Earth, Part B Hydrology, Oceans and Atmosphere, 25(3) : 289 – 296
Hatibu, N., and Mahoo, H. (eds.), 2000. Rainwater harvesting for natural resources management. A planning guide for Tanzania. RELMA, Technical Handbook No 22, RELMA, Nairobi, Kenya. p 129

Kerr, J.M. (1996) Sustainable development of rain-fed agriculture in India. Environment and Production Technology Division (EPTD) Discussion Paper No.20, IFPRI, Washington, DC.

Klaij, M.C.; and Vachaud, G. 1992. Seasonal water balance of a sandy soil in Niger cropped with pearl millet, based on profile moisture measurements. Agric. Water Manage., 21: 313 ‑ 330.

Long, T.D. and Ramakrishna, A. 2001. Sustaining Agricultural Productivity in the Rain-fed Sloping Lands of Northern Vietnam. Pages 262-271 In Research Approaches and Biology Achievements in the late 20th Century (Long, Q.L., Quy,V., Nhuong, L.V., and Ba, N. eds.). Hanoi, Vietnam: Institute of Ecology and Biological Resources. 461pp. 

Moorman, F.R. and van Breemen , N. (1978) Rice: Soil, Water, Land. International Rice Research Institute (IRRI), Los Banos, Laguna, Philippines.

Pingali, P.L., and Rosegrant, M. (2001). Intensive food systems in Asia: Can the degradation problems be reversed? In: Tradeoffs or synergies? Agricultural intensification, economic development and the environment, D R Lee, and C.B. Barrett (eds.). Cabi Publishing.

Rahmato, D. (1999) Water resource development in Ethiopia: Issues of sustainability and participation. Forum for Social Studies, Addis Ababa, Ethiopia. 

Reardon, T. (1998) African agriculture: Productivity and sustainability issues. In: C.K. Eicher and J.M. Staatz (Eds) International agricultural development. The Johns Hopkins University Press.

Rockström, J., 2000. Water resources management in smallholder farms in Eastern and Southern Africa: an overview. Physics and Chemistry of the Earth, Part B: Hydrology, Oceans and Atmosphere, 25 (3) : 279 - 288.

Rockström, J., and Falkenmark, M., 2000. Semi-arid crop production from a hydrological perspective – Gap between potential and actual yields. Critical Rev. Plant Sc., 19(4) : 319 – 346
Rosegrant, M., Cai, X., Cline, S., Nakagawa, N. (2002) The role of rain-fed agriculture in the future of global production. Environment and Production Technology Division (EPTD) Discussion Paper No.90, IFPRI, Washington, DC.

Rosegrant, M. (1997) Water resources in the 21st Century: Challenges and implications for action. Food, Agriculture and the Environment  Discussion Paper 20. IFPRI, Washington, DC.

Ryan, J.G. and Spencer, D.C. (2001) Future challenges and opportunities for agricultural R&S in the semi-arid tropics. International Crops Research Institute (ICRISAT), Patancheru, India.

Wani, S.P., Pathak, P. Tam, H.M., Ramakrishna, A., Singh, P. and Sreedevi, T.K. 2002.  Pages 207-230 Integrated Land Management in Dry Areas. Integrated Watershed Management for Minimizing Land Degradation and Sustaining Productivity in Asia: proceedings of a Joint UNU-CAS International Workshop (Zafar Adeel, ed), 8-13 September 2001, Beijing, China.

Wierzbicky, A.P.,  Makowski, M. and Wessels J. (Eds), 2000. Model-Based Decision Support Methodology with Environmental Applications.  IIASA, Laxenburg, Austria.

World Bank (1992) Development and the environment. World Development Report. The World Bank, Washington, D.C.


	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	





Annexure 1: Log frame

 

	Narrative Summary
	Measurable Indicators
	Means of Verification
	Important Assumptions

	Goal:
Improved management of water and land resources for increased food production and improved livelihoods of farm households in rain-fed areas of the SAT
	 
	 
	 

	Purpose: 

To enhance the understanding of the limiting constraints, available opportunities, and future potentials for improving the productivity of tropical rain-fed systems in water scarcity areas. 
	 
	 
	 

	Outputs:

1.
A review of constraints, knowledge generated and major lessons learned on integrated soil and water management, rainwater harvesting for supplemental irrigation and crop improvement research for managing water scarcities and enhancing food security in tropical rain-fed systems

1.1
Review of available and potential soil and water management and conservation methods for rain-fed areas and their potential for adoption in specific regions.

1.2
Review of  blue-green water interventions such as supplemental irrigation, rainwater harvesting,  and conjunctive use of groundwater

1.3.  Review of potential of alternative crop breeding strategies including genomic tools in promoting water productivity and crop-drought adaptation in water-scarce tropical areas.


	· A synthesis report of available soil and water management options, their potential and technology application zones in rain-fed technology agro-eco systems.

· A report on blue-green water interactions in the selected rain-fed areas

· A report on alternative crop improvement strategies including genomic tools and their potential contribution towards improving water productivity and crop drought adaptation in water-scarce areas.
	
	· The requisite information is available on the state of natural resources.

· Interested stakeholders are willing to participate.




	Narrative Summary
	Measurable Indicators
	Means of Verification
	Important Assumptions

	2. 
Analyzed “yield gaps” between actual and potential yields in time and space using water limiting situations based on long-term climatic data.  This will give information on expected production potential from rain-fed agriculture and identification of potential areas for interventions.

2.1 Quantification of yield gaps at within country scale

2.2 Global, country-wise quantification of yield gaps

2.3
Capacity built


	 

· A report on  conceptual frameworks and suitable methodology models for potential yield assessment

· A report on yield gap analysis and potential yield of major crops in rain-fed systems.

· Maps at country level with potential crop yields in rain-fed systems.

· Four students (MSc/ PhD) in the area of yield gap analysis to water productivity studies.

· Researchers trained
	 
	· All the required databases to assess the yield gap available from local institutions.
· Access to input data from local institutions and collaborative support from NARS


	3.
Filling of key  knowledge gaps, especially on adoption of technologies, socio-economic and environmental impact and assessment of potential food contribution from tropical rain-fed systems.
	· A manual on methodologies to undertake case studies for extrapolation 

· A report for each study highlighting the problem of water scarcity available options, potential benefits, adoption levels and B/C ratios
	
	· Favorable government policies for human resources development and capacity building within NARS.



	4.
Capacity built
	· Four MSc/PhD students
	
	

	5.
Synthesis of materials
	· Book on rain-fed agriculture

· Key synthesis reports
	
	

	6.  Communication and Outreach
	· Policy briefs for increasing productivity of tropical rain-fed systems
· Public awareness material
	
	

	Activities:

1.1 Literature review and reviewing and reporting on soil/water conservation

1.2
LR&R on Blue-green water interventions

1.3
LR&R on alternative crop breeding strategies  including genomic tools for drought tolerance

1.4
Managing and Reporting

2.1.a
Workshop to develop conceptual framework and methodologies for modeling approaches and case studies undertaking for assessing the potential and impacts of  rain-fed systems. 

2.1.b
Literature and data review to catalogue, and compile available data on crop-water productivity for yield  gap analysis. 

2.1.c
Quantification of yield gaps for major crops in selected countries and estimate potential contribution of rain-fed systems to food production. – application of models by ICRISAT, ICARDA, CIMMYT and IHE for various crops, or using available yield maximization trials and average farmers data (such as Vietnam)

2.2 Application of AEZ model for assessments of attainable production from rain-fed systems considering dry spells during the season based on weekly-daily rainfall steps.

3. 1
Case studies on water management approaches, their implementation process, constraints to adoption and impacts 

Methodology Workshop

a. In South Africa 

b. 
Indian case studies (new plus contributed by IWMI and ICRISAT)

c. 
Ethiopia (from competitive grant mechanism)

d. 
Dry area case studies 

e. 
Vietnam case study

f. 
Case studies from Waternet 

g. Kenya case studies

h.
WOTRO case studies

4.
Student support in the various activities listed above

5.
Final meeting  


Writing and small workshop with key authors

6. 
Writing and dissemination 

7.
Coordination
	Lead


Other

ICRISAT 
IHE and NARES

IHE

ICRISAT, IWMI, NARES

_______
ICRISAT, CIMMYT, ICARDA

ICRISAT
IHE



ICRISAT
All  partners

ICRISAT

All  partners
ICRISAT&IHE

ICARDA, CIMMYT and


all partners

IIASA
All partners

ICRISAT
IWMI, IHE, and ICARDA

RAPIDS
ICRISAT
ICAR, NCAP

Mekelle Univ. or EARO, IHE

ICARDA


ICRISAT
VASI

ICRISAT
KARI, IHE

IHE

IHE, IWMI

ICRISAT &
All partners

IHE

ICRISAT, IHE
All partners

ICRISAT


	 




	 













 

�The only exceptions are the Indian Ocean Islands and the North African region where about 40% and 25% of the cropland is, respectively, irrigated (FAO, 2002).  





�How much will we rely on new studies versus literature review?
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