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1.



INTRODUCTION



Under business-as-usual, real world food prices of most cereals and meats are projected to rise, reversing long-established downward trends. Price increases will be driven by both demand and supply factors. Population and regional economic growth will fuel increased growth in demand for food. Rapid growth in meat and milk demand will put pressure on prices for maize, coarse grains, and meats. Thus, world food markets will become tighter, adversely affecting poor consumers. The substantial increase in food prices will cause relatively slow growth in calorie consumption, with both direct price impacts on the food insecure and indirect impacts through reductions in real incomes for poor consumers who spend a large share of their income on food. This in turn contributes to slow improvement in food security, particularly in South Asia (SA) and Sub-Saharan Africa (SSA). As productivity growth is insufficient to meet effective demand in much of the developing world, net food imports are expected to increase significantly for the group of developing countries. Growing resource scarcity, particularly of water, will increasingly constrain food production growth, while bioenergy demand will compete with the land and water resources used for food production. Increased biofuel demand during 2000–07—compared to previous historic growth—is estimated to account for 30 percent of the increase in weighted average cereal prices during this period. In the longer term, adverse impacts from climate change are expected to further raise food prices and dampen developing-country food demand translating into direct increases in malnutrition levels, with often irreversible consequences for young children. The impacts of these combined pressures will adversely affect food security and human well-being goals, slowing progress in reducing childhood malnutrition. Accelerated investments in agricultural research and development will be crucial to slow or reverse these recent trends. However, growth rates of yields for major cereals in developing countries are slowing, in direct response to the slowdown of public agricultural R&D spending trends over the last three decades (with notable exceptions, such as China and the private sector). Despite slowing growth, productivity growth is projected to continue as major driver of future crop production growth. To address these challenges, the Strategy Committee of the CGIAR has set out to develop a series of strategic research opportunities focused on achieving increased investments in relevant agricultural research and knowledge to provide both greater improvements in food security and to contribute to raising incomes without adding to environmental stresses. To support the development of these strategic opportunities, a series of agricultural investment and policy scenarios were designed and implemented using IFPRI‘s International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT). Details on the modeling framework can be found in Appendix II. Four types of policy and investment scenarios were analyzed: 1) Improvement in Natural Resource Management policies; 2) Investments in Agricultural R&D; 3) Investments in Irrigation Infrastructure; and 4) Changes in Agricultural Marketing. The projections horizon is out to 2050, overlying alternative policy and investment scenarios over a baseline that assumes a continuation of trends in population, agricultural and economic growth; and that postulates very moderate climate change out to 2050, under the NCAR A2 scenario with carbon fertilization (532 ppm). The wide range of scenario outcomes demonstrates the far-reaching importance of strategic policy and investment choices taken today and provides insights on the types of investments needed to ensure food security for all.



2.



THE ROLE OF CLIMATE CHANGE FOR FUTURE FOOD PRODUCTION



Climate change will increasingly affect food production outcomes and thus food security, as well as environmental sustainability. To assess the potential impacts from climate change for agriculture, we compare a scenario using historic climate with the NCAR A2 Scenario without enhanced carbon fertilization (369 ppm) and with the carbon fertilization effect (532 ppm). The latter scenario will be used as the baseline for the following alternative policy and investment scenarios. For each scenario, changes in yield, total production, world prices, trade, and malnutrition are presented for 2025 and 2050.



2.1



Direct climate change effects on rainfed and irrigated yields



Climate change will alter temperature and precipitation patterns. These changes have both a direct effect on crop production and indirect effects through changes in irrigation water availability and evapotranspiration potential. In addition, technological change, and economic feedback effects through changes in international food prices lead to further (autonomous) supply and demand responses. Thus, three impacts on crop production from climate change are considered: first, direct effects on rainfed yields through changes in temperature and precipitation; second, indirect effects on irrigated yields from changes in temperature and changes in water availability for irrigation (including from precipitation); and third autonomous adjustments to area and yield due to price effects and changes in trade flows in the economic model. Yield impacts vary significantly by country and sub-national unit with yields declining considerably in some regions, while increasing in others. Yield impacts at a more aggregate, regional scale are shown in Table 2.1.



2.2



Changes in prices and total production



World prices are a key indicator of the effects of climate change on agriculture. Table 2.2 shows the price effects under the NCAR A2 scenario with and without carbon fertilization for 2025 and 2050. Climate change will increase world prices of cereals, grains, and meats compared. Adverse impacts on food prices are much reduced if the carbon fertilization effect is included. Price increases are somewhat lower for meat and dairy products; however, this analysis does not yet incorporate the impact of climate change on grazing lands and pastures, nor animal heat stress. If these impacts were included, price effects for these commodities would likely be larger.



2.3



Indirect climate change impacts livelihoods



The direct and indirect effects of climate change on agriculture play out through the economic system, altering prices, production, productivity investments, food demand, calorie availability and, ultimately, human well-being. Climate change increases the number of malnourished children in both 2025 and 2050 (Table 2.3) with relatively lower increases when significant carbon fertilization effects are assumed. For example, in Sub-Saharan Africa, the NCAR CF scenario results in approximately 3 million fewer malnourished children compared to the NCAR No CF scenario by 2050. The number of malnourished children is greatest in Sub-Saharan Africa and South Asia in 2050 under the NCAR No CF scenario.



Table 2.1: Impact of alternative climate change scenarios on crop yield (metric tons per hectare)



2005



No climate change



Year 2025 NCAR No CF



NCAR CF



No climate change



Year 2050 NCAR No CF



NCAR CF



Maize SA



2.0



2.5



2.5



2.5



2.4



2.5



2.5



EAP



4.7



6.0



6.3



6.3



7.2



8.0



7.9



EE/CA



4.9



5.9



6.3



6.4



6.8



7.8



8.0



LAC



3.2



4.3



4.4



4.4



5.0



5.1



5.2



MENA



6.0



7.1



6.9



6.9



7.0



6.8



6.8



SSA



1.5



2.0



2.0



2.0



2.2



2.2



2.2



Developed



9.5



11.3



11.2



11.5



13.3



13.0



13.6



Developing



3.4



4.4



4.5



4.5



5.1



5.5



5.5



World



4.9



6.2



6.3



6.4



7.3



7.7



7.8



Soybeans SA



1.0



1.3



1.2



1.3



1.7



1.5



1.8



EAP



1.6



1.8



1.9



2.0



2.4



2.5



2.7



EE/CA



1.4



1.9



1.9



1.9



2.7



2.7



2.6



LAC



2.2



2.5



2.5



2.7



2.8



3.0



3.4



MENA



2.1



3.1



2.4



2.4



3.5



2.3



2.3



SSA



0.9



1.2



1.2



1.3



1.6



1.5



1.9



Developed



2.7



3.8



3.8



4.0



5.2



5.3



5.7



Developing



1.9



2.2



2.2



2.4



2.6



2.7



3.0



World



2.2



2.7



2.8



2.9



3.4



3.5



3.8



2.3



2.8



2.7



2.9



3.3



3.0



3.5



EAP



3.2



3.5



3.3



3.6



3.9



3.6



4.0



EE/CA



2.7



3.5



3.4



3.4



4.3



4.2



4.2



LAC



2.6



3.2



3.2



3.3



3.6



3.7



3.8



MENA



4.6



5.7



5.3



5.4



6.2



4.9



5.7



SSA



1.1



1.6



1.6



1.7



2.3



2.2



2.4



Developed



4.5



5.0



4.9



5.2



6.4



6.4



6.9



Developing



2.7



3.2



3.0



3.2



3.6



3.3



3.7



World



2.8



3.2



3.1



3.3



3.6



3.3



3.8



Rice SA



Groundnut SA



1.0



1.1



1.1



1.1



1.0



0.9



1.1



EAP



2.8



3.3



3.4



3.5



4.0



4.3



4.6



EE/CA



2.3



3.1



2.8



2.8



3.3



2.9



2.9



LAC



2.2



2.9



3.1



3.1



3.1



3.4



3.6



MENA



2.8



3.5



3.2



3.2



3.6



3.2



3.3



SSA



0.8



0.9



0.9



1.0



1.0



1.0



1.1



Developed



3.2



4.3



4.3



4.3



6.3



6.6



6.5



2005



No climate change



Year 2025 NCAR No CF



NCAR CF



No climate change



Year 2050 NCAR No CF



NCAR CF



Developing



1.5



1.7



1.7



1.8



1.9



2.0



2.2



World



1.5



1.7



1.8



1.9



2.0



2.1



2.3



Wheat SA



2.5



3.9



2.8



2.9



5.4



2.7



3.0



EAP



4.0



4.5



4.9



5.0



5.0



6.1



6.5



EE/CA



2.2



3.1



2.9



3.0



4.3



3.8



4.0



LAC



2.6



3.2



3.3



3.4



4.0



4.2



4.4



MENA



2.0



2.9



2.8



2.9



3.8



3.6



3.8



SSA



1.8



2.6



2.0



2.2



3.4



2.3



2.5



Developed



3.4



4.0



3.9



4.0



5.5



5.3



5.6



Developing



2.6



3.4



3.2



3.3



4.6



3.8



4.1



World



2.8



3.6



3.4



3.5



4.8



4.2



4.5



Note: SA= South Asia; EAP = East Asia and Pacific; EE/CA= Eastern Europe and Central Asia; LAC= Latin America and Caribbean; MENA= Middle East and North Africa; SSA=Sub-Saharan Africa; 2005 is average of 2004-2006.



Table 2.2: World prices under No Climate change and climate change scenarios (US$/metric ton) Year 2025 NCAR No CF



NCAR CF



2,146



2,336



2,413



2,398



2,836



3,020



2,981



2005 Beef



Year 2050



No climate change



Pig meat



No climate change



NCAR No CF



NCAR CF



911



1,033



1,067



1,059



1,272



1,350



1,331



Sheep and Goat



2,996



3,100



3,155



3,144



3,275



3,389



3,365



Poultry



1,191



1,396



1,462



1,448



1,688



1,840



1,804



Rice



211



255



299



272



310



421



347



Wheat



134



144



217



203



162



343



302



Maize



102



124



161



151



155



251



221



Millet



310



324



368



362



281



363



351



Sorghum



121



144



177



172



146



216



202



Soybeans



214



306



324



306



347



390



347



Groundnuts



501



529



668



614



487



729



619



Other Grains



88



88



137



126



83



193



162



Potatoes



226



188



291



273



158



345



304



Sweet Potatoes



549



567



794



718



624



1,152



934



Cassava and other R&T



69



71



101



91



68



135



108



Vegetables



476



510



649



613



526



856



757



Sub-Tropical Fruit Temperate Fruit



379 378



398 392



513 492



485 470



394 386



647 594



577 541



Note: 2005 is average of 2004-2006.



Table 2.3: Impact of alternative climate change scenarios on childhood malnutrition (million children, under fives) Year 2025



Year 2050



2005 75



No climate change 66



NCAR No CF 71



NCAR CF 70



No climate change 53



NCAR No CF 59



NCAR CF 58



23



16



19



18



10



15



13



EE/CA



4



3



4



4



3



4



4



LAC



8



7



8



8



5



7



6



SA EAP



MENA SSA



3



2



3



3



1



2



2



39



45



51



49



34



45



43



Developing 152 140 156 152 106 132 126 Note: SA= South Asia; EAP = East Asia and Pacific; EE/CA= Eastern Europe and Central Asia; LAC= Latin America and Caribbean; MENA= Middle East and North Africa; SSA=Sub-Saharan Africa



3.



ALTERNATIVE POLICY AND INVESTMENT SCENARIOS



We focus on four types of policies and investments to ensure enhanced agricultural productivity, food security, and environmental sustainability: agricultural research, irrigation infrastructure, agricultural marketing, and natural resource management. Key elements of the scenarios are presented in Table 3.1. Scenario results will focus on crops that are relevant in terms of regional production and utilization. Table 3.2 provides an overview of crops of key importance in terms of regional utilization, showing total, food, and feed demand of crops important for developing countries. Key production centers of agricultural commodities are identified in Tables 4.3 and 4.4, as well as in the GIS-support to the Strategy Committee.



3.1



Increased investment in agricultural research



The process of estimating agricultural research investments involves using expert opinion and literature reviews to estimate yield responses to research expenditures and estimation of future expenditures on the basis of historical expenditure rates of growth. We examine two pathways for increased investment in agricultural research and impact on yields: increased agricultural research investments and increased agricultural research with efficiency of research. The Increased Agricultural Research Investment Scenario (INC AG RES) assumes a 60 percent increase in all crop yield growth rates over the baseline and a 30 percent increase in animal numbers growth in the group of developing countries. Given that Sub-Saharan Africa and South Asia have the highest number of malnourished children in 2005 and that progress in reducing malnutrition has generally been slow or absent, we also implement a policy experiment, increasing crop yield growth rates by 100 percent (instead of by 60 percent) in these two regions, and livestock numbers growth by 40 percent (instead of 30 percent). We name this scenario the Increased Agricultural Research Scenario with Investment Emphasis on Sub-Saharan Africa and South Asia (INC AG RES SSA & SA +). The Increased Agricultural Research with Efficiency of Research Scenario (INC AG RES w/EFF) includes increases in efficiency of research, which further boosts productivity by 30 percent in 2015 and by 50 percent in 2030. Implementation of this scenario follows productivity growth rates in the INC AG



RES scenario until 2015, after which the efficiency gains will push all crop yield growth rates to increase 78 percent over baseline levels, and livestock yields 30 percent greater than the baseline. Increasing efficiency gains will again push yields higher, and beginning in 2030 crop yields will be 90 percent greater than the baseline and livestock yields will be 50 percent greater. For livestock animal numbers, rate increases are the same as in the INC AG RES scenario (starting in 2010 until 2050, livestock numbers growth rates are increased by 30 percent above the baseline).



3.2 The increased agricultural research with efficiency of research and irrigation expansion scenario The development of irrigated agriculture has played a major role in boosting agricultural yields and outputs that have made it possible to feed the world‘s growing population; and has helped maintain food production levels and contributed to price stability through greater control over production and scope for crop diversification. In developing countries, irrigation development has been particularly vital in achieving food security, especially as an important component of the Green Revolution technology package, both locally, through increased income and improved health and nutrition, and nationally, by bridging the gap between production and demand. The important role of irrigation for increased agricultural production and enhanced crop productivity has been well documented, particularly for Asia (see, for example, Mellor 1985; Barker et al. 2004; Rosegrant, Kasryno, and Perez 1997, and many others). We examine a scenario combining the Increased Agricultural Research with Efficiency of Research Scenario with Irrigation Expansion (INC AG RES w/EFF & IRR EXP). To implement this, we combine the specifications for the Increased Agricultural Research with Efficiency of Research Scenario (INC AG RES w/EFF) with accelerated investment in irrigation infrastructure in the form of increased expansion of harvested area irrigated of 25 percent above the baseline. A correlated assumption for this investment is that rainfed area growth rates decrease by 15 percent compared to the baseline. Given that these high levels of investments in the group of developing countries will have significant spillover effects into developed countries, we also examine this scenario taking such spillover effects into account (INC AG RES w/EFF & IRR EXP + Dev’d Reg Imp). In particular, spillover effects are assumed to be one third of accelerated agricultural research impacts in developing countries (Table 3.1).



3.3



Improved natural resource management and reduced marketing margin scenario



In addition to investments in agricultural research--farm management practices, including those focusing on enhanced natural resource management, are also important for sustainable food production under growing natural resource scarcity. Water and soil are two key natural resources for agriculture production. Water can be managed both for rainfed and irrigated production. Per capita water availability is shrinking globally from 7130 m3/capita in 2000 to 4751 m3/capita in 2050—a decline by one third—as a result of population growth alone; availability is expected to decline much faster in the group of developing countries. Developing countries that are already water-scarce will be hit hardest. Water availability in the MENA region, for example, will drop dramatically from 757 m3/capita in 2000 to 400 m3/capita by 2050. Given that globally most freshwater is used for agricultural uses, chiefly irrigation, increased water use efficiency in irrigation will be a key measure to ensure that sufficient water will be available for future food production. On the other hand, managing effective rainfall—that is, rainfall that can be effectively used for crop growth— improves rainfed crop productivity. Enhancing use of rainwater will be key to ensuring future crop



productivity enhancement in Sub-Saharan Africa, where 95 percent of all crops are grown on rainfed lands. In addition, many management practices that improve the effective use of rainfall, such as water harvesting and reduced tillage, can also provide broader environmental benefits through reduced soil erosion especially in arid and semi-arid regions. Advanced tillage practices, contour plowing (typically a soil-preserving technique), and precision leveling are all examples of practices that can improve infiltration and evapotranspiration, thus increasing the share of rainfall that can be used effectively for crop growth, while also minimizing soil erosion. Moreover, reducing the amount of soil tillage reduces emissions of carbon stored the soil, providing an effective strategy for greenhouse gas mitigation. We modeled improved irrigation water management as an increase in Basin Efficiency (BE) in IMPACT. Basin efficiency takes into account the portion of diverted irrigation water that returns back to river or aquifer systems and thus can be re-used repeatedly, usually by downstream users, thus avoiding the limitation of the conventional irrigation efficiency concept that basically treats return flow as ―losses‖. Basin efficiency is defined as the ratio of beneficial irrigation water consumption to total irrigation water consumption. Our base year basin efficiency values range from 0.4 to 0.7. Given trends in investment in water use efficiency enhancements, and the need to use water more efficiently under growing water scarcity, we project small enhancements in BE over time, with levels increasing by 0.15 by 2050. An upper level of BE is set at 0.85 because it is impossible to reach efficiency levels of 100 percent. For rainfed water management and soil maintenance, the model assumes an increase in soil water holding capacity (SWHC). Specifically, SWHC increases 20 percent over the baseline. Together the improvements in SWHC and BE combine to form the Improved Natural Resource Management scenario component (IMP NRM). Furthermore, investments in rural infrastructure, reduced marketing costs and communication barriers are key to more effective and productive agricultural production systems. Producers and consumers of agricultural products in developing countries can benefit from changes that give farmers better access to markets, both domestic and international. This is particularly important for farmers in Sub-Saharan Africa where rural infrastructure is particularly weak and access to market and value chains are in dire need of improvement. Scenarios for reduced marketing margins show potential increases in agricultural productivity as well as broad economic benefits. In this scenario component, the effects of a 30 percent reduction in marketing margins beginning in the year 2015 compared to the baseline are estimated (IMP MM). Together, these two changes form the Improved Natural Resource Management and Reduced Marketing Margin Scenario (IMP NRM & IMP MM).



3.4



Comprehensive agricultural investment and policy scenario



In addition to implementing the agricultural research with efficiency of research and irrigation investment, and the natural resource management and reduced marketing margin scenarios separately, we implemented a comprehensive scenario combining these three scenarios to create the Increased Agricultural Research with Efficiency of Research and Irrigation Expansion, Improved Natural Resource Management and Reduced Marketing Margins Scenario (COMP POL_INV). For this scenario we also implemented a version that considers spillover effects into the group of developed countries (COMP POL_INV + Dev’d Reg Imp) with one third of accelerated growth spilling over into developed-country agricultural productivity growth.



Effective food crop yield growth rates for all scenarios are shown in the last row of Table 3.1 for the group of developing countries.



Table 3.1 Key elements of scenario definitions Scenario Change from CC w/ CF†



Parameters



CC w/CF Global Average



IMP NRM & MM



INC AG RES



Livestock numbers growth



0.44% per year



n.c.



+ 30%



Livestock yield growth



Food crop yield growth



0.76% per year



1.13% per year



n.c.



n.c.



n.c.



+ 60%



ING AG RES w/ SSA, SA +30% | + 40%



n.c.



+60% | + 100%



INC AG RES w/EFF



INC AG RES w/EFF & IRR EXP



INC AG RES w/EFF & IRR EXP + Dev‘d Reg Imp [devg|devd]



COMP POL_INV



COMP POL_INV + Dev‘d Reg Imp [devg|devd]



+ 30%



+ 30%



+ 30% | + 9%



+ 30%



+ 30% | + 9%



+ 30% from 2015



+ 30% from 2015



+ 30% | + 9% from 2015



+ 30% from 2015



+ 30% | + 9% from 2015



+ 50% from 2030



+ 50% from 2030



+ 50% | + 15% from 2030



+ 50% from 2030



+ 50% | + 15% from 2030



+ 60%



+ 60%



+ 30% | + 18%



+ 60%



+ 30% | + 18%



+ 78% from 2015



+ 78% from 2015



+ 78% | + 23.4% from 2015



+ 78% from 2015



+ 78% | + 23.4% from 2015



+ 90% from 2030



+ 90% from 2030



+ 90% | + 27% from 2030



+ 90% from 2030



+ 90% | + 27% from 2030



n.c.



+ 25%



+ 25% devg only



+ 25%



+ 25% devg only



n.c.



- 15%



- 15% devg only



- 15%



- 15% devg only



Irrigated area growth



0.23% per year



n.c.



n.c.



Rainfed area growth



-0.21% per year



n.c.



n.c.



Basin water use efficiency



Trending from 0.51 in 2000 to 0.57 in 2050



Increase by 0.15 by 2050 (max 0.85)



n.c.



n.c.



n.c.



n.c.



n.c.



Increase by 0.15 by 2050 (max 0.85)



Increase by 0.15 by 2050 (max 0.85) devg only



Soil water holding capacity



Changes in effective precip. for FPUs



+ 20%



n.c.



n.c.



n.c.



n.c.



n.c.



+ 20%



+ 20% devg only



- 30%



n.c.



n.c.



n.c.



n.c.



n.c.



- 30%



- 30% devg only



1.38



1.43



1.84



1.94



2.49



2.49



2.50



2.55



2.55



12.9



10.0



12.3



12.6



12.9



12.9



12.9



10.4



10.0



Marketing efficiency Developing food crop yield growth (% per year) 2050 withdrawals over IRW in devg (%)



0.38 av. marketing margins



n.c. n.c.



†Changes in developing countries only beginning in 2010 unless otherwise noted; devg and devd = developing and developed; n.c. = no change



Table 3.2a: Total demand, crop and livestock commodities, 2005 (in thousand metric tons) SA Beef



Poultry



EE/CA



LAC



MENA



SSA



Developing



Developed



4,540



9,357



6,071



13,049



2,066



3,998



39,195



23,844



772



51,712



8,898



4,698



19



891



67,101



31,578



1,780



3,899



1,278



454



1,438



1,509



10,405



2,361



Pigmeat Sheep & Goat



EAP



2,097



21,055



5,846



12,836



3,270



2,324



47,795



29,460



123,254



220,951



2,493



16,813



7,101



15,579



386,655



21,932



Wheat



98,518



115,066



125,561



31,112



55,182



14,601



440,946



154,505



Maize



18,097



176,227



37,665



92,105



21,170



41,563



387,422



311,477



Rice



Other grains



2,669



9,153



68,539



5,893



10,079



3,233



99,845



94,418



Soybeans



7,605



42,302



2,005



49,276



1,539



1,165



103,994



79,201



Potatoes



33,476



74,576



104,604



18,082



10,867



9,006



250,881



79,746



8,047



39,374



197



37,334



63



118,883



204,271



13,119



Cassava and O R&T Vegetables



102,760



339,114



62,312



28,630



36,631



27,224



597,427



130,709



Subtropical Fruits



64,394



142,691



19,261



65,978



29,377



43,002



365,898



76,010



Temperate Fruits



6,584



61,288



26,888



11,106



17,145



1,728



124,892



77,120



10,400



2,522



1,231



34



29



14,636



28,852



579



Millet Sorghum



7,476



3,388



117



16,984



1,295



18,690



47,952



12,393



Groundnuts



6,592



16,317



336



891



360



8,610



33,125



2,498



Sweet Potatoes 1,603 135,603 Note: 2005 is 2004-2006 average data.



3



2,658



282



49,546



190,070



2,311



Table 3.2b: Food demand, crop and livestock commodities, 2005 (in thousand metric tons) SA



EAP



EE/CA



LAC



MENA



SSA



Developing



Developed



Beef



4,540



9,354



5,997



12,801



2,037



3,992



38,829



23,763



Pork



772



51,691



8,818



4,676



18



891



66,964



31,288



1,780



3,899



1,267



445



1,433



1,509



10,379



2,147



Sheep & Goat Poultry



2,097



20,970



5,749



12,496



3,242



2,324



47,229



29,178



113,577



194,577



2,354



13,971



6,085



13,660



344,646



18,411



Wheat



86,454



103,171



64,004



25,624



43,048



13,775



336,882



76,918



Maize



13,018



28,842



4,043



23,289



5,877



28,886



104,047



8,628



Rice



Other Grains



1,500



1,146



5,384



538



2,019



1,153



11,830



3,218



Soybeans



1,150



16,034



29



467



89



657



18,428



1,586



Potatoes



25,200



45,979



45,894



13,356



8,898



6,718



146,283



54,489



1,490



54,888



3



1,894



255



26,499



85,366



1,824



Sweet Potatoes Cassava and O R&T



7,535



20,857



13



12,906



43



76,852



118,512



469



Vegetables



95,452



297,466



44,902



24,220



29,579



24,129



516,434



103,844



Sub-Tropical Fruit



55,159



126,088



14,192



51,222



25,791



26,916



300,370



69,328



Temperate Fruits



5,918



46,446



15,001



3,606



14,928



164



86,204



33,180



Millet



9,555



1,310



403



0



8



11,240



22,516



105



Sorghum



6,804



1,126



0



219



403



14,214



22,767



849



587



7,573



280



384



192



2,485



11,520



1,977



Groundnuts



Note: 2005 is 2004-2006 average data.



Table 3.2c: Feed demand, crop and livestock commodities, 2005 (in thousand metric tons) SA Rice



EAP 627



EE/CA



LAC



6,424



22



MENA 367



SSA



453



Developing 83



7,981



Developed 333



Wheat



1,639



3,189



37,417



1,515



6,176



89



50,030



59,357



Maize



1,167



119,474



29,596



56,223



13,388



7,236



227,543



219,490



219



1,487



44,558



1,590



6,685



250



54,867



72,682



0



2,431



227



1,654



0



4



4,317



2,117



659



Other grains Soybeans Potatoes



3



14,976



27,803



41



282



43,766



5,051



13



73,712



0



430



478



74,641



186



64



7,994



172



18,488



17,654



44,401



10,910



Millet



297



1,094



793



32



19



601



2,836



451



Sorghum



116



2,097



113



16,324



807



979



20,439



10,548



6



5



Sweet Potatoes Cassava and O R&T



Groundnuts 5 Note: 2005 is 2004-2006 average data.



1



4.



INVESTMENT SCENARIO RESULTS



4.1



Increased agricultural investment scenario



Increased investment in agricultural research in the crop and livestock sectors (INC AG RES) leads to both higher crop yields and livestock numbers growth (see Tables 4.1 and 4.2 for crop yield results for 2025 and 2050, respectively). By 2025, developing-country maize, rice, and wheat yields are 8 percent, 5 percent, and 7 percent higher compared to the 2025 NCAR CF baseline scenario without increased agricultural investment. For maize, yield gains are particularly high for the SSA and the LAC regions, at 10 percent and 9 percent respectively. For rice and wheat, SSA gains most, with yields 18 percent and 15 percent higher, respectively, albeit from low production and yield levels. Gains are also significant for other CGIAR mandate crops, such as groundnut, potato, and cassava. By 2050, the Eastern Europe and Central Asia region assumes the highest relative gains in maize yields compared to the baseline; whereas SSA continues to achieve highest yield gains for rice and wheat. Higher yields and livestock numbers, in turn, boost agricultural production and result in lower agricultural commodity prices (Tables 4.3 to 4.6). Developing-country maize and rice production is 4 percent higher compared to the NCAR CF scenario; and production of other crops increases by 5-12 percent. Globally, maize production levels are actually very slightly lower under the increased agricultural investment scenario (and most other alternative investment and policy scenarios) for both 2025 and 2050 projections. This is due to the fact that half of global maize production takes place in the developed world where no changes in investments and policies take place under this particular scenario. Given that the rapid productivity growth in developing countries leads to lower maize prices, incentives for developed countries to produce more maize are reduced;



moreover, climate change prevents other important maize producers, including South Asia and MENA (Middle East and North Africa) from increasing production (Tables 4.3 and 4.4). International food prices for maize, rice and wheat in 2025 are 18 percent, 7 percent, and 12 percent lower compared to the 2025 baseline values. Livestock prices are reduced somewhat less, by 5 percent for beef, 5 percent for pork, 7 percent for poultry, and 9 percent for sheep and goat (Table 4.5). By 2050, price differences are larger: 38 percent, 19 percent, and 29 percent lower for maize, rice, and wheat, respectively, under the INC AG RES scenario compared to the 2050 NCAR CF reference scenario; and by 12-19 percent lower for the various livestock products (Table 4.6). Price declines are particularly strong for millet, sorghum, and other coarse grains, and for roots and tubers. Developing-country net food imports are also significantly affected by higher investments in agricultural R&D: compared to the NCAR CF reference scenario, the developing-country net import volume for cereals would decline from 80 million metric tons to 59 million metric tons by 2025 and further from 152 million metric tons to only 97 million metric tons under the increased agricultural investment scenario (Table 4.8a/b and Figure 4.2). On the livestock product side, developing countries would switch from netimport to net-export positions under all scenarios involving investment in agricultural R&D (Table 4.7a/b and Figure 4.1). Calorie availability is an important indicator for food security. Under the Increased Agricultural Investment Scenario, calorie availability increases by 2025, on average, by 6 percent in the group of developing countries, compared to the NCAR CF reference scenario, with the largest increase expected for Sub-Saharan Africa, at 10 percent. By 2050, the daily kilocalorie availability gains would be even larger: 16 percent, on average, across the developing world, and 27 percent for Sub-Saharan Africa. If special emphasis on investments in agricultural R&D were placed on the South Asia and Sub-Saharan Africa regions as simulated in the INC AG RES SSA & SA + scenario, we observe, as expected, an overall larger boost to crop yield growth in these two regions compared to the INC AG RES scenario. Overall maize, wheat, and rice yield growth is 4, 4, and 5 percentage points higher in South Asia, compared to the INC AG RES scenario and 7, 15, and 13 percentage point higher in Sub-Saharan Africa, respectively, by 2025 (Table 4.1). As a result, overall developing-country yield growth improves further, resulting in higher food production and lower international agricultural commodity prices. While South Asia and Sub-Saharan Africa significantly reduce their net cereal import position as a result of the extra boost in agricultural-productivity enhancing investments—by 33 million metric tons in 2050 (Table 4.8b)—other developing regions increase their net import positions somewhat as a result of relatively lower food prices, resulting in a net effect of 4 million metric tons higher total developing-country net cereal imports. Under this scenario, calorie availability improves across the world, compared to the INC AG RES scenario; for the group of developing countries the improvement is from 6 percent under general basic agricultural productivity investments to 8 percent as a result of the specific additional focus on South Asia and Sub-Saharan Africa by 2025 and from 16 percent to 21 percent more calories by 2050.



4.2



Increased agricultural research with efficiency of research scenario



If increases in efficiency of research are taken into account, which further boosts productivity by 30 percent in 2015 and by 50 percent in 2030 for crops and somewhat less for livestock yields, then overall



food production is even larger, as expected. Under this scenario, developing-country maize, rice, and wheat yields by 2025 are 9 percent, 6 percent, and 9 percent higher compared to the 2025 NCAR CF baseline scenario. Yield gains are even higher by 2050: 47 percent, 42 percent, and 44 percent for maize, rice, and wheat, respectively, compared to the 2050 NCAR CF baseline scenario. Under this scenario, international commodity prices decline even further compared to the Increased Agricultural Investment Scenario, by 20 percent for maize, 9 percent for rice, and 14 percent for wheat, while livestock prices decline by 8-13 percent. Under this scenario, net cereal imports by the group of developing countries would drop much more dramatically, to 49 million metric tons by 2050 compared to the 2050 baseline volume of 152 million metric tons (Table 4.8, Figure 4.2). Under this scenario, the increase in calorie availability by 2025 would be slightly below the increase under the basic agricultural research with special additional focus on South Asia and Sub-Saharan Africa scenario (INC AG RES SSA & SA +). However, by 2050, calorie gains would be much higher, given the additional research efficiency boost.



4.3 Increased agricultural research with efficiency of research and irrigation expansion scenario If irrigation expansion is added to the already rapid increase in agricultural productivity of the INC AG RES w/EFF scenario, further yield improvements are rather small. For example, by 2025, maize yields increase by 10 percent compared to 9 percent under the increased agricultural research investment with efficiency scenario; rice yields increase by 6.4 percent compared to 6.2 percent; and wheat yields increase by 9.1 percent compared to 8.8 percent. Impacts are relatively low because of the already very high productivity outcomes achieved from direct investment in agricultural productivity, and because rainfed area growth is lowered under this particular scenario. However, a larger share of irrigation in total cropland conserves scarce land resources, including forest and protected areas—with global area reduction of 1 percent or 8 million hectares—and provides enhanced food production stability in countries subject to highly variable climates. Price declines for rice are slightly higher than those achieved under the INC AG RES w/EFF scenario given the importance of irrigation for rice production. On the other hand, price declines are slightly lower for maize and wheat given the reductions in rainfed area to compensate for expansion of irrigated harvested areas. Trade and calorie availability changes are minimal, compared to the INC AG RES w/EFF scenario.



4.4 Increased agricultural research with efficiency of research, irrigation expansion, and developed-country spillover effects scenario If spillover effects from massive increases in agricultural R&D investments in developing countries into the group of developed countries are taken into account, even further—albeit small—declines in international agricultural commodity prices can be achieved. By 2025, wheat prices would be 14 percent below the NCAR CF reference scenario, as compared to 13 percent under the INC AG RES w/EFF & IRR EXP scenario; maize prices would be 20 percent lower compared to 19 percent without spillover effects; soybean prices would be 11 percent lower compared to 9 percent without spillover effects; and prices for other grains would be 33 percent lower compared to 32 percent without spillover effects. Changes in rice prices are smaller given the relatively lower importance of developed countries in global rice production. Productivity gains in the group of developed countries also influence yield gains in the group of developing countries.



As Tables 4.1 and 4.2 show, global yields are slightly higher under this scenario compared to a scenario not taking spillover effects into developed countries into account; developed-country yield gains improve slightly whereas developing-country yield improvements are slightly lower, with changes depending on the relative importance of the specific commodity in global production. Changes are similar regarding commodity trade flows with the group of developed countries strengthening its net export position for cereals slightly and reducing its small net import position for meats as compared to the INC AG RES w/EFF & IRR EXP scenario that postulates the same increases in agricultural productivity investments but does not take spillover effects into account. Finally, calorie availability per capita per day would be one percent higher under this scenario by 2025 in the group of developed countries compared to a scenario without spillover effects; and two percent higher by 2050.



Table 4.1: Yield changes (% change from NCAR CF baseline) under various investment and efficiency scenarios, 2025 Develop ed



Developi ng



World



1.5



9.5



3.4



4.9



6.9



2.0



11.5



4.5



6.4



9.3



4.4



9.8



-2.5



7.9



2.6



3.0



8.4



4.1



16.9



-3.5



8.1



2.2



9.4



5.1



11.0



5.2



10.6



-2.8



9.4



3.2



6.5



9.8



5.2



11.1



4.1



10.5



-2.7



9.7



3.6



6.4



9.6



5.0



11.0



4.1



10.3



-1.2



9.5



4.2



1.4



5.1



-0.1



1.2



1.2



2.3



-0.6



2.5



0.4



7.9



15.3



5.0



12.4



5.2



14.3



-3.2



12.6



4.3



7.8



15.1



4.9



12.3



5.1



14.1



-1.6



12.4



4.9



SA



EAP



EE/CA



LAC



2.0



4.7



4.9



3.2



6.0



2.5



6.3



6.4



4.4



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



5.1



7.8



4.0



9.5



6.9



6.0



COMP POL_INV COMP POL_INV + DEVD



Maize 2005 (mt/ha) 2025 NCAR CF (mt/ha)



Millet



MENA



SSA



SA 2005 (mt/ha) 2025 NCAR CF (mt/ha)



1.0



EAP



EE/CA



LAC



1.7



1.1



1.7



MENA 1.0



SSA 0.7



Develop ed



Developi ng



World



1.1



0.9



0.9



1.3



2.3



1.7



2.5



1.3



1.2



1.4



1.3



1.3



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



10.1



11.8



16.3



11.3



11.4



20.4



-2.1



16.7



16.5



17.6



10.1



14.8



10.4



10.1



36.2



-3.3



28.4



28.1



12.2



14.2



19.9



13.8



14.1



24.8



-2.4



20.4



20.1



12.5



14.4



20.1



13.9



14.4



25.0



-2.3



20.6



20.3



12.4



14.3



20.1



13.9



14.4



25.0



3.7



20.6



20.4



1.1



0.9



1.0



0.5



1.1



3.0



-0.3



2.1



2.0



COMP POL_INV COMP POL_INV + DEVD



13.7



15.4



21.2



14.5



15.6



28.7



-2.6



23.3



23.0



13.7



15.4



21.2



14.5



15.6



28.7



3.4



23.2



23.0



2.3



3.2



2.7



2.6



4.6



1.1



4.5



2.7



2.8



2.9



3.6



3.4



3.3



5.4



1.7



5.2



3.2



3.3



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



5.3



4.2



9.2



8.0



3.7



17.9



-0.5



5.2



4.9



9.3



4.0



9.0



7.6



3.5



32.6



-0.6



6.8



6.5



6.4



5.0



11.3



9.5



4.4



21.9



-0.6



6.2



5.9



6.5



5.3



10.5



10.1



0.7



22.1



-0.6



6.4



6.1



6.5



5.3



10.5



10.1



0.7



22.1



1.5



6.4



6.2



8.2



1.2



0.4



1.5



1.1



3.8



0.1



3.6



3.5



COMP POL_INV COMP POL_INV + DEVD



15.4



6.5



11.0



11.7



1.8



26.7



-0.5



10.4



9.9



15.4



6.5



11.0



11.7



1.8



26.7



1.6



10.3



10.0



0.9



4.0



1.8



3.1



4.9



0.9



3.0



1.2



1.4



1.1



5.1



3.1



4.2



5.4



1.3



3.6



1.7



1.8



10.4



3.5



18.4



10.8



6.1



13.3



-1.9



11.6



9.3



18.6



2.4



17.3



9.6



5.0



23.8



-2.7



17.9



14.4



12.7



4.2



22.5



13.0



7.2



16.1



-2.1



14.0



11.3



12.9



4.3



22.8



13.2



6.7



16.3



-2.0



14.4



11.8



12.8



4.2



22.7



13.1



6.6



16.2



2.1



14.3



12.4



Rice 2005 (mt/ha) 2025 NCAR CF (mt/ha)



Sorghum 2005 (mt/ha) 2025 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP +



SA



EAP



EE/CA



LAC



MENA



SSA



Develop ed



Developi ng



World



DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Wheat 2005 (mt/ha) 2025 NCAR CF (mt/ha)



1.1



0.9



0.4



0.9



1.0



2.9



-0.3



1.6



0.9



14.1



5.2



23.5



14.2



7.7



19.7



-2.3



16.4



13.0



14.0



5.1



23.3



14.1



7.6



19.6



1.8



16.2



13.6



2.5



4.0



2.2



2.6



2.0



1.8



3.4



2.6



2.8



2.9



5.0



3.0



3.4



2.9



2.2



4.0



3.3



3.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



4.8



2.3



9.8



11.1



11.1



15.1



-1.5



7.3



4.4



9.4



1.9



9.2



10.7



10.7



27.6



-1.9



8.1



4.8



6.0



2.6



12.0



13.4



12.9



18.5



-1.7



8.8



5.3



6.1



2.8



12.4



13.5



13.0



18.3



-1.6



9.1



5.6



5.9



2.7



12.2



13.3



12.9



18.0



2.1



8.9



6.7



5.4



16.3



0.2



0.8



1.1



2.1



-0.5



5.2



3.2



COMP POL_INV COMP POL_INV + DEVD



12.2



20.0



12.7



14.4



14.8



20.6



-2.1



14.8



9.3



12.0



19.8



12.5



14.3



14.6



20.2



1.5



14.6



10.3



1.8



2.8



2.2



2.2



1.0



1.2



3.6



2.0



2.6



2.7



4.3



3.3



4.0



1.8



2.0



4.3



3.0



3.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



15.2



14.3



13.8



20.1



14.5



8.8



-3.3



14.2



6.5



28.7



12.8



12.4



18.8



13.4



21.5



-4.3



13.5



5.6



18.3



16.9



15.7



24.2



17.7



11.5



-3.7



16.5



7.5



19.0



17.3



16.1



24.7



18.1



12.2



-3.5



16.8



7.9



18.7



17.1



15.8



24.4



17.9



11.9



0.2



16.6



9.4



1.2



0.8



-0.2



1.0



1.4



2.5



-0.4



0.1



-0.3



COMP POL_INV COMP POL_INV + DEVD



20.3



18.5



15.9



25.6



19.7



14.8



-3.8



16.9



7.7



20.0



18.2



15.7



25.4



19.5



14.6



-0.1



16.7



9.2



Groundnut 2005 (mt/ha) 2025 NCAR CF (mt/ha)



1.0



2.8



2.3



2.2



2.8



0.8



3.2



1.5



1.5



1.1



3.5



2.8



3.1



3.2



1.0



4.3



1.8



1.9



INC AG RES



3.8



9.4



7.5



9.2



7.4



11.0



-1.2



9.3



8.6



Other Grains 2005 (mt/ha) 2025 NCAR CF (mt/ha)



Develop ed



Developi ng



World



19.9



-1.6



11.9



11.0



8.8



13.3



-1.5



11.2



10.4



10.9



8.9



13.6



-1.4



11.8



11.0



8.2



10.9



8.9



13.6



3.5



11.7



11.3



2.3



-0.4



0.9



1.2



3.2



-0.3



1.7



1.4



5.6



14.2



7.7



11.9



10.0



17.1



-1.8



13.7



12.6



5.5



14.2



7.7



11.9



9.9



17.1



3.0



13.7



12.9



17.2



15.2



16.1



16.7



23.0



9.3



38.9



15.8



18.2



21.3



20.1



21.2



21.9



32.5



12.9



43.5



20.8



22.9



8.0



10.1



7.1



10.6



12.2



15.3



-1.2



9.1



7.3



14.6



9.8



6.7



10.3



11.9



28.1



-1.4



10.3



8.2



9.7



12.2



8.9



12.9



14.6



18.6



-1.3



11.1



8.9



10.6



12.5



9.2



13.5



14.9



19.3



-1.2



11.6



9.4



10.5



12.4



9.1



13.4



14.8



19.2



1.6



11.5



9.8



2.6



1.6



0.6



1.1



1.9



3.1



0.0



1.4



1.0



13.7



14.3



9.9



14.8



17.2



23.1



-1.2



13.2



10.6



13.6



14.2



9.9



14.8



17.1



23.0



1.6



13.1



11.0



9.0



20.8



24.4



8.6



29.5



8.5



22.1



14.2



14.2



11.8



25.6



34.2



13.1



40.5



12.4



30.7



17.9



18.0



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



11.5



7.6



9.4



18.7



10.7



13.6



-1.7



10.2



10.1



20.7



6.6



8.3



17.6



9.8



24.9



-2.3



13.9



13.7



13.9



9.0



11.5



22.6



12.9



16.5



-1.9



12.3



12.1



14.4



9.4



12.0



23.6



12.5



17.1



-1.6



12.4



12.2



14.3



9.3



11.9



23.5



12.4



17.0



3.4



12.3



12.2



1.3



1.1



-0.2



1.1



1.7



3.2



0.3



1.5



1.5



COMP POL_INV



15.9



10.6



11.8



25.0



14.4



20.9



-1.4



14.2



13.9



SA INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Potatoes 2005 (mt/ha) 2025 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sweet Potatoes 2005 (mt/ha) 2025 NCAR CF (mt/ha)



EAP



EE/CA



LAC



MENA



7.1



9.0



7.1



8.8



6.9



4.5



11.3



8.0



11.0



4.6



11.6



8.3



4.5



11.5



1.0



SSA



Develop ed



Developi ng



World



20.8



3.7



14.1



14.0



27.9



9.1



14.2



11.0



11.0



18.7



39.3



12.5



20.2



15.4



15.4



25.7



17.2



14.4



10.5



-1.9



11.7



11.7



9.8



24.8



16.2



13.3



19.2



-2.6



16.4



16.4



10.8



13.0



31.6



20.9



17.3



12.7



-2.1



14.1



14.1



11.2



13.2



31.7



21.0



16.8



13.0



-2.0



14.5



14.5



11.2



13.2



31.7



21.0



16.7



12.9



3.8



14.5



14.5



1.2



0.9



-0.1



1.0



1.6



3.3



0.4



1.9



1.9



COMP POL_INV 12.6 14.3 31.6 COMP POL_INV + DEVD 12.6 14.2 31.6 Note: 2005 is a three-year average of 2004-2006.



22.3



18.7



16.7



-1.6



16.7



16.6



22.3



18.7



16.7



4.2



16.6



16.6



SA COMP POL_INV + DEVD Cassava & O R&T 2005 (mt/ha) 2025 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



EAP



EE/CA



LAC



MENA



15.8



10.5



11.7



24.9



14.3



24.4



16.2



5.7



12.5



32.4



23.0



10.0



9.0



10.8



16.3



SSA



Table 4.2: Yield changes (% change from NCAR CF baseline) under various investment and efficiency scenarios, 2050 SA Maize 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Millet 2005 (mt/ha)



2.0



EAP



4.7



EE/CA



4.9



LAC



MENA



3.2



6.0



Develop ed



Developi ng



World



1.5



9.5



3.4



4.9



SSA



2.5



7.9



8.0



5.2



6.8



2.2



13.6



5.5



7.8



5.1



19.3



21.1



15.5



6.9



19.9



-5.7



18.0



5.7



11.2



17.0



18.7



13.3



5.9



39.6



-7.8



18.0



4.5



3.9



52.0



77.2



34.7



9.4



48.9



-12.6



47.2



16.5



6.5



52.6



81.8



33.4



6.6



48.7



-12.2



48.1



17.4



5.9



51.9



80.9



32.6



6.2



47.8



-5.7



47.3



20.2



1.9



4.0



0.8



1.2



2.2



2.6



-1.0



2.3



0.0



8.3



57.2



84.2



35.0



8.1



52.8



-12.5



50.8



18.4



7.7



56.3



83.3



34.4



7.7



51.9



-6.0



50.1



21.1



1.0



1.7



1.1



1.7



1.0



0.7



1.1



0.9



0.9



SA 2050 NCAR CF (mt/ha)



EAP



EE/CA



LAC



MENA



SSA



Develop ed



Developi ng



World



1.7



3.3



2.6



4.1



1.9



2.0



2.2



2.0



2.0



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



26.2



39.5



46.4



32.9



38.5



61.8



-5.9



53.5



52.7



47.6



33.2



40.8



29.6



33.8



124.0



-9.2



101.5



100.1



80.7



149.1



163.4



125.5



143.0



242.6



-14.1



203.7



201.1



81.7



150.5



164.2



124.4



143.4



243.1



-13.9



205.9



203.2



81.6



150.3



164.1



124.3



143.3



242.9



19.1



205.7



203.4



0.8



0.8



0.8



0.4



0.8



2.8



-0.5



2.2



2.2



COMP POL_INV COMP POL_INV + DEVD



83.1



152.4



166.1



125.3



143.5



252.7



-14.3



213.9



211.3



83.0



152.2



166.0



125.2



143.4



252.5



18.6



213.8



211.5



2.3



3.2



2.7



2.6



4.6



1.1



4.5



2.7



2.8



3.5



4.0



4.2



3.8



5.7



2.4



6.9



3.7



3.8



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



13.9



13.2



32.6



16.5



8.6



44.5



-1.2



14.8



14.1



25.0



12.3



32.0



15.2



7.8



88.2



-1.6



20.5



19.5



37.1



38.2



109.6



38.9



14.0



137.4



-2.9



41.5



39.6



37.1



39.7



104.8



41.1



-7.6



137.2



-3.1



42.1



40.1



37.0



39.5



104.7



40.9



-7.7



136.9



13.8



41.9



40.7



6.8



1.2



0.9



1.5



1.3



4.4



0.0



3.6



3.4



COMP POL_INV COMP POL_INV + DEVD



44.7



41.8



106.9



43.2



-6.1



146.5



-3.2



46.6



44.5



44.5



41.6



106.8



43.1



-6.2



146.2



13.6



46.5



45.0



0.9



4.0



1.8



3.1



4.9



0.9



3.0



1.2



1.4



Rice 2005 (mt/ha) 2050 NCAR CF (mt/ha)



Sorghum 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD



1.5



6.0



5.3



5.8



5.8



1.8



5.3



2.3



2.6



28.8



13.2



60.5



33.2



8.0



37.2



-4.9



33.6



27.4



54.4



9.7



56.2



29.4



4.7



73.2



-7.2



55.2



45.1



93.7



47.0



248.5



103.5



20.1



126.7



-11.3



111.4



91.6



95.8



49.5



250.6



104.3



21.2



127.1



-10.9



113.1



93.0



95.0



48.9



249.4



103.6



20.8



126.1



14.0



112.1



96.3



SA IMP NRM + IMP MM



EAP



EE/CA



LAC



MENA



SSA



Develop ed



Developi ng



World



1.1



0.8



0.6



0.8



0.9



2.9



-0.4



1.6



0.8



98.1



50.7



253.9



105.8



23.0



134.0



-11.3



117.0



96.3



97.3



50.2



252.8



105.1



22.6



133.0



13.5



116.0



99.4



2.5



4.0



2.2



2.6



2.0



1.8



3.4



2.6



2.8



3.0



6.5



4.0



4.4



3.8



2.5



5.6



4.1



4.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



20.1



7.2



30.0



27.6



34.5



44.0



-2.6



22.8



14.2



41.7



6.2



28.5



26.5



33.4



87.8



-3.5



27.3



16.9



63.3



20.9



94.1



77.8



99.9



135.8



-6.8



68.9



43.9



57.2



21.2



95.1



72.0



99.8



129.6



-6.3



66.8



42.4



56.4



20.5



93.6



71.2



97.0



127.6



14.5



65.5



48.4



18.7



12.9



0.1



0.7



1.8



1.2



-0.7



7.2



4.4



COMP POL_INV COMP POL_INV + DEVD



89.5



35.1



96.1



79.3



104.3



129.5



-7.0



78.6



50.5



88.5



34.0



94.7



78.1



101.6



127.8



14.3



77.2



56.4



1.8



2.8



2.2



2.2



1.0



1.2



3.6



2.0



2.6



3.8



5.2



4.7



5.5



2.1



2.4



5.8



4.1



4.7



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



30.7



22.5



35.6



40.3



21.8



16.3



-7.4



33.2



16.0



64.3



18.9



32.3



36.9



19.1



39.8



-9.5



31.5



14.1



93.4



51.3



123.6



113.1



41.9



43.4



-16.3



108.2



57.5



95.0



53.3



123.6



114.7



43.3



45.5



-15.7



107.7



56.5



93.2



52.2



122.3



113.4



42.5



44.2



4.9



106.4



64.1



0.9



0.8



-0.1



0.9



1.3



2.4



-0.4



0.1



-0.3



COMP POL_INV COMP POL_INV + DEVD



96.6



54.8



124.7



116.4



45.4



48.9



-15.9



108.5



57.3



94.8



53.7



123.5



115.2



44.7



47.7



4.6



107.3



64.8



1.0



2.8



2.3



2.2



2.8



0.8



3.2



1.5



1.5



COMP POL_INV COMP POL_INV + DEVD Wheat 2005 (mt/ha) 2050 NCAR CF (mt/ha)



Other Grains 2005 (mt/ha) 2050 NCAR CF (mt/ha)



Groundnut 2005 (mt/ha) 2025 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA +



1.1



4.6



2.9



3.6



3.3



1.1



6.5



2.2



2.3



4.3



33.5



17.1



17.1



15.5



22.5



-3.6



28.8



26.2



10.2



32.4



16.2



16.3



14.6



44.0



-4.2



34.1



31.0



SA INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



EAP



EE/CA



LAC



MENA



SSA



Develop ed



Developi ng



World



2.6



125.3



36.8



38.6



34.4



53.4



-9.6



99.8



91.1



2.8



129.5



37.4



37.6



33.9



53.7



-9.6



105.6



96.5



2.6



129.0



37.1



37.4



33.7



53.4



19.0



105.2



98.4



1.0



2.1



-0.1



0.9



1.2



3.7



-0.4



1.5



1.2



3.9



133.3



36.9



39.1



35.6



58.5



-9.9



107.4



98.1



3.7



132.8



36.6



38.9



35.3



58.2



18.6



107.0



99.9



17.2



15.2



16.1



16.7



23.0



9.3



38.9



15.8



18.2



26.1



24.7



25.3



27.6



40.8



18.3



58.6



25.5



28.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



19.4



24.9



25.1



28.1



27.5



43.9



-2.8



25.2



20.0



37.3



23.8



24.1



27.1



26.5



90.7



-3.5



30.0



23.9



52.8



71.2



74.2



78.6



75.0



155.0



-6.5



73.2



58.5



57.5



72.3



75.1



81.2



76.8



159.4



-6.3



75.2



60.2



56.9



71.7



74.6



80.7



76.3



158.3



12.4



74.6



63.3



2.7



1.5



0.8



1.1



2.0



2.9



0.0



1.6



1.1



COMP POL_INV COMP POL_INV + DEVD



60.6



74.9



76.8



83.7



80.4



168.0



-6.3



78.0



62.5



59.9



74.3



76.3



83.2



79.9



166.9



12.4



77.5



65.6



9.0



20.8



24.4



8.6



29.5



8.5



22.1



14.2



14.2



14.4



26.2



47.4



18.5



45.6



18.4



45.5



21.1



21.2



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



23.8



9.4



28.6



43.4



22.1



39.1



-3.9



26.1



25.7



44.4



6.2



24.5



39.3



18.7



76.0



-6.0



44.2



43.5



63.0



14.9



93.0



135.4



43.7



136.0



-9.1



81.9



80.4



64.7



16.2



94.0



139.1



39.8



140.2



-8.8



85.6



84.1



64.5



16.1



93.8



138.8



39.7



139.9



18.8



85.3



84.4



1.1



0.9



-0.3



1.0



1.6



3.0



0.0



1.9



1.8



COMP POL_INV COMP POL_INV + DEVD



66.6



17.1



93.4



141.3



42.0



147.5



-8.8



90.3



88.8



66.4



17.0



93.2



141.1



41.8



147.2



18.8



90.1



89.0



COMP POL_INV COMP POL_INV + DEVD Potatoes 2005 (mt/ha) 2025 NCAR CF (mt/ha)



Sweet Potatoes 2005 (mt/ha) 2025 NCAR CF (mt/ha)



SA Cassava & O R&T 2005 (mt/ha) 2025 NCAR CF (mt/ha)



EAP



EE/CA



LAC



MENA



SSA



Develop ed



Developi ng



World



24.4



16.2



5.7



12.5



27.9



9.1



14.2



11.0



11.0



36.8



28.2



18.7



25.6



51.3



15.4



30.5



19.2



19.2



16.7



25.0



80.4



41.4



34.2



24.2



-4.2



27.3



27.2



32.1



22.7



77.5



38.7



31.6



47.1



-5.7



39.3



39.2



41.2



74.8



341.8



123.3



90.7



66.1



-8.9



77.7



77.6



42.4



77.5



342.4



124.0



85.2



67.2



-8.7



79.6



79.4



42.3



77.4



342.2



123.9



85.1



67.1



19.0



79.5



79.3



1.7



0.7



-0.1



1.0



1.6



3.2



0.4



1.8



1.8



COMP POL_INV 45.3 79.2 342.3 COMP POL_INV + DEVD 45.2 79.2 342.1 Note: 2005 is a three-year average of 2004-2006.



126.5



88.3



72.8



-8.2



82.7



82.5



126.4



88.2



72.7



19.6



82.6



82.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



Table 4.3: Production and percent changes under various investment and efficiency scenarios, 2005 and projected 2025 (million metric tons) Develop ed



Developi ng



38.0



333.4



365.5



698.9



10.9



52.1



470.8



490.2



961.0



5.5



-0.1



4.8



-7.2



3.7



-1.6



-3.1



3.3



-2.0



9.8



-9.6



2.4



-3.5



4.8



-0.1



6.7



0.0



5.0



-8.0



4.6



-1.6



0.9



5.3



-3.2



6.6



-1.3



3.9



-7.5



4.3



-1.5



0.6



5.0



-3.6



6.2



-1.6



3.4



-6.4



4.0



-1.1



3.1



6.5



-0.1



2.7



4.1



7.3



-1.4



4.8



1.8



3.9



12.1



-3.3



9.4



2.5



12.6



-8.8



9.4



0.5



3.6



11.7



-3.7



9.0



2.2



12.1



-7.6



9.0



0.9



11.2



2.1



1.1



0.0



0.0



14.7



0.4



29.0



29.4



SA



EAP



EE/CA



18.5



164.6



47.3



88.1



8.9



21.1



231.6



47.9



126.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



1.1



3.8



-0.6



4.0



1.5



1.5



COMP POL_INV COMP POL_INV + DEVD



Maize 2005 (mmt) 2025 NCAR CF (mmt)



Millet 2005 (mmt) 2025 NCAR CF (mmt)



LAC



MENA



SSA



World



12.6



2.7



1.6



0.1



0.0



26.7



0.5



43.6



44.1



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



5.0



7.3



10.9



3.7



5.3



14.0



-7.4



10.8



10.6



9.0



3.0



6.3



-1.6



0.6



24.8



-11.6



18.2



17.8



6.1



8.8



13.3



4.6



6.8



17.0



-8.7



13.2



12.9



4.3



9.1



13.1



4.1



7.5



16.5



-8.2



12.4



12.1



4.2



9.1



13.1



4.1



7.5



16.5



-2.6



12.3



12.2



2.8



2.4



3.1



3.0



3.8



8.4



-1.2



6.2



6.1



COMP POL_INV COMP POL_INV + DEVD



7.1



11.7



16.6



7.2



11.5



26.2



-9.3



19.4



19.1



7.1



11.7



16.6



7.2



11.5



26.2



-3.7



19.4



19.1



131.4



226.8



1.3



15.6



6.3



7.9



19.2



389.4



408.6



151.0



236.4



1.9



16.6



7.0



12.0



18.1



424.9



443.0



4.0



2.9



7.4



6.4



3.0



16.3



-2.0



3.8



3.6



7.4



2.3



6.6



5.5



2.5



30.2



-2.6



5.0



4.7



4.8



3.5



9.1



7.6



3.6



19.9



-2.4



4.6



4.3



Rice 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF



Develop ed



Developi ng



19.2



-2.6



5.2



4.9



-0.2



19.1



-0.6



5.1



4.9



3.2



2.3



8.8



0.2



5.2



5.0



10.6



9.7



2.2



29.7



-2.5



10.7



10.2



7.1



10.6



9.6



2.1



29.6



-0.4



10.7



10.2



8.2



2.7



0.1



12.1



0.9



23.5



12.6



47.7



60.3



9.0



3.3



0.2



19.3



1.1



39.7



14.4



72.5



87.0



5.7



-0.2



13.1



4.4



0.6



7.8



-6.8



6.2



4.0



11.1



-2.9



9.6



0.3



-3.0



15.0



-9.9



9.5



6.3



7.2



0.0



16.3



5.6



0.9



9.8



-7.7



7.8



5.2



5.2



0.0



15.6



5.6



1.3



9.1



-7.1



7.2



4.8



4.8



-0.2



15.3



5.2



1.0



8.8



-3.5



6.8



5.1



2.8



2.3



1.5



3.2



4.4



8.4



-1.2



6.0



4.8



8.0



2.3



17.5



9.0



5.7



18.3



-8.3



13.6



10.0



7.7



2.0



17.1



8.6



5.4



17.9



-4.7



13.3



10.3



96.0



93.0



138.7



24.3



34.5



5.1



203.7



391.7



595.5



SA INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sorghum 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Wheat 2005 (mmt) 2025 NCAR CF (mmt)



EAP



EE/CA



LAC



MENA



4.9



4.7



7.3



6.3



-0.2



4.9



4.7



7.3



6.3



9.9



2.3



3.1



15.4



7.1



15.3



SSA



World



101.0



106.6



154.1



37.6



50.7



6.8



219.7



456.9



676.6



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



3.3



0.3



7.3



7.2



8.7



11.7



-4.7



5.0



1.8



7.3



-0.6



6.1



5.7



7.7



22.9



-5.9



5.2



1.6



4.1



0.3



9.0



8.8



10.1



14.4



-5.4



6.1



2.4



4.1



0.8



6.4



8.3



9.8



13.4



-4.9



5.2



1.9



3.7



0.4



5.9



7.7



9.4



12.7



-1.7



4.8



2.7



9.9



17.6



1.3



3.0



2.8



6.4



-1.8



7.4



4.4



COMP POL_INV COMP POL_INV + DEVD



15.4



18.9



7.9



11.5



13.4



20.4



-6.7



13.2



6.7



15.0



18.5



7.4



10.9



13.0



19.7



-3.5



12.8



7.5



1.6



4.1



77.5



4.8



8.1



1.7



96.3



98.0



194.3



Other Grains 2005 (mmt)



Develop ed



Developi ng



3.7



109.3



141.7



251.0



5.0



0.6



-13.3



5.1



-2.9



3.2



1.0



9.4



-17.4



1.5



-6.7



5.3



10.1



6.5



1.9



-15.1



5.9



-3.3



9.2



4.2



11.0



7.1



1.0



-14.2



5.2



-3.2



9.3



8.6



3.5



10.2



6.4



0.3



-11.4



4.5



-2.4



2.7



2.2



0.6



3.4



3.6



7.1



-1.5



1.4



0.1



12.9



11.8



4.9



14.5



11.0



8.0



-15.4



6.7



-2.9



12.2



11.2



4.2



13.7



10.3



7.3



-12.7



6.0



-2.1



6.6



18.0



0.1



1.1



0.3



8.0



2.0



34.1



36.1



6.2



23.1



0.1



1.8



0.4



10.6



2.8



42.2



45.0



0.7



7.1



3.5



4.8



3.7



7.1



-4.4



6.0



5.4



3.2



6.1



2.1



3.3



2.4



14.7



-5.6



7.7



6.8



0.8



8.5



3.3



5.7



4.4



8.5



-5.3



7.2



6.4



-1.0



8.6



3.5



6.0



5.3



7.9



-5.0



6.9



6.1



-1.2



8.5



3.3



5.8



5.1



7.7



-0.4



6.7



6.3



2.5



4.0



-1.7



3.2



4.0



8.0



-1.5



4.8



4.4



1.4



13.1



1.6



9.4



9.2



16.6



-6.6



12.0



10.9



1.3



13.0



1.4



9.2



9.1



16.4



-2.0



11.9



11.0



6.5



15.9



1.3



78.7



0.2



1.0



79.6



103.6



183.2



SA 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Groundnuts 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Soybeans 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD



EAP



EE/CA



LAC



MENA



2.3



6.2



104.7



9.9



14.5



7.7



7.4



4.8



8.1



17.7



3.7



0.7



9.6



8.8



10.0



SSA



World



8.2



18.8



1.4



96.9



0.2



1.4



100.6



126.9



227.5



13.2



9.7



14.3



11.9



10.1



17.3



-2.4



11.7



5.5



24.9



9.5



14.2



11.7



10.0



32.5



-2.6



12.5



5.9



16.1



11.6



17.7



14.2



12.2



21.0



-2.9



14.1



6.6



14.1



10.5



13.4



13.2



11.8



20.2



-2.7



12.9



6.0



13.4



9.7



12.7



12.3



11.3



19.3



2.0



12.1



7.6



Develop ed



Developi ng



7.5



0.2



4.1



2.4



16.1



29.2



-2.5



17.5



8.7



16.9



15.6



28.3



2.2



16.7



10.3



5.4



15.6



1.4



3.5



24.3



38.1



62.3



15.8



6.8



24.6



2.4



5.2



29.8



62.0



91.8



9.3



6.5



2.3



3.2



5.0



3.6



-0.4



4.8



3.1



12.8



6.7



2.6



3.5



5.1



5.2



-0.3



5.5



3.6



14.2



9.9



4.1



5.9



9.3



6.2



-1.5



7.8



4.8



14.1



9.9



4.1



5.8



9.3



6.1



-1.6



7.7



4.7



14.1



9.8



4.0



5.7



9.2



6.0



-0.6



7.7



5.0



3.4



3.6



3.1



6.2



5.1



8.2



0.2



5.0



3.4



17.9



13.9



7.3



12.4



14.8



14.9



-1.4



13.1



8.4



18.0



13.8



7.2



12.2



14.7



14.8



-0.5



13.0



8.6



0.6



54.7



7.0



5.0



0.0



0.8



31.0



68.2



99.2



1.3



67.1



8.0



7.5



0.0



1.2



33.6



85.3



118.9



5.0



3.6



2.4



1.8



2.4



3.9



1.1



3.4



2.7



7.1



4.0



3.1



2.0



2.5



5.5



1.9



3.8



3.2



11.6



6.7



4.2



5.1



6.8



8.3



0.2



6.4



4.6



11.6



6.6



4.0



5.1



6.8



8.2



0.1



6.3



4.5



11.4



6.5



4.0



4.9



6.7



8.2



1.6



6.2



4.9



SA IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Beef 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Pig Meat 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sheep and Goat meat 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA



EAP



EE/CA



LAC



MENA



3.6



4.6



2.2



4.1



3.9



18.2



15.5



15.9



17.7



17.5



14.7



15.2



3.5



8.6



7.1



SSA



World



3.7



4.6



1.6



5.0



2.0



5.9



0.1



4.3



3.1



15.7



11.5



5.8



10.3



9.0



14.6



0.2



10.9



7.9



15.5



11.3



5.7



10.1



8.9



14.6



1.7



10.8



8.2



1.5



4.6



1.2



0.4



1.2



1.4



2.4



10.3



12.7



3.3



6.7



2.2



0.8



2.5



2.6



3.6



18.2



21.9



8.2



0.4



8.4



6.3



8.8



6.4



-1.4



5.0



3.9



11.5



0.2



8.6



6.3



8.8



8.9



-1.5



5.9



4.7



Develop ed



Developi ng



9.2



-2.6



7.8



6.1



12.0



9.2



-2.7



7.8



6.0



9.6



11.9



9.0



-0.4



7.7



6.3



1.9



2.8



4.2



5.6



0.1



3.4



2.8



5.4



13.6



12.8



16.7



15.2



-2.6



11.4



9.1



15.2



5.3



13.6



12.7



16.7



15.1



-0.3



11.3



9.4



2.3



18.6



5.0



15.2



2.8



1.7



30.4



45.9



76.4



5.5



32.5



6.7



22.8



4.5



2.7



36.9



75.0



111.9



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



10.0



6.4



2.9



3.5



4.1



4.5



0.8



5.3



3.8



14.2



7.0



3.5



4.1



5.1



6.4



1.6



6.2



4.7



13.7



9.5



6.0



5.6



8.5



8.0



0.2



8.1



5.5



13.6



9.3



5.9



5.5



8.3



7.9



0.0



8.0



5.4



13.5



9.3



5.9



5.4



8.3



7.9



1.1



8.0



5.7



5.6



3.3



1.1



5.0



6.9



6.9



0.4



4.1



2.9



COMP POL_INV COMP POL_INV + DEVD



20.0



12.9



7.0



10.7



15.7



15.3



0.4



12.4



8.5



19.9



12.9



7.0



10.7



15.7



15.3



1.4



12.4



8.8



31.6



77.2



113.3



16.0



12.7



8.8



74.3



259.9



334.2



46.2



103.9



106.1



19.2



17.5



12.3



66.5



305.5



372.0



5.3



8.0



4.8



7.6



9.7



12.5



-3.2



6.7



5.0



11.1



7.2



4.0



6.8



8.8



24.4



-3.8



7.4



5.4



6.4



9.6



6.3



9.3



11.6



15.2



-3.7



8.3



6.1



8.2



9.7



2.7



9.2



12.3



15.2



-3.3



7.4



5.5



8.0



9.5



2.5



9.0



12.1



14.9



-0.7



7.2



5.8



SA



EAP



EE/CA



LAC



MENA



11.3



2.7



11.6



9.8



12.1



11.3



2.7



11.5



9.7



11.2



2.6



11.5



3.6



2.6



15.4



SSA



World



& SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Poultry 2005 (mmt) 2025 NCAR CF (mmt)



Potatoes 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



5.3



3.7



1.9



3.9



5.0



8.6



0.1



3.6



3.0



COMP POL_INV



14.2



13.7



4.7



13.6



17.9



25.2



-3.2



11.3



8.7



COMP POL_INV +



13.9



13.5



4.6



13.4



17.7



24.9



-0.6



11.1



9.1



SA



EAP



EE/CA



1.5



128.0



0.0



1.9



125.5



8.1



4.9



15.7



LAC



MENA



SSA



Develop ed



Developi ng



2.4



190.5



192.8



World



DEVD Sweet Potatoes 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Cassava & O R&T 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Vegetables 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP



2.9



0.3



57.4



0.0



4.0



0.4



79.8



2.9



212.1



215.0



9.4



16.3



9.3



10.0



-3.5



7.0



6.9



2.9



8.3



14.4



7.7



19.3



-4.8



9.4



9.2



10.1



5.9



11.5



19.9



11.2



12.3



-3.9



8.6



8.4



11.7



3.8



16.1



20.9



16.6



12.0



-3.4



7.3



7.1



11.6



3.7



16.1



20.8



16.5



11.9



1.6



7.2



7.1



2.7



2.2



-0.2



2.0



2.7



6.9



0.6



4.0



3.9



14.7



6.0



16.0



23.4



19.7



19.8



-2.8



11.6



11.4



14.6



6.0



15.9



23.3



19.6



19.6



2.1



11.5



11.4



8.1



54.4



0.0



33.7



0.1



123.0



0.3



219.7



220.0



10.8



75.2



0.0



46.6



0.1



165.1



0.5



298.4



298.9



5.7



8.7



21.7



12.9



12.2



6.6



-3.5



8.1



8.0



11.4



7.0



19.3



10.3



10.4



13.4



-4.8



11.2



11.2



7.0



10.5



26.9



15.9



14.8



8.2



-4.0



9.9



9.9



8.9



10.7



26.4



14.9



18.2



7.5



-3.8



9.5



9.5



8.8



10.6



26.3



14.9



18.2



7.4



1.9



9.4



9.4



2.6



1.3



-0.3



2.7



2.8



7.2



0.8



4.8



4.8



11.8



12.1



26.1



18.1



21.6



15.3



-2.9



14.8



14.7



11.7



12.1



26.0



18.1



21.6



15.2



2.8



14.7



14.7



82.6



305.8



65.1



29.6



35.0



22.8



111.1



541.4



652.5



107.8



383.5



73.0



41.2



50.2



38.9



157.2



695.5



852.7



12.6



8.7



3.4



7.6



11.9



14.7



-4.2



9.2



6.7



24.1



8.0



2.5



6.6



10.9



28.5



-5.1



11.2



8.2



15.1



10.2



4.2



9.0



14.3



17.9



-5.0



11.0



8.0



15.0



10.5



6.4



8.5



15.4



19.0



-5.2



11.4



8.4



SA INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



14.8



EAP



EE/CA



10.3



6.2



LAC



8.3



MENA



SSA



Develop ed



Developi ng



11.2



15.1



18.7



-2.3



World



8.7



4.7



6.2



-0.6



3.0



6.0



10.0



-0.1



5.3



4.3



20.6



17.0



5.7



11.8



22.3



30.8



-5.4



17.2



13.1



20.4



16.9



5.5



11.6



22.0



30.6



-2.4



17.0



13.4



42.7



152.2



16.8



79.0



22.4



41.8



36.1



355.8



392.0



54.8



197.0



21.6



109.6



32.8



60.6



44.6



477.8



522.4



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



12.7



7.4



10.0



7.7



11.3



11.7



-3.3



9.0



7.9



24.0



6.8



9.3



6.8



10.4



22.2



-4.0



11.0



9.8



15.3



8.9



12.1



9.2



13.7



14.1



-4.0



10.8



9.5



14.7



9.2



13.6



8.1



15.1



13.8



-4.0



10.7



9.5



14.6



9.1



13.6



8.0



15.0



13.7



-0.4



10.7



9.7



3.9



2.7



0.1



3.9



5.7



8.2



0.3



3.9



3.6



COMP POL_INV COMP POL_INV + DEVD



19.2



12.1



13.8



12.3



21.6



23.0



-3.7



15.0



13.4



19.1



12.0



13.7



12.2



21.5



22.9



-0.1



14.9



13.7



4.1



51.3



25.6



13.0



11.7



2.6



56.0



108.2



164.2



6.9



80.0



31.7



17.2



16.8



3.6



55.6



156.2



211.8



0.0



0.0



0.1



0.1



0.1



0.1



0.1



0.1



0.1



0.0



0.1



0.1



0.1



0.1



0.1



0.1



0.1



0.1



0.0



0.0



0.1



0.1



0.1



0.1



0.1



0.1



0.1



4.1



0.8



-0.2



0.3



1.1



-0.9



0.0



0.7



0.5



4.1



0.8



-0.2



0.3



1.1



-0.8



0.0



0.7



0.5



1.7



1.3



0.3



1.6



2.4



0.4



0.4



1.2



1.0



COMP POL_INV COMP POL_INV + DEVD Sub-Tropical Fruit 2005 (mmt) 2025 NCAR CF (mmt)



Temperate Fruit 2005 (mmt) 2025 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



COMP POL_INV 5.9 2.1 0.1 1.9 3.5 -0.5 0.4 1.9 1.5 COMP POL_INV + DEVD 5.9 2.1 0.1 1.9 3.5 -0.5 0.4 1.9 1.5 Note: Results for all investment and policy scenarios are expressed in terms of percent change in 2025 compared to the corresponding NCAR CF year; 2005 is a three-year average of 2004-2006.



Table 4.4: Production and percent changes under various investment and efficiency scenarios, 2005 and projected 2050 (million metric tons) SA Maize 2005 (mmt) 2050 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Millet 2005 (mmt) 2050 NCAR CF (mmt)



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



18.5



164.6



47.3



88.1



8.9



38.0



333.4



365.5



16.4



278.9



41.3



140.2



11.0



48.6



548.8



536.7



698.9 1,085. 5



-4.0



9.0



8.8



6.2



-3.6



7.6



-16.0



7.5



-4.4



-1.5



3.7



2.9



1.3



-7.7



20.9



-20.9



4.2



-8.5



-14.5



25.4



41.1



12.7



-12.2



18.4



-31.7



20.7



-5.8



-14.8



25.9



34.5



10.3



-14.1



14.0



-30.8



19.3



-6.0



-15.9



24.4



32.7



8.8



-15.1



12.2



-26.3



17.8



-4.5



3.8



5.5



1.3



2.8



5.2



7.7



-1.7



4.6



1.5



-11.6



31.8



37.5



13.5



-10.1



23.1



-31.3



24.5



-3.7



-12.7



30.2



35.6



12.3



-11.1



21.3



-26.8



22.9



-2.2



11.2



2.1



1.1



0.0



0.0



14.7



0.4



29.0



29.4



11.6



3.8



2.2



0.1



0.1



47.3



0.8



65.0



65.8



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



10.3



23.8



27.5



8.1



17.8



38.0



-20.0



31.8



31.2



18.7



9.7



12.5



-7.4



2.7



73.0



-30.4



57.4



56.4



28.8



84.0



85.4



33.3



60.9



128.9



-43.3



106.8



105.0



22.3



85.8



84.3



30.5



62.6



126.2



-42.6



103.8



102.0



22.2



85.7



84.2



30.4



62.5



126.0



-20.6



103.6



102.1



2.7



1.9



2.8



2.5



3.1



7.8



-1.6



6.4



6.3



COMP POL_INV COMP POL_INV + DEVD



26.0



89.4



89.2



33.6



66.3



143.7



-43.6



117.5



115.5



25.9



89.2



89.1



33.6



66.2



143.5



-22.0



117.3



115.6



131.4



226.8



1.3



15.6



6.3



7.9



19.2



389.4



408.6



174.9



213.1



2.5



14.2



6.5



15.9



18.8



427.2



446.0



9.9



9.5



26.7



11.6



6.6



39.1



-5.2



10.9



10.2



19.2



7.4



24.0



8.7



5.2



78.6



-6.9



15.0



14.0



25.5



27.1



86.9



24.8



8.7



115.2



-12.5



29.7



27.9



Rice 2005 (mmt) 2050 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF



SA INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



25.8



32.4



79.9



21.0



-11.6



111.6



-13.3



31.9



30.0



25.6



32.1



79.5



20.7



-11.8



111.2



1.7



31.6



30.4



8.6



2.4



3.8



3.5



2.5



9.6



0.1



5.2



5.0



35.0



36.1



87.0



25.4



-9.1



131.1



-13.2



38.4



36.3



34.8



35.8



86.6



25.1



-9.2



130.6



1.8



38.2



36.7



8.2



2.7



0.1



12.1



0.9



23.5



12.6



47.7



60.3



8.6



3.7



0.4



30.2



1.1



60.8



20.2



104.7



124.9



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



14.6



2.5



41.8



13.2



-6.4



19.7



-17.3



16.6



11.1



29.7



-5.3



29.9



1.5



-15.5



41.3



-24.6



26.6



18.4



47.0



16.3



159.9



38.3



-14.6



64.2



-36.3



53.1



38.7



39.5



18.1



156.6



38.1



-12.2



62.2



-35.3



51.4



37.4



38.0



17.0



154.1



36.4



-13.2



60.2



-17.9



49.6



38.7



3.6



2.1



1.6



2.9



4.1



8.2



-1.5



6.0



4.8



COMP POL_INV COMP POL_INV + DEVD



45.1



20.5



161.7



41.9



-8.2



75.5



-36.4



60.8



45.1



43.7



19.4



159.2



40.3



-9.2



73.5



-19.1



59.0



46.4



96.0



93.0



138.7



24.3



34.5



5.1



203.7



391.7



595.5



COMP POL_INV COMP POL_INV + DEVD Sorghum 2005 (mmt) 2050 NCAR CF (mmt)



Wheat 2005 (mmt) 2050 NCAR CF (mmt)



99.8



111.6



137.9



51.3



58.3



7.8



236.5



466.9



703.4



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



15.4



2.0



22.4



16.1



27.1



33.2



-10.5



16.1



7.1



34.7



-0.2



19.3



12.5



24.4



70.6



-13.2



18.7



8.0



48.9



7.7



69.2



43.2



75.7



97.3



-23.3



48.6



24.4



42.7



11.1



56.1



38.2



72.8



89.6



-21.8



43.1



21.3



41.0



9.6



53.2



35.3



68.7



85.4



-5.8



40.7



25.0



23.2



13.9



0.8



2.3



3.3



5.2



-2.4



9.3



5.3



COMP POL_INV COMP POL_INV + DEVD



81.8



24.7



57.8



45.9



79.0



96.5



-23.9



57.0



29.8



79.5



22.7



55.1



42.8



75.0



92.7



-7.7



54.3



33.5



1.6



4.1



77.5



4.8



8.1



1.7



96.3



98.0



194.3



Other Grains 2005 (mmt)



SA 2050 NCAR CF (mmt)



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



2.7



6.6



119.8



13.7



15.6



5.6



121.8



164.2



286.0



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



11.4



5.3



10.8



8.7



-1.3



-3.6



-28.6



8.7



-7.2



33.2



-2.5



1.5



-2.1



-9.6



9.2



-35.7



0.7



-14.8



34.1



6.5



40.1



17.8



-12.9



-7.4



-54.2



30.0



-5.9



34.1



7.3



34.5



20.4



-12.1



-8.7



-52.7



26.2



-7.4



31.3



5.3



31.7



17.4



-13.9



-10.8



-42.3



23.6



-4.5



3.1



2.1



0.4



3.1



3.4



6.9



-1.7



1.3



0.0



COMP POL_INV COMP POL_INV + DEVD



38.7



9.9



36.3



24.5



-8.6



-2.2



-53.3



28.6



-6.3



35.9



7.9



33.6



21.4



-10.5



-4.4



-43.0



26.0



-3.4



6.6



18.0



0.1



1.1



0.3



8.0



2.0



34.1



36.1



4.2



29.6



0.1



2.1



0.4



12.1



4.2



48.6



52.8



-4.1



25.6



5.3



4.3



4.7



11.0



-12.3



18.3



15.8



-0.1



23.4



2.7



1.7



2.3



28.5



-14.2



21.5



18.6



-18.5



91.2



2.0



0.8



2.6



17.0



-30.3



58.3



51.3



-22.9



93.4



2.1



0.5



2.5



13.3



-30.4



58.4



51.3



-23.3



92.5



1.5



0.0



1.9



12.7



-8.8



57.6



52.3



Groundnut 2005 (mmt) 2050 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Soybeans 2005 (mmt) 2050 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD



2.4



3.8



-1.5



3.1



3.8



9.0



-1.6



5.0



4.4



-20.7



100.2



0.7



4.2



6.8



23.1



-31.2



65.3



57.7



-21.1



99.4



0.2



3.7



6.2



22.4



-9.8



64.6



58.7



6.5



15.9



1.3



78.7



0.2



1.0



79.6



103.6



183.2



10.4



22.2



1.4



104.6



0.2



1.9



115.1



140.7



255.8



40.6



29.9



39.7



23.8



28.7



43.8



-5.5



26.4



12.0



85.8



29.1



38.9



23.0



28.1



89.1



-6.0



29.7



13.6



150.5



97.5



131.5



57.0



61.2



129.6



-13.4



72.0



33.6



142.1



92.6



115.0



53.0



60.3



127.4



-12.6



67.4



31.4



137.1



88.5



110.7



49.3



57.7



122.0



5.5



63.6



37.4



SA IMP NRM + IMP MM



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



3.6



3.6



2.5



4.0



3.8



7.7



0.1



3.9



2.2



150.4



99.0



120.7



58.8



66.3



145.0



-12.7



73.6



34.8



145.2



94.9



116.4



55.1



63.6



139.3



5.5



69.8



40.8



3.5



8.6



5.4



15.6



1.4



3.5



24.3



38.1



62.3



13.5



23.8



7.8



34.4



4.0



6.6



34.5



90.2



124.7



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



18.9



9.6



6.9



6.7



8.5



7.3



-0.7



9.4



6.6



26.4



10.0



7.5



7.2



8.7



10.5



-0.4



11.2



8.0



74.7



40.1



24.5



29.5



47.6



31.0



-8.7



39.5



26.2



73.9



39.9



24.1



29.2



47.5



30.8



-9.0



39.2



25.9



74.3



39.6



24.1



28.8



47.1



30.4



-4.6



38.9



26.9



3.4



3.6



3.2



6.2



5.0



8.4



0.2



4.9



3.6



COMP POL_INV COMP POL_INV + DEVD



79.9



44.8



28.1



37.2



54.7



41.7



-8.7



45.9



30.8



80.2



44.5



28.0



36.7



54.3



41.3



-4.4



45.6



31.8



0.6



54.7



7.0



5.0



0.0



0.8



31.0



68.2



99.2



2.8



67.6



8.3



10.5



0.0



1.8



34.8



91.1



125.9



6.2



14.1



9.3



2.2



8.0



6.3



1.1



11.9



8.9



9.7



14.9



11.1



2.6



8.2



9.5



2.9



12.9



10.1



69.2



44.4



30.1



31.1



50.7



51.4



-2.8



42.4



29.9



69.2



44.1



29.4



31.1



50.6



51.0



-3.3



42.1



29.6



68.2



43.2



29.1



30.0



50.2



50.6



5.5



41.2



31.4



COMP POL_INV COMP POL_INV + DEVD Beef 2005 (mmt) 2050 NCAR CF (mmt)



Pig Meat 2005 (mmt) 2050 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sheep and Goat meat 2005 (mmt) 2050 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA +



3.7



4.5



1.8



4.9



2.0



6.0



0.2



4.3



3.2



75.2



50.4



31.8



37.2



53.7



59.6



-3.2



48.0



33.9



74.2



49.5



31.5



36.2



53.3



59.3



5.5



47.2



35.6



1.5



4.6



1.2



0.4



1.2



1.4



2.4



10.3



12.7



6.6



8.5



3.6



1.3



4.6



3.9



5.2



28.7



33.8



16.8



1.4



15.3



9.8



16.9



9.8



-3.1



10.7



8.6



24.2



0.7



15.7



9.6



17.0



14.0



-3.3



12.8



10.4



SA INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



44.0



19.9



47.5



41.6



49.7



33.5



-11.1



36.4



29.1



44.0



19.9



47.0



41.4



49.4



33.5



-11.3



36.3



29.0



43.4



19.6



47.0



41.1



49.2



33.1



-3.6



35.9



29.9



3.6



2.5



2.0



2.7



4.2



5.5



0.0



3.4



2.9



49.1



22.9



49.9



45.2



55.4



40.7



-11.4



40.8



32.9



48.5



22.5



49.9



44.9



55.2



40.3



-3.7



40.5



33.7



2.3



18.6



5.0



15.2



2.8



1.7



30.4



45.9



76.4



12.1



49.4



8.2



30.4



6.6



3.7



41.8



110.7



152.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



22.7



11.7



8.8



7.6



8.6



8.4



2.4



11.2



8.8



32.8



12.7



10.2



8.7



10.7



11.8



3.9



13.5



10.8



59.0



40.7



44.9



26.4



55.4



44.5



-0.4



40.0



28.9



58.7



40.3



44.2



26.1



54.5



43.8



-0.9



39.6



28.5



57.9



40.2



44.2



25.8



54.5



43.8



5.1



39.3



29.9



5.5



3.2



1.0



4.8



6.8



7.1



0.3



4.1



3.0



COMP POL_INV COMP POL_INV + DEVD



67.4



44.6



45.4



32.0



64.7



54.2



-0.7



45.1



32.5



66.6



44.5



45.4



31.7



64.7



54.1



5.3



44.9



34.0



31.6



77.2



113.3



16.0



12.7



8.8



74.3



259.9



334.2



59.7



118.5



76.0



21.4



19.7



15.3



70.4



311.0



381.4



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



12.1



18.9



18.7



19.7



20.5



35.3



-7.6



18.5



13.7



27.0



16.5



16.4



17.1



18.0



77.0



-9.2



21.6



15.9



31.6



52.3



53.8



52.3



53.0



120.5



-17.0



52.0



39.3



40.9



51.4



39.1



52.4



55.7



119.1



-16.5



50.0



37.7



39.6



50.3



38.1



51.1



54.6



116.9



-0.2



48.8



39.7



5.5



3.5



2.0



3.9



5.0



8.3



0.0



3.9



3.2



COMP POL_INV COMP POL_INV + DEVD



48.2



56.8



42.3



58.8



63.8



138.3



-16.4



56.1



42.7



46.9



55.7



41.3



57.4



62.6



136.0



-0.1



54.9



44.8



COMP POL_INV COMP POL_INV + DEVD Poultry 2005 (mmt) 2050 NCAR CF (mmt)



Potatoes 2005 (mmt) 2050 NCAR CF (mmt)



SA Sweet Potatoes 2005 (mmt) 2050 NCAR CF (mmt)



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



1.5



128.0



0.0



2.9



0.3



57.4



2.4



190.5



192.8



2.0



86.4



0.0



4.5



0.3



106.7



3.2



200.6



203.8



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



15.5



3.1



28.6



36.9



18.4



28.9



-8.0



17.7



17.3



29.6



-3.1



24.6



29.6



13.0



56.2



-12.1



29.5



28.8



38.0



-0.2



93.2



110.7



33.4



96.6



-17.9



54.1



53.0



43.8



-6.5



119.2



112.5



49.5



96.9



-17.3



51.6



50.5



43.4



-6.7



118.9



112.1



49.3



96.4



7.7



51.3



50.6



2.5



1.9



-0.3



1.8



2.5



6.6



0.3



4.4



4.3



COMP POL_INV COMP POL_INV + DEVD



47.3



-5.0



118.5



116.2



53.1



109.7



-17.1



59.3



58.1



47.0



-5.2



118.3



115.8



52.9



109.2



7.9



58.9



58.1



8.1



54.4



0.0



33.7



0.1



123.0



0.3



219.7



220.0



12.2



88.7



0.0



57.2



0.1



191.6



0.8



350.6



351.4



8.8



19.8



67.9



30.2



28.6



14.6



-7.7



18.2



18.1



20.0



15.8



60.9



23.8



24.1



31.7



-10.4



25.9



25.8



21.3



59.4



278.1



86.6



73.7



39.5



-16.0



51.4



51.3



26.6



61.3



272.9



82.4



82.1



37.2



-15.6



50.2



50.0



26.4



61.1



272.6



82.2



82.0



37.0



10.0



50.0



49.9



4.2



1.1



-0.3



2.7



2.7



7.1



0.8



4.7



4.7



32.3



63.6



272.8



87.9



87.5



47.4



-14.8



57.4



57.3



32.2



63.5



272.5



87.7



87.4



47.2



11.1



57.3



57.2



82.6



305.8



65.1



29.6



35.0



22.8



111.1



541.4



123.8



425.9



68.8



53.4



60.5



63.1



203.8



797.0



652.5 1,000. 8



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP



16.8



18.4



10.6



14.9



22.9



40.6



-8.7



19.3



13.6



33.8



16.6



8.6



12.6



20.6



84.8



-10.6



23.9



16.9



30.1



45.3



18.4



32.0



52.2



133.3



-18.8



47.1



33.7



29.6



46.8



23.6



30.5



54.9



141.3



-19.4



49.0



35.1



INC AG RES w/



28.8



46.1



22.9



29.7



54.0



139.8



-10.2



48.2



36.3



Cassava 2005 (mmt) 2050 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Vegetables 2005 (mmt) 2050 NCAR CF (mmt)



SA EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sub-Tropical Fruit 2005 (mmt) 2050 NCAR CF (mmt) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



7.5



3.8



-0.4



3.7



7.3



10.2



0.1



4.7



3.8



37.8



51.3



23.0



35.4



65.3



166.5



-19.5



55.7



40.4



37.0



50.6



22.3



34.6



64.3



164.9



-10.2



54.9



41.7



42.7



152.2



16.8



79.0



22.4



41.8



36.1



355.8



392.0



67.6



239.9



24.9



144.5



46.3



85.9



56.7



611.2



667.9



26.4



20.9



25.5



17.5



26.3



28.9



-8.2



22.3



19.7



52.9



18.9



23.4



15.0



23.7



59.1



-9.9



27.8



24.6



66.3



62.6



73.5



43.6



70.5



82.5



-19.0



62.1



55.2



63.7



63.9



81.1



40.2



75.8



84.1



-19.1



62.4



55.5



63.3



63.5



80.7



39.8



75.3



83.6



-3.7



62.0



56.4



3.9



2.5



0.1



4.1



5.7



7.9



0.3



3.9



3.6



COMP POL_INV 70.0 67.6 81.2 46.0 85.7 97.6 -18.8 68.6 61.2 COMP POL_INV + DEVD 69.6 67.2 80.8 45.5 85.2 97.1 -3.5 68.2 62.1 Note: Results for all investment and policy scenarios are expressed in terms of percent change in 2050 compared to the corresponding NCAR CF year; 2005 is average of 2004-2006 data.



Table 4.5: World prices and percent changes under various investment and efficiency scenarios, 2005 and projected 2025 (US$/metric ton)



NCAR CF 2005



INC AG RES



INC AG RES SSA & SA +



INC AG RES w/ EFF



2025 INC AG INC AG RES RES w/ w/ EFF & EFF & IRR IRR EXP + EXP DEVD



IMP NRM + IMP MM



COMP POL_IN V



COMP POL_INV + DEVD



US$/mt



US$/mt



2,146



2,398



-5



-6



-8



-8



-9



-1



-9



-9



911



1,059



-5



-6



-8



-8



-8



-1



-9



-9



Sheep and Goat



2,996



3,144



-9



-10



-13



-13



-13



0



-13



-14



Poultry



1,191



1,448



-7



-8



-10



-10



-10



0



-10



-11



Rice



211



272



-7



-10



-9



-10



-10



-4



-13



-13



Wheat



134



203



-12



-15



-14



-13



-14



-4



-17



-18



Maize



102



151



-18



-24



-20



-19



-20



-3



-22



-23



Millet



310



362



-21



-32



-25



-23



-23



-4



-26



-26



Sorghum



121



172



-19



-27



-22



-20



-21



-4



-23



-24



Soybeans



214



306



-8



-9



-10



-9



-11



0



-9



-11



Groundnuts



501



614



-14



-17



-16



-16



-16



-5



-20



-20



Other Grains



88



126



-30



-38



-34



-32



-33



-4



-34



-36



Potatoes



226



273



-12



-14



-13



-12



-13



0



-12



-13



Sweet Potatoes Cassava and other R&T



549



718



-21



-28



-23



-20



-21



-1



-21



-22



69



91



-21



-28



-24



-23



-23



-2



-24



-24



Vegetables



476



613



-10



-12



-12



-12



-13



-1



-14



-14



Sub-Tropical Fruit Temperate Fruit



379 378



485 470



-11 -1



-13 -1



-13 -1



-13 -1



-13 -1



0 1



-12 0



-12 0



Beef Pig meat



percent change from NCAR w/ CF



Note: Results for all investment and policy scenarios are expressed in terms of percent change in 2025 compared to the corresponding NCAR CF baseline year; 2005 is average of 2004-2006 data.



Table 4.6: World prices and percent changes under various investment and efficiency scenarios, 2005 and projected 2050 (US$/metric ton)



NCAR CF



INC AG RES



2005



INC AG RES SSA & SA +



INC AG RES w/ EFF



2050 INC AG RES w/ EFF & IRR EXP



INC AG RES w/ EFF & IRR EXP + DEVD



IMP NRM + IMP MM



COMP POL_INV



COMP POL_IN V+ DEVD



US$/mt



US$/mt



2,146



2,981



-12



-15



-37



-37



-38



-1



-37



-38



911



1,331



-15



-17



-39



-38



-40



-1



-39



-41



Sheep and Goat



2,996



3,365



-19



-22



-47



-47



-48



-1



-47



-48



Poultry



1,191



1,804



-16



-19



-41



-41



-42



-1



-41



-43



Rice



211



347



-19



-24



-40



-42



-42



-3



-43



-44



Wheat



134



302



-29



-34



-54



-51



-54



-6



-55



-57



Maize



102



221



-38



-47



-64



-63



-64



-3



-64



-65



Millet



310



351



-50



-67



-82



-82



-82



-5



-83



-83



Sorghum



121



202



-44



-58



-75



-74



-74



-4



-75



-76



Soybeans



214



347



-18



-20



-39



-37



-42



0



-37



-42



Groundnuts



501



619



-34



-39



-68



-68



-68



-5



-69



-69



Other Grains



88



162



-58



-68



-86



-85



-86



-5



-86



-87



Potatoes



226



304



-26



-31



-51



-50



-51



0



-50



-51



Sweet Potatoes Cassava and other R&T



549



934



-41



-56



-72



-71



-71



-3



-72



-72



69



108



-41



-52



-69



-68



-68



-2



-68



-68



Vegetables Sub-Tropical Fruit Temperate Fruit



476



757



-20



-24



-41



-42



-43



-1



-42



-43



379 378



577 541



-25 -1



-29 -2



-50 -3



-50 -5



-51 -5



0 1



-50 -4



-51 -4



Beef Pig meat



percent change from CC w/ CF



Note: Results for all investment and policy scenarios are expressed in terms of percent change for the corresponding NCAR CF baseline year; 2005 is average of 2004-2006 data.



4.5



Improved natural resource management and reduced marketing margin scenario



Improved water management investment and practices in rainfed and irrigated areas help boost crop productivity and crop production and reduced marketing margins lower production costs and thus also stimulate crop yield growth. Results for crop yield changes (Table 4.1) find modest yield enhancements of 3 percent, 4 percent, and 5 percent out to 2025 for maize, rice, and wheat, compared to the NCAR CF reference scenario. Gains for maize and wheat are largest in the East Asia and Pacific region, and for rice are strongest in South Asia. For groundnut, millet, sorghum and the roots and tubers, yield gains are strongest in Sub-Saharan Africa. Yield improvements disaggregated by rainfed and irrigated crops are presented in Appendix Table A1 to A4. For example, irrigated rice yields increase under this scenario by 5 percent for the group of developing countries, on average, and by 10 percent in South Asia as a result of increased investments in effective water use efficiency at the basin level. At the same time, rainfed millet yields increase by 2 percent, on average, in the group of developing countries, and by 3 percent in SubSaharan Africa, as a result of improved soil water holding capacity (both 2025 values). Of course, the reduction in marketing margins contributes to both results. Under this scenario 2025 production levels of roots and tubers, livestock products, and maize, millet, sorghum, and other coarse grains, and groundnut increase most for Sub-Saharan Africa, by 7 to 8 percent; production levels of rice increase most in South Asia, and for wheat most in the East Asia and Pacific region. Price declines are rather modest under this scenario, by approximately 4 percent for major cereals, and 5 percent for groundnut, by 2025. (Table 4.5). Trade flows are quite similar to those under the NCAR CF reference scenario (Tables 4.7 and 4.8). On the other hand, calorie availability improves significantly under this scenario, by 5 percent, on average, for the group of developing countries and by 7 percent for Sub-Saharan Africa, both 2025 projections.



4.6



Comprehensive agricultural investment and policy scenario



As expected, the comprehensive agricultural investment and policy scenario yields the best outcomes among all scenarios examined, given very high investments in agricultural R&D, combined with investments in irrigation development, and policy reform and investment for enhanced natural resource management as well as investment on reducing marketing margins in agriculture. Yield improvements are very significant, even by 2025: by 13 percent for maize, 10 percent for rice, and 15 percent for wheat (Table 4.1). Improvements are much higher by 2050 (Table 4.2). Under this scenario, international food prices decline by 9-13 percent for livestock products and by 22 percent for maize, 13 percent for rice, and 17 percent for wheat by 2025 compared to the NCAR CF reference scenario. By 2050 prices drop even more sharply compared to the NCAR CF baseline: by 64 percent for maize, 43 percent for rice, and 55 percent for wheat. Under this combined scenario, the group of developing countries would switch from a net import position for key livestock products of 2.5 million metric tons by 2025 under the NCAR CF reference run to a net export position of 3.3 million metric tons; and by 2050, net imports of 5.4 million metric tons under the NCAR CF scenario would be switched to net exports of 30.3 million metric tons. Furthermore, net cereal imports by the group of developing countries are significantly reduced by 2025, to 52 million metric tons, compared to the baseline volume. By 2050, net imports would decline to 50 million metric tons compared to 150 million metric tons under the CF NCAR baseline.



Moreover, under this scenario, daily calorie availability per person would increase by 11 percent for the group of developing countries by 2025 (and by a higher 20 percent for Sub-Saharan Africa); and would increase a staggering 45 percent for the group of developing countries by 2050 (and by 86 percent for Sub-Saharan Africa).



4.7 Comprehensive agricultural investment and policy scenario, with developed-country spillover effects As explained earlier, the combined scenario was also run taking spillover effects from accelerated investments in developing-country agricultural R&D into the group of developed-countries into account. As expected, this scenario achieves slightly higher overall yield gains for key staple crops as compared to the COMP POL_INV scenario by a combination of slight increases in developed-country yield gains and a slight relaxation of developing-country yield gains. Overall (global) yield gains by 2025 over the NCAR CF reference run are 5 percent for maize (compared to 4 percent under the COMP POL_INV scenario); 10 percent for rice (very minor improvement over the COMP POL_INV scenario); and 10 percent for wheat (compared to 9 percent under the COMP POL_INV scenario). As the agricultural productivity growth achieved is largest under this scenario, agricultural commodity price declines are also largest: by 2025 prices for maize are 23 percent lower, prices for rice are 13 percent lower, and prices for wheat are 18 percent below the NCAR CF price level. Similarly, prices for livestock products are significantly lower already in 2025: by 9 percent for beef and pork; 11 percent for poultry; and 14 percent for sheep and goat. Under this scenario, the group of developing countries would still take on a substantial net export position for livestock products (2 million metric tons by 2025 and 24 million metric tons by 2050), and net cereal imports would decline to 62 million metric tons and 108 million metric tons in 2025 and 2050, respectively, compared to 80 million metric tons and 152 million metric tons in 2025 and 2050, respectively, under the NCAR CF baseline (Table 4.8). Under this scenario, developing-country calorie availability improvements are largest: 12 percent by 2025 and 47 percent by 2050. Table 4.7a Livestock product trade under various scenarios, 2005 and 2025 (million mt) SA



EAP



EE/CA



LAC



MENA



SSA



Develo ped



Develop ing



2005



-1.1



0.6



-3.5



5.3



-1.8



-1.3



1.6



-1.6



NCAR CF



-0.9



-3.9



-1.2



12.9



-2.6



-6.6



2.5



-2.5



INC AG RES



0.0



-1.9



-1.3



13.0



-2.5



-6.8



-0.1



0.1



INC AG RES SSA & SA +



0.4



-2.2



-1.4



12.8



-2.5



-6.7



-0.1



0.1



INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD



0.3



-0.2



-1.2



13.4



-2.3



-6.9



-2.8



2.8



0.3



-0.2



-1.2



13.4



-2.3



-6.9



-2.8



2.8



0.2



-0.7



-1.3



13.2



-2.3



-6.9



-1.8



1.8



-1.0



-3.7



-1.3



13.8



-2.5



-7.1



2.1



-2.1



0.1



-1.3



14.4



-2.2



-7.4



-3.3



3.3



-0.4



-1.4



14.1



-2.2



-7.5



-2.4



2.4



IMP NRM + IMP MM COMP POL_INV



0.2



COMP POL_INV + DEVD 0.1 Note: 2005 is average of 2004-2006 data.



Table 4.7b Livestock product trade under various scenarios, 2005 and 2050 (million mt) SA 2005



EAP



EE/CA



LAC



MENA



SSA



Develo ped



Develo ping



-1.1



0.6



-3.5



5.3



-1.8



-1.3



1.6



-1.6



NCAR CF



1.7



-2.6



3.5



25.8



-2.0



-30.3



5.4



-5.4



INC AG RES



5.1



4.3



4.0



26.0



-1.6



-33.8



-2.4



2.4



INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



7.2



3.4



4.0



25.6



-1.8



-34.2



-2.7



2.7



12.3



22.7



6.4



30.9



1.4



-42.3



-29.4



29.4



12.3



22.7



6.3



30.9



1.4



-42.1



-29.5



29.5



11.7



20.0



5.9



29.7



1.2



-42.9



-23.6



23.6



1.6



-1.8



3.5



27.6



-1.8



-32.7



4.9



-4.9



12.5



24.1



6.3



33.0



1.9



-45.5



-30.3



30.3



COMP POL_INV + DEVD 11.9 Note: 2005 is average of 2004-2006 data.



21.4



6.0



31.8



1.7



-46.3



-24.4



24.4



COMP POL_INV



Figure 4.1



Developing-country net meat trade, projected 2025 and 2050 (million metric tons)



Note: Negative numbers indicate net imports.



Table 4.8a: Net Cereal Trade, various scenarios, projected 2025 (million metric tons) SA 2005



EAP



EE/CA



LAC



MENA



SSA



Developing



6.4



-34.0



30.5



-18.0



-36.1



-17.3



-70.4



NCAR CF



-21.3



-28.4



47.1



-6.4



-44.7



-24.0



-79.9



INC AG RES



-27.7



-20.0



66.2



-3.6



-42.3



-28.7



-58.6



INC AG RES SSA & SA +



-22.3



-23.5



64.0



-9.8



-43.2



-24.8



-62.2



INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD



-28.4



-21.1



68.0



-4.8



-42.8



-29.4



-61.0



-28.2



-17.4



61.4



-4.7



-43.1



-29.5



-64.1



-30.0



-19.9



59.2



-5.9



-43.8



-30.8



-73.8



IMP NRM + IMP MM



-12.2



-11.2



44.9



-11.8



-47.9



-27.5



-68.0



COMP POL_INV



-18.2



-0.6



59.2



-10.8



-46.2



-33.2



-52.4



-3.2



57.1



-12.0



-47.0



-34.7



-62.4



COMP POL_INV + DEVD -20.0 Note: 2005 is average of 2004-2006 data.



Table 4.8b: Net Cereal Trade, various scenarios, projected 2050 (million metric tons) SA 2005



EAP



EE/CA



LAC



MENA



SSA



Develo ping



6.4



-34.0



30.5



-18.0



-36.1



-17.3



-70.4



NCAR CF 2050



-38.8



-8.4



48.5



-10.1



-70.0



-70.3



-152.1



INC AG RES



-55.4



28.3



102.2



-10.7



-61.7



-96.2



-97.1



INC AG RES SSA & SA +



-35.6



18.2



95.3



-28.7



-63.3



-83.5



-101.3



INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD



-81.3



69.8



206.1



-43.6



-58.8



-136.3



-48.6



-83.6



87.5



181.1



-47.0



-59.9



-135.3



-61.5



-93.8



73.7



170.4



-53.7



-64.9



-145.7



-118.4



IMP NRM + IMP MM



-19.0



8.6



45.7



-16.9



-74.2



-78.3



-137.0



COMP POL_INV



-56.0



100.1



180.9



-55.4



-64.5



-150.7



-50.1



COMP POL_INV + DEVD -66.8 Note: 2005 is average of 2004-2006 data.



85.6



170.5



-61.8



-69.4



-161.4



-107.9



Figure 4.2: Net cereal imports in developing countries, projected 2025 and 2050, alternative scenarios (million metric tons)



Note: Negative numbers indicate net imports.



Table 4.9a: Calorie availability, various scenarios, projected 2025 (kilocalories per capita per day and percent change)



NCAR CF



INC AG RES



2005



INC AG RES SSA & SA +



INC AG RES w/ EFF



Kcal/cap/day



2025 INC AG INC AG RES w/ RES w/ EFF & EFF & IRR IRR EXP EXP + DEVD



IMP NRM + IMP MM



COMP POL_I NV



COMP POL_IN V+ DEVD



Percent change from CC w/ CF



SA



2,374



2,289



5.1



6.8



6.0



5.9



6.3



4.7



11.0



11.3



EAP



2,868



2,825



4.8



6.3



5.7



5.6



5.9



4.1



10.0



10.3



EE/CA



2,994



2,897



4.2



5.5



5.1



4.8



5.1



1.9



6.8



7.2



LAC



2,785



2,642



4.8



6.4



5.7



5.5



5.8



3.9



9.7



10.0



MENA



2,768



2,605



5.1



6.7



6.1



5.7



6.1



4.9



11.0



11.3



SSA



2,184



2,130



10.3



14.3



12.0



11.3



11.9



7.4



19.8



20.3



Developed



3,339



3,184



3.9



5.2



4.7



4.5



4.8



0.9



5.4



5.7



Developing



2,663



2,556



5.6



7.5



6.6



6.4



6.7



4.5



11.3



11.6



World



2,766



2,643



5.3



7.1



6.3



6.0



6.4



3.9



10.3



10.6



Table 4.9b: Calorie availability, various scenarios, projected 2050 (kilocalories per capita per day and percent change)



NCAR CF



INC AG RES



2005



INC AG RES SSA & SA +



INC AG RES w/ EFF



Kcal/cap/day



2050 INC AG INC AG RES w/ RES w/ EFF & EFF & IRR IRR EXP EXP + DEVD



IMP NRM + IMP MM



COMP POL_I NV



COMP POL_IN V+ DEVD



Percent change from CC w/ CF



SA



2,374



2,305



13.5



18.0



33.3



32.4



34.2



4.7



39.0



40.8



EAP



2,868



2,903



12.6



16.8



30.1



29.7



31.1



3.8



35.0



36.4



EE/CA



2,994



2,911



11.4



14.6



26.8



25.7



27.2



2.1



28.6



30.1



LAC



2,785



2,670



12.8



17.0



29.6



28.9



30.1



3.9



34.0



35.2



MENA



2,768



2,628



13.5



17.5



32.8



31.5



33.2



5.0



38.4



40.2



SSA



2,184



2,400



26.9



37.9



75.3



72.0



75.4



7.5



85.5



89.0



Developed



3,339



3,251



10.5



13.8



24.5



23.7



25.0



0.9



25.1



26.4



Developing



2,663



2,612



15.5



21.0



39.5



38.2



40.1



4.7



45.3



47.2



World



2,766



2,694



14.8



19.9



37.2



36.0



37.8



4.1



42.2



44.0



5.



SUMMARY AND CONCLUSIONS



The energy crisis of 2005-2007, the food price crisis of 2005-2008, and the financial crisis of 2008-2009 are wake-up calls for the world to reconsider how financial and other resources should be spend to ensure that all people have access to sufficient and safe food at all times. The food price crisis together with the energy crisis has caused serious consequences for many of the world‘s poorest countries, particularly affecting the most vulnerable—small farmers, poor urban residents, women, and particularly children. Affordability of nearly all agricultural commodities—including rice, maize, wheat, meat, dairy products, soybeans, palm oil, and cassava—declined. The more recent financial crisis has led to the loss of incomes and jobs, again hitting the poorest the most; thus further reducing their possibility to access basic foods. These recent shocks are a harbinger of what the future will bring for developing countries—particularly given growing climatic risks—unless recent trends in declining investments in agricultural R&D and poor policy leading—among others—to injudicious use of land and water resources are reversed. To reverse worsening food security trends in developing countries, the Strategy Committee of the CGIAR has set out to develop a series of strategic research opportunities focused on achieving increased investments in relevant agricultural research and knowledge to provide both greater improvements in food security and to contribute to raising incomes without adding to environmental stresses. To support this process, a series of agricultural policy and investment scenarios were developed and implemented using IFPRI‘s International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT). Four types of policy and investment scenarios were analyzed: Improvement in Natural Resource Management policies; Investments in Agricultural R&D; Investments in Irrigation Infrastructure; and Reduced Barriers to Agricultural Marketing. All alternative scenarios presented here show improvements in key food production and security indicators: yield growth, developing-country food production, net food imports, calorie availability, and finally childhood malnutrition levels. If ranked from a yield improvement standpoint, the comprehensive policy and investment scenario with spillover effects into the group of developed countries, combining Increased Agricultural Research with Efficiency of Research, Irrigation Expansion, Improved Natural Resource Management and Reduced Marketing Margins, ranks as the set of interventions with the strongest impact, followed by the same scenario without spillover effects, and the Increased Agricultural Research with Efficiency of Research and Irrigation Expansion Scenario, again with spillover effects; whereas the Improved Natural Resource Management and Reduced Marketing Margin Scenario results in the smallest yield improvements. Most other food production and food security indicators follow a similar pathway. The sequence is slightly different for net food imports. As Figure 4.2 shows, by 2025 net cereal imports in the group of developing countries are lowest under the Increased Agricultural Research with Efficiency of Research and Irrigation Expansion, Improved Natural Resource Management and Reduced Marketing Margins Scenario (COMP POL_INV); whereas by 2050, net imports are slightly lower under the scenario focusing on agricultural research and development investment only (INC AG RES w/EFF). Given the large impact of agricultural production on the environment, and given growing resource scarcity of land, water and global declines in forest resources and ecosystem biodiversity, it is important



to take environmental impacts of these scenarios into account. One key indicator relates to the conservation of water resources. Water savings can be reflected in changes in the productivity of water for key crops, or in changes in the share of total withdrawals over internal renewable water resources (IWR). The latter indicator was chosen here (non-irrigation water resources are held constant across scenarios). Results across scenarios for this indicator are presented in Table 3.1. Both the Improved Natural Resource Management and Reduced Marketing Margin scenario and the Comprehensive Investment and Policy scenario with spillover effects into developed countries achieve the best outcomes under this measure with 2050 withdrawals at 10 percent of total internal water resources in the group of developing countries whereas the NCAR CF reference scenario, and the various increased agricultural research investment scenarios result in somewhat higher withdrawal shares. Probably the most insightful food security indicator for judging alternative agricultural investment and policy strategies for the CGIAR is the change in the number of malnourished children in developing countries under alternative scenarios. Food and nutrition security is closely tied to agricultural productivity. Increased food production increases local food availability. Higher production from one‘s own farm or herds increases one‘s access to food and enhances household food security. The nutritional quality of the food produced is also an important consideration in reducing malnutrition, particularly for households who acquire most of their food from their own fields and herds. Particularly in South Asia and Africa, the most potent force for reducing malnutrition is raising food availability through increased agricultural productivity, as well as trade. Key non-food determinants of child malnutrition include the quality of maternal and child care, female secondary education, and health and sanitation, areas where the CG can also contribute to indirectly (Smith and Haddad 2000). Figure 5.1 (and Tables 5.1 and 5.2) shows the clear superiority of the comprehensive policy and investment scenario, including spillover effects into the group of developed countries—combining direct investments in agricultural R&D and rural infrastructure, such as irrigation, with support to increasing access to markets and enhanced natural resource management for both rainfed and irrigated agriculture. The same scenario without spillover effects ranks second in both projected years, but the third-ranked scenario changes over time. By 2025, the basic increase in agricultural research plus focus on South Asia and Sub-Saharan Africa scenario ranks third regarding reductions in childhood malnutrition levels, while by 2050, the Increased Agricultural Research with Efficiency of Research and Irrigation Expansion Scenario including developed-country spillover effects ranks third.



Table 5.1: Child malnutrition (million children) and percent change, alternative scenarios, projected 2025 2025



INC AG RES SSA & SA +



INC AG RES



NCAR CF



INC AG RES w/ EFF



INC AG RES w/ EFF & IRR EXP



2005 million children



INC AG RES w/ EFF & IRR EXP + DEVD



IMP NRM + IMP MM



COM P POL_I NV



COMP POL_IN V+ DEVD



Percent change from CC w/ CF



SA



75



70



-3



-4



-4



-3



-4



-3



-6



-7



EAP



23



18



-9



-11



-10



-10



-11



-7



-18



-18



EE/CA



4



4



-7



-10



-9



-8



-9



-4



-12



-13



LAC



8



8



-8



-10



-9



-9



-9



-6



-15



-16



MENA



3



3



-13



-16



-15



-14



-15



-12



-26



-27



39



49



-8



-11



-9



-9



-9



-6



-15



-15



152



152



-6



-8



-7



-7



-7



-5



-11



-12



SSA Developing



Table 5.2: Child malnutrition (million children) and percent change under various scenarios, projected 2050



CC w/ CF



INC AG RES



2005



INC AG RES SSA & SA +



INC AG RES w/ EFF



million children



2050 INC AG RES w/ EFF & IRR EXP



INC AG RES w/ EFF & IRR EXP + DEVD



IMP NRM + IMP MM



COMP POL_I NV



COM P POL_ INV + DEV D



Percent change from CC w/ CF



SA



75



58



-8



-11



-19



-18



-19



-3



-22



-22



EAP



23



13



-26



-29



-39



-39



-39



-8



-41



-42



EE/CA



4



4



-18



-23



-39



-38



-40



-4



-42



-44



LAC



8



6



-21



-27



-41



-41



-42



-7



-46



-47



MENA



3



2



-37



-42



-57



-56



-57



-15



-62



-64



39



43



-24



-32



-55



-53



-55



-7



-59



-61



152



126



-17



-22



-35



-34



-36



-5



-39



-40



SSA Developing



Table 5.3: Additional annual incremental investment expenditures for alternative scenarios (million 2000 US$ per year, 2010-2050) South Asia



IMP NRM + IMP MM



SubSaharan Africa



All Developing



(million 2000 US$) 1,422 1,355



4,598



INC AG RES



241



2,491



4,868



INC AG RES SSA & SA +



503



5,231



6,868



INC AG RES w/EFF



616



7,930



14,566



INC AG RES w/EFF & IRR EXP



614



7,818



13,846



INC AG RES w/EFF & IRR EXP + DEVD



582



7,652



13,320



COMP POL_INV



2,140



9,790



19,273



COMP POL_INV + DEVD



2,104



9,621



18,734



The comprehensive policy and investment scenario provides the best outcomes for all developing-regions (using the malnutrition indicator). However, such a comprehensive investment and policy effort comes at a cost, as can be seen in Table 5.3. The additional annual incremental investment expenditures for the comprehensive scenario are estimated at US$19 billion per year in the areas of agricultural R&D, and rural infrastructure (irrigation, including investments in both area expansion and water use efficiency, and roads). These investments would reduce childhood malnutrition to 90 million children by 2050, a significant achievement, but far from a world free of hunger. Generally, investment needs are slightly lower for scenarios with developed-country spillover effects, as developed-country public agricultural research is not included in this estimation. All individual component scenarios analyzed also achieve reductions in childhood malnutrition in developing countries. This is an important conclusion, reaffirming the global public goods perspective of the set of investments and policy reforms proposed.



Figure 5.1: Declines in childhood malnutrition compared to reference scenario, alternative scenarios, projected 2025 and 2050 (percentage change)



Note: Percentage change compared to the baseline.
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APPENDIX I: SUPPLEMENTARY TABLES



Appendix Table A1: Irrigated yields (mt/ha) and percent change under various scenarios, projected 2025 SA Maize 2005 (mt/ha) 2025 NCAR CF (mt/ha)



EAP



15.1



7.6



10.0



World



1.9



12.9



5.3



7.1



5.5



8.5



2.7



14.7



7.0



9.0



10.4



9.3



11.0



-1.4



8.6



4.3



9.9



10.1



9.8



19.9



-2.3



8.2



3.6



9.8



13.1



12.2



10.7



13.2



-1.7



10.1



5.0



10.1



9.9



12.4



8.9



6.4



11.7



-1.5



9.7



4.6



10.0



9.8



12.3



8.9



6.5



11.6



-1.5



9.6



4.5



1.6



9.6



1.3



3.0



0.1



3.0



-1.3



8.1



3.8



11.4



20.2



13.4



12.1



6.3



14.5



-2.2



18.3



9.0



11.3



20.1



13.3



12.0



6.3



14.3



-1.7



18.2



9.2



1.2



1.5



1.2



2.1



1.0



0.3



1.0



1.0



1.0



1.7



2.2



2.0



3.1



1.3



0.5



1.3



1.5



1.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



11.3



20.4



19.4



16.6



10.9



14.2



-2.0



15.5



15.3



19.2



18.6



17.7



15.6



9.6



25.0



-3.2



19.6



19.3



13.5



24.8



23.6



20.1



13.3



17.2



-2.4



18.8



18.5



13.8



24.5



23.7



20.3



13.7



18.1



-2.3



18.9



18.7



13.8



24.5



23.6



20.2



13.6



18.0



2.1



18.9



18.7



0.8



0.9



0.2



0.5



1.2



2.9



-0.2



0.4



0.4



COMP POL_INV COMP POL_INV + DEVD



15.0



25.6



24.0



20.9



15.1



21.5



-2.4



19.6



19.3



15.0



25.5



23.9



20.9



15.0



21.5



1.9



19.5



19.4



2.8



4.0



3.2



4.2



5.4



2.0



4.9



3.5



3.5



3.3



4.4



4.4



5.2



6.2



3.0



5.7



3.9



3.9



5.3



3.9



10.4



8.6



3.9



18.6



-0.1



4.7



4.6



9.2



3.6



10.4



8.2



3.8



33.4



-0.1



6.3



6.2



INC AG RES INC AG RES SSA & SA +



8.4



Developi ng



7.1



Rice 2005 (mt/ha) 2025 NCAR CF (mt/ha)



7.5



8.5



Develop ed



SSA



10.7



Millet 2005 (mt/ha) 2025 NCAR CF (mt/ha)



3.2



4.9



MENA



7.7



COMP POL_INV COMP POL_INV + DEVD



5.6



LAC



4.1



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



2.5



EE/C A



SA INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



6.3



4.6



12.7



10.1



4.7



22.6



-0.1



5.6



5.4



5.6



4.3



10.3



9.8



-5.1



22.0



-0.1



5.1



4.9



5.6



4.3



10.3



9.8



-5.2



22.0



2.8



5.1



5.0



10.4



1.5



-0.1



1.3



0.2



4.7



0.4



5.3



5.1



16.7



5.8



10.2



11.3



-4.9



27.4



0.3



10.7



10.4



16.7



5.8



10.2



11.3



-5.0



27.4



3.2



10.7



10.4



1.0



4.4



2.4



4.2



6.1



1.1



3.3



2.7



2.8



1.4



6.1



3.6



5.0



6.7



1.8



3.9



3.4



3.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



14.3



9.5



13.5



4.4



8.3



19.6



-1.7



8.6



6.8



25.2



8.6



12.3



3.2



7.4



35.5



-2.5



10.8



8.5



17.3



11.4



16.5



5.3



9.6



23.9



-1.9



10.4



8.2



16.1



10.7



16.7



5.4



7.4



24.1



-1.8



9.8



7.7



16.0



10.6



16.6



5.3



7.5



23.9



2.6



9.7



8.4



1.5



0.6



-0.1



0.9



-0.3



2.8



-0.3



0.8



0.6



COMP POL_INV COMP POL_INV + DEVD



17.7



11.3



16.6



6.4



7.1



27.5



-2.1



10.8



8.5



17.6



11.3



16.5



6.3



7.2



27.4



2.3



10.7



9.2



2.7



4.3



3.5



5.1



3.2



3.0



4.3



3.3



3.3



3.0



5.5



4.9



5.3



4.2



3.8



6.0



3.9



4.0



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



4.8



2.7



11.6



3.6



11.1



16.3



-1.2



4.4



4.1



9.3



2.3



11.0



3.6



10.8



28.9



-1.5



6.3



6.0



6.0



3.1



14.1



4.2



13.3



19.7



-1.4



5.3



5.0



5.7



2.7



14.1



-0.1



12.6



18.2



-1.2



5.1



4.8



5.5



2.5



13.9



-0.1



12.6



18.1



3.3



4.9



4.8



5.8



20.5



2.9



0.8



1.9



2.1



-0.4



11.3



10.8



COMP POL_INV COMP POL_INV + DEVD



12.2



23.9



16.8



0.9



14.7



20.3



-1.7



16.9



16.1



12.1



23.7



16.6



0.9



14.6



20.2



2.9



16.8



16.1



COMP POL_INV COMP POL_INV + DEVD Sorghum 2005 (mt/ha) 2025 NCAR CF (mt/ha)



Wheat 2005 (mt/ha) 2025 NCAR CF (mt/ha)



SA Other Grains 2005 (mt/ha) 2025 NCAR CF (mt/ha)



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



2.2



3.5



2.4



2.8



1.7



3.1



4.6



2.3



2.6



3.2



5.1



3.7



4.6



2.7



5.4



6.3



3.6



4.0



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



13.9



12.2



17.5



16.6



15.3



16.3



-3.1



15.4



11.2



25.9



10.8



16.1



15.0



14.2



29.5



-4.2



15.9



11.2



16.6



14.4



21.4



19.2



18.2



19.3



-3.6



18.3



13.3



17.2



14.7



22.1



19.6



18.5



20.8



-3.3



18.9



13.7



17.0



14.5



21.9



19.3



18.3



20.5



1.4



18.7



14.6



1.3



0.4



0.0



1.8



1.7



4.5



-0.2



1.2



0.7



COMP POL_INV COMP POL_INV + DEVD



18.5



16.1



22.2



20.7



20.6



24.1



-3.6



20.2



14.6



18.2



15.8



22.0



20.5



20.5



23.7



1.2



20.0



15.4



1.4



3.5



2.0



1.9



3.4



1.3



4.8



2.6



2.7



1.5



5.2



2.4



2.5



3.5



1.6



7.7



3.6



3.8



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



3.3



18.4



8.1



7.1



5.6



7.6



-0.9



15.8



14.3



5.9



18.0



7.6



6.7



5.2



13.7



-1.2



16.2



14.6



3.8



22.3



9.7



8.5



6.8



9.1



-1.1



19.1



17.3



3.6



21.6



9.9



8.3



6.1



9.1



-1.0



18.4



16.5



3.5



21.6



9.9



8.3



6.1



9.0



5.5



18.3



17.1



1.4



5.7



-0.2



1.2



1.1



7.5



-0.1



-0.6



-1.1



COMP POL_INV COMP POL_INV + DEVD



4.9



28.5



9.4



9.6



7.3



16.6



-1.5



17.0



14.8



4.8



28.4



9.4



9.5



7.2



16.6



5.0



17.0



15.3



23.9



19.3



22.8



20.9



26.1



25.9



49.4



22.8



28.3



29.9



26.8



28.8



27.5



37.7



38.1



57.2



30.6



35.5



9.9



12.1



7.6



11.0



13.4



13.4



-1.1



11.2



7.6



17.8



11.7



7.3



10.8



13.0



24.2



-1.4



14.4



9.8



11.9



14.6



9.4



13.2



16.2



16.2



-1.3



13.6



9.2



12.0



14.7



9.3



13.2



16.0



15.8



-1.2



13.5



8.8



11.9



14.6



9.2



13.1



15.9



15.7



0.9



13.4



9.4



Groundnut 2005 (mt/ha) 2025 NCAR CF (mt/ha)



Potatoes 2005 (mt/ha) 2025 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/



SA EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sweet Potatoes 2005 (mt/ha) 2025 NCAR CF (mt/ha)



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



4.5



2.7



0.8



0.9



2.2



0.1



0.0



2.6



1.6



17.5



17.7



10.2



14.4



18.5



16.2



-1.2



16.6



10.9



17.3



17.6



10.1



14.3



18.4



16.1



1.0



16.5



11.4



9.3



22.2



24.4



13.0



29.5



5.3



20.8



14.4



15.0



12.4



27.9



34.2



18.8



40.5



9.1



30.7



17.8



18.8



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



12.5



7.2



9.4



17.5



10.7



25.1



-1.6



12.1



10.5



22.5



6.2



8.3



16.6



9.8



46.5



-2.2



16.3



14.1



15.2



8.7



11.5



21.2



12.9



30.9



-1.8



14.7



12.7



15.5



9.0



12.0



21.8



12.5



31.3



-1.6



14.4



12.3



15.5



9.0



11.9



21.8



12.4



31.3



3.9



14.4



12.9



1.3



1.1



-0.2



1.2



1.7



3.8



0.1



1.3



1.1



COMP POL_INV COMP POL_INV + DEVD Cassava & O R&T 2005 (mt/ha) 2025 NCAR CF (mt/ha)



17.0



10.2



11.8



23.2



14.4



36.4



-1.5



16.0



13.7



17.0



10.2



11.7



23.2



14.3



36.3



4.0



16.0



14.3



26.8



18.4



0.0



7.7



27.9



6.7



14.1



16.3



16.3



35.7



27.6



0.0



11.6



39.3



8.4



20.1



23.5



23.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



9.0



13.2



0.0



18.1



14.2



7.5



-1.9



12.7



12.6



16.2



12.2



0.0



17.2



13.2



14.2



-2.6



13.6



13.5



10.8



16.0



0.0



21.8



17.2



9.0



-2.1



15.3



15.2



10.9



16.2



0.0



22.3



16.6



9.0



-2.0



15.3



15.2



10.9



16.2



0.0



22.3



16.6



9.0



3.8



15.3



15.2



1.2



1.4



0.0



1.3



1.7



3.9



0.5



1.2



1.2



12.2



17.8



0.0



23.8



18.6



13.3



-1.6



16.8



16.6



12.2



17.8



0.0



23.8



18.6



13.3



4.3



16.7



16.6



1.3



1.9



2.6



2.3



2.9



1.7



3.6



2.0



2.8



1.8



2.5



4.7



3.3



4.1



2.0



5.6



2.6



4.2



COMP POL_INV COMP POL_INV + DEVD Soybeans 2005 (mt/ha) 2025 NCAR CF (mt/ha)



SA INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



EAP



EE/C A



LAC



MENA



SSA



Develop ed



Developi ng



World



12.5



10.9



16.8



20.1



10.4



17.1



-0.5



12.3



3.0



22.2



10.9



16.7



20.0



10.4



31.1



-0.5



12.3



3.0



15.2



13.1



20.5



24.4



12.7



20.8



-0.6



14.8



3.7



14.1



13.3



20.7



24.0



9.8



20.8



-0.5



14.8



3.6



13.8



13.1



20.4



23.7



9.8



20.3



6.7



14.6



8.7



3.3



5.0



0.0



1.8



0.4



3.5



0.0



4.4



0.9



COMP POL_INV 17.9 18.6 COMP POL_INV + DEVD 17.6 18.4 Note: 2005 is average of 2004-2006.



20.7



26.3



10.4



24.9



-0.5



19.6



4.6



20.4



26.0



10.3



24.4



6.7



19.3



9.6



Appendix Table A2: Irrigated Yields (mt/ha) and percent change under various scenarios, projected 2050 Develo ped



Develo ping



World



1.9



12.9



5.3



7.1



7.4



3.3



16.1



8.3



10.3



17.1



17.2



24.4



-2.8



17.7



9.5



42.2



16.0



18.1



47.2



-4.8



16.5



7.9



44.7



159.9



37.6



28.2



68.5



-9.8



49.2



26.0



18.1



44.2



154.4



27.7



16.8



62.2



-9.3



47.0



24.7



17.4



43.7



153.5



27.3



16.7



61.3



-6.2



46.5



25.5



2.1



4.1



-3.5



6.1



2.1



17.3



66.9



-9.6



52.9



28.2



17.2



65.8



-6.5



52.2



28.8



1.0



0.3



1.0



1.0



1.0



SA



EAP



EE/CA



2.5



5.6



4.9



4.1



7.7



3.2



9.1



9.9



6.1



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



10.8



16.4



43.7



20.1



14.6



17.5



2.9



6.7



3.6



3.2



COMP POL_INV COMP POL_INV + DEVD



20.2



50.8



158.6



31.3



19.6



50.0



157.6



30.8



1.2



1.5



1.2



2.1



Maize 2005 (mt/ha) 2050 NCAR CF (mt/ha)



Millet 2005 (mt/ha) 2050 NCAR CF (mt/ha)



LAC



MENA



SSA



2.2



3.7



3.2



4.8



1.8



0.7



1.8



2.2



2.2



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



27.3



65.3



55.1



50.2



32.2



33.4



-5.8



47.2



46.7



50.1



58.3



48.1



46.4



27.6



63.8



-9.1



55.6



55.0



83.6



269.3



200.7



186.4



108.0



101.0



-13.9



178.8



177.0



84.7



265.6



201.6



187.0



110.2



113.1



-13.6



178.2



176.6



84.6



265.4



201.5



186.9



110.2



113.0



7.8



178.1



176.6



-2.2



0.7



0.1



0.4



1.1



2.6



-0.3



-0.9



-0.9



COMP POL_INV COMP POL_INV + DEVD



80.3



268.3



205.1



188.3



112.5



119.5



-13.9



172.5



171.0



80.2



268.1



204.9



188.2



112.5



119.4



7.5



172.4



171.1



2.8



4.0



3.2



4.2



5.4



2.0



4.9



3.5



3.5



3.9



5.1



5.8



5.9



6.0



4.0



7.8



4.4



4.4



13.6



13.2



39.4



16.5



11.5



42.5



0.2



13.9



13.6



24.4



12.3



39.6



15.3



11.4



82.4



0.2



19.7



19.1



36.2



40.1



142.2



36.4



20.9



117.2



0.3



39.4



38.3



Rice 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF



Develo ped



Develo ping



World



112.5



0.1



38.4



37.3



-12.3



112.2



21.1



38.3



37.7



1.4



0.2



5.3



0.3



5.0



4.8



123.3



36.6



-12.1



122.6



0.0



44.1



42.8



41.1



123.3



36.4



-12.1



122.3



20.9



44.0



43.3



1.0



4.4



2.4



4.2



6.1



1.1



3.3



2.7



2.8



2.0



8.2



5.4



6.0



7.4



2.6



6.0



4.4



4.6



38.4



27.5



39.2



14.0



7.8



47.2



-4.4



23.8



18.6



71.3



23.6



35.1



10.5



4.5



93.8



-6.8



31.7



24.6



122.5



94.4



135.6



46.1



17.5



151.7



-10.9



78.6



62.2



123.7



95.8



136.9



46.9



17.9



151.4



-10.5



78.8



62.7



122.7



95.1



136.1



46.3



17.5



150.3



15.0



78.1



66.5



SA INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sorghum 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Wheat 2005 (mt/ha) 2050 NCAR CF (mt/ha)



EAP



EE/CA



LAC



MENA



34.8



38.6



122.9



34.5



-12.3



34.7



38.5



122.8



34.4



8.1



1.6



0.4



43.4



41.2



43.3



SSA



-1.1



0.7



-0.1



0.9



-0.2



2.7



-0.4



-2.0



-2.0



117.1



97.4



137.5



48.1



19.8



158.0



-10.9



74.7



59.8



116.1



96.7



136.7



47.6



19.3



157.0



14.6



74.0



63.3



2.7



4.3



3.5



5.1



3.2



3.0



4.3



3.3



3.3



3.1



6.9



6.6



5.1



5.0



4.8



9.1



4.4



4.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



20.9



7.3



34.3



16.7



32.4



44.4



-3.0



15.2



14.3



43.3



6.3



32.7



16.5



32.3



87.5



-3.8



24.6



23.2



65.5



20.1



112.2



61.4



91.0



149.8



-6.7



46.1



43.5



58.2



19.1



106.0



41.6



81.8



130.0



-6.3



42.7



40.3



57.5



18.5



105.0



41.1



81.8



130.0



17.6



42.1



40.7



20.7



14.7



2.8



1.2



3.2



2.2



-0.6



15.6



14.7



COMP POL_INV COMP POL_INV + DEVD



93.3



34.4



108.6



44.1



88.7



131.3



-6.9



64.8



61.4



92.4



33.3



107.1



43.6



88.6



131.0



16.9



63.9



61.4



2.2



3.5



2.4



2.8



1.7



3.1



4.6



2.3



2.6



Other Grains 2005 (mt/ha)



Develo ped



Develo ping



World



7.3



9.8



4.6



5.3



23.1



26.4



-7.3



28.8



19.5



20.4



20.4



53.9



-9.5



29.6



19.5



177.9



51.4



48.0



68.4



-16.2



79.8



55.6



60.1



182.8



52.0



49.4



66.4



-15.6



83.2



58.3



47.8



59.0



181.0



50.9



48.6



65.0



10.4



82.0



63.3



0.5



0.9



0.1



1.9



1.8



3.8



-0.4



1.1



0.4



49.7



61.7



184.3



53.5



53.8



69.1



-15.8



85.0



59.6



48.4



60.6



182.6



52.4



53.0



67.7



10.1



83.8



64.4



1.4



3.5



2.0



1.9



3.4



1.3



4.8



2.6



2.7



1.4



9.5



2.6



2.6



3.3



1.8



12.9



5.7



6.0



3.2



66.0



22.2



10.7



17.8



15.6



-3.5



57.4



51.8



7.7



64.7



21.3



9.8



17.0



30.2



-4.1



57.4



51.7



-0.1



276.7



53.6



18.8



31.6



35.8



-9.4



236.5



214.4



-0.1



270.9



53.4



18.4



28.5



36.7



-9.4



232.9



211.3



-0.3



270.0



53.1



18.1



28.3



36.3



25.2



231.9



213.2



SA



EAP



EE/CA



4.1



6.5



5.7



5.6



3.2



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



21.5



22.0



49.2



24.1



43.6



18.4



45.2



46.3



58.5



49.1



COMP POL_INV COMP POL_INV + DEVD



2050 NCAR CF (mt/ha)



Groundnut 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Potatoes 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD



LAC



MENA



SSA



1.4



3.9



0.7



1.0



1.0



7.8



-0.3



-4.4



-4.7



1.0



277.6



52.8



19.7



30.1



44.7



-9.7



210.9



191.7



0.8



276.8



52.6



19.4



29.9



44.4



24.8



210.4



193.7



23.9



19.3



22.8



20.9



26.1



25.9



49.4



22.8



28.3



35.8



36.4



34.7



33.9



49.7



54.4



80.5



38.3



45.0



21.3



33.9



24.7



27.4



31.8



35.1



-2.7



27.0



18.7



40.3



32.7



23.6



26.4



30.8



68.4



-3.3



37.3



25.9



55.0



109.9



73.8



77.1



88.5



108.4



-6.4



77.2



53.6



55.4



110.3



71.5



76.5



86.2



105.7



-6.2



74.7



51.5



54.8



109.5



70.9



75.9



85.6



105.0



12.4



74.2



56.1



Develo ped



Develo ping



World



0.4



0.0



2.4



1.4



90.4



106.3



-6.2



77.2



53.2



78.7



89.9



105.7



12.4



76.6



57.6



24.4



13.0



29.5



5.3



20.8



14.4



15.0



33.1



47.4



25.6



45.6



17.4



55.2



22.2



24.0



26.6



18.5



28.6



41.5



22.1



79.9



-3.6



44.2



38.3



49.4



15.0



24.5



37.7



18.7



168.1



-5.5



77.9



67.5



71.9



54.3



93.0



123.6



43.7



340.1



-8.4



168.2



146.0



72.3



54.5



94.0



125.2



39.8



342.6



-8.1



174.5



151.8



72.1



54.4



93.8



125.0



39.7



341.7



29.9



174.1



155.7



1.1



1.0



-0.3



0.9



1.6



3.7



-0.1



1.7



1.4



74.1



55.7



93.4



127.2



42.0



358.4



-8.2



182.2



158.6



73.9



55.5



93.2



127.0



41.8



357.7



29.7



181.8



162.5



26.8



18.4



0.0



7.7



27.9



6.7



14.1



16.3



16.3



40.5



35.9



0.0



15.4



51.0



8.9



30.2



29.1



29.1



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



16.8



31.9



0.0



40.0



33.8



22.7



-4.2



30.2



29.8



32.1



29.2



0.0



37.1



31.2



47.9



-5.7



31.9



31.5



41.8



101.5



0.0



115.5



88.7



80.1



-8.9



93.7



92.6



42.3



104.2



0.0



116.8



83.3



80.6



-8.7



94.4



93.3



42.2



104.1



0.0



116.7



83.2



80.5



19.0



94.3



93.5



1.6



1.1



0.0



1.1



1.7



3.9



0.4



1.1



1.1



COMP POL_INV COMP POL_INV + DEVD



44.9



106.6



0.0



119.6



86.6



87.8



-8.2



96.5



95.4



44.9



106.5



0.0



119.4



86.5



87.6



19.7



96.4



95.6



1.3



1.9



2.6



2.3



2.9



1.7



3.6



2.0



2.8



SA



EAP



EE/CA



3.7



1.7



1.1



1.0



2.2



57.7



113.6



73.6



79.3



57.1



112.9



73.1



9.3



22.2



15.6



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD



IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sweet Potatoes 2005 (mt/ha) 2050 NCAR CF (mt/ha)



Cassava 2005 (mt/ha) 2050 NCAR CF (mt/ha)



Soybeans 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA +



LAC



MENA



SSA



2.5



3.3



7.3



5.3



4.9



2.9



8.4



3.5



6.1



40.3



32.3



51.7



61.6



24.9



46.4



-1.1



36.9



9.1



78.2



32.0



51.3



61.2



24.7



92.3



-1.2



37.0



9.0



SA INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD



Develo ped



Develo ping



World



146.5



-2.6



124.6



32.0



53.0



145.8



-2.4



124.5



32.0



225.3



52.6



142.9



26.4



122.9



52.1



0.0



1.8



0.6



3.2



0.0



1.7



0.1



108.1



181.2



233.3



54.2



151.9



-2.5



127.2



32.7



106.8



178.9



230.5



53.7



148.9



26.4



125.5



52.6



EAP



EE/CA



LAC



MENA



141.9



105.6



180.2



230.3



62.9



135.8



106.0



181.3



228.2



134.4



104.6



179.0



3.2



1.6



143.6 141.6



SSA



Appendix Table A3: Rainfed Yields (mt/ha) and percent change under various investment and efficiency scenarios 2025 Develop ed



Developi ng



World



1.5



8.9



3.1



4.5



6.0



2.0



10.9



4.0



5.9



9.2



0.3



9.8



-2.8



7.7



2.1



1.9



8.3



-0.6



16.8



-3.8



8.1



1.8



9.1



3.8



11.0



0.5



10.5



-3.1



9.1



2.6



5.3



9.3



3.9



11.2



1.1



10.4



-2.9



9.3



3.1



5.1



9.2



3.7



11.1



1.0



10.2



-1.2



9.1



3.9



1.4



1.2



-0.4



1.1



2.1



2.3



-0.4



0.6



-0.6



6.7



10.7



3.5



12.4



3.2



14.3



-3.4



10.1



2.7



6.5



10.5



3.3



12.2



3.1



14.0



-1.6



10.0



3.5



1.0



1.8



1.1



1.6



1.1



0.7



1.1



0.9



0.9



1.3



2.3



1.7



2.5



1.4



1.2



1.4



1.3



1.3



10.0



8.9



16.1



10.9



12.0



20.4



-2.1



16.8



16.6



17.5



7.2



14.6



10.0



10.7



36.3



-3.3



28.8



28.5



12.1



10.7



19.6



13.3



15.2



24.9



-2.4



20.4



20.2



12.3



10.9



19.8



13.3



15.5



25.1



-2.3



20.7



20.4



12.3



10.9



19.8



13.3



15.4



25.1



3.8



20.6



20.4



SA



EAP



EE/CA



LAC



2.0



4.2



4.8



3.2



5.1



2.3



5.5



6.3



4.4



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



4.3



7.4



2.9



8.3



6.3



5.0



COMP POL_INV COMP POL_INV + DEVD



Maize 2005 (mt/ha) 2025 NCAR CF (mt/ha)



Millet 2005 (mt/ha) 2025 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP +



MENA



SSA



SA



EAP



EE/CA



LAC



MENA



SSA



Develop ed



Developi ng



World



DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Rice 2005 (mt/ha) 2025 NCAR CF (mt/ha)



1.1



1.0



1.0



0.5



1.1



3.0



-0.3



2.2



2.1



13.5



12.0



21.0



13.9



16.5



28.8



-2.6



23.4



23.1



13.5



11.9



21.0



13.9



16.5



28.8



3.4



23.4



23.2



1.8



2.3



2.4



2.3



4.2



1.1



4.4



2.1



2.1



2.2



2.7



2.9



2.8



5.0



1.5



4.9



2.5



2.6



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



5.5



4.9



8.3



7.8



3.6



17.7



-0.8



6.1



5.6



9.7



4.6



8.0



7.4



3.3



32.4



-1.0



7.8



7.2



6.6



5.9



10.2



9.2



4.3



21.7



-1.0



7.3



6.8



7.0



5.8



10.1



9.2



4.3



21.1



-1.0



7.4



6.9



7.0



5.8



10.1



9.2



4.3



21.1



0.5



7.4



7.0



1.1



0.3



0.8



1.5



1.6



3.7



-0.1



0.7



0.6



COMP POL_INV COMP POL_INV + DEVD



8.1



6.2



11.0



10.8



6.0



25.6



-1.1



8.2



7.6



8.1



6.2



11.0



10.8



6.0



25.5



0.5



8.2



7.7



0.8



3.9



1.7



3.0



4.3



0.9



3.0



1.2



1.3



1.1



4.8



3.0



4.1



4.8



1.3



3.5



1.6



1.8



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



10.2



1.3



19.2



11.5



4.7



13.2



-1.9



11.7



9.5



18.1



0.2



18.1



10.3



3.5



23.7



-2.8



18.3



14.8



12.4



1.6



23.5



13.9



5.6



16.1



-2.1



14.2



11.5



12.6



1.8



23.8



14.0



5.8



16.2



-2.0



14.6



11.9



12.5



1.7



23.7



13.9



5.7



16.0



2.1



14.5



12.5



1.1



1.0



0.6



0.9



1.8



2.9



-0.3



1.7



1.0



COMP POL_INV COMP POL_INV + DEVD



13.8



2.8



24.6



15.0



7.7



19.6



-2.3



16.7



13.3



13.7



2.6



24.4



14.9



7.6



19.5



1.8



16.5



13.8



Wheat 2005 (mt/ha) 2025 NCAR CF (mt/ha)



2.0



3.4



2.2



2.5



1.8



1.7



3.4



2.2



2.6



2.4



3.9



3.0



3.3



2.6



2.0



3.9



3.0



3.3



INC AG RES



5.0



0.8



9.7



11.4



11.1



15.0



-1.5



9.2



4.4



Sorghum 2005 (mt/ha) 2025 NCAR CF (mt/ha)



Develop ed



Developi ng



World



27.5



-1.9



9.2



4.3



12.8



18.4



-1.8



11.2



5.4



14.0



13.0



18.1



-1.6



11.5



5.8



12.0



13.8



12.8



17.9



2.0



11.3



7.3



1.2



0.1



0.8



0.8



2.1



-0.5



0.5



-0.2



8.0



2.3



12.3



15.0



14.6



20.5



-2.1



12.1



5.8



7.8



2.1



12.1



14.8



14.5



20.1



1.5



11.9



7.3



1.6



2.6



2.2



2.1



1.0



1.2



3.6



2.0



2.5



2.5



4.2



3.3



3.9



1.7



1.9



4.3



3.0



3.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



15.8



14.7



13.7



20.8



14.4



8.7



-3.3



14.1



6.3



30.1



13.1



12.4



19.5



13.3



21.4



-4.3



13.4



5.4



19.2



17.4



15.6



25.2



17.6



11.4



-3.7



16.4



7.3



19.6



17.7



16.0



25.5



17.9



11.9



-3.5



16.6



7.7



19.2



17.5



15.8



25.3



17.7



11.6



0.2



16.4



9.2



1.1



0.9



-0.2



0.8



1.4



2.5



-0.4



0.0



-0.3



COMP POL_INV COMP POL_INV + DEVD



21.0



18.8



15.8



26.5



19.5



14.6



-3.8



16.7



7.5



20.6



18.6



15.6



26.2



19.4



14.3



-0.2



16.5



8.9



1.0



2.6



2.6



2.3



2.5



0.8



3.0



1.4



1.4



1.1



3.2



3.1



3.4



3.1



1.0



3.7



1.6



1.7



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



3.8



6.3



7.2



9.8



7.9



11.2



-1.3



7.8



7.3



7.3



5.8



6.8



9.5



7.4



20.2



-1.7



10.8



10.1



4.6



7.5



7.2



11.8



9.5



13.5



-1.6



9.3



8.7



4.6



7.6



7.6



12.0



9.7



13.7



-1.5



9.7



9.1



4.5



7.6



7.5



12.0



9.6



13.6



2.8



9.7



9.3



1.0



1.1



-0.5



0.6



1.2



1.3



-0.4



1.0



0.8



COMP POL_INV



5.6



8.8



7.0



12.7



10.7



15.1



-1.9



10.8



10.1



SA INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Other Grains 2005 (mt/ha) 2025 NCAR CF (mt/ha)



Groundnut 2005 (mt/ha) 2025 NCAR CF (mt/ha)



EAP



EE/CA



LAC



MENA



9.6



0.2



9.2



11.0



10.6



6.0



0.8



12.0



13.8



6.5



1.1



12.2



6.3



0.9



1.4



SSA



Develop ed



Developi ng



World



15.1



2.3



10.8



10.3



20.9



7.8



36.9



15.3



17.3



20.3



29.1



10.4



40.3



19.8



21.5



7.0



10.4



11.2



16.0



-1.2



8.8



7.2



9.6



6.7



10.1



10.9



29.5



-1.4



9.7



8.0



8.8



12.0



8.9



12.7



13.2



19.4



-1.4



10.7



8.8



9.0



12.2



9.1



13.2



13.4



19.7



-1.2



10.9



9.1



8.9



12.2



9.1



13.2



13.4



19.6



1.8



10.8



9.6



1.9



1.5



0.6



1.2



1.8



4.8



0.0



1.2



0.9



11.1



14.0



9.8



14.6



15.5



25.5



-1.2



12.3



10.2



11.0



13.9



9.8



14.6



15.4



25.3



1.9



12.2



10.6



8.5



20.7



0.0



0.0



7.2



8.6



23.5



14.2



14.2



10.1



25.5



0.0



0.0



11.4



12.5



30.8



17.9



18.0



7.9



7.6



0.0



0.0



19.2



13.4



-1.8



10.1



10.0



14.6



6.7



0.0



0.0



18.1



24.4



-2.4



13.8



13.7



9.6



9.1



0.0



0.0



23.4



16.2



-2.0



12.1



12.0



9.9



9.4



0.0



0.0



23.6



16.8



-1.7



12.3



12.2



9.8



9.3



0.0



0.0



23.6



16.8



2.9



12.2



12.2



1.3



1.1



0.0



0.0



1.1



3.2



0.4



1.5



1.5



11.4



10.5



0.0



0.0



25.0



20.6



-1.3



14.0



13.9



11.3



10.5



0.0



0.0



24.9



20.5



3.3



14.0



13.9



7.3



14.6



5.7



13.3



26.0



9.2



22.6



10.3



10.3



9.2



19.5



10.0



19.9



39.8



12.6



27.3



14.2



14.2



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF



13.5



8.2



25.7



17.1



17.0



10.5



-2.0



11.4



11.4



23.9



7.4



24.8



16.1



16.3



19.3



-2.7



17.0



17.0



16.1



9.8



31.6



20.8



20.7



12.7



-2.3



13.7



13.7



INC AG RES w/



16.1



9.9



31.7



21.1



20.8



13.1



-2.2



14.0



14.0



SA COMP POL_INV + DEVD Potatoes 2005 (mt/ha) 2025 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sweet Potatoes 2005 (mt/ha) 2025 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Cassava 2005 (mt/ha) 2025 NCAR CF (mt/ha)



EAP



EE/CA



LAC



MENA



5.5



8.7



7.0



12.7



10.6



16.0



15.0



16.0



15.7



19.1



19.7



21.1



7.2



10.0



13.4



SSA



Develop ed



Developi ng



World



13.1



1.1



14.0



14.0



-0.1



3.3



-0.1



2.2



2.2



22.3



20.7



16.8



-2.3



16.5



16.5



31.6



22.3



20.7



16.8



1.0



16.5



16.5



1.5



1.3



2.2



1.9



0.9



2.6



1.9



2.1



1.3



1.9



1.8



2.7



2.0



1.3



3.8



2.4



2.8



14.5



11.3



15.7



13.6



11.6



18.8



-0.9



13.4



7.5



26.4



11.2



15.6



13.5



11.5



34.2



-0.9



14.3



8.0



17.7



13.6



19.3



16.4



14.0



22.9



-1.0



16.2



9.0



17.8



13.7



18.5



16.5



14.1



22.9



-0.9



16.4



9.3



17.5



13.3



18.2



16.2



13.8



22.5



4.1



16.0



11.2



1.8



1.6



0.3



1.4



1.9



2.9



0.0



1.5



0.7



COMP POL_INV 19.9 15.5 18.8 COMP POL_INV + DEVD 19.5 15.1 18.5 Note: 2005 values are average of 2004-2006 data.



18.1



16.3



26.5



-0.9



18.1



10.1



17.8



16.0



26.1



4.1



17.8



12.0



SA



EAP



EE/CA



LAC



MENA



16.1



9.8



31.7



21.1



20.8



1.2



0.2



-0.1



1.0



17.5



10.0



31.6



17.5



10.0



1.0



SSA



EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Soybeans 2005 (mt/ha) 2025 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



Appendix Table A4: Rainfed Yields (mt/ha) and percent change under various investment and efficiency scenarios 2050 SA Maize 2005 (mt/ha) 2050 NCAR CF (mt/ha)



2.0



EAP



4.2



EE/CA



LAC



MENA



4.8



3.2



5.1



Develo ped



Devel oping



1.5



8.9



3.1



4.5



SSA



World



2.2



7.0



7.6



5.2



6.4



2.2



13.1



4.8



7.3



2.7



22.1



15.0



15.4



-0.2



19.8



-6.4



18.1



4.4



7.4



19.3



12.4



13.2



-2.4



39.5



-8.5



18.7



3.4



-1.9



58.8



55.1



34.6



-3.2



48.6



-13.3



46.4



13.4



-1.4



59.8



57.0



33.6



-2.1



48.4



-12.9



46.7



14.3



-2.0



58.8



56.1



32.7



-2.6



47.4



-5.6



45.8



17.8



1.4



1.4



-0.1



1.1



2.2



2.5



-0.4



0.7



-0.6



0.1



62.4



58.0



35.1



0.1



52.4



-13.1



48.0



14.4



-0.5



61.5



57.2



34.5



-0.4



51.5



-5.9



47.3



17.9



1.0



1.8



1.1



1.6



1.1



0.7



1.1



0.9



0.9



1.7



3.1



2.6



4.1



2.1



2.0



2.2



2.0



2.0



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



26.0



27.8



45.8



31.8



45.6



62.0



-5.9



53.7



53.0



47.3



22.0



40.4



28.6



40.6



124.4



-9.2



103.4



102.1



80.3



95.4



160.9



121.6



181.6



243.5



-14.1



204.8



202.2



80.9



96.3



161.4



120.0



182.5



244.2



-13.9



207.1



204.4



80.7



96.2



161.3



119.9



182.3



244.0



19.5



206.9



204.6



0.9



0.8



0.9



0.4



0.6



2.8



-0.5



2.4



2.3



COMP POL_INV COMP POL_INV + DEVD



82.5



97.8



163.2



120.9



180.9



253.7



-14.3



215.8



213.1



82.4



97.7



163.1



120.8



180.8



253.5



19.0



215.6



213.3



1.8



2.3



2.4



2.3



4.2



1.1



4.4



2.1



2.1



2.6



3.1



3.6



3.3



5.5



2.0



6.4



2.9



3.0



15.0



13.6



28.8



16.4



7.3



45.1



-2.2



16.6



15.3



27.6



12.7



27.6



15.1



6.3



90.1



-2.9



22.1



20.4



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Millet 2005 (mt/ha) 2050 NCAR CF (mt/ha)



Rice 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA +



SA INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



EAP



EE/CA



LAC



MENA



SSA



Develo ped



Devel oping



World



40.4



36.4



91.1



39.9



11.1



144.5



-5.3



45.7



42.2



41.8



35.7



90.5



39.9



-5.7



141.2



-5.6



45.0



41.6



41.7



35.6



90.3



39.7



-5.8



140.9



8.2



44.9



42.5



1.2



0.4



1.2



1.5



1.7



4.2



-0.2



0.8



0.7



43.6



36.4



93.6



42.0



-3.5



150.2



-5.7



46.9



43.3



43.5



36.3



93.4



41.8



-3.6



149.9



8.1



46.7



44.1



0.8



3.9



1.7



3.0



4.3



0.9



3.0



1.2



1.3



1.4



5.4



5.3



5.8



5.1



1.8



5.3



2.3



2.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



27.9



6.9



63.6



34.7



8.2



37.1



-4.9



34.1



27.8



52.9



3.6



59.3



30.9



4.8



72.9



-7.2



56.3



46.1



91.0



26.1



264.5



108.0



21.7



126.4



-11.3



113.0



93.1



92.2



26.8



267.8



109.0



22.3



126.7



-10.9



114.5



94.4



91.4



26.3



266.6



108.3



21.8



125.7



13.9



113.5



97.6



1.0



0.9



0.7



0.8



1.7



2.9



-0.4



1.7



0.9



COMP POL_INV COMP POL_INV + DEVD



94.0



27.8



271.2



110.5



24.0



133.6



-11.3



118.7



97.9



93.2



27.3



270.1



109.9



23.6



132.6



13.5



117.7



100.9



2.0



3.4



2.2



2.5



1.8



1.7



3.4



2.2



2.6



2.8



4.6



4.0



4.4



3.6



2.4



5.5



3.9



4.5



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



14.0



7.0



29.9



27.9



35.0



44.0



-2.6



28.7



14.2



28.9



5.6



28.4



26.8



33.8



88.0



-3.5



29.2



14.0



45.0



26.0



93.5



78.2



102.4



134.1



-6.8



87.1



44.1



45.7



27.5



94.1



72.8



104.0



128.2



-6.3



87.0



43.4



44.1



26.4



92.6



71.9



100.5



125.9



14.4



85.2



52.3



2.8



0.9



-0.1



0.7



1.4



1.1



-0.8



0.5



-0.3



COMP POL_INV COMP POL_INV + DEVD



49.0



28.6



94.7



80.1



107.8



128.0



-7.1



89.5



44.8



47.5



27.5



93.3



78.9



104.3



126.1



14.2



87.7



53.7



COMP POL_INV COMP POL_INV + DEVD Sorghum 2005 (mt/ha) 2050 NCAR CF (mt/ha)



Wheat 2005 (mt/ha) 2050 NCAR CF (mt/ha)



SA Other Grains 2005 (mt/ha) 2050 NCAR CF (mt/ha)



EAP



EE/CA



LAC



MENA



SSA



Develo ped



Devel oping



World



1.6



2.6



2.2



2.1



1.0



1.2



3.6



2.0



2.5



3.6



5.0



4.7



5.5



2.0



2.4



5.8



4.1



4.7



37.5



22.6



35.4



43.2



21.6



16.2



-7.4



33.5



15.8



79.2



19.0



32.1



39.8



19.0



39.6



-9.6



31.6



13.9



127.5



49.9



122.7



124.0



41.1



43.2



-16.4



109.6



57.5



131.1



51.3



122.4



126.5



41.9



44.9



-15.7



108.9



56.4



128.8



50.2



121.1



125.2



41.2



43.6



4.7



107.7



64.1



1.1



0.8



-0.1



0.8



1.3



2.4



-0.4



0.0



-0.4



134.1



52.8



123.6



128.3



43.8



48.3



-16.0



109.7



57.1



131.9



51.7



122.3



127.0



43.0



47.1



4.4



108.5



64.7



1.0



2.6



2.6



2.3



2.5



0.8



3.0



1.4



1.4



1.0



3.6



3.1



4.0



3.3



1.1



5.3



1.8



1.9



4.5



14.6



14.3



19.0



15.0



22.7



-3.7



17.4



15.8



10.6



13.7



13.4



18.4



14.2



44.7



-4.3



24.5



22.3



3.1



38.2



27.6



44.8



35.0



53.8



-9.6



43.3



39.3



3.0



38.3



28.7



45.2



35.2



53.8



-9.6



44.6



40.6



2.8



38.0



28.4



45.0



35.0



53.5



16.2



44.4



42.3



0.9



1.1



-0.5



0.6



1.2



1.2



-0.5



1.0



0.8



4.1



40.0



28.2



46.4



36.9



56.0



-9.9



46.3



42.1



3.9



39.7



27.9



46.2



36.6



55.7



15.8



46.1



43.8



16.0



15.0



16.0



15.7



20.9



7.8



36.9



15.3



17.3



22.0



24.1



25.1



25.2



35.6



14.3



51.9



23.7



26.0



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP



18.2



24.2



25.1



28.5



24.0



47.7



-2.9



24.8



20.5



35.2



23.0



24.1



27.5



23.0



100.2



-3.6



28.5



23.5



51.5



68.0



74.2



79.5



64.0



174.9



-6.7



72.5



60.0



52.1



68.7



74.8



82.3



65.2



178.0



-6.5



73.1



60.6



INC AG RES w/



51.5



68.1



74.3



81.8



64.7



176.7



12.2



72.5



63.2



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Groundnut 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Potatoes 2005 (mt/ha) 2050 NCAR CF (mt/ha)



SA EFF & IRR EXP + DEVD IMP NRM + IMP MM COMP POL_INV COMP POL_INV + DEVD Sweet Potatoes 2005 (mt/ha) 2050 NCAR CF (mt/ha)



EAP



EE/CA



LAC



MENA



SSA



Develo ped



Devel oping



World



1.8



1.5



0.8



1.2



1.9



4.8



0.0



1.4



1.0



55.0



71.2



76.4



84.6



68.4



191.6



-6.5



75.9



62.9



54.4



70.6



76.0



84.1



67.9



190.2



12.3



75.3



65.5



8.5



20.7



0.0



0.0



7.2



8.6



23.5



14.2



14.2



10.7



25.9



0.0



0.0



16.5



18.4



35.1



21.0



21.0



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



11.9



8.8



0.0



0.0



44.3



37.0



-4.1



24.8



24.6



23.2



5.6



0.0



0.0



40.0



71.2



-6.2



41.7



41.4



24.6



12.4



0.0



0.0



140.6



125.2



-9.5



75.2



74.7



23.6



13.0



0.0



0.0



141.5



126.8



-9.1



77.1



76.6



23.4



12.9



0.0



0.0



141.2



126.5



2.1



76.9



76.5



1.2



0.9



0.0



0.0



1.0



3.0



0.4



1.9



1.9



COMP POL_INV COMP POL_INV + DEVD



25.0



13.9



0.0



0.0



143.8



133.7



-8.8



81.7



81.1



24.9



13.7



0.0



0.0



143.5



133.4



2.5



81.5



81.0



7.3



14.6



5.7



13.3



26.0



9.2



22.6



10.3



10.3



10.2



22.2



18.7



27.6



56.0



15.6



50.6



17.7



17.7



INC AG RES INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



20.7



16.5



80.4



41.6



40.8



24.3



-4.4



26.3



26.3



44.7



14.7



77.5



39.0



38.8



47.1



-6.0



40.9



40.9



44.5



42.0



341.8



124.5



123.5



65.9



-9.4



72.9



72.9



44.0



42.2



342.4



125.9



123.9



67.2



-9.2



73.9



73.9



43.9



42.2



342.2



125.7



123.8



67.1



21.1



73.8



73.8



1.2



0.1



-0.1



1.0



-0.1



3.2



-0.1



2.1



2.1



COMP POL_INV COMP POL_INV + DEVD



45.9



42.4



342.3



128.4



123.9



72.8



-9.2



77.7



77.7



45.8



42.3



342.1



128.2



123.8



72.7



21.1



77.6



77.6



1.0



1.5



1.3



2.2



1.9



0.9



2.6



1.9



2.1



1.8



2.5



2.5



3.3



1.7



1.8



5.2



3.0



3.6



44.3



34.8



42.7



27.9



35.8



48.1



-2.0



30.4



17.0



Cassava 2005 (mt/ha) 2050 NCAR CF (mt/ha)



Soybeans 2005 (mt/ha) 2050 NCAR CF (mt/ha) INC AG RES



SA INC AG RES SSA & SA + INC AG RES w/ EFF INC AG RES w/ EFF & IRR EXP INC AG RES w/ EFF & IRR EXP + DEVD IMP NRM + IMP MM



EAP



EE/CA



LAC



MENA



SSA



Develo ped



Devel oping



World



91.2



34.4



42.4



27.6



35.5



95.3



-2.2



34.4



19.3



167.6



117.2



145.0



70.2



75.5



147.5



-4.9



85.0



48.0



169.4



117.9



142.0



71.0



76.0



148.3



-4.6



85.8



48.4



166.6



115.8



140.0



69.6



74.5



145.7



15.6



84.1



55.9



1.7



1.6



0.6



1.3



1.9



3.0



0.0



1.5



0.6



COMP POL_INV 173.9 121.2 144.1 COMP POL_INV + DEVD 171.1 119.2 142.1 Note: 2005 values are average of 2004-2006 data.



73.2



79.2



156.1



-4.7



88.4



50.0



71.8



77.8



153.6



15.5



86.8



57.4



8.



APPENDIX II: IFPRI’S IMPACT MODELING FRAMEWORK



Modeling framework General equilibrium models generally divide the world into 15 to 30 regions with very limited disaggregation at the country or within-country scale. Partial equilibrium model generally have a greater detail on the sector—here agriculture—but rely on economic relationships neglecting some or all local biophysical settings. However, in the real world field-level production decisions made by farmers are influenced by variables that include relatively unchanging geophysical variables such as elevation, slope, and soil characteristics, climate variables of precipitation, temperature and available solar radiation, and economic variables such as prices, property rights, and social infrastructure. The modeling framework used here reconciles the often limited resolution of macro-level economic models that operate through equilibrium-driven relationships at a national or even more aggregate regional level with detailed models of dynamic biophysical processes. In particular, we link crop growth model results with a neutral network to allocate results across landscapes. These results are then fed into a partial agricultural equilibrium model. The partial agricultural sector equilibrium model is linked to a Water Simulation Model to assess water supply and demand for crop and livestock production. To assess the impact of climate change on water availability for crops and other uses, a global hydrologic model is loosely linked to the IMPACT2009 modeling framework. An illustrative schematic of the linkage between the global agricultural policy and trade modeling of the partial agriculture equilibrium model with the agronomic potential modeling is shown in Appendix Figure 1. We see that the main climate change effects occur on the production side while most of the key welfare implications are derived from the demand side results. Thus, the agricultural investment and policy scenarios to support the Strategic Resource Framework Committee of the CGIAR developed here are generated through a combination of agronomic, climate, hydrologic, and economic models.



Appendix Figure A1: The IMPACT 2009 Modeling Framework



The IMPACT2009 Model1 The IMPACT model was initially developed by the International Food Policy Research Institute (IFPRI) for projecting global food supply, food demand and food security to the year 2020 and beyond (Rosegrant et al. 2001). It is a partial equilibrium agricultural sector model with 32 crop and livestock commodities, including cereals, soybeans, roots and tubers, meats, milk, eggs, oilseeds, oilcakes and meals, sugar, and fruits and vegetables. IMPACT has 115 country (or in a few cases country aggregate) regions, within each of which supply, demand, and prices for agricultural commodities are determined. Large countries are 1



We provide an overview of the IMPACT model here and refer interested readers to Rosegrant et al. 2008 at http://www.ifpri.org/themes/impact/impactwater.pdf for details.



further divided into major river basins. The result, portrayed in Appendix Figure12, is 281 spatial units, called food production units (FPUs). The model links the various countries and regions through international trade using a series of linear and nonlinear equations to approximate the underlying production and demand relationships. World agricultural commodity prices are determined annually at levels that clear international markets. While we report 2000 data as baseline year, prices out to 2005 are real data to reflect recent price developments. Growth in crop production in each country is determined by crop and input prices, exogenous rates of productivity growth and area expansion, investment in irrigation, and water availability. Demand is a function of prices, income, and population growth and contains four categories of commodity demand—food, feed, biofuels feedstock, and other uses.



Appendix Figure A2: IMPACT Model Units of Analysis, the Food Production Unit (FPU) Water Simulation Module IMPACT has a water simulation module that explores the relationships among water, environment, and food production. The water simulation module operates at the level of the 281 FPUs. For each FPU, the model simulates annually and seasonally how water supply meets demand with long-term monthly climatology and hydrology, projected water infrastructure capacities, and projected water demands of domestic, industrial, livestock and irrigation sectors based on drivers including population and income growth, changes of irrigated areas and cropping patterns, and improvement of water use efficiencies. For large river basins that include multiple FPUs, sub-models for FPUs within the same basin are coupled through upstream-downstream water routing. With these capacities, the model can take into account precipitation, evapotranspiration, runoff, water use efficiency, flow regulation through reservoir and



groundwater storage, nonagricultural water demand, water supply infrastructure and withdrawal capacity, and environmental requirements at the river basin, country, and regional levels. Global Hydrologic Model To assess water availability under climate change scenarios a semi-distributed, macro-scale hydrology model that parameterizes the dominant hydrometeorological processes taking place at the land surface atmosphere interface at a global scope has been linked with IMPACT. The model govers the global land mass except for the Antarctica and Greenland. It conducts continuous hydrological simulations at monthly or daily time steps at a spatial resolution of 30 arc-minutes. The hydrological module simulates the rainfall-runoff process, partitioning incoming precipitation into evapotranspiration and runoff which are modulated by soil moisture content. A unique feature of the module is that it uses a probability distribution function of soil water holding capacity within a grid cell to represent spatial heterogeneity of soil properties, enabling the module to deal with sub-grid variability of soil. A temperature-reference method is used to judge whether precipitation comes as rain or snow and determines the accumulation or melting of snow accumulated in conceptual snow storage. Model parameterization was done to minimize the differences between simulated and observed runoff processes, using a genetic algorithm. The model is spun up for five years at the beginning for each simulation run to minimize any arbitrary assumption of initial conditions. Finally, simulated runoff and evapotranspiration at 30 arc-minute grid cells are aggregated to the 281 food production units of IMPACT model. Modeling Climate Change in IMPACT The challenge of modeling climate change impacts arises in the wide ranging nature of characteristics and processes that underlie the working of markets, ecosystems, and human behavior. Our analytical framework integrates modeling components that range from the macro to the micro and from processes that are driven by economics to those that are essentially biological in nature. Considering this entire range provides a more holistic assessment of the consequences of climate change and the benefits that can be generated by well-designed climate change mitigation and adaptation policies and programs. Simulation techniques that integrate physical and economic models are used to investigate the effects on rural producers under a range of climate and socioeconomic futures. To analyze the impact of climate change, the modeling system incorporates the biophysical responses to soil, nutrients and climate change for five key staple crops (rice, wheat, maize, soybeans, and groundnuts) generated by the Decision Support System for Agrotechnology Transfer (DSSAT) crop modeling suite. Crop growth model results are distributed across the globe based on crop calendars, soils, and the ISPAM dataset of crop location and management techniques (You and Wood 2006) (see also Appendix Figure 2). Distributed model results are then aggregated into the 281 food producing units that form the basic elements of IMPACT. On the water side, results from General Circulation Models (GCMs) are fed into a global hydrologic simulation model to account for impacts on runoff and evapotranspiration from changes in temperature and precipitation patterns. Results from the NCAR (NCAR-CCSM3) GCM A2 scenario from IPCC‘s Fourth Assessment report are used for climate change simulations. All SRES scenarios have higher temperatures in 2050 resulting in higher evaporation of water. When this water vapor eventually returns to the earth as precipitation, it can fall either on land or the oceans. The NCAR scenario is ‗wet‘ in the sense that average precipitation on



land increases by about 10 percent. Two climate scenarios are considered using the NCAR GCM: one with and one without increased carbon fertilization effect. Plants produce more vegetative matter as atmospheric concentrations of CO2 increase. The effect depends on the nature of the photosynthetic process used by the plant species. So-called C3 plants use CO2 less efficiently than C4 plants, which benefit from elevated atmospheric concentrations of CO2. Uncertainty remains regarding the translation of mostly laboratory results to actual field conditions. DSSAT has an option to include CO2 fertilization effects at different levels of CO2 atmospheric concentration. To capture the uncertainty in actual field effects, we simulate two levels of atmospheric CO2 in 2050 – 369 ppm (the level in 2000) and 532 ppm, the expected CO2 levels in 2050, which forms part of the A2 scenario. We have separately run the Hadley A2a and the CSIRO A2 scenarios. While results vary significantly by region, the overall direction of results—higher food prices as a result of climate change--is similar to the NCAR results presented here. IMPACT‘s detailed partial-equilibrium representation of agricultural production and consumption is then used to undertake economic and policy scenario analyses under alternative strategic agriculture and food interventions Forest Shrublands, Savanna, Grasslands Croplands Cropland/Natural Vegetation Water bodies
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Appendix Figure A3: The ISPAM Data Set Development Process



Crop modeling



The DSSAT crop simulation model is an extremely detailed process model of the daily development of a crop from planting to harvest-ready. It requires daily weather data, including maximum and minimum temperature, solar radiation, and precipitation, a description of the soil physical and chemical characteristics of the field, and crop management, including crop, variety, planting date, plant spacing, and inputs such as fertilizer and irrigation. As mentioned above, the DSSAT crop model (version 4.0—Jones et al. 2003) is used for maize, wheat, rice, groundnuts, and soybeans. Results from these crops are mapped to other crops in IMPACT based on the assumption that plants with similar photosynthetic metabolic pathways will react similarly to any given climate change effect in a particular geographic region. IMPACT crops use either the C3 or C4 pathway. Sugarcane follows directly the pathway of maize. Other C4 crops modeled (millet, sorghum) are more drought-resistant compared to maize. Thus, they are mapped to follow all positive but only half of the negative yield impacts from maize, in the respective geographic regions. All other crops follow the C3 pathway, using the average change effects from wheat, rice, soy, and groundnut for the specific geographic region, with two exceptions: The IMPACT commodity ―other grains‖, which are more drought-resistant compared to wheat, rice, or soy use half of the negative and all positive yield changes from wheat. Finally, dryland legumes (chickpea and pidgeonpea) are directly mapped to the DSSAT results for groundnuts, again only using half of the negative and all of the positive yield impacts, given their relatively higher drought resistance.



Climate data DSSAT requires detailed daily climate data, not all of which are readily available, so various approximation techniques were developed. To simulate today‘s climate we use the Worldclim current conditions data set (www.worldclim.org) which is representative of 1950-2000 and reports monthly average minimum and maximum temperatures and monthly average precipitation. Site-specific daily weather data are generated stochastically using the SIMMETEO software. Precipitation rates and solar radiation data were obtained from NASA‘s LDAS website (http://ldas.gsfc.nasa.gov/). We used the results from the Variable Infiltration Capacity (VIC) land surface model. For shortwave radiation (the sunlight plants make use of), monthly averages at 10 arc-minute resolution were obtained for the years 1979-2000. Overall averages for each month were computed between all the years (e.g., the January average was computed as [January 1979 + January 1980 + ... + January 2000 ] / 22). Rainfall rates were obtained at three-hourly intervals for the years 1981, 1985, 1991, and 1995. A day was determined to have experienced a precipitation event if the average rainfall rate for the day exceeded a small threshold. The number of days experiencing a rainfall event within each month was then counted up and averaged over the four years. The monthly values were regressed nonlinearly using the Worldclim monthly temperature and climate data, elevation from the GLOBE dataset (http://www.ngdc.noaa.gov/mgg/topo/globe.html) and latitude. These regressions were used to estimate monthly solar radiation data and the number of rainy days for both today and the future. These projections were then used by SIMETEO to generate the daily values used in DSSAT. For future climate, we use the NCAR GCM IPCC 4th Assessment Report A2 run. At one time the A2 scenario was considered an extreme scenario although recent findings suggest it may not be. We assume that all climate variables change linearly between their values in 2000 and 2050. This assumption



eliminates any random extreme events such as droughts or high rainfall periods and also assumes that the forcing effects of GHG emissions proceed linearly; that is, we do not see a gradual speedup in climate change. The effect of this assumption is to underestimate negative effects from climate variability. Other agronomic inputs Six other agronomic inputs are key – soil characteristics, crop variety, cropping calendar, CO2 fertilization effects, irrigation, and nutrient levels. Soil characteristics



The DSSAT model uses many different soil characteristics in determining crop progress through the growing season. John Dimes of ICRISAT and Jawoo Koo of IFPRI collaborated to classify the FAO soil types into 27 meta-soil types. Each soil type is defined by a triple of soil organic carbon content (high/medium/low), soil rooting depth as a proxy for available water content (deep/medium/shallow), and major constituent (sand/loam/clay). Crop variety



DSSAT includes many different varieties of each crop. For the results reported here, we use the maize variety Garst 8808, a winter wheat variety, a large-seeded Virginia runner type groundnut variety, a maturity group 5 soybean variety, and for rice, a recent IRRI indica rice variety and a Japonica variety. The rice varieties are assigned by geographic area according to whichever is more commonly cultivated within the region. Cropping calendar



Climate change will alter the cropping calendar in some locations, shifting the month in which a crop can be safely planted forward or back. Furthermore, in some locations crops can be grown in 2000 but not in 2050, or vice versa. For rainfed crops, we assume that a crop is planted in the first month of a four month contiguous block of months where monthly average maximum temperature does not exceed 37 degrees Celsius (about 99 degrees F), monthly average minimum temperature does not drop below 5 degrees Celsius (about 41 degrees F) and monthly total precipitation is not less than 60 mm. For irrigated crops we assume that precipitation is not a constraint and only temperature matters, avoiding freezing periods. The starting month of the irrigated growing season is identified by 4 contiguous months where the monthly average maximum temperature does not exceed 45 degrees Celsius (about 113 degrees F) and the monthly average minimum temperature does not drop below 8.5 degrees Celsius (about 47 degrees F). Developing a climate based growing season algorithm for winter wheat was challenging. Our solution was to treat winter wheat differently than other crops. Rather than using a cropping calendar, we let DSSAT use planting dates throughout the year and choose the date that provides the best yield for each pixel. CO2 fertilization effects



Plants produce more vegetative matter as atmospheric concentrations of CO2 increase. The effect depends on the nature of the photosynthetic process used by the plant species. So-called C3 plants use CO2 less efficiently than C4 plants so C3 plants are more sensitive to higher concentrations of CO2. It remains an open question whether these laboratory results translate to actual field conditions. DSSAT has an option to include CO2 fertilization effects at different levels of CO2 atmospheric concentration. To capture the uncertainty in actual field effects, we simulate two levels of atmospheric CO2 in 2050 – 369 ppm (the level in 2000) and 532 ppm, the expected CO2 levels in 2050 actually used in the A2 scenario. Irrigation



Rainfed crops receive water either from precipitation at the time it falls or from soil moisture. Soil characteristics influence the extent to which previous precipitation events provide water for growth in future periods. Irrigated crops receive water automatically in the DSSAT model as needed. Soil moisture is completely replenished at the beginning of each day in a model run. Nutrient level



The DSSAT model allows a choice of nitrogen application amounts and timing. We vary the amount of elemental N from 15 to 200 kg per hectare depending on crop, management system (irrigated or rainfed) and country. From DSSAT to a reduced form estimating function – the CM-NN output The DSSAT crop model (CM) is computationally intense. To allow multiple simulations of climate effects for the entire surface of the globe, we developed a reduced form implementation. We ran the crop model for each crop and variety with a wide range of climate and agronomic inputs and then estimated a feed-forward neural net (NN) for each of the 27 soil categories. We obtain a continuous and differentiable approximation of the crop model results that allows us to find the maximum possible yield and corresponding nitrogen input needed based on location-specific geophysical characteristics and climate. The results of this estimation process are fed into the IMPACT model. Implementation in IMPACT Climate change effects on crop productivity enter into the IMPACT model by affecting both crop area and yield. Yields are altered through the intrinsic yield growth coefficient, gytni , in the yield equation (1) as well as the water availability coefficient (WAT) for irrigated crops. These growth rates range depend on crop, management system, and location. For most crops, the average of this rate is about 1 percent per year from effects that are not modeled. But in some countries the growth is assumed to be negative while in others it is has high as 5 percent per year for some years.



YCtni  tni  ( PStni ) iin ( PFtnk ) ikn  (1  gytni CYtni )  YCtni (WATtni )



(1)
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We generate relative climate change productivity effects by calculating location-specific yields for each of the five crops modeled with DSSAT for 2000 and 2050 climate as described above and then constructing a ratio of the two. The ratio is then used to alter gytni . Rainfed crops react to changes in



precipitation as modeled in DSSAT. Irrigated crop effects are captured as part of the hydrology model linked with IMPACT. Spatial aggregation issues



FPUs are large areas. For example, the Ganges FPU is the entire length of the Ganges River. Within an FPU, there can be large variation in climate and agronomic characteristics. A major challenge was to come up with an aggregation scheme to take outputs from the crop modeling process to the IMPACT FPUs. The process we used proceeds as follows. First, within an FPU, choose the appropriate ISPAM data set, with a spatial resolution of 5 arc-minutes (approximately 10 km at the equator) that corresponds to the crop/management combination. The physical area in the ISPAM data set is then used as the weight to find the weighted-average-yield across the FPU. This is done for each climate scenario (including the baseline). The ratio of the weighted-average-yield in 2050 to the baseline yield is used to adjust the yield growth rate in equation (1) to reflect the effects of climate change. Harvested areas in the IMPACT model are affected by climate change in a similar way to yields, though with a slight complication. In any particular FPU, land may become more or less suitable for any crop and will impact the intrinsic area growth rate, gatni in the area growth calculation. Water availability will affect the WAT factor for irrigated and rainfed crops as with the yields. 
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Crop calendar changes due to climate change cause two distinct issues. When the crop calendar in an area changes so that a crop that was grown in 2000 can no longer be grown in 2050, we implement an adjustment to gatni that will bring the harvested area to zero—or nearly so—by 2050. However, when it becomes possible to grow a crop in 2050 where it could not be grown in 2000, we do not add this new area. An example is that parts of Ontario, Canada that have too short a growing season in 2000 will be able to grow maize in 2050, according to the climate scenarios used. As a result our estimates of future production are biased downward somewhat. The effect is likely to be small, however, as new areas have other constraints on crop productivity, in particular soil characteristics. Model limitations



The modeling framework has several important limitations for climate change analysis. The assumption of a linear change in climate variables between 2000 and 2050 means that we do not include any extreme events – droughts or floods – in our assessment of the effects of climate change. We do not include any effects of sea level rise, although this could potentially have serious negative effects on crop production, particularly for rice. We also do not currently model the impact of climate change on grazing lands and pastures and thus underestimate the impact of climate change on livestock. Finally, we do not consider the effects of the disappearance of glaciers in maintaining river flows, and therefore the ability of rivers to provide irrigation water throughout the year.
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