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Executive Summary 
Global population will reach more than nine billion people by 2050 and, together with income growth, 
will put pressure on food demand. Rapid income growth and urbanization will have profound effects on 
diets and on patterns of agricultural production, including changes in diets to convenience foods and 
fast foods; increased consumption of fruits and vegetables; growing demand for sugar, fats, and oils; 
and rapid growth in meat consumption and therefore demand for feed grains for other livestock feeds. 
Growing and evolving food demands will put pressure on food production. Sustainable food production 
growth faces challenges from climate change with higher temperatures and changing precipitation 
patterns as well as likely increased weather variability. In addition, beyond climate change, there is 
limited scope for expansion of crop and pastureland, continuing competition from biofuels, and growing 
water scarcity. Weakness in value chains to deliver quality food to consumers can also constrain 
sustainable growth. This report assesses the potential for alternative agricultural and rural sector 
investments to meet these challenges and more sustainably produce food to improve food security. 

As a worldwide partnership for agricultural research and development (R&D), the CGIAR is well placed 
to tackle the growing challenges to global food security, and help safeguard those ecosystem services 
and natural resources that critically underpin agricultural production. The CGIAR is currently developing 
its research agenda for the next five years. The research priorities aim to reduce poverty, and improve 
nutrition and ecosystem services (the three System Level Outcomes or SLOs), and will align with, and 
directly advance the Sustainable Development Goals (SDGs) adopted by the United Nations.  

This report provides a quantitative assessment of the impacts of alternative investment options on the 
CGIAR’s SLOs (relating to poverty – SLO1, food and nutrition security – SLO2, and natural resources and 
ecosystem services – SLO3) in the context of changes in population, income, technology, and climate to 
2050 as well as for key SDGs of importance to the developing world. The report serves as a source of 
information and evidence of the impact of CGIAR efforts in agricultural R&D as well as the role of 
complementary investments. It is intended to help the CGIAR Centers, CG Research Programs (CRP), 
system management, and donors to complement other efforts to assess the overall impact and benefits 
of investing in international and national agricultural research programs.  

Approach 
This study uses IFPRI’s International Model for Policy Analysis of Agricultural Commodities and Trade 
(IMPACT, www.ifpri.org/program/impact-model, Robinson et al. 2015), which links climate, crop, water 
and economic models to explore alternative futures for food and agriculture. A range of methodological 
innovations and improvements were incorporated to allow quantitative assessments of potential 
tradeoffs between competing and complementary multi-dimensional targets. The modeling system first 
provides insights on baseline developments in global agricultural systems to 2050. We then analyzed 
how alternative investment options, including scenarios broadly reflecting investments in agricultural 
research, irrigation, water resource management, infrastructure, and soil management, could help 
achieve the goals of reducing poverty and meeting future food demands sustainably and equitably.  

The IMPACT partial equilibrium modeling framework was extended with a global computable general 
equilibrium model (GLOBE) and several linked post-solution models to evaluate scenario effects in terms 
of investment requirements, land use change, greenhouse gas (GHG) emissions, biodiversity, water 

http://www.ifpri.org/program/impact-model
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quality, and micronutrient availability and dietary diversity. Another key improvement was a new 
methodology to estimate research costs under reference and alternative investment scenarios.  

The IMPACT modeling system was developed by IFPRI and is maintained and enhanced through the 
Global Futures and Strategic Foresight (GFSF) program, which involves all 15 CGIAR Centers and 
participants from most of the CRPs. This collaboration helps ensure that key model parameters and data 
for commodities of interest reflect ongoing as well as planned agricultural R&D in countries and Centers 
to help calibrate and validate the reference and to specify the characteristics relevant for mandate 
commodities in the alternative investment scenario runs.  

Reference scenario  
The reference scenario (REF_HGEM) used in this analysis as a reference for comparison of alternative 
investment portfolios assumes “middle-of-the-road” changes in population and income and rapid 
climate change. These assumptions are based on the IPCC’s Shared Socioeconomic Pathway 2 (SSP2), in 
which the global population reaches 9.2 billion by 2050 with an average income of USD 25,000 per 
person, and Representative Concentration Pathway 8.5 (RCP8.5), as modeled by the HadGEM general 
circulation model (GCM)1. Key areas of investment considered in the reference scenarios are agricultural 
research, water resource management, and infrastructure. 

Agricultural research 
Improvements in agricultural productivity in the reference scenario are represented by exogenous 
growth rates for each commodity and country, based on historical trends as well as expert opinion 
about future changes. We have developed an R&D investment-yield model to assess the investment 
required to achieve projected growth in agricultural productivity.  

Investments in research take time to bear fruit, as innovative ideas can take years to be developed and 
diffused widely. To capture these lags, the investment-yield estimation model is based on the perpetual 
inventory method, where research investments contribute to the stock of knowledge over time. 
Knowledge decays as older technologies become obsolete or irrelevant. Productivity grows if the stock 
of knowledge grows at a faster rate than the stock of knowledge decays. The lag structure in the 
perpetual inventory method used here follows a gamma distribution where R&D investments reach 
peak impact ten years after initial investment and then decline over time to reach zero ten years after 
peak impact. With regionally differentiated research elasticities and decay rates, these imputed lag 
structures would vary by region according to existing R&D capacity and the potential trajectories for 
each region. 

Research capacity varies significantly by region. To reflect these differences, we use elasticities of 
productivity with respect to research investments from the literature and incorporate spillover effects to 
represent regional capacity to access and apply outside knowledge. To meet the productivity growth 
trajectories assumed in the reference scenario, required investment in agricultural R&D by the CGIAR is 
projected to average USD 1.7 billion per year between 2015 and 2050 in real 2005 dollars, while annual 
national agricultural research systems (NARS) investment in developing countries averages USD 6.4 
billion per year (Table ES - 1). The largest investments are projected in Africa South of the Sahara (SSA) 
(USD 2.2 billion per year) and Latin America and the Caribbean (LAC) (USD 1.8 billion per year). In most 
                                                           
1 Two additional variants of the baseline scenario were also run to explore sensitivity to climate change 
assumptions, one using a different GCM (REF_IPSL), and one assuming no climate change (REF_NoCC). 
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regions, the larger contribution to agricultural research will come from investments from NARS, with the 
exception of SSA, where about half of the investments will come from the CGIAR. 

Table ES - 1  Average annual investments in developing countries in the reference scenario 
(REF_HGEM), 2015-2050 (billion 2005 USD) 

Region 
R&D  Water  Infrastructure 

CGIAR NARS Total  Irrig. WUE ISW  Road Rail Elect. Total 
EAP 0.07 1.54 1.60  1.29 0.94 0.34  5.76 1.63 6.63 14.02 
SAS 0.26 0.71 0.97  1.82 0.76 0.17  2.34 2.39 2.81 7.54 
SSA 1.11 1.11 2.23  2.98 0.13 0.39  0.02 0.02 0.14 0.18 
MEN 0.09 1.41 1.50  0.81 0.07 0.11  0.05 0.02 0.84 0.91 
LAC 0.20 1.59 1.78  0.66 0.31 0.28  0.06 0.13 0.58 0.77 

DVG 1.73 6.36 8.08  7.56 2.21 1.29  8.23 4.19 11.00 23.42 
Notes: Figures are average annual investments over 2015-2050. R&D-Research and Development; Irrig-Irrigation; 
WUE- Water Use Efficiency; ISW-Investments in Soil-Water Management; Elect-Electricity. Regions are EAP-East 
Asia and Pacific; SAS-South Asia; SSA-Africa South of the Sahara; MEN-Middle East and North Africa; LAC-Latin 
America and the Caribbean. Regions only include developing countries. 
 

Irrigation and water resource management 
Water availability, including rainfall, streamflows, and evaporation, is determined in a hydrological 
model that downscales precipitation and temperature from climate scenarios generated by the GCM. 
Water supply and demand by sector are determined in a water simulation model that allocates water 
across irrigation, livestock, domestic use, and industrial use. Water supply and demand are solved in 154 
river basins globally, and are linked annually to the IMPACT economic model (Robinson et al. 2015). Two 
of the key drivers in this model are assumptions on trends in irrigation expansion and water use 
efficiency (WUE). Similar to assumptions on agricultural productivity, the reference assumptions used 
for these drivers are based on historical trends combined with expert opinion about future pathways. 
Total harvested area expands by about 18 percent in the projection period from 2010 to 2050. Irrigated 
area grows at a faster rate than rainfed. Expansion of irrigation requires investments in water 
infrastructure such as dams, canals, and other conveyance systems. Across all developing countries, the 
cost of investments required to achieve the projected irrigation expansion is USD 7.6 billion per year, 
with the cost per hectare of new irrigation systems taken from literature. While the largest expansion in 
irrigated area is projected in Asia, the largest investments will be needed in SSA due to the higher costs 
of expanding irrigation.  

Similar to the cost of expanding irrigation, the cost for increased WUE is estimated at the hectare level 
and specified by region. Investments in improved WUE across the developing world are less than one 
third of the investments projected for irrigation expansion at USD 2.2 billion per year. The majority of 
these investments are projected in East Asia and Pacific (EAP) and South Asia (SAS), which account for 
almost 80 and 77 percent of irrigated area in developing countries in 2010 and 2050 respectively. 
Baseline investments in soil-water management (ISW) technologies are from limited evidence but based 
on previous studies we arrive at a set of estimates for the developing world at USD1.3 billion per year. 
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Infrastructure 
The economic growth assumed in the reference scenario also includes investments in new and 
maintenance of existing infrastructure, such as electrification and roads. Based on the methodology in 
Rosegrant et al. (2015), we project reference investments across developing countries totaling USD23.4 
billion per year.  

Alternative Investment Scenarios 
Three sets of alternative investment scenarios were analyzed for this report, each of which increases 
investment in one of the areas described in the previous section. A fourth comprehensive scenario 
combines elements from the first three:  

1. Enhanced productivity through increased investments in agricultural R&D;  
2. Improved water resource management;  
3. Improved marketing efficiency through increased investment in infrastructure; and 
4. A comprehensive scenario combining select elements of 1 – 3.  

Table ES - 2 summarizes the full set of scenarios used in this analysis, including both reference and 
alternative investment scenarios. 

Table ES - 2  Summary of investment scenarios 
Scenario 
Grouping Scenario Scenario Description 

Reference 
REF_HGEM Reference scenario with RCP 8.5 future climate using HadGEM GCM 

REF_IPSL Alternative reference with RCP 8.5 future climate using IPSL GCM 

REF_NoCC Alternate reference with no climate change (constant 2005 climate) 

Productivity 
Enhancement 

MED Medium increase in R&D investment across the CGIAR portfolio 
HIGH High increase in R&D investment across the CGIAR portfolio 

HIGH+NARS High increase in R&D investment across the CGIAR portfolio plus  
complementary NARS investments 

HIGH+RE High increase in R&D investment across the CGIAR portfolio plus 
increased research efficiency 

REGION 
Regionally-focused high increase in CGIAR R&D investments 
Targets the highest increases to South Asia and Sub-Saharan Africa with 
medium levels of increase in Latin America and East Asia 

Improved Water 
Resource 
Management 

IX Investments to expand irrigation in the developing world 

IX+WUE Irrigation expansion plus increased water use efficiency 

ISW Investments to Increase soil water holding capacity 
Improved 
Infrastructure  

RMM 
Infrastructure improvements to improve market efficiency through the 
reduction of transportation costs and marketing margins 

Comprehensive 
Investment 

COMP 
This comprehensive scenario is a combination of 4 scenarios: 
HIGH+RE; IX+WUE; ISW; and RMM 

 

R&D for enhanced productivity 
Five alternative scenarios seek to enhance agricultural productivity through increased investment in 
agricultural R&D, varying in level, source, efficiency, and regional focus. The HIGH R&D scenario 
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incorporates yield gains from increasing investments in CGIAR R&D and was developed in collaboration 
with all 15 CGIAR Centers through the GFSF program. As a starting point, each Center quantified 
potential yield gains for their respective commodities (including crops, livestock, and fish) in developing 
countries across major regions of the world (SAS, SSA, LAC, EAP and Middle East and North Africa 
(MEN)) with increased R&D investment. These yield gains were first expressed as potential changes in 
absolute yield levels and then translated into differential yield growth rates used in the IMPACT 
modeling framework. The final endogenous yields and output growth generated by the scenarios are 
functions of interactions between these growth rates and projected changes in prices, demand, and 
other factors. 

The other four productivity enhancement scenarios are as follows: 

• Medium Increase in CGIAR Investments (MED) – provides an indication of the sensitivity of 
outcomes to levels of investment, specified to have an intermediate level of R&D investment 
between the REF_HGEM and HIGH scenarios. 

• High Increase in CGIAR Investments plus Increased Investments from National Agricultural 
Research Systems (HIGH+NARS) – simulates increased investments in the CGIAR plus increased 
complementary investments in NARS.  

• High Increase in CGIAR Investment plus Increased CGIAR Research Efficiency (HIGH+RE) – 
simulates higher CGIAR research efficiency so that the yield impact of investments is 30 percent 
higher and the maximum improvement is achieved by 2040, five years earlier than in the HIGH 
scenario. Research efficiency is gained through advancement in breeding techniques including 
further advances in genomics and bio-informatics and high throughput gene sequencing; and 
more effective regulatory and intellectual property rights systems that reduce the lag times 
from discovery to deployment of new varieties.  

• Regionally focused Increase in CGIAR Investments (REGION) – assumes there is a greater focus 
of CGIAR efforts in on SAS and SSA. This was simulated by targeting the same productivity 
increases as in HIGH+NARS in SAS and SSA, while the targeted yield increases in other regions 
follow the MED scenario.  

Table ES - 3 summarizes the additional investment needs for the productivity enhancement and other 
alternative investment scenarios, incremental to the reference costs for REF_HGEM in Table ES - 1. It 
should be noted that the additional cost to the CGIAR for HIGH, HIGH+NARS, and HIGH+RE are assumed 
the same. The HIGH scenario costs approximately 70 percent more than MED, with the REGION scenario 
costing 25 percent more than HIGH or about 80 percent more than MED.  

The additional investment costs associated with these scenarios vary by region and scenario. For EAP, 
MEN, and LAC regions, the most expensive investment scenarios are the high scenarios. The most 
expensive scenario for the SSA and SAS regions is the REGION scenario, whereas this is the cheapest 
scenario for EAP, MEN, and LAC. The high cost in SSA and SAS is explained by the high targeted 
productivity improvements in the region, which go above those targeted in the HIGH scenario. In EAP, 
MEN, and LAC the targeted yield increases are the same in the REGION scenario as in the MED scenario. 
However, the cost of achieving this productivity improvement is USD 0.09 billion per year in the REGION 
scenario compared to USD 0.13 billion per year for the MED scenario. Research spillovers from SAS and 
SSA allow the same global productivity increases to be achieved, but at a lower regional investment in 
EAP, MEN, and LAC.  
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Table ES - 3  Average annual additional investments in developing countries (relative to the reference 
scenario), 2015-2050 (billion 2005 USD) 

Region 
Scenarios 

MED HIGH +NARS REGION  IX IX+WUE ISW  RMM  COMP 
EAP 0.01 0.02 0.11 0.01  0.66 2.86 0.68  3.81  7.36 
SAS 0.12 0.14 0.11 0.15  0.45 1.65 0.95  2.20  4.94 
SSA 1.09 1.66 0.33 2.21  1.23 1.42 1.20  1.90  6.18 
MEN 0.04 0.04 0.30 0.02  0.37 0.65 0.88  0.86  2.43 
LAC 0.09 0.11 0.14 0.06  0.81 1.53 0.87  2.04  4.55 
DVG 1.35 1.97 0.99 2.46  3.52 8.10 4.58  10.81  25.46 

Notes: Figures are average annual investments over 2015-2050. HIGH, HIGH+NARS, and HIGH+RE all assume the 
same level of increased investment from the CGIAR. Regions are EAP-East Asia and Pacific; SAS-South Asia; SSA-
Africa South of the Sahara; MEN-Middle East and North Africa; LAC-Latin America and the Caribbean. Regions only 
include developing countries. 
 

In HIGH+NARS, the increased investment by the CGIAR is complemented by an increase in NARS 
spending in developing countries. The NARS R&D investments required to achieve the projected yield 
improvements are on top of the HIGH scenario (30 percent increased productivity compared to HIGH) 
are noted in Table ES - 3 (thus total investment HIGH+NARS is the sum of the two columns). Across all 
developing countries, this additional productivity requires increasing investments by almost USD 1 
billion per year, with the largest increases in SSA and MEN, which contribute almost two thirds of 
additional NARS investments.  

We have also included in the main report a sensitivity analysis considering the potential impacts of 
future investment pathways that could be lower than our current baseline projections (see Box 4-2). The 
impacts of these alternatives on global agricultural productivity by 2050 explore a possibility space on 
the negative side that more or less mirrors the positive gains represented by the MED and HIGH 
scenarios. Slowing agricultural productivity growth, combined with increasing demand, drives stronger 
extensification in the crop sector. However, extensification alone cannot fill the gap and there are 
important consequences of this reduced level of investment. Global incomes decline by between 0.5 
and 3.1 percent in 2050 compared to REF_HGEM and in developing countries, this decline is more 
pronounced, ranging from 0.7 to 4.4 percent. Food security decreases in these scenarios with between 
30 and 181 million additional people at risk of hunger in 2050 compared to REF_HGEM, mostly in Africa 
South of the Sahara (18 to 75 million) and South Asia (6 to 72 million). 

Improved water resource management 
Three alternative scenarios focus on investments and improvements in agricultural water resource 
management that affect crops and livestock directly through changes in the availability of water, and 
livestock also indirectly through changes in feed prices. They include accelerated investments in 
irrigation expansion (IX); the combination of accelerated investments in irrigation expansion with 
improved water use efficiency on all irrigated cropland (IX+WUE); and a focus on improvements in 
rainwater harvesting and soil water holding capacity (ISW). These scenarios were developed in 
consultation with the International Water Management Institute (IWMI).  
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The IX scenario simulates an expansion of irrigated areas in developing countries by 2030, relative to the 
REF_HGEM scenario, with changes thereafter following the growth rates in the REF_HGEM scenario. 
The IX scenario is designed to have a neutral effect on total agricultural land across developing 
countries, with projected irrigated expansion of 20 million hectares roughly offset by a reduction of 22 
million hectares of rainfed agriculture. In some regions, irrigation expansion will not completely displace 
rainfed area and will result in an overall expansion of land, as is the case in SSA, where total harvested 
area increases by 2.7 and 4.3 million hectares compared to REF_HGEM by 2030 and 2050, respectively.  

In the IX+WUE scenario, improving irrigation efficiency can increase agricultural output while conserving 
more water. There is significant variation globally regarding the efficiency of water systems, ranging 
from highly efficient systems based on high efficiency technologies (e.g., sprinklers and drip irrigation), 
to less efficient systems, such as furrow irrigation, and these system-level efficiencies do not necessarily 
translate to river basin efficiencies. IMPACT uses the concept of basin efficiency, which is defined as the 
ratio of beneficial water depletion (crop evapotranspiration and salt leaching) to total irrigation water 
depletion at the basin scale. Basin efficiency in future years is assumed to increase at a prescribed rate 
in a food production units (FPU) depending on water infrastructure investment and water management 
improvement in the FPU. For the WUE scenario, basin efficiencies are assumed to increase by 15 
percentage points by 2030 and remain constant thereafter.  

The ISW scenario simulates the benefits of technologies such as no-till agriculture and water harvesting 
that increase the water holding capacity of soil or otherwise make precipitation more readily available 
to plants (i.e., effective precipitation). Improvements vary by region and represent the different levels at 
which these kinds of technologies are currently being applied in various regions, with a maximum 
increase in effective precipitation of 5-15 percent by 2045.  

Each of these three types of agricultural water management interventions are associated with different 
investment costs. These interventions include both the cost of developing new technologies and 
infrastructure (canals, dams, etc.), as well as efforts to increase the capacity for water management. 
Across all developing countries, the additional cost of irrigation expansion amounts to USD 3.5 billion 
per year. Because of differences in investment costs and assumed expansion of irrigated area, the cost 
of developing additional irrigation infrastructure is largest in SSA (USD 1.2 billion per year). The region 
contributes about one eighth of the projected irrigation expansion in hectares, but accounts for about 
one third of the additional investment costs (Table ES - 3). 

For the IX+WUE scenario, the investment cost is composed of two portions, irrigation expansion plus 
improvements in water use efficiency. Improving WUE is about 30 percent more expensive than solely 
expanding irrigation using conventional methods. This is in large part because these improvements are 
implemented across a larger area, as the improved average water use efficiency is for all irrigated area 
(412 million hectares across developing countries), not just the newly expanded area (20 million 
hectares). The IX+WUE scenario requires USD 8.1 billion per year in additional investments across 
developing countries.  

The cost of implementing measures to enhance soil water capacity for crop production (ISW) is 
estimated by applying a cost per hectare (USD 179 per hectare) to both rainfed and irrigated cropland 
across developing regions. The cost for the ISW scenario is USD 4.6 billion per year across developing 
countries and falls between those of irrigation expansion (IX, USD 3.5 billion/year) and improving water 
use efficiency (IX+WUE, USD 8.1 billion/year). Comparing across regions, the cost of ISW is about the 
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same as IX for EAP, SSA, and LAC. However, for MEN and SAS, ISW is twice as expensive as IX (about USD 
1.4 billion per year more), which explains almost all of the difference in investments costs between the 
two scenarios. 

Improved infrastructure and market access 
The Reduced Marketing Margins (RMM) scenario assumes a mix of infrastructure improvements 
throughout the economies of developing countries, focusing primarily on improvements to 
transportation infrastructure (road building, road maintenance, and railroads) and increased rural 
electrification. These improvements enhance productivity along the value chain, increase the speed of 
moving commodities to markets, as well as improve storage capacity, all of which improve market 
efficiency by better matching supply and demand over time. These improvements are represented as a 
reduction in the cost of moving goods from the farm to market. In IMPACT, this is done by adjusting the 
price wedges between producer and consumer prices, reducing the margin from producer prices to 
consumer prices by 1 percentage point per year between 2015 and 2030. The average annual 
investment from 2015 to 2050 is USD 10.8 billion per year across all developing countries. 

Comprehensive investment portfolio 
The final alternative investment scenario considers the potential outcomes of a comprehensive 
investment portfolio (COMP) that combines the investments of four of the scenarios previously 
specified, representing a broad array of investments across different parts of the agricultural system. 
These include one of the productivity enhancement scenarios (HIGH+RE), two of the improved water 
management scenarios (IX+WUE and ISW), and the investments in infrastructure to reduce marketing 
inefficiencies (RMM). The total additional cost is for the COMP scenario is USD 25.5 billion per year from 
2015 to 2050. 

Impacts on poverty, agriculture, food security, and the environment to 2050 
The alternative investment scenarios vary widely in their costs, and generate a wide range of impacts on 
the various development objectives and SLOs of the CGIAR. In some cases, the impacts on different 
objectives are complementary, and in other cases, there are significant tradeoffs between objectives.  

Table ES - 4 summarizes key impacts of each scenario for each SLO. The productivity enhancement 
scenarios generally offer moderate improvements in income, agricultural supply and food security and 
little impact on environmental improvement by 2030, but larger improvements by 2050, at relatively 
low cost. The scenario combining irrigation expansion and increased water use efficiency (IX+WUE) 
offers reductions in water use and small improvements in income, supply and food security. Improved 
market access through reduced marketing costs (RMM) increases income, supply and food security, but 
at the cost of increased conversion of forestland and GHG emissions. These outcomes highlight the 
importance of a mixed portfolio of investments that combines productivity enhancement with improved 
water resource management and market access. The comprehensive scenario (COMP) achieves 
significant improvements in all outcome areas, particularly in 2050, but comes at a significantly higher 
cost. 

Results are presented in detail by outcome area in the following sections. 
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Table ES - 4  Scenario impacts on selected outcome indicators in 2030 and 2050 (costs are in billion USD per year for the developing world, 
other values are percentage differences relative to the reference scenario REF_HGEM) 

Scenario Avg. 
Annual 

Cost 

2030 2050 

SLO1 SLO2 SLO3 SLO1 SLO2 SLO3 

GDP 
Ag 

Supply Hunger 
Water 

Use GHG Forest GDP 
Ag 

Supply Hunger 
Water 

Use GHG Forest 

MED 1.4 0.7 1.4 -6.5 0.0 -5.5 0.03 1.9 2.7 -9.3 -0.2 -15.4 0.13 
HIGH 2.0 1.3 2.8 -12.4 -0.1 -7.5 0.04 3.4 5.7 -16.6 -0.4 -24.3 0.20 
HIGH+NARS 3.0 1.6 3.7 -15.8 -0.1 -8.9 0.04 4.3 7.7 -20.2 -0.4 -26.5 0.22 
HIGH+RE 2.0 2.6 6.4 -24.4 -0.2 -12.7 0.06 4.2 7.5 -20.0 -0.4 -26.9 0.22 
REGION 2.5 1.1 2.4 -10.9 -0.1 -6.5 0.03 3.1 5.1 -15.4 -0.3 -22.6 0.18 
IX 3.5 0.1 0.1 -1.3 2.6 -1.8 0.01 0.2 0.2 -1.1 2.9 0.7 -0.01 
IX+WUE 8.1 0.4 0.9 -4.5 -7.2 -1.9 0.01 0.5 0.9 -2.7 -7.5 -0.2 -0.01 
ISW 4.6 0.2 0.5 -2.1 -1.5 -0.5 0.00 0.5 0.9 -3.0 -2.9 -1.1 0.01 
RMM 10.8 1.0 1.6 -5.8 0.1 6.4 -0.02 0.8 1.5 -4.2 0.0 8.9 -0.08 
COMP 25.5 4.1 9.8 -30.6 -9.0 -11.5 0.07 5.7 11.5 -24.4 -11.0 -25.4 0.22 

 

 

Less Advantageous Neutral More Advantageous 
 

Notes: GDP-Gross Domestic Product; Ag Supply-Agricultural Supply; GHG-Greenhouse Gas 
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Income 
In the reference scenario, global average incomes in 2050 are projected to increase by over 150 percent 
(i.e., about 2.5-fold) compared to 2010, driven primarily by faster growth in the developing world. 
Climate change slows income growth in all regions. The largest impacts are in SAS and SSA, where 
incomes in 2050 are 3 percent lower than they would be in the absence of climate change, compared to 
a reduction of 0.25 percent in developed countries. Aggregated across the entire population, this 
translates into a USD 4.6 trillion negative impact of climate change in the developing world, hitting Asia 
the strongest though with important negative effects around the globe (in trillion USD in 2050: EAP – 
1.9; SAS – 1.4; SSA – 0.5; MEN – 0.3; LAC – 0.2). 

Table ES - 5  Average per capita incomes in the reference scenario (thousand 2005 USD per person) 
and percent differences under alternative investment scenarios 

Scenario 
WLD DVG EAP SAS SSA MEN LAC 
2010 2050 2010 2050 2010 2050 2010 2050 2010 2050 2010 2050 2010 2050 

REF_HGEM 9.8 24.7 5.4 19.5 6.6 32.4 2.7 13.3 2.0 7.5 7.7 21.1 10.0 25.5 

MED   1.3   1.9   1.7   2.9   2.3   1.7   0.7 
REGION   2.2   3.1   2.7   5.0   4.1   2.8   1.2 
HIGH   2.5   3.4   3.1   5.4   4.2   3.0   1.3 
HIGH+NARS   3.1   4.3   3.9   6.8   5.2   3.7   1.6 
HIGH+RE   3.0   4.2   3.9   6.7   5.2   3.7   1.6 

IX   0.1   0.2   0.1   0.4   0.2   0.1   0.0 
IX+WUE   0.4   0.5   0.4   1.1   0.5   0.4   0.2 
ISW   0.3   0.5   0.4   0.8   0.6   0.4   0.2 

RMM  0.6  0.8  0.6  0.9  1.0  0.8  1.1 

COMP   4.1   5.7   5.0   9.1   7.1   4.7   2.9 
Notes: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM. WLD-World and 
DVG-Developing Countries. Regions are EAP-East Asia and Pacific; SAS-South Asia; SSA-Africa South of the Sahara; 
MEN-Middle East and North Africa; LAC-Latin America and the Caribbean.  
 

In the alternative investment scenarios focused on enhancing agricultural productivity, as in the 
reference case, average global per capita income is projected to increase by about 2.5-fold between 
2010 and 2050 (Table ES - 5). This rate of increase is broadly similar across all of the productivity 
scenarios given the relatively small role of the agricultural sector on a global scale. The average increase 
in income across developing countries is larger—closer to a fourfold increase compared to 2010—due to 
the larger share of agriculture in developing economies. In general, climate change slows per capita 
income growth by about 3 percent in 2050, relative to levels in the absence of climate change, but 
incomes grow more rapidly under all productivity-enhancement scenarios. The highest increases are in 
the scenarios where the impact of investments from the CGIAR are enhanced by complementary 
investments by national governments or through increases in CGIAR R&D system efficiency (HIGH+NARS 
and HIGH+RE, respectively). This is also reflected in the impact on total GDP, with almost USD 6.5 trillion 
being added to the economies of the developing world, mostly in Asia (Table ES - 6). 
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Table ES - 6  Regional positive impact of investment scenarios on total GDP in 2050 compared to 
REF_HGEM (trillion 2005 USD) 

Scenario WLD DVG EAP SAS SSA MEN LAC 
MED 3.03 2.85 1.14 0.92 0.30 0.22 0.14 

REGION 5.04 4.76 1.81 1.59 0.55 0.36 0.22 

HIGH 5.57 5.24 2.09 1.70 0.56 0.38 0.25 

HIGH+NARS 6.94 6.53 2.59 2.13 0.70 0.48 0.31 

HIGH+RE 6.88 6.48 2.59 2.09 0.70 0.48 0.31 

IX 0.28 0.27 0.10 0.12 0.03 0.01 0.01 

IX+WUE 0.81 0.78 0.28 0.33 0.07 0.05 0.03 

ISW 0.75 0.72 0.28 0.24 0.09 0.05 0.04 

RMM 1.28 1.26 0.42 0.29 0.13 0.11 0.20 

COMP 9.27 8.80 3.37 2.85 0.95 0.61 0.55 
Notes: WLD-World and DVG-Developing Countries. Regions are EAP-East Asia and Pacific; SAS-South Asia; SSA-
Africa South of the Sahara; MEN-Middle East and North Africa; LAC-Latin America and the Caribbean. 
 

The three water scenarios all have a positive but small (less than 1 percent) impact on incomes 
throughout the developing world. In general, we see relatively small gains from expanding irrigation 
alone, which suggests that much of the developing world needs increased investments in water use 
efficiency to fully gain from expanding irrigation. The region that sees the greatest income gains from 
irrigation expansion is SAS, where income increases by 0.4 and over 1 percent for the IX and IX+WUE, 
respectively. ISW shows less benefit earlier in the projection period, but by 2050 is similar to IX+WUE.  

The RMM scenario increases the efficiency of transportation and processing sectors, and thereby 
reduces the cost of getting raw commodities from the farm to the table. These gains lead to increases in 
income of about 1 percent in developing countries. The gains vary by region with the largest gains in per 
capita income observed in LAC and SSA though the smaller per capita gains across Asia add up when 
population size is factored in. 

The comprehensive scenario (COMP), combining HIGH+RE, IX+WUE, ISW, and RMM, sees significant 
increases in income, which would strongly support achievement of SLOs and SDGs. Relative to the 
reference in 2050, incomes rise by just over 4 percent in 2030 and nearly 6 percent in 2050, adding over 
USD 9 trillion to the global economy. Due to complexity and overlap in the combination of scenarios, 
increases in income for COMP are less than the additive income gains from each of the component 
scenarios individually.  

Yield, Production, and Area2 
Globally, climate change will compound pressure on agriculture. Although global average yields for the 
majority of crops are estimated to increase between 2010 and 2050, whether or not climate change is 
factored in, yields under climate change generally show slower growth compared to the NoCC scenario. 
As a result, aggregate yields in 2050 are reduced under climate change for all commodity groups, 

                                                           
2 Climate change impacts on livestock systems are currently modeled only through feed systems.  Direct effects on 
livestock health, water use, and other components of the livestock production systems are currently under 
development for a future version of IMPACT. 
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although this is not necessarily the case for each single crop. In the developing world, average yields 
across the cereals group are estimated to decline by 6-9 percent under climate change by 2050. Overall, 
yield losses due to climate change are largest in SAS followed by LAC and SSA. 

Production for all major commodity groups increases between 2010 and 2050 across both developed 
and developing regions. As with yields, however, production growth is slower under climate change 
conditions across developing countries while effects are more variable across developed countries. The 
general trend is for lower agricultural production under climate change across all of the regions with 
Former Soviet Union (FSU) as an exception in line with the above-noted yield results. 

Under the reference scenario, area harvested for all crops is projected to grow about 18-20 percent 
between 2010 and 2050 (or about 200 million harvested hectares), which combines both intensification 
and extensification of agricultural production. These area increases under the reference scenarios 
assume that investments in agricultural research and management practices continue at a substantial 
level by CGIAR and partners and continue at an accelerated level under the CGIAR portfolio scenarios 
modeled here.  

Under the enhanced productivity scenarios, yields increase most rapidly under the scenario with 
increased research efficiency (HIGH+RE) and to the greatest extent with complementary investment by 
national governments (HIGH+NARS). SSA benefits the most across the entire suite of scenarios, by 2050, 
and SSA and SAS particularly benefit from the regional focus (REGION). 

In general, the largest increases in yields are for cereals, roots and tubers, and pulses cultivated in 
developing countries. In particular, under HIGH+NARS, HIGH+RE and REGION, yields for cereals in SSA 
are estimated to be about 40 percent larger compared to the reference with climate change 
(REF_HGEM) in 2050. Cereal yield increases are similar in magnitude for the MEN region under 
HIGH+NARS and HIGH+RE, and are closer to a 35 percent increase in the LAC region. For the same 
scenarios, yield gains of over 36 percent are projected for the roots and tubers group in the MEN region, 
and of over 33 percent for the pulses group in the LAC region. In SSA and SAS, the largest increases in 
yields across the major commodity groups occur in the REGION scenario, because in this scenario 
investments are focused on those two regions.  

Expanding irrigation on its own increases agricultural production in the developing world, but often at 
the expense of declining average yields on irrigated areas (although irrigated yields remain higher than 
rainfed yields). This suggests that water availability is a significant constraint to expanding irrigation, 
particularly in SAS, where water scarcity leads to declining average yields in the face of irrigation 
expansion. In the IX scenario, blue water (water used for irrigation) increases across the developing 
world by about 3 percent by 2050 as compared to the reference (REF_HGEM). However, the smallest 
increase in blue water is in SAS (less than 1 percent), which reinforces the conclusion that water is 
already a production constraint in the region and has little potential to expand. In contrast, LAC and SSA 
see blue water increasing by 13 and 7 percent, respectively, compared to the reference, which suggests 
that there is still significant potential for irrigation expansion in these regions. Improved water use 
efficiency combined with irrigation expansion in IX+WUE generates significant water savings as 
compared to the reference (around 7.5 percent decline in developing countries, or nearly 10 percent 
compared to IX alone). Improving soil’s water-holding capacity (ISW) also has a positive effect on 
reducing the amount of blue water needed by increasing the amount of precipitation (green water) that 
can be captured by crops.  
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Changes in total harvested area are small in the improved water resource management scenarios, with 
areas increasing by 1.1 and 1.7 percent for SSA and SAS, respectively, while areas in LAC decline by 
about 3.5 percent. However, crop allocations change; more regularly irrigated crops see an increase in 
area compared to dryland crops, which mostly see area decreases.  

Increasing marketing efficiency (RMM) reduces consumer prices, which increases demand, at the same 
time that producer prices increase. Both of these create incentives to increase production through 
greater intensification and extensification. Agricultural production increases by about 1 to 2 percent 
relative to REF_HGEM, with this increase split evenly through increasing productivity and cropland area. 
Cropland area increases by 0.7 percent globally by 2050, and almost 1 percent or over 11 million 
additional hectares in the developing world. Cropland in the developed world declines by about 1 
million hectares in response to increased production in the developing world. 

In the COMP scenario, large increases in productivity across the developing world improve the 
competitiveness of the region’s agriculture sector. The combination of investments in productivity, 
irrigation expansion, water use efficiencies, and reductions in marketing inefficiencies leads to large 
production increases, with total agricultural production increasing in the developing world by about 9.8 
and 11.5 percent in 2030 and 2050 respectively, relative to REF_HGEM. All targeted regions benefit, 
although the largest increases are projected in SSA (20 and 25 percent in 2030 and 2050) with SAS, and 
MEN increasing production between 15-18 percent. In response to these increases in developing 
regions, the developed world decreases its agricultural production by 3 to 5 percent, with much of this 
decline coming from reductions in cropland area (2-4 percent).  

Prices and Trade 
In general, world commodity prices in 2050 are higher under climate change compared to the no-
climate change scenario. On average in 2050, world price for aggregated crop commodities is projected 
to be between 12 and 18 percent larger under climate change compared to the no-climate change 
reference scenario. Price impacts by commodity group show a much more varied picture, which 
depends on crop adaptability and the types of demands that producers are trying to meet. Maize, 
groundnut, and potato are projected to see the largest price increases while barley, lentils, and meat are 
less affected (or even might see a price decreases). 

Commodity supply and demand are affected by prices in IMPACT and national production and demand 
for tradable commodities are linked to world markets through trade. In aggregate across all crop groups, 
developing countries increase their net imports from the developed world between 2010 and 2050 
under the reference scenario. Developing country net imports for cereals and meat increase 2.6- and 6-
fold from 86.6 and 3.6 million metric tons, respectively, between 2010 and 2050. Imports of pulses and 
oilseeds increase 3.5- to 3.8-fold both from about 3 million metric tons, respectively. On the other hand, 
the developing world will shift from being exporters of fruits and vegetables and roots and tubers to 
being moderate importers. 

Increases in yields and production drive a reduction in world prices in 2050 across all of the alternative 
investment scenarios, relative to the reference with climate change (REF_HGEM) (Table ES - 7). The 
largest change in price under the various productivity scenarios is observed for roots and tubers, with a 
decrease in world price of nearly 30 percent in 2050 under both HIGH+NARS and HIGH+RE relative to 
the reference. Pulse prices are 28 percent lower under the same scenarios, followed by the cereals 
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group and meat products, with a decrease around 20 percent. Interestingly, HIGH+NARS and HIGH+RE 
roughly offset the impact of climate change on cereal prices, bringing the average price of cereals close 
to the price they would have under a constant climate scenario (REF_NoCC) in 2050. The same scenarios 
would bring prices of roots and tubers and pulses (and meat products) even lower than it would in 
REF_NoCC.  

Table ES - 7  Aggregated commodity world prices. Percent difference relative to reference 
(REF_HGEM) in 2050. 

Scenario R&T Meat Cereals Oilseeds Pulses 
REF_NoCC -18 -4 -23 -24 -13 
MED -13 -9 -11 -6 -13 
REGION -22 -15 -17 -12 -21 
HIGH -23 -17 -19 -11 -23 
HIGH+NARS -29 -22 -23 -14 -28 
HIGH+RE -29 -22 -23 -14 -28 

Note: R&T-Roots and Tubers 
 

Increasing production through improved water resource management pushes down prices slightly (less 
than 1 percent on average across the projection period) relative to the reference. The largest declines in 
prices are observed for crops that are heavily irrigated such as rice, sugarcane, and cotton. Combining 
increasing water use efficiency with irrigation expansion (IX+WUE) makes a significant difference, with 
price declines observed more than double those observed with only irrigation expansion (IX). Cereals, 
particularly rice and wheat, see larger price declines (between 1 and 3.5 percent); whereas dryland 
crops like pulses see much smaller benefits. Dryland crops instead see larger benefits in ISW, where 
improved water holding capacity benefits not only irrigated crops but rainfed ones as well. 

Improved infrastructure in the RMM scenario shrinks price wedges as marketing efficiency increases, 
allowing producers to capture a greater share of the final consumer price. This leads to a situation 
where world prices and consumer prices decline (by 4-5 percent) at the same time that producer prices 
increase (by around 8 percent). SAS and SSA see larger producer price increases than the developing-
country average, with maize farmers in particular benefiting from higher producer prices (12 percent 
increase). 

In the COMP scenario, large increases in production push down prices globally, with price reductions of 
nearly 20 percent relative to the reference in 2030, or triple those observed for the REGION and HIGH 
scenarios. All targeted commodities see world prices decline by more than 10 percent, with the largest 
declines for roots & tubers and pulses. In the COMP scenario, the developing world improves its terms 
of trade in the agriculture sector, becoming a net exporter of agricultural goods as opposed to a net 
importer in the reference scenario (REF_HGEM). This transition varies regionally, with exporting regions 
like LAC and EAP becoming larger exporters, and importing regions like SAS and SSA becoming smaller 
importers. 

Food Security and Nutrition  
In the reference scenario, the overall estimated increase in food production between 2010 and 2050 
and higher calorie availability leads to a steady decrease in the number of undernourished children (0-5 
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years of age) as well as in the population at risk of hunger. Under climate change, the improvements are 
still significant, but not as advantageous as under a scenario without climate change. Across developing 
countries, the number of undernourished children increases 3 to 5 percent in 2050 due to climate 
change. Some regions, such as LAC and MEN, see higher percentage impacts due to climate change 
impacts because of the relatively low starting points, in terms of absolute levels, in these regions. In the 
SAS region, number of undernourished children is projected to fall by over 30 percent between 2010 
and 2050, which translates into a reduction of more than 25 million children. In addition, the SAS region 
will see the largest reduction in population at risk of hunger by 2050, with a reduction by about 170 
million people from about 16 percent to about 4 percent of the population. The trend for the SSA region 
is also worth noting. In 2010, the estimated number of people at risk of hunger is comparable between 
SAS and SSA, but in SSA by 2050, the population at risk of hunger will only be reduced by about 60 
million. Regional results for the food security metrics are consistently worse under climate change, 
which is especially evident in the SSA region where the 2050 share of population at risk of hunger rises 
from 8.6 percent under the NoCC scenario to 10-11 percent under climate change. 

The direct effect of increased supply under the enhanced productivity scenarios is an increase in 
availability of dietary energy (kilocalories) per capita compared to the reference scenario across each 
region and in aggregate across all developing countries. The result is that across developing countries we 
see a reduction in population at risk of hunger of about 20 percent under the HIGH+NARS and HIGH+RE 
scenarios in 2050 compared to the REF_HGEM scenario, and a reduction in the number of malnourished 
children of about 7 percent. Comparing results across regions, the HIGH+NARS and HIGH+RE scenarios 
consistently offer the largest benefits. Population at risk of hunger by 2050 decreases the most in 
percent terms in SSA compared to the REF_HGEM scenario, whereas the MEN region benefits the most 
in terms of decrease in the number of undernourished children. Increased research efficiency (HIGH+RE) 
shows the most rapid reduction in hunger and child malnutrition by 2030. 

In the improved water resource management scenarios, small changes in prices and income lead to 
insignificant changes in overall welfare. Nevertheless, increasing irrigation and improving water use 
efficiency (IX+WUE) has positive effects on overall food consumption, although at a much smaller scale 
than other alternative investment scenarios, with kilocalorie availability increasing by less than 1 
percent in 2050 relative to the reference. While the increases in calorie availability are small, they still 
speed up the reduction of the population at risk of hunger across the developing world, with hunger 
reductions relative to the reference of 1.3, 4.5, and 2.1 percent in 2030, and 1.1, 2.7, and 3 percent in 
2050 for IX, IX+WUE, and ISW respectively. SAS in particular gets a large boost in reducing hunger under 
IX+WUE, where hunger is reduced by 9 percent in 2030 compared to the reference. ISW contributes 
more to reducing hunger in SSA.  

When marketing costs are reduced (RMM), consumers are richer from increased income, as well as 
seeing increased purchasing power due to lower commodity prices. These combined lead to welfare 
gains through increasing consumption (1 percent increase in kilocalories by 2050 compared to the 
reference). Increasing food supply also spurs improvements in reducing hunger, with the population at 
risk of hunger reduced by 6 percent. 

In the COMP scenario, large price declines coupled with significant gains in income lead to significant 
increases in kilocalorie availability (4-10 percent relative to the reference in 2050) across the developing 
world. These increases in consumption are several percentage points higher than in any other of the 
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investment scenarios considered, and bring the developing world average consumption to over 3200 
kcal/person/day. The largest increases are in SAS and SSA, where increases in kilocalorie availability are 
9.1 and 10.0 percent respectively, bringing both regions to an average food supply near 3000 
kcal/person/day. These increases in food supply dramatically reduce the population at hunger, with a 
reduction of almost one quarter compared to the reference in 2050, and reducing the absolute number 
at risk of hunger in the developing world from 823 million in 2010 to 361 million in 2050. Figure ES - 1 
shows the potential of the COMP scenario for making progress against SDG2 (for hunger). Most regions 
achieve the SDG2 target under a COMP world except for SSA. In addition, while climate change is a 
setback for achievement of SDG2, investments of the type modeled under COMP show there is potential 
to mitigate these effects. 

Figure ES - 1  Prevalence of hunger in millions of people and as a share of the total population 
(percent) 

Note: NoCC assumes a constant 2005 climate; CC reflects a climate future using RCP 8.5 and the HGEM Climate 
Model. The bars represent the number of people at risk of hunger in each region (left axis). The bubbles represent 
the share of the region’s total population at risk of hunger (right axis). The dotted lines reflect the change in the 
share at risk of hunger over time and across scenarios. The solid black line represents a target threshold of 5 
percent of the population at risk of hunger. 
 

Food security is more than ensuring that there are sufficient calories; it requires that diets are 
nutritionally complete, and allow for a healthy life. Dietary composition changes are relatively minor in 
the enhanced productivity scenarios, and with food demand increasing across all commodity groups in 
all of the productivity scenarios we see increases in micronutrient supply across all macro- and micro-
nutrients. All nutrient supply increases in all regions are less than 8 percent and 10 percent by 2030 and 
2050 respectively, with the largest gains by 2030 under HIGH+RE, with HIGH+NARS providing the largest 
increase by 2050. SAS and SSA see the largest gains across all nutrients; often more than double the 
gains in EAP.  

Changes in the composition of diets are also relatively small in the improved water management 
scenarios, with the largest gains seen in increasing consumption of rice, wheat, and fruits and 
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vegetables, but with all changes less than 2 percent. With such small changes in diet, it is not surprising 
that changes in micronutrient supply are insignificant.  

The quality of diets across the developing world increases in the RMM scenario, with increased 
consumption of animal products (important sources of iron and zinc), as well as fruits and vegetables 
(key sources of micronutrients). The RMM scenario sees micronutrient supply increases between the 
MED and HIGH scenarios in 2030, and closer to MED in 2050. RMM shows a larger effect on vitamins A, 
C, and K than do any of the productivity enhancement scenarios. 

Dietary composition is less of an issue in the COMP scenario because consumption across all 
commodities is increasing, which leads to more varied and complete diets. COMP sees the largest 
increases in food supply, and as such sees the largest expansion in the micronutrient supply. SAS and 
SSA see micronutrient supply increases of above 10 percent by 2050 in most micronutrients. In other 
regions the increases are smaller, but still range between 3 and 7 percent. 

Determining nutritional quality is difficult, as it is multidimensional. The World Health Organization 
(WHO) has established targets for a healthy diet: 

1. 500 grams of fruits and vegetables per person per day 
2. 30 percent or less of calories coming from fat 
3. 10 percent or less of calories coming from sugar 
4. Matching calorie intake to activity level 

Across these four targets we see significant gains in increasing consumption of micronutrient rich fruits 
and vegetables in the reference scenario, with all regions except for SSA meeting the 500 g/person/day 
target by 2050 (Table ES - 8). Calorie consumption also increases across all regions. However, this broad 
increase in food supply also comes with some negative consequences, with all regions consuming 10 
percent or more of calories from sugar, with EAP and LAC nearing 30 percent of calories from fat.  

While food supply increases across all food groups, increases in micronutrients are also important. From 
2010 to 2050, the availability of 20 macro and micronutrients increases in all regions (Figure ES - 2). In 
2010, there are five micronutrients3 where the supply from IMPACT food commodities is less than the 
recommended daily allowance (RDA) in multiple regions. By 2050, only three micronutrients (calcium, 
vitamin A, and vitamin E) are still less than the RDA in most regions. Since these results are for average 
national food availability, micronutrient shortages will almost certainly be worse for lower income 
classes. 

  

                                                           
3 Calcium and Vitamin E in all developing regions; Riboflavin and Vitamin A in all regions except EAP; Vitamin B12 in 
SAS and SSA. 



Executive Summary Modeling to Inform the CGIAR Portfolio IFPRI 

18 
Project Report for USAID 

Table ES - 8  Comparing results to WHO targets for a healthy diet in 2010 and 2050 under REF_HGEM 

Region 

2010 2050 
F&V 

(g/capita
/day)1 

Fat 
Share of 
Calories2 

Sugar 
Share of 
Calories3 

Total 
Calories4 

F&V 
(g/capita

/day) 

Fat 
Share of 
Calories 

Sugar 
Share of 
Calories 

Total 
Calories 

EAP 813 22% 9% 2,873 963 28% 11% 3,326 
SAS 287 170% 11% 2,360 939 19% 17% 2,826 
FSU 498 22% 14% 3,090 637 23% 17% 3,339 
MEN 752 20% 145% 3,126 784 21% 17% 3,280 
SSA 262 16% 8% 2,356 391 18% 10% 2,703 
LAC 437 25% 18% 2,876 536 27% 20% 3,080 

 
 

Failed to  
achieve target 

 Achieved 
target 

 Surpassed 
 target 

Notes:  
1 WHO recommends a healthy diet should have at least 500 g/person/day of fruits and vegetables  
2 WHO recommends a healthy diet should have less than 30% of energy coming from fat  
3 WHO recommends a healthy diet should have less than 10% of energy coming from sugar, with less than 5% being ideal  
4 WHO recommends energy intake should correspond with activity levels, where 3,000 kcal/person/day and 2,400 
kcal/person/day is the recommended for an active male and female respectively (20-35 years old) 
F&V-Fruits and Vegetables. Regions are EAP-East Asia and Pacific; SAS-South Asia; FSU-Former Soviet Union; SSA-Africa South of 
the Sahara; MEN-Middle East and North Africa; LAC-Latin America and the Caribbean. 
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Figure ES - 2  Ratios of micronutrient supply: recommended daily allowance (RDA), by region for 2010 
and 2050 under REF_HGEM and COMP scenarios 

Note: The colored region reflects where micronutrient supply (from IMPACT food commodities) is less than or 
equal to twice the recommended intake. The coloring goes from darker (more vulnerable) to lighter (less 
vulnerable) as you move away from the center of each spider graph. All points inside the red line reflect where the 
micronutrients supply is less than the recommended intake. 
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Land use change 
Unsustainable agricultural practices can contribute to negative environmental impacts such as 
ecosystem destruction and biodiversity loss, pollution from chemical inputs, soil degradation, water 
resource depletion, and increasing climate change. Agriculture is a major driver of land use change, 
currently accounting for about 40 percent of global land area (FAOSTAT). It is the primary consumer of 
water, contributing 70 percent of freshwater withdrawals, and 90 percent of consumptive water use 
(Siebert et al. 2010). It is also a significant source of global GHG, contributing between 10 and 20 percent 
of total emissions (WRI 2015).  

More sustainable agricultural practices on the other hand, can help increase agricultural productivity, 
while decreasing resource use intensity with the potential of decreasing pressures on ecosystems, and 
scarce natural resources such as land and water. 

IMPACT is a partial equilibrium model, focusing on the agriculture sector. To analyze changes in land use 
in other land categories like forest and pasture, it is necessary to link IMPACT results with a more 
detailed land use model that can project changes across different land types. For the present analysis, 
this has been done with the LandSHIFT model.  

In the reference scenario, agricultural production increases over time to respond to increasing food 
demand through both increasing agricultural productivity (intensification), and agricultural expansion 
(more land and livestock animals). These changes have cascading effects altering agriculture’s 
environmental footprint. Climate change additional adds new stressors to the system leading to 
different environmental trajectories. 

Total crop production in the reference scenario increases by over 70 percent between 2010 and 2050. 
Most of this increase is achieved through increased agricultural productivity, which increases by more 
than 50 percent over the same period. Nevertheless, productivity gains are not sufficient to meet all of 
the additional demand and global total agricultural land increases by 17 percent. LandSHIFT projects 
that this increase is concentrated in the developing world (93 percent of 242 million additional hectares 
of cropland4), and particularly in SSA, LAC, and EAP, which see increases of 93, 62, and 32 million 
hectares of cropland respectively by 2050. LandSHIFT projections also show that most of this new 
cropland area is going to expand on less valuable lands, i.e., natural areas already modified for extensive 
agriculture. Nonetheless, rising demand puts pressure on forests around the world, where LandSHIFT 
projects the loss of 17 million hectares of forest globally, of which 14 million hectares are in the 
developing world.  

Climate change leads to higher prices, which drive down demand for crop and livestock products. But 
climate change reduces crop yields globally more than demand declines, which leads to an additional 30 
million hectares (1.7 percent increase compared to REF_NoCC) being converted to cropland, with 25 
million of these hectares in the developing world. On net, forest area declines by an additional 2 million 
hectares globally, with almost all of this lost forest in EAP. 

                                                           
4 LandSHIFT and IMPACT cropland areas are calibrated on different data sources for total crop and pasture areas 
(as explained in Appendix E for LandSHIFT and other supporting materials for IMPACT) and therefore differ slightly 
in absolute numbers.  However, overall trends in terms of direction and magnitude of change are aligned. 
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In all of the alternative investment scenarios, cropland continues to increase between 244 and 283 
million hectares globally between 2010 and 2050 (Table ES - 9). Nevertheless, with the exception of two 
scenarios (IX and RMM) the investment scenarios reduce cropland expansion of cropland relative to the 
reference scenario, with the three HIGH productivity scenarios offsetting the expansion of cropland 
caused by climate change. 

Table ES - 9  Difference in cropland and pasture between 2010 and 2050 (million ha). All scenarios 

Scenario 
Developing Countries World 

Cropland Pasture Forest Cropland Pasture Forest 
REF_HGEM 249 -34 -16 272 -51 -19 
MED 242 -44 -12 259 -64 -13 
REGION 237 -48 -11 251 -67 -12 
HIGH 237 -49 -10 249 -68 -11 
HIGH_NARS 235 -53 -9 244 -71 -10 
HIGH_RE 235 -55 -9 244 -73 -10 
IX 252 -34 -16 275 -50 -19 
IX_WUE 249 -33 -16 271 -49 -19 
ISW 246 -34 -16 267 -49 -18 
RMM 262 -29 -18 283 -48 -19 
COMP 248 -55 -10 255 -72 -10 

 

The productivity enhancement scenarios consistently reduce herd size, and subsequently land dedicated 
to pasture. In developing countries, we see in these scenarios that pastureland in 2050 decreases by 
between 10 and 21 million hectares as compared to REF_HGEM (Table ES - 9). The water investment 
scenarios are relatively neutral with respect to land use change. RMM, however, drives up both 
cropland and pasture area in developing countries, increasing cropland by about 13 million hectares, 
and pastureland by about 5 million hectares. This leads to a fall in forest area of about 2 million hectares 
(10 million hectares come from reductions in set-aside land). Globally, forest area declines by less than 1 
million hectares compared to the reference scenario, as additional agricultural production in developing 
countries reduces agricultural prices, resulting in lower crop area in developed countries (about 1.8 
million hectares lower than in the reference scenario). 

Biodiversity 
The results on land-use change from the LandSHIFT model have been used as inputs into a Countryside 
“species-area–relationship” (SAR) model (Pereira and Daily, 2006) to estimate the impact of different 
scenarios on biodiversity. The risk of extinction for endemic birds’ species has been chosen as a proxy 
for the effects of area changes on biodiversity (Flachsbarth et al. 2015).  

Simulations show that between 2010 and 2050 the extinction risk is expected to increase by about 1 
percentage point globally in REF_NoCC. In absolute terms, this means an increase of 35 new species at 
risk from 676 in 2010 to 710 in 2050. The majority of these new species at risk are found in LAC and SSA, 
where 10 and 11 new species become at risk of extinction, respectively. Climate change (REF_HGEM) 
increases habitat loss by 2050, due to increasing cropland, adding an additional 2 species at risk of 
extinction (1 each in LAC and EAP). These moderate impacts on biodiversity are due to the limited losses 
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of natural areas and forests. Since most of the new cropland areas throughout the world are projected 
to occur over already modified habitats, the risk of new bird species become endangered or extinct will 
be limited. 

The productivity scenarios had the largest land sparing effect as was discussed in the previous section, 
and likewise see the largest reductions of more than 1 percent in the risk of species extinction as 
compared to the REF_HGEM. In fact, all of the productivity scenarios reduce pressures on biodiversity to 
levels below REF_NoCC in 2050. However, even the most optimistic results (HIGH+RE and HIGH+NARS), 
still show an increase in the number of species at risk of extinction as compared to 2010 (an increase of 
about 27 species from 676 in 2010), suggesting these investments will not be sufficient alone to offset 
pressures on ecosystems from economic development and population growth. 

Investments in irrigation and transportation infrastructure in their role of increasing cropland may 
increase pressure on ecosystems, particularly in LAC and SSA where irrigation expansion may also lead 
to agricultural land expansion as observed in both the IX and IX+WUE scenarios. Land expansion across 
all developing countries in RMM explain why we observe the largest increase the number of bird species 
at risk of extinction across all of the scenarios, where the number of species at risk of extinction increase 
by around 1 percent (5 additional species) as compared to REF_HGEM. 

Water use 
Irrigated area is projected to increase by about 80 million hectares globally between 2010 and 2050 in 
REF_NoCC, with more than 70 million hectares of this expansion in irrigation occurring in developing 
countries, and the largest increases observed in SAS (33 million hectares), EAP (14 million hectares), and 
SSA (10 million hectares). This expansion of irrigated area drives up demand for water for irrigation (blue 
water), which increases globally by 15 percent from 2010 to 2050. All regions in the developing world 
increase their blue water use except for EAP, where blue water demand declines by 3 percent by 2050 
due to improving water use efficiency. Blue water use grows rapidly particularly in SSA (95 percent 
increase) and LAC (31 percent). 

Climate change leads to regional varied changes in precipitation with some regions seeing increases in 
useable precipitation for agriculture (green water), such as in EAP and SAS, where the average amount 
of green water per hectare of harvested area increases by 7 and 13 percent by 2050 respectively, easing 
pressure of freshwater resources in these regions. On the other hand, green water declines by 7 percent 
in MEN. SSA and LAC see modest increases. Irrigated area expands in REF_HGEM, in response to the 
higher prices observed due to climate change. This expansion leads to an additional 6 million hectares of 
irrigated area globally, with almost all of it in the developing world (5 million hectares), and in particular, 
EAP, which contributes almost 3 million hectares.  

In the end, the expansion of irrigation area overall outweighs increases in regional precipitation, with 
blue water use growing globally by more than 3 percent in 2050 as compared to REF_NoCC. EAP, LAC, 
and SSA see the largest increases in blue water use of 8, 7, and 5 percent respectively compared to 
REF_NoCC. MEN, which sees the largest decline in green water is limited in its ability to expand irrigation 
due to limited water resources, and is forced to spread a smaller quantity of blue water over a larger 
irrigation footprint (a 1 percent decline of blue water per hectare), making an already arid region more 
vulnerable to water shortages.  
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The productivity enhancement scenarios and the RMM scenario have minimal effects on demand for 
irrigation water. However, the four scenarios focusing on water resource management (IX, IX+WUE, 
ISW, and COMP) have a significant effect on irrigation demand for water. The combination of IX+WUE 
and ISW investments shows significant sparing of water for uses outside the agriculture sector, and 
irrigation expansion on its own (IX), significantly increases blue water use in LAC and SSA. 

Blue water use declines by 11 percent across the developing region by 2050 relative to the reference, 
with the largest gains in EAP (18.6 percent), and LAC (13.7 percent). Improved green water capture 
relative to the reference is comparable in 2050 for both COMP (5.1 percent) and ISW (5.3). In general, 
the blue water savings in COMP are greater than those that would be seen from just adding up the 
savings from IX+WUE and ISW, suggesting that these improving soil holding capacity and improved 
water use efficiency may have beneficial interaction effects. 

Regions already suffering water stress see increases in blue water use, but at a much smaller scale (1-2 
percent) as there are less unused water resources available. On the other hand, the three other water 
related scenarios have significant effects on reducing blue water use, as compared to REF_HGEM. In 
fact, the reductions in EAP, SAS, and MEN are particularly impressive, with blue water use at or below 
2010 levels by 2030. EAP continues to see blue water uses below 2010 levels even by 2050. These 
savings in blue water use are particularly important when we consider that 29, 57, and 43 percent of 
irrigated area are equipped for irrigation with groundwater in EAP, SAS, and MEN, respectively (Siebert 
et al. 2010). 

The significant reductions in blue water use in COMP across all regions leads to blue water use in the 
developing world below 2010 levels by 2030 even as irrigated area increases by more than 60 million 
hectares. By 2050 in COMP, blue water use across the developing world is only 6 percent above 2010 
levels even as total irrigated area increased by 97 million hectares. 

Input use and water quality  
Nitrogen (N) and phosphorus (P) are essential nutrients for crop production, but excessive quantities of 
N and P reduce water quality. In this study, loadings of N and P discharged from global agricultural 
production system in 2005 and under alternative IMPACT future scenarios are reported as indicators of 
the impacts of agricultural intensification on water quality. 

Increasing agriculture production globally will require increasing the use of chemical inputs, particularly 
in developing countries where agricultural productivity is often significantly below levels in developed 
countries. This increase in chemical inputs will lead to greater pollution globally with N and P loading 
increasing by 54 and 62 percent respectively. There is greater regional variation on changes to N loading 
than for P loading, where the growth rates range from nearly no increase in Europe (0.02 percent per 
year) to more than tripling (2.9 percent per year) in the MEN. Changes in P loading on the other hand 
range from growth rates of 0.6 percent per year in Europe to 1.3 percent per year in SAS. Climate 
change has modest effects on N and P loading. 

Additional investments in agricultural productivity will lead to improved input use and efficiency. These 
improvements in resource efficiency make the agriculture sector less resource intensive than would be 
the case in the reference without the additional investments. Investments in irrigation expansion (IX) 
have indirect effects on N and P use, as there is a shift towards more intensive management practices 
on higher yielding irrigated area, which leads to a small increase in N loading across the developing 
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world, and a negligible effect on P loading. Ultimately, the improvements due to increased agricultural 
productivity as seen under the HIGH investment scenarios are larger than the increases due to irrigation 
expansion, as we see nitrogen and phosphorous loading in COMP to be at levels near the MED scenario. 

Our current modeling framework has some limitations on how we can represent changes in use of 
nitrogen and phosphorous use. There are several technologies for which we were unable to assess 
water quality impacts. The scenarios we were unable to represent were the impacts of water use 
efficiency, soil management, and marketing margins. Previous work by Rosegrant et al. (2014) shows 
that precision irrigation technologies (i.e., drip irrigation) have a relatively limited effect on N losses. 
Nevertheless, the same study suggests that soil management techniques (e.g., integrated soil fertility 
management, no till) can generate reductions in N loss that are greater than or equal to the increases 
seen under the high productivity investment scenarios (HIGH, HIGH+NARS, and HIGH+RE). Investments 
in transportation infrastructure (RMM) likely would lower agricultural input costs, and thereby 
encourage greater use of both N and P, with subsequent effects on water quality, which we currently 
are not modeling. All three of these technologies, therefore, require further research to fully assess their 
impacts on agricultural input use and water quality. 

Greenhouse gas emissions 
Agriculture is an important source of total GHG emissions globally. These contributions come primarily 
from four sources: 1) nitrous oxide (N20) emissions from the soil, primarily driven by fertilizer 
application; 2) methane (CH4) emissions from irrigated rice production; 3) CH4 emissions from enteric 
fermentation in livestock, primarily cattle; and 4) emissions from changes in land use primarily in loss of 
forest area. In the reference scenario between 2005 and 2050, emissions from the agriculture sector 
excluding land use change are projected to increase by almost 30 percent globally, from 2.7 to 3.5 gt of 
CO2 equivalent emissions. Almost two-thirds (64 percent) of this increase comes from increasing 
livestock herd size. However, this increase in emissions is less than 50 percent of the projected 
emissions caused by land use change, which are projected to increase by 7.3 gt of CO2 equivalent 
emissions between 2005 and 2050. Nearly all of the increase in emissions from agriculture are projected 
to come from developing countries. 

Regionally, the largest contributions of increased emissions from agriculture including land use change 
come from EAP, SSA, and LAC, which contribute 3.4, 2.0, and 1.4 gt of CO2 equivalent emissions 
respectively.  

Global yearly emissions of N2O are projected to increase under all of the alternative investment 
scenarios when compared to the reference (REF_HGEM). The COMP scenario brings about the largest 
global increase in N2O emissions (17 percent in 2050) followed by HIGH+RE and HIGH+NARS (9-10 
percent increase). Among the remaining scenarios, the largest increase comes from the IX+WUE water 
scenario (2.2 percent), followed by the RMM scenario (1.6 percent). The suite of productivity 
enhancement scenarios, as well as COMP, consistently show increases in emissions across developing 
countries (all regions), and decreases across the developed countries group. On the other hand, the 
water scenarios show variable result across regions. The IX scenario may achieve some reduction in 
emissions in EAP (-0.3 percent) but increase across the other regions, while IX+WUE may achieve 
emissions very close to the REF_HGEM or smaller (-0.1 percent) in EAP and FSU, where also ISW may 
achieve a reduction of -0.7 percent in 2050. 
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Global yearly CH4 emissions from rice cultivation vary across scenarios. The COMP scenario shows a 
maximum 4.5 percent increase in 2050, followed by the water scenarios. Most of the increase in 
methane appears to take place in SSA, with increases of 43 percent under COMP, 25 percent under 
HIGH+RE, 30 percent under REGION, and 12 percent under IX+WUE. Methane emissions also increase 
under most scenarios in SAS. The IX and IX+WUE water scenarios show the largest increase in emissions 
in LAC and SSA. This result reflects the assumptions behind the scenarios, as those two regions are 
designed to see the largest expansion in irrigated area (30 percent increase by 2030), thereby increasing 
the likelihood of creating soil conditions conducive to methane emissions.  

Global CH4 emissions from enteric fermentation (i.e., from livestock) decrease under most scenarios 
compared to the REF_HGEM reference. The only exception to this is under RMM, where similarly to 
land expansion we observe an increase in the herd size. In the productivity scenarios, increasing animal 
productivity permits a reduction in the cattle herd size and lower methane emissions. In COMP, animal 
numbers decline by nearly 6 percent in 2050, or a reduction of more than 70 million cows. This has a 
significant impact on the contribution of GHG emissions from the livestock sector, with reductions of 
CH4 of around 6 and 8 percent in 2030 and 2050 respectively, relative to the reference.  

Land use conversion from forests to other land uses (e.g., croplands and grasslands) results in CO2 

emissions. As seen in the previous section, forest area is projected to decrease between 2010 and 2050 
across all scenarios; however, the investment scenarios are expected to bring about some savings in 
forest cover compared to REF_HGEM. Therefore, aggregated emissions from land use change over a 45 
years period (between 2005 and 2050) are projected to decrease by between 25 percent and 40 percent 
across all scenarios compared to REF_HGEM. Once again, the exception is the RMM scenario, which 
shows an increase in loss of carbon compared to REF_HGEM. 

Figure ES - 3  Changes in global GHG emissions (gt of CO2 equivalent emissions) from land use change, 
methane from livestock, methane from rice, and nitrogen application under alternative investment 
scenarios in 2050 

Note: Data labels show total changes in GHG emissions in 2050 compared the REF_HGEM 
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When all of these changes in emission sources are combined (Figure ES - 3), we see that the productivity 
scenarios lead to a decline in GHG emissions of about 2-3 gt of CO2 equivalent in 2050 as compared to 
REF_HGEM. The water resource management investments are relatively neutral to GHG emissions, with 
savings from spared forest primarily offset by increased emissions from rice. RMM, however, increases 
emissions from agriculture by about 0.5 gt CO2 equivalent in 2050 compared to REF_HGEM, with most 
of this due to increased cropland. In all cases, that largest contributor of changes in CO2 equivalent 
emissions comes from savings from avoided land use change. Direct emissions from agriculture decline 
by less than 0.2 gt of CO2 equivalent emissions in all of the scenarios. In COMP, the global reduction is 
about 0.1 gt per year, which is about one tenth the estimated reduction (1 gt of CO2 per year) needed 
from agriculture to limit warming in 2100 to 2°C above pre-industrial levels (Wollenberg et al. 2016). 

Conclusions 

Investment trends and the CGIAR Strategy 
As a worldwide partnership for agricultural research and development (R&D), the CGIAR is well placed 
to tackle the growing challenges to global food security, and help safeguard those ecosystem services 
and natural resources that critically underpin agricultural production. The CGIAR is currently developing 
its research agenda for the next five years. CGIAR research seeks to reduce poverty, and improve 
nutrition and ecosystem services (the three SLOs), and will align with, and directly advance the SDG 
adopted by the United Nations. Among the research priorities described in the Strategy and Results 
Framework (SRF) are the development of improved high-yielding and stress resistant crop varieties, 
livestock and fish breeds and husbandry practices, the support of climate-smart agriculture practices, 
and the expansion of the overall benefits accruing from farm systems, in part through the creation of 
more opportunities for women in the agriculture sector worldwide. 

This report serves as a timely source of information and evidence of the potential impact of CGIAR 
efforts in agricultural R&D as well as the role of complementary investments. It is intended to help 
CGIAR Centers, CRP programs, system management, and donors to complement other efforts to assess 
the overall impact and benefits of investing in international and national agricultural research programs. 

This report uses a global, highly-disaggregated, quantitative modeling system—IMPACT—to assess the 
impacts of the CGIAR CRP portfolio on key food and nutrition security indicators as well as associated 
environmental impacts out to 2050. To do so, three types of agricultural research and investment 
strategies are analyzed. One set of scenarios increases agricultural productivity through differing levels 
of investment by the CGIAR and its national partners, with different levels of research efficiency and 
varying regional emphases. A second set of scenarios focuses on investments to improve water 
management through expansion in irrigation, increases in water use efficiency and upgrading of soil 
water holding capacity. A third type of scenarios explores infrastructure investments to reduce 
marketing costs, and a final comprehensive investment scenario combines elements from each of these 
areas. 

Highlights from the Results 
Key messages from the analysis are as follows. 

1) Demographic change and economic growth in the group of developing countries will result in 
significant increases in the demand for food in the coming decades  
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Under the population and economic growth assumptions used in this analysis (SSP2), global population 
reaches 9.2 billion by 2050 with an economy of USD230 trillion, for a global average income of 
USD25,000/capita. Almost all population and GDP growth occurs in the group of developing countries, 
but per capita income in developing countries is expected to remain at less than half developed country 
levels by 2050. Between 2010 and 2050, cereal production is expected to increase by 55 percent, meat 
production by 79 percent, production of fruits and vegetables by 96 percent, oilseeds by 107 percent, 
pulses by 87 percent, and roots and tubers by 56 percent. 

2) Food and nutrition security are projected to improve over the 2010-2050 period  

In the absence of climate change, the projected increase in food production between 2010 and 2050 
and higher calorie availability would to a steady decrease in the number of undernourished children (0-5 
years of age) as well as in the population at risk of hunger. In 2010, the estimated number of people at 
risk of hunger was comparable between the South Asia and SSA regions at over 200 million people, but 
their experiences are projected to differ significantly in the coming decades. By 2050, the population at 
risk of hunger in the South Asia region is projected to decline by 170 million people, the largest 
reduction across all regions. By comparison, the population at risk of hunger in SSA is expected to 
decline by only one third of that amount. 

3) Climate change worsens food and nutrition security 

Climate change has a negative effect on income growth in all regions. The largest impacts are in South 
Asia and SSA, where climate change is projected to reduce incomes in 2050 by 3 - 4 percent relative to 
the NoCC scenario (compared to a decline of less than 0.3 percent in the group of developed countries). 

Climate change is projected to reduce average cereal yields by 6 – 9 percent relative to the NoCC 
scenario by 2050. Globally, maize, groundnut, and soybean are particularly affected, with projected 
reductions of 23, 14, and 12 percent, respectively.  

Agricultural commodity prices increase by between 12 and 18 percent relative to the NoCC scenario, 
making food less affordable for poorer groups and societies. As a result, both cereal and meat demand 
decline, with overall reductions in demand of 8 percent and 2 percent, respectively. Because of climate 
change, the number of people at risk of hunger is projected to increase by 70 million people by 2030 and 
by almost 80 million by 2050 compared to a world without climate change.  

Food security is more than just ensuring a sufficient consumption of calories; it also entails a balanced 
intake of micronutrients. From 2010 to 2050, the availability of 20 macro and micronutrients that are 
key for healthy diets increases in all regions. In 2010, availability of five micronutrients in per capita 
terms is less than the RDA in multiple regions based on IMPACT food supply data. By 2050, levels of 
three micronutrients (calcium, vitamin A, and vitamin E) are projected to remain below recommended 
levels in most regions. 

4) Climate change impacts vary geographically, with agricultural trade as an important buffer  

The consequences of climate change on crop yields varies by region and climate model, with significant 
negative impacts observed in the developing world, particularly for South Asia and Africa South of the 
Sahara. Rising temperatures in higher latitudes could extend the growing seasons in Russia and Central 
Asia, leading to increasing crop yields. Trade is essential to help mitigate the negative local impacts of 
climate change by providing greater access to global production of agricultural commodities in less 
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negatively impacted regions. Nevertheless, trade alone will not offset all the negative consequences and 
climate change will increase commodity prices relative to a world without climate change and reduce 
the availability of food globally, with negative consequences on food security in developing countries. 

5) The CGIAR research portfolio can make important differences to sustainable agricultural 
production systems, food security and nutrition, enhanced by increased investments in NARS 
agricultural research, improved water management, and infrastructure 

Additional investments in agricultural R&D in CGIAR and NARS can deliver important achievements 
across the group of developing countries. For example, the HIGH+NARS scenario, which uses yield gain 
estimates from increasing investments in CGIAR R&D developed in collaboration with all 15 CGIAR 
Centers through the GFSF program, is projected to require an additional USD 3.0 billion per year in 
investments in developing countries (above the USD 8 billion projected in the reference scenario). By 
2050, these additional investments are projected to increase incomes by 4 percent (relative to the 
reference scenario) and agricultural production by 8 percent. These in turn lead to a 20 percent decline 
in the population at risk of hunger (relative to the reference scenario) by 2050, while increased yields 
eases pressure on forestland conversion and reduces GHG. 

6) Alternative investment options involve different synergies and tradeoffs 

Investments to increase water use efficiency allow expansion of irrigated area (IX+WUE) while reducing 
water use by more than 7 percent, albeit with smaller improvements in income, production and hunger 
than in the R&D-oriented scenarios. 

Increased investments to reduce agricultural marketing margins (RMM) improve market efficiency. 
Perhaps counterintuitively, this involves tradeoffs between SLOs; by simultaneously increasing prices for 
producers and reducing costs to consumers, it increases production and reduces hunger, but also 
increases forestland conversion and increases GHG emissions. 

The comprehensive scenario (COMP) incorporates a combination of investments in productivity 
enhancement, irrigation expansion and increased water use efficiency, and reductions in marketing 
margins. This scenario generates the largest benefits across all the SLOs, but also comes with the highest 
price tag at an annual cost of over USD 26 billion.  

7) Other complementary investments will also be needed 

Increased investment outside of the agricultural sector will also be needed to end hunger and achieve 
other SDGs by 2030. Future work will examine the scope for further progress through investments 
outside of the agricultural sector, in areas such as clean water and sanitation, and education. 

In conclusion, we hope that researchers, policymakers, and investors can use this analysis to better 
understand the CGIAR system and CRP portfolio impacts as a whole. This adds an important, 
complementary perspective to the other assessments of the CRP portfolio used by the CGIAR and its 
stakeholders. While the foundation of this report is to offer a quantitative perspective to several of the 
options presented in the CRP research portfolio, the approach has a broad basis across geographies, 
different commodities, and types of investments in agricultural-focused R&D. The focus is on providing 
indicative results and recommendations. It will be important to temper the interpretation of the findings 
with the realization that precise valuation of particular research activities should be carried out at a finer 
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scale both across regions and among various alternative approaches to achieving the goals set out in the 
SRF. 
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1 Introduction 
Global population will reach more than nine billion people by 2050 and, together with income growth, 
will put pressure on food demand. Rapid income growth and urbanization will have profound effects on 
diets and on patterns of agricultural production, including changes in diets to convenience foods and 
fast foods; increased consumption of fruits and vegetables; growing demand for sugar, fats, and oils; 
and rapid growth in meat consumption and therefore demand for feed grains for other livestock feeds. 
Growing and evolving food demands will put pressure on food production. Sustainable food production 
growth faces challenges from climate change with higher temperatures and changing precipitation 
patterns as well as likely increased weather variability. In addition, beyond climate change, there is 
limited scope for expansion of crop and pastureland, continuing competition from biofuels, and growing 
water scarcity. Weakness in value chains to deliver quality food to consumers can also constrain 
sustainable growth. This report assesses the potential for alternative agricultural and rural sector 
investments to meet these challenges and more sustainably produce food to improve food security. 

The CGIAR has updated its Strategy and Results Framework (SRF) to respond to evolving global demands 
for agricultural research with greater impact (CGIAR 2015). At the apex of the SRF are three System 
Level Outcomes (SLOs): (1) Reduced Poverty; (2) Improved Food and Nutrition Security for Health; and 
(3) Improved Natural Resource Systems and Ecosystem Services. A key tenet of the CGIAR SRF is that “By 
2030, the action of CGIAR and its partners will result in 150 million fewer hungry people, 100 million 
fewer poor people—at least 50% of whom are women, and 190 million ha less degraded land” (CGIAR 
2015). 

The theory of change in the SRF posits that contributions to the SLOs are achieved by CGIAR and partner 
research and development efforts on Intermediate Development Outcomes (IDOs). These IDOs, in turn, 
are achieved through advances in research outcomes or sub-IDOs, which are adopted and used by 
policymakers and other end-users. Achievement of sub-IDOs are informed by targets (Figure 1.1). The 
CGIAR Research Programs (CRPs) have been developed to specifically address the targets at the sub-IDO 
level and contribute to achievement of IDOs and SLOs. To achieve results along the targets, sub-IDO, IDO 
and SLO chain, CGIAR investments are concentrated in Africa (over 50% of investments), followed by 
Asia (about 30% of investments) and poverty hotspots in Latin America (about 20% of investments), to 
directly targets hotspots of hunger and poverty (CGIAR 2015). 

To better understand the contributions and complementarities of the strands of research investments in 
the CRP portfolio and the linkages between the sub-IDOs, IDOs and, finally the SLOs in the CGIAR SRF, 
quantitative modeling tools are needed, given the complexity of agricultural growth and the global 
change, such as population growth, economic growth, technological progress, and climate change.  

This report uses a global, highly disaggregated, quantitative modeling system to provide insights on 
baseline developments in global agricultural production systems, with a focus on the potential impact of 
climate change. Then the assessment turns to how the agricultural research embedded in the CRP 
portfolio can address the challenges underlying the goals of reducing poverty and meeting future food 
demands as sustainably and equitably as possible.  

The following sections describe the quantitative framework and examine various alternative CRP 
portfolio foci and their contributions to indicators of the SLOs. Scenario analysis helps inform the 
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analysis and recommendations for policy and investment. Detailed results are found in Appendix A of 
the report. 

Policymakers, investors, and researchers can use this analysis to better understand the CGIAR system 
and CRP portfolio impacts as a whole, adding an important, complementary perspective to the value-
for-money and other assessments of the CRP portfolio used by the CGIAR and its stakeholders. While 
the foundation of this report is to offer a quantitative perspective to several of the options presented in 
the CRP research portfolio, the approach has a broad basis in both geographic terms and its coverage of 
different commodities and types of investments in agricultural-focused research and development 
(R&D), in irrigation, water resource management, infrastructure, and soil management. It will be 
important to temper the interpretation of the findings with the realization that precise valuation of 
particular research activities need to be carried out at a finer scale both across regions and among 
various alternative approaches to achieving the goals set out in the SRF.  

1.1 The IMPACT Modeling Suite 
To assess the wide range of CGIAR IDOs and sub-IDOS, we used a linked modeling system centered on 
IFPRI’s International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT - 
Robinson et al. 2015). We provide brief details on the core model framework here but more details are 
available in Robinson et al. (2015). IMPACT incorporates both fundamental core models and various 
associated modules focusing on various components crucial to more extended analyses. IMPACT is a 
well-established set of tools with an extensive record of high-impact published outputs 
(www.ifpri.org/program/impact-model).  

At IMPACT’s core is a global, partial equilibrium, multi-market, agriculture sector model. Global, climate-
sensitive hydrology and water-use models are linked to IMPACT. The DSSAT crop-modeling suite (Jones 
et al. 2003; Hoogenboom et al. 2015) is also joined at the front end to directly estimate yields of crops 
under varying management and CC scenarios from global climate models (Figure 1.2). Food supply is 
determined for 320 sub-national or national geographic units (Food Production Units (FPUs)) delineated 
according to intersections of administrative units (chiefly countries) with major river basins. Irrigated 
and rainfed crop yield and area changes—or livestock numbers and yields—include exogenous sources, 
such as those from projected public and private sector investment trends as well as impacts from 
climate change, and endogenous sources, such as farmer responses to changing prices.  

The model simulates 62 agricultural commodities (crops, livestock, and several secondary agricultural 
products)5, including explicit modeling of nearly all CGIAR mandate crops. Water availability is modeled 
at the grid level and aggregated to the FPU level, with water demand determined through crop/livestock 
life cycles, cropping patterns, and competition with non-agricultural sectors at FPU levels. Agricultural 
land use and land use change are modeled at the FPU level based on historical trends and expert 
opinion on responses to agricultural prices. Commodity markets are cleared annually out to 2050 while 
the agronomic and water models operate at a monthly time step incorporating standardized crop 
calendars. Food demands are simulated for 159 countries and regions based on changes in income, 
population, and prices (Robinson et al. 2015).  

                                                           
5 Fisheries are modeled in an alternative version of the IMPACT modeling framework (Kobayashi et al. 2015; World 
Bank 2013) that was updated for this report and is presented in Appendix B. 

http://www.ifpri.org/program/impact-model
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Figure 1.1  SRF system level and intermediate development outcomes and contribution of sub-IDOs to higher-level development outcomes 

 

Note: From CGIAR Strategy and Results Framework 2016-2030 
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Figure 1.2  The extended IMPACT modeling framework 

 

IMPACT is solved by finding equilibrium prices that clear world markets, equating supply (cropped areas 
and yields for crops and numbers and slaughtered carcass weight) and demand in domestic and world 
markets for all commodities. Beyond equilibrium measures of food availability, water use, and land use 
change, the modelling suite also generates estimates of welfare measures such as supply of nutrients, 
population at risk of hunger, and numbers of undernourished (stunted) children in developing countries 
(Robinson et al. 2015).  

1.2 Application of the Modeling Framework for the CRP Investment Portfolio Analysis 
The modeling framework used is the IMPACT 3 modelling suite developed and maintained by the Global 
Futures and Strategic Foresight project (GFSF; globalfutures.cgiar.org), which involves all 15 CGIAR 
Centers and representatives from nearly all of the CRPs (all agri-food CRPs and most of the integrating 
CRPs). This collaboration helps ensure that key parameters and data for commodities of interest reflect 

http://globalfutures.cgiar.org/


Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

35 
Project Report for USAID 

ongoing as well as planned agricultural R&D in countries and centers to help calibrate and validate the 
baseline and to specify the characteristics relevant for mandate commodities in the scenario runs. This 
collaborative work and its quantification are detailed in Appendix C. 

For this analysis, the IMPACT modeling framework (Figure 1.2) was augmented to include 
macroeconomic feedback from a global computable general equilibrium model (GLOBE) along with 
several linked post-solution models to evaluate scenario effects in terms of investment requirements, 
land use change, greenhouse gas (GHG) emissions, biodiversity, water quality, and micronutrient 
availability and dietary diversity.  

Land use change was calculated with the spatially explicit LandSHIFT model (Schaldach et al. 2011), 
which has been applied and validated in case studies for Brazil (Lapola et al. 2011), Africa (Alcamo et al. 
2011; Heubes et al. 2013) and Europe (Humpenöder et al. 2013). Biodiversity impacts were assessed 
based on the land use change modeling results and follow an update to the methodology used in 
Flachsbarth et al. (2015). GHG emissions were calculated using a combination of accounting methods 
from the IPCC and FAO. Assessment of agricultural water pollution is based on IFPRI and Veolia (2015). 
Assessment of micronutrient availability and dietary diversity follow an accounting method based on 
USDA nutrient values, dietary reference intakes, and standard diversity measures (Lele et al. 2016; 
Otten, Hellwig, and Meyers 2007). Further details on ex-post modules are included in Appendix F, 
Appendix G, Appendix H, and Appendix I, respectively.  

The assessment of the contribution of CGIAR CRPs to the CGIAR SRF includes baseline projections as well 
as alternative climate scenarios to explore long-term global and regional trends in supply and demand 
under a range of possible climate pathways. The CRP research portfolio is then assessed quantitatively 
through a series of alternative scenarios compared with the IMPACT baseline scenarios. CRPs have been 
developed to have impacts on key sub-IDOs and IDOs and the modeling framework links to these in 
several ways, including through changes in commodity yields and food supply, water and land use, GHG 
emissions, biodiversity, changes in food prices, international trade, food availability, nutrient availability, 
dietary diversity, and food and nutrition security (Table 1-1). Cost estimates for the investment 
scenarios are included in the analysis following and are a further development from Nelson et al. (2009) 
and Evenson and Gollin (2003) and use estimates of research costs collected by IFPRI’s Agricultural 
Science and Technology Indicators (ASTI) program. The methodology used to estimate investment costs 
is described below and in Appendix J and Appendix K. 

  



Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

36 
Project Report for USAID 

Table 1-1  Linkage between select SRF elements and the IMPACT modeling framework for this analysis 
IDOs Sub-IDO IMPACT Model analysis 

SLO1: Reduced poverty 

Increased resilience of 
the poor to climate 
change and other 
shocks 

 

Reduced production risk Assessment of mitigation of climate 
change impacts in investment 
scenarios 

Enhanced smallholder 
market access 

Reduced market barriers Scenarios on changes in marketing 
margins  

 
Increased incomes and 

employment 
Increased value capture by 

producers 
 
More efficient use of inputs 

Captured through soft-linking IMPACT to 
a global CGE model 

 
Changes in water and fertilizer use 

efficiencies as a result of changes in 
technologies 

 
Increased productivity Closed yield gaps through 

improved agronomic and 
animal husbandry 
practices 

 
Increased access to assets, 

including natural 
resources 

 
Reduced pre- and post-

harvest losses, including 
those caused by climate 
change 

Reflected through changes in agricultural 
productivity of various agricultural 
commodities.  

 
Scenarios involve expanded access to 

irrigation, water-saving, and higher-
productivity technologies 

 
Reflected through changes in agricultural 

production for investments in 
infrastructure and marketing 
efficiency.  

SLO2: Improved food and nutrition security and health 

Increased productivity  Noted above Noted above 
 

Increased dietary quality 
for vulnerable groups 

Increased availability of and 
access to diverse, 
nutrient-rich foods 

 

Estimates of the impact on population at 
risk of hunger and number of 
malnourished children, and calorie 
and nutrient availability and diversity  

 
Improved human and 

animal health 
through better 
agricultural practices 

 

Improved water quality 
 
 

IMPACT has associated water quality 
model to assess regional nutrient 
loadings (N and P) and BOD 
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IDOs Sub-IDO IMPACT Model analysis 

SLO3: Improved natural resource systems and ecosystem services 

Natural capital enhanced 
and protected, 
especially from 
climate change 

Land, water, and forest 
degradation (including 
deforestation minimized 
and reversed) 

 
Enhanced conservation of 

habitats and resources 

Water quality assessment (N, P, and 
BOD), land use change, biodiversity 
impacts, and greenhouse gas 
emissions analysis across scenarios 

 
Changes in agricultural land area is part of 

the model as well as changes in 
threats to biodiversity 

 
Enhanced benefits from 

ecosystem goods and 
services 

More productive and 
equitable management 
of natural resources 

 
Agricultural systems 

diversified and 
intensified in ways that 
protect soils and water 

Estimates of impacts on water use, 
agricultural water pollution, land use 
change and GHG emissions  

 
Water use efficiency, soil water holding 

capacity, and land-sparing 
technology alternatives embedded in 
investment scenarios 

 
More sustainably 

managed agro-
ecosystems 

Increased resilience of agro-
ecosystems and 
communities, especially 
those including 
smallholders 

 
Enhanced adaptive capacity 

to climate risks 
 
Reduced net GHG emissions 

from agriculture, forests 
and other forms of land 
use 

 
Scenarios of increased productivity, 

improved water use, and land-
sparing technology investments 

 
 
 
GHG emissions from agricultural systems 

across scenarios. 

Note: SLO – System Level Outcome; IDO – Intermediate Development Outcome; Sub-IDO – Sub-Intermediate 
Development Outcome; N – Nitrogen loading; P – Phosphorus loading; BOD – Biological Oxygen Demand; GHG – 
Greenhouse Gas 

1.3 Research Innovations 
The work represented in this report incorporates a broad range of innovations and methodological 
improvements to permit a more holistic analysis of the global food system to assess potential tradeoffs 
between competing and complementary multi-dimensional targets.  

1.3.1 Confronting uncertainty and complexity with a modular research design 
Simulating the global food system to 2050 is a significant challenge, due the complexity of the system, 
and the inherent difficulty of projecting into an uncertain future. Scenario analysis is a powerful 
methodology to handle fundamental uncertainty in a concrete fashion and still provide policymakers 
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with a range of useful outcomes. Using multiple models to expand the range of issues that can be 
considered is also a common approach. IMPACT (Robinson et al. 2015) has been previously combined 
with other models for specific analysis questions. For example, when considering the role of land use 
change in van Soesbergen et al. (2016), environmental and biodiversity assessments in Flachsbarth et al. 
(2015), the effects of climate on diet and health in Springmann et al. (2016), and designing participatory 
scenario suites for use in multi-model ensembles as in Mason-D’Croz et al. (2016). However, we have 
never attempted to represent the complex interactions within the global food system across so many 
dimensions simultaneously as we have in this analysis.  

Figure 1.3  Modeling framework and process used in this study 

 

Building on the modular framework in IMPACT, we have been able to build a multi-model ensemble that 
includes 12 models6 (Figure 1.3). This has allowed us to consider the effects of interventions across a 
                                                           
6 1) A new research cost estimation model to estimate Ag R&D investments to achieve projected productivity 
gains. 2) The IMPACT Aquaculture model (Msangi and Batka 2015) to assess potential effects of changes in the 
agriculture sector on aquaculture. 3) IMPACT partial equilibrium multi-market model, which considers the effects 
of changes in agricultural productivity, on commodity supply, demand, trade, prices, and food security. 4-6) 
IMPACT water models, which simulate the availability of water for irrigation, its allocation to irrigated crops, and 
the subsequent impacts on irrigated crop yields. 7) GLOBE (McDonald et al. 2007) a global CGE model to help 
estimate the changes on average incomes and overall welfare due to changes in the agriculture sector. 8) Water 
Quality model (IFPRI and Veolia 2015) estimates the effects of changing input use by the agriculture sector on 
water quality. 9) Nutrition model estimates the micronutrient availability given food supply from IMPACT. 10) GHG 
emission estimation model uses IPCC and FAO accounting methods to calculate changes in GHG emissions from 
the agriculture sector based on crop allocation, input use, livestock numbers, and changes in land use cover. 11) 
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range of variables including agricultural production, trade, food security, dietary quality, and natural 
resource management and the environment. 

1.3.2 Costing alternative futures and priority setting 
Analyzing the effects of new agricultural technologies has been a staple of IMPACT analyses since the 
model was developed in the early- to mid- 1990s. A natural outgrowth of this work has been to try to 
prioritize potential agricultural investments based on both the potential returns in terms of productivity 
gains but also in terms of the investment cost. In this report we have built on previous work on cost 
estimation such as Nelson et al. (2009), using data on research costs collected by IFPRI’s Agricultural 
Science and Technology Indicators (ASTI) program, and literature on the returns to investments on 
agricultural research (Evenson and Gollin 2003; Alston et al. 2011).  

This new cost estimation model is based on a perpetual inventory system (Nin-Pratt 2015, Nin-Pratt et al 
2015; Nin-Pratt 2016) and provides an analytical model to estimate the cost of achieving targeted 
productivity through public investments in agricultural research by the CGIAR and National Agricultural 
Research Systems (NARS). This innovative work has allowed us to not only estimate the baseline costs in 
research implied under business-as-usual (BAU) to 2050, but also to estimate additive investments 
needed to adapt to climate change and make progress toward the CGIAR SLOs and the SDGs. This new 
methodology can also be applied to estimate the gains from future investments opening up a new set of 
potential scenarios that can be analyzed in IMPACT in the future. 

Additionally, as a part of efforts to estimate investments on water resource management scenarios, we 
have estimated the costs of irrigation expansion and increasing water use efficiency within the baseline 
scenario and better documenting the underlying assumptions within IMPACT. 

1.3.3 Going beyond food supply 
Food security is multi-dimensional, defined by the United Nations as when people have the availability 
and access at all times to sufficient, safe and nutrition food to maintain a healthy and active life. 
Traditionally, in global and macro assessments based on the FAO’s food balance sheets the focus has 
been on food supply, and the role of agricultural production on the average availability of food (usually 
expressed in physical units (kg) or calories). These studies have looked at resilience of the food system 
to various shocks; in this study, we considered some of the key the impacts of climate change on food 
supply. Using statistical models, we can then apply this average supply of calories to estimate changes in 
the risk of hunger and malnourished children at the national level. These are useful in estimating the 
direction of change on food security across regions.  

In this work, we have expanded on this analysis with a focus on improving metrics to compare changing 
dietary quality by estimating micronutrient content, dietary diversity, and comparing food supply 
against recommended daily intake and basic dietary guidelines like those set forth by the World Health 
Organization and the US Institute of Medicine. This now lets us assess nutrients other than calories and 

                                                           
LandSHIFT (Schaldach et al. 2011) is a land use land cover change (LULCC) model that used IMPACT agricultural 
land and productivity projections to estimate LULCC across major land use categories like forest, grasslands, 
cropland, etc. 12) Biodiversity estimates the effects of changing land use on biodiversity and species richness. 

 



Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

40 
Project Report for USAID 

to identify situations of concern with respect to macro-and micronutrient deficiency, as well as start 
highlighting points of concern with respect to over-consumption. 

Figure 1.4  Components of food security 

1.3.4 Sustainability, environmental tradeoffs, and win-win scenarios 
IMPACT as a multi-market model linked to a series of water and crop models is designed to consider a 
variety of resource management questions with respect to a changing environment’s effect on 
agriculture, as well as agriculture’s role in water management. However, the impacts of agriculture on 
the environment more broadly are not easy to assess without expanding the range of variables that can 
be considered. Particularly the role of land use change is essential in considering the overall effect of 
changes in the agricultural sector on the environment. To this end, the coupling of IMPACT to 
LandSHIFT, a water quality model, GHG emissions estimation, and biodiversity assessment models allow 
us now to weigh the potential tradeoffs of economic gains against potential environmental losses.  

Investments and their outcomes are multidimensional. An Investment that increases agricultural 
productivity to reduce food insecurity might also increase input use and expand agricultural area, with 
significant negative effects on the environment. On the other hand, investments encourage agricultural 
intensification through new technologies that increase yields and improved input use efficiency, such as 
those proposed in this study, can offer a path forward towards a more sustainable agricultural 
development pathway, where productivity can grow at the same time as we reduce the resource 
intensity (water, land, carbon) of the agriculture sector. 
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2 Scenario Specifications 
This section describes the specifications for the reference scenarios and the CRP investment scenarios 
and describes how costs are estimated for both sets of scenarios. 

2.1 Reference Scenarios  

2.1.1 Description of reference scenarios 
The baseline set of scenarios are used as a reference point for comparison of alternative CRP investment 
portfolios. The primary reference scenario (REF_HGEM) follows the IPCC Shared Socioeconomic 
Pathway 2 (SSP2 - Moss et al. 2010; O’Neill et al. 2014; O’Neill et al. 2015) combined with the 
Representative Concentration Pathways (RCP) 8.5 scenario. The SSP 2 scenario is a “middle-of-the-road” 
scenario that correspond to the medium variant of IIASA-VID-Oxford population projections. Under 
SSP2, global population reaches 9.2 billion by 2050 with an economy of US$230 trillion or global average 
income of US$25,000 per person (Samir and Lutz 2014; Jiang and O’Neill 2015; Dellink et al. 2015). 

Under SSP2, expected changes in population and economic growth vary substantially by region (Figure 
2.1). Under the SSP2 scenario used, population growth is concentrated almost exclusively in the group of 
developing countries. By 2030, most of global total gross domestic product (GDP) is estimated to be 
generated by the group of developing countries. Despite this, per capita income is expected to remain at 
less than half of developed country levels by 2050.  

Figure 2.1  Regional changes under SSP2 for key socioeconomic indicators 

Population (millions) GDP (Trillion US$, PPP) 
Average per capita income 

(Thousand US$/person, PPP) 

   

 

Source: SSP population (Samir and Lutz 2014; Jiang and O’Neill 2015) and GDP (Dellink e al 2015) downloaded from 
SSP database (IIASA 2013)  
Note: DVD = Developed Economies; DVG = Developing Economies; EAP = East Asia and Pacific; EUR = Europe; FSU = 
Former Soviet Union; LAC = Latin America and Caribbean; MEN = Middle East and North Africa; NAM = North 
America SAS = South Asia; SSA = Africa south of the Sahara. 
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RCP 8.5 prescribes a rising radiative forcing pathway leading to 8.5 W/m2 (approximately 1,370 ppm CO2 
equivalent) by 2100; van Vuuren et al. 2006, van Vuuren et al. 2007). We simulate this climate scenario 
using two climate models (GCMs)7: 

1. The Hadley Center’s Global Environment Model, version 2 (HADGEM2-ES or HGEM; Jones et al. 
2011), and 

2. The Institut Pierre Simon Laplace’s Earth System Model (IPSL-CM5A-LR or IPSL; Dufresne et al. 
2013). 

There is uncertainty regarding the effects of increasing GHG levels in the atmosphere, with 
temperatures and precipitation changes varying depending on a variety of driving factors modeled in 
different climate models (Figure 2.3)8. Using two climate models to simulate the RCP 8.5 climate 
provides a further range of outputs for analysis. These two specific climate models were selected 
because they have been previously used in a variety of global modeling comparison studies (Nelson et 
al. 2014, von Lampe et al. 2014, Robinson et al. 2014a, Wiebe et al. 2015).  

The RCP 8.5 climate offers an upper limit of likely climate change impacts out to 2050. To provide a 
broad envelope of potential climate change impacts for analysis (Figure 2.2), we also include a climate 
scenario that follows a no-climate change (NoCC) pathway, assuming a constant climate after 2005. This 
gives us three alternative reference scenarios (REF_NoCC, REF_HGEM, REF_IPSL) that can be used to 
assess the robustness of different investment scenarios against a range of plausible 2050 climates.  

Variations in local temperatures and precipitation can have significant effects on agricultural yields as 
well as the availability of water. These three different climate scenarios allow exploration of most of this 
uncertainty to determine if agricultural and water resource simulation results are dependent on a 
specific climate representation or if the results of the investments are more robust and likely to be 
beneficial across a broad range of climates. 

 

                                                           
7 Also known as “Global Circulation Models” or, more recently, as “Earth System Models.” In this report, we use 
the GCM convention due to connections with existing research. 
8 We have assessed the potential impact of the CO2 “fertilization effect” that may have an impact on final yields 
experienced under increased atmospheric CO2 concentrations. We have found the evidence base for the actual 
field-level fertilization effect is inconsistent and is therefore not included in this analysis.   
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Figure 2.2  CO2 equivalent concentration and radiative forcing for IPCC's four RCPs and a NoCC 
(constant 2005 climate) scenario 

Source: Based on Robinson et al. (2015) 
Data downloaded from the RCP Database version 2.0.5 (IIASA 2015).  
RCP 2.6: van Vuuren et al. 2006; van Vuuren et al. 2007 
RCP 4.5: Clark et al. 2007; Smith and Wigley 2006; Wise et al. 2009 
RCP 6.0: Fujino et al. 2006; Hijioka et al. 2008 
RCP 8.5: Riahi and Nakicenovic, 2007 
Note: NoCC – no climate change or constant 2005 climate; Red line represents year 2050 where IMPACT 
projections end 
 

Figure 2.3  Changes in annual precipitation (mm) and maximum temperature (°C) in 2050 compared to 
2000 from two GCMs for RCP8.5 
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Source: All GCM climate data come from CMIP and ISI MIP (Warzawksi et al. 2014; Rosenzweig et al. 2014; Taylor, Stouffer, and Meehl 2012) 
and are downscaled for use in the crop models. 
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2.1.2 Baseline assumptions on agricultural research investment costs 
In IMPACT, reference improvements in agricultural productivity are represented by exogenous growth 
rates that simulate historical trends and changes in trend by time period and expert opinion of how the 
agriculture sector will develop over the long run. One of the primary drivers of long run productivity 
growth is technological improvements. We have developed an R&D investment-yield model to assess 
the investment required to achieve projected agricultural productivity.  

Investments in research take time to bear fruit, as new ideas can take years to develop and diffuse 
widely. To capture these lags, the investment-yield estimation model is based on the perpetual 
inventory method, where research investments contribute to the stock of knowledge over time. 
Knowledge itself decays as older technologies become obsolete or irrelevant. Productivity grows if the 
stock of knowledge grows at a faster rate than the stock of knowledge decays. The lag structure in the 
perpetual inventory method used here follows a gamma distribution where R&D investments reach 
peak impact ten years after initial investment and then decline over time to reach zero ten years after 
peak impact. For more details on the methodology for the investment-yield estimation, see Appendix J.  

Research capacity varies significantly by region; To reflect these differences we use elasticities of 
productivity with respect to research investments from the literature (Evenson and Gollin 2003; Nin-
Pratt 2015; Nin-Pratt et al 2015; and Nin-Pratt 2016). We have also utilized Alston et al (2011) to 
incorporate spillover effects, where we use spillover elasticities to represent regional capacity to access 
and apply outside knowledge along with distance metrics to estimate the applicability of outside 
research to regional agriculture (i.e., new technologies developed for maize in Kenya are more likely to 
be applicable in Tanzania than to maize production in France, or to coffee production in Indonesia). 
Literature suggests that there are varying returns to research investment not only by region, but also by 
type of public research institution. These differences are represented by different elasticities that show 
greater efficiency by the CGIAR system as compared to the NARS (Evenson and Gollin 2003) though 
these two types of institutions are complementary and both lose effectiveness in the absence of the 
other. 

Figure 2.4 highlights projected investments in agricultural R&D by the CGIAR over the 2005-2050 
projection period for the reference scenarios (REF). Projected average annual CGIAR investment 
amounts to $1.7 billion per year. The CGIAR contributes an important part of agriculture research in the 
developing world, but it is far from being the only source of R&D funding. Across all regions, CGIAR 
contributes about 3 percent of total public R&D funding, although there is regional variation, with CGIAR 
contributing about 12 percent of all public R&D spending in Africa south of the Sahara (Beintema et al. 
2012). 
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Figure 2.4  Historical and projected CGIAR investments for the REF scenarios (billion 2005 US$/year) 

 

Figure 2.5 highlights the estimated NARS R&D investments globally, as well as for developing countries 
for the reference scenarios (REF). Globally, projected investment costs grow from around $18 
billion/year in 2005 to nearly $21 billion/year by 2050. The developing world contributes less than one 
quarter of global NARS investments, contributing about $4.2 billion and $8 billion in 2005 and 2050 
respectively. The projected average annual NARS investment in developing countries amounts to $6.4 
billion per year.  

Figure 2.5  Projected global NARS R&D investments for the REF scenarios (billion 2005 US$/year) 

 

Table 2-1 summarizes the projected growth rates in public R&D investment and GDP by region between 
2015 and 2050 in the REF scenarios. Research investments across the CGIAR are projected to grow at 
about 2.8 percent per year, less than the projected growth in GDP of developing world (3.9 
percent/year). Growth in R&D investments varies by region, due to different trends in agricultural 
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productivity and economic development. Research investments from the NARS are projected to grow at 
a slower rate than both GDP and CGIAR investments across all regions.  

Table 2-1  Average annual growth rate in the REF scenarios of CGIAR investments, NARS investments, 
and GDP by region 2015-2050 (%/year) 

Region CGIAR NARS GDP 
EAP 1.1 0.8 3.3 
SAS 1.9 1.4 5.0 
SSA 3.5 2.0 5.4 
MEN 2.2 1.8 3.5 
LAC 1.6 1.0 2.9 
DVG 2.8 1.3 3.9 

Source: Author calculations 
Note: DVG is the average growth rate for all developing countries 

Table 2-2 summarizes the total cost of research investments in agriculture in developing countries in the 
reference scenarios (REF_HGEM, REF_IPSL, and REF_NoCC). Across the developing world, about $8.08 
billion per year will be invested in agricultural research, amounting to a net present value of investments 
between $67 and $168 billion depending on discount rate. The largest projected investments are in 
Africa South of the Sahara (SSA, $2.23 billion per year) and Latin America and Caribbean (LAC, $1.78 
billion per year). In most regions, the larger contribution to agricultural research will come from 
investments from NARS, with the exception of Africa South of the Sahara, where about half of the 
projected investments will come from the CGIAR. 

Table 2-2  Average annual R&D investments (billion 2005 US$), 2015-2050 for the CGIAR and NARS in 
developing countries in the REF scenarios 

Region 
Avg. Annual Investment Net Present Value 

CGIAR NARS Total 3% 5% 10% 

EAP 0.07 1.54 1.60 34 25 14 

SAS 0.26 0.71 0.97 20 15 8 

SSA 1.11 1.11 2.23 45 32 17 

MEN 0.09 1.41 1.50 31 23 12 

LAC 0.20 1.59 1.78 38 28 16 

DVG 1.72 6.36 8.08 168 123 67 

Source: Author calculations 
Notes: Average annual investment is the average over the 2015-2050 period 
 

2.1.3 Baseline assumptions on investments in water resource management 
Water is a critical resource for agriculture. In IMPACT, water resource management is modeled 
endogenously through linking the partial equilibrium model (Figure 1.2) to a suite of water models 
(Robinson et al. 2015). Water availability, including rainfall, streamflows, and evaporation, is determined 
in a hydrological model that downscales precipitation and temperature from climate scenarios 
generated by the GCM. Water supply and demand by sector is determined in a water simulation model 
that allocates water to irrigation, livestock, domestic use, and industrial use. Water supply and demand 
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are solved in 154 river basins globally and are linked annually to the IMPACT economic model (Robinson 
et al. 2015). Two of the key drivers are assumptions about trends of irrigation expansion and water-use 
efficiency around the world. Similar to agricultural productivity, the assumptions used for these drivers 
are based on historical trends and expert opinion. Total harvested area in REF_HGEM is projected to 
increase from 1,266 to 1,492 million hectares between 2010 and 2050, an increase of about 18 percent 
(Table 2-3). Global harvested irrigated area grows at a faster rate than rainfed area over the projection 
period (24 percent compared to 15 percent) increasing from 351 to 436 million hectares. An additional 
76 million hectares of harvested irrigated area are projected in developing countries by 2050. This is 
about 90 percent of the total increase in irrigation between 2010 and 2050.  

Table 2-3  Total harvested area (million hectares) in REF_HGEM by region in 2010, 2030, and 2050 
 2010 2030 2050 

Region Irrigated Rainfed Total Irrigated Rainfed Total Irrigated Rainfed Total 
EAP 136 139 275 145 151 297 152 160 313 
SAS 114 114 227 131 106 237 148 95 243 
FSU 13 94 107 14 99 113 15 101 117 
SSA 9 185 194 13 224 236 19 259 278 
MEN 23 44 68 26 48 74 28 50 79 
LAC 20 123 142 23 148 171 27 171 198 
DVG 315 709 1,024 354 786 1,140 391 846 1,237 
DVD 36 206 242 40 211 251 44 211 255 
WLD 351 915 1,266 394 997 1,391 436 1,056 1,492 

 

Expanding irrigation will involve investments in water infrastructure, such as canals and dams. We use 
data from the estimated unit total cost for new construction in Inocencio et al. (2007) and compared 
those unit total costs with unit irrigation investment costs in FAO’s AquaStat database (FAO 2016b). The 
unit total cost of new irrigation construction used in the report is summarized as cost per hectare (Table 
2-4), with the cost of expansion differentiated by five developing regions that match up well with our 
reporting regions (Eastern Asia, SAS, SSA, Near East and North Africa, and Latin America and Caribbean). 
For more details on the costing of water investments, see Appendix K. 

Table 2-4  Unit cost of irrigation expansion (2005 USD per hectare) by region 
Region Cost 
EAP 9,236 
SAS 3,812 
FSU 9,237 
SSA  16,226 
MEN 9,748 
LAC 5,512 

Source: Unit total cost for new construction in 2000 US dollar from Inocencio et al. (2007). 

Table 2-5 summarizes the required investments to achieve the projected 76 million expansion in 
harvested irrigated area by 2050. Across all developing countries, the cost of irrigation expansion is 
$7.87 billion per year. While the largest expansions in irrigated area are projected in Asia (Table 2-3), the 
largest investments will be needed in SSA due to the higher costs of expanding irrigation (Table 2-4).  
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Table 2-5  Baseline investments in irrigation expansion (billion 2005 USD) in developing countries 

Region Avg. Annual  
Cost 

Net Present Value 
3% 5% 10% 

EAP 1.29 28.20 21.38 12.50 
SAS 1.82 39.73 30.11 17.61 
FSU 0.31 6.87 5.20 3.04 
SSA 2.98 64.99 49.26 28.81 
MEN 0.81 17.66 13.38 7.83 
LAC 0.66 14.47 10.97 6.41 
DVG 7.87 171.92 130.30 76.20 

 

We assume that improvement in water use efficiency (WUE) is achieved by increased adoption of high 
efficiency irrigation technologies and improved management (e.g., improvement in water delivery 
infrastructure and improved institutional measures such as enhancing groundwater governance, farmer-
led irrigation management, and water user associations) in a part of total irrigated cropland area. This 
partial irrigated area is estimated using the value of WUE increase, and the investment cost of WUE 
improvement is therefore calculated as this partial irrigated area multiplied by unit area cost of 
irrigation modernization using sprinklers as a proxy. The unit costs used for this scenario are based on 
the literature and are summarized in Table 2-6.  

Table 2-6  Unit cost (2005 USD per hectare) of increasing water use efficiency by region 
Region Cost 
Asia1 2,408  
Africa South of the Sahara 4,843  
Middle East and North Africa 1,071  
Latin America and Caribbean 4,843  

Note: 1 Asia costs were mapped to EAP, SAS, and FSU regions 

Table 2-7  Baseline investments in water use efficiency improvements (billion 2005 USD) in developing 
countries 

Region Avg. Annual  
Cost 

Net Present Value 
3% 5% 10% 

EAP 0.94 20.60 15.61 9.13 
SAS 0.76 16.68 12.64 7.39 
FSU 0.13 2.94 2.23 1.30 
SSA 0.13 2.94 2.23 1.30 
MEN 0.07 1.47 1.12 0.65 
LAC 0.31 6.87 5.20 3.04 
DVG 2.36 51.50 39.03 22.83 

 

Investments in improved water use efficiency across the developing world are less than one third of the 
investments projected for irrigation expansion at $2.36 billion per year (Table 2-7). The majority of these 
investments are projected for East and South Asia, which account for almost 80 and 77 percent of 
harvested irrigated area in developing countries in 2010 and 2050 respectively (Table 2-3).  

Baseline information with respect to investments in soil-water management technologies is speculative, 
and as there are no globally differentiated cost estimates for such measures, we use the estimate 
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developed for the Agricultural Water Management Solutions Project9 of $179 per hectare. For the sake 
of this study, we have excluded developed countries from these estimates and applied this cost to 
developing countries only, for a cost of $1.61 billion per year, with regional variation detailed in Table 
2-8. 

Baseline information with respect to investments in soil-water management technologies is speculative, 
and as there are no globally differentiated cost estimates for such measures, we use the estimate 
developed for the Agricultural Water Management Solutions Project10 of $179 per hectare. For the sake 
of this study, we have excluded developed countries from these estimates and applied this cost to 
developing countries only, for a cost of $1.61 billion per year, with regional variation detailed in Table 
2-8. 

Table 2-8  Baseline investments in soil-water management technologies (billion 2005 USD) in 
developing countries 

 Region Avg. Annual  
Cost 

Net Present Value 
3% 5% 10% 

EAP 0.34 9.50 8.11 5.67 
SAS 0.17 4.82 4.11 2.87 
FSU 0.31 8.55 7.29 5.10 
SSA 0.39 10.85 9.25 6.47 
MEN 0.11 3.12 2.67 1.86 
LAC 0.28 7.86 6.70 4.69 
DVG 1.61 44.70 38.13 26.67 

 

Table 2-9  Summary of baseline infrastructure investments (billion 2005 USD per year) by region 
 Average Annual Investments Net Present Value 

Region 
Road 

Network 
Rail 

Network 
Electricity 
Network Total 3% 5% 10% 

EAP 5.76 1.63 6.63 14.02 162.49 138.59 96.94 
SAS 2.34 2.39 2.81 7.54 87.39 74.54 52.14 
FSU 0.84 0.06 0.79 1.69 19.59 16.71 11.69 
MEN 0.05 0.02 0.84 0.91 10.55 9.00 6.29 
SSA 0.02 0.02 0.14 0.18 2.09 1.78 1.24 
LAC 0.06 0.13 0.58 0.77 8.92 7.61 5.32 
DVG 9.07 4.25 11.79 25.11 291.03 248.22 173.63 
DVD 4.99 2.27 20.19 27.45 318.15 271.35 189.81 
WLD 14.06 6.52 31.98 52.56 609.18 519.58 363.43 

 

2.1.4 Baseline assumptions for infrastructure investments 
Assumptions for economic growth under SSP2 includes investments in new infrastructure and 
maintenance of existing infrastructure. Based on previous work on estimating infrastructure 
investments for agriculture, we calculate baseline investments across developing countries of $25.57 

                                                           
9 http://awm-solutions.iwmi.org/publications-1.aspx 
10 http://awm-solutions.iwmi.org/publications-1.aspx 

http://awm-solutions.iwmi.org/publications-1.aspx
http://awm-solutions.iwmi.org/publications-1.aspx
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billion per year. The largest investments across developing countries (47 percent or $11.8 billion per 
year) are projected to be in expanding and upgrading electric grids, followed by investments in 
improving and extending road networks (36 percent or $9.1 billion per year).  

2.2 Alternative Investment Scenarios 
The CRP investment scenarios analyzed for this report focus on three predominant types of investments 
in CGIAR. A fourth, more comprehensive scenario combines elements from the three major CGIAR 
investment types:  

1. Investments in agricultural research and development (R&D);  
2. Improvement in agricultural water management;  
3. Changes in agricultural marketing margins; and 
4. A comprehensive scenario combining select elements of 1 – 3.  

Table 2-10 summarizes scenario groups, names and descriptions. We also considered the potential 
impacts of CGIAR investment trajectories that fell below our business as usual reference scenario. This 
set of four scenarios are not included in the full analysis, but are treated in Box 4-2 in the results section 
below. These scenarios explore a more pessimistic possibility space where CGIAR research investments 
decline as a share of global GDP—a departure from historical trends—where CGIAR investments have 
managed to keep pace with or exceed global GDP growth.  

2.2.1 Specification of productivity enhancement scenarios 
Five higher (i.e., higher compared to the reference case) investment productivity enhancement 
scenarios are considered, in which R&D investment differs in level, source, efficiency, and regional focus. 
The HIGH R&D scenario incorporates yield gains from increasing investments in CGIAR R&D and was 
developed in collaboration with all 15 CGIAR Centers through the Global Futures & Strategic Foresight 
program collaborators based in each Center. As a starting point, each Center quantified the potential for 
yield gains for their respective commodities (including crops, livestock, and fish) in developing countries 
across major regions of the world (South Asia, Sub-Saharan Africa, Latin America & Caribbean, Former 
Soviet Union, East Asia & Pacific, and Middle East & North Africa) with increased R&D investment (see 
below for the increased investment levels). These yield gains were expressed as the potential changes in 
absolute yield levels under a high-investment scenario, compared to a future limited to a continuation 
of business-as-usual levels of investment in R&D in CGIAR commodities. These potential changes were 
then translated into differential yield growth rates used in the IMPACT modeling framework. The final 
(i.e., realized) endogenous yield and output growth in the scenarios is a function also of interactions 
with changes in prices, demand, and other factors. The resulting changes in yield and output under the 
reference and high investment scenarios are shown in the results section below. Figure 2.6 shows the 
regional and commodity-specific allocation of productivity improvements derived from this exercise. 
Further details are provided in Appendix C.  

The remaining four productivity enhancement scenarios include the following. The Medium Increase in 
CGIAR Investments (MED) provides an indication of the sensitivity of outcomes to levels of investment, 
specified to have an intermediate level of R&D investment between the REF and HIGH scenarios. The 
High Increase in CGIAR Investments plus Increased Investments from National Agricultural Research 
Systems (HIGH+NARS) simulates increased investments in the CGIAR are plus increased complementary 
investments in National Agricultural Research Systems (NARS). The High Increase in CGIAR Investment 



Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

51 
Project Report for USAID 

plus Increased CGIAR Research Efficiency scenario (HIGH+RE) simulates higher CGIAR research efficiency 
so that the yield impact of investments is 30 percent higher and the maximum improvement is achieved 
by 2040, 5 years earlier than in the HIGH scenario. The Regionally focused increase in CGIAR 
Investments (REGION) scenario assumes there is a greater focus of CGIAR efforts in on South Asia (SAS) 
and Africa South of the Sahara (SSA). This was simulated by targeting the same productivity increases as 
in HIGH+NARS in SAS and SSA, while the targeted yield increases in other regions follow the MED 
scenario.  

Table 2-10  Summary of policy and investment scenarios 
Scenario 
Grouping 

Scenario Scenario Description 

Baseline 
REF_HGEM Baseline reference scenario with HGEM 8.5 future climate  

(primary baseline scenario) 
REF_NoCC Baseline reference scenario with constant 2005 climate 
REF_IPSL Baseline reference scenario with IPSL 8.5 future climate 

Productivity 
Enhancement 

MED Medium increase in investment across the CGIAR portfolio 
HIGH High increase investment across the CGIAR portfolio 

HIGH+NARS High increase in investment across the CGIAR portfolio plus  
complementary NARS investments 

HIGH+RE High increase in investment across the CGIAR portfolio plus 
increased research efficiency 

REGION 

Regionally-focused high increase in CGIAR investments 
Targets the highest investments to South Asia and Sub-Saharan 
Africa with medium levels of investment increase in Latin America, 
and East Asia 

Improved Water 
Resource 
Management 

IX Investments targets to expand irrigation in the developing world 
(HGEM RCP 8.5) 

IX_NoCC IX scenario under a constant 2005 climate 
IX_IPSL IX scenario under an IPSL RCP 8.5 future climate 

IX+WUE Irrigation expansion plus water use efficiency investments (HGEM 
RCP 8.5) 

IX+WUE_NoCC IX+WUE under a constant 2005 climate 
IX+WUE_IPSL IX+WUE under an IPSL RCP 8.5 future climate 

ISW Investments targeted to Increased soil water holding capacity 
(HGEM RCP 8.5) 

ISW_NoCC ISW under a constant 2005 climate 
ISW_IPSL ISW under an IPSL RCP 8.5 future climate 

Infrastructure 
and Agricultural 
Marketing 

RMM 
Scenario based on infrastructure improvements to improve market 
efficiency through the reduction of transportation costs and 
marketing margins 

Comprehensive 
Investment 

COMP This comprehensive scenario is a combination of 4 scenarios: 
HIGH+RE; IX+WUE; ISW; and RMM (HGEM RCP 8.5) 

COMP_NoCC COMP scenario under a constant 2005 climate 
COMP_IPSL COMP scenario under an IPSL RCP 8.5 future climate 
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Figure 2.6  Global, regional, and commodity allocation of targeted productivity improvements (%) 
specified for the HIGH scenario 
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2.2.2 Investment costs for agricultural productivity enhancement scenarios 
Table 2-11 summarizes the additional investment needs for the productivity enhancement scenarios, 
incremental to the investments highlighted for REF_HGEM in Table 2-2. It should be noted that the 
additional cost to the CGIAR for HIGH, HIGH+NARS, and HIGH+RE are assumed the same. The HIGH 
scenario costs approximately 70 percent more than MED, with the REGION scenario costing 25 percent 
more than HIGH or about 80 percent more than MED.  

The investment costs vary by region and scenario. For EAP, MEN, and LAC regions, the most expensive 
investment scenarios are the HIGH scenarios. The most expensive scenario for the SSA and SAS regions 
is the REGION scenario, whereas this is the cheapest scenario for EAP, MEN, and LAC. The high cost in 
SSA and SAS is explained by the high, targeted productivity improvements in the region, which go above 
those targeted in the HIGH scenario. In EAP, MEN, and LAC the targeted yield increases are the same in 
the REGION scenario as in the MED scenario. However, the cost of achieving this productivity 
improvement is $0.09 billion per year in the REGION scenario compared to $0.13 billion per year for the 
MED scenario. Research spillovers from SAS and SSA, are what allow the same productivity increases to 
be achieved, but at a lower regional investment in EAP, MEN, and LAC.  

Table 2-11  Summary of incremental R&D investments between 2015 and 2050 (billion 2005 US$) for 
CGIAR investment scenarios above the REF_HGEM scenario, by scenario and region 

Scenario: MED HIGH Scenarios1 REGION 
(SSA and SAS focus) 

 
Avg. 

Annual 
Cost 

Net Present 
Value 

Avg. 
Annual 

Cost 

Net Present 
Value 

Avg. 
Annual 

Cost 

Net Present 
Value 

3% 5% 10% 3% 5% 10% 3% 5% 10% 
EAP 0.01 0.3 0.2 0.1 0.02 0.3 0.2 0.1 0.01 0.1 0.1 0.0 
SAS 0.12 2.1 1.4 0.5 0.14 2.4 1.6 0.6 0.15 2.5 1.6 0.6 
SSA 1.09 18.9 12.1 4.6 1.66 28.6 18.3 6.9 2.21 38.0 24.2 9.1 
MEN 0.04 0.7 0.4 0.16 0.04 0.7 0.4 0.2 0.02 0.4 0.3 0.1 
LAC 0.09 1.6 1.0 0.38 0.11 1.9 1.2 0.5 0.06 1.1 0.7 0.3 
DVG 1.35 23.5 15.0 5.73 1.97 33.9 21.7 8.2 2.46 42.1 26.8 10.0 

Notes: Avg annual cost is the average over the 2015-2050 time period 
1 HIGH, HIGH+NARS, and HIGH+RE all assume the same level of increased investment from the CGIAR 
 

Figure 2.7 illustrates the growth in CGIAR investments over the projection period (2015 to 2050). The 
high scenarios (HIGH, HIGH+NARS, and HIGH+RE) show an increase from almost $0.9 billion to $6.7 in 
2050. The MED and REGION scenarios see increases to $5.3 and $7.9 billion respectively. Research 
investments have to increase rapidly in the first part of the projection period to achieve targeted yield 
increases. CGIAR investments grow by 7.6, 8.7, and 9.4 percent per year from 2015 to 2030 for MED, 
HIGH, and REGION scenarios, respectively, compared to growth rates of 3.4, 3.8, and 4.2 percent per 
year from 2030 to 2050. 
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Figure 2.7  Projected CGIAR investments for productivity enhancement scenarios (billion 2005 
US$/year) 

 

In HIGH+NARS, the increased investment by the CGIAR is complemented by an increase in NARS 
spending in developing countries. Table 2-12 summarizes the NARS R&D investments required to 
achieve the projected yield improvements on top of the HIGH scenario (30 percent increased 
productivity compared to HIGH). Across all developing countries, this augmented productivity requires 
additional investments of almost $1 billion per year, with the largest increases in SSA and MEN, which 
contribute almost two thirds of additional NARS investments.  

Table 2-12  Summary of incremental NARS R&D investments (billion 2005 US$), 2015-2050 for 
HIGH+NARS scenario, by region 

 Avg. Annual Cost Net Present Value 
  
Region CGIAR NARS Total 3% 5% 10% 

EAP 0.02 0.11 0.13 1.86 1.07 0.31 
SAS 0.14 0.11 0.25 3.66 2.11 0.63 
SSA 1.66 0.33 1.98 29.50 17.12 5.13 
MEN 0.04 0.30 0.34 5.01 2.86 0.83 
LAC 0.11 0.14 0.26 3.76 2.17 0.65 
DVG 1.97 0.99 2.96 43.78 25.34 7.56 

Notes: Avg annual incremental cost is the average over the 2015-2050 time period 
 

Figure 2.8 illustrates the time series of investments for NARS in the developing world for HIGH+NARS, 
where investments from NARS across DVG increase from about $5 billion in 2015 to $10.6 billion by 
2050, an increase of about $2.6 billion by 2050 compared to the REF_HGEM scenario. 
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Figure 2.8  Projected additional investments for complementary NARS productivity enhancement 
HIGH+NARS (billion 2005 US$/year) 

 

Note: Additional NARS investments accrued in developing countries only 
 

2.3 Improvement in Agricultural Water Management 
Three alternative scenarios focus on improvements and investments in agricultural water resource 
management that affect crops and livestock directly through changes in the availability of water, and 
livestock also indirectly through changes in feed prices. They include accelerated investments in 
irrigation expansion (IX); the combination of accelerated investments in irrigation expansion with 
improved water use efficiency (IX+WUE); and a focus on improvements in rainwater harvesting and soil 
water holding capacity (ISW). These scenarios were developed in consultation with the International 
Water Management Institute (IWMI).  

2.3.1 Improved agricultural water management scenarios description 
The IX scenario simulates an expansion of irrigated areas in developing countries by 2030, relative to the 
REF_HGEM scenario, with changes thereafter following the growth rates in the REF_HGEM scenario. IX 
was envisioned to have a relatively neutral effect on total agricultural land across developing countries, 
where projected irrigated expansion of 20 million hectares was offset by a reduction of 22 million 
hectares of rainfed agriculture. At the region level, irrigation expansion will not completely displace 
rainfed area and will result in an overall expansion of land, as is the case in SSA, where total harvest area 
increases by 2.7 and 4.3 million hectares compared to REF_HGEM by 2030 and 2050 respectively. Table 
2-13 summarizes the regional changes in irrigated and rainfed harvest area by 2030 and 2050. 

  



Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

56 
Project Report for USAID 

Table 2-13  Projected changes in irrigated and rainfed harvest area by 2030 and 2050 under high 
irrigation investment scenario (million ha change from REF_HGEM scenario) 

Region Irrigated Area Rainfed Area Total Area 
 2030 2050 2030 2050 2030 2050 
EAP 3.9 4.0 -3.7 -4.1 0.2 -0.1 
SAS 6.3 7.1 -1.9 -1.7 4.4 5.4 
FSU 0.5 0.5 -0.3 -0.3 0.2 0.2 
SSA 3.0 4.6 -0.3 -0.3 2.7 4.3 
MEN 1.3 1.3 -0.9 -0.9 0.4 0.4 
LAC 5.5 6.2 -13.2 -15.1 -7.8 -8.9 
DVG 20.4 23.8 -20.4 -22.4 0.0 1.4 

 

In the IX+WUE scenario, improving irrigation efficiency can increase agricultural output while conserving 
more water. There is significant variation globally regarding the efficiency of water systems, ranging 
from highly efficient systems based on high efficiency technologies (e.g., sprinklers, and drip irrigation), 
to less efficient systems, such as furrow irrigation. However, increasing water use efficiency at the 
irrigation system level does not necessarily always improve overall water use efficiency at a hydrologic 
unit, such as a river basin, level (e.g., Cai, Rosegrant, and Ringler 2003). To address this challenge, 
IMPACT uses the concept of basin efficiency; see for example Keller, Keller, and Seckler (1996). Basin 
efficiency is defined as the ratio of beneficial water depletion (crop evapotranspiration and salt leaching) 
to total irrigation water depletion at the FPU scale. Basin efficiency in the base year (2005) is calculated 
as the ratio of the net irrigation water demand to the total irrigation water depletion. Basin efficiency in 
future years is assumed to increase at a prescribed rate in an FPU depending on water infrastructure 
investment and water management improvement in the FPU. For the WUE scenario, basin efficiencies 
are assumed to increase by 15 percentage points—up to a maximum of 85 to 90 percent WUE 
depending on basin-specific endowments—by 203011 and remain constant thereafter.  

The ISW scenario simulates the benefits of technologies such as no-till agriculture and water harvesting 
that increase the water holding capacity of soil or otherwise make precipitation more readily available 
to plants. This is modeled in IMPACT by increasing the parameter for effective precipitation in the water 
module. The increase is phased in over time, as in the productivity enhancement scenarios, starting in 
2015 and reaching a maximum by 2045. Improvements vary by region and represent the different levels 
at which these kinds of technologies are currently being applied in different regions, with a maximum 
increase in effective precipitation of 5-15 percent by 2045. Figure 2.9 presents the regional 
differentiation of modeled soil water holding capacity improvements.  

                                                           
11 In 8 out of 245 food production units adjusted, where the water use efficiency by 2050 is projected to be greater 
than 90 percent, the increase by 2030 was assumed to be 10 percentage points instead of 15. 
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Figure 2.9  Regional differentiation of modeled soil water holding capacity improvements according 
the potentials for improvement 

 

2.3.2 Investment Costs for Agricultural Water Management Scenarios 
Each of these three types of agricultural water management interventions are associated with different 
investment costs. The cost of these intervention include both the cost of developing new technologies 
and infrastructure (canals, dams, etc.), as well as efforts to increase the capacity for water management. 
The unit costs used to estimate these investments were described in Section 2.1.3.  

Across all developing countries (DVG), the additional cost of irrigation expansion amounts to $3.52 
billion per year. Because of differences in investment costs and assumed expansion of irrigated area, the 
cost of developing additional irrigation infrastructure is largest in Africa south of the Sahara ($1.23 
billion per year). The region contributes about one eighth of the projected irrigation expansion in 
hectares (Table 2-13), but accounts for about one third of the additional investment costs, which are 
summarized in Table 2-14.  

Table 2-14  Cost of expanding irrigated area under IX (billion 2005 US) 

 
Avg. 

Annual 
Cost 

Net Present Value 

3% 5% 10% 

EAP 0.66 18.49 15.77 11.03 
SAS 0.45 12.50 10.66 7.46 
SSA 1.23 34.11 29.09 20.35 

MEN 0.37 10.29 8.77 6.14 
LAC 0.81 22.65 19.32 13.52 
DVG 3.52 98.04 83.62 58.49 

Notes: Avg annual cost is the average over the 2015-2050 time period 
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For the IX+WUE scenario, the investment cost is composed of two portions, the IX and the WUE 
component. Table 2-15 breaks down the cost of both expansion of irrigation and the cost of improving 
the average water use efficiency across all irrigated cropland. Improving water use efficiency is about 30 
percent more expensive than solely expanding irrigation using conventional methods. This is due in large 
part because these improvements are implemented across a larger area, as the improved average water 
use efficiency is for all irrigated area (412 million hectares across developing countries), not just the 
newly expanded area (20 million hectares). The IX+WUE scenario amounts to $8.33 billion per year in 
additional investments across developing countries. Across all developing countries the split between 
investments in expansion and efficiency are pretty close to even with about 56 percent of investments 
in efficiency improvements and 44 percent for irrigation expansion.  

Table 2-15  Cost of expanding irrigation and improving water use efficiency (billion 2005 US) 

 

Avg. Annual cost Net Present Value 

Expansion WUE Total 3% 5% 10% 

EAP 0.66 2.19 2.86 79.42 67.74 47.38 

SAS 0.45 1.20 1.65 45.83 39.09 27.34 

SSA 1.23 0.20 1.42 39.58 33.76 23.61 
MEN 0.37 0.28 0.65 17.97 15.32 10.72 

LAC 0.81 0.72 1.53 42.57 36.31 25.40 

DVG 3.52 4.58 8.10 225.37 192.22 134.45 
Notes: Avg annual cost is the average over the 2015-2050 time period, and are based on final areas 
 

The cost of implementing measures to enhance soil water capacity for crop production (ISW) is 
estimated by applying a cost per hectare ($179 per hectare) to both rainfed and irrigated cropland 
across developing regions. The costs for the ISW scenario are summarized in Table 2-16, where the total 
investment is almost $5 billion per year across developing countries. 

Table 2-16  Summary of investments in ISW scenario (billion 2005 US) 

 
Avg. 

Annual 
Cost 

Net Present Value 

3% 5% 10% 

EAP 0.68 19.01 16.21 11.34 

SAS 0.95 17.10 14.58 10.20 

SSA 1.20 21.70 18.51 12.95 
MEN 0.88 15.88 13.55 9.48 
LAC 0.87 15.71 13.40 9.37 

DVG 4.96 89.40 76.25 53.34 
 

Comparing the costs of the three different water scenarios we see that the costs of ISW falls between 
that of irrigation expansion (IX) and improving water use efficiency (IX+WUE), with the average annual 
cost of ISW of $4.96 billion/year compared to $3.52 billion/year and $8.1 billion/year for IX and 
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IX+WUE, respectively. Comparing across regions, the cost of ISW is about the same as IX for EAP, SSA, 
and LAC. However, for MEN and SAS, ISW is twice as expensive as IX (about $1.4 billion per year more), 
which explains almost all of the difference in investments costs between the two scenarios. 

2.4 Infrastructure and Agricultural Markets Investments Scenario 
An additional scenario focused on Reduced Marketing Margins (RMM) was specified to illustrate some 
of the potential benefits to the agriculture and food systems that could be achieved by investing in 
infrastructure to decrease costs between the farm-gate and the market. This scenario builds on previous 
work that considered the role of investing in infrastructure to reduce food waste (Rosegrant et al. 2015), 
and was updated for this analysis to consider the potential effects of increasing market efficiencies and 
reducing the time and cost between producers, markets, and consumers. 

2.4.1 Infrastructure and agricultural markets investment scenario description 
This scenario assumes a mix of improvements throughout the economies of developing countries, 
focusing primarily on improvements to transportation infrastructure (road building, road maintenance, 
and railroad) and increased electrification. These improvements enhance productivity along the value 
chain, increase the speed of moving commodities to markets, as well as improve storage capacity, all of 
which improve market efficiency by better matching supply and demand over time. These 
improvements are represented as a reduction in the cost of moving goods from the farm to market. In 
IMPACT, this is done by adjusting the price wedges between producer and consumer prices, reducing 
the margin from producer prices by 1 percentage point per year between 2015 and 2030. 

2.4.2 Investment costs for infrastructure and agricultural markets investment scenario 
RMM assume significant investments in improving infrastructure, and thereby reduce the inefficiencies 
of getting agricultural production from the farm to the market. These improvements are particularly 
focused in expanding and improving energy and transportation infrastructure, including road, rail, and 
port capacity. The cost of this scenario is an update of cost estimates made in Rosegrant et al. (2015), 
where we estimated to be 390 billion dollars of additional investment from 2016 to 2030 across all 
developing countries, or 25.94 billion per year to improve road, rail, and electric networks. This total 
investment was then disaggregated by region following the shares of investment from the water 
resource management scenarios, which are described in Table 2-17. 

Table 2-17  Regional break up of infrastructure investments 
Region Share 
EAP 35% 
SAS 20% 
SSA 18% 
MEN 8% 
LAC 19% 

 

Table 2-18 summarizes the infrastructure costs across regions in RMM. The average annual investment 
from 2015 to 2050 is 10.81 billion per year across all developing countries. As the investments are 
frontloaded in the first 15 years of the scenario the net present value of the investment costs are high 
ranging from $179 billion to more than $300 billion depending on the discount rate. 
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Table 2-18  Infrastructure investment costs (billion 2005 US) for the RMM scenario by region 

 
Avg. 

Annual 
Cost 

Net Present Value 

3% 5% 10% 

EAP 3.81 105.94 90.36 63.20 

SAS 2.20 61.13 52.14 36.47 

SSA 1.90 52.80 45.03 31.50 
MEN 0.86 23.97 20.44 14.30 

LAC 2.04 56.79 48.44 33.88 

DVG 10.81 300.62 256.40 179.35 
Notes: Avg annual cost is the average over the 2015-2050 time period 
 

2.5 Comprehensive Investment Portfolio 

2.5.1 Comprehensive investment portfolio scenario description 
The final alternative scenario considers the potential outcomes of a Comprehensive Investment 
Portfolio (COMP) that combines the investments of four of the scenarios previously specified, 
representing a broad array of investments across different parts of the agricultural system. The four 
investment scenarios included in this comprehensive scenario include one of the productivity 
enhancement scenarios (HIGH+RE), two of the improved water management scenarios (IX+WUE and 
ISW), and the investments in infrastructure to reduce marketing inefficiencies (RMM). 

2.5.2 Investment costs for comprehensive investment portfolio scenario 
The total additional cost for the COMP scenario is $25.84 billion per year from 2015 to 2050. Due to the 
heavy initial investment required on infrastructure for irrigation, roads, etc. the net present value of this 
scenario is significant ranging between $375 and $650 billion across all developing countries. The 
breakdown of the investments by investment type and region for the COMP scenario are summarized in 
Table 2-19. 

Table 2-19  Total additional investments for the COMP scenario (billion 2005 USD) by investment 
category and region 
 Average Annual Investments Net Present Value 

Region 
HIGH_RE IX WUE ISW RMM Total 3% 5% 10% 

EAP 0.02 0.66 2.19 0.68 3.81 7.36 204.64 174.48 121.99 
SAS 0.14 0.45 1.20 0.95 2.20 4.94 126.50 107.37 74.61 
SSA 1.66 1.23 0.20 1.20 1.90 6.18 142.68 115.58 74.97 
MEN 0.04 0.37 0.28 0.88 0.86 2.43 58.51 49.75 34.66 
LAC 0.11 0.81 0.72 0.87 2.04 4.55 117.00 99.38 69.12 
DVG 1.97 3.52 4.58 4.96 10.81 25.84 649.33 546.56 375.34 

Notes: Avg annual cost is the average over the 2015-2050 time period 
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3 Key Results for Reference Scenarios  
3.1 Income 
Globally by 2050, incomes increase by over 150 percent compared to 2010, with global growth driven 
primarily by faster growth in the developing world (72 percent increase in developed world compared to 
over 160 percent growth in the developing world). These trends are driven primarily by the assumptions 
in GDP and population growth highlighted in Figure 2.1. Climate change has a negative effect on income 
growth in all regions with the largest impacts in South Asia and Africa South of the Sahara where 
incomes decline by 3 to over 4 percent, compared to less than 0.3 percent in developed countries. 
Globally incomes decline by between 1.4 and 2.1 percent for IPSL and HGEM respectively (Table 3-1). 

Table 3-1  Average incomes in the reference scenarios in 2050 by region (thousand 2005 US$ per 
person) with and without climate change 

Region Avg. Income in 2050 % Change from NoCC 
REF_NoCC REF_HGEM REF_IPSL 

EAP 33.4 -2.8% -2.0% 

SAS 13.9 -4.4% -2.9% 

SSA 7.8 -3.7% -2.5% 

MEN 26.0 -1.5% -0.9% 

FSU 32.4 -1.3% -0.7% 

LAC 25.8 -1.3% -0.8% 

DVD 56.5 -0.3% -0.2% 

DVG 20.0 -2.9% -1.9% 

WLD 25.2 -2.1% -1.4% 

 

3.2 Yield, Production, and Area 
Globally, climate change will compound pressure on agriculture. Although global average yields for the 
majority of crops are estimated to improve between 2010 and 2050, whether or not climate change is 
factored in, yields under climate change generally show slower growth compared to the NoCC scenario. 
As a result, aggregate yields in 2050 are reduced under climate change for all commodity groups, 
although this is not necessarily the case for each single crop. In the developing world, average yields 
across the cereals group are estimated to fall between 6 and 9% under climate change by 2050. Maize, 
groundnut, sugarcane, and soybean appear to be the crops that suffer the most from climate change 
impacts (Table 3-2). By 2050, maize yields under REF_IPSL and REF_HGEM may be 18% and 23% lower 
than REF_NoCC yields, respectively; groundnut yields may fall by between 12 and 14% and soybean 
yields by between 8 and 12%. Overall, yield results across selected crops show the worst effects of 
climate change affecting South Asia (SAS) followed by LAC and SSA.  

A few crops appear to benefit from climate change conditions. For example, in the MEN region, rice 
yields are increasing under climate change compared to the REF_NoCC scenario, although the 
aggregated yields for cereals are declining. Climate change in the northern latitudes, where barley and 
wheat are mostly grown, may result in longer growing season and thus benefit productivity for those 
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crops across the FSU. FSU cereal yields are actually growing by between 8 and 15% under climate 
change in 2050 compared to the REF_NoCC scenario. Aggregated global yields for barley may be 
between 9 and 10% larger in 2050 under climate change compared to the REF_NoCC scenario. 
Aggregate wheat yields may also increase between 1 and 3%.  

Although commodity yields increase, they do so at a slower pace under climate change (Figure 3.1), 
which is reflected in the generally higher prices under REF_HGEM and REF_IPSL and the faster increase 
in cropland extent. In addition, for the select few crops whose yields are benefitting from CC (e.g., 
barley, lentils, and other pulses), harvested area under climate change decreases in 2050 compared to 
the REF_NoCC scenario.  

Production for all major commodity groups increases between 2010 and 2050 across both developed 
and developing regions. As with yields, however, production growth is slower under climate change 
conditions across developing countries while effects are more variable across developed countries 
(Table 3-3). The general trend is for lower agricultural production under climate change across all of the 
regions with FSU is an exception in line with the above-noted yield results. 

Under the three reference scenarios, area harvested for all crops is projected to grow about 18-20% 
between 2010 and 2050 (or about 200 million harvested hectares), despite rapid growth in both crop 
and pasture area over the last three decades. According to FAOSTAT, arable area alone increased 14 
million ha between 2000 and 2011. The relatively small area increases estimated under the reference 
scenarios assume that investments in agricultural research and management practices continue at a 
substantial level by CGIAR and partners and would continue at an accelerated level under the CGIAR 
portfolio scenarios.  

Figure 3.1  Climate change impacts on select commodity yields at the global level including 
endogenous system responses - percent change from the REF_NoCC reference in 2050 

a) Rainfed yield changes 

 

b) Irrigated yield changes 
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Table 3-2  Climate change impact on yields including endogenous system responses by region for select commodities - percent change from 
the REF_NoCC reference in 2050  

EAP SAS SSA MEN EUR FSU LAC NAM  
HGEM IPSL HGEM IPSL HGEM IPSL HGEM IPSL HGEM IPSL HGEM IPSL HGEM IPSL HGEM IPSL 

Barley 2.6 -0.2 -3.6 -4.4 -4.9 -1.6 -0.9 -0.6 8.4 9.7 23.5 24.3 -3.9 -4.7 14.9 7.6 
Maize -4.8 -14.6 -20.6 -26.8 -11.1 -7.7 -21.3 -18.9 -22.4 -3.4 -29.8 -9.1 -13.7 -12.1 -32.9 -23.3 
Millet 25.5 20.8 -9.1 -9.9 -7.8 -1.9 78.3 70.9 -26.1 24.3 3.3 34.6 -26.1 24.3 -16.1 -13.2 
Rice -2.4 -3.0 -13.9 -14.2 -0.7 0.4 8.7 8.5 7.8 5.1 6.7 4.1 0.3 2.2 -18.8 -7.0 
Sorghum 21.4 19.9 -13.4 -0.7 -6.9 -3.7 -5.2 -4.8 19.1 26.7 21.6 27.4 -6.5 -11.1 -7.0 -1.7 
Wheat 9.9 7.3 -3.4 -2.7 -15.5 -7.2 -2.3 -2.1 1.5 6.2 8.3 14.8 -6.0 -0.1 4.4 0.9 
Groundnut -7.7 -9.9 -16.4 -13.3 -15.9 -14.5 -11.3 -3.9 -27.4 -0.1 -37.2 -39.3 -17.7 -15.0 -27.4 -13.5 
Soybean 6.7 5.0 -17.6 -12.0 -6.3 -3.1 -41.1 -28.0 -17.6 0.4 5.3 15.6 -9.8 -10.7 -19.1 -6.9 
Palm -5.0 -4.0 . . -10.9 -12.6 . . . . . . -3.5 -2.3 . . 
Beans 2.3 1.0 -5.7 -5.1 -1.0 8.0 -15.0 -8.8 -4.9 7.3 -14.0 19.1 -5.1 -3.5 4.6 6.4 
Chickpeas -5.3 -5.0 -5.8 -5.7 10.1 18.7 -16.5 -11.3 -6.8 -7.5 -12.1 8.6 -4.3 -10.6 24.0 20.6 
Cowpeas -5.0 -5.2 3.5 -5.6 -8.4 -5.2 -10.3 -10.8 -21.8 -1.6 . . -4.5 -10.9 8.4 4.5 
Lentils 2.4 0.2 -9.4 -8.9 17.8 40.0 -19.0 -15.1 -12.2 -5.8 -5.5 11.9 -7.7 -10.0 22.1 20.0 
Pigeonpeas -6.1 -6.1 -2.2 -3.9 -9.2 20.9 . . . . . . 2.9 -12.3 . . 
Trop Fruit -0.9 -3.9 -10.6 -9.9 -10.5 -8.2 -3.1 -2.6 -12.9 -12.0 4.1 7.2 -8.2 -10.4 -8.2 -1.2 
Vegetables 4.4 2.4 -9.1 -14.6 -11.2 -6.4 -1.2 -1.1 -7.4 -1.3 -4.4 6.0 -8.3 -7.8 7.2 7.6 
Banana -3.6 -2.9 -12.1 -10.6 -12.3 -3.7 -3.4 -5.8 -11.5 -7.6 . . -3.4 -4.9 4.5 11.9 
Plantain 2.0 -6.1 -1.8 -6.9 -12.6 -2.1 . . . . . . 8.6 1.2 . . 
Cassava -0.5 0.7 -7.0 -5.4 -6.3 -2.7 . . . . . . -5.7 -11.8 . . 
Potato -7.6 -12.6 7.6 -5.2 -28.3 -22.5 -1.2 -2.6 -12.0 1.3 -42.5 -30.3 9.4 3.9 -9.1 0.9 
Swt Potato 1.7 -1.1 -4.2 -5.5 -9.9 -3.5 -5.9 -6.4 -15.7 -11.0 . . -5.1 -7.5 -7.7 -1.0 
Yams 0.3 2.2 . . -6.0 -4.2 -5.2 9.7 -10.5 -8.0 . . -3.7 -2.0 . . 

 



Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

64 
Project Report for USAID 

Table 3-3  Aggregated commodity production under NoCC and CC scenarios - percent change between 
2010 and 2050   

Meat Cereals Fruits & 
Veggies 

Oilseeds Pulses Roots & 
Tubers 

EAP REF_NoCC 36 26 57 137 56 5 
REF_HGEM 34 28 61 133 54 4 
REF_IPSL 34 19 60 134 50 1 

SAS REF_NoCC 211 62 196 38 54 104 
REF_HGEM 208 47 159 26 44 136 
REF_IPSL 209 45 148 29 44 100 

SSA REF_NoCC 219 122 197 114 140 119 
REF_HGEM 216 109 155 97 129 101 
REF_IPSL 217 115 173 97 143 108 

MEN REF_NoCC 190 52 141 61 81 61 
REF_HGEM 185 48 140 60 30 71 
REF_IPSL 187 47 140 49 46 67 

EUR REF_NoCC 26 8 64 50 75 21 
REF_HGEM 25 9 45 44 64 2 
REF_IPSL 26 17 59 49 84 28 

FSU REF_NoCC 35 57 54 54 57 3 
REF_HGEM 34 73 45 58 58 -49 
REF_IPSL 35 82 68 64 79 -35 

LAC REF_NoCC 92 96 82 71 133 62 
REF_HGEM 89 79 65 63 111 64 
REF_IPSL 90 83 65 60 106 54 

NAM REF_NoCC 62 63 62 42 75 25 
REF_HGEM 58 18 63 32 123 8 
REF_IPSL 60 33 69 41 119 26 

DVD REF_NoCC 48 41 70 44 70 21 
REF_HGEM 45 16 62 35 88 9 
REF_IPSL 46 27 70 43 91 28 

DVG REF_NoCC 79 55 96 107 87 56 
REF_HGEM 77 51 87 101 74 46 
REF_IPSL 78 49 88 101 78 46 
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3.3 Prices and Trade 
In general, world commodity prices in 2050 are higher under climate change compared to the no-
climate change scenario. On average in 2050, world price for aggregated crop commodities is estimated 
to be between 12 and 18% larger under climate change compared to the no-climate change reference 
scenario. Price impact by commodity group shows a much more varied picture (Figure 3.2), which 
depends on crop adaptability and the types of demands that producers are trying to meet. Maize, 
groundnut, and potato are projected to see the largest price increases while barley, lentils, and meat are 
less affected (or even might see a price decrease) (Table 3-4). 

Commodity supply and demand are affected by prices in IMPACT and national production and demand 
for tradable commodities are linked to world markets through trade. In aggregate across all crop groups, 
developing countries are increasing their net imports from the developed world between 2010 and 2050 
under the three reference scenarios (Figure 3.3). Developing country net imports for cereals and meat 
increase 2.6- and 6-fold from 86.6 and 3.6 mmt, respectively, between 2010 and 2050. Imports of pulses 
and oilseeds increase 3.5- to 3.8-fold both from about 3 mmt, respectively. On the other hand, the 
developing world will flip from being exporters of fruits and vegetables and roots and tubers to being 
moderate importers.  

CC could lessen the deepening imports for the developing world. Although net trade for cereals and 
meats becomes more negative between 2010 and 2050 for the developing countries group, it is less so 
under the two climate change scenarios (Figure 3.3). For fruits and vegetables, oils, and root and tubers, 
terms of trade appear to improve under REF_HGEM, but worsen under REF_IPSL compared to the NoCC 
reference. Imports of pulses into the developing world increase with both CC scenarios. 
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Figure 3.2  Average world price for commodity groups (indexed to 2010) 
a) Cereals b) Oilseeds 

  
c) Pulses d) Roots & Tubers 

  
e) Fruit and Vegetables f) Meats 
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Table 3-4  Climate change impact on prices for selected commodities - percent change from the 
REF_NoCC reference in 2050 

Commodity REF_HGEM REF_IPSL 
Beef 2.8 1.5 
Pork 5.2 3.2 
Poultry 6.5 3.9 
Barley -0.1 -5.9 
Maize 54.2 41.1 
Millet 23.0 5.9 
Rice 24.0 17.8 
Sorghum 22.0 13.3 
Wheat 18.4 6.6 
Banana 25.6 18.1 
Plantain 30.4 11.8 
Tropical Fruit 22.3 18.5 
Vegetables 11.9 8.1 
Groundnut 48.4 35.9 
Soybean 32.6 19.4 
Beans 16.5 7.5 
Chickpeas 19.4 12.4 
Cowpeas 23.0 12.8 
Lentils 3.0 -2.9 
Pigeonpeas 15.4 7.5 
Cassava 16.6 11.1 
Potato 37.0 29.5 
Sweet Potato 8.5 6.6 
Yams 16.5 9.3 
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Figure 3.3  Global trends for net trade (mmt) across commodity groups for developing countries (and 
inversely for the developed world) 

a) Meat b) Cereals 

  

c) Fruits & Vegetables d) Oilseeds 

  

e) Pulses f) Roots & Tubers 

  

 

Note: Negative and positive net trade numbers indicate net imports and exports, respectively. 
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3.4 Food Security and Nutrition  
The overall estimated increase in food production between 2010 and 2050 and higher calorie availability 
leads to a steady decrease in the number of undernourished children (0-5 years of age) as well as in the 
population at risk of hunger. Under CC conditions, the improvements are still significant, but not as 
advantageous as under a scenario without CC. Across developing countries, the number of 
undernourished children increases 3 to 5% due to these CC scenarios while some regions, such as LAC 
and MEN see higher CC impacts due to the relatively low starting points in these regions already (Figure 
3.5). In the SAS region, numbers of undernourished children are projected to fall by over 30% between 
2010 and 2050, which translates into more than 25 million children. In addition, the SAS region will see 
the largest decline in population at risk of hunger by 2050 with a reduction by about 170 million people 
from about 16% to about 4% of the population (Figure 3.6). The trend for the SSA region is also worth 
observing. In 2010, the estimated number of population at risk of hunger is comparable between SAS 
and SSA though in SSA by 2050 the population at risk of hunger will only be reduced by about 60 million. 
Regional results for the food security metrics are consistently worse under CC conditions, which is 
especially evident in the SSA region where the 2050 share of population at risk of hunger rises from 8.6 
under the NoCC scenario to 10-11 under CC. 

Food security is more than ensuring that there are sufficient calories, it requires that people’s diet is 
nutritionally complete, and allows for a healthy life. Determining nutritional quality is difficult, as it is 
multidimensional. The World Health Organization has several targets that are useful guidelines for a 
healthy diet: 

1. 500 grams of fruits and vegetables per person per day 
2. 30 percent or less of calories coming from fat 
3. 10 percent or less of calories coming from added sugar 
4. Matching calorie intake to activity level 

Focusing on results under climate change, across these four targets, we can see significant gains being 
achieved in increasing consumption of micronutrient rich fruits and vegetables (Figure 3.4, and for 
extended results Figure A - 23), with all regions except for Africa South of the Sahara meeting the 500 
g/person/day target by 2050. Calorie consumption also increases across all regions. However, this broad 
increase in food supply also comes with some negative consequences, with all regions consuming 10 
percent or more of calories from sugar, with East Asia and Latin America nearing 30 percent of calories 
from fat. 

Food supply increases across all food groups, however, increases in micronutrient-rich meat, dairy, 
fruits, vegetables, and pulses are important in increasing nutrient availability in diets. From 2010 to 
2050, the availability of 20 macro and micronutrients increase in all regions (for further details on macro 
and micronutrient, see Appendix I). In 2010, there are 5 micronutrients12 where the supply from IMPACT 
food commodities is less than the recommended daily allowance (RDA) in multiple regions. By 2050, 
only 3 micronutrients (calcium, vitamin A, and vitamin E) are still less than the RDA in most regions. 

  

                                                           
12 Calcium and Vitamin E in all developing regions; Riboflavin and Vitamin A in all regions except East Asia; Vitamin 
B12 in South Asia and Africa South of the Sahara 
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Figure 3.4  Comparing results to WHO targets for a healthy diet in 2010 and 2050 under REF_HGEM 

Region 

2010 2050 
F&V 

(g/capita
/day)1 

Fat 
Share of 
Calories2 

Sugar 
Share of 
Calories3 

Total 
Calories4 

F&V 
(g/capita

/day) 

Fat 
Share of 
Calories 

Sugar 
Share of 
Calories 

Total 
Calories 

EAP 813 22% 9% 2,873 963 28% 11% 3,326 
SAS 287 170% 11% 2,360 939 19% 17% 2,826 
FSU 498 22% 14% 3,090 637 23% 17% 3,339 
MEN 752 20% 145% 3,126 784 21% 17% 3,280 
SSA 262 16% 8% 2,356 391 18% 10% 2,703 
LAC 437 25% 18% 2,876 536 27% 20% 3,080 

Legend 
 

Failed to  
achieve target 

 Achieved 
target 

 Surpassed 
 target 

Notes:  
1 WHO recommends a healthy diet should have at least 500 g/person/day of fruits and vegetables  
2 WHO recommends a healthy diet should have less than 30% of energy coming from fat  
3 WHO recommends a healthy diet should have less than 10% of energy coming from sugar, with less than 5% 
being ideal 
4 WHO recommends energy intake should correspond with activity levels, where 3,000 kcal/person/day and 2,400 
kcal/person/day is the recommended for an active male and female respectively (20-35 years old) 
 

Figure 3.5  Climate change impact on number of undernourished children (weight for age, age <5) - 
percent increase from REF_NoCC reference in 2050 
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Figure 3.6  Climate change impact on number of population at risk of hunger - percent increase from 
REF_NoCC reference in 2050 
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4 Investment Scenario Results13 
4.1 Agricultural Productivity Scenarios 

4.1.1 Income 
In the scenarios focused on investments to increase agricultural productivity, average global per capita 
income is projected to increase by about 2.5 fold between 2010 and 2050. This rate of increase is 
broadly similar across all of the productivity scenarios because the role of the agricultural sector is 
relatively small on a global scale. However, the average increase in income across developing countries 
is larger, closer to a fourfold increase compared to 2010, due to the larger share of agriculture in 
developing economies. In general, climate change slows per capita income growth by about 2 to 3% in 
2050 (see Table 3-1), relative to levels in the absence of climate change, but incomes grow more rapidly 
under all productivity-enhancement scenarios (Table 4-1). The highest increases are in the scenarios 
where the impact of investments from the CGIAR are enhanced by complementary investments by 
national governments or through increases in CGIAR R&D system efficiency (HIGH+NARS and HIGH+RE, 
respectively).  

Table 4-1  Per capita incomes - Percent difference from baseline (REF_HGEM) in 2050. 
Scenarios Developing 

countries 
World 

HIGH+NARS 4.3 3.1 
HIGH+RE 4.2 3.0 
HIGH 3.4 2.5 
REGION 3.1 2.2 
REF_NoCC 3.0 2.1 
MED 1.9 1.3 

 

4.1.2 Yields and production 
Yields increase under all of the productivity scenarios, most rapidly (by design) under the scenario with 
increased research efficiency (HIGH+RE), and to the greatest extent with complementary investment by 
national governments (HIGH+NARS). When looking at the yields of all commodities as an aggregate, SSA 
benefits the most across the entire suite of scenarios, by 2050, and SSA and South Asia benefit 
disproportionately from the regional focus (REGION) (Figure 4.1). 

In general, the largest increases in yields are for cereals, roots and tubers, and pulses cultivated in 
developing countries across the various world regions (Table 4-2). In particular, under HIGH+NARS, 
HIGH+RE and REGION, yields for cereals in SSA are estimated to be about 40% larger compared to the 
baseline with climate change (REF_HGEM) in 2050. The largest increases in yields in SSA are observed 
for maize (over 45% increase), followed by rice and wheat (Table 4-3). Improvements of similar 
magnitude for maize are projected also in SAS and MEN (Table 4-3). Yields improvements to the cereals 
group appear similar in magnitude for the MEN region under HIGH+NARS and HIGH+RE, and are closer 
to a 35% increase in the LAC region. For the same scenarios, yields gains of over 36% are projected for 
the roots and tubers group in the MEN region, and of over 33% for the pulses group in the LAC region. In 

                                                           
13 Here and in all subsequent discussions of alternative scenario results, impacts are reported as percentage 
differences relative to baseline levels with climate change (i.e., REF_HGEM) in 2050. 
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contrast, yields generally decline for all scenarios and crop groups across the NAM and EUR regions, as 
yield increases in developing areas reduce global prices (see below). (Some exceptions are small 
increases in yields for fruits and vegetables, and the pulses group in EUR.) 

Figure 4.1  Yields. Percent difference relative to baseline (REF_HGEM) in 2050. All crops. 

 

In SSA and SAS the largest increases in yields across the major commodity groups are actually under 
REGION (see Table 4-2 and Table 4-3), because in this scenario investments are focused on those two 
regions. Area harvested is projected to increase for maize and sorghum between 2010 and 2050 in the 
baseline, with slightly faster increases projected for maize under the productivity scenarios (Figure 4.2 
and Table 4-4).  

Between 2010 and 2050, production of major crop groups across developing countries is projected to 
increase between 1.5- and 2-fold (Figure 4.3). Consistent with the yield increases noted above, the most 
rapid growth in production is usually observed under the HIGH+NARS and HIGH+RE scenarios. In 2050, 
the largest increase in production relative to the baseline is observed for cereals (+24%), R&T (+17%) 
and pulses (+14%) in the HIGH+NARS and HIGH+RE scenarios.  

 



Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

74 
Project Report for USAID 

Figure 4.2  Trend for yield, area, and total demand between 2010 and 2050. Values indexed to 2010. Selected cereals under the productivity scenarios and 
REF_HGEM 
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Figure 4.3  Production growth between 2010 and 2050. Multiple crop groups across developing countries 
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Table 4-2  Yields by region and scenario for major commodity groups. Percent difference relative to 
baseline (REF_HGEM) in 2050   AMT CER F&V OLS PUL R&T 

EAP 
 

MED 11 6 0 3 4 5 
REGION 11 6 -1 3 3 4 

HIGH 9 13 0 5 8 12 
HIGH+NARS 4 17 0 7 11 15 

HIGH+RE 5 17 0 7 11 15 
SAS 
 

MED 31 8 1 1 9 3 
REGION 31 28 3 2 25 11 

HIGH 23 18 1 2 19 6 
HIGH+NARS 11 25 2 2 26 8 

HIGH+RE 29 25 2 2 25 8 
SSA 
 

MED 40 14 3 4 8 8 
REGION 41 43 10 13 23 23 

HIGH 30 30 7 8 16 17 
HIGH+NARS 14 41 9 10 22 22 

HIGH+RE 41 41 9 10 21 22 
MEN 
 

MED 13 13 0 0 9 13 
REGION 13 12 -1 0 7 11 

HIGH 10 28 -1 -1 19 27 
HIGH+NARS 5 38 -1 -1 26 37 

HIGH+RE 4 38 -1 -1 25 36 
FSU 
 

MED 3 3 0 0 0 9 
REGION 3 2 1 -1 0 8 

HIGH 2 7 1 -1 0 18 
HIGH+NARS 1 10 1 -1 1 24 

HIGH+RE 0 10 1 -1 1 24 
LAC 
 

MED 24 12 2 0 12 11 
REGION 25 12 1 0 10 9 

HIGH 19 26 4 0 25 23 
HIGH+NARS 9 36 5 0 34 31 

HIGH+RE 8 35 5 0 33 31 
 

4.1.3 Prices and trade 
Increases in yields and production drive a reduction in prices in 2050 across all scenarios, relative to the 
baseline with climate change (HIGH+REF).  

The largest change in price under the various productivity scenarios is for Roots & Tubers, with a 
decrease in world price of nearly 30% in 2050 under both HIGH+NARS and HIGH+RE relative to the 
baseline (Table 4-5). Pulse prices are 28% lower under the same scenarios, followed by the cereals group 
and meat products, with a decrease around 20%. Interestingly, HIGH+NARS and HIGH+RE roughly offset 
the impact of climate change on cereal prices, bringing the average price of cereals close to the price 
they would have under a constant climate scenario (REF_NoCC) in 2050, whereas the same scenarios 
would bring prices of R&T and pulses (and also meat products) even lower that it would in REF_NoCC.  
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Within the cereals group, barley and millet are projected to have the largest decreases in price in 2050 
relative to the baseline, a 38% decrease compared to base in 2050 under the HIGH+NARS and HIGH+RE 
scenarios, while wheat and sorghum show a decrease in price of about 30%. Maize shows the smallest 
reduction in price (about 10%), due to its strong demand growth for both food and feed.  

4.1.4 Food security and nutrition 
The direct effect of increased supply under the productivity scenarios is an increase in availability of 
kilocalories per capita compared to the baseline scenario across each region, and in aggregate across all 
developing countries. The result is that across developing countries we may see a reduction in 
population at risk of hunger of about 20% under the HIGH+NARS and HIGH+RE scenarios in 2050 
compared to the REF_HGEM scenario, and a reduction in the number of malnourished children of about 
7%. Observing results across regions, the HIGH+NARS and HIGH+RE scenarios are consistently offering 
the largest benefits. Population at risk of hunger decreases the most in percent terms in SSA, by 2050 
compared to the REF_HGEM scenario (Figure 4.4), whereas the MEN region benefits the most in terms 
of decrease in the number of undernourished children (Figure 4.5). Increased research efficiency 
(HIGH+RE) shows the most rapid reduction in hunger and child malnutrition by 2030. 

Dietary composition changes are minor, and with food demand increasing across all commodity groups 
in all of the productivity scenarios, we see increases in micronutrient supply across all macro- and micro-
nutrients. Socioeconomic trends (population and GDP) dominate, with the additional gains observed 
from productivity scenarios are much smaller than those seen since 2010 in the REF_HGEM. The 
nutrients that are most sensitive to productivity enhancements are iron, magnesium, niacin, 
phosphorous, and zinc. Calcium, and vitamins A, C, D, and K are the least sensitive. All nutrient supply 
increases in all regions are less than 8 percent and 10 percent by 2030 and 2050 respectively, with the 
largest gains by 2030 under HIGH+RE, with HIGH+NARS providing the largest increase by 2050. South 
Asia and Africa South of the Sahara see the largest gains across all nutrients often more than double the 
gains in East Asia.  

Box 4-1 Productivity Scenarios in the Fisheries Sector 
Fisheries are a substantial and fast-growing source of nutrition and income for millions in both the 
developing and developed world. While capture fisheries will continue to be an important subsector to 
manage and maintain, nearly all growth in fish production will come from aquaculture. Aggregate 
fisheries production is projected to grow strongest in SAS and EAP while the relatively slow growth in 
production elsewhere in the world shows there may be important investment opportunities for fisheries 
production outside of Asia. 

Productivity enhancement scenarios in fisheries show significant potential benefits from investments in 
aquaculture in the developing world. Both major and minor producers—such as EAP and SSA, 
respectively—have the potential to take advantage of this growing sector for trade and own consumer 
demands. 

More detailed analysis of the future potential of the fisheries sector is presented in Appendix B.  
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Table 4-3  Yields by region and scenario for selected commodities. Percent difference relative to 
baseline (REF_HGEM) in 2050  
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EAP 
 

MED 13 4 4 14 3 5 0 7 10 10 0 8 -2 
REGION 11 4 3 12 -1 4 0 5 7 8 -2 6 -7 

HIGH 27 9 8 30 5 11 0 15 21 20 -1 18 -3 
HIGH_NARS 36 13 11 41 7 14 -1 20 28 27 -1 24 -4 

HIGH_RE 36 12 10 40 7 14 -1 19 28 27 -1 23 -4 
SAS 
 

MED 12 16 4 9 8 4 0 7 13 9 3 7  
REGION 39 49 12 31 25 12 0 24 41 27 10 23  

HIGH 26 35 8 20 17 8 0 15 28 19 5 13  
HIGH_NARS 36 48 11 27 23 11 0 19 38 26 7 18  

HIGH_RE 35 47 11 27 23 11 0 19 37 25 6 17  
SSA 
 

MED 11 16 14 13 8 10 8 8 10 9 7 6 9 
REGION 33 48 42 42 25 28 24 29 30 26 24 25 25 

HIGH 22 34 30 29 17 20 17 17 20 18 15 14 19 
HIGH_NARS 30 46 40 40 23 27 24 23 27 25 19 19 25 

HIGH_RE 29 46 40 39 23 26 24 23 26 24 19 18 25 
MEN 
 

MED 14 17 4 12  -2 0 7 14  13 -1 -4 
REGION 13 16 3 11  -5 -1 5 12  12 -4 -10 

HIGH 30 36 8 26  -3 0 15 31  28 -3 -8 
HIGH_NARS 40 50 11 36  -4 0 20 42  37 -4 -10 

HIGH_RE 40 49 11 35  -4 0 20 41  37 -4 -10 
FSU 
 

MED 11 1 -1 0  -3 0 8 15  9   
REGION 10 1 -3 -1  -6 0 6 12  8   

HIGH 23 3 -3 0  -6 0 16 31  18   
HIGH_NARS 31 4 -4 1  -8 0 21 42  24   

HIGH_RE 30 4 -4 1  -8 0 21 41  24   
LAC 
 

MED 12 13 3 15 7 -1 0 13 8 9 14 9 7 
REGION 11 13 2 14 2 -2 0 11 5 8 13 7 2 

HIGH 24 28 7 32 14 -2 0 29 17 20 31 19 15 
HIGH_NARS 33 38 9 44 19 -2 0 38 23 26 42 25 20 

HIGH_RE 32 38 9 43 19 -2 0 38 22 26 41 25 20 
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Table 4-4  Food and Feed demand for maize and sorghum in developing countries. Percent difference 
relative to baseline (REF_HGEM) in 2050.   

Food Demand Feed Demand 
Maize MED 8.8 12.7 

REGION 17.8 26.4 
HIGH 20.4 30.0 
HIGH+NARS 29.2 43.1 
HIGH+RE 27.9 41.0 

Sorghum MED 6.2 11.8 
REGION 14.4 25.4 
HIGH 12.9 24.8 
HIGH+NARS 17.2 33.3 
HIGH+RE 17.0 32.8 

 

Table 4-5  Aggregated commodity prices. Percent difference relative to baseline (REF_HGEM) in 2050.  
R&T Meat Cereals Oilseeds Pulses 

REF_NoCC -18 -4 -23 -24 -13 
MED -13 -9 -11 -6 -13 
REGION -22 -15 -17 -12 -21 
HIGH -23 -17 -19 -11 -23 
HIGH+NARS -29 -22 -23 -14 -28 
HIGH+RE -29 -22 -23 -14 -28 
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Figure 4.4  Population at risk of hunger. Percent difference relative to baseline (REF_HGEM) in 2030 & 
2050. Developing regions.  

a) Population at risk of hunger- 2030 

 

b) Population at risk of hunger- 2050 
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Figure 4.5  Undernourished children (stunted, weight for age, age <5). Percent difference relative to 
baseline (REF_HGEM) in 2050. Developing regions. 

a) Undernourished children - 2030 

 

b) Undernourished children – 2050 
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Box 4-2 Low Investment Sensitivity Analysis 
The Agricultural R&D investment scenarios that are the focus of this report have considered future 
investments that would increase CGIAR research over the baseline projection. These were designed with 
the policy question of what could the CGIAR do with additional funding towards achieving the SLOs. 
Moving towards an uncertain funding environment where future commitment to international 
agricultural research and development may be less than in the past, we have included here a basic 
sensitivity analysis considering the potential impacts of future investment pathways that could be lower 
than our current baseline projections. To do so, we consider four low investment scenarios that 
estimate the costs and economic results of alternative investment pathways where CGIAR investments 
are below our reference scenarios. These four scenarios are specified as inverses of the increased 
investment scenarios, where productivity grows at -0.5, -1.0, -1.5, and -2.0 times the growth of the MED 
scenario. The impacts on global agricultural productivity by 2050 explore a possibility space on the 
negative side that more or less mirrors the positive gains represented by the MED and HIGH scenarios. 

R&D Investment Costs 

The futures represented by the four lower productivity scenarios would require annual investments in 
the CGIAR that would to be, on average, $336 million (20 percent) to $767 million (45 percent) less per 
year as compared to the reference scenarios. This would reduce investments in 2050 from over $2.36 
billion per year in the reference scenarios to between $1.72 and $0.97 billion, or about the same as 
current investment levels (Box Figure 4.2 A). 

Box Figure 4.2 A  Projections for low investment pathways in USD (millions) 

 

In the reference scenarios, CGIAR investments are projected to keep pace with Global GDP growth. In 
these low investment scenarios the growth rate in investments is significantly lower than the rate of 
GDP growth ranging from 1.87 to 0.22 percent per year compared to 3.01 under REF_NoCC (SSP2). Even 
though CGIAR investments continue to grow over the projection period (2015-2050) in all of the low 
investment scenarios, they are declining over time as a share of the global economy (Box Table 4-2 A).  
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Box 4-2 Low Investment Sensitivity Analysis (continued) 

Box Table 4-2 A  Trends in R&D investments in annual growth rates and as a share of global GDP 
 Average Annual Growth Rate 

2015-2050 (%/year) 
CGIAR Investments as a Share  
of Global GDP under SSP2 (%) 

Scenario Global GDP under SSP2 R&D Investments 2015 2050 
REF_HGEM 

3.01 

2.80 

.0011 

.0010 
-0.5 X MED 1.87 .0007 
-1.0 X MED 1.08 .0006 
-1.5 X MED 0.60 .0005 
-2.0 X MED 0.22 .0004 

 

The cost estimation module suggests that cutting CGIAR funding without increasing investments from 
the private sector or NARS will make it increasingly difficult to maintain yield growth as in the reference 
scenarios. The reduced investments have negative impacts not only through directly reducing the stock 
of knowledge from the CGIAR, but also on reducing the stock of knowledge that is available to spillover 
to other research centers, countries, and regions. 

Low investment outcomes in the agriculture sector 

The impacts on crop productivity in 2050 in the -1 X MED and the -2 X MED scenarios (Box Table 4-2 B) 
are effectively the opposite (nearly symmetrical) to the increases seen in the MED and HIGH scenarios 
(under REF_HGEM climate), respectively. 

Box Table 4-2 B  Summary of crop productivity effects of four low investment scenarios 
Scenario Percent Deviation in Agricultural Productivity  

by 2050, compared to REF_HGEM 
-0.5 X MED -1.18 
-1.0 X MED -2.41 
-1.5 X MED -3.51 
-2.0 X MED -4.81 
MED 2.62 
HIGH 5.48 

 

Slowing agricultural productivity growth combined with increasing demand drives stronger 
extensification in the crop sector. Harvested areas increase by 2050 between 4.3 and 21.2 million 
hectares in the developing world and between 6.6 and 31.7 million hectares globally above REF_HGEM. 
Animal productivity follows a similar pattern requiring herds to increase the number of animals to meet 
future demand with animal numbers globally increasing by 1.2 and 2.7 percent in 2050 compared to 
REF_HGEM. 

Extensification alone is not sufficient to achieve the levels agricultural production in the REF_HGEM 
scenario. Total agricultural production in the low investment scenarios declines by 1.1 to 4.3 percent in 
developing countries. Developed countries are able to mitigate some of these reductions by expanding 
their agricultural production between 0.8 and 3.2 percent in 2050. On balance, total global agricultural 
production declines by 0.8 to 2.8 percent in 2050 relative to REF_HGEM. 
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Box 4-2 Low Investment Sensitivity Analysis (continued) 

Declining agricultural production pushes up world commodity prices. Global prices for agricultural 
commodities increase on average by 3.8 to 13.7 percent by 2050 as compared to the REF_HGEM 
scenario. The largest price increases are observed for cereals, pulses, and roots and tubers, which 
increase on average between 7 and 34 percent by 2050 above REF_HGEM (Box Table 4-2 C). 

Box Table 4-2 C  World price change by 2050 for low investment scenarios relative to REF_HGEM (% 
difference) 

Scenario All Meat Cereal Root & 
Tuber 

Pulse Fruit & 
Veg 

Oilseed Food 
Oil 

Sugar 

-0.5 X MED 3.8 5.4 7.5 7.3 7.5 1.9 3.9 0.9 0.5 
-1.0 X MED 7.6 10.8 16.8 15.1 15.6 3.8 8.3 1.8 0.9 
-1.5 X MED 12.7 17.4 30.6 24.3 25.7 6.8 14.1 3.0 1.8 
-2.0 X MED 13.7 16.9 34.0 31.7 32.1 6.5 16.4 3.4 1.3 

 

Declining agricultural productivity in developing countries will necessitate increasing movement of 
agricultural production from rich countries that produce an agricultural surplus to poorer countries. This 
leads to an increase in total agricultural imports of between 42 and 148 million metric tons from 
developed countries, most of this being in the form of increased cereal imports into Latin America, 
South Asia, and Africa. 

Implications for incomes, food security, and welfare 

Declining agricultural production has a significant impact on global agricultural GDP and incomes across 
the world and, in particular, in developing countries. Global incomes decline by between 0.5 and 3.1 
percent in 2050 compared to REF_HGEM. In developing countries, this decline is more pronounced, 
ranging from 0.7 to 4.4 percent. The largest declines are in South Asia (1.2 to 7.2 percent) and Africa 
South of the Sahara (0.4 to 4.9 percent), the regions with the highest prevalence of poverty and food 
insecurity. Income levels are a major determinant of household’s ability to handle shocks and declining 
incomes suggest that global welfare would decline and that overall vulnerability, particularly in the 
poorest regions, would increase in these low investment futures. 

Food supply declines at a greater rate than incomes as higher prices also erode consumers’ ability to 
meet their food demand. Average food supply declines by 1.3 and 5.1 percent in 2050 compared to 
REF_HGEM across developing countries, which is the equivalent of between 38 and 153 kcal per person 
per day. Food availability is one of the four dimensions defining food security and, without 
improvements in the other dimensions, declining food supply leads to increasing food insecurity. 
Globally, the low investment scenarios lead to between 30 and 181 million additional people at risk of 
hunger in 2050 compared to REF_HGEM with most of this increase observed in Africa South of the 
Sahara (18 to 75 million) and South Asia (6 to 72 million). 
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Box 4-2 Low Investment Sensitivity Analysis (continued) 

Implications for the environment 

There is a clear negative impact of agricultural extensification on environmental outcomes with 
increasing deforestation, threatening fragile ecosystems. The two biggest sources of emissions related 
to agriculture are from land use change and the livestock sector. Declining productivity requires 
increases in agricultural area and herd sizes, which will increase the GHG emissions from the agriculture 
sector. Expanding harvest area will also put additional pressures on water resource management with 
blue water demand increasing by between 0.1 and 0.6 percent globally compared to REF_HGEM. 

Higher prices give a signal to producers to increase production, which will happen not only through 
extensification, but also through intensification by, for example, greater use of chemical inputs or 
decreased fallow periods. Without investments in new management strategies and technologies that 
will increase input use efficiency, this may also lead to greater water pollution through increased 
nitrogen and phosphorus leeching. 
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4.2 Agricultural Water Management Scenarios 

4.2.1 Income 
The three water scenarios all have a positive but small (less than 1%) impact on incomes throughout the 
developing world. In general, we see relatively small gains from only expanding irrigation, which 
suggests that much of the developing world needs increased investments in water use efficiency to fully 
gain from expanding irrigation. The region that sees the greatest income gains from irrigation-expansion 
is South Asia, where income increases by 0.4 and over 1 percent for the IX and IX+WUE, respectively. 
ISW shows fewer benefits earlier in the projection period, but by 2050 are similar to IX+WUE. In fact, in 
Africa and Latin America, by 2050 ISW shows slightly greater benefits than IX+WUE, which is more 
beneficial in heavily irrigated Asia. Nevertheless, these gains are small in the context of these scenarios 
with gains in income less than half of the gains observed in the other types of alternative investment 
scenarios. 

4.2.2 Yields and production 
Increasing irrigation on its own does increase agricultural production in the developing world, but often 
at the expense of declining yields on irrigated areas (although irrigated yields remain higher than rainfed 
yields). This suggests that water availability is a significant constraint to expanding irrigation, particularly 
in South Asia, where water scarcity leads to declining average yields in the face of irrigation expansion. 
Blue water (water used for irrigation) increases across the developing world by about 3 percent by 2050 
as compared to the baseline (REF_HGEM). However, the smallest increase in blue water is in South Asia 
(less than 1 percent) reinforces the conclusion that water is a production constraint in the region. 
Compare this increase to that of Latin America and Africa South of the Sahara, which see blue water 
increasing by 13 and 7 percent compared to the baseline, suggesting that there is still significant 
potential for irrigation expansion in these regions. Improved water use efficiency combined with 
irrigation expansion generates significant water savings as compared to the baseline (around 7.5 percent 
declines in developing countries, or nearly 10 percent compared to irrigation expansion alone). 
Improving soil’s water-holding capacity (ISW) also has a positive effect on reducing the amount of blue 
water needed, by increasing the amount of precipitation (green water) that can be captured by crops. 
Across the developing world green water increases in ISW by 2.8 and 5.3 percent in 2030 and 2050 
respectively as compared to the baseline, with the largest gains seen in Africa South of the Sahara (5.7 
and 11 percent by 2030 and 2050 respectively), and MENA (3.2 and 6.2 percent). These increases in 
captured green water allow blue water usage to decline by nearly 3 percent by 2050 in developing 
countries even while total irrigated area increases.  

Changes in total cropland are fairly small, with areas increasing by 1.1 and 1.7 percent for Africa South of 
the Sahara and South Asia respectively, while areas in Latin America decline by about 3.5 percent. 
Globally these changes in total cropland are insignificant. However, the crop allocation changes; more 
regularly irrigated crops see an increase in area compared to dryland crops, whose area often decreases. 
For example, rice sees increases in cultivated area, whereas dryland cereals like sorghum and millet see 
declines. Wheat increases where it is irrigated (South Asia and Africa South of the Sahara), but declines 
where it is predominantly rainfed (Latin America). 

4.2.3 Prices and trade 
Increasing production across the developing world pushes down prices relative to the baseline, but by a 
similarly small amount (less than 1 percent on average across the projection period). The largest 
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declines in prices are observed for crops that are heavily irrigated such as rice, sugarcane, and cotton. 
Combining increasing water use efficiency with irrigation expansion makes a significant difference, with 
price declines observed more than double those observed with only irrigation expansion. Cereals, 
particularly rice and wheat, see larger price declines (between 1 and 3.5 percent); whereas dryland 
crops like pulses see much smaller benefits. Dryland crops instead see larger benefits in ISW, where 
water-holding capacity benefits not only irrigated crops but rainfed ones as well. 

The trade effects of these three scenarios are relatively modest, and among developing countries are 
largely offsetting. For example, in IX+WUE East Asia, South Asia, and MENA see improving terms of 
trade (increases exports, and reducing imports), whereas Latin America sees small declines in trade. In 
ISW, Latin America and Africa South of the Sahara gain. 

4.2.4 Food security and nutrition 
Small changes in prices and income lead to insignificant changes in overall welfare. Nevertheless, 
increasing irrigation and improving water usage has positive effects on overall food consumption, 
although at a much smaller scale than other alternative investment scenarios, with kilocalorie 
availability increasing by less than 1 percent in 2050 relative to the baseline. The largest gains regionally 
are seen in South Asia in IX+WUE, followed by Africa South of the Sahara in ISW, and East Asia in 
IX+WUE. Latin America sees the smallest gains in kilocalorie consumption of all of the targeted regions. 
While the increases in calorie availability are small, they still speed up the reduction of the population at 
risk of hunger across the developing world, with hunger reductions relative to the baseline of 1.3, 4.5, 
and 2.1 percent in 2030, and 1.1, 2.7, and 3 percent in 2050 for IX, IX+WUE, and ISW respectively. South 
Asia in particular gets a large boost in reducing hunger under IX+WUE, where hunger is reduced by 9 
percent in 2030 compared to the baseline. ISW contributes more to reducing hunger in Africa South of 
the Sahara. Changes in the composition of diets are fairly small, with the largest gains seen in increasing 
consumption of rice, wheat, and fruits and vegetables, but with all changes less than 2 percent. With 
such small changes in diet, it is not surprising that changes in micronutrient supply are insignificant.  

4.3 Infrastructure and Agricultural Markets Scenario 

4.3.1 Income 
The RMM scenario simulating reductions in marketing costs target the processing chains that move raw 
commodities into processed goods, which are ultimately consumed by consumers. RMM increases the 
efficiency of transportation and processing sectors, and thereby reduces the cost of getting the raw 
commodities from the farm to the table. These gains lead to increases in income of about 1 percent in 
developing countries. The gains vary by region with the largest gains in income observed in Africa South 
of the Sahara. 

4.3.2 Yields and production 
Increasing marketing efficiency reduces consumer prices, which increases demand, at the same time 
that producer prices increase. Both of these create incentives to increase production through greater 
intensification and extensification. Agricultural production increases in by about 1-2 percent relative to 
the baseline, with this increase split evenly through increasing productivity and cropland area. Cropland 
area increases by 0.7 percent globally by 2050, and almost 1 percent or over 11 million additional ha in 
the developing world. (Cropland in the developed world declines by about 1 million ha in response to 
increased production in the developing world.) 
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4.3.3 Prices and trade 
Changes in production lead to price changes. As the RMM scenario shrinks price wedges as marketing 
efficiency increases, this allows producers to capture a greater share of the final consumer price. This 
leads to a situation where world prices and consumer prices decline (by 4-5 percent) at the same time 
that producer prices increase (by around 8 percent). South Asia and Africa South of the Sahara see larger 
producer price increases than the developing-country average, with maize farmers in particular 
benefiting from higher producer prices (12 percent increase). 

In general, we see declining agricultural imports across the developing world relative to the baseline 
scenario. However, much of this is due to increasing exports from Latin America, with other developing 
regions not dramatically changing their trade patterns. Nevertheless, there is significant variation across 
commodities. For example, meat imports decline in East Asia, while exports increase from Latin America. 
Cereals imports decline across South Asia and Latin America (wheat imports decline at the same time as 
maize exports increase), and cereal exports decline in East Asia (due in large part to increasing 
consumption of maize for increasing livestock production). 

4.3.4 Food security and nutrition 
When marketing costs are reduced, consumers are richer from increased income, as well as seeing 
increased purchasing power due to lower commodity prices. These combined lead to welfare gains of 
0.2 percent globally. These gains can be observed through increasing consumption (1 percent increase in 
kilocalories by 2050 compared to the baseline). Increasing food supply spurs regional improvements in 
reducing hunger. The population at risk of hunger is reduced by 6 percent (1 percent for malnourished 
children). 

Reducing food insecurity is not just a matter of increasing calories, but also through improving diets. The 
quality of diets across the developing world increase, with increased consumption of animal products 
(important sources of iron and zinc), as well as fruits and vegetables (key sources of micronutrients). The 
RMM scenario sees micronutrient supply increases between the MED and HIGH scenarios in 2030, and 
closer to MED in 2050. RMM shows a larger effect on vitamins A, C, and K than any of the productivity 
enhancement scenarios. 

4.4 Comprehensive Investment Portfolio Scenario 

4.4.1 Income 
The comprehensive scenario (COMP), combining high investment with increased research efficiency, 
irrigation expansion, water use efficiency, soil water holding capacity and reduced marketing margins, 
sees the largest increases in income of all the scenarios considered here. Relative to the baseline in 
2050, incomes rise by just over 4 percent in 2030 and nearly 6 percent in 2050 (although it should be 
noted that the increases in income are less than the additive income gains from each of the component 
scenarios individually). The largest gains in income are seen in South Asia and Africa South of the Sahara, 
where income increases by 6.5 and 5.1 percent in 2030, and 9.1 and 7.1 percent in 2050 respectively. 

4.4.2 Yields and production 
Large increases in productivity across the developing world improve the competitiveness of the region’s 
agriculture sector. The combination of investments in productivity, irrigation expansion, water-use 
efficiencies, and reductions in marketing inefficiencies leads to large production increases, with total 
agricultural production increasing in the developing world by about 9.8 and 11.5 percent in 2030 and 
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2050 respectively, relative to the baseline. All targeted regions benefit, although the largest increases 
are projected in Africa South of the Sahara (20 and 25 percent in 2030 and 2050) with South Asia, and 
MENA increasing production between 15-18 percent. Latin America sees the smallest gains in 
production at around 5 percent, although it sees large gains (over 40 percent) in cereal production. In 
response to these increases in developing regions, the developed world decreases its agricultural 
production by 3 to 5 percent, with much of this decline coming from reductions in cropland area (2-4 
percent). Overall, this leads to a small increase in overall cropland in the developing world. Additionally, 
shifting productivity and prices leads to adjustments in crop allocation. There are large increases in the 
area dedicated to maize (17-18 percent increase in the developing world), which helps to offset 
significant negative climate effects to maize production in the U.S. corn belt. Overall around 4.3 million 
additional hectares of cropland are added (less than half of the increase observed in RMM). Much of 
this can be attributed to the expansion in maize, which increases by over 20 million hectares. 

4.4.3 Prices and trade 
These large increases in production push down prices globally, with price reductions of nearly 20 
percent relative to the baseline in 2030, or triple those observed for the REGION and HIGH scenarios. 
The price difference narrows over time as producers and consumers respond to lower prices, with the 
price declines less than double those observed for REGION and HIGH in 2050. All targeted commodities 
see world prices decline by more than 10 percent, with the largest declines for Roots and Tubers and 
Pulses. However, due to marketing efficiency gains, the price reduction that producers observe is about 
half the reduction consumers face, with reductions in producer prices closer to 10 percent on average 
(compared to 20 percent for consumers). For example, maize sees much smaller global price declines 
than the average for all commodities (5 percent and 13 percent in 2030 and 2050 respectively), due to 
significant climate shocks occurring in major maize producing areas of the United States. 

Overall, the developing world improves its terms of trade in the agriculture sector with the region 
becoming a net exporter of agricultural goods as opposed to a net importer in the baseline scenario 
(REF_HGEM). This transition varies regionally, with exporting regions like Latin America and East Asia 
becoming larger exporters, and importing regions like South Asia and Africa South of the Sahara 
becoming smaller importers. 

4.4.4 Food security and nutrition 
Large price declines coupled with significant gains in income lead to significant increases in kilocalorie 
availability (4-10 percent relative to the baseline in 2050) across the developing world. These increases 
in consumption are several percentage points higher than in any other of the investment scenarios 
considered, and bring the developing world average consumption to over 3200 kcal/person/day. The 
largest increases are in South Asia and Africa South of the Sahara, where increases in kilocalorie 
availability are 9.1 and 10.0 percent respectively, bringing both regions to an average food supply near 
3000 kcal/person/day. These increases in food supply dramatically reduce the population at hunger, 
with a reduction of almost one quarter compared to the baseline in 2050, and reducing the absolute 
number at risk of hunger in the developing world from 823 million in 2010 to 361 million in 2050. 
Dietary composition is less of an issue in this scenario because consumption across all commodities is 
increasing, which leads to more varied and complete diets. COMP sees the largest increases in food 
supply, and as such sees the largest expansion in the micronutrient supply. South Asia and Africa South 
of the Sahara see micronutrient supply increases of above 10 percent by 2050 in most micronutrients. In 
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other regions the increases are smaller, but still range between 3 and 7 percent. The increases in income 
and purchasing power lead to total welfare gains of 0.8 percent globally and almost double this in the 
developing world. Africa South of the Sahara sees welfare gains almost 4 times that global average.  
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5 Agriculture and the Environment: The Sustainability Challenge (SLO3)  
Agriculture is one of the sectors where human actions most directly impact the environment. 
Unsustainable agricultural practices can contribute to negative environmental impacts such as degraded 
ecosystems and biodiversity losses, pollution from chemical inputs, soil degradation, water resource 
depletion, and climate change. Agriculture is a major driver of land use change, currently accounting for 
about 40 percent of global land area (FAOSTAT). It is the primary consumer of water, accounting for 
approximately 70 percent of freshwater withdrawals, and 90 percent of consumptive water use (Siebert 
et al. 2010). It is also a significant source of global greenhouse gases, contributing between 10 and 20 
percent of total emissions (WRI 2015).  

More sustainable agricultural practices on the other hand, can help increase agricultural productivity, 
while decreasing resource use intensity with the potential of decreasing pressures on ecosystems, and 
scarce natural resources such as land and water. As explained above in the methodology section, the 
coupling of IMPACT to LandSHIFT, a water quality model, GHG emissions estimation, and biodiversity 
assessment models enable the assessment of the potential impacts these investment scenarios on 
various environmental indicators. 

5.1 Projecting Agricultural Production and Environmental Outcomes Over Time 
In the reference scenarios, agricultural production increases over time to respond to increasing food 
demand through both increasing agricultural productivity (intensification), and agricultural expansion 
(more land and livestock animals). These changes have cascading effects altering agriculture’s 
environmental footprint. 

Climate change adds new stressors to the system leading to different environmental trajectories. 

5.1.1 Agriculture and changing land use landscapes 
IMPACT is a partial equilibrium model, with a cropland use module; this component only focuses on 
cropland, and operates on harvested area (allowing for multiple cropping seasons on the same physical 
area). To project changes in land use in other land categories like forest and pasture it is necessary to 
convert harvest area to physical area, and link with a more detailed land use model that can project 
changes across different land types. For this analysis, this has been done with LandSHIFT. For more 
information on the LandSHIFT model, see Appendix E. 

Total crop production increases by over 70 percent between 2010 and 2050. Most of this increase is 
achieved through increased agricultural productivity, which increases by more than 50 percent over the 
same period. Nevertheless, productivity gains are not sufficient to meet all of the additional demand, 
and global total agricultural land increases by 15 percent from 2010 to 2050. LandSHIFT projects that 
this increase is concentrated in the developing world (93 percent of 242 million additional hectares of 
cropland14), particularly in Africa South of Sahara, Latin America, and East Asia that see increases of 93, 
62, and 32 million hectares of cropland, respectively, by 2050. LandSHIFT projections also show that 
most of this new cropland area is going to expand on less valuable lands i.e., natural areas already 
modified for extensive agriculture.  

                                                           
14 LandSHIFT and IMPACT cropland areas are calibrated on different data sources for total crop and pasture areas 
(as explained in Appendix E for LandSHIFT and other supporting materials for IMPACT) and therefore differ slightly 
in absolute numbers.  However, overall trends in terms of direction and magnitude of change are aligned. 
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Growing population and increasing economic development drive a growing demand for animal 
products. Similar to demand for crops, this growing demand can be met through increasing productivity, 
and larger animal herds. Animal productivity gains, in terms of yield per slaughter, are projected to 
increase on average by 51 percent from 2010 to 2050, with slaughter numbers projected to increase by 
11 percent over the same time period. This leads to a total meat supply increase of 68 percent. This 
increase drives up livestock feed demand (59 percent increase between 2010 and 2050), and thereby 
helps to increase the demand of cropland. Additionally, cattle herds are projected to increase by nearly 
30 percent, which helps to drive up additional demand for pastureland. 

Combined, the growing demand for crop and livestock products put pressures on forests around the 
world, where according to LandSHIFT we see the loss of 17 million hectares of forest globally, of which 
14 million hectares are in the developing world.  

Climate change leads to higher prices, which drive down demand for crop and livestock products. 
Climate change on average reduces crop yields globally more than demand declines, which leads to an 
additional 30 million hectares (1.7 percent increase compared to REF_NoCC) being converted to 
cropland, with 25 million of these hectares in the developing world. Climate change in particular leads to 
larger increases than the global average in Latin America, where area increases by 2.7 percent by 2050, 
or about 5.5 million additional hectares of harvested area. Higher prices however, definitively lower 
demand for animal products, requiring 2 percent fewer animals by 2050 than in REF_NoCC. This 
alleviates some of the pressure on pastureland where we see 9 million fewer hectares of pastureland 
globally by 2050. Nevertheless, on net, forest area declines by 2 million hectares globally, with almost all 
of this lost forest in East Asia (Figure 5.1). 

Figure 5.1  Change in area (million ha) from 2010 by land type in reference scenarios, in developing 
countries and the world 

Developing Countries World 

  
Note: All Other includes the following LandSHIFT land types: Other, Other Natural, Set-aside, Urban, and 
No Data. For more on land type classification see Appendix E 
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5.1.2 Agriculture and biodiversity 
The results on land-use change from the LandSHIFT model have been used as inputs into a Countryside 
“species-area–relationship” (SAR) model to estimate the impact of different scenarios on biodiversity 
(see Appendix G). The risk of extinction for endemic birds’ species (Srisk) has been chosen as a proxy for 
the effects of area changes on biodiversity (Flachsbarth et al. 2015). On one hand, the choice reflects the 
observation that effects from climate change and habitat loss are a major threat for vertebrates, and 
especially for birds; on the other hand, birds are among the best-studied vertebrates and therefore have 
been the target of a large number of assessments. The model differentiates between three main types 
of habitat (cultivated/managed, natural, and built), taking into account how each species may adapt to 
multiple habitats, and the Srisk indicator is a percentage that indicates the proportion of species at risk 
of extinction due to the shrinking of their habitat.  

Simulations show that between 2010 and 2050 the extinction risk is expected to increase by 0.6 
percentage points globally in REF_NoCC. In absolute terms, this means and increase of 35 species from 
676 in 2010 to 710 in 2050. The majority of these new species at risk are concentrated in Latin America 
and Africa South of the Sahara, where 10 and 11 new species become at risk of extinction respectively. 
Climate change (REF_HGEM) increases habitat loss by 2050, due to increasing croplands, putting an 
additional 2 species at risk of extinction (1 each in Latin America and East Asia). These moderate impacts 
on biodiversity are due to the limited losses of natural areas and forests. Since most of the new cropland 
areas throughout the world are projected to occur over already modified habitats, the risk of new bird 
species become endangered or extinct will be limited. 

5.1.3 Agriculture, irrigation, and water resource management 
Irrigated area is projected to increase by about 80 million hectares globally between 2010 and 2050 in 
REF_NoCC, with more than 70 million hectares of this expansion in irrigation occurring in developing 
countries, and the largest increases observed in South Asia (33 million hectares), East Asia (14 million 
hectares), and Africa South of the Sahara (10 million hectares). This expansion of irrigated area drives up 
demand for water for irrigation (blue water), which increases globally by 15 percent from 2010 to 2050. 
All regions in the developing world increase their blue water use, except for East Asia where blue water 
demand declines by 3 percent by 2050 due to improving water use efficiency that more than doubles 
over the same time period. Blue water use grows rapidly particularly in Africa South of the Sahara (95 
percent increase) and Latin America and the Caribbean (31 percent). 

Climate change leads to regional varied changes in precipitation with some regions seeing increases in 
useable precipitation for agriculture (green water), such as in East and South Asia, where the average 
amount of green water per hectare of harvested area increases by 7 and 13 percent by 2050 
respectively, easing pressure of freshwater resources in these regions. On the other hand, green water 
declines by 7 percent in Middle East and North Africa. Africa South of the Sahara and Latin America and 
Caribbean see modest increases.  

Irrigated area expands in REF_HGEM, in response to the higher prices observed due to climate change. 
This expansion leads to an additional 6 million hectares of irrigated area globally, with almost all of it in 
the developing world (5 million hectares), and in particular, East Asia, which contributes almost 3 million 
hectares.  
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In the end, the expansion of irrigation area overall outweighs increases in regional precipitation, with 
blue water use growing globally by more than 3 percent in 2050 as compared to REF_NoCC. East Asia, 
Latin America and Caribbean, and Africa South of the Sahara see the largest increases in blue water use 
of 8, 7, and 5 percent respectively compared to REF_NoCC. The Middle East and North Africa, which sees 
the largest decline in green water is limited in its ability to expand irrigation due to scarce water 
resources and is forced to spread a smaller quantity of blue water over a larger irrigation footprint (a 1 
percent decline of blue water per hectare), making an already arid region more vulnerable to water 
shortages.  

5.1.4 Agriculture, input use, and water quality  
Nitrogen (N) and phosphorus (P) are essential nutrients for crop production, but excessive quantities of 
N and P reduce water quality. In this study, loadings of N and P discharged from global agricultural 
production system in 2005 and under alternative IMPACT future scenarios are reported as indicators of 
the impacts of agricultural intensification on global water environment. 

Figure 5.2  Estimated agricultural nutrient loading densities in 2005 
Nitrogen 

 

Phosphorous 
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Estimated agricultural N and P loadings worldwide in 2005 are 69 million tons/yr., and 3.1 million 
tons/year, respectively. The highest values are found in northern and eastern China and the Indo-
Gangetic plains in South Asia. Other parts with high nutrient loads include the Midwestern United States 
and the central eastern South America. All of these regions are large agricultural production centers 
(Figure 5.2). 

Table 5-1  Estimated N and P loadings from agricultural production in REF_HGEM (million tons per 
year), by region 

 Nitrogen Phosphorous 

 2005 2030 2050 
Avg. Annual 

Growth Rate 2005 2030 2050 
Avg. Annual 

Growth Rate 
Developed Regions 
  EUR 9.0 9.1 9.1 0.02% 0.10 0.12 0.13 0.58% 
  NAM 4.5 6.0 6.3 0.75% 0.28 0.37 0.45 1.06% 
Sub-total 13.5 15.1 15.4 0.29% 0.38 0.49 0.58 0.94% 
Developing Regions 
  EAP 23.8 29.4 32.6 0.70% 0.85 0.95 1.28 0.91% 
  SAS 17.6 28.4 32.4 1.37% 0.65 0.96 1.16 1.30% 
  SSA 3.1 4.2 5.7 1.36% 0.33 0.4 0.47 0.79% 
  MEN 0.9 1.7 3.3 2.93% 0.05 0.06 0.08 1.05% 
  FSU 1.4 1.8 2.5 1.30% 0.09 0.13 0.16 1.29% 
  LAC 9.3 13 15.6 1.16% 0.74 1.01 1.27 1.21% 
Sub-total 56.1 78.5 92.1 1.11% 2.71 3.51 4.42 1.09% 
World 69.6 93.7 107.4 0.97% 3.09 3.99 5.02 1.08% 

 

5.1.5 Agriculture and greenhouse gas emissions 
Agriculture contributes about one fifth of total greenhouse gas emissions globally. These contributions 
come primarily from four sources: 1) N20 emissions from the soil, primarily driven by fertilizer 
application; 2) Methane (CH4) emissions from irrigated rice production; 3) Methane emissions from 
enteric fermentation in livestock, primarily cattle; and 4) Emission contributions from changes in land 
use primarily in loss of forest area. Between 2005 and 2050 emissions from the agriculture sector 
excluding land use change increases by almost 30 percent globally from 2.7 to 3.5 gt of CO2 equivalent 
emissions. Almost two-thirds (64 percent) of this increase is coming from increasing livestock herd size. 
This increase in emissions is less than 50 percent of the projected emissions caused by land use change, 
where emissions from land use change are projected to increase by 7.3 gt of CO2 equivalent emissions 
between 2005 and 2050. Nearly all of the increase in emissions from agriculture including and excluding 
land use change are projected to come from developing countries. Developed countries are projected to 
increase emissions from agriculture including land use change by only 0.65 gt of CO2 equivalent 
emissions, which accounts for 8 percent of the global increase of 8.1 gt of CO2 equivalent emissions. 

Regionally, the largest contributions of increased emissions from agriculture including land use change 
come from East Asia, Africa South of the Sahara, and Latin America Caribbean, which contribute 3.4, 2.0, 
and 1.4 gt of CO2 equivalent emissions (Table 5-2).  
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Table 5-2  Summary of agricultural GHG emissions by region (gt of CO2 equivalent emissions) 
Region Source of GHG 2005 2030 2050 

Developed 
 

N2O 0.11 0.12 0.13 
CH4-Rice 0.03 0.03 0.03 
CH4-Livestock 0.43 0.46 0.44 
Total Non-LUC 0.56 0.62 0.60 
LUC 0.00 0.20 0.62 
Total 0.56 0.82 1.21 

EAP 

N2O 0.10 0.15 0.15 
CH4-Rice 0.33 0.34 0.34 
CH4-Livestock 0.27 0.38 0.41 
Total Non-LUC 0.70 0.87 0.90 
LUC 0.00 0.61 3.37 
Total 0.70 1.49 4.27 

SAS 
 

N2O 0 0.1 0.11 
CH4-Rice 0.21 0.25 0.25 
CH4-Livestock 0.25 0.33 0.36 
Total Non-LUC 0.46 0.68 0.72 
LUC 0 0.04 0.07 
Total 0.46 0.72 0.79 

SSA 
 

N2O 0.06 0.01 0.01 
CH4-Rice 0.01 0.02 0.03 
CH4-Livestock 0.23 0.31 0.35 
Total Non-LUC 0.3 0.34 0.4 
LUC 0 0.98 1.9 
Total 0.3 1.32 2.3 

MEN 
 

N2O 0.02 0.03 0.04 
CH4-Rice 0.01 0.01 0.01 
CH4-Livestock 0.12 0.16 0.19 
Total Non-LUC 0.15 0.21 0.24 
LUC 0 0 0.01 
Total 0.15 0.21 0.25 

FSU 
 

N2O 0.01 0.01 0.02 
CH4-Rice 0 0 0 
CH4-Livestock 0.12 0.13 0.11 
Total Non-LUC 0.13 0.14 0.14 
LUC 0 0.01 0.01 
Total 0.13 0.15 0.15 

LAC 
 

N2O 0.02 0.04 0.04 
CH4-Rice 0.02 0.03 0.03 
CH4-Livestock 0.35 0.41 0.4 
Total Non-LUC 0.39 0.47 0.47 
LUC 0 0.7 1.37 
Total 0.39 1.17 1.84 

DVG 

N2O 0.26 0.45 0.49 
CH4-Rice 0.59 0.66 0.66 
CH4-Livestock 1.53 1.87 1.91 
Total Non-LUC 2.39 2.99 3.06 
LUC 0.00 2.34 6.72 
Total 2.39 5.33 9.79 

WORLD 

N2O 0.32 0.46 0.51 
CH4-Rice 0.60 0.69 0.69 
CH4-Livestock 1.77 2.18 2.26 
Total Non-LUC 2.69 3.33 3.46 
LUC 0.00 2.55 7.34 
Total 2.69 5.87 10.80 
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5.2 Investment Effects on the Environment 

5.2.1 Changes in land use 
In all scenarios between 2010 and 2050, cropland continues to increase between 244 and 283 million 
hectares globally (Table 5-3). Nevertheless, with the exception of two scenarios (IX and RMM) the 
investment scenarios reduce the cropland expansion that is projected in REF_HGEM, with the 3 high 
productivity scenarios returning cropland to the 2050 levels projected in REF_NoCC, and thereby 
offsetting the expansion of cropland caused by climate change. 

The productivity enhancement scenarios consistently reduce herd size, and subsequently land dedicated 
to pasture. In developing countries, we see in these scenarios that pastureland in 2050 decreases by 
between 10 and 21 million hectares as compared to REF_HGEM (Table 5-3). Globally this amounts to a 
14- to 22-million-hectare reduction in pastureland. The water investment scenarios are relatively neutral 
with respect to changing the baseline trend on land use change. RMM, however, drives up both 
cropland and pasture area in developing countries, increasing cropland by about 13 million hectares, 
and pastureland by about 5 million hectares. This leads to a fall in forest area of about 2 million hectares 
(10 million hectares come from reductions in set-aside land). Globally, forest area declines by less than 1 
million hectares compared to the reference scenario, as additional agricultural production in developing 
countries reduces agricultural prices, resulting in lower crop area in developed countries (about 1.8 
million hectares lower than in the reference scenario). 

Table 5-3  Difference in cropland and pasture between 2010 and 2050 (million ha). All scenarios 

Scenario 
Developing Countries World 

Cropland Pasture Forest Cropland Pasture Forest 
REF_HGEM 249 -34 -16 272 -51 -19 
MED 242 -44 -12 259 -64 -13 
REGION 237 -48 -11 251 -67 -12 
HIGH 237 -49 -10 249 -68 -11 
HIGH_NARS 235 -53 -9 244 -71 -10 
HIGH_RE 235 -55 -9 244 -73 -10 
IX 252 -34 -16 275 -50 -19 
IX_WUE 249 -33 -16 271 -49 -19 
ISW 246 -34 -16 267 -49 -18 
RMM 262 -29 -18 283 -48 -19 
COMP 248 -55 -10 255 -72 -10 

 

5.2.2 Changes in biodiversity 
Pressures on ecosystems through agricultural expansion are the primary driver of extinction risk in the 
modeling framework we are using. The productivity scenarios had the largest land sparing effect as was 
discussed in the previous section (Table 5-3), and likewise see the largest reductions of more than 1 
percent in the risk of species extinction as compared to the REF_HGEM (Figure 5.3). In fact, all of the 
productivity scenarios reduce pressures on biodiversity to levels below REF_NoCC in 2050. However, 
even the most optimistic results (HIGH+RE and HIGH+NARS), still show an increase in the number of 
species at risk of extinction as compared to 2010 (an increase of about 27 species from 676 in 2010), 
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suggesting these investments will not be sufficient alone to offset pressures on ecosystems from 
economic development and population growth. 

Investments in irrigation and transportation infrastructure in their role of increasing cropland may 
increase pressure on ecosystems, particularly in Latin America and Africa South of the Sahara where 
irrigation expansion may also lead to agricultural land expansion as observed in both the IX and IX+WUE 
scenarios. Land expansion across all developing countries in RMM explain why we observe the largest 
increase the number of bird species at risk of extinction across all of the scenarios, where the number of 
species at risk of extinction increase by more than 0.6 percent (5 additional species) as compared to 
REF_HGEM. 

Figure 5.3  Percent change in the global number of bird species at risk of extinction in 2030 and 2050 
compared to REF_HGEM 

 

 

5.2.3 Changes in water use for irrigation 
The productivity enhancement scenarios and the RMM scenario have minimal effects on demand for 
irrigation water. However, the four scenarios focusing on water resource management (IX, IX+WUE, 
ISW, and COMP) have a significant effect on irrigation demand for water. The combination of IX+WUE 
and ISW investments shows significant sparing of water for uses outside the agriculture sector, and 
irrigation expansion on its own (IX), significantly increases blue water use in Latin America and 
Caribbean and Africa South of the Sahara. 

Blue water use is reduced by 11 percent across developing region by 2050 relative to the baseline, with 
the largest gains in East Asia (18.6 percent), and Latin America (13.7 percent). Improved green water 
capture relative to the baseline is comparable in 2050 for both COMP (5.1 percent) and ISW (5.3). In 
general, the blue water savings in COMP are greater than those that would be seen from just adding up 
the savings from IX+WUE and ISW, suggesting that these improving soil holding capacity and improved 
water use efficiency may have beneficial interaction effects. 
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Regions already suffering water stress see increases in blue water use, but at a much smaller scale (1-2 
percent) as there are less unused water resources available. On the other hand, the 3 other water 
related scenarios have significant effects on reducing blue water use, as compared to REF_HGEM. In 
fact, the reductions in East Asia, South Asia and Middle East and North Africa are particularly impressive, 
with blue water use at or below 2010 levels by 2030 (Figure 5.4). East Asia continues to see blue water 
uses below 2010 levels even by 2050. These savings in blue water use are particularly important when 
we consider that 29, 57, and 43 percent of irrigated area are equipped for irrigation with groundwater in 
East Asia, South Asia, and Middle East and North Africa respectively (Siebert et al. 2010). 

The significant reductions in blue water use in COMP across all regions leads to blue water use in the 
developing world below 2010 levels by 2030 even as irrigated area increases by more than 60 million 
hectares. By 2050 in COMP, blue water use across the developing world is only 6 percent above 2010 
levels even as total irrigated area increased by 97 million hectares. 

Figure 5.4  Current water stress compared to projected changes in blue water use (percent change 
from REF_HGEM), by region in 2030 and 2050 

 

Notes: Scenarios presented only targeted changes on water resource use in the developing world. The 
data tables show the percent change from the REF_HGEM scenario. Values highlighted with a blue box 
represent results that are below 2010 levels of blue water use. 
Sources: Table data from IMPACT; Map from WRI Aqueduct 2014 
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5.2.4 Changes in input use and water quality 
Investments in agricultural productivity will lead to improved input use and efficiency. These 
improvements in resource efficiency make the agriculture sector less resource intensive than would be 
the case without the investments (REF_HGEM). Investments in irrigation expansion (IX) has indirect 
effects on N and P use, as there is a shift towards more intensive management practices on higher 
yielding irrigated area, which leads to a small increase in N loading across the developing world, and a 
negligible effect on P loading (Figure 5.5). Ultimately, the improvements due to increased agricultural 
productivity as seen under the HIGH investment scenarios are larger than the increases due to irrigation 
expansion, as we see nitrogen and phosphorous loading in COMP to be at levels near the MED scenario. 

Figure 5.5  Percent change in nitrogen and phosphorous loading in 2050 compared to REF_HGEM, by 
region and scenario 

Nitrogen Phosphorous 

  
 

 

Our current modeling framework has some limitations on how we can represent changes in use of 
nitrogen and phosphorous use. There are several technologies we were unable to assess their impacts 
on water quality. The scenarios we were unable to represent were the impacts of water use efficiency, 
soil management, and marketing margins. Previous work by Rosegrant et al. (2014) shows that precision 
irrigation technologies (i.e., drip irrigation) have a limited effect on nitrogen losses. Nevertheless, the 
same study suggests that soil management techniques (e.g., integrated soil fertility management, no till) 
can significantly decrease nitrogen loss that are on greater than or equal to the gains seen under the 
high productivity investment scenarios (HIGH, HIGH+NARS, and HIGH+RE).. Investments in 
transportation infrastructure (RMM) likely would lower agricultural input costs, and thereby encourage 
greater use of both N and P, with subsequent effects on water quality, which we currently are not 
modeling. All three of these technologies, therefore, require further research to fully assess their 
impacts on agricultural input use and water quality. 
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5.2.5 Changes in greenhouse gas emissions 
Global yearly emissions of N2O (nitrous oxide) are projected to increase under all investment scenarios 
when compared to the reference (REF_HGEM). The COMP scenario brings about the largest global 
increase in nitrous oxide emissions (+ 17% in 2050) followed by HIGH+RE and HIGH+NARS (9-10% 
increase). Among the remaining scenarios, the largest increase comes from the IX+WUE water scenario 
(+2.2%), followed by the RMM scenario (+1.6%). The suite of productivity enhancement scenarios, as 
well as COMP, consistently show increases in emissions across developing countries (all regions), and 
decreases across the developed countries group. On the other hand, the water scenarios show some 
variable result across regions. The IX scenario may achieve some reduction in emissions in EAS (-0.3%) 
but increase across the other regions, while IX+WUE may achieve emissions very close to the 
REF_HGEM or smaller (-0.1%) in EAS and FSU, where also ISW may achieve a reduction of - 0.7% in 
2050. 

Global yearly CH4 (methane) emissions from rice cultivation grow across scenarios. The COMP scenario 
shows a maximum 4.5% increase in 2050, followed by the water scenarios, while RPHL consistently leads 
to lower emissions globally and across regions. Most of the increase in methane appears to take place in 
SSA, with increases of 43% under COMP, 25% under HIGH+RE, 30% under REGION, and 12% under 
IX+WUE. Methane emissions also increase under most scenarios in SAS. The IX and IX+WUE water 
scenarios show the largest increase in emissions in LAC and SSA. This result correctly reflects the 
assumptions behind the scenarios, as those two regions are designed to see the largest expansion in 
irrigated area (30% increase by 2030), thereby increasing the likelihood of creating soil conditions 
conducive to methane emissions.  

Global methane emissions from enteric fermentation (i.e., from livestock) decrease under most 
scenarios compared to the REF_HGEM reference. The only exception to this is under RMM, where, 
similarly to land expansion, we observe an increase in the herd size. In the productivity scenarios, 
increasing animal productivity permits a reduction in the cattle herd size and fewer methane emissions. 
In COMP, animal numbers decline by nearly 6 percent in 2050, or a reduction of more than 70 million 
cows. This has a significant impact on the contribution of GHG emissions from the livestock sector, with 
reductions of CH4 of nearly 6 and over 8 percent in 2030 and 2050 respectively, relative to the baseline.  

Land use conversion from forests to other land uses (e.g., croplands and grasslands) results in CO2 

emissions. As seen in the previous section, forest area is projected to decrease between 2010 and 2050 
across all scenarios; however, the investment scenarios are expected to bring about some savings in 
forest cover compared to REF_HGEM. Therefore, aggregated emissions from LUC over a 45 years’ period 
(between 2005 and 2050) are projected to decrease by between 25% and 40% across all scenarios 
compared to REF_HGEM. Once again, the exception is the RMM scenario, which shows an increase in 
loss of carbon compared to REF_HGEM. 

When all of these changes in emission sources are combined (Figure 5.6)., we see that the productivity 
scenarios lead to a decline in GHG of about 2 and 3 gt of CO2 in 2050 as compared to REF_HGEM. The 
water infrastructure investments are relatively neutral to GHG emissions, with savings from spared 
forest primarily offset by increased emissions from rice. RMM, however, increases emissions from 
agriculture by about 0.5 gt CO2 in 2050 compared to REF_HGEM, with most of this due to increased 
cropland. In all cases, that largest contributor of changes in CO2 equivalent emissions is coming from 
savings from prevented land use change. Direct emissions from agriculture (decline by less than 0.2 gt of 
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CO2 equivalent emissions in all of the scenarios. In COMP, the global reduction is about 0.1 gt per year, 
which is about 10 time lower than the estimated reduction targets (1 gt of CO2 per year) needed from 
agriculture to limit warming in 2100 to 2°C above pre-industrial levels (Wollenberg et al. 2016). 

Figure 5.6  Changes in global GHG emissions (gt of CO2 equivalent emissions) from land use change, 
methane from livestock, methane from rice, and nitrogen application in 2050 

 

Note: Data labels show total changes in GHG emissions in 2050 compared the REF_HGEM 
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6 Conclusion 
6.1 Investment trends and the CGIAR Strategy 
As a leading worldwide partnership for agricultural research, the CGIAR is well placed to tackle the 
growing challenges to global food security, and help safeguard those ecosystem services and natural 
resources that critically underpin agricultural production. The CGIAR is currently developing its research 
agenda for the next five years. CGIAR research seeks to reduce poverty, and improve nutrition and 
ecosystem services (the three System Level Outcomes or SLOs), and will align with, and directly advance 
the Sustainable Development Goals adopted by the United Nations. Among the research priorities 
described in the Strategy and Results Framework (SRF) are the development of improved high-yielding 
and stress resistant crop varieties, livestock and fish breeding and husbandry, the support of climate-
smart agriculture practices, and the expansion of the overall benefits accruing from farm systems, in 
part through the creation of more opportunities for women in the agriculture sector worldwide. 

This report serves as a timely source of information and evidence of the potential impact of CGIAR 
efforts in agricultural R&D as well as the role of complementary investments. It is of direct use for the 
CGIAR Centers, CRP programs, system management, and donors to complement other efforts to assess 
the overall impact and benefits of investing in international and national agricultural research programs. 

This report uses a global, highly disaggregated, quantitative modeling system—IMPACT and linked 
models—to assess the impacts of the CGIAR CRP portfolio on key food and nutrition security indicators 
as well as associated environmental impacts out to 2050. To do so, three types of agricultural research 
and investment strategies are analyzed. One set of scenarios increases agricultural productivity through 
differing levels of investment by the CGIAR and its national partners, with different levels of research 
efficiency and varying regional emphases. A second set of scenarios focuses on investments to improve 
water management through expansion in irrigation, increases in water use efficiency and upgrading of 
soil water holding capacity. A third type of scenarios explores infrastructure investments to reduce 
marketing costs. A final comprehensive investment scenario combines elements from each of these 
areas. 

6.2 Highlights from the Results  
Key messages from the analysis are as follows. 

1) Demographic change and economic growth in the group of developing countries will result in 
significant increases in the demand for food in the coming decades  

Under the population and economic growth assumptions used in this analysis (SSP2), global population 
reaches 9.2 billion by 2050 with a GDP of US$230 trillion, for a global average income of 
US$25,000/capita. Almost all population and GDP growth occurs in the group of developing countries, 
but per capita income in developing countries is expected to remain at less than half developed country 
levels by 2050. Between 2010 and 2050, cereal production is projected to increase by 55 percent, meat 
production by 79 percent, production of fruits and vegetables by 96 percent, oilseeds by 107 percent, 
pulses by 87 percent and roots and tubers by 56 percent. 

2) Food and nutrition security are projected to improve over the 2010-2050 period  

In the absence of climate change, the projected increase in food production between 2010 and 2050 
and higher calorie availability would lead to a steady decrease in the number of undernourished children 
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(0-5 years of age) as well as in the population at risk of hunger. In 2010, the estimated number of people 
at risk of hunger was comparable between the South Asia and Africa south of the Sahara region at over 
200 million people, but their experiences are projected to differ significantly in the coming decades. By 
2050, the population at risk of hunger in the South Asia region is projected to decline by 170 million 
people, the largest reduction across all regions. By comparison, in Africa south of the Sahara the 
population at risk of hunger is expected to decline by only one third of that amount. 

3) Climate change reduces food and nutrition security 

Climate change has a negative effect on production and income growth in all regions. The largest 
impacts are in South Asia and Africa South of the Sahara, where climate change is projected to reduce 
incomes in 2050 by 3 - 4 percent relative to the NoCC scenario (compared to a decline of less than 0.3 
percent in the group of developed countries). 

Climate change is projected to reduce average cereal yields by 6 – 9 percent relative to the NoCC 
scenario by 2050. Globally, maize, groundnut and soybean are particularly affected, with projected 
reductions of 23 percent, 14 percent and 12 percent, respectively.  

Agricultural commodity prices increase by between 12 and 18 percent relative to the NoCC scenario, 
making food less affordable for poorer groups and societies. As a result, both cereal and meat demand 
decline, with overall reductions in demand of 8 percent and 2 percent, respectively. Because of climate 
change, the number of people at risk of hunger is projected to increase by 70 million people by 2030, 
and by almost 80 million by 2050 compared to a world without climate change.  

Food security is more than just ensuring a sufficient consumption of calories; it also entails a balanced 
intake of micronutrients. From 2010 to 2050, the availability of 20 macro and micronutrients that are 
key for healthy diets increases in all regions. In 2010, availability of five micronutrients in per capita 
terms is less than the recommended daily allowance (RDA) in multiple regions based on IMPACT food 
supply data. By 2050, levels of three micronutrients (calcium, vitamin A, and vitamin E) are projected to 
remain below recommended levels in most regions. 

4) Climate change impacts vary geographically, with agricultural trade as an important buffer  

The consequences of climate change on crop yields varies by region and climate model, with significant 
negative impacts observed in the developing world, particularly for South Asia and Africa South of the 
Sahara. Rising temperatures in higher latitudes could extend the growing seasons in Russia and Central 
Asia, leading to increasing crop yields. Trade is essential to help mitigate the negative local impacts of 
climate change by providing greater access to global production of agricultural commodities in less 
negatively impacted regions. Nevertheless, trade alone will not offset all the negative consequences and 
climate change will increase commodity prices relative to a world without climate change and reduce 
the availability of food globally, with negative consequences on food security in developing countries.
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Table 6-1  Summary effects of the scenarios on GDP, agricultural production, water use, hunger, forest area, in 2030 and 2050 

Scenario 
Avg. 

Annual 
Cost 

2030 2050 

SLO1 SLO2 SLO3 SLO1 SLO2 SLO3 

GDP Ag 
Supply Hunger Water 

Use GHG Forest GDP Ag 
Supply Hunger Water 

Use GHG Forest 

MED 1.4 0.7 1.4 -6.5 0.0 -5.5 0.03 1.9 2.7 -9.3 -0.2 -15.4 0.13 
HIGH 2.0 1.3 2.8 -12.4 -0.1 -7.5 0.04 3.4 5.7 -16.6 -0.4 -24.3 0.20 

HIGH+NARS 3.0 1.6 3.7 -15.8 -0.1 -8.9 0.04 4.3 7.7 -20.2 -0.4 -26.5 0.22 
HIGH+RE 2.0 2.6 6.4 -24.4 -0.2 -12.7 0.06 4.2 7.5 -20.0 -0.4 -26.9 0.22 
REGION 2.5 1.1 2.4 -10.9 -0.1 -6.5 0.03 3.1 5.1 -15.4 -0.3 -22.6 0.18 

IX 3.6 0.1 0.1 -1.3 2.6 -1.8 0.01 0.2 0.2 -1.1 2.9 0.7 -0.01 
IX+WUE 8.3 0.4 0.9 -4.5 -7.2 -1.9 0.01 0.5 0.9 -2.7 -7.5 -0.2 -0.01 

ISW 5.0 0.2 0.5 -2.1 -1.5 -0.5 0.00 0.5 0.9 -3.0 -2.9 -1.1 0.01 
RMM 11.9 1.0 1.6 -5.8 0.1 6.4 -0.02 0.8 1.5 -4.2 0.0 8.9 -0.08 
COMP 26.4 4.1 9.8 -30.6 -9.0 -11.5 0.07 5.7 11.5 -24.4 -11.0 -25.4 0.22 

 

 
Less Advantageous Neutral More Advantageous 

Note: costs are in billion USD, while other values are percentage differences in each indicator relative to the REF_HGEM scenario 
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5) The CGIAR research portfolio can make important differences to sustainable agricultural 
production systems, food security and nutrition, enhanced by increased investments in NARs 
agricultural research, improved water management, and infrastructure 

Additional investments in agricultural research and development in CGIAR and NARS can deliver 
important achievements across the group of developing countries. For example, the HIGH+NARS 
scenario, which uses yield gain estimates from increasing investments in CGIAR R&D developed in 
collaboration with all 15 CGIAR Centers through the Global Futures & Strategic Foresight program, is 
projected to require an additional USD 3.0 billion per year in investments in developing countries (above 
the USD 8 billion projected in the reference scenario). By 2050, these additional investments are 
projected to increase incomes by 4 percent (relative to the reference scenario) and agricultural 
production by 8 percent. These in turn lead to a 20 percent decline in the population at risk of hunger 
(relative to the reference scenario) by 2050, while increased yields eases pressure on forestland 
conversion and reduces greenhouse gas emissions (Table 6-1). 

6) Alternative investment options involve different synergies and tradeoffs 

Investments to increase water use efficiency allow expansion of irrigated area (IX+WUE) while reducing 
water use by more than 7 percent, albeit with smaller improvements in income, production and hunger 
than in the R&D-oriented scenarios. 

Increased investments to reduce agricultural marketing margins (RMM) improve market efficiency. 
Perhaps counterintuitively, this involves tradeoffs between SLOs; by simultaneously increasing prices for 
producers and reducing costs to consumers, it increases production and reduces hunger, but also 
increases forestland conversion and increases GHG emissions. 

The comprehensive scenario (COMP) incorporates a combination of investments in productivity 
enhancement, irrigation expansion and increased water use efficiency, and reductions in marketing 
margins. This scenario generates the largest benefits across all the SLOs, including but also comes with 
the highest price tag at an annual cost of over USD 26 billion.  

7) Other complementary investments will also be needed 

Increased investment outside of the agricultural sector will also be needed to end hunger and achieve 
other SDGs by 2030. Future work will examine the scope for further progress through investments 
outside of the agricultural sector, in areas such as clean water and sanitation, and education. 

Policymakers, investors, and researchers can hopefully use this analysis to better understand the CGIAR 
system and CRP portfolio impacts as a whole, adding an important, complementary perspective to the 
other assessments of the CRP portfolio used by the CGIAR and its stakeholders. While the foundation of 
this report is to offer a quantitative perspective to several of the investments in the CRP research 
portfolio, the analysis has a broad basis in both geographic terms and its coverage of different 
commodities and types of investments in agricultural-focused research and development (R&D) and is 
focused on providing indicative results and recommendations. It will be important to temper the 
interpretation of the findings with the realization that precise valuation of particular research activities 
should be carried out at a finer scale both across regions and among various alternative approaches to 
achieving the goals set out in the SRF. 

  



Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

107 
Project Report for USAID 

7 References 
Alcamo, J., R. Schaldach, J. Koch, C. Koelking, D. Lapola, and J. Priess. 2011. “Evaluation of an integrated 

land use change model including a scenario analysis of land use change for continental Africa.”  
Environmental Modelling & Software 26 (8): 1017–1027. doi:10.1016/j.envsoft.2011.03.002.  

Alston, J.M., M.A. Andersen, J.S. James, and P.G. Pardey. 2011. “The economic returns to U.S. public 
agricultural research.” American Journal of Agricultural Economics 93 (5): 1257-1277. 
doi:10.1093/ajae/aar044. 

Arnold, J.G., R. Srinivasan, R.S. Muttiah, and J.R. Williams. 1998. “Large area hydrologic modeling and 
assessment part I: model development.” Journal of the American Water Resources Association 34 
(1): 73–89. doi:10.1111/j.1752-1688.1998.tb05961.x. 

AWMS [Agricultural Water Management Solutions]. 2012. AgWater Solutions Watershed Database. 
http://agwaterdb.iwmi.org/login.php. 

Beintema, N., G. Stads, K. Fuglie, and P. Heisey. 2012. ASTI Global Assessment of Agricultural R&D 
Spending: Developing countries accelerate investment. Report. Washington, DC: International Food 
Policy Research Institute. http://dx.doi.org/10.2499/9780896298026. 

Cai, X., M.W. Rosegrant, and C. Ringler. 2003. “Physical and economic efficiency of water use in the river 
basin: Implications for efficient water management.” Water Resources Research 39(1): 1013, 
doi:10.1029/2001WR000748. 

CGIAR SRF. 2015. CGIAR Strategy and Results Framework 2016-2030. Montpellier: CGIAR. 

Clarke, L., J. Edmonds, H. Jacoby, H. Pitcher, J. Reilly, and R. Richels. 2007. Scenarios of Greenhouse Gas 
Emissions and Atmospheric Concentrations. Sub-report 2.1A of Synthesis and Assessment Product 
2.1 by the U.S. Climate Change Science Program and the Subcommittee on Global Change Research. 
Washington, DC: U.S. Department of Energy, Office of Biological & Environmental Research. 

Dellink, R., J. Chateau, E. Lanzi, and B. Magné. 2015. ”Long-term economic growth projections in the 
Shared Socioeconomic Pathways.” Global Environmental Change 42: 200-214. 
DOI:10.1016/j.gloenvcha.2015.06.004.  

Dufresne, J.L., M.A. Foujols, S. Denvil, A. Caubel, O. Marti, O. Aumont, Y. Balkanski, S. Bekki, H. Bellenger, 
R. Benshila, S. Bony, L. Bopp, P. Braconnot, P. Brockmann, P. Cadule, F. Cheruy, F. Codron, A. Cozic, 
D. Cugnet, N. de Noblet, J. P. Duvel, C. Ethe, L. Fairhead, T. Fichefet, S. Flavoni, P. Friedlingstein, J. Y. 
Grandpeix, L. Guez, E. Guilyardi, D. Hauglustaine, F. Hourdin, A. Idelkadi, J. Ghattas, S. Joussaume, 
M. Kageyama, G. Krinner, S. Labetoulle, A. Lahellec, M. P. Lefebvre, F. Lefevre, C. Levy, Z. X. Li, J. 
Lloyd, F. Lott, G. Madec, M. Mancip, M. Marchand, S. Masson, Y. Meurdesoif, J. Mignot, I. Musat, S. 
Parouty, J. Polcher, C. Rio, M. Schulz, D. Swingedouw, S. Szopa, C. Talandier, P. Terray, N. Viovy, and 
N. Vuichard. 2013. “Climate change projections using the IPSL-CM5 Earth System Model: From 
CMIP3 to CMIP5.” Climate Dynamics 40 (9-10): 2123–2165. 

Evenson R.E., and D. Gollin. 2003. “Assessing the impact of the Green Revolution, 1960 to 2000.” Science 
300(5620): 758–62. 

FAO. 2002. Fertilizer use by crop. Fifth edition. Rome. 



Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

108 
Project Report for USAID 

FAO. 2006. “Fertilizer use by crop.” FAO Fertilizer and Plant Nutrition Bulletin 17. Rome. 

FAO. 2016a. The State of World Fisheries and Aquaculture 2016: Contributing to Food Security and 
Nutrition for All. Rome. 

FAO. 2016b. AQUASTAT website. Food and Agriculture Organization of the United Nations (FAO). 
Website accessed on [2016/7/20]  

Flachsbarth, I., B. Willaarts, H. Xie, G. Pitois, N.D. Mueller, C. Ringler, and A. Garrido. 2015. “The role of 
Latin America’s land and water resources for global food security: Environmental trade-offs of future 
food production pathways.” PLOS ONE. DOI:10.1371/journal.pone.0116733. 

Fujino, J., R. Nair, M. Kainuma, T. Masui, and Y. Matsuoka. 2006. “Multi-gas mitigation analysis on 
stabilization scenarios using AIM global model. Multigas Mitigation and Climate Policy.” The Energy 
Journal, Special Issue. 

Heubes, J., M. Schmidt, B. Stuch, J.R.G. Márquez, R. Wittig, G. Zizka, A. Thiombiano, B. Sinsin, R. 
Schaldach, and K. Hahn. 2013. “The projected impact of climate and land use change on plant 
diversity: An example from West Africa.” Journal of Arid Environments 96: 48–54. 

Hijioka, Y., Y. Matsuoka, H. Nishimoto, M. Masui, and M. Kainuma. 2008. “Global GHG emissions 
scenarios under GHG concentration stabilization targets.” Journal of Global Environmental 
Engineering 13: 97–108. 

Hoogenboom, G., J.W. Jones, P.W. Wilkens, C.H. Porter, K.J. Boote, L.A. Hunt, U. Singh, J.I. Lizaso, J.W. 
White, O. Uryasev, R. Ogoshi, J. Koo, V. Shelia, and G.Y. Tsuji. 2015. Decision Support System for 
Agrotechnology Transfer (DSSAT) Version 4.6 (http://dssat.net). Washington: DSSAT Foundation, 
Prosser.  

Humpenöder, F., R. Schaldach, Y. Cikovani, and L. Schebek. 2013. “Effects of land-use change on the 
carbon balance of 1st generation biofuels: An analysis for the European Union combining spatial 
modeling and LCA.” Biomass and Bioenergy 56: 166–178. doi: 10.1016/j.biombioe.2013.05.003. ISSN 
0961-9534. 

IFPRI and Veolia. 2015. “The murky future of global water quality: New global study projects rapid 
deterioration in water quality.” 
http://www.veolianorthamerica.com/sites/g/files/dvc596/f/assets/documents/2015/04/IFPRI_Veoli
a_H2OQual_WP.pdf 

IIASA. 2013. SSP Database version 1.0. Accessed at https://tntcat.iiasa.ac.at/SspDb on 2015-05-10 
23:13:16. 

IIASA. 2015. RCP Database version 2.0.5. Accessed at http://www.iiasa.ac.at/web-apps/tnt/RcpDb on 
2015-05-10 23:13:16. 

Inocencio, A., M. Kikuchi, M. Tonosaki, A. Maruyama, D. Merrey, H. Sally, and I. de Jong. 2007. “Cost of 
performance of irrigation projects: a comparison of Sub-Saharan Africa and other developing 
regions.” Colombo, Sri Lanka: International Water Management Institute.  

http://dssat.net/
http://www.veolianorthamerica.com/sites/g/files/dvc596/f/assets/documents/2015/04/IFPRI_Veolia_H2OQual_WP.pdf
http://www.veolianorthamerica.com/sites/g/files/dvc596/f/assets/documents/2015/04/IFPRI_Veolia_H2OQual_WP.pdf


Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

109 
Project Report for USAID 

Jiang, L. and B.C. O’Neill. 2015. “Global urbanization projections for the Shared Socioeconomic 
Pathways.” Global Environmental Change 42: 193-199. 
http://doi.org/10.1016/j.gloenvcha.2015.03.008 

Jones, C.D., J.K. Hughes, N. Bellouin, S.C. Hardiman, G.S. Jones, J. Knight, S. Liddicoat, F.M. O'Connor, R.J. 
Andres, C. Bell, K.O. Boo, A. Bozzo, N. Butchart, P. Cadule, K.D. Corbin, M. Doutriaux-Boucher, P. 
Friedlingstein, J. Gornall, L. Gray, P.R. Halloran, G. Hurtt, W.J. Ingram, J.F. Lamarque, R.M. Law, M. 
Meinshausen, S. Osprey, E.J. Palin, L.P. Chini, T. Raddatz, M.G. Sanderson, A.A. Sellar, A. Schurer, P. 
Valdes, N. Wood, S. Woodward, M. Yoshioka, and M. Zerroukat. 2011. “The HadGEM2-ES 
implementation of CMIP5 Centennial Simulations.” Geoscientific Model Development 4 (3): 543–570. 

Keller, A. A., J. Keller, and D. Seckler. 1996. Integrated Water Resources Systems: Theory and Policy 
Implication. Research Report No. 3. Colombo, Sri Lanka: International Water Management Institute. 

Kobayashi, M., S. Msangi, M. Batka, S. Vannuccini, M. M. Dey, and J. L. Anderson. 2015. “Fish to 2030: 
The role and opportunity for aquaculture.” Aquaculture Economics & Management 19(3): 282–300. 
dx.doi.org/10.1080/13657305.2015.994240. 

Lapola D. M., R. Schaldach, J. Alcamo, A. Bondeau, S. Msangi, J.A. Priess, R. Silvestrini, and B. S. Soares-
Filho. 2011. “Impacts of climate change and the end of deforestation on land use in the Brazilian 
Legal Amazon.” Earth Interactions 15(16): 1–29. DOI: http://dx.doi.org/10.1175/2010EI333.1 

Lele, U., W. A. Masters, J. Kinabo, J. V. Meenakshi, B. Ramaswami, J. Tagwireyi, W. Bell, and S. Goswami. 
2016. Measuring Food and Nutrition Security: An Independent Technical Assessment and User’s 
Guide for Existing Indicators. Measuring Food and Nutrition Security Technical Working Group. 
Rome: Food Security Information Network. (available at 
http://www.fao.org/fileadmin/user_upload/fsin/docs/1_FSIN-
TWG_UsersGuide_12June2016.compressed.pdf).  

McDonald, S., K. Thierfelder, and S. Robinson. (2007). Globe: A SAM-based Global CGE Model Using 
GTAP Data. USNA Working Paper 14. Annapolis, MD: US Naval Academy.  

Moss, R. H., J. A. Edmonds, K. A. Hibbard, M. R. Manning, S. K. Rose, D. P. Van Vuuren, T. R. Carter, S. 
Emori, M. Kainuma, T. Kram, G. A. Meehl, J. F. B. Mitchell, N. Nakicenovic, K. Riahi, S. J. Smith, R. J. 
Stouffer, A. M. Thomson, J. P. Weyant, and T. J. Wilbanks. 2010. “The next generation of scenarios 
for climate change research and assessment.” Nature 463: 747–756. 

Msangi, S. and M. Batka. 2015. “Chapter 8: The Rise of Aquaculture. The role of fish in global food 
security.” 2014-2015 Global Food Policy Report. . Washington, DC: International Food Policy 
Research Institute. Online at: https://www.ifpri.org/sites/default/files/gfpr/2015/feature_3087.html  

Nelson, G.C., M.W. Rosegrant, J. Koo, R. Robertson, T.B. Sulser, T. Zhu, C. Ringler, S. Msangi, A. Palazzo, 
M. Batka, M. Magalhaes, R. Valmonte-Santos, M. Ewing, and D. Lee. 2009. Climate Change: Impact 
on Agriculture and Costs of Adaptation. IFPRI Food Policy Report. Washington, DC: International 
Food Policy Research Institute. 

Nelson, G. C., H. Valin, R. D. Sands, P. Havlík, H. Ahammad, D. Deryng, J. Elliott, S. Fujimori, T. Hasegawa, 
E. Heyhoe, P. Kyle, M. von Lampe, H. Lotze-Campen, D. Mason-D’Croz, H. van Meijl, D. van der 
Mensbrugghe, C. Müller, A. Popp, R. Robertson, S. Robinson, E. Schmid, C. Schmitz, A. Tabeau, and 

http://www.fao.org/fileadmin/user_upload/fsin/docs/1_FSIN-TWG_UsersGuide_12June2016.compressed.pdf
http://www.fao.org/fileadmin/user_upload/fsin/docs/1_FSIN-TWG_UsersGuide_12June2016.compressed.pdf
https://www.ifpri.org/sites/default/files/gfpr/2015/feature_3087.html


Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

110 
Project Report for USAID 

D. Willenbockel. 2014. “Climate change effects on agriculture: Economic responses to biophysical 
shocks.” Proceedings of the National Academy of Sciences 111(9): 3274-3279. 
https://dx.doi.org/10.1073%2Fpnas.1222465110. 

Nin-Pratt, A. 2015. Inputs, Productivity, and Agricultural Growth in Africa South of the Sahara. IFPRI 
Discussion Paper 1432. Washington, D.C.: International Food Policy Research Institute (IFPRI). 
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/129095 

Nin-Pratt, A. 2016. "Inputs, Productivity and Agricultural Growth in Sub-Saharan Africa." Chapter 11 in 
Productivity and Efficiency Analysis, edited by W. H. Greene, L. Khalaf, R. C. Sickles, M. Veall, and M. 
C. Voia. Springer.  

Nin-Pratt, A., C. Falconi, C. Ludena, and P. Martel. 2015. Productivity and the Performance of Agriculture 
in Latin America and the Caribbean: From the Lost Decade to the Commodity Boom. IDB Working 
Paper Series 608. Washington, DC: Inter-American Development Bank (IDB). 
http://cdm15738.contentdm.oclc.org/cdm/ref/collection/p15738coll5/id/5105 

O’Neill, B. C., E. Kriegler, K. L. Ebi, E. Kemp-Benedict, K. Riahi, D. S. Rothman, B. J. van Ruijven, D. P. van 
Vuuren, J. Birkmann, K. Kok, M. Levy, and W. Solecki. 2015. “The roads ahead: Narratives for shared 
socioeconomic pathways describing world futures in the 21st century.” Global Environmental 
Change. doi:10.1016/j.gloenvcha.2015.01.004 

O’Neill, B. C., E. Kriegler, K. Riahi, K. L. Ebi, S. Hallegatte, T. R. Carter, R. Mathur, and D. P. van Vuuren. 
2014. “A new scenario framework for climate change research: The concept of shared 
socioeconomic pathways.” Climatic Change 122: 387–400. 

Otten, J. J., J. P. Hellwig, and L. D. Meyers. 2007. “Dietary reference intakes: The essential guide to 
nutrient requirements.” Washington, DC. 

Pereira, H. M., and G. C. Daily. 2006. “Modeling biodiversity dynamics in countryside landscapes.” 
Ecology 87: 1877–85.  

Riahi, K. and N. Nakicenovic (eds.). 2007. “Greenhouse Gases - Integrated Assessment” Technological 
Forecasting and Social Change, Special Issue, 74(7): 873-1108 

Robinson, S., D. Mason-D’Croz, S. Islam, T. B. Sulser, R. Robertson, T. Zhu, A. Gueneau, G. Pitois, and M. 
Rosegrant. 2015. The International Model for Policy Analysis of Agricultural Commodities and Trade 
(IMPACT): Model Description, Version 3. IFPRI Discussion Paper 1483. Washington, DC: IFPRI. 
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/129825 

Robinson, S., H. van Meijl, D. Willenbockel, H. Valin, S. Fujimori, T. Masui, R. Sands, M. Wise, K. Calvin, P. 
Havlik, D. Mason-D’Croz, A. Tabeau, A. Kavallari, C. Schmitz, J. P. Dietrich, and M. von Lampe, M. 
2014a. “Comparing supply-side specifications in models of global agriculture and the food system.” 
Agricultural Economics 45: 21–35. doi: 10.1111/agec.12087 

Rosegrant, M. W., and the IMPACT Development Team. 2012. International Model for Policy Analysis of 
Agricultural Commodities and Trade (IMPACT): Model Description. Washington, DC: IFPRI. 
www.ifpri.org/sites/default/files/publications/impactwater2012.pdf. 

https://dx.doi.org/10.1073%2Fpnas.1222465110
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/129095
http://cdm15738.contentdm.oclc.org/cdm/ref/collection/p15738coll5/id/5105
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/129825
http://www.ifpri.org/sites/default/files/publications/impactwater2012.pdf


Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

111 
Project Report for USAID 

Rosegrant, M. W., J. Koo, N. Cenacchi, C. Ringler, R. D. Robertson, M. Fisher, C.M. Cox, K. Garrett, N. D. 
Perez, and P. Sabbagh. 2014. Food Security in a World of Natural Resource Scarcity: The Role of 
Agricultural Technologies. Washington, DC: IFPRI. 

Rosegrant, M. W., E. Magalhaes, R.A. Valmonte-Santos, and D. Mason–D’Croz. 2015. Returns to 
Investment in Reducing Postharvest Food Losses and Increasing Agricultural Productivity Growth. 
Food Security and Nutrition Assessment Paper. Copenhagen Consensus Center.  

Rosenzweig, C., J. Elliott, D. Deryng, A. C. Ruane, C. Müller, A. Arneth, K.J. Boote, C. Folberth, M. Glotter, 
N. Khabarov, and K. Neumann. 2014. “Assessing agricultural risks of climate change in the 21st 
century in a global gridded crop model intercomparison.” Proceedings of the National Academy of 
Sciences 111(9): 3268-73. 

Samir, K.C. and W. Lutz. 2014. “The human core of the shared socioeconomic pathways: Population 
scenarios by age, sex, and level of education for all countries to 2100.” Global Environmental Change 
42: 181-192. doi: 10.1016/j.gloenvcha.2014.06.004 

Schaldach R., J. Alcamo, J. Koch, C. Kölking, D.M. Lapola, J. Schüngel, and J. Pries. 2011. “An integrated 
approach to modelling land-use change on continental and global scales.” Environmental Modelling 
and Software 26(8): 1041–51.  

Siebert S., J. Burke, J.M. Faures, K. Frenken, J. Hoogeveen, P. Döll, and F.T. Portmann. 2010. 
“Groundwater use for irrigation—a global inventory.” Hydrology and Earth System Sciences 14(10): 
1863-1880. doi:10.5194/hess-14-1863-2010. 

Smith, S. J., and T. M. L. Wigley. 2006. “Multi-Gas Forcing Stabilization with the MiniCAM.” The Energy 
Journal (Special Issue No. 3): 373–91. 

Taylor, K. E., R. J. Stouffer, and G. A. Meehl. 2012. “An Overview of CMIP5 and the experiment design.” 
Bulletin of the American Meteorological Society 93: 485–98.  

van Vuuren, D. P., B. Eickhout, P. L. Lucas, and M.G.J. den Elzen. 2006. “Long-term multi-gas scenarios to 
stabilise radiative forcing—Exploring costs and benefits within an integrated assessment 
framework.” The Energy Journal, 27: 201-233. http://www.jstor.org/stable/23297082 

van Vuuren, D., M.G.J. den Elzen, P.L. Lucas, B. Eickhout, B.J. Strengers, B. van Ruijven, S. Wonink, and R. 
van Houdt. 2007. “Stabilizing greenhouse gas concentrations at low levels: An assessment of 
reduction strategies and costs.” Climatic Change 81(2): 119-159. doi: 10.1007/s10584-006-9172-9. 

von Lampe, M., D. Wilenbockel, H. Ahammad, E. Blanc, Y. Cai, K. Calvin, S. Fujimori, T. Hasegawa, P. 
Havlik, E. Heyhoe, P. Kyle, H. Lotze-Campen, D. Mason-D’Croz, G.C. Nelson, R. D. Sands, C. Schmitz, 
A. Tabeau, H. Valin, D. van der Mensbrugghe, and H. van Meijl. 2014. “Why do global long-term 
scenarios for agriculture differ? An overview of the AgMIP Global Economic Model 
Intercomparison.” Agricultural Economics 45: 1–18. doi: 10.1111/agec.12086 

Warszawski L., K. Frieler, V. Huber, F. Piontek, O. Serdeczny, and J. Schewe. 2014. “The Inter-Sectoral 
Impact Model Intercomparison Project (ISI-MIP): project framework.” Proceedings of the National 
Academcy of Sciences 111(9): 3228–32. 



Main Report Modeling to Inform the CGIAR Portfolio IFPRI 

112 
Project Report for USAID 

Wiebe, K., H. Lotze-Campen, R. Sands, A. Tabeau, D. van der Meensbrugghe, A. Biewald, B. Bodirsky, S. 
Islam, A. Kavallari, D. Mason-D'Croz, C. Müller, A. Popp, R. Robertson, S. Robinson, H. van Meijl, and 
D. Willenbockel. 2015. “Climate change impacts on agriculture in 2050 under a range of plausible 
socioeconomic and emissions scenarios.” Environmental Research Letters 10. doi:10.1088/1748-
9326/10/8/085010 

Wise, M. A., K. V. Calvin, A. M. Thomson, L. E. Clarke, B. Bond-Lamberty, R. D. Sands, S. J. Smith, A. C. 
Janetos, and J. A. Edmonds. 2009. “Implications of limiting CO2 concentrations for land use and 
energy.” Science 324: 1183–86 (May 29). 

Wollenberg, E., M. Richards, P. Smith, P. Havlík, M. Obersteiner, F.N. Tubiello, M. Herold, P. Gerber, S. 
Carter, A. Reisinger, D.P. van Vuuren, A. Dickie, H. Neufeldt, B.O. Sander, R. Wassmann, R. Sommer, 
J.E. Amonette, A. Falcucci, M. Herrero, C. Opio, R.M. Roman-Cuesta, E. Stehfest, H. Westhoek, I. 
Ortiz-Monasterio, T. Sapkota, M.C. Rufino, P.K. Thornton, L. Verchot, P.C. West, J-F. Soussana, T. 
Baedeker, M. Sadler, S. Vermeulen, and B.M. Campbell. 2016. “Reducing emissions from agriculture 
to meet the 2 °C target.” Global Change Biology 22(12): 3859–3864. doi:10.1111/gcb.13340  

World Bank. 2013. Fish to 2030: Prospects for Fisheries and Aquaculture. Washington, DC: World Bank. 

WRI (World Resources Institute). 2015. CAIT Climate Data Explorer (http://cait.wri.org/). Accessed 12 
December 2015. 

 

 

http://cait.wri.org/


Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

113 
Project Report for USAID 

Appendices 



Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

114 
Project Report for USAID 

Appendix A. Extended IMPACT Model Results 

World commodity price tables 

Table A - 1  World Prices for Animal Products 

Scenario  
Beef Lamb Pork Poultry Dairy Eggs 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 3236 3958 3907 4044 5056 4360 2080 2771 2831 1569 2099 2094 495 568 570 1890 2164 2109 
MED   -5.4 -11.8   -6.2 -13.4   -1.5 -3.4   -4.8 -10.2   -2.5 -5.5   -0.4 -0.9 
REGION   -8.4 -19.3   -12.2 -27.3   -2.1 -5.0   -6.1 -13.8   -4.8 -11.1   -0.1 -0.3 
HIGH   -10.5 -22.3   -12.0 -25.3   -2.9 -6.3   -9.3 -19.2   -4.9 -10.8   -0.7 -1.5 
HIGH+NARS   -13.5 -28.1   -15.4 -31.8   -3.7 -8.0   -11.9 -24.1   -6.3 -13.9   -0.9 -1.7 
HIGH+RE   -21.5 -27.7   -24.5 -31.5   -5.9 -7.9   -19.0 -23.9   -10.4 -13.8   -1.2 -1.7 
IX   0.1 0.1   0.1 0.1   0.1 0.0   0.1 0.1   0.0 0.0   0.1 0.0 
IX+WUE   -0.3 -0.2   0.1 0.1   -0.4 -0.4   -0.4 -0.4   -0.1 -0.1   -0.3 -0.3 
ISW   -0.2 -0.5   0.0 -0.1   -0.2 -0.7   -0.4 -0.8   -0.1 -0.2   -0.3 -0.6 
RMM   -5.6 -6.3   -4.7 -5.2   -5.4 -5.5   -4.5 -5.3   -2.5 -2.9   -5.9 -6.4 
COMP   -26.1 -32.4   -27.9 -34.8   -11.0 -13.1   -22.8 -28.1   -12.9 -16.4   -7.1 -8.0 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 2  World Prices for Cereals 

Scenario 
Barley Maize Millet Rice Sorghum Wheat 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 172 187 198 149 215 301 282 364 413 359 455 567 147 183 194 221 261 317 
MED   -8.6 -17.9   -1.8 -5.3   -8.7 -17.0   -5.7 -12.0   -6.4 -13.5   -6.0 -14.5 
REGION   -12.6 -25.6   -1.7 -5.8   -19.9 -36.3   -9.4 -19.9   -15.7 -31.4   -9.5 -22.2 
HIGH   -16.3 -31.7   -3.1 -8.7   -16.6 -30.8   -10.9 -21.8   -12.5 -25.4   -11.5 -24.9 
HIGH+NARS   -20.5 -38.7   -3.6 -10.1   -20.9 -37.9   -13.8 -26.9   -16.1 -31.9   -14.7 -30.0 
HIGH+RE   -31.2 -38.2   -4.9 -10.6   -32.1 -37.5   -21.4 -26.6   -25.6 -31.6   -22.7 -29.3 
IX   -0.2 -0.3   0.6 0.5   -0.1 -0.4   -3.7 -4.1   0.2 -0.3   -0.4 -0.3 
IX+WUE   -1.7 -1.8   -1.5 -1.3   -0.7 -1.0   -7.4 -6.9   -0.9 -1.2   -3.6 -3.6 
ISW   -1.7 -3.2   -0.5 -2.5   -5.1 -8.5   -2.2 -3.7   -1.3 -2.6   -0.8 -3.5 
RMM   -5.2 -6.4   -1.2 -2.3   -5.1 -5.6   -5.2 -6.0   -3.8 -4.3   -4.1 -5.8 
COMP   -35.4 -42.7   -5.5 -12.9   -38.9 -46.0   -31.1 -36.2   -29.9 -36.6   -28.4 -34.6 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM  
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Table A - 3  World Prices for Oilseeds and Food Oils 

Scenario 
Groundnuts Groundnut Oil Soybeans Soybean Oil Palm Oil Palm Kernel Oil 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 788 1030 1283 1183 1418 1540 333 449 517 615 743 764 522 657 687 574 692 799 
MED   -10.1 -19.8   -0.8 -2.2   -0.5 -1.4   0.2 0.2   -1.2 -2.4   -0.1 -0.3 
REGION   -18.9 -36.4   -1.9 -5.3   -1.4 -3.4   1.2 2.9   -1.5 -2.8   -0.1 -0.5 
HIGH   -19.2 -35.6   -1.6 -4.4   -0.9 -2.3   0.3 0.6   -2.4 -4.4   -0.1 -0.7 
HIGH+NARS   -24.2 -43.6   -2.1 -5.6   -1.1 -2.6   0.5 1.0   -3.0 -5.6   -0.1 -0.9 
HIGH+RE   -37.0 -43.1   -3.5 -5.6   -1.4 -2.7   0.9 0.9   -4.8 -5.5   -0.4 -0.9 
IX   -1.3 -2.0   -0.3 -0.6   3.3 3.0   0.6 0.5   0.2 0.2   0.1 0.1 
IX+WUE   -2.1 -2.8   -0.7 -1.0   2.5 2.1   0.2 0.2   0.1 0.1   0.1 0.1 
ISW   -2.1 -3.6   -0.5 -0.8   -1.5 -2.8   -0.5 -0.8   -0.4 -0.4   0.0 -0.1 
RMM   3.4 2.8   0.5 0.4   1.4 0.9   0.3 0.2   1.1 0.8   0.3 0.2 
COMP   -37.4 -44.7   -4.2 -6.6   1.4 -1.3   1.0 0.8   -4.0 -4.9   0.0 -0.6 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 4  World Prices for Pulses 

Scenario 
Beans Chickpeas Cowpeas Lentils Pigeon peas Fruits & Vegetables 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 1717 2118 2290 550 689 796 646 849 969 531 588 584 468 579 650 869 1086 1311 
MED   -7.1 -14.2   -7.9 -15.1   -6.8 -13.2   -6.5 -11.8   -8.4 -16.4   -1.4 -2.8 
REGION   -10.7 -20.8   -16.2 -29.8   -15.7 -29.1   -11.6 -20.9   -19.2 -35.2   -2.7 -5.3 
HIGH   -13.6 -26.0   -15.1 -27.6   -13.0 -24.4   -12.6 -22.1   -16.1 -29.8   -2.7 -5.1 
HIGH+NARS   -17.2 -32.3   -19.1 -34.0   -16.5 -30.3   -16.1 -27.8   -20.3 -36.6   -3.4 -6.3 
HIGH+RE   -26.8 -32.0   -29.4 -33.6   -25.6 -30.0   -25.4 -27.4   -31.2 -36.2   -5.3 -6.3 
IX   0.6 0.4   -0.2 -0.5   -0.4 -0.6   -0.4 -0.4   0.2 0.0   -1.1 -1.3 
IX+WUE   -0.2 -0.4   -2.0 -2.3   -0.7 -1.0   -1.6 -1.6   -0.4 -0.6   -1.7 -1.9 
ISW   -2.0 -3.3   -1.3 -2.6   -3.8 -6.1   -0.8 -1.8   -1.5 -2.9   -1.3 -2.4 
RMM   -5.2 -5.8   -5.5 -5.8   -7.1 -7.5   -4.0 -4.1   -6.0 -6.4   -5.4 -5.9 
COMP   -31.6 -37.5   -35.0 -39.7   -33.9 -39.5   -30.1 -32.2   -36.0 -41.6   -12.6 -14.6 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
  



Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

116 
Project Report for USAID 

Table A - 5  World Prices for Bananas, Roots, and Tubers 

Scenario 
Banana Plantains Cassava Potato Sweet Potato Yams 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 569 737 824 576 687 809 117 140 165 269 384 439 694 815 958 692 823 1035 
MED   -8.7 -16.6   -8.7 -16.8   -7.2 -14.2   -4.3 -8.8   -8.8 -16.8   -7.6 -15.1 
REGION   -14.8 -28.4   -17.9 -33.4   -13.1 -25.4   -6.2 -12.9   -11.9 -24.5   -17.8 -33.3 
HIGH   -16.5 -30.4   -16.5 -30.5   -13.7 -25.8   -8.5 -16.8   -16.7 -30.7   -14.6 -27.7 
HIGH+NARS   -20.9 -37.6   -20.8 -37.6   -17.3 -31.8   -10.9 -21.2   -21.1 -37.9   -18.5 -34.2 
HIGH+RE   -32.3 -37.2   -32.0 -37.2   -26.4 -31.4   -17.6 -20.9   -32.5 -37.5   -28.5 -33.8 
IX   -2.3 -2.8   -0.3 -0.9   1.0 0.7   -1.2 -1.8   -0.8 -1.3   -0.3 -0.4 
IX+WUE   -2.8 -3.2   -0.8 -1.4   0.7 0.4   -1.9 -2.4   -1.1 -2.1   -0.4 -0.5 
ISW   -2.2 -3.5   -6.9 -11.2   -1.9 -3.7   -0.8 -1.6   -2.0 -3.9   -3.4 -5.9 
RMM   -5.8 -6.3   -6.3 -6.7   -3.3 -3.9   -5.1 -5.7   -4.6 -5.4   -4.9 -5.4 
COMP   -38.8 -44.3   -40.9 -48.3   -29.2 -35.5   -23.6 -27.9   -37.1 -43.7   -34.4 -41.1 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Crop yield tables 

Table A - 6  Maize Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 5.0 5.3 5.5 3.5 4.1 4.5 4.9 5.8 6.4 2.2 2.6 2.9 1.6 2.0 2.2 6.4 7.0 6.9 3.5 4.3 4.7 
MED 

 
2.1 4.7 

 
4.3 8.6 

 
2.5 4.5 

 
7.9 16.0 

 
7.7 15.7 

 
8.1 17.1 

 
6.5 13.2 

REGION 
 

3.1 7.3 
 

6.3 13.0 
 

2.5 4.4 
 

22.1 48.7 
 

21.8 47.8 
 

7.9 16.8 
 

6.7 13.5 
HIGH 

 
4.5 10.5 

 
9.0 18.5 

 
5.0 9.4 

 
16.3 34.8 

 
16.0 34.0 

 
16.8 37.2 

 
13.5 28.3 

HIGH+NARS 
 

6.0 14.6 
 

11.9 25.3 
 

6.6 12.6 
 

21.7 47.6 
 

21.3 46.5 
 

22.4 50.7 
 

17.9 38.4 
HIGH+RE 

 
11.1 14.2 

 
21.2 24.8 

 
11.4 12.3 

 
38.7 46.6 

 
38.1 45.5 

 
39.9 49.8 

 
31.7 37.6 

IX 
 

0.1 0.0 
 

-0.1 -0.2 
 

0.1 -0.1 
 

0.1 0.1 
 

0.9 1.4 
 

-1.8 -2.2 
 

-0.4 -0.5 
IX+WUE 

 
1.6 1.2 

 
2.9 2.0 

 
4.3 1.8 

 
2.3 1.9 

 
0.8 1.5 

 
10.3 12.4 

 
1.0 1.6 

ISW 
 

0.8 1.5 
 

1.5 2.9 
 

1.3 2.8 
 

1.2 1.4 
 

3.7 6.8 
 

0.1 0.2 
 

1.5 2.8 
RMM 

 
0.2 0.2 

 
1.4 1.4 

 
1.2 1.3 

 
1.8 1.7 

 
2.1 2.0 

 
0.7 0.4 

 
1.6 1.4 

COMP 
 

14.8 19.0 
 

28.3 32.8 
 

19.1 19.1 
 

46.3 54.3 
 

47.9 61.5 
 

54.5 67.2 
 

37.5 45.8 
Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 7 Barley Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 2.7 3.5 4.2 2.1 2.9 3.5 4.3 5.7 5.9 1.8 2.3 2.5 1.6 2.2 2.6 1.8 2.3 2.4 2.9 4.0 4.4 
MED 

 
2.3 4.4 

 
5.6 11.1 

 
6.2 12.6 

 
5.6 12.0 

 
5.2 10.5 

 
6.8 13.9 

 
5.6 11.5 

REGION 
 

2.1 3.9 
 

5.6 11.3 
 

5.6 11.3 
 

17.0 39.1 
 

15.5 33.3 
 

6.3 12.7 
 

5.2 10.6 
HIGH 

 
4.8 10.1 

 
11.4 23.8 

 
12.7 26.9 

 
11.7 26.1 

 
10.6 22.2 

 
14.1 29.8 

 
11.6 24.3 

HIGH+NARS 
 

6.5 14.1 
 

15.1 32.1 
 

16.7 36.3 
 

15.5 35.6 
 

14.0 29.8 
 

18.6 40.4 
 

15.3 32.6 
HIGH+RE 

 
11.8 13.9 

 
26.6 31.6 

 
29.3 35.6 

 
27.7 35.0 

 
24.3 29.3 

 
32.8 39.7 

 
26.8 32.0 

IX 
 

0.0 0.0 
 

0.1 0.1 
 

0.0 0.0 
 

0.4 0.3 
 

0.3 0.4 
 

0.4 0.4 
 

-2.5 -2.3 
IX+WUE 

 
0.0 0.0 

 
0.1 0.1 

 
-0.2 -0.2 

 
0.5 0.5 

 
0.3 0.5 

 
0.3 0.4 

 
-0.6 -0.9 

ISW 
 

0.0 -0.1 
 

0.1 0.1 
 

0.1 0.2 
 

0.0 -0.1 
 

1.1 2.3 
 

0.3 0.6 
 

0.4 0.7 
RMM 

 
-0.1 -0.3 

 
0.7 0.6 

 
0.8 0.6 

 
1.0 0.8 

 
0.8 0.6 

 
0.5 0.4 

 
0.9 0.8 

COMP 
 

12.3 14.3 
 

27.9 33.1 
 

30.4 36.9 
 

30.0 37.2 
 

27.6 34.4 
 

34.7 42.2 
 

27.5 33.1 
Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 8  Rice Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 2.8 3.2 3.4 2.8 3.2 3.3 3.3 3.6 3.9 2.3 2.7 2.6 1.3 2.1 2.6 4.7 5.2 5.9 3.0 3.6 3.7 
MED 

 
2.0 4.1 

 
2.2 4.5 

 
1.9 3.7 

 
2.1 4.0 

 
6.8 13.9 

 
2.4 4.2 

 
1.8 3.2 

REGION 
 

3.4 7.6 
 

3.7 8.2 
 

1.4 2.6 
 

6.0 12.1 
 

19.5 42.3 
 

2.2 3.4 
 

1.2 1.6 
HIGH 

 
4.1 8.7 

 
4.4 9.4 

 
3.8 7.5 

 
4.2 8.4 

 
14.1 29.8 

 
4.8 8.5 

 
3.6 6.7 

HIGH+NARS 
 

5.4 11.6 
 

5.8 12.5 
 

4.9 10.0 
 

5.5 11.1 
 

18.7 40.3 
 

6.0 11.3 
 

4.8 8.8 
HIGH+RE 

 
9.3 11.4 

 
9.9 12.3 

 
8.4 9.8 

 
9.3 10.9 

 
32.9 39.6 

 
9.6 11.1 

 
8.0 8.7 

IX 
 

-0.2 -0.2 
 

-0.1 -0.1 
 

0.0 0.0 
 

-0.5 -0.6 
 

1.4 2.2 
 

-1.6 -1.1 
 

1.8 3.6 
IX+WUE 

 
1.5 1.0 

 
1.7 1.2 

 
1.6 0.9 

 
1.4 1.1 

 
2.6 3.5 

 
5.1 4.5 

 
3.4 2.9 

ISW 
 

0.5 0.9 
 

0.6 1.0 
 

0.7 1.2 
 

0.2 0.3 
 

2.0 3.2 
 

-0.1 -0.2 
 

0.2 0.1 
RMM 

 
0.7 0.6 

 
0.8 0.7 

 
0.6 0.6 

 
0.8 0.7 

 
0.9 0.8 

 
0.7 0.8 

 
1.2 1.1 

COMP 
 

12.0 14.0 
 

12.9 15.2 
 

11.1 11.9 
 

11.9 13.1 
 

40.5 50.2 
 

14.1 15.4 
 

13.0 13.4 
Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 9  Wheat Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 3.0 3.6 4.1 2.7 3.3 3.8 4.6 5.4 5.4 2.7 3.6 4.5 2.2 2.7 3.1 2.4 3.1 3.6 2.7 3.3 3.7 
MED 

 
2.9 5.3 

 
4.8 9.1 

 
6.9 13.9 

 
5.0 9.4 

 
6.8 13.4 

 
6.3 12.6 

 
7.4 14.9 

REGION 
 

4.6 9.9 
 

7.7 16.4 
 

6.3 12.3 
 

15.0 30.6 
 

19.8 42.4 
 

5.7 11.0 
 

6.9 13.7 
HIGH 

 
6.0 12.3 

 
10.0 20.1 

 
14.2 30.2 

 
10.2 20.3 

 
14.0 29.1 

 
13.0 27.2 

 
15.2 32.1 

HIGH+NARS 
 

8.0 17.1 
 

13.2 27.5 
 

18.8 41.1 
 

13.4 27.5 
 

18.5 39.6 
 

17.1 36.9 
 

20.1 43.8 
HIGH+RE 

 
14.5 17.0 

 
23.5 27.2 

 
33.2 40.5 

 
23.5 27.2 

 
32.6 39.2 

 
30.1 36.5 

 
35.6 43.2 

IX 
 

-0.1 -0.1 
 

-0.1 0.0 
 

-0.1 -0.1 
 

-1.0 -1.0 
 

-0.6 -0.1 
 

0.2 0.1 
 

1.2 0.7 
IX+WUE 

 
1.5 1.6 

 
2.5 2.7 

 
0.4 0.3 

 
6.4 5.9 

 
0.6 0.2 

 
1.1 1.2 

 
1.0 0.5 

ISW 
 

0.2 0.0 
 

0.3 0.3 
 

0.1 -0.2 
 

0.6 0.7 
 

1.6 3.1 
 

0.2 0.3 
 

0.7 1.1 
RMM 

 
0.6 0.3 

 
1.3 1.0 

 
1.3 1.0 

 
2.0 1.5 

 
1.4 1.1 

 
0.9 0.6 

 
1.1 0.8 

COMP 
 

17.9 21.0 
 

28.6 33.2 
 

35.7 42.9 
 

34.6 38.4 
 

37.6 46.3 
 

33.3 40.2 
 

39.6 47.3 
Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 10  Millet Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 0.9 1.1 1.3 0.9 1.1 1.3 1.9 2.2 2.6 1.0 1.1 1.2 0.9 1.1 1.3 0.9 1.6 2.1 1.7 2.0 2.4 
MED 

 
4.5 9.2 

 
4.6 9.3 

 
-0.1 -0.2 

 
5.2 10.6 

 
5.1 10.4 

 
2.8 5.5 

 
0.5 1.0 

REGION 
 

12.0 25.7 
 

12.2 26.1 
 

-1.6 -3.3 
 

14.2 30.3 
 

13.7 29.1 
 

0.6 0.0 
 

-0.3 -0.7 
HIGH 

 
9.2 19.3 

 
9.3 19.6 

 
-0.2 -0.3 

 
10.6 22.3 

 
10.4 21.7 

 
5.8 10.4 

 
1.0 2.0 

HIGH+NARS 
 

12.1 25.8 
 

12.3 26.3 
 

-0.2 -0.4 
 

14.0 29.9 
 

13.6 29.0 
 

7.6 13.0 
 

1.3 2.6 
HIGH+RE 

 
21.0 25.5 

 
21.3 25.9 

 
-0.3 -0.4 

 
24.3 29.4 

 
23.6 28.6 

 
13.0 12.9 

 
2.2 2.5 

IX 
 

0.1 0.1 
 

0.1 0.1 
 

0.1 0.1 
 

0.0 0.0 
 

0.1 0.1 
 

-1.8 -1.6 
 

0.0 -0.1 
IX+WUE 

 
0.1 0.1 

 
0.1 0.1 

 
0.0 0.0 

 
0.0 0.0 

 
0.0 0.0 

 
8.5 4.5 

 
-0.1 -0.1 

ISW 
 

1.7 3.8 
 

1.8 3.9 
 

1.0 2.2 
 

0.9 1.8 
 

2.3 4.9 
 

-0.2 -0.1 
 

1.8 3.7 
RMM 

 
0.8 0.7 

 
0.8 0.7 

 
0.7 0.7 

 
1.0 0.9 

 
0.8 0.7 

 
0.1 0.1 

 
0.5 0.5 

COMP 
 

24.3 31.5 
 

24.7 32.0 
 

1.5 2.6 
 

26.7 33.0 
 

27.6 36.0 
 

19.7 14.6 
 

4.5 6.8 
Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 11  Sorghum Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America – 
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 1.4 1.7 2.0 1.2 1.5 1.8 4.7 5.6 6.3 0.8 1.0 1.0 1.0 1.3 1.5 1.5 1.7 1.8 3.3 3.9 4.5 
MED 

 
3.1 7.0 

 
4.2 9.2 

 
1.8 3.6 

 
5.6 11.5 

 
7.2 14.7 

 
5.4 11.0 

 
0.3 0.6 

REGION 
 

8.2 19.8 
 

11.1 25.8 
 

0.6 0.8 
 

15.2 32.4 
 

19.4 41.6 
 

2.4 5.3 
 

-0.8 -1.8 
HIGH 

 
6.6 15.3 

 
8.8 19.9 

 
3.7 7.2 

 
11.5 24.1 

 
14.8 31.2 

 
11.0 22.8 

 
0.6 1.1 

HIGH+NARS 
 

8.8 21.0 
 

11.7 27.2 
 

4.8 9.4 
 

15.1 32.2 
 

19.5 42.0 
 

14.4 30.2 
 

0.8 1.3 
HIGH+RE 

 
15.8 20.7 

 
20.9 26.7 

 
8.0 9.3 

 
26.2 31.7 

 
34.2 41.3 

 
24.7 29.8 

 
1.2 1.3 

IX 
 

-0.1 -0.1 
 

-0.2 0.0 
 

-0.1 -0.1 
 

0.0 0.0 
 

0.3 0.4 
 

1.0 2.0 
 

-0.3 -0.1 
IX+WUE 

 
0.3 0.3 

 
0.3 0.3 

 
-0.3 -0.3 

 
0.0 0.0 

 
0.8 0.8 

 
1.5 3.6 

 
0.3 0.0 

ISW 
 

0.5 1.1 
 

0.7 1.3 
 

0.4 0.8 
 

0.2 0.4 
 

0.9 1.8 
 

0.0 0.0 
 

0.4 0.7 
RMM 

 
0.6 0.6 

 
1.2 1.1 

 
1.0 0.9 

 
1.2 1.1 

 
1.0 0.9 

 
0.1 0.5 

 
1.1 1.0 

COMP 
 

17.7 23.4 
 

23.6 30.4 
 

9.2 10.8 
 

27.9 33.7 
 

37.8 46.2 
 

27.1 35.1 
 

3.0 3.1 
Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 12  Banana Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 17.7 21.2 22.7 17.6 21.1 22.7 17.6 20.1 21.4 29.6 40.1 46.5 7.7 9.4 10.2 34.8 45.8 50.7 21.7 24.3 24.3 
MED   4.3 8.6   4.3 8.6   4.9 10.1   4.9 9.9   4.2 7.7   0.4 0.9   3.9 7.6 
REGION   7.7 16.8   7.8 16.9   3.7 7.3   15.2 31.5   13.6 26.8   -1.2 -2.4   2.5 4.6 
HIGH   8.8 18.1   8.9 18.2   10.0 21.0   10.1 20.6   8.6 16.4   0.9 1.7   8.0 16.4 
HIGH+NARS   11.6 24.3   11.7 24.5   13.1 28.1   13.3 27.5   11.4 22.3   1.1 2.1   10.6 22.5 
HIGH+RE   20.2 23.9   20.4 24.1   22.7 27.7   23.0 27.0   20.0 21.9   1.8 2.1   18.9 22.1 
IX   0.7 0.7   0.7 0.8   0.0 -0.2   0.3 0.2   1.0 1.5   0.1 -0.1   2.0 2.6 
IX+WUE   0.7 0.8   0.7 0.8   -0.1 -0.2   0.2 0.1   1.5 2.1   -0.2 -0.4   2.0 2.6 
ISW   0.6 0.8   0.6 0.9   0.4 0.9   0.2 0.1   3.0 5.0   -0.2 -0.3   0.4 0.6 
RMM   1.2 1.1   1.2 1.2   1.1 1.0   1.7 1.6   1.0 0.8   1.0 1.0   0.8 0.6 
COMP   23.0 27.2   23.3 27.4   24.6 30.1   25.7 29.7   26.4 32.0   2.5 2.6   21.6 25.8 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 13  Plantain Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 6.7 9.1 10.6 6.7 9.1 10.6 11.7 16.1 19.4 12.3 16.4 19.3 6.0 8.2 9.7 0.0 0.0 0.0 9.4 12.5 14.5 
MED   3.9 7.8   3.9 7.8   1.3 2.6   4.0 8.3   4.1 8.4       3.4 6.9 
REGION   9.1 19.5   9.1 19.5   -0.2 -0.7   11.6 24.5   12.0 25.1       1.2 1.9 
HIGH   7.9 16.3   7.9 16.3   2.6 5.3   8.2 17.2   8.4 17.4       7.0 14.2 
HIGH+NARS   10.3 21.7   10.3 21.7   3.4 6.9   10.8 23.0   11.0 23.2       9.1 18.8 
HIGH+RE   17.8 21.3   17.8 21.3   5.8 6.8   18.7 22.6   19.0 22.8       15.6 18.5 
IX   0.3 0.4   0.3 0.4   0.0 -0.1   0.2 0.0   -0.1 -0.1       2.0 2.7 
IX+WUE   0.2 0.4   0.2 0.4   0.0 -0.1   0.1 0.0   -0.1 -0.1       2.2 2.9 
ISW   2.6 5.5   2.6 5.5   -0.1 0.2   -0.1 0.2   3.8 7.8       -0.5 -1.0 
RMM   1.2 1.0   1.2 1.0   0.9 0.9   1.3 1.3   1.1 1.0       1.2 1.1 
COMP   22.6 30.0   22.6 30.0   6.6 7.9   20.3 24.5   24.8 33.6       18.8 21.9 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
  



Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

121 
Project Report for USAID 

Table A - 14  Cassava Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 12.2 14.6 15.9 12.2 14.6 15.9 18.4 21.1 21.8 25.3 28.0 26.8 10.1 12.4 14.1 0.0 0.0 0.0 13.5 17.2 18.4 
MED   4.5 9.1   4.5 9.1   4.7 9.6   4.5 9.2   4.3 8.8       4.6 9.3 
REGION   9.1 19.9   9.1 19.9   4.1 8.3   12.8 27.1   12.4 26.1       3.9 7.8 
HIGH   9.2 19.1   9.2 19.1   9.6 20.2   9.2 19.3   8.8 18.4       9.4 19.6 
HIGH+NARS   12.1 25.5   12.1 25.5   12.7 27.0   12.2 25.8   11.7 24.6       12.3 26.2 
HIGH+RE   21.0 25.1   21.0 25.1   21.9 26.5   21.0 25.4   20.2 24.3       21.3 25.8 
IX   -0.1 0.0   -0.1 0.0   0.2 0.2   0.3 0.3   0.1 0.1       -0.1 -0.1 
IX+WUE   -0.1 -0.1   -0.1 -0.1   0.1 0.2   0.3 0.2   0.1 0.1       -0.2 -0.2 
ISW   0.8 1.7   0.8 1.7   0.4 0.8   0.1 0.1   1.2 2.2       0.4 1.0 
RMM   1.0 0.9   1.0 0.9   0.8 0.8   1.1 1.0   1.1 1.0       1.0 1.0 
COMP   23.2 28.5   23.2 28.5   23.7 28.9   22.9 27.2   23.1 28.6       23.0 28.1 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 15  Potato Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 17.9 18.6 19.5 15.4 16.2 17.1 14.9 16.2 15.3 17.9 20.8 24.7 8.7 8.9 8.5 24.8 29.1 32.6 17.1 19.9 21.8 
MED   1.6 3.4   2.6 5.1   -0.2 -0.4   1.3 2.5   3.5 7.2   7.2 14.6   7.0 14.5 
REGION   2.1 4.9   3.4 7.4   -0.7 -1.5   4.8 9.6   11.4 24.0   6.7 13.3   6.5 13.2 
HIGH   3.4 7.3   5.3 11.0   -0.3 -0.8   2.5 5.0   7.1 14.7   14.9 31.1   14.5 30.9 
HIGH+NARS   4.5 9.9   7.0 14.8   -0.4 -1.0   3.3 6.5   9.3 19.3   19.7 42.0   19.2 41.7 
HIGH+RE   8.1 9.8   12.4 14.6   -0.7 -1.0   5.5 6.4   15.8 19.1   34.6 41.3   33.7 41.1 
IX   0.0 0.1   0.2 0.4   -0.3 -0.5   0.2 0.0   3.3 4.4   -0.5 -0.1   1.0 1.3 
IX+WUE   0.2 0.2   0.4 0.6   -0.5 -0.7   -0.2 -0.3   3.1 4.4   1.8 1.7   3.1 3.2 
ISW   0.2 0.2   0.3 0.4   0.8 1.5   -0.1 -0.3   1.6 1.6   0.0 -0.1   0.2 0.4 
RMM   1.0 1.0   2.0 1.9   2.0 1.8   2.5 2.3   2.4 2.2   1.4 1.3   2.0 1.8 
COMP   9.9 11.9   15.5 18.2   1.6 1.9   7.9 8.3   23.9 28.5   38.8 46.2   40.3 48.4 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 16  Sweet Potato Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 14.3 16.3 16.7 14.2 16.1 16.5 21.1 24.5 25.4 9.1 11.2 11.9 4.7 6.9 8.9 16.7 21.8 23.0 9.1 12.7 15.8 
MED   4.0 7.7   4.1 8.0   4.2 8.5   3.2 6.5   3.6 6.2   -0.7 -1.4   4.4 9.1 
REGION   4.9 10.7   5.1 11.1   3.5 6.4   11.2 22.9   13.3 25.0   -1.5 -3.5   3.7 6.8 
HIGH   8.2 16.4   8.5 16.9   8.6 17.7   6.5 13.4   7.5 13.6   -1.4 -2.8   9.0 18.8 
HIGH+NARS   10.9 22.0   11.2 22.7   11.3 23.7   8.5 17.6   9.9 18.6   -1.8 -3.6   11.9 25.0 
HIGH+RE   18.9 21.6   19.4 22.3   19.6 23.3   14.4 17.3   17.5 18.3   -3.0 -3.6   20.4 24.6 
IX   -0.5 -0.7   -0.5 -0.7   -0.2 -0.3   0.1 0.0   0.4 0.2   0.0 -0.1   0.6 0.6 
IX+WUE   -0.4 -0.5   -0.4 -0.5   -0.2 -0.4   0.0 -0.3   1.1 1.3   -0.1 -0.3   0.3 0.2 
ISW   0.7 1.5   0.7 1.5   0.6 1.3   -0.2 -0.4   1.4 2.5   -0.4 -0.7   0.6 1.1 
RMM   1.6 1.4   1.7 1.5   1.7 1.5   1.9 1.8   1.8 1.5   1.5 1.3   1.6 1.5 
COMP   21.3 24.7   21.9 25.5   22.3 26.6   16.6 18.9   21.7 23.9   -1.9 -3.1   23.8 28.3 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 17  Yam Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 12.0 18.3 24.7 12.0 18.3 24.7 12.4 18.2 24.8 0.0 0.0 0.0 12.1 18.4 24.9 7.4 11.5 15.7 9.0 13.6 18.2 
MED   4.4 8.9   4.4 8.9   -0.7 -1.6       4.4 9.0   -2.0 -4.2   3.6 7.2 
REGION   11.7 24.7   11.8 24.8   -3.3 -6.7       12.1 25.3   -5.0 -10.0   1.1 1.9 
HIGH   8.9 18.5   8.9 18.6   -1.4 -3.0       9.1 18.8   -4.0 -8.1   7.3 14.9 
HIGH+NARS   11.7 24.7   11.8 24.8   -1.8 -3.9       11.9 25.0   -5.2 -10.3   9.6 19.8 
HIGH+RE   20.2 24.3   20.3 24.4   -2.9 -3.8       20.6 24.6   -8.4 -10.2   16.4 19.5 
IX   0.0 0.0   0.0 0.0   0.0 0.0       0.0 0.0   -0.1 -0.1   0.1 0.1 
IX+WUE   0.0 0.0   0.0 0.0   -0.1 -0.1       0.0 0.0   -0.1 -0.1   0.1 0.1 
ISW   1.4 2.8   1.4 2.8   -0.7 -1.3       1.5 2.9   1.4 2.5   0.2 0.7 
RMM   1.5 1.3   1.5 1.4   1.8 1.6       1.5 1.3   1.6 1.5   1.7 1.6 
COMP   23.9 29.7   23.9 29.7   -1.9 -3.5       24.2 30.1   -5.6 -6.6   18.8 22.4 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 18  Bean Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 0.8 1.0 1.2 0.7 1.0 1.1 1.2 1.5 1.8 0.4 0.5 0.5 0.6 0.8 0.9 1.9 2.1 2.1 0.9 1.1 1.3 
MED   4.0 8.1   5.0 10.3   3.6 7.1   3.5 7.1   4.1 8.3   3.7 7.2   6.5 13.4 
REGION   5.0 10.2   6.5 13.4   2.6 5.0   11.2 23.6   13.7 29.1   2.7 5.2   5.6 11.4 
HIGH   8.2 17.4   10.2 21.8   7.4 14.7   7.1 14.6   8.5 17.4   7.5 14.9   13.5 28.5 
HIGH+NARS   10.8 23.5   13.4 29.3   9.7 19.5   9.3 19.5   11.1 23.2   9.8 19.8   17.8 38.5 
HIGH+RE   19.1 23.1   23.4 28.8   16.6 19.2   16.0 19.1   19.2 22.8   16.8 19.5   31.2 37.8 
IX   1.0 1.0   0.9 0.9   0.6 0.6   0.3 0.2   0.7 0.8   2.0 2.3   3.1 3.0 
IX+WUE   0.9 0.9   0.8 0.8   0.4 0.4   0.4 0.4   0.7 0.8   1.6 1.5   3.0 2.9 
ISW   0.6 1.2   0.7 1.5   0.4 0.7   0.1 0.3   2.1 4.0   -0.1 -0.2   0.5 1.2 
RMM   1.0 0.9   1.7 1.7   1.5 1.5   1.7 1.5   2.1 1.9   1.4 1.1   2.1 2.1 
COMP   22.3 27.4   27.3 34.1   19.4 22.7   18.6 22.1   25.2 31.4   20.2 22.7   38.8 46.7 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 19  Chickpea Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 0.9 1.2 1.5 0.9 1.2 1.4 1.4 1.6 1.6 0.8 1.2 1.5 0.8 1.1 1.4 0.9 1.1 1.1 1.4 2.1 2.7 
MED   4.0 7.8   4.5 9.0   4.9 10.0   4.2 8.7   6.0 12.2   6.6 13.5   -1.0 -1.9 
REGION   9.7 20.3   10.7 23.1   3.0 6.2   12.2 26.0   17.3 37.3   4.7 9.4   -3.2 -6.3 
HIGH   8.3 16.7   9.1 19.1   9.9 21.0   8.6 18.1   12.2 26.0   13.6 29.1   -1.9 -3.6 
HIGH+NARS   10.9 22.5   12.0 25.6   13.1 28.1   11.3 24.1   16.2 35.0   18.1 39.4   -2.4 -4.6 
HIGH+RE   19.1 22.2   20.9 25.2   22.7 27.7   19.4 23.7   28.3 34.4   31.7 38.8   -3.9 -4.6 
IX   0.0 0.1   0.0 0.1   0.3 0.3   0.1 0.0   -0.2 0.1   -0.8 -0.7   4.4 4.3 
IX+WUE   0.3 0.2   0.3 0.2   0.0 0.0   -0.2 -0.2   -0.5 -0.3   3.4 4.2   3.8 3.7 
ISW   0.3 0.6   0.3 0.7   0.5 0.9   0.3 0.6   1.4 2.7   0.4 0.5   0.4 0.8 
RMM   1.2 1.0   1.4 1.3   1.1 1.0   1.7 1.6   1.8 1.6   0.9 0.7   -1.4 -1.4 
COMP   21.6 25.1   23.7 28.6   24.7 30.4   21.7 26.5   32.0 40.2   37.2 45.8   -1.4 -1.6 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 20  Cowpea Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 0.5 0.8 1.0 0.5 0.7 1.0 1.1 1.3 1.3 1.0 1.4 1.7 0.5 0.7 1.0 0.7 0.9 1.2 0.9 1.4 1.9 
MED   4.2 8.7   4.2 8.8   -1.3 -2.6   -1.7 -3.3   4.5 9.2   -2.5 -4.7   -1.8 -3.8 
REGION   11.3 24.5   11.5 24.8   -3.1 -6.1   -4.0 -7.9   12.1 25.9   -6.0 -11.4   -4.2 -8.7 
HIGH   8.5 18.1   8.6 18.4   -2.5 -5.0   -3.3 -6.5   9.1 19.2   -4.8 -9.2   -3.6 -7.4 
HIGH+NARS   11.2 24.2   11.3 24.5   -3.2 -6.4   -4.2 -8.3   12.0 25.6   -6.2 -11.8   -4.6 -9.5 
HIGH+RE   19.3 23.9   19.6 24.2   -5.3 -6.3   -6.9 -8.2   20.7 25.3   -10.2 -11.7   -7.6 -9.4 
IX   -0.1 0.0   -0.1 0.0   0.2 0.2   -0.1 -0.1   -0.1 -0.1   0.4 1.2   1.4 2.6 
IX+WUE   -0.1 0.0   -0.1 0.0   0.2 0.2   -0.2 -0.2   -0.1 -0.1   0.1 0.2   3.2 3.3 
ISW   1.5 3.2   1.5 3.2   0.0 0.1   1.2 2.3   1.6 3.3   -0.1 -0.1   -0.3 -0.4 
RMM   1.4 1.3   1.4 1.3   0.7 0.7   1.7 1.6   1.5 1.4   1.1 1.1   1.3 1.2 
COMP   22.8 29.5   23.2 30.0   -4.4 -5.4   -4.3 -4.7   24.4 31.2   -9.0 -10.6   -4.0 -5.8 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 21  Lentil Yields (metric tons per ha) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 1.0 1.4 1.7 0.9 1.1 1.2 1.8 2.5 3.1 0.7 0.9 1.1 0.7 1.0 1.2 1.1 1.3 1.4 0.8 1.0 1.3 
MED   2.5 3.8   6.3 13.1   4.8 10.1   6.3 13.2   4.5 9.6   6.9 14.4   3.6 7.7 
REGION   4.8 8.1   11.9 26.3   3.4 7.3   18.5 40.9   13.7 29.7   5.7 11.9   2.2 5.0 
HIGH   5.3 8.8   13.0 27.9   9.7 21.0   12.9 28.1   9.2 20.0   14.2 30.8   7.3 16.7 
HIGH+NARS   7.2 12.3   17.1 37.6   12.8 28.0   17.0 37.8   12.1 26.6   18.7 41.6   9.8 22.8 
HIGH+RE   13.1 12.1   29.9 37.0   22.0 27.6   29.6 37.2   20.8 26.2   32.8 40.9   17.5 22.4 
IX   -0.2 -0.2   -0.1 0.0   0.0 0.0   0.0 0.0   -0.1 -0.1   -0.3 0.0   1.9 2.5 
IX+WUE   0.1 0.0   0.5 0.6   -0.3 -0.3   -0.3 -0.3   -0.4 -0.4   1.5 2.0   1.2 1.3 
ISW   0.1 0.1   0.4 0.7   0.9 1.5   0.3 0.6   1.7 3.7   0.2 0.2   0.7 1.4 
RMM   0.2 -0.3   2.0 1.9   2.2 2.2   2.0 2.0   2.6 2.6   1.8 1.7   0.4 0.8 
COMP   14.5 13.2   33.6 41.6   25.4 32.1   32.2 40.5   25.5 34.0   37.2 46.5   19.0 25.5 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 22  Pigeon pea Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 0.8 1.0 1.2 0.8 1.0 1.2 1.1 1.3 1.4 0.7 1.0 1.2 0.7 0.9 1.1 0.0 0.0 0.0 0.9 1.3 1.6 
MED   4.5 9.4   4.5 9.4   -0.6 -1.2   5.7 11.8   3.5 7.0       -2.1 -4.3 
REGION   12.3 27.2   12.3 27.2   -2.8 -5.7   15.8 34.0   9.9 20.4       -5.1 -10.2 
HIGH   9.2 20.0   9.2 20.0   -1.1 -2.2   11.7 24.8   7.2 14.7       -4.1 -8.2 
HIGH+NARS   12.1 27.0   12.1 27.0   -1.4 -2.8   15.5 33.4   9.4 19.5       -5.3 -10.5 
HIGH+RE   21.3 26.5   21.3 26.5   -2.3 -2.8   26.9 32.8   16.2 19.2       -8.5 -10.3 
IX   0.2 0.2   0.2 0.2   0.3 0.3   0.2 0.2   0.2 0.2       0.6 0.7 
IX+WUE   0.0 0.0   0.0 0.0   0.2 0.2   0.1 0.1   0.0 0.0       0.5 0.5 
ISW   0.4 0.9   0.4 0.9   0.4 0.8   0.2 0.5   1.9 3.5       0.6 1.2 
RMM   1.4 1.3   1.4 1.3   0.9 0.9   1.5 1.4   1.7 1.5       1.4 1.3 
COMP   23.9 29.8   23.9 29.8   -0.7 -0.8   29.4 35.9   20.6 25.8       -6.1 -7.4 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 23  Groundnut Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 1.5 1.6 1.6 1.5 1.6 1.5 2.6 2.9 3.1 1.0 1.0 0.9 1.0 1.1 1.1 3.1 3.4 3.2 2.2 2.3 2.2 
MED   2.6 5.5   3.1 6.4   2.8 5.4   2.2 4.1   4.7 9.6   -0.5 -1.4   -0.5 -1.0 
REGION   4.9 11.5   5.8 13.2   2.2 4.4   6.3 12.1   13.1 28.2   -1.7 -4.3   -1.0 -1.8 
HIGH   5.4 11.5   6.3 13.2   5.6 11.0   4.5 8.4   9.5 20.0   -1.0 -2.9   -1.0 -1.8 
HIGH+NARS   7.1 15.3   8.2 17.5   7.4 14.4   5.9 11.1   12.5 26.7   -1.3 -3.8   -1.3 -2.2 
HIGH+RE   12.2 15.0   14.1 17.2   12.5 14.2   10.0 10.9   21.6 26.2   -2.3 -3.8   -2.0 -2.2 
IX   0.4 0.4   0.4 0.5   0.1 0.1   0.3 0.3   1.7 2.2   0.4 0.4   0.5 0.4 
IX+WUE   0.7 0.7   0.8 0.8   0.2 0.1   1.6 1.1   1.9 2.4   1.0 1.6   0.4 0.3 
ISW   0.6 1.2   0.7 1.3   0.3 0.5   0.6 0.8   1.3 2.6   -0.1 -0.3   0.7 1.5 
RMM   0.4 0.4   0.2 0.2   0.1 0.0   0.3 0.3   0.4 0.3   0.1 0.0   0.3 0.2 
COMP   14.2 17.7   16.1 19.9   13.1 14.7   12.6 12.8   26.1 33.0   -1.1 -1.8   -0.6 -0.2 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 24  Soybean Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 2.4 2.6 2.5 2.1 2.3 2.3 1.7 1.9 1.9 1.0 1.1 0.9 1.1 1.3 1.3 2.9 2.3 1.8 2.5 2.7 2.7 
MED   0.0 0.0   -0.1 -0.1   -0.1 -0.2   0.0 0.2   4.2 7.7   -1.1 -0.2   0.0 -0.1 
REGION   0.0 0.1   0.0 0.0   -0.2 -0.5   -0.1 -0.1   11.8 23.9   -2.2 -0.6   -0.1 -0.3 
HIGH   0.0 0.1   -0.1 -0.2   -0.2 -0.4   0.1 0.3   8.8 17.2   -2.3 -0.4   0.0 -0.1 
HIGH+NARS   0.0 0.1   -0.1 -0.2   -0.2 -0.5   0.1 0.4   11.8 24.0   -2.5 -0.5   0.0 -0.1 
HIGH+RE   0.1 0.1   -0.1 -0.2   -0.3 -0.5   0.3 0.3   21.6 23.6   -2.7 -0.4   0.0 -0.1 
IX   0.3 0.4   0.0 0.1   0.2 0.2   1.2 1.3   0.4 0.5   -7.2 -0.5   0.5 0.7 
IX+WUE   0.6 0.6   0.4 0.5   1.5 1.1   1.8 2.2   0.8 1.2   21.8 28.8   0.7 0.9 
ISW   0.6 1.4   1.1 2.3   1.0 2.5   0.6 1.0   3.5 6.0   2.3 0.2   1.1 2.4 
RMM   0.4 0.4   0.3 0.2   0.3 0.2   0.3 0.2   0.2 0.1   -1.2 0.2   0.2 0.1 
COMP   1.6 2.5   1.7 3.0   2.4 3.3   3.1 4.1   27.2 32.5   21.8 28.9   2.0 3.4 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 25  Palm Fruit Yields by year and region (metric tons per hectare) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 15.8 18.7 19.9 15.8 18.7 19.9 19.8 22.1 22.5 0.0 0.0 0.0 7.6 9.9 10.9 0.0 0.0 0.0 16.2 19.0 19.1 
MED   2.4 4.9   2.4 4.9   2.4 4.8       2.3 4.6       2.3 4.8 
REGION   3.1 5.9   3.1 5.9   2.4 4.8       6.3 13.1       2.3 4.7 
HIGH   4.9 9.9   4.9 9.9   4.8 9.9       4.6 9.5       4.7 9.8 
HIGH+NARS   6.4 13.1   6.4 13.1   6.3 13.0       6.0 12.5       6.2 13.0 
HIGH+RE   10.9 12.9   10.9 12.9   10.7 12.8       10.2 12.3       10.5 12.8 
IX   0.6 0.7   0.6 0.7   0.9 1.1       0.0 0.0       1.1 1.4 
IX+WUE   0.6 0.7   0.6 0.7   0.9 1.1       0.0 0.0       1.1 1.4 
ISW   0.3 0.6   0.3 0.6   0.0 0.0       2.8 5.3       -0.1 0.0 
RMM   0.3 0.2   0.3 0.2   0.2 0.1       0.3 0.2       0.3 0.2 
COMP   12.2 14.7   12.2 14.7   11.8 14.2       13.7 18.5       12.0 14.6 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Commodity production tables 

Table A - 26  Beef production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 69.6 98.2 121.0 43.4 67.9 89.6 8.2 14.1 17.3 4.7 7.6 10.8 5.2 9.5 15.7 2.3 4.3 7.5 18.7 27.2 33.0 
MED   1.3 3.0   2.8 5.6   1.1 1.9   4.5 9.0   5.9 11.7   1.3 2.2   2.8 5.2 
REGION   2.0 5.0   4.4 9.6   0.0 -1.1   12.8 26.2   18.1 37.6   0.3 -0.4   1.2 0.6 
HIGH   2.6 6.0   5.5 11.2   2.1 3.5   9.1 18.3   12.1 24.5   2.5 4.3   5.6 10.2 
HIGH+NARS   3.3 7.8   7.2 14.6   2.8 4.4   11.9 24.1   15.9 32.6   3.2 5.4   7.3 13.2 
HIGH+RE   5.6 7.7   12.1 14.4   4.4 4.3   20.3 23.8   27.5 32.2   5.3 5.3   12.1 13.0 
IX   0.0 0.1   0.0 0.1   0.0 0.1   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.1 
IX+WUE   0.2 0.2   0.2 0.2   0.2 0.2   0.3 0.3   0.0 0.1   0.1 0.2   0.1 0.2 
ISW   0.1 0.2   0.1 0.2   0.1 0.2   0.1 0.4   0.0 0.1   0.1 0.2   0.1 0.2 
RMM   1.4 1.5   3.0 2.8   2.5 2.4   2.2 2.3   2.2 1.9   2.1 2.0   4.1 3.9 
COMP   7.4 9.6   15.5 17.6   7.1 6.8   23.1 26.7   30.3 34.7   7.5 7.5   16.7 17.4 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 27  Lamb production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 14.6 23.5 32.7 11.6 19.3 27.3 4.1 5.2 4.5 2.0 3.8 5.9 2.3 4.7 8.4 1.9 3.4 5.3 0.5 0.8 1.2 
MED   2.1 4.7   2.9 6.3   1.0 1.5   3.2 5.9   6.4 12.9   1.3 2.3   3.9 7.7 
REGION   4.4 11.0   6.1 14.7   -0.8 -3.1   9.6 18.0   18.4 38.3   -0.3 -1.9   2.3 3.4 
HIGH   4.2 9.7   5.8 13.0   1.9 2.9   6.4 12.0   13.2 27.1   2.6 4.4   7.9 15.6 
HIGH+NARS   5.5 12.9   7.6 17.2   2.4 3.7   8.4 15.7   17.4 36.3   3.3 5.6   10.4 20.5 
HIGH+RE   9.4 12.7   12.9 16.9   3.9 3.6   14.1 15.5   30.4 35.8   5.4 5.6   17.6 20.3 
IX   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.1   0.0 0.0   0.0 0.0   0.0 0.0 
IX+WUE   0.1 0.1   0.1 0.1   0.1 0.1   0.1 0.1   0.0 0.1   0.2 0.2   0.1 0.1 
ISW   0.0 0.1   0.0 0.1   0.0 0.1   0.0 0.1   0.0 0.0   0.1 0.2   0.1 0.2 
RMM   1.6 1.6   2.1 2.0   2.1 2.0   2.7 2.5   1.7 1.6   2.2 2.2   2.1 2.0 
COMP   11.3 14.7   15.4 19.4   6.2 5.8   17.3 18.5   32.7 38.1   7.8 8.0   20.1 22.8 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 28  Pork production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 104.8 125.1 130.3 66.2 77.4 76.3 54.3 59.7 52.5 0.6 1.3 2.4 1.1 1.9 3.0 0.0 0.0 0.0 6.7 10.3 13.8 
MED   0.0 0.0   -0.1 -0.3   -0.1 -0.3   -0.7 -1.6   0.0 -0.1   0.1 0.3   -0.5 -1.0 
REGION   -0.2 -0.4   -0.2 -0.7   -0.2 -0.6   -1.4 -3.2   -0.2 -0.5   0.2 0.5   -0.9 -2.0 
HIGH   -0.1 -0.2   -0.3 -0.7   -0.2 -0.7   -1.5 -3.2   -0.1 -0.3   0.2 0.5   -1.0 -2.1 
HIGH+NARS   -0.1 -0.4   -0.4 -1.0   -0.3 -0.9   -1.9 -4.1   -0.1 -0.4   0.3 0.6   -1.3 -2.7 
HIGH+RE   -0.3 -0.3   -0.6 -0.9   -0.6 -0.8   -3.1 -4.1   -0.2 -0.4   0.5 0.6   -2.1 -2.6 
IX   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.0 
IX+WUE   0.1 0.1   0.0 0.0   0.0 0.0   0.0 0.0   0.1 0.1   0.0 0.0   0.0 0.0 
ISW   0.1 0.2   0.0 0.0   0.0 0.0   0.0 0.0   0.1 0.1   0.0 0.1   0.0 0.0 
RMM   1.2 1.1   3.3 3.3   3.4 3.5   1.9 1.9   1.6 1.6   1.3 1.3   3.1 3.1 
COMP   1.0 0.9   2.6 2.3   2.7 2.6   -1.2 -2.1   1.4 1.3   1.7 1.9   0.9 0.5 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 29  Poultry production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 85.1 131.9 168.6 52.6 87.5 114.2 21.8 37.1 43.7 2.7 6.4 11.4 2.2 4.4 7.2 5.0 8.6 12.9 18.2 27.7 35.5 
MED   1.1 2.4   2.3 4.8   1.1 2.1   3.2 6.3   7.0 14.4   1.5 3.0   3.5 6.8 
REGION   1.2 3.0   2.9 6.5   0.4 0.0   11.0 22.0   20.7 45.0   1.1 1.8   2.4 4.0 
HIGH   2.1 4.6   4.6 9.6   2.2 3.9   6.5 12.6   14.3 30.3   2.9 5.6   7.0 13.7 
HIGH+NARS   2.7 5.9   6.0 12.5   2.8 4.9   8.4 16.4   18.9 40.6   3.7 7.0   9.1 17.9 
HIGH+RE   4.5 5.8   10.1 12.3   4.6 4.8   14.1 16.2   33.0 40.0   5.9 6.9   15.2 17.7 
IX   0.0 0.1   0.0 0.1   0.0 0.1   0.1 0.1   0.0 0.0   0.0 0.1   0.0 0.1 
IX+WUE   0.3 0.3   0.2 0.3   0.2 0.2   0.1 0.2   0.3 0.2   0.3 0.4   0.2 0.3 
ISW   0.1 0.3   0.1 0.3   0.1 0.2   0.1 0.2   0.1 0.2   0.2 0.5   0.1 0.3 
RMM   1.1 1.1   2.4 2.4   2.0 1.9   3.4 3.2   3.1 2.9   2.8 2.8   2.6 2.4 
COMP   6.0 7.4   12.9 15.2   6.7 7.0   18.1 20.1   37.2 44.1   9.0 10.1   18.4 20.8 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 30  Dairy production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 709 967 1124 408.1 613.9 764.7 42.2 83.6 111.3 151.2 254.2 338.6 27.5 42.8 60.0 35.7 57.7 78.0 75.3 99.7 111.9 
MED   1.0 2.3   2.9 5.8   1.0 1.7   4.0 7.8   6.4 12.8   0.9 1.4   3.5 6.8 
REGION   2.0 4.9   5.7 12.0   -0.7 -2.4   11.0 21.9   18.2 38.2   -1.2 -3.6   1.6 2.1 
HIGH   2.0 4.7   5.8 11.6   2.0 3.2   8.0 15.7   13.0 26.7   1.6 2.3   7.1 13.7 
HIGH+NARS   2.6 6.1   7.5 15.2   2.6 4.0   10.4 20.5   17.2 35.6   2.1 2.7   9.3 17.9 
HIGH+RE   4.4 6.1   12.6 15.0   4.2 4.0   17.5 20.2   29.7 35.1   3.1 2.7   15.6 17.6 
IX   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.0 
IX+WUE   0.1 0.1   0.2 0.2   0.1 0.1   0.2 0.2   0.1 0.1   0.2 0.2   0.2 0.2 
ISW   0.1 0.2   0.1 0.2   0.0 0.0   0.2 0.4   0.0 0.1   0.1 0.3   0.0 0.2 
RMM   1.1 1.2   3.1 3.0   2.7 2.5   3.1 3.0   3.2 3.0   3.8 3.7   3.5 3.3 
COMP   5.8 7.6   16.0 18.3   6.9 6.5   21.1 23.7   33.7 39.0   7.0 6.4   19.6 21.5 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 31  Egg production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 65.8 84.5 94.2 49.3 66.0 74.4 30.3 40.3 42.1 4.0 7.1 10.6 1.6 2.1 2.6 2.9 4.3 5.7 6.5 8.1 9.4 
MED   0.1 0.4   0.1 0.4   0.1 0.3   -0.3 -0.7   0.3 0.8   0.9 2.1   0.0 0.0 
REGION   0.1 0.4   0.1 0.4   0.1 0.3   -0.6 -1.4   0.6 1.4   1.3 3.1   -0.1 -0.1 
HIGH   0.3 0.7   0.2 0.6   0.2 0.5   -0.6 -1.3   0.6 1.6   1.7 3.8   0.0 0.0 
HIGH+NARS   0.3 0.8   0.3 0.7   0.2 0.6   -0.8 -1.7   0.8 2.0   2.1 4.8   -0.1 0.0 
HIGH+RE   0.4 0.8   0.4 0.7   0.2 0.6   -1.3 -1.7   1.3 1.9   3.3 4.7   -0.1 0.0 
IX   0.0 0.0   0.0 0.0   0.0 0.0   0.0 0.1   0.0 0.0   0.0 0.1   0.0 0.0 
IX+WUE   0.2 0.2   0.2 0.2   0.2 0.2   0.0 0.1   0.1 0.1   0.3 0.4   0.0 0.1 
ISW   0.1 0.2   0.1 0.2   0.1 0.2   0.0 0.0   0.0 0.2   0.3 0.6   0.0 0.1 
RMM   1.5 1.5   2.5 2.5   2.9 2.9   1.8 1.7   1.8 1.8   2.5 2.6   2.0 2.0 
COMP   2.1 2.5   3.1 3.4   3.3 3.6   0.6 0.1   3.1 3.8   6.2 7.8   2.0 2.0 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 32  Barley production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 153.8 200.5 240.7 71.4 106.3 127.8 3.9 5.4 5.3 1.8 2.4 2.5 2.2 3.4 4.4 20.8 28.2 29.8 3.5 4.9 5.5 
MED   0.5 0.6   4.9 9.4   5.2 10.0   4.2 9.3   3.8 7.3   6.2 12.2   3.3 6.0 
REGION   -0.8 -2.5   4.0 7.1   3.2 5.1   16.6 39.2   15.4 33.0   4.6 8.3   1.2 1.1 
HIGH   1.3 2.0   10.0 19.9   10.7 21.2   8.8 19.8   7.7 15.3   12.7 25.9   6.7 12.3 
HIGH+NARS   1.8 3.4   13.3 26.7   14.1 28.5   11.7 26.8   10.1 20.5   16.8 35.0   8.7 16.2 
HIGH+RE   3.9 3.2   23.2 26.2   24.4 28.0   20.8 26.2   17.5 20.1   29.5 34.3   15.0 16.0 
IX   0.0 0.0   0.0 0.0   0.3 0.3   2.9 3.1   0.8 1.1   -0.4 -0.3   -0.2 -0.4 
IX+WUE   0.0 -0.1   -0.1 -0.1   -0.5 -0.5   2.1 2.0   0.7 1.0   -0.5 -0.5   1.2 0.4 
ISW   -0.2 -0.7   0.0 -0.4   -0.1 -0.8   -0.1 -0.6   1.0 1.7   0.3 0.3   0.3 0.2 
RMM   -0.1 -0.4   1.7 1.5   1.5 1.1   1.4 1.2   1.1 0.7   1.3 1.0   2.4 2.0 
COMP   4.7 3.7   25.9 28.8   26.4 30.1   25.8 30.8   21.7 26.0   31.7 36.9   19.6 20.2 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 33  Maize production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 752 914 1023 385 538 659 177 243 301 22 31 36 45 65 72 14 17 19 98 151 197 
MED   4.1 7.9   6.8 13.0   3.4 5.6   14.0 27.9   10.7 21.5   12.1 25.4   9.6 18.9 
REGION   7.8 16.3   11.9 24.2   4.5 7.7   41.1 95.9   30.9 70.4   13.7 29.0   11.2 22.0 
HIGH   8.8 18.2   14.4 29.1   7.0 12.3   30.2 65.0   22.6 48.6   25.7 57.9   20.4 42.4 
HIGH+NARS   11.9 25.8   19.4 40.6   9.4 16.8   41.1 93.0   30.5 68.1   34.8 81.6   27.4 59.1 
HIGH+RE   22.0 24.6   35.5 39.3   16.7 16.0   78.2 89.9   56.4 66.2   65.0 79.2   50.3 57.4 
IX   -0.3 -0.3   -0.6 -0.6   1.2 1.1   1.2 1.7   2.5 3.5   1.2 1.0   -5.7 -5.5 
IX+WUE   1.2 0.8   2.6 1.7   6.3 3.5   3.4 3.1   2.0 3.0   16.4 20.4   -4.3 -3.3 
ISW   1.0 2.2   1.8 3.9   1.5 3.7   1.7 2.3   4.2 8.3   0.1 0.2   1.9 4.1 
RMM   3.2 3.2   5.4 5.2   4.3 4.3   7.2 6.9   5.0 4.7   3.5 2.9   7.0 6.6 
COMP   30.8 35.5   49.9 56.4   31.9 30.8   102.8 117.3   76.1 97.3   98.6 120.2   58.2 70.3 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 34  Rice production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 435.0 495.2 511.1 415.5 473.6 485.9 244.6 264.0 269.4 132.3 155.5 149.6 11.1 21.5 32.2 7.1 8.2 10.2 19.1 22.4 21.4 
MED   1.1 2.1   1.3 2.6   1.1 1.8   1.0 1.9   7.7 15.5   0.3 0.2   -0.1 -1.2 
REGION   1.8 3.8   2.1 4.5   -0.3 -1.7   4.0 7.8   24.2 52.5   -1.1 -3.5   -2.1 -6.3 
HIGH   2.3 4.6   2.7 5.4   2.3 3.9   2.1 3.9   16.0 33.6   0.5 -0.2   -0.2 -2.1 
HIGH+NARS   3.1 6.2   3.5 7.3   3.0 5.2   2.8 5.0   21.3 45.7   0.3 -0.4   -0.3 -2.6 
HIGH+RE   5.2 6.1   6.0 7.1   5.1 5.1   4.6 4.9   37.8 45.0   -0.2 -0.5   -0.6 -2.5 
IX   1.0 1.2   1.2 1.4   0.5 0.3   1.3 1.3   3.9 5.6   -1.4 -1.3   6.8 9.9 
IX+WUE   2.0 1.8   2.3 2.1   1.7 1.0   2.4 2.6   4.2 6.2   5.6 5.3   6.2 6.3 
ISW   0.5 0.6   0.5 0.7   0.7 1.0   0.0 -0.2   2.2 3.6   -0.6 -1.4   0.0 -0.2 
RMM   1.3 1.2   1.4 1.4   1.4 1.3   1.4 1.5   1.6 1.4   0.5 0.8   2.4 2.3 
COMP   9.1 10.1   10.3 11.7   8.5 8.0   8.8 9.0   49.5 63.3   3.2 1.9   8.0 7.1 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 35  Wheat production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 646.7 787.9 924.0 408.2 525.1 623.7 106.0 111.1 104.2 104.8 153.5 207.4 6.8 9.6 12.9 66.5 88.5 102.1 27.4 35.6 43.7 
MED   2.0 2.2   4.6 7.2   7.7 13.9   5.1 8.1   7.2 12.8   6.5 11.9   7.8 14.1 
REGION   3.3 4.8   7.3 13.4   5.2 6.8   17.5 33.6   24.1 50.1   5.2 8.1   5.8 8.3 
HIGH   4.3 6.7   9.4 16.9   15.8 31.4   10.5 18.7   14.9 29.3   13.4 26.6   16.1 31.8 
HIGH+NARS   5.7 10.2   12.4 23.7   20.8 43.6   13.8 26.0   19.6 40.7   17.7 36.6   21.3 44.1 
HIGH+RE   10.4 10.5   22.0 23.8   36.8 43.7   24.3 26.2   34.8 40.8   31.2 36.5   37.9 44.2 
IX   0.3 0.5   0.5 0.8   -0.1 0.1   3.2 3.4   3.8 5.6   0.5 0.6   -7.3 -7.4 
IX+WUE   1.4 1.4   2.9 3.0   -1.1 -1.5   12.3 11.6   4.5 4.4   0.6 0.7   -8.4 -9.0 
ISW   0.2 -0.7   0.4 -0.3   0.0 -1.8   0.8 0.4   1.7 2.7   0.2 -0.3   0.9 0.6 
RMM   1.5 0.7   3.0 2.3   2.4 1.3   3.7 2.8   2.9 2.1   2.0 1.3   4.2 3.3 
COMP   14.5 15.9   29.7 33.1   38.2 44.9   45.4 48.3   47.3 58.5   35.3 41.6   33.0 40.3 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 36  Banana production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 89.5 137.3 180.7 88.6 136.2 179.5 26.3 36.0 45.3 21.2 38.3 54.7 11.3 18.7 25.9 1.8 3.4 4.9 28.0 39.9 48.8 
MED   2.7 5.5   2.8 5.6   3.9 8.2   3.6 7.2   2.8 4.9   -4.0 -7.3   1.5 3.0 
REGION   4.7 10.1   4.8 10.2   0.4 0.2   14.8 29.8   12.2 23.6   -8.1 -15.9   -3.1 -6.8 
HIGH   5.5 11.2   5.6 11.4   7.9 16.6   7.2 14.3   5.6 10.3   -7.9 -14.7   3.0 6.5 
HIGH+NARS   7.1 14.7   7.3 15.0   10.3 21.8   9.4 18.4   7.4 13.9   -10.2 -18.9   3.9 8.8 
HIGH+RE   12.1 14.5   12.4 14.8   17.4 21.6   15.5 18.1   12.8 13.7   -16.6 -18.7   7.0 8.7 
IX   0.7 0.9   0.8 0.9   -1.4 -1.7   0.1 0.2   1.9 2.9   1.3 0.9   2.7 3.0 
IX+WUE   0.9 1.0   0.9 1.1   -1.3 -1.5   0.4 0.3   2.6 3.6   -0.3 -1.1   2.8 3.1 
ISW   0.6 1.0   0.6 1.0   0.2 0.4   0.1 -0.4   3.4 6.1   -0.5 -1.1   0.3 0.5 
RMM   1.7 1.7   1.8 1.7   2.1 2.0   2.5 2.5   1.1 1.0   0.8 0.9   1.1 1.1 
COMP   15.5 18.4   15.8 18.7   18.9 22.8   19.4 21.1   20.7 26.4   -16.3 -19.9   10.0 11.9 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 37  Plantain production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 38.9 71.0 110.9 38.9 71.0 110.9 0.8 1.4 2.2 0.7 1.2 1.8 27.6 52.3 83.6 0.0 0.0 0.0 9.8 16.1 23.3 
MED   2.2 4.6   2.2 4.6   -0.4 -0.9   2.6 5.3   2.6 5.3       1.2 2.4 
REGION   5.0 10.7   5.0 10.7   -4.6 -9.6   8.6 17.6   8.4 17.2       -5.5 -11.6 
HIGH   4.5 9.3   4.5 9.3   -0.8 -1.8   5.2 10.8   5.2 10.8       2.4 4.6 
HIGH+NARS   5.8 12.1   5.8 12.1   -1.0 -2.4   6.9 14.2   6.8 14.2       3.0 5.9 
HIGH+RE   9.8 12.0   9.8 12.0   -1.8 -2.3   11.6 14.0   11.5 14.0       4.9 5.9 
IX   0.0 0.2   0.0 0.2   -0.7 -0.9   1.3 0.9   0.1 0.0       -0.3 0.7 
IX+WUE   0.1 0.3   0.1 0.3   -0.4 -0.7   1.7 1.2   0.2 0.1       -0.1 0.8 
ISW   1.9 3.2   1.9 3.2   -1.0 -2.7   -1.3 -3.7   3.2 5.9       -1.8 -5.4 
RMM   1.5 1.5   1.5 1.5   1.6 1.6   2.3 2.3   1.4 1.4       1.7 1.8 
COMP   13.7 17.5   13.7 17.5   -1.7 -4.3   14.4 13.4   16.9 22.4       4.3 2.0 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
  



Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

133 
Project Report for USAID 

 

Table A - 38  Bean production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 21.2 29.3 36.8 19.1 25.9 32.2 5.6 7.0 8.3 3.1 3.4 3.1 3.4 5.1 6.7 0.6 0.7 0.7 6.1 9.3 12.9 
MED   1.8 3.8   2.9 6.3   2.6 4.7   0.9 1.7   1.5 3.1   0.7 1.9   5.0 10.5 
REGION   2.7 5.6   4.4 9.2   0.2 -0.3   10.8 22.9   13.4 30.3   -2.1 -3.7   1.0 2.3 
HIGH   3.6 7.8   5.9 12.6   5.1 9.3   1.8 2.9   3.0 6.1   1.4 2.8   10.1 21.3 
HIGH+NARS   4.8 10.2   7.6 16.3   6.7 12.1   2.3 3.5   3.9 7.8   1.8 3.2   13.1 27.9 
HIGH+RE   8.1 10.1   12.8 16.1   11.1 11.9   3.4 3.4   6.3 7.7   2.7 2.9   22.2 27.6 
IX   -0.2 -0.2   -0.3 -0.3   -0.3 -0.1   1.1 1.5   3.0 3.5   5.0 5.0   -3.2 -3.2 
IX+WUE   0.0 0.1   -0.2 -0.2   -0.2 -0.1   1.4 1.8   3.0 3.6   4.3 3.6   -2.9 -2.9 
ISW   0.4 0.7   0.5 1.0   0.3 0.2   -0.3 -0.6   2.2 4.4   -0.6 -1.5   0.3 0.5 
RMM   1.4 1.4   2.3 2.4   2.4 2.4   3.0 3.0   2.8 2.5   4.7 4.9   2.1 2.7 
COMP   10.1 12.4   15.5 19.5   14.0 14.7   7.7 7.4   15.1 19.5   11.4 8.9   21.1 27.2 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 39  Chickpea production by year and region 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 9.3 13.0 16.3 8.8 12.2 14.9 0.3 0.3 0.3 6.7 9.3 11.2 0.3 0.6 0.9 1.3 1.7 2.0 0.2 0.3 0.4 
MED   2.3 4.8   2.8 6.3   4.3 8.9   2.5 5.5   4.5 9.8   5.8 13.0   -7.6 -13.9 
REGION   5.2 11.3   6.4 14.6   -1.0 -2.1   8.5 18.5   14.2 32.0   -1.8 -2.4   -15.6 -28.3 
HIGH   4.7 10.0   5.7 12.8   8.8 18.6   4.9 11.1   9.0 20.4   11.9 27.2   -14.7 -26.1 
HIGH+NARS   6.2 13.3   7.5 16.9   11.5 24.7   6.4 14.5   11.8 27.1   15.6 36.4   -18.7 -32.7 
HIGH+RE   10.5 13.1   12.8 16.6   19.7 24.4   10.8 14.3   20.3 26.7   27.2 35.8   -29.3 -32.2 
IX   0.0 0.1   0.0 0.1   -1.6 -1.6   0.1 0.2   0.6 1.3   -0.8 -1.4   1.9 2.1 
IX+WUE   0.5 0.6   0.6 0.7   -2.1 -2.2   -0.8 -0.9   -0.3 0.2   8.8 10.5   0.6 0.9 
ISW   0.3 0.6   0.3 0.8   0.6 1.1   0.2 0.5   1.7 3.6   0.5 1.0   0.3 0.5 
RMM   1.6 1.7   2.0 2.2   1.9 2.0   2.5 2.8   2.7 2.9   0.9 1.1   -9.2 -8.8 
COMP   13.4 16.4   16.1 20.8   20.2 25.7   12.9 17.0   25.2 35.4   38.6 49.2   -35.9 -38.2 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 40  Cowpea production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 5.5 9.5 15.4 5.4 9.4 15.3 0.2 0.2 0.2 0.0 0.0 0.0 5.1 9.1 14.9 0.0 0.0 0.0 0.1 0.1 0.2 
MED   3.3 7.1   3.4 7.2   -3.8 -7.4   -4.5 -8.7   3.7 7.8   -6.4 -11.9   -6.9 -13.2 
REGION   8.7 19.4   8.9 19.8   -9.0 -17.4   -11.1 -20.9   9.7 21.1   -13.3 -23.8   -14.8 -27.3 
HIGH   6.7 14.7   6.9 15.0   -7.4 -14.4   -8.7 -16.6   7.5 16.1   -12.4 -22.5   -13.4 -24.9 
HIGH+NARS   8.8 19.6   9.0 20.0   -9.5 -18.3   -11.1 -21.0   9.9 21.4   -15.7 -28.2   -17.1 -31.3 
HIGH+RE   15.2 19.3   15.5 19.7   -15.3 -18.1   -17.8 -20.8   16.8 21.1   -24.7 -27.9   -27.1 -30.8 
IX   0.1 0.2   0.1 0.2   -1.7 -1.7   -1.1 -1.2   0.1 0.1   4.0 4.5   2.3 4.2 
IX+WUE   0.3 0.3   0.3 0.3   -1.3 -1.3   -0.9 -1.0   0.3 0.3   3.2 3.0   2.9 3.2 
ISW   1.1 1.8   1.1 1.9   -0.5 -1.6   0.9 1.0   1.2 2.0   -0.8 -2.5   -1.3 -3.9 
RMM   2.6 2.6   2.7 2.7   0.5 0.5   3.0 2.9   2.8 2.8   1.5 1.6   0.1 0.2 
COMP   19.7 24.9   20.1 25.4   -16.6 -20.3   -15.3 -18.6   21.7 27.0   -21.8 -26.6   -26.8 -32.2 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 41  Lentil production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 3.9 5.5 6.8 2.6 3.1 3.2 0.1 0.2 0.2 1.3 1.5 1.6 0.1 0.1 0.2 1.0 1.2 1.2 0.02 0.03 0.03 
MED   1.8 3.6   6.6 15.1   4.4 10.0   6.6 15.2   3.8 9.2   7.3 17.1   1.8 5.5 
REGION   3.4 6.8   12.7 30.1   0.9 3.1   21.5 50.6   13.5 31.9   3.3 9.1   -2.6 -2.9 
HIGH   3.8 7.5   13.4 31.4   8.8 20.4   13.4 31.6   7.5 18.5   14.9 35.8   3.6 11.5 
HIGH+NARS   5.0 9.9   17.6 41.8   11.5 26.8   17.6 42.0   9.8 24.1   19.6 47.8   4.7 15.3 
HIGH+RE   8.5 9.8   30.0 41.2   19.2 26.5   29.9 41.4   16.1 23.8   33.7 47.0   8.1 15.3 
IX   0.0 0.1   0.3 0.5   -0.2 -0.2   0.1 0.4   -0.2 -0.2   0.6 1.0   -1.8 -0.6 
IX+WUE   0.5 0.5   1.1 1.2   -0.6 -0.6   -0.4 -0.2   -0.7 -0.7   3.6 4.0   -4.0 -3.6 
ISW   0.2 0.5   0.5 1.1   1.0 1.7   0.5 1.0   1.8 4.5   0.3 0.6   0.9 2.0 
RMM   1.2 1.2   4.2 4.8   4.3 4.6   3.7 4.3   5.7 6.2   5.0 5.6   0.0 1.1 
COMP   10.8 12.2   36.7 50.1   24.2 33.6   34.1 47.7   23.4 35.9   44.5 60.2   2.1 11.9 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 42  Pigeon pea production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 3.8 5.5 6.9 3.8 5.5 6.9 0.6 0.8 0.9 2.7 4.1 5.2 0.4 0.6 0.7 0.0 0.0 0.0 0.04 0.07 0.10 
MED   2.5 5.4   2.5 5.4   -3.5 -7.0   4.2 8.7   0.1 0.5       -8.1 -15.6 
REGION   6.4 14.1   6.4 14.1   -10.3 -20.0   11.0 23.1   -0.5 -0.4       -18.1 -33.4 
HIGH   5.1 11.3   5.1 11.3   -6.9 -13.6   8.6 17.8   0.1 0.9       -15.5 -28.7 
HIGH+NARS   6.7 15.0   6.7 15.0   -8.9 -17.2   11.2 23.5   0.1 1.1       -19.6 -35.5 
HIGH+RE   11.6 14.7   11.6 14.7   -14.3 -17.0   19.0 23.2   0.0 1.2       -30.4 -35.1 
IX   -0.1 0.0   -0.1 0.0   -1.4 -1.3   0.0 0.0   0.9 1.1       0.1 0.4 
IX+WUE   0.1 0.2   0.1 0.2   -1.1 -1.1   0.3 0.3   0.9 1.2       0.3 0.6 
ISW   0.3 0.7   0.3 0.7   0.4 0.8   0.1 0.2   2.0 3.8       0.7 1.1 
RMM   1.7 1.8   1.7 1.8   1.3 1.3   1.8 1.9   1.9 1.9       1.5 1.5 
COMP   14.2 18.0   14.2 18.0   -13.7 -16.1   21.7 26.2   5.1 8.8       -28.5 -32.7 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 43  Groundnut production by year and region (million metric tons) 

Scenario  
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 36.5 46.1 50.4 34.7 42.9 47.0 16.5 19.6 20.6 6.9 7.2 6.3 9.6 14.0 17.8 0.4 0.5 0.5 1.2 1.5 1.7 
MED   1.5 3.3   2.0 4.4   2.0 4.0   2.2 4.4   3.2 6.8   -5.4 -10.1   -6.0 -11.1 
REGION   3.0 7.3   4.2 9.4   -0.4 -0.7   6.4 12.3   11.5 23.8   -10.0 -19.0   -10.0 -18.5 
HIGH   3.0 6.7   4.1 8.8   3.9 7.7   4.4 8.8   6.5 13.7   -10.4 -19.2   -11.5 -20.7 
HIGH+NARS   3.9 8.9   5.3 11.5   5.0 10.0   5.7 11.4   8.5 18.0   -13.3 -24.1   -14.7 -25.8 
HIGH+RE   6.6 8.7   8.9 11.3   8.3 9.8   9.5 11.2   14.2 17.7   -21.1 -23.8   -22.9 -25.4 
IX   0.2 0.4   0.3 0.5   -0.4 -0.8   0.3 0.4   2.1 2.9   3.5 3.2   -7.2 -7.9 
IX+WUE   0.5 0.6   0.5 0.7   -0.4 -0.8   1.2 1.0   2.2 3.1   2.3 2.1   -7.0 -7.7 
ISW   0.4 0.7   0.5 0.8   0.1 -0.1   0.4 0.5   1.1 2.1   -0.4 -1.0   0.5 0.9 
RMM   -0.5 -0.4   -0.8 -0.8   -0.9 -1.0   -1.1 -1.3   -0.4 -0.3   -2.3 -2.2   -0.7 -0.5 
COMP   7.0 9.4   9.2 12.0   6.8 7.3   9.6 10.5   17.6 23.4   -21.3 -24.9   -28.4 -31.2 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 44  Soybean production by year and region (million metric tons) 

Scenario 
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 231.2 304.6 338.9 135.1 186.6 210.9 19.8 25.9 28.0 8.7 10.8 11.2 1.3 1.6 1.5 0.3 0.3 0.3 103.1 145.6 167.5 
MED   0.1 0.3   -0.3 -0.6   -0.2 -0.3   0.0 0.1   6.3 12.1   -1.2 -0.1   -0.4 -0.9 
REGION   -0.4 -0.8   -0.7 -1.6   -0.8 -2.0   -1.5 -3.7   16.9 35.6   -2.3 0.1   -0.8 -1.8 
HIGH   0.1 0.4   -0.6 -1.3   -0.3 -0.7   0.0 0.0   13.3 27.2   -2.5 -0.5   -0.9 -1.8 
HIGH+NARS   0.1 0.4   -0.8 -1.7   -0.4 -0.9   0.0 -0.1   17.9 38.0   -2.8 -0.8   -1.1 -2.4 
HIGH+RE   0.1 0.4   -1.3 -1.7   -0.7 -0.9   0.0 -0.1   32.8 37.2   -3.1 -0.8   -1.9 -2.4 
IX   -0.4 -0.4   -1.8 -1.7   1.4 1.6   2.3 2.8   2.0 2.3   -4.5 2.1   -2.8 -2.6 
IX+WUE   -0.2 -0.1   -1.5 -1.4   2.2 2.2   2.6 3.3   2.3 2.9   19.3 31.6   -2.6 -2.5 
ISW   0.4 0.6   0.8 1.4   0.6 1.0   0.4 0.3   3.8 6.5   2.0 0.3   0.9 1.5 
RMM   0.0 0.1   -1.0 -1.0   -0.9 -1.2   -1.7 -2.0   -1.2 -1.2   -2.4 -1.4   -0.9 -0.9 
COMP   0.2 0.7   -2.9 -2.8   1.1 0.9   1.1 1.3   39.3 48.4   16.8 28.1   -4.6 -4.3 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 45  Palm Fruit production by year and region (million metric tons) 

Scenario  
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 229.7 439.7 609.6 229.7 439.7 609.6 183.8 361.0 517.4 0.0 0.0 0.0 35.4 61.6 73.9 0.0 0.0 0.0 10.4 17.1 18.2 
MED   0.8 1.7   0.8 1.7   0.9 1.8       0.3 1.1       0.1 1.0 
REGION   1.1 2.6   1.1 2.6   0.8 1.8       2.9 8.3       0.4 2.1 
HIGH   1.5 3.2   1.5 3.2   1.7 3.4       0.6 2.0       0.1 1.7 
HIGH+NARS   1.9 4.0   1.9 4.0   2.1 4.3       0.7 2.5       0.1 2.1 
HIGH+RE   2.9 4.0   2.9 4.0   3.4 4.3       1.1 2.5       0.0 2.1 
IX   0.1 0.1   0.1 0.1   0.0 -0.1       0.8 1.2       0.5 1.3 
IX+WUE   0.3 0.3   0.3 0.3   0.2 0.1       0.9 1.4       0.8 1.6 
ISW   0.3 0.5   0.3 0.5   -0.1 -0.3       3.0 5.9       -0.1 0.3 
RMM   0.1 0.0   0.1 0.0   0.2 0.2       -0.3 -0.6       -0.8 -1.3 
COMP   3.6 4.6   3.6 4.6   3.6 4.2       4.6 8.6       -0.2 2.1 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 46  Food Oil production by year and region (million metric tons) 

Scenario  World Developing East Asia South Asia Africa South  
of the Sahara 

Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 134.2 198.0 242.6 104.1 160.6 202.4 58.2 97.5 130.8 9.0 11.3 11.6 9.0 14.4 17.1 3.0 3.8 4.3 19.0 26.5 30.1 
MED   0.4 1.0   0.4 1.0   0.6 1.4   0.3 0.7   0.2 0.8   -0.2 -0.3   -0.3 -0.5 
REGION   0.5 1.2   0.5 1.3   0.7 1.5   0.0 -0.4   1.8 5.5   0.2 0.5   -0.6 -1.3 
HIGH   0.7 1.8   0.7 1.8   1.2 2.7   0.6 1.4   0.4 1.5   -0.3 -0.9   -0.6 -1.2 
HIGH+NARS   1.0 2.3   0.9 2.3   1.5 3.4   0.8 1.8   0.5 1.9   -0.4 -1.3   -0.7 -1.5 
HIGH+RE   1.5 2.3   1.5 2.2   2.5 3.3   1.3 1.7   0.7 1.9   -0.8 -1.3   -1.3 -1.5 
IX   -0.1 0.0   -0.1 -0.1   -0.1 -0.1   0.8 1.4   0.9 1.3   -0.4 -0.5   -1.4 -1.4 
IX+WUE   0.2 0.2   0.1 0.2   0.1 0.0   2.2 2.8   0.9 1.4   1.6 1.8   -1.3 -1.3 
ISW   0.2 0.4   0.3 0.4   0.0 -0.1   0.4 0.8   2.1 4.3   0.2 0.5   0.4 0.6 
RMM   0.0 0.0   -0.3 -0.3   -0.1 -0.1   -0.9 -1.3   -0.3 -0.5   -0.9 -0.9   -0.4 -0.5 
COMP   1.8 2.6   1.6 2.4   2.3 3.0   3.1 3.7   3.4 6.7   0.1 -0.2   -2.6 -2.8 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 47  Fruit and Vegetable production by year and region (million metric tons) 

Scenario  
World Developing East Asia South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 1592 2290 2913 1305 1919 2447 670 901 1077 159 300 411 101 173 258 140 230 329 164 224 271 
MED   0.2 0.9   0.0 0.5   -0.1 0.3   0.2 0.7   0.8 1.9   -0.5 -0.5   -0.1 0.2 
REGION   0.4 1.6   0.1 1.1   -0.2 0.3   0.3 1.3   2.5 5.9   0.1 1.0   -1.1 -2.1 
HIGH   0.4 1.6   0.0 0.9   -0.3 0.4   0.4 1.2   1.6 3.8   -1.1 -1.4   -0.3 0.2 
HIGH+NARS   0.5 1.9   0.0 1.0   -0.4 0.4   0.5 1.5   2.1 5.1   -1.5 -2.1   -0.4 0.2 
HIGH+RE   0.8 1.9   0.0 1.0   -0.6 0.4   0.8 1.5   3.5 5.0   -2.5 -2.1   -0.7 0.3 
IX   0.3 0.5   0.5 0.6   -0.8 -0.9   -0.8 -0.9   2.7 3.4   1.7 1.7   4.3 5.3 
IX+WUE   0.5 0.7   0.6 0.9   -1.0 -1.1   -0.7 -0.9   3.0 4.7   3.1 2.5   4.3 5.4 
ISW   0.3 0.7   0.4 0.9   0.4 0.7   -0.1 -0.1   2.4 4.7   0.1 0.3   0.4 0.6 
RMM   1.6 1.7   2.5 2.6   3.7 3.7   4.6 4.6   1.0 1.0   1.7 2.2   0.9 1.1 
COMP   3.1 4.8   3.5 5.2   2.6 3.8   4.7 5.1   9.8 15.6   2.3 2.3   4.3 6.7 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Net trade figures 

Figure A - 1  Change in Beef Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 2  Change in Lamb Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 3  Change in Pork Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 4  Change in Poultry Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 5  Change in Dairy Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 6  Change in Barley Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 7  Change in Maize Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 8  Change in Millet Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 9  Change in Rice Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 10  Change in Sorghum Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 11  Change in Wheat Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 12  Change in Banana Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 13  Change in Plantain Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 14  Change in Food Oil Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 15  Change in Groundnut Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 16  Change in Soybean Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 17  Change in Bean Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 18  Change in Cassava Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 19  Change in Potato Net Trade from REF_HGEM by year and region (million metric tons) 

 

Figure A - 20  Change in Sweet Potato Net Trade from REF_HGEM by year and region (million metric tons) 
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Figure A - 21  Change in Yam Net Trade from REF_HGEM by year and region (million metric tons) 
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Income, kilocalories, and food security figures and tables 

Table A - 48  Income by year and region (per capita GDP in thousands 2005 US$ per person) 

Scenario 
World Developing East Asia - Pacific South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 9.8 17.2 24.7 5.4 12.4 19.5 6.6 20.1 32.4 2.7 6.9 13.3 2.0 3.8 7.5 7.7 13.2 21.1 10.0 16.8 25.5 
MED   0.4 1.3   0.7 1.9   0.7 1.7   1.0 2.9   0.8 2.3   0.6 1.7   0.2 0.7 
REGION   0.7 2.2   1.1 3.1   1.0 2.7   1.8 5.0   1.4 4.1   1.0 2.8   0.4 1.2 
HIGH   0.9 2.5   1.3 3.4   1.3 3.1   2.0 5.4   1.5 4.2   1.1 3.0   0.5 1.3 
HIGH+NARS   1.1 3.1   1.6 4.3   1.6 3.9   2.6 6.8   1.9 5.2   1.4 3.7   0.6 1.6 
HIGH+RE   1.7 3.0   2.6 4.2   2.6 3.9   4.1 6.7   3.0 5.2   2.2 3.7   1.0 1.6 
IX   0.1 0.1   0.1 0.2   0.1 0.1   0.2 0.4   0.1 0.2   0.0 0.1   0.0 0.0 
IX+WUE   0.2 0.4   0.4 0.5   0.3 0.4   0.8 1.1   0.4 0.5   0.3 0.4   0.1 0.2 
ISW   0.1 0.3   0.2 0.5   0.2 0.4   0.3 0.8   0.2 0.6   0.1 0.4   0.1 0.2 
COMP   2.7 4.1   4.1 5.7   3.8 5.0   6.5 9.1   5.1 7.1   3.3 4.7   2.2 2.9 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 49  Average calorie availability by year and region (kilocalories per person per day) 

Scenario 
World Developing East Asia - Pacific South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 2794 2979 3061 2682 2904 3009 2873 3267 3326 2360 2617 2826 2356 2513 2703 3126 3208 3280 2876 2984 3080 
MED   0.9 2.2   1.0 2.4   0.9 2.0   1.2 2.8   1.4 3.1   0.8 1.9   0.6 1.3 
REGION   1.5 3.7   1.7 4.1   1.4 3.3   2.1 4.8   2.7 5.9   1.3 3.1   0.8 1.9 
HIGH   1.8 4.1   2.0 4.5   1.7 3.8   2.4 5.3   2.8 6.0   1.6 3.5   1.1 2.4 
HIGH+NARS   2.3 5.2   2.6 5.7   2.3 4.8   3.1 6.7   3.6 7.7   2.1 4.5   1.4 3.1 
HIGH+RE   3.8 5.1   4.2 5.6   3.7 4.8   5.1 6.6   6.0 7.6   3.4 4.4   2.3 3.0 
IX   0.2 0.2   0.2 0.3   0.3 0.3   0.3 0.4   0.1 0.2   0.1 0.1   0.1 0.1 
IX+WUE   0.7 0.7   0.8 0.7   0.8 0.8   1.0 1.0   0.6 0.6   0.6 0.6   0.4 0.4 
ISW   0.3 0.6   0.3 0.7   0.3 0.6   0.3 0.8   0.5 1.0   0.2 0.5   0.2 0.4 
RMM   0.9 1.0   1.0 1.1   1.0 1.0   1.1 1.3   1.1 1.2   0.7 0.9   0.7 0.8 
COMP   5.6 7.0   6.1 7.7   5.6 6.7   7.5 9.1   8.0 10.0   4.7 5.8   3.5 4.3 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Table A - 50  Population at risk of hunger by year and region (millions) 

Scenario World Developing East Asia - Pacific South Asia Africa South  
of the Sahara 

Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 838.1 598.0 482.6 823.3 582.4 466.9 268.0 116.7 105.8 268.5 165.2 99.0 209.5 224.4 191.5 27.7 33.8 36.0 39.5 35.9 28.8 
MED   -6.4 -9.1   -6.5 -9.3   -3.0 -5.0   -10.3 -9.3   -6.5 -12.5   -3.0 -6.7   -3.4 -7.1 
REGION   -10.7 -15.2   -10.9 -15.4   -4.7 -11.1   -17.2 -13.1   -11.5 -21.0   -4.8 -10.4   -5.0 -10.4 
HIGH   -12.2 -16.6   -12.4 -16.6   -5.7 -12.0   -19.9 -14.1   -12.5 -22.3   -5.8 -11.5   -6.4 -12.5 
HIGH+NARS   -15.6 -20.1   -15.8 -20.2   -7.2 -13.9   -25.3 -16.4   -16.1 -27.8   -7.4 -13.8   -8.1 -15.6 
HIGH+RE   -24.0 -19.9   -24.4 -20.0   -11.0 -13.8   -39.1 -16.1   -24.7 -27.6   -11.4 -13.6   -13.1 -15.5 
IX   -1.3 -1.0   -1.3 -1.0   -1.4 -1.3   -2.8 -1.5   -0.4 -0.8   -0.4 -0.5   -0.4 -0.7 
IX+WUE   -4.4 -2.8   -4.5 -2.8   -3.4 -2.5   -8.8 -3.8   -2.5 -2.7   -2.2 -2.1   -2.7 -2.4 
ISW   -2.0 -2.8   -2.1 -2.8   -1.1 -1.8   -3.0 -2.7   -2.2 -3.8   -0.8 -1.9   -1.3 -2.6 
RMM   -5.7 -4.2   -5.8 -4.2   -3.1 -2.8   -9.6 -4.5   -5.0 -5.2   -2.6 -3.0   -4.4 -4.4 
COMP   -30.4 -24.1   -30.8 -24.2   -15.8 -17.5   -47.8 -19.1   -30.9 -33.0   -15.0 -16.5   -18.7 -20.7 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 

Table A - 51  Malnourished children by year and region (millions of malnourished children 5 years old or younger) 

Scenario 
World Developing East Asia - Pacific South Asia Africa South  

of the Sahara 
Middle East –  
North Africa 

Latin America –  
Caribbean 

2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 2010 2030 2050 
REF_HGEM 150.1 128.2 105.3 149.8 128.0 105.1 21.9 11.9 8.3 77.1 64.7 52.2 41.0 44.4 39.5 4.0 2.8 1.9 4.3 3.0 1.8 
MED   -1.2 -2.9   -1.2 -2.9   -2.0 -2.6   -0.8 -2.0   -1.4 -3.6   -3.1 -7.1   -2.2 -6.9 
REGION   -2.1 -5.0   -2.1 -5.1   -3.2 -4.2   -1.3 -3.5   -2.6 -6.7   -4.9 -11.5   -3.2 -9.8 
HIGH   -2.4 -5.4   -2.4 -5.4   -4.0 -4.9   -1.6 -3.8   -2.7 -6.9   -6.0 -12.8   -4.2 -12.3 
HIGH+NARS   -3.1 -6.8   -3.1 -6.8   -5.1 -6.1   -2.0 -4.8   -3.5 -8.7   -7.8 -15.7   -5.4 -15.3 
HIGH+RE   -5.0 -6.7   -5.0 -6.7   -8.3 -6.0   -3.3 -4.7   -5.8 -8.6   -12.6 -15.4   -8.7 -15.1 
IX   -0.2 -0.3   -0.2 -0.3   -0.7 -0.6   -0.2 -0.3   -0.1 -0.2   -0.4 -0.7   -0.2 -0.4 
IX+WUE   -0.8 -0.8   -0.8 -0.8   -2.0 -1.2   -0.7 -0.7   -0.6 -0.7   -2.3 -2.2   -1.6 -2.0 
ISW   -0.4 -0.9   -0.4 -0.9   -0.7 -0.8   -0.2 -0.6   -0.5 -1.1   -0.7 -2.1   -0.8 -2.3 
RMM   -1.1 -1.2   -1.1 -1.2   -2.2 -1.3   -0.7 -0.9   -1.1 -1.3   -2.7 -3.2   -2.7 -4.2 
COMP   -6.9 -9.0   -6.9 -9.0   -11.7 -8.6   -4.7 -6.4   -7.6 -11.2   -17.6 -19.6   -13.1 -20.5 

Note: Solution value for REF_HGEM – all other scenarios show percent change from REF_HGEM 
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Figure A - 22  Population at risk of hunger (millions) - yearly trend to 2050 
Developing Countries Africa South of the Sahara 

  
South Asia East Asia 

  
Middle East and North Africa Latin America – Caribbean  
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Figure A - 23  Comparing results to WHO targets for a healthy diet in 2010, 2030 and 2050, by region and scenario 

Region 

2010 

Scenario 

2030 2050 
Fruits and  
Vegetables 

(g/person/day)1 
Fat Share 

of Calories2 
Sugar Share 
of Calories3 

Total 
Calories4 

Fruits and  
Vegetables 

(g/person/day) 
Fat Share 

of Calories 

Sugar 
Share of 
Calories 

Total 
Calories 

Fruits and  
Vegetables 

(g/person/day) 
Fat Share 

of Calories 

Sugar 
Share of 
Calories 

Total 
Calories 

Ea
st

 A
si

a 

813 22.1% 9.2% 2,873 

REF_HGEM 979 25.8% 10.5% 3,267 963 27.5% 11.1% 3,326 
MED 979 25.7% 10.4% 3,296 964 27.3% 10.9% 3,394 
HIGH 979 25.6% 10.3% 3,324 964 27.2% 10.7% 3,454 
HIGH+NARS 979 25.6% 10.3% 3,341 963 27.1% 10.7% 3,488 
HIGH+RE 978 25.5% 10.2% 3,387 963 27.1% 10.7% 3,485 
REGION 979 25.6% 10.4% 3,313 964 27.2% 10.8% 3,434 
IX 982 25.7% 10.5% 3,276 966 27.5% 11.1% 3,337 
IX+WUE 983 25.6% 10.4% 3,294 968 27.4% 11.0% 3,352 
ISW 981 25.8% 10.5% 3,276 967 27.5% 11.1% 3,346 
RMM 993 25.7% 10.5% 3,298 977 27.4% 11.0% 3,361 
COMP 998 25.2% 10.1% 3,450 983 26.8% 10.6% 3,550 

So
ut

h 
As

ia
 

287 17.0% 11.4% 2,360 

REF_HGEM 526 18.3% 14.7% 2,617 939 18.8% 16.9% 2,826 
MED 530 18.3% 14.6% 2,649 958 18.6% 16.7% 2,905 
HIGH 533 18.2% 14.5% 2,680 972 18.5% 16.4% 2,976 
HIGH+NARS 535 18.2% 14.4% 2,698 980 18.4% 16.3% 3,016 
HIGH+RE 539 18.0% 14.3% 2,750 979 18.4% 16.3% 3,013 
REGION 532 18.2% 14.6% 2,671 970 18.5% 16.5% 2,962 
IX 529 18.3% 14.7% 2,625 945 18.7% 16.9% 2,837 
IX+WUE 532 18.2% 14.7% 2,644 952 18.7% 16.9% 2,855 
ISW 529 18.3% 14.8% 2,626 949 18.7% 16.9% 2,848 
RMM 539 18.2% 14.7% 2,646 961 18.6% 16.9% 2,862 
COMP 560 17.9% 14.2% 2,814 1020 18.3% 16.2% 3,084 

Fo
rm

er
 S

ov
ie

t U
ni

on
 

502 21.7% 14.4% 3,090 

REF_HGEM 602 22.1% 16.3% 3,287 637 22.5% 17.1% 3,339 
MED 603 22.0% 16.2% 3,309 639 22.4% 16.9% 3,393 
HIGH 603 22.0% 16.1% 3,331 640 22.2% 16.7% 3,440 
HIGH+NARS 604 21.9% 16.1% 3,344 640 22.2% 16.6% 3,466 
HIGH+RE 604 21.8% 15.9% 3,379 640 22.2% 16.6% 3,463 
REGION 603 22.0% 16.1% 3,322 640 22.3% 16.7% 3,426 
IX 604 22.1% 16.3% 3,289 639 22.5% 17.1% 3,342 
IX+WUE 605 22.0% 16.3% 3,302 640 22.4% 17.1% 3,354 
ISW 603 22.1% 16.3% 3,292 640 22.5% 17.1% 3,352 
RMM 612 22.0% 16.3% 3,311 648 22.4% 17.0% 3,367 
COMP 618 21.7% 16.0% 3,421 655 22.1% 16.6% 3,505 
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Region 

2010 

Scenario 

2030 2050 
Fruits and  
Vegetables 

(g/person/day)1 
Fat Share 

of Calories2 
Sugar Share 
of Calories3 

Total 
Calories4 

Fruits and  
Vegetables 

(g/person/day) 
Fat Share 

of Calories 

Sugar 
Share of 
Calories 

Total 
Calories 

Fruits and  
Vegetables 
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752 20.0% 13.5% 3,126 

REF_HGEM 778 20.6% 15.1% 3,207 784 21.4% 17.0% 3,280 
MED 777 20.5% 15.0% 3,233 782 21.2% 16.7% 3,342 
HIGH 775 20.5% 14.9% 3,258 779 21.1% 16.5% 3,396 
HIGH+NARS 775 20.5% 14.9% 3,273 777 21.1% 16.4% 3,427 
HIGH+RE 772 20.4% 14.7% 3,315 777 21.1% 16.4% 3,423 
REGION 776 20.5% 15.0% 3,249 780 21.1% 16.6% 3,382 
IX 780 20.6% 15.1% 3,211 786 21.3% 17.0% 3,284 
IX+WUE 780 20.5% 15.1% 3,226 787 21.3% 17.0% 3,298 
ISW 779 20.6% 15.1% 3,214 787 21.3% 17.0% 3,296 
RMM 787 20.5% 15.1% 3,231 793 21.3% 16.9% 3,308 
COMP 784 20.3% 14.7% 3,360 790 21.0% 16.4% 3,470 
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262 16.2% 8.4% 2,356 

REF_HGEM 320 16.9% 8.9% 2,513 391 18.1% 9.8% 2,703 
MED 323 16.9% 8.9% 2,549 399 18.1% 9.6% 2,786 
HIGH 326 16.8% 8.8% 2,584 406 18.0% 9.5% 2,865 
HIGH+NARS 327 16.8% 8.8% 2,605 410 18.0% 9.4% 2,911 
HIGH+RE 332 16.8% 8.7% 2,664 410 18.0% 9.4% 2,908 
REGION 326 16.8% 8.8% 2,580 407 18.0% 9.5% 2,861 
IX 321 16.9% 8.9% 2,516 393 18.1% 9.8% 2,708 
IX+WUE 321 16.9% 8.9% 2,528 393 18.1% 9.8% 2,719 
ISW 322 16.9% 8.9% 2,525 396 18.1% 9.8% 2,729 
RMM 325 16.8% 8.9% 2,541 397 18.1% 9.7% 2,735 
COMP 341 16.7% 8.7% 2,715 423 17.8% 9.4% 2,973 
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469 24.7% 18.2% 2,876 

REF_HGEM 492 25.5% 19.0% 2,984 536 26.6% 19.8% 3,080 
MED 493 25.5% 18.9% 3,001 539 26.5% 19.5% 3,120 
HIGH 495 25.5% 18.8% 3,017 542 26.4% 19.3% 3,156 
HIGH+NARS 495 25.4% 18.8% 3,026 544 26.4% 19.2% 3,175 
HIGH+RE 497 25.4% 18.6% 3,052 543 26.4% 19.2% 3,174 
REGION 495 25.4% 18.9% 3,009 542 26.4% 19.4% 3,140 
IX 493 25.5% 19.0% 2,986 537 26.6% 19.8% 3,083 
IX+WUE 494 25.5% 19.0% 2,996 538 26.6% 19.8% 3,092 
ISW 494 25.5% 19.0% 2,990 539 26.6% 19.7% 3,093 
RMM 499 25.5% 19.0% 3,005 544 26.6% 19.7% 3,104 
COMP 508 25.3% 18.6% 3,087 557 26.3% 19.2% 3,213 

Legend 
 

Failed to achieve target  Achieved target  Surpassed target 
Notes: 1 WHO recommends a healthy diet should have at least 500 g/person/day of fruits and vegetables  

2 WHO recommends a healthy diet should have less than 30% of energy coming from fat  
3 WHO recommends a healthy diet should have less than 10% of energy coming from sugar, with less than 5% being ideal  
4 WHO recommends energy intake should correspond with activity levels, where 3,000 kcal/person/day and 2,400 kcal/person/day is the recommended for an active male and female 
respectively (20-35 years old) 



Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

154 
Project Report for USAID 

Appendix B. Fisheries to 2050 and the potential of enhanced productivity 
scenarios using the IMPACT-Fish model. 

Timothy B. Sulser (International Food Policy Research Institute), Chin-Yee Chan (WorldFish), and 
Nhuong Tran (WorldFish) 

Fisheries are a substantial and fast-growing source of nutrition and income for millions in both the 
developing and developed world (FAO 2016). The latest fisheries module in the IMPACT model is 
available from a previous version of the modeling framework (World Bank 2013; Rosegrant et al. 2012), 
but it is not yet integrated into the latest version of IMPACT (Robinson et al. 2015) that was used for 
analysis of other commodities in this report15. For this foresight exercise, the IMPACT-FISH model was 
adjusted, in collaboration with WorldFish, to extend its projections from 2030 to 2050, prolonging the 
trends of the previous model assumptions. Productivity investment scenarios equivalent to those 
specified in the main report were then applied in this framework and form the basis of analysis for 
fisheries commodities. 

Baseline outlook to 2050 
Aquaculture will be the primary source of fisheries growth through the projection period and, as many 
researchers and industry experts are detailing (Kobayashi et al. 2015; OECD/FAO 2016; Thilsted et al. 
2016), capture growth is essentially flat globally, with some regions experiencing declines in total 
landings while a few regions continue to expand. Given the relatively well-known trends in capture 
fisheries, they are modeled through exogenous growth assumptions, while aquaculture is endogenously 
specified in IMPACT-FISH (World Bank 2013), responding to the dynamics of population and income 
growth and to changes in the agricultural sector for both crops and livestock, though in a limited way 
compared to the other commodities. 

Consumption, production, net trade, and prices 
Total global food consumption of fisheries commodities is projected to grow by about 1% per year over 
the projection period (2010-2050), led mostly by the principal aquaculture species in the developing 
world (Figure B - 1). EAP is the region consuming the majority, while regions with lower starting points 
(SAS and SSA) are growing the fastest. Global per capita consumption is projected to increase by about 
10% between 2010 and 2030 and then to remain stable through the projection period to 2050, though 
this will differ strongly depending on the region (Table B - 1) and the species mix will be changing. Some 
regions (SSA and LAC) are projected to see slightly reduced per capita consumption compared to 2010 
while once again EAP continues to be a main driver behind global growth. Population growth in SSA 
drives the strong growth in total consumption for that region. 

Aggregate fisheries production is projected to grow strongest in SAS and EAP (Table B - 1). The relatively 
slow growth in production elsewhere in the world shows that there may be important investment 
opportunities for fisheries production outside of Asia. Developing EAP will maintain its share of global 
production at just above half through the projection period, overshadowing all other regions. LAC and 

                                                           
15 While the IMPACT-FISH framework closely follows the current IMPACT setup used in the rest of this report, it 
would be misleading to claim that IMPACT-FISH is precisely the same model. Therefore, fisheries commodities are 
treated here in a distinct box separate from the other commodities in the current IMPACT model.  The IMPACT-
FISH model is, however, well suited to address the general questions of the potential implications of increased 
investments in research and development for fisheries commodities.   
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SAS will maintain their combined share at about a fifth of global production. Many fisheries, particularly 
the aquaculture species (freshwater/diadromous fishes, shrimp, and molluscs) are projected to more 
than double their output between 2010 and 2050. 

Net trade in fisheries is relatively thin compared to the magnitude of consumption and production for 
the majority of species (Table B - 2). The developing world, especially EAP, is projected to continue to 
dominate exports to consumers in the developed world, particularly for fisheries based on aquaculture. 
SSA and MEN are increasing their net imports strongly in the projections. These projections show there 
should be growth in export opportunities from the developing to the developed world, as well as for 
supplying own growing internal demand. 

The baseline outlook for fish commodity prices shows a modest increase in prices of 10–20% over their 
2010 levels by 2050 for most species (Table B - 3). Fisheries that do not have a strong aquaculture 
component, such as pelagic species and other marine species, see stronger price increases due to 
limited supplies in the face of increasing demand. 

Figure B - 1  Global food consumption of fish by major category for the baseline reference scenario. 
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Table B - 1  Indexed values (2010 = 1) for fisheries (all types) production and per capita consumption 
for the baseline reference scenario. 

 Production PC Consumption 

 2030 2050 2030 2050 
EAP 1.0 1.1 1.0 0.8 
SAS 1.6 1.8 1.3 1.4 
SSA 1.0 1.1 1.0 1.0 
MEN 1.2 1.3 1.4 1.8 
FSU 1.1 1.1 1.2 1.2 
LAC 1.1 1.2 0.9 1.0 
DVG 1.3 1.5 1.1 1.2 
WLD 1.4 1.6 1.2 1.2 

 

Table B - 2  Net trade (in mmt) in fisheries (all types) for the baseline reference scenario. 

 2010 2030 2050 
EAP 9.8 11.7 16.6 
SAS 0.6 2.3 3.6 
SSA -1.0 -2.8 -6.7 
MEN -0.5 -2.6 -5.8 
FSU 0.1 -0.1 0.1 
LAC 2.0 3.7 4.9 
DVG 11.0 12.3 12.6 
WLD 0.0 0.0 0.0 

 

Table B - 3  Baseline global fisheries commodity prices indexed to year 2010. 

 2030 2050 
Shrimp 1.0 1.1 
Crustaceans 1.0 1.1 
Molluscs 1.1 1.1 
Salmon 1.0 1.2 
Freshwater and Other 

Diadromous 1.1 1.1 
Tuna 1.0 1.2 
Other Pelagic 1.3 1.7 
Other Demersal 1.2 1.3 
Other Marine Species 1.2 1.4 

 

Scenarios of investment 
The IMPACT-FISH modeling framework provides a limited ability to address the scenarios of increased 
investment specified in this report. The focus for fisheries is on productivity enhancements, exclusively 
(MED, HIGH, HIGH+NARS, HIGH+RE, and REGION; see Section 2.2.1 in the main text), following the logic 
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laid out in the description of scenarios. As with the other commodities, the potential for productivity 
enhancements by type and region were specified through a ranking exercise in collaboration with Global 
Futures and Strategic Foresight project partners at the WorldFish CGIAR Research Center (Table B - 4). 
Freshwater fisheries (e.g., carps, pangas, tilapia) along with shrimp and molluscs in EAP and SAS are 
expected to have particularly strong potential for productivity growth based on increased investments. 
Other regions and other aquaculture species also show potential, which could be emphasized more 
given the right conditions. A key distinction for the implementation of these productivity scenarios in 
the IMPACT-FISH model is that the fisheries sector is modeled without the productivity enhancements in 
other commodities. Although there are cross-effects among the fisheries, livestock, and feed crops 
sectors, the impact of these sectors on each other is either relatively limited or fairly straightforward. 

Scenario impacts on prices, production, consumption, and net trade 
Productivity enhancements increase supply for the various species across regions for the different 
scenarios. As with the scenarios for other commodities, the basic ordering on increasing impact is MED < 
REGION < HIGH < HIGH+RE < HIGH+NARS (Table B - 5). The MED scenario is close to the REGION 
scenario as the majority of the globe sees MED-level improvements while only SAS and SSA are seeing 
HIGH-level productivity increases. The HIGH scenario posits effectively double the enhancement from 
the MED scenario and the HIGH+RE and HIGH+NARS achieve an additional, equivalent boost, with the 
HIGH+RE seeing the benefits much earlier due to the assumed improvements in efficiency of R&D.  

Price and other impacts follow patterns seen in other commodities. The global price of molluscs sees up 
to a 5% drop by 2050 in the strongest productivity enhancement scenarios compared to the reference 
case. Other fish categories’ price impacts are mostly less than 1%. Consumption is projected to be 
responsive to price changes and, for the developing world, follows on increases in production (Table B - 
5), although a significant amount is exported to the developed world.  

While the volume of trade relative to total production and consumption is relatively thin, fisheries 
represent important foreign exchange earnings for countries in the developing world. An example of the 
types of impacts we see in these productivity enhancement scenarios is shown in molluscs, where much 
of the new surplus production is exported to the developed world (Figure B - 2). The other predominant 
pattern is shown in the example of freshwater and other diadromous fishes (Figure B - 3), which are also 
experiencing increasing trade within the developing world as well. 
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Table B - 4  Exogenous productivity enhancement for the HIGH scenario specified for various 
production classes of aquaculture species in the IMPACT-FISH model. 

Production Commodity Consumption Commodity 

Global Weighted 
Percent Production 
Increase 
(2010 production 
weights) 

Tilapia Freshwater and Other Diadromous 21 
Pangas Freshwater and Other Diadromous 27 
Carp Freshwater and Other Diadromous 8 
Eel/Sturgeon Freshwater and Other Diadromous 5 
Other Carp Freshwater and Other Diadromous 11 
Other Freshwater and Diadromous Freshwater and Other Diadromous 8 
Salmon Salmon 4 
Shrimp Shrimp 9 
Molluscs Molluscs 25 
Mullet Other Demersal 15 
Cobia/Swordfish Other Pelagic 5 

Note: Full target increases shown in Appendix C; other productivity enhancement scenarios follow logic 
shown for these scenarios in the main text 

Table B - 5  Percent changes in production and consumption in the developing world of demonstrative 
fisheries commodities due to scenarios of increased investment for productivity and endogenous 
system responses. 

  Production Consumption 

  2030 2050 2030 2050 
Shrimp MED 1.5% 2.8% 1.1% 2.4% 

 HIGH 2.9% 5.7% 2.3% 4.9% 

 HIGH+NARS 3.8% 7.4% 3.0% 6.5% 

 HIGH+RE 6.4% 7.3% 5.0% 6.4% 

 REGION 1.6% 3.1% 1.2% 2.6% 
Molluscs MED 6.9% 14.3% 4.6% 9.6% 

 HIGH 14.2% 30.4% 9.4% 20.6% 

 HIGH+NARS 18.8% 41.1% 12.5% 27.9% 

 HIGH+RE 32.9% 40.4% 21.9% 27.4% 

 REGION 6.9% 14.3% 4.6% 9.6% 
Freshwater and 
Other Diadromous MED 0.9% 1.9% 0.7% 1.6% 

 HIGH 1.8% 3.8% 1.5% 3.3% 

 HIGH+NARS 2.4% 5.1% 2.0% 4.4% 

 HIGH+RE 4.3% 5.1% 3.6% 4.4% 

 REGION 1.1% 2.3% 0.9% 2.0% 
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Figure B - 2  Change in net trade of molluscs (mmt) for selected developing regions in scenarios of 
increased investment for productivity. 

 

Figure B - 3  Change in net trade of freshwater and other diadromous species (mmt) for selected 
developing regions in scenarios of increased investment for productivity. 
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Conclusion 
The productivity enhancement scenarios shown here give an indication of the potential benefits from 
investments in aquaculture in the developing world. Both major and minor producers—such as EAP and 
SSA, respectively—have the potential to take advantage of this growing sector for trade and their own 
consumer demands and contribute to CGIAR’s SLOs through well-established impact pathways.  

SLO1: Reduced Poverty—In the fisheries sector, there are increased opportunities for both large 
and small producers to benefit from enhanced productivity and income-generating activities in a 
fast-growing sector. 

SLO2: Improved Food and Nutrition Security—The fisheries sector plays a key and increasing 
role in food and nutrition security, providing healthy, high-quality nutrients that are available 
and affordable year round.  

SLO3: Improved Natural Resource Use and Ecosystem Services—Fisheries development can 
follow a path that both enhances and conserves natural resources and vital ecosystem services. 
There are important challenges for both capture and aquaculture systems to make harvests 
increasingly sustainable. 

An important next phase of research with the IMPACT-FISH model is already underway to reintegrate 
the fisheries module with the latest version of the IMPACT model. This will enable more thorough 
analysis in conjunction with the full set of IMPACT commodities and more detailed regions. The issue of 
cost for these types of improvements is also a critical area for further research, especially from an ex 
ante perspective and for priority setting. 
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Appendix C. Productivity Scenario Development with CGIAR Center Partners in 
the Global Futures and Strategic Foresight Project 

Timothy B. Sulser and Daniel Mason-D'Croz (International Food Policy Research Institute)  

Developing plausible scenarios is critical to doing any kind of ex ante analysis and priority setting. To this 
end, we incorporated the knowledge and expertise embedded within the CGIAR system through a 
process of expert elicitation to ensure that the IMPACT reference scenario, as well as the investment 
scenarios, were good representations of how the global agriculture sector would evolve through 2050. 
As a part of the Global Futures and Strategic Foresight (GFSF) project, the IMPACT team at IFPRI 
collaborates with scientists in all CGIAR institutions and uses these connections to elicit information and 
run reality-checks on the assumptions of each scenario. In 2015 for the GFSF project, we reviewed the 
baseline assumptions of the IMPACT model for all CGIAR mandate commodities. We built on that 
previous review of IMPACT model assumptions to help create the productivity enhancement scenarios. 

Building the productivity enhancement scenarios 
All GFSF CGIAR partners were asked to consider the potential for additional productivity growth under 
scenarios of increased CGIAR spending in agricultural R&D. The productivity scenarios were designed to 
consider the effects of changing levels of investment by the CGIAR. As such, only the CGIAR mandate 
crops listed in Table C - 1 were included. Additionally, the potential for additional productivity 
enhancement was considered only in the developing countries in regions (Latin America and Caribbean, 
Africa, and Asia) where the CGIAR currently focuses most of its efforts. Table C - 1 summarizes the crops 
that were included in the productivity scenarios, as well as the institutions that assisted in the 
specification of the productivity scenarios. 

The expert elicitation focused on capturing two critical pieces of information. First, we needed to 
estimate the potential gains in absolute yield levels based on an increase of CGIAR investments in R&D 
into the future as compared to a future where CGIAR investment levels were maintained at 
approximately historical levels (reference scenarios). Since all the participants in this expert elicitation 
had participated in the 2015 review of IMPACT baseline assumptions, they were familiar with the 
reference scenarios, having facilitated their building, which made it unnecessary to redefine the 
counterfactual reference scenarios. The posited changes in crop yields were collected as absolute yield 
levels, which were an easier format for CGIAR center scientists to conceptualize.  

Second, we needed some idea of the difficulty of achieving these yield increases, as well as how the 
yield gains might be achieved. To capture this, CG Center scientists provided qualitative feedback 
regarding the potential for productivity growth with increased CG spending in R&D across different 
regions and agricultural management systems (irrigated and rainfed, in the case of crops). This 
qualitative information helped further inform the targeted yield increases, by helping to compare across 
commodities; historically well-researched crops consequently see less overall potential for rapid 
productivity improvements as compared to historically more neglected crops. 

This was done by interpreting the qualitative feedback and normalizing it onto a 6-point scale (high-to-
low: +++, ++, +, -, --, ---). We then combined this qualitative feedback with the absolute yield level 
changes to build differential productivity growth trajectories for use in IMPACT. 
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The following tables (Table C - 2, Table C - 3, and Table C - 4) summarize the targeted productivity 
increases for the HIGH scenario. Other productivity scenarios were calculated from this scenario as was 
explained in Section 2. 

Table C - 1  Summary of CGIAR mandate crops included in productivity scenarios, and the CGIAR 
institutions that assisted in specifying these scenarios 

 CGIAR Mandate Crop CGIAR Institutions 

Cereals 

Barley ICARDA 
Maize CIMMYT 
Millet ICRISAT 
Rice IRRI, CIAT, and AfricaRice 
Sorghum ICRISAT 
Wheat CIMMYT and ICARDA 

Roots, Tubers, and  
Bananas (RTB) 

Cassava CIAT and IITA 
Potato CIP 
Sweet Potato CIP 
Yams IITA 
Banana Bioversity 
Plantain Bioversity 

Pulses 

Bean CIAT 
Chickpea ICRISAT 
Cowpea IITA 
Lentil ICRISAT 
Pigeon pea ICRISAT 

Oilseeds 
Groundnuts ICRISAT 
Oil Palm Fruit CIFOR 
Soybean IITA 

Animal Products Aquaculture WorldFish 
Livestock Products ILRI 
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Table C - 2  Crop summary of qualitative rankings and the targeted yield increases by agricultural 
system, and region 

Commodity System Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 
Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights, ir+rf) 

Barley Irrigated South Asia +++ 30 13 
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean ++ 25  
  Former Soviet Union - 10  
  East Asia & Pacific +++ 30  
  Middle East & North Africa ++ 25  
 Rainfed South Asia -- 5  
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean ++ 25  
  Former Soviet Union ++ 25  
  East Asia & Pacific ++ 25  
  Middle East & North Africa +++ 30  
Maize Irrigated South Asia +++ 30 9 
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean ++ 25  
  Former Soviet Union -- 5  
  East Asia & Pacific - 10  
  Middle East & North Africa +++ 30  
 Rainfed South Asia +++ 30  
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean ++ 25  
  Former Soviet Union -- 5  
  East Asia & Pacific - 10  
  Middle East & North Africa ++ 25  
Millet Irrigated South Asia ++ 25 23 
  Sub-Saharan Africa + 20  
  Former Soviet Union -- 5  
  East Asia & Pacific -- 5  
  Middle East & North Africa - 10  
 Rainfed South Asia ++ 25  
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean -- 5  
  Former Soviet Union -- 5  
  East Asia & Pacific -- 5  
  Middle East & North Africa + 20  
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Commodity System Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 
Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights, ir+rf) 

Rice Irrigated South Asia - 10 10 
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean - 10  
  Former Soviet Union --- 0  
  East Asia & Pacific - 10  
  Middle East & North Africa - 10  
 Rainfed South Asia - 10  
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean - 10  
  Former Soviet Union --- 0  
  East Asia & Pacific - 10  
  Middle East & North Africa - 10  
Sorghum Irrigated South Asia +++ 30 18 
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean -- 5  
  Former Soviet Union -- 5  
  East Asia & Pacific - 10  
  Middle East & North Africa ++ 25  
 Rainfed South Asia ++ 25  
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean -- 5  
  Former Soviet Union -- 5  
  East Asia & Pacific - 10  
  Middle East & North Africa ++ 25  
Wheat Irrigated South Asia ++ 25 15 
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean +++ 30  
  Former Soviet Union -- 5  
  East Asia & Pacific +++ 30  
  Middle East & North Africa +++ 30  
 Rainfed South Asia ++ 25  
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean +++ 30  
  Former Soviet Union -- 5  
  East Asia & Pacific ++ 25  
  Middle East & North Africa ++ 25  
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Commodity System Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 
Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights, ir+rf) 

Cassava Irrigated South Asia + 20 20 
  Sub-Saharan Africa + 20  
  Latin America & Caribbean + 20  
  East Asia & Pacific + 20  
 Rainfed South Asia + 20  
  Sub-Saharan Africa + 20  
  Latin America & Caribbean + 20  
  East Asia & Pacific + 20  
Potato Irrigated South Asia - 10 11 
  Sub-Saharan Africa + 20  
  Latin America & Caribbean +++ 30  
  Former Soviet Union + 20  
  East Asia & Pacific -- 5  
  Middle East & North Africa +++ 30  
 Rainfed South Asia - 10  
  Sub-Saharan Africa + 20  
  Latin America & Caribbean +++ 30  
  Former Soviet Union + 20  
  East Asia & Pacific -- 5  
  Middle East & North Africa +++ 30  
Swt. Potato Irrigated South Asia + 20 24 
  Sub-Saharan Africa --- 0  
  Latin America & Caribbean ++ 25  
  East Asia & Pacific --- 0  
  Middle East & North Africa -- 5  
 Rainfed South Asia + 20  
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean ++ 25  
  East Asia & Pacific ++ 25  
  Middle East & North Africa -- 5  
Yams Irrigated Sub-Saharan Africa ++ 25 25 
  Latin America & Caribbean + 20  
  East Asia & Pacific -- 5  
 Rainfed Sub-Saharan Africa ++ 25  
  Latin America & Caribbean + 20  
  East Asia & Pacific -- 5  
  Middle East & North Africa --- 0  
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Commodity System Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 
Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights, ir+rf) 

Beans Irrigated South Asia + 20 22 
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean +++ 30  
  Former Soviet Union + 20  
  East Asia & Pacific + 20  
  Middle East & North Africa + 20  
 Rainfed South Asia + 20  
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean +++ 30  
  Former Soviet Union + 20  
  East Asia & Pacific + 20  
  Middle East & North Africa + 20  
Chickpeas Irrigated South Asia ++ 25 25 
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean -- 5  
  East Asia & Pacific ++ 25  
  Middle East & North Africa +++ 30  
 Rainfed South Asia ++ 25  
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean -- 5  
  Former Soviet Union -- 5  
  East Asia & Pacific ++ 25  
  Middle East & North Africa +++ 30  
Cowpeas Irrigated Sub-Saharan Africa ++ 25 24 
  Latin America & Caribbean --- 0  
  East Asia & Pacific --- 0  
  Middle East & North Africa --- 0  
 Rainfed South Asia --- 0  
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean --- 0  
  East Asia & Pacific --- 0  
  Middle East & North Africa --- 0  
Lentils Irrigated South Asia +++ 30 20 
  Latin America & Caribbean -- 5  
  Former Soviet Union +++ 30  
  East Asia & Pacific ++ 25  
  Middle East & North Africa +++ 30  
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Commodity System Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 
Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights, ir+rf) 

Lentils Rainfed South Asia +++ 30  
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean ++ 25  
  Former Soviet Union +++ 30  
  East Asia & Pacific ++ 25  
  Middle East & North Africa +++ 30  
Pigeonpeas Irrigated South Asia +++ 30 25 
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean --- 0  
  East Asia & Pacific -- 5  
 Rainfed South Asia +++ 30  
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean --- 0  
  East Asia & Pacific -- 5  
Banana Irrigated South Asia ++ 25 24 
  Sub-Saharan Africa - 10  
  Latin America & Caribbean - 10  
  East Asia & Pacific ++ 25  
  Middle East & North Africa - 10  
 Rainfed South Asia +++ 30  
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean +++ 30  
  East Asia & Pacific ++ 25  
  Middle East & North Africa -- 5  
Plantain Irrigated South Asia + 20 23 
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean + 20  
  East Asia & Pacific - 10  
 Rainfed South Asia ++ 25  
  Sub-Saharan Africa ++ 25  
  Latin America & Caribbean + 20  
  East Asia & Pacific - 10  
Groundnut Irrigated South Asia +++ 30 25 
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean --- 0  
  East Asia & Pacific ++ 25  
  Middle East & North Africa -- 5  
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Commodity System Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 
Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights, ir+rf) 

Groundnut Rainfed South Asia +++ 30  
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean --- 0  
  Former Soviet Union --- 0  
  East Asia & Pacific ++ 25  
  Middle East & North Africa -- 5  
Soybean Irrigated South Asia --- 0 0 
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean --- 0  
  Former Soviet Union --- 0  
  East Asia & Pacific --- 0  
  Middle East & North Africa --- 0  
 Rainfed South Asia --- 0  
  Sub-Saharan Africa +++ 30  
  Latin America & Caribbean --- 0  
  Former Soviet Union --- 0  
  East Asia & Pacific --- 0  
  Middle East & North Africa --- 0  
Palm Fruit Irrigated Sub-Saharan Africa - 10 10 
  Latin America & Caribbean - 10  
  East Asia & Pacific - 10  
 Rainfed Sub-Saharan Africa - 10  
  Latin America & Caribbean - 10  
  East Asia & Pacific - 10  
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Table C - 3  Livestock summary of qualitative rankings and the targeted yield increases by region 

Commodity Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 

Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights) 

Beef South Asia + 20 11 
 Sub-Saharan Africa +++ 30  
 Latin America & Caribbean + 20  
 Former Soviet Union -- 5  
 East Asia & Pacific - 10  
 Middle East & North Africa - 10  
Pork South Asia --- 0 0 
 Sub-Saharan Africa --- 0  
 Latin America & Caribbean --- 0  
 Former Soviet Union --- 0  
 East Asia & Pacific --- 0  
 Middle East & North Africa --- 0  
Lamb South Asia + 20 14 
 Sub-Saharan Africa +++ 30  
 Latin America & Caribbean + 20  
 Former Soviet Union -- 5  
 East Asia & Pacific - 10  
 Middle East & North Africa - 10  
Poultry South Asia + 20 9 
 Sub-Saharan Africa +++ 30  
 Latin America & Caribbean + 20  
 Former Soviet Union -- 5  
 East Asia & Pacific - 10  
 Middle East & North Africa - 10  
Eggs South Asia --- 0 0 
 Sub-Saharan Africa --- 0  
 Latin America & Caribbean --- 0  
 Former Soviet Union --- 0  
 East Asia & Pacific --- 0  
 Middle East & North Africa --- 0  
Dairy South Asia + 20 10 
 Sub-Saharan Africa +++ 30  
 Latin America & Caribbean + 20  
 Former Soviet Union -- 5  
 East Asia & Pacific - 10  
 Middle East & North Africa - 10  
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Table C - 4  Aquaculture summary of qualitative rankings and the targeted yield increases by region 

Commodity Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 
Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights) 

Carp East Asia & Pacific - 10 8 
 Former Soviet Union --- 0  
 Latin America & Caribbean - 10  
 Middle East & North Africa - 10  
 South Asia -- 5  
 Sub-Saharan Africa -- 5  
Cobswf East Asia & Pacific - 10 5 
 Former Soviet Union --- 0  
 Latin America & Caribbean --- 0  
 Middle East & North Africa --- 0  
 South Asia --- 0  
 Sub-Saharan Africa --- 0  
Crust East Asia & Pacific --- 0 0 
 Former Soviet Union --- 0  
 Latin America & Caribbean --- 0  
 Middle East & North Africa --- 0  
 South Asia --- 0  
 Sub-Saharan Africa --- 0  
Dmrsl East Asia & Pacific --- 0 0 
 Former Soviet Union --- 0  
 Latin America & Caribbean --- 0  
 Middle East & North Africa --- 0  
 South Asia --- 0  
 Sub-Saharan Africa --- 0  
Eelstg East Asia & Pacific -- 5 5 
 Former Soviet Union -- 5  
 Latin America & Caribbean --- 0  
 Middle East & North Africa --- 0  
Mllsc East Asia & Pacific +++ 30 25 
 Former Soviet Union --- 0  
 Latin America & Caribbean -- 5  
 Middle East & North Africa --- 0  
 South Asia -- 5  
 Sub-Saharan Africa -- 5  
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Commodity Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 
Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights) 

Mullet East Asia & Pacific --- 0 15 
 Former Soviet Union +++ 30  
 Latin America & Caribbean --- 0  
 Middle East & North Africa +++ 30  
 South Asia --- 0  
 Sub-Saharan Africa --- 0  
OCarp East Asia & Pacific -- 5 11 
 Former Soviet Union - 10  
 Latin America & Caribbean -- 5  
 Middle East & North Africa -- 5  
 South Asia - 10  
OFrshD East Asia & Pacific - 10 8 
 Former Soviet Union --- 0  
 Latin America & Caribbean - 10  
 Middle East & North Africa --- 0  
 South Asia - 10  
 Sub-Saharan Africa --- 0  
OMarn East Asia & Pacific --- 0 0 
 Former Soviet Union --- 0  
 Latin America & Caribbean --- 0  
 Middle East & North Africa --- 0  
 South Asia --- 0  
 Sub-Saharan Africa --- 0  
OPelag East Asia & Pacific --- 0 0 
 Former Soviet Union --- 0  
 Latin America & Caribbean --- 0  
 Middle East & North Africa --- 0  
 South Asia --- 0  
 Sub-Saharan Africa --- 0  
Pangas East Asia & Pacific +++ 30 27 
 Former Soviet Union --- 0  
 Latin America & Caribbean --- 0  
 Middle East & North Africa --- 0  
 South Asia +++ 30  
 Sub-Saharan Africa +++ 30  
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Commodity Region 

Qualitative 
Ranking 
(from CG 
Centers) 

Target 
Percent 
Yield 
Increase 

Global Weighted 
Percent Yield 
Increase  
(2010 production 
weights) 

Salmon East Asia & Pacific - 10 4 
 Former Soviet Union - 10  
 Latin America & Caribbean -- 5  
 Middle East & North Africa - 10  
 South Asia +++ 30  
 Sub-Saharan Africa -- 5  
Shrimp East Asia & Pacific - 10 9 
 Former Soviet Union --- 0  
 Latin America & Caribbean -- 5  
 Middle East & North Africa -- 5  
 South Asia - 10  
 Sub-Saharan Africa --- 0  
Tilapia East Asia & Pacific +++ 30 21 
 Former Soviet Union +++ 30  
 Latin America & Caribbean - 10  
 Middle East & North Africa - 10  
 South Asia +++ 30  
 Sub-Saharan Africa --- 0  
Tuna East Asia & Pacific --- 0 0 
 Former Soviet Union --- 0  
 Latin America & Caribbean --- 0  
 Middle East & North Africa --- 0  
 South Asia --- 0  
 Sub-Saharan Africa --- 0  

 

 

  



Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

173 
Project Report for USAID 

Appendix D. Analytical Framework – GLOBE CGE model 

Dirk Willenbockel (Institute of Development Studies, University of Sussex) 

In the simulation analysis, the global dynamic computable general equilibrium (CGE) model GLOBE-
Energy is used to assess the economy-wide repercussions on aggregate household income and welfare 
associated with the IMPACT scenarios under consideration. 

The effects on aggregate household income generated by GLOBE are passed back to IMPACT for a 
revised simulation analysis that takes account of changes in food demand due to these aggregate 
income effects. 

GLOBE-Energy is an extended dynamic version of the comparative-static standard GLOBE model 
originally developed by McDonald, Thierfelder, and Robinson (2007). Apart from the incorporation of 
capital accumulation, population growth, labor force growth, and technical progress, the extended 
model features a stylized representation of the technical substitution possibilities among different 
energy sources in production using a state-of the-art KLEM (Capital [K], Labor, Energy, Materials) 
technology specification. The model is initially calibrated to the GTAP 8.1 database (Narayanan, Aguiar, 
and McDougall 2012), which represents the global economy-wide structure of production, demand, and 
international trade at a regionally and sectorally disaggregated level for the benchmark year 2007. The 
model version employed in the present study distinguishes 24 commodity groups and production 
sectors (Table D - 1) and 15 geographical regions (Table D - 2). 

Table D - 1  GLOBE sector aggregation 
Short Code Description GTAP Sector Code 

Rice Rice pdr,pcr 
Wheat Wheat Wht 
OCereals Other Cereals Gro 
Oilseeds Oil Seeds Osd 
SugarCane Sugar Cane and Beet c_b 
OCrops Other Crops ocr,pfb 
Cattle Bovine cattle, sheep and goats, horses Ctl 
OLvstkPrd Other Livestock Products wol,oap,rmk 
VegOils Vegetable Oils and Fats Vol 
Sugar Sugar Sgr 
OPrFood Other Processed Food cmt,omt,mil,ofd,b_t 
Coal Coal Coa 
Oil Crude Oil Oil 
NatGas Natural Gas gas,gdt 
ONatRes Other Natural Resources omn,frs,fsh 
LgtManuf Light Manufacturing tex,wap,lea,lum,ppp,omf 
Petrol Refined Petrols p_c 
Chemics Chemicals, Rubber and Platics Crp 
OManuf Other Manufacturing nmm,i_s,nfm,fmp,mvh,otn,ele,omc 
Electricity Electricity Ely 
Water Water Distribution Wtr 
Constrc Construction Cns 
TrdTrns Trade and Transport Services trd,otp,wtp,atp 
OServic Other Services cmn,ofi,isr,obs,ros,osg,dwe 
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Table D - 2  Region aggregation 
Short Code Description 
Oceania Australia, New Zealand and Other Oceania 
China China 
OEastAsia Other East Asia 
India India 
OSthAsia Other South Asia 
HIAsia High-Income Asia 
NAmerica North America 
CAmerica Central America and Caribbean 
SAmerica South America 
EEA European Economic Area 
FSU Former Soviet Union 
MENA Middle East and North Africa 
WAfrica West Africa 
EAfrica East and Central Africa 
SAfrica Southern Africa 

 

Linking GLOBE to IMPACT 
The starting point for applications of the linked GLOBE-IMPACT modelling approach is a dynamic 
baseline scenario simulation generated by the IMPACT model. The IMPACT baseline paths for exogenous 
driver variables including GDP growth, population growth, and agricultural land supply, as well as the 
price projections for selected agricultural commodities generated by IMPACT, are aggregated to match 
with the regional and sectoral aggregation structure of the GLOBE-Energy model. These time paths are 
passed to GLOBE and serve as inputs into the dynamic baseline calibration process for the CGE model. 

The GLOBE baseline runs are calibrated to exactly replicate the aggregated IMPACT baseline. To assess 
the economy-wide ripple effects triggered by agricultural supply shocks and to evaluate the resulting 
welfare effects, the GLOBE calibration process is repeated using the corresponding IMPACT simulation 
results for the shock scenario under consideration. This step effectively translates shocks to the IMPACT 
supply side into corresponding GLOBE agricultural productivity shocks, which generate equivalent 
impacts on agricultural producer prices. A comparison of the two general equilibrium solutions 
generated by GLOBE then provides indications of the direction and order of magnitude of the knock-on 
effects for non-agricultural and macroeconomic variables, such as changes in factor prices and 
household incomes and changes in relative commodity prices throughout the global economy. These 
simulated changes in turn allow an internally consistent assessment of the associated general 
equilibrium welfare impacts.  

The aggregate real income effects associated with energy-related climate change mitigation measures 
generated by GLOBE are then downscaled to the IMPACT regional aggregation level and passed back to 
IMPACT to analyze the detailed implications for agricultural variables, water, and food security. 

To downscale the real income effects from aggregate GLOBE regions to IMPACT countries, we exploit 
the fact that the household real income deviations from the baseline simulated are highly correlated 
with the initial shares of value-added generated by food production (agriculture plus food processing) to 
GDP. For example, this ratio explains over 94 percent of the variation in real income effects for Scenario 
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REF_HGEM in 2050. We calculate the initial food value-added shares in GDP for all 135 regions in the 
fully disaggregated GTAP 8.1 database and use these figures in regressions to downscale the real income 
effects to GTAP regions. The results from this step are then rescaled so that the weighted average of 
GTAP region figures for any composite GLOBE region match with the simulated GLOBE region results. 
Finally, the GTAP region results are then mapped to IMPACT regions. 

Changes in household income from GLOBE 
Figure D - 1 through Figure D - 6 display the real income changes for aggregate developing regions for 
the year 2050 relative to the no-climate-change baseline scenario. The climate-change-related 
agricultural productivity shifts under the climate change impact scenario are transmitted to aggregate 
household income primarily through their impact on factor prices. In the high-income regions, where 
the share of agriculture in GDP is low, the effects on wages and capital returns are small, whereas in 
today’s low-income regions, where the contribution of agriculture to GDP is still substantial toward 
2050, these adverse factor price effects are far more pronounced. The global increase in agricultural 
commodity prices drives land rents significantly upward in all regions, as the price increases dominate 
the climate-change-induced reductions in the physical marginal productivity of land. Since land rents 
account only for a small fraction of total factor income in all regions, the size orders of the aggregate 
household income effects are largely determined by the changes in wages and capital returns. The real 
income effects are also affected by aggregate terms-of-trade effects.  

Figure D - 1 Change in Household Income in 2050 by region (percent change from REF_NoCC) 

 

 



Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

176 
Project Report for USAID 

Figure D - 2 Changes in 2050 household income in productivity enhancement scenarios by region 
(percent change from REF_NoCC) 

 

Figure D - 3 Changes in 2050 household income in irrigation expansion scenarios by region (percent 
change from REF_NoCC) 
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Figure D - 4 Changes in 2050 household income for ISW scenarios by region (percent change from 
REF_NoCC) 

 

 

Figure D - 5 Changes in 2050 household income for infrastructure investment scenario by region 
(percent change from REF_NoCC) 
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Figure D - 6 Changes in 2050 household income for comprehensive investment scenarios by region 
(percent change from REF_NoCC) 
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Appendix E. Land Use Change Modeling 

Florian Wimmer and Rüdiger Schaldach (Center for Environmental Systems Research, University of 
Kassel) 

LandSHIFT simulation 
The Center for Environmental Systems Research (CESR) was in charge of carrying out scenario 
simulations of land-use change using the spatially explicit land-use change model, LandSHIFT, based on 
results for global agricultural production derived from the IFPRI IMPACT model. The land-use outputs 
also serve as an important input for the biodiversity assessment done by Bárbara Willaarts 

The LandSHIFT model (Schaldach et al. 2011) has been applied and validated in case studies for Brazil 
(Lapola et al. 2011), Africa (Alcamo et al. 2011; Heubes et al. 2013) and Europe (Humpenöder et al. 
2013). LandSHIFT operates on two spatial scale levels. Drivers of land-use change including population 
growth, crop and livestock production, and crop yield improvements due to technological change (TC) 
are defined at the macro-scale of country and region. However, changing land-use patterns are 
calculated on a raster with a cell size of 5 arc-minutes (~ 9 km x 9 km at the Equator). Information at the 
cell-level includes data on “dominant land-use type,” “human population density,” and “stocking 
density,” as well as a set of parameters that describe the characteristics of the landscape (e.g., terrain 
slope), road infrastructure, and zoning regulations (e.g., protected areas). 

The model was initialized with a gridded historic land-use map (hereafter referred to as base map) 
representing the base year 2005, which combines Globcover 2009 land-cover data with statistical data 
on the physical extent of cropland and permanent meadows and pasture from FAO. The spatial 
allocation of urban area, cropland, and pasture in the base map follows a suitability assessment for each 
of the grid cells based on several spatial datasets: 

1. Human population density for each cell of the base map, derived from the Global Rural-Urban 
Mapping Project (GRUMP) v1 data set (Balk et al. 2005);  

2. Grid-level information on terrain slope based upon data from the agro-ecological zones project 
(FAO/IIASA 2000); 

3. River network density calculated as line density of streams per cell based on the HydroSHEDS 15 
second vector data (Lehner 2005); 

4. The location of nature conservation areas derived from the world database on protected areas 
(WDPA 2013); 

5. Information on road infrastructure obtained from the gRoads Dataset v1 (CIESIN 2013); and 
6. Crop yields and rangeland productivity calculated by LPJmL for current climate conditions, 

defined by the reference period 1971-2000. For this purpose, data was taken from the “CRU TS 
2.1” gridded dataset for monthly precipitation, air temperature, cloud cover, and frequency of 
wet days (Mitchell and Jones 2005).  

In contrast to the land-cover data from Globcover 2009, the base map of LandSHIFT distinguishes 
between different crop types on cropland area and includes a spatial allocation of pastureland. The 
information on the relative share of the various crop types in the total cropland area per country is 
derived from the input data on harvested area on country level for the year 2005. In this study, output 
of the IMPACT model was used. The conversion from harvested area of a crop, as specified by IMPACT, 
to its physical area allocated in the base map is done on a per-country basis in the year 2005 and is kept 
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constant for the simulation period. For this purpose, harvested area is multiplied by the ratio of total 
physical cropland area (FAO) over total harvested area of all crops (IMPACT). Hence, LandSHIFT assumes 
the same cropping intensity for all crop groups in a country. 

LandSHIFT was applied to simulate global land-use/land-cover (LULC) change in the period 2005-2050 
for 13 different scenarios. The model was adapted to use the same set of countries or regions as defined 
by the IMPACT model. Results on land use change were summarized across several land use/land cover 
classes obtained through an aggregation of LULC types from Globcover 2009. Table E - 1 describes the 
classes in use. 

Table E - 1 Definition of land use classes 
LULC class Definition 
Forest Forest types from Globcover 2009 (40, 50, 60, 70, 90, 100, 

160, 170). Classes 160 and 170 are regularly flooded forest 
types. 

Cropland LUT-codes 1000-1020, i.e., the various crops allocated by 
LandSHIFT 

Pasture LUT-code 2001, allocated by LandSHIFT 
Other natural Shrubland and grassland from Globcover (classes 110, 120, 

130, 140, 150, 180). Class 180 is regularly flooded closed to 
open vegetation. "Swamps" are likely included here. 
Tundra is included. 

Set-aside  Former cropland (either allocated by LandSHIFT or 
classified cropland/cropland-nature-mosaic in Globcover 
2009) but no longer needed to fulfill demands (production) 
in the time step. There are no special policy rules to keep 
that land fallow. 

Other Artificial surfaces, bare areas, water bodies, permanent 
snow and ice from Globcover 2009 (190, 200, 210, 220). 
This would include desert. 
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Appendix F. Greenhouse Gas (GHG) Emissions from Agricultural Sectors 

Ho-Young Kwon and Nicola Cenacchi (International Food Policy Research Institute) 

The greenhouse gas emissions analysis focused on quantifying GHG emissions derived from productivity 
changes in crop and livestock production systems projected under all 12 scenarios for IMPACT model 
runs. We employed simple empirical approaches to estimate GHG emissions (e.g., IPCC Tier 1 and/or 2) 
instead of more sophisticated approaches (e.g., Tier 3, such as process-based simulation modeling), 
mainly because of the difficulties in implementing socioeconomic components of the IMPACT scenarios 
into agronomic information required to run process-based simulation models.  

Among 11 agricultural subcategories of the AFOLU sector, we estimated GHG emissions from three 
subcategories:  

i) synthetic fertilizers [nitrous oxide (N2O)] 

ii) rice cultivation [methane (CH4)] 

iii) enteric fermentation (CH4) 

N2O emissions from uses of synthetic fertilizers 
Although a few efforts have been made to estimate N2O emissions by using process-based simulation 
models, most have been limited to major cereal crops, such as maize, rice, and wheat. To simulate 
emissions, we employed the IPCC Tier 1 default factors for direct N2O emissions arising from mineral N 
fertilizer application to managed soils (0.01 kg N2O-N per kg N fertilizer applied) and to irrigated rice 
(0.003 kg N2O-N per kg N fertilizer applied). These factors were multiplied by the N fertilizer 
consumption projected for each country and each crop/commodity. Note that the N2O emissions we 
estimated exclude the indirect N2O emissions from nitrogen leaching and runoff and from atmospheric 
nitrogen deposition. Finally, we summarized N2O emissions from uses of synthetic fertilizers for 
developed countries (by World Bank definition), six sub-regionally categorized developing countries, and 
the world (see Table F - 1 for results).  

CH4 emissions from rice production 
To estimate CH4 emissions from rice production, we combined crop/commodity yields projected by 
IMPACT with emission factors from Yan et al. (2009); hence, IPCC Tier 1 and Tier 2 methodologies are 
employed to estimate the global CH4 emissions from rice fields. Emissions factors for this approach 
include the baseline emission factor for continuously flooded fields without organic amendments, a 
scaling factor for differences in the water regime during the cultivation period (e.g., single drainage and 
multiple drainage), and a scaling factor for both the type and amount of organic amendment applied 
(e.g., rice straw and farmyard manure). These CH4 emissions from rice production were first calculated 
for a unit of area and multiplied by rice production areas projected by IMPACT (see Table F - 2 for 
results). 

CH4 emissions from enteric fermentation 
Livestock production is responsible for CH4 emissions from enteric fermentation and both CH4 and N2O 
emissions from livestock manure management systems. Among several species of livestock, ruminants 
(e.g., cows, buffaloes, camels, and goats) are important sources of CH4 in many countries because their 
ruminant digestive systems have high CH4 emission rates (IPCC 2006). Thus, we set out to estimate CH4 
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emissions from ruminants based on animal numbers projected in IMPACT (both slaughtered cattle and 
dairy animals) and emission numbers from the enteric fermentation section of FAOSTAT. 

In order to estimate emissions from non-dairy cows in 2030 and 2050, we needed the number of 
animals (i.e., the entire herd) by 2050. FAO provides numbers for the entire herd, but only for current 
years (i.e., no future estimates), and IMPACT provides future estimates that only include the number of 
slaughtered animals (i.e., slaughtered non-dairy cattle). In order to estimate the full herd in 2050, we 
extracted the number of non-dairy cows provided by FAO (whole herd) and the number provided by 
IMPACT (only slaughtered) in 2010. A simple ratio between these two numbers provides a multiplication 
factor that can be used to scale up the IMPACT number in 2050 and obtain an estimate of the entire 
herd. The factor was estimated to be 4.4. This means that for each scenario, the 2050 value for j-beef 
estimated in IMPACT can be multiplied by 4.4 to obtain the full herd of non-dairy cows. Finally, this 
number was multiplied by the emission value obtained from FAOSTAT for per-head emissions from 
enteric fermentation to estimate emissions from the entire herd of non-dairy cows in 2050.  

In estimating emissions for dairy animals, we first took FAOSTAT data on milk animals to calculate: (i) the 
total herd of milk animals in a base year and (ii) the share of the total that is represented by the various 
animals in the dairy group. To estimate emissions from the dairy animals in 2050, we start by assuming 
that these calculated shares remain constant and are therefore the same in 2050. Although FAOSTAT 
distinguishes between emissions from dairy and non–dairy cows, it does not provide different data for 
dairy and non-dairy sheep, goats, buffaloes, or camels. Therefore, for these animals we assume that the 
emissions per head listed in the enteric fermentations section are good to use for milk-producing 
animals. From IMPACT, we can get the simulated number of milk-producing animals in 2050. Again, this 
number obtained through j-milk will include dairy cows, dairy camels, dairy buffaloes, dairy goats, and 
dairy sheep. Based on the shares calculated through FAOSTAT, we can calculate how many animals out 
of the j-milk total number are dairy cows, how many are dairy sheep, how many are dairy buffaloes, etc. 
Finally, we return to the enteric fermentation section of FAOSTAT and extract the emissions per-head 
for dairy cows, and the emissions per-head for goats, sheep, camels, and buffaloes, and come up with 
total emissions by multiplying by the respective animal numbers. Table F - 3 summarizes changes in 
enteric fermentation emissions 

CO2 equivalent conversion 
CO2 equivalent (CO2eq) is being used as a term for describing different greenhouse gases in a common 
unit. A quantity of GHG can be expressed as CO2eq by multiplying the amount of the GHG by its global 
warming potential (GWP). The GWP integrates the radiative forcing of a substance over a chosen time 
horizon, relative to that of CO2. Here we used GWP without inclusion of climate-carbon feedbacks over a 
100-year time horizon reported in Myhre et al. (2013) to convert CH4 and N2O emissions into CO2 
equivalents (Table F - 4). 

The combined emissions calculated from the above three sources are shown in a final table of CO2 
equivalents (Table F - 5). 
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Greenhouse gas summary tables 

Table F - 1 N2O emissions from uses of synthetic fertilizers (Tg N2O-N yr-1) 
Scenario Developed EAP FSU LAC MEN SSA SAS WORLD 

 
2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 

REF_HGEM 0.26 0.29 0.30 0.24 0.35 0.36 0.02 0.03 0.05 0.05 0.09 0.10 0.04 0.08 0.11 0.01 0.23 0.26 0.14 0.02 0.03 0.77 1.10 1.22 

MED 
 

-0.01 -0.02 
 

0.02 0.03 
 

0.01 0.01 
 

0.02 0.05 
 

0.05 0.08 
 

0.03 0.06 
 

0.04 0.07 
 

0.02 0.03 

REGION 
 

-0.01 -0.03 
 

0.02 0.02 
 

0.00 -0.01 
 

0.02 0.04 
 

0.04 0.07 
 

0.11 0.23 
 

0.12 0.23 
 

0.03 0.06 

HIGH 
 

-0.01 -0.04 
 

0.04 0.08 
 

0.02 0.03 
 

0.04 0.10 
 

0.10 0.18 
 

0.07 0.14 
 

0.09 0.16 
 

0.04 0.07 

HIGH+NARS 
 

-0.02 -0.05 
 

0.06 0.10 
 

0.03 0.04 
 

0.06 0.14 
 

0.13 0.25 
 

0.09 0.19 
 

0.12 0.22 
 

0.05 0.10 

HIGH+RE 
 

-0.03 -0.05 
 

0.10 0.10 
 

0.05 0.04 
 

0.11 0.13 
 

0.23 0.25 
 

0.16 0.21 
 

0.21 0.21 
 

0.09 0.10 

IX 
 

0.00 0.00 
 

0.00 0.00 
 

0.00 0.00 
 

0.01 0.01 
 

0.02 0.02 
 

0.02 0.03 
 

0.04 0.05 
 

0.01 0.01 

IX+WUE 
 

0.00 -0.01 
 

0.01 0.00 
 

0.00 0.00 
 

0.02 0.03 
 

0.04 0.04 
 

0.08 0.08 
 

0.05 0.08 
 

0.02 0.02 

ISW 
 

0.00 -0.01 
 

0.01 0.02 
 

0.00 -0.01 
 

0.01 0.01 
 

0.00 0.00 
 

0.01 0.00 
 

0.02 0.04 
 

0.00 0.01 

RMM 
 

0.00 -0.01 
 

0.03 0.02 
 

0.01 0.01 
 

0.01 0.01 
 

0.02 0.02 
 

0.03 0.03 
 

0.03 0.02 
 

0.02 0.02 

COMP   -0.03 -0.06   0.15 0.15   0.07 0.06   0.17 0.22   0.32 0.34   0.31 0.35   0.35 0.40   0.15 0.17 

Note: EAP = East Asia and Pacific; FSU = Former Soviet Union; LAC = Latin America and Caribbean; MEN = Middle East and North Africa; SSA = 
Africa south of the Sahara; SAS = South Asia. 
REF_HGEM are reported in raw terms. All other scenarios are reported as Percent change from REF_HGEM 
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Table F - 2 CH4 emissions from rice production (Tg CH4 yr-1) 
Scenario Developed EAP FSU LAC MEN SSA SAS WORLD 

 

2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 

REF_HGEM 0.26 0.29 0.30 0.24 0.35 0.36 0.02 0.03 0.05 0.05 0.09 0.10 0.04 0.08 0.11 0.01 0.23 0.26 0.14 0.02 0.03 0.77 1.10 1.22 

MED 

 

-0.8% -2.3% 

 

2.1% 3.5% 

 

1.0% 1.2% 

 

2.1% 4.5% 

 

4.7% 8.3% 

 

3.3% 6.1% 

 

4.2% 7.1% 

 

1.8% 3.1% 

REGION 

 

-1.2% -3.5% 

 

1.6% 2.4% 

 

0.4% -0.6% 

 

1.9% 3.9% 

 

4.2% 6.9% 

 

10.6% 22.6% 

 

12.1% 22.6% 

 

3.1% 6.2% 

HIGH 

 

-1.5% -4.0% 

 

4.3% 7.6% 

 

2.1% 3.1% 

 

4.5% 10.1% 

 

9.7% 18.3% 

 

6.9% 13.8% 

 

8.7% 15.7% 

 

3.7% 7.2% 

HIGH+NARS 

 

-1.8% -4.9% 

 

5.7% 10.4% 

 

2.8% 4.4% 

 

6.0% 14.1% 

 

12.9% 25.3% 

 

9.1% 19.1% 

 

11.7% 21.7% 

 

5.0% 10.1% 

HIGH+RE 

 

-3.0% -4.8% 

 

9.9% 10.1% 

 

5.0% 4.4% 

 

10.8% 13.5% 

 

23.2% 25.0% 

 

15.7% 21.1% 

 

21.3% 21.3% 

 

8.8% 10.4% 

IX 

 

0.3% 0.3% 

 

-0.3% -0.3% 

 

0.4% 0.4% 

 

0.9% 0.9% 

 

2.0% 1.9% 

 

2.3% 2.5% 

 

4.5% 5.2% 

 

0.8% 0.9% 

IX+WUE 

 

-0.3% -0.6% 

 

0.5% -0.1% 

 

-0.5% -0.1% 

 

2.4% 2.7% 

 

4.2% 4.0% 

 

7.8% 7.7% 

 

5.3% 7.9% 

 

2.3% 2.2% 

ISW 

 

-0.2% -0.8% 

 

0.9% 1.6% 

 

-0.2% -0.7% 

 

0.7% 1.4% 

 

0.0% -0.2% 

 

0.5% 0.3% 

 

2.2% 3.7% 

 

0.4% 0.5% 

RMM 

 

-0.4% -0.9% 

 

2.6% 2.5% 

 

1.3% 1.1% 

 

1.3% 1.4% 

 

2.1% 2.0% 

 

3.2% 3.0% 

 

2.8% 2.5% 

 

1.8% 1.6% 

COMP   -3.3% -5.7%   14.6% 15.4%   6.6% 5.9%   17.4% 21.9%   31.9% 33.7%   30.6% 34.6%   35.4% 40.5%   14.8% 16.7% 

Note: EAP = East Asia and Pacific; FSU = Former Soviet Union; LAC = Latin America and Caribbean; MEN = Middle East and North Africa; SSA = 
Africa south of the Sahara; SAS = South Asia. 
REF_HGEM are reported in raw terms. All other scenarios are reported as Percent change from REF_HGEM 
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Table F - 3 CH4 emissions from enteric fermentation (Tg CH4 yr-1) 
Scenario Developed EAP FSU LAC MEN SSA SAS WORLD 

 

2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 

REF_HGEM 1.03 1.06 1.11 11.67 12.29 12.11 0.04 0.07 0.09 0.79 0.94 0.90 0.29 0.32 0.35 7.37 9.05 9.03 0.33 0.78 1.16 21.52 24.50 24.74 

MED 

 

-2.2% -5.1% 

 

0.2% 0.0% 

 

-2.2% -4.4% 

 

-0.9% -2.7% 

 

-1.2% -2.4% 

 

0.3% 0.6% 

 

5.7% 9.4% 

 

0.2% 0.3% 

REGION 

 

-3.8% -9.0% 

 

-1.0% -3.0% 

 

-3.6% -7.5% 

 

-2.7% -7.1% 

 

-2.5% -5.8% 

 

1.8% 3.6% 

 

17.1% 29.7% 

 

0.4% 0.4% 

HIGH 

 

-4.4% -9.9% 

 

0.4% 0.0% 

 

-4.3% -8.7% 

 

-1.9% -5.2% 

 

-2.4% -5.6% 

 

0.6% 1.1% 

 

11.4% 19.2% 

 

0.5% 0.6% 

HIGH+NARS 

 

-5.7% -12.6% 

 

0.5% 0.1% 

 

-5.5% -11.3% 

 

-2.4% -6.7% 

 

-3.3% -7.4% 

 

0.8% 1.4% 

 

14.8% 25.2% 

 

0.7% 0.8% 

HIGH+RE 

 

-9.4% -12.4% 

 

0.9% 0.1% 

 

-9.2% -11.2% 

 

-4.2% -6.5% 

 

-6.0% -7.4% 

 

1.3% 1.3% 

 

25.0% 24.8% 

 

1.0% 0.7% 

IX 

 

-1.4% -1.8% 

 

1.9% 1.7% 

 

-0.1% -0.4% 

 

10.8% 13.1% 

 

0.4% 0.4% 

 

2.0% 1.8% 

 

8.0% 9.4% 

 

2.3% 2.3% 

IX+WUE 

 

-2.8% -2.9% 

 

2.3% 1.9% 

 

-0.8% -1.1% 

 

9.1% 9.1% 

 

4.3% 4.7% 

 

2.7% 2.9% 

 

10.1% 11.6% 

 

2.8% 2.8% 

ISW 

 

-0.4% -1.1% 

 

0.2% 0.2% 

 

-0.5% -1.2% 

 

-0.2% -0.5% 

 

-0.5% -1.2% 

 

-0.1% -0.3% 

 

1.2% 1.5% 

 

0.1% 0.0% 

RMM 

 

-2.0% -2.2% 

 

1.0% 1.0% 

 

2.7% 2.8% 

 

1.8% 1.8% 

 

-0.1% 0.2% 

 

1.0% 1.2% 

 

1.2% 1.0% 

 

0.9% 0.9% 

COMP   -13.6% -16.8%   4.2% 3.0%   -7.5% -10.4%   6.1% 4.4%   -3.9% -5.7%   5.0% 4.9%   40.0% 42.7%   4.8% 4.5% 

Note: EAP = East Asia and Pacific; FSU = Former Soviet Union; LAC = Latin America and Caribbean; MEN = Middle East and North Africa; SSA = 
Africa south of the Sahara; SAS = South Asia. 
REF_HGEM are reported in raw terms. All other scenarios are reported as Percent change from REF_HGEM 

 

Table F - 4 Global warming potentials (GWP) used for CO2 equivalent conversion 
GHG From Units To Units Conversion GWP  

CH4 Tg CH4 Gt CO2eq Tg CH4 ×1e-3×GWP  28 

N2O Tg N2O-N Gt CO2eq Tg N2O-N ×1e-3× (44/28) ×GWP  265 

 
  



Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

188 
Project Report for USAID 

Table F - 5 Combined emissions from synthetic fertilizers (N2O), rice cultivation (CH4), and enteric fermentation (CH4). All estimates are based 
on the unit of Gt CO2 eq yr-1 

Scenario Developed EAP FSU LAC MEN SSA SAS WORLD 

 

2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 2005 2030 2050 

REF_HGEM 0.56 0.62 0.60 0.70 0.87 0.90 0.13 0.14 0.14 0.39 0.47 0.47 0.15 0.21 0.24 0.46 0.68 0.72 0.30 0.34 0.40 2.69 3.33 3.46 

MED 

 

-1.8% -4.0% 

 

-0.2% -1.0% 

 

-1.0% -2.1% 

 

-1.9% -4.0% 

 

-0.5% -1.1% 

 

0.1% 0.0% 

 

-1.2% -2.5% 

 

-0.8% -1.9% 

REGION 

 

-3.0% -7.2% 

 

-1.3% -3.7% 

 

-1.9% -4.3% 

 

-3.3% -7.7% 

 

-1.8% -4.3% 

 

1.1% 2.1% 

 

-1.6% -3.6% 

 

-1.5% -3.7% 

HIGH 

 

-3.6% -8.0% 

 

-0.5% -1.8% 

 

-2.1% -4.2% 

 

-3.8% -7.9% 

 

-1.0% -2.0% 

 

0.2% 0.0% 

 

-2.3% -4.9% 

 

-1.7% -3.8% 

HIGH+NARS 

 

-4.6% -10.3% 

 

-0.6% -2.3% 

 

-2.7% -5.4% 

 

-4.9% -10.2% 

 

-1.3% -2.4% 

 

0.2% 0.1% 

 

-3.0% -6.4% 

 

-2.1% -4.9% 

HIGH+RE 

 

-7.7% -10.2% 

 

-0.9% -2.3% 

 

-4.5% -5.4% 

 

-8.1% -10.1% 

 

-1.9% -2.4% 

 

0.3% 0.4% 

 

-5.0% -6.3% 

 

-3.6% -4.7% 

IX 

 

0.0% 0.0% 

 

0.7% 0.6% 

 

0.1% 0.1% 

 

0.7% 0.8% 

 

0.4% 0.4% 

 

1.1% 1.0% 

 

0.6% 1.0% 

 

0.6% 0.6% 

IX+WUE 

 

-0.1% -0.1% 

 

1.1% 0.8% 

 

0.1% 0.2% 

 

0.8% 0.9% 

 

1.0% 1.1% 

 

2.2% 2.3% 

 

0.8% 1.3% 

 

1.0% 1.0% 

ISW 

 

0.0% -0.1% 

 

0.3% 0.4% 

 

0.0% 0.0% 

 

0.1% 0.3% 

 

0.1% 0.1% 

 

0.1% 0.1% 

 

0.2% 0.3% 

 

0.1% 0.2% 

RMM 

 

-1.5% -1.7% 

 

2.0% 1.9% 

 

1.9% 1.8% 

 

3.7% 3.4% 

 

2.9% 2.8% 

 

2.1% 2.2% 

 

2.5% 2.2% 

 

1.7% 1.6% 

COMP   -9.2% -11.8%   2.3% 0.7%   -2.5% -3.6%   -3.9% -5.9%   2.0% 1.5%   5.1% 4.9%   -1.6% -2.3%   -0.8% -1.9% 

Note: EAP = East Asia and Pacific; FSU = Former Soviet Union; LAC = Latin America and Caribbean; MEN = Middle East and North Africa; SSA = 
Africa south of the Sahara; SAS = South Asia. 
REF_HGEM are reported in raw terms. All other scenarios are reported as Percent change from REF_HGEM 
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Appendix G. Biodiversity Risk Assessment 

Bárbara Anna Willaarts (Centro de Estudios e Investigación para la Gestión de Riesgos Agraria y 
Medioambientales) 

Global biodiversity risk assessment under different plausible futures 
Concerns over the rate of biodiversity loss and its consequences have promoted the development of 
numerous modeling approaches, in an attempt to make projections of the future of biodiversity at local, 
regional, and global scales under different scenarios of socioeconomic development and under climate 
change. 

The majority of existing projections focus on vascular plants and vertebrates, due to the existence of 
reliable global datasets. Pereira et al. (2010) found that climate change is a major threat, especially for 
plants, due to their limited migration capacity. Combined effects from climate change and habitat loss 
are also a major threat for vertebrates, especially for birds. Approaches developed so far to project the 
future impacts of global drivers like climate change or land-use change can be broadly classified into 
process-based and phenomenological models (Pereira et al. 2010). The most common metrics/indicators 
used in global models are species extinction risk, mean species abundance, habitat loss and degradation, 
and shifts in the distribution of species and biomes. In the course of the last decade, power models have 
been increasingly used not only to predict changes in species richness resulting from land use 
conversions but also to infer species' risk of endangerment or extinction—that is, “Srisk.” (Koh and 
Ghazoul 2010a, b; Pereira, Ziv, and Miranda 2014).  

The "species-area relationship" (SAR) models are “phenomenological models” that use the empirical 
relationship between area and species number to estimate risk of extinction following habitat loss. In 
other words, they estimate the proportion of species "committed to extinction" due to their habitat 
shrinking. SAR models are suitable to measure impacts of land use changes (e.g., expansion of cropland 
or pasture) as well as to account for the impacts of climate change (e.g., impacts linked to the 
disappearance of certain habitats due to changing climate conditions). Such models have been widely 
used both in regional (e.g., Flachsbarth et al., 2015; Koh and Ghazoul 2010a; Pimm and Askins 1995) and 
global assessments (e.g., Thomas et al. 2004; Malcolm et al. 2006; van Vuuren et al. 2006; Jetz, Wilcove, 
and Dobson 2007) to model extinction rates of plants and vertebrates. Species extinction risk and 
habitat loss are two of the most common metrics used in SAR models to account for changes in 
biodiversity. 

Applying the model to assess changes in biodiversity in agricultural investment scenarios 
A SAR countryside model was used in the present study to evaluate the impact of 13 plausible 
agricultural scenarios on global biodiversity. The selected model uses land-use data from LandSHIFT as 
an input data source, with three aggregated land uses (natural or less modified, cultivated, and built). 
The assessment of extinction risk is limited to birds, since the sensitivity of this specific taxon to different 
forms of land-use, change is well studied and data on their global conservation status and spatial range 
is reliable and readily available. Furthermore, the analysis only targeted endemic birds (i.e., birds with 
narrow distribution ranges). By doing so, we increase the sensitivity of birds to changes in land use (e.g., 
agricultural expansion), since species with wide distribution ranges might be less affected by local 
changes.  

Criteria for endemicity were established by limiting the analysis to those bird species whose distribution 
range falls entirely or almost entirely (at least 85% of the total distribution area) within one of the bird's 
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zoogeographic regions as defined by Holt et al. (2013). The information on birds’ distribution range was 
obtained from Birdlife International (2009). The conservation status of each bird species included in the 
analysis corresponds to its global status in the year 2009 and is based on the red list criteria elaborated 
by the International Union for Conservation of Nature (IUCN 2009). 

Countryside SAR models have the advantage of accounting for species’ capacity for using and exploiting 
multiple habitats (including human-dominated landscapes like agricultural areas or disturbed forests), 
and by doing so they reduce the risk of extinction overestimations (Koh and Ghazoul 2010b; Pereira, Ziv, 
and Miranda 2014). Countryside models (Pereira and Daily 2006) take into account species affinity and 
adaptability to changing conditions as:  

   𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑡𝑡 = �1 − 𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛,𝑡𝑡
𝑆𝑆𝑜𝑜𝑜𝑜𝑜𝑜

� = ω× �∑ hi×Anew,t
n
i

𝐴𝐴𝑜𝑜𝑜𝑜𝑜𝑜
�
Z

  

 

where h represents habitat suitability of a given species to habitat i and its value ranges between 0 and 
1. h values close to 1 indicate a species greater ability to adapt and survive within a given habitat or land 
use class. The LandSHIFT basemap 2005 distinguishes more than 20 different land use and land cover 
classes, which impedes estimating individual h values. To address this problem, several aggregations 
were carried out to test which combination of land uses in the countryside model performs better. h 
values were then calculated for each of the land use classes within the different tested aggregations. As 
with other model parameters, h values were fitted by least squares, by minimizing the residual sum of 
squares (RSS). 

The spatial unit of analysis to quantify the impacts on biodiversity and make future projections following 
changes in land use and management is IMPACT’s food production unit (FPU), which is the intersection 
of national boundaries with water sheds. 

 



Appendices Modeling to Inform the CGIAR Portfolio IFPRI 

191 
Project Report for USAID 

Figure G - 1 Biodiversity Assessment Framework 
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Appendix H. Agricultural Water Pollution Assessment 

Hua Xie (International Food Policy Research Institute) 

Nitrogen (N) and phosphorus (P) are essential elements for sustaining life. However, the excessive 
presence of nitrogen and phosphorus causes degradation of water quality. In this study, loadings of N 
and P discharged from global agricultural production systems in both the base year and under 
alternative IMPACT future scenarios are reported as indicators to characterize impacts of agricultural 
intensification on the global water environment. The assessment framework is schematically shown in 
Figure H - 1. 

Figure H - 1 Global agricultural water pollution assessment framework 

  

Modeling tool and nutrient input data preparation for base-year simulation 
The global agricultural N and P loadings are estimated on a half-degree latitude-longitude grid using 
IFPRI's global water quality model (IGWQM), which is adapted from the upland simulation module of the 
Soil and Water Assessment Tool (SWAT) (Arnold 1998) model. The agricultural production system 
referred to in this study includes both crop production and livestock production systems. To support the 
simulation, a global fertilizer use database and a global livestock excreta database are developed. The 
first database disaggregates FAO's national statistics on nitrogen and phosphorus fertilizer consumption 
to generate fine-grained crop-specific estimates for fertilizer nutrient application rates according to 
cropping patterns in IFPRI's SPAM database (You et al. 2014) and FAO survey data (2002, 2006) (Figure H 
- 2). The second database contains the gridded estimates of nutrients in livestock excreta produced from 
global livestock production system calculated with ILRI’s global livestock density map (Robinson et al. 
2014b) (Figure H - 3). Part of livestock excreta is recycled to cropland as manure. The manure 
application rates on cropland are further estimated using livestock excreta recovery rates provided by 
Sheldrick et al. (2003). 
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Figure H - 2 Estimated fertilizer nutrient application rates on half-degree longitude-latitude grid  
Nitrogen 

Phosphorous 

Source: IFPRI  
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Figure H - 3 Estimated livestock excreta nutrient production rates on half-degree longitude-latitude 
grid 

Nitrogen 

Phosphorous 

Source: IFPRI  
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Projection on nutrient input rates and simulation methods for future year  
In scenario analysis for 2030 and 2050, we focus on the following five scenarios: REF_HGEM, MED, 
HIGH, IX and COMP. We upscale the gridded estimates of the cropping area and livestock animal 
populations in the base year according to the growth rates of the two variables projected by the IMPACT 
model and recalculate the quantity of livestock excreta and manure. 

The nitrogen and phosphorus fertilizer application rates in 2030 and 2050 are projected as 

𝐹𝐹2030/2050 =
𝑌𝑌2030/2050

𝑁𝑁𝑁𝑁𝑁𝑁𝑏𝑏𝑏𝑏𝑟𝑟𝑏𝑏 ∙ (1 + 𝑟𝑟)
 

where 𝐹𝐹2030/2050 is the N or P application rates in fertilizers (kg/ha-yr) in future year (2030 or 2050), 
𝐹𝐹2030/2050 is projected crop yield in 2030 or 2050 (kg/ha), 𝑁𝑁𝑁𝑁𝑁𝑁𝑏𝑏𝑏𝑏𝑟𝑟𝑏𝑏 is the fertilizer nutrient use 
efficiency in base year, and 𝑟𝑟 is the percentage of fertilizer use efficiency by 2030 or 2050 compared to 
base year.  

The nutrient use efficiency here is defined as crop production per unit of nutrient applied (kg crop 
production/kg nutrient applied). The 𝑁𝑁𝑁𝑁𝑁𝑁𝑏𝑏𝑏𝑏𝑟𝑟𝑏𝑏 is estimated using crop production and fertilizer 
consumption data in base year. Assumptions on NUE in 2030 and 2050 are derived from Lassaletta et al. 
(2014), which examined the trend of nitrogen use efficiency in the world cropping system over the past 
50 years. The trend exhibited in the calculated nitrogen use efficiency time series data resulted in 
classifying the world’s countries into four groups (group I-IV):  

• Countries in group I are identified as having a trend of decreasing nitrogen use efficiency from 
1961 to 2009. 

• Countries in groups II and III display a historical trend of increasing nitrogen use efficiency in 
recent decades.  

• No trend is identified for countries in group IV. The crop production in these countries is 
characterized by low input and low yields. 

The corresponding IMPACT regions under this classification scheme are listed in Table H - 1.  

We further assume that the nutrient use efficiency change rates of nitrogen and phosphorus fertilizers 
are identical. The specified variations in nutrient efficiency of fertilizer use by 2030/2050 in this study, 
which vary by country group and by scenario, are shown in Table H - 2.  

In the REF_HGEM scenario, we assume the following: 

(1) The decreasing trend in countries/IMPACT regions in group I will continue through 2030, 
dropping by 10% by that year. NUE will be improved between 2030 and 2050 and be restored to 
the level in base year. 

(2) NUE will continue to improve up to 2050 in countries/IMPACT regions in groups II and III (+10% 
by 2030 and +20% by 2050). 

(3) Fertilizer use in countries/IMPACT regions in group IV will increase, which in turn will lead to a 
decrease of NUE. A decrease of NUE of up to 40% will occur by 2050. 

Under HIGH and MED scenarios, it is assumed that a reverse in NUE decreasing trend for 
countries/IMPACT regions in group I will occur earlier than in REF_HGEM. NUE in 2030 will be restored 
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to the level in base year in MED and will even be improved by 2050 (10% in MED and 20% in HIGH). For 
countries/IMPACT regions in other groups, higher rates of increase (country/IMPACT region group II & 
III) or lower rates of decrease (country/IMPACT region group IV) of NUE are assumed than in the REF 
scenario. The idea behind these assumptions is that more investment in agricultural research tends to 
enhance nutrient management and improve NUE in crop production. This rationale is supported by 
empirical evidence. Tilman et al. (2002) note that investment in public sector research and extension 
education led to substantial improvement in nitrogen fertilizer efficiency of maize in the United States. 

The assumptions on NUE change rates for the HIGH scenario are also applied to the COMP scenario, 
while the NUE changes under IX are assumed to be identical to those under REF_HGEM. 

The projections for global fertilizer consumption in 2030 and 2050 are shown in Figure H - 4. The 
projected consumption of nitrogen fertilizer ranges between 105 and 121 million tons/yr in 2030 and 
between 115 and 132 million tons/yr in 2050. The projected global phosphorus fertilizer is between 45 
and 49 million tons/yr in 2030 and 47 and 53 million tons/yr. 
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Table H - 1 IMPACT region groups for fertilizer demand projections 

Group IMPACT regions 

I 

Australia, Burkina Faso, Bulgaria, Botswana, Central African Republic, Canada, Chile, China, 
Hong Kong, Macao, Taiwan, Ivory Coast, Cameroon, Democratic Republic of Congo, Congo, 
Colombia, Other Caribbean, Costa Rica, Cyprus, Dominican Republic, Ecuador, Egypt, Fiji, 
Gabon, Guinea, Gambia, Guinea-Bissau, Equatorial Guinea, Greenland, Guatemala, 
Honduras, Haiti, Indonesia, India, Iran, Iceland, Israel, Jamaica, Japan, Kenya, South Korea, 
Libya, Sri Lanka, Mongolia, Malaysia, Niger, Nicaragua, Norway, Other Atlantic Ocean, Other 
Balkans, Other Indian Ocean, Other Pacific Ocean, Other Southeast Asia, Pakistan, Panama, 
Peru, Papua New Guinea, North Korea, Occupied Palestinian Territory, Rest of Arab 
Peninsula, Saudi Arabia, Sudan, Senegal, Solomon Islands, Sierra Leone, El Salvador, 
Somalia, South Sudan, Swaziland, Chad, Thailand, Timor-L'este, Vietnam, Vanuatu, Zambia, 
Zimbabwe 

II 
Albania, Bangladesh, Belize, Bolivia, Brazil, Bhutan, Ireland, Cambodia, Laos, Mexico, Mali, 
Myanmar, Nepal, New Zealand, Spain plus, Uruguay, United States, Venezuela, South Africa 

III 

Austria, Belgium-Luxembourg, Switzerland plus, Cuba, Czech Republic, Germany, Denmark, 
Finland Plus, France plus, Guyanas South America, Croatia, Hungary, Italy plus, Lebanon, 
Netherlands, Philippines, Poland, Portugal, Romania, Slovakia, Sweden, Great Britain and 
nearby protectorates 

IV4 

Afghanistan, Angola, Argentina, Armenia, Azerbaijan, Burundi, Benin, Belarus, Baltic States, 
Djibouti, Algeria, Eritrea, Ethiopia, Georgia, Ghana, Greece, Iraq, Jordan, Kazakhstan, 
Kyrgyzstan, Liberia, Lesotho, Moldova, Madagascar, Morocco, Mozambique, Mauritania, 
Malawi, Namibia, Nigeria, Paraguay, Russia, Rwanda, Slovenia, Syria, Togo, Tajikistan, 
Turkmenistan, Tunisia, Turkey, Tanzania, Uganda, Ukraine, Uzbekistan, Yemen 

 

Table H - 2 Fertilizer nutrient use efficiency variations by 2030 and 2050 
 REF HIGH MED IX COMP 

 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050 

I -10% 
No 

change 
10% 20% 

No 
change 

10% -10% 
No 

change 
10% 20% 

II +10% +20% 20% 40% 15% 30% +10% +20% 20% 40% 

III +10% +20% 20% 40% 15% 30% +10% +20% 20% 40% 

IV -20% -40% -10% -20% -15% -30% -20% -40% -10% -20% 
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Figure H - 4 Projected fertilizer consumption in nutrients (million tons per year) in 2030 and 2050, by 
scenario 
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Appendix I. Micronutrient Availability and Dietary Diversity 

Gerald C Nelson (Professor Emeritus, University of Illinois), with tables and figures by Daniel Mason-
D’Croz (IFPRI) 

Nutritional sustainability has many dimensions. The data in this report focus on the relationship 
between the implied nutrient consumption from the average daily food availability (for a representative 
consumer) and a series of standard adequacy metrics that are collectively referred to as Dietary 
Reference Intakes (Lele et al 2016; Otten, Hellwig, and Meyers 2007). These are: 

(1) Estimated Average Requirement (EAR) – average daily nutrient intake level estimated to meet 
the requirements of half of the healthy individuals in a group. A group is typically defined by age 
and gender and for women by whether they are pregnant and lactating. For example, the EAR 
for vitamin E for women 19-35 is 12 mg per day. 

(2) Recommended Dietary Allowance (RDA) and Adequate Intake (AI) – An RDA is the average daily 
dietary intake level sufficient to meet the nutrient requirements of nearly all (97-98 percent) 
healthy individuals in a group. It is calculated from the EAR for that group. An AI is developed if 
sufficient scientific evidence is not available to establish an EAR. RDA/AIs are available for 
important macronutrients, vitamins, and minerals. For example, the RDA for vitamin E for 
women 19-35 is 15 mg per day. 

(3) Tolerable Upper Intake Level (UL) – A UL is the highest level of daily nutrient intake that is likely 
to pose no risk of adverse health effects to almost all individuals in the general population. 
Unless otherwise specified, the UL represents total intake from food, water, and supplements. 
ULs are available for select vitamins and minerals. For vitamin E, the UL for women 19-35 is 
1,000 mg per day. Some upper limits, such as for magnesium, differentiate between natural 
availability and availability from supplements.  

Dietary diversity 
Beyond adequacy of specific nutrients, dietary diversity is also of importance (Lele et al 2016). Two types 
of dietary diversity measures are often used: (i) the share of a nutrient from staples or food groups, and 
(ii) the diversity of food groups from which a nutrient is consumed. This analysis reports on two types of 
metrics: nutrient adequacy and dietary diversity. It focuses on the RDA (ratio of nutrient consumption to 
the requirement) and diversity of food consumption. As a diversity measure we use the Shannon 
diversity index (SD) based on mass of food consumed from different sources: 

𝑆𝑆𝑆𝑆 = −�𝑠𝑠𝑟𝑟ln (𝑠𝑠𝑟𝑟) 

where si is the share (by mass) of the ith food item of the 61 available in the IMPACT model. If 
consumption of an item is zero then its contribution to the index is set to zero.  

Consuming a diverse diet, both in terms of food groups and individual food items within food groups, is 
important for consuming the variety of nutrients needed in sufficient quantities for good health. 
Elements of diversity include diversity of food intake within a day, across several days, for the average 
diet, and it includes diversity of individual food items as well as from food groups and staples and non-
staples. The data available for this analysis only allow for selected diversity measures. 
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When all foods are available in equal amounts, the index is equal to ln(N), where N is the total number 
of foods considered. The more unequal the distribution, the smaller the indicator value. SDNorm is the 
normalized version of SD (SD *100/ln(N) where 100 is equal consumption of all food items and 0 is 
consumption of only 1 food item. 

Nutrient availability and requirements 
The data represent ratios of nutrient availability relative to two Dietary Reference Intake (DRI) 
standards: The measure of recommended amount or Recommended Daily Allowance (RDA), and the 
Adequate Intake (AI), used for those nutrients that do not have an RDA.  

Dietary diversity, food group diversity Index & staples diversity Index 
Diversity of food consumption is considered by nutritionists to be an important component of a healthy 
diet. The data available for this analysis only allows for selected diversity measures. Nutrients sourced 
from different food groups are likely to be accompanied by more diverse availability of other needed 
nutrients. 
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Table I - 1 Summary of nutrients and their role in human health 
 Nutrient Sources Role in Human Function Symptoms of Deficiency Symptom of Overconsumption 

M
ac

ro
nu

tr
ie

nt
s 

Carbohydrate 

Primarily plant based. 
Good sources include 
cereals, roots and 
tubers, pulses, fruits, 
and vegetables 

A primary source of energy Humans can get all energy from protein and 
fat, but generally a healthy diet would 
include around 50% of energy intake from 
carbohydrates, and low levels of 
carbohydrate consumption can be 
associated with weight loss and fatigue 

Obesity, diabetes 

Protein 

Meat, fish, eggs, dairy, 
nuts, groundnut, 
soybeans, and pulses 

Essential nutrients that are the building blocks 
of body tissue, and can serve as an energy 
source 

Lack of muscle formation, and potentially 
weakness 

High consumption may be carcinogenic, 
particularly if from animal sources. Higher 
rates of calcium excretion in urine can 
also lead to kidney stones 

Fat 

Meat, fish, eggs, dairy, 
nuts, oilseeds, 
vegetable oils, and nuts 

Important source of energy and two essential 
fatty acids omega-3 and omega 6. Are also 
critical in making several vitamins soluble (A, 
D, E, and K) 

Vitamin deficiencies, low energy Obesity, cardiovascular disease 

O
th

er
 

Fiber 

Whole grains, pulses, 
nuts, fruits and 
vegetables 

Aid in energy intake control by proving food 
volume without caloric content. Slows the 
absorption of glucose, helping regulate blood 
sugar levels.  

Constipation, potentially higher risks co 
colorectal cancer 

Bloating and gas 

M
in

er
al

s 

Calcium 

Dairy, leafy greens, 
pulses, and seafood 

Calcium is critical to the building of healthy 
bones and teeth. The calcium ion is important 
in transmitting information through the 
nervous system. 

Rickets, poor blood clotting, osteoporosis, 
tooth loss 

Calcium has low toxicity, and calcium 
poisoning is very difficult to achieve 

Iron 

Meat, seafood, pulses, 
dark green leafy 
vegetables, dried fruits 

Critical in moving oxygen throughout the 
body 

Under consumption over a period time will 
lead to anemia with associated fatigue, 
weakness, loss in immune system function. 
In children it leads to slow growth 

Overconsumption can lead to the 
development of free radicals. In extreme 
cases iron toxicity can lead to organ 
failure, coma and death 

Magnesium 

Whole grains, pulses, 
nuts, and green leafy 
vegetables 

Critical in the formation of all cells and in 
compounds like DNA, and enzymes 

Can lead to hypoganesemia, with associated 
tiredness, weakness, cramping, palpitations, 
seizures, hallucinations, hypertension, and 
depression 

Unlikely as magnesium levels are 
managed by the kidneys. Can occur with 
supplements and can lead to kidney 
damage, nausea, vomiting 

Phosphorus 

Generally consumed 
along with protein 
sources can come from 
plant and animal 
sources such as dairy, 

Serves as a building block of DNA, in 
transporting energy across cells, and for 
strengthening bones 

Neurological dysfunctions, disruption of 
muscles and general weakness 

Can lead to diarrhea, and the hardening 
(calcification) of organs. It also can limit 
the body's ability to absorb other key 
nutrients like iron and calcium 
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 Nutrient Sources Role in Human Function Symptoms of Deficiency Symptom of Overconsumption 
fish, meat, pulses, nuts, 
and cereals 

Potassium 

Dairy, pulses, sweet 
potatoes, bananas, 
plantains, and other 
fruits 

Potassium ions are critical in to the 
functioning of the nervous system. It is along 
with sodium intake critical in determining 
blood pressure. It also plays an important role 
in a variety of other body activities such as 
metabolism, renal functions, and others 

Mild cases can lead to elevate blood 
pressure, muscle weakness, cramps, and 
ECG abnormalities. In more extreme cases 
can lead to paralysis, organ failure, and 
death. 

Generally only occurs when kidneys are 
not functioning properly and can lead to 
low blood pressure and fatigue 

Zinc 

Meat, seafood, dairy, 
nuts, and pulses 

Is a component of between 100-300 enzymes. Mild deficiency associated with slowed 
growth, alopecia, impaired appetite, 
impaired immune system function, and 
others 

Excess zinc can inhibit absorption of 
copper and iron. It can also lead to 
anosmia 

Vi
ta

m
in

s 

Folate 

Fruits, vegetables, 
meat, seafood, eggs, 
pulses, nuts, and 
soybeans 

Needed for the transfer of carbon, and is thus 
needed for normal cell division. It is also 
important in the production of red blood cells 

May lead to diarrhea, depression, 
confusion, anemia, among other symptoms. 
In pregnant women can lead to birth defects 

Not possible without supplements 

Niacin 

Meat, seafood, pulses, 
groundnuts, and other 
oilseeds 

Critical in a variety of biological processes 
such as hydrogen transfers, break up of fats, 
carbohydrates, proteins, and alcohol. Also 
important in repairing of DNA 

In mild cases it can lead to nausea, skin and 
mouth lesions, anemia, headaches and 
fatigue. In more extreme deficiencies it will 
lead to pellagra 

Not possible without supplements 

Riboflavin 

Offal, dairy, green leafy 
vegetables, nuts and 
oilseeds 

Important enzyme in a variety of biological 
processes 

Mild deficiency more common in regions 
without fortification of flour. It can lead to 
stomatitis, chapped lips, skin rashes, itchy 
eyes, and can interfere with iron absorption 

No evidence of toxicity 

Thiamin 

Dairy, seafood, meat, 
eggs, pulses, nuts, and 
oilseeds 

Important in the breakdown of sugars and 
amino acids 

In mild cases it is associated with weight 
loss, fatigue, and confusion. If left untreated 
it can lead to optic neuropathy, beriberi 
disease, and even death 

Overdose is rare, but can lead to fatigue, 
weakness, and headaches 

Vitamin A 

Offal, fish oils, eggs, 
dairy, leafy green 
vegetables, orange and 
yellow vegetables like 
tomatoes and carrots 

Critical in retinal formation and vision. All 
important in gene transcription processes, 
skin health, immune system functions, and 
bone metabolism 

Impaired vision, night blindness, and full 
blindness. Also can effect immune system 
functions 

Can lead to nausea, irritability, reduced 
appetite, blurry vision, headaches 

Vitamin B12 Meat, fish, dairy, eggs, 
(not found in plants) 

Involved in metabolism, and the synthesis and 
regulation of DNA 

Memory loss, anemia, neuropathy, 
psychosis, and in extreme cases paralysis 

Not possible without supplements 

Vitamin B6 
Fish, offal, meat, roots 
and tubers, and non-
citrus fruits 

Critical in amino acid, glucose, and lipid 
metabolism. Also important to synthesizing 
hemoglobin 

Skin lesions and rashes, conjunctivitis, 
fatigue, confusion, and neuropathy 

Not possible without supplements 
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 Nutrient Sources Role in Human Function Symptoms of Deficiency Symptom of Overconsumption 

Vitamin C 

Fruits, peppers, 
vegetables in the 
brassica family 
(cabbages, cauliflower, 
broccoli, Brussel 
sprouts, etc.) 

It is a reducing agent that enables the 
chemistry of many enzymatic reactions. It is 
particularly important in the synthesis of 
collagen. It is also an important antioxidant 

Scurvy Very low toxicity easily excreted in excess 

Vitamin D 
Sunlight, fish, offal, 
dairy, eggs 

Important in the absorption of calcium, iron, 
magnesium, phosphate, and zinc. Also 
important in cell metabolism 

Rickets, ostemalacia, bone fragility, light 
headedness, and depression 

Not possible without supplements 

Vitamin E 

Vegetable oils, oilseeds, 
nuts, leafy green 
vegetables 

It is an important antioxidant, and is a part of 
many enzymatic processes 

Can lead to impaired immune system, 
damage to red blood cells, muscle 
weakness, damage to the retina, and other 
problems 

Can impair absorption of Vitamin K 

Vitamin K 
Green leafy vegetables, 
avocados, kiwi, and 
grapes 

Needed for blood coagulation, and binding 
calcium in bones and tissue 

Fairly rare. Can lead to weak bones and 
uncontrolled bleeding 

Very low toxicity 

Source: Compiled by authors from DHHS/FDA (2016); FAO/WHO (2004); Institute of Medicine of the National Academies (2001); and Oregon State’s Linus 
Pauling Institute Micronutrient Information Center (http://lpi.oregonstate.edu/mic) (2016).

http://lpi.oregonstate.edu/mic
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Figure I - 1 Ratios of Micronutrient Supply: Recommended daily allowance (RDA), by region for 2010 
and 2050 under REF_HGEM and COMP scenarios 

East Asia South Asia 

  
Former Soviet Union Middle East and North Africa 

  
Africa South of the Sahara Latin America and Caribbean 

  
 

Note: The colored region reflects where micronutrient supply (from IMPACT food commodities) is less than or equal to 2x the 
recommended intake. The coloring goes from darker (more vulnerable) to lighter (less vulnerable) as you move away from the 
center of each spider graph. All points inside the red line reflect where the micronutrients supply is less than the recommended 
intake. 
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Appendix J. Estimating Investment Costs of Research and Development 

Alejandro Nin-Pratt and Daniel Mason-D’Croz (International Food Policy Research Institute) 

This appendix proposes a simple method to calculate future R&D investment needed to increase 
productivity as an exogenous technological shock to yields in the IMPACT model. An important 
assumption is that these shocks are “pure” technical change shocks in the sense that they only affect 
yields of the different crops. The overall impact in terms of productivity, supply changes, land allocation, 
and substitution between activities is endogenous to the model. While the initial productivity shocks are 
appropriate to calculate the R&D needs behind those shocks, the impact of the estimated R&D 
investment should be measured with post-simulation results. The following is a summary of the steps 
needed to calculate R&D expenditures for each simulation and the information needed starting with the 
exogenous shocks to yields. 

Exogenous shocks to individual activities and total factor productivity (pre-simulation output 
growth) 
The first problem is to link yield growth from exogenous shocks to individual activities to overall 
agricultural TFP growth, given that we can only make the link between TFP growth and R&D at the 
national level. We start with a general production function for a particular country or region expressing 
the relationship between output and inputs per hectare of total agricultural land.  

Y/TA = A*X, with X being a measure of total input: 

X = (L/TA)βL*(KC/TA)βKC*(ASK/TA)βASK*(F/TA)βF*(FD/TA)βFD (J - 1) 

where Y is total agricultural output, TA is total agricultural land area; A is TFP; L is labor; KC is capital 
used in crop production; ASK is animal stock in LU; F is fertilizer and FD is feed. Given that we have 
information on yield growth we need to link this production function to yields. For this we look at Y/TA: 

Y/TA = YC/TA + YLV/TA  (J - 2) 

where YC = total crop output and YLV is livestock output. To get to yields: 

Y/TA = (YC/HA)*(HA/TA) + (YLV/SK)*(SK/TA) (J - 3) 

The key components of (3) are YC/HA and YLV/SK, which are crop and livestock productivities expressed 
as output per hectare of harvested area (HA) and output per animal stock (SK). Note that total output 
also depends on the proportion of harvested area relative total agricultural area (HA/TA) and in the 
number of animals per hectare of agricultural land (SK/TA). Given that we assume that exogenous yield 
shocks do not affect the harvested area of different crops or the number of animals per hectare (pre-
simulation), then output growth for our purpose is measured as: 

d(Y/TA) = (HA/TA)*d(YC/HA) + (SK/TA)*d(YLV/SK)   with d(HA/TA) = d(SK/TA) = 0 (J - 4) 

We can make the link with the IMPACT scenarios by assuming that total output growth (pre-simulation) 
for each region and scenario will be: 

d(Y/TA)= SUM(jc, (HA/TA)jc*d(YC/HA)jc) + SUM(jlv, (SK/TA)jlv*d(YLV/SK)jlv) (J - 5) 

For this calculation we only need the assumed yield projections together with HA, TA, and SK, which are 
included in the model’s base year. 
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Total factor productivity growth 
To get the pre-simulation measure of TFP growth, we need to make assumptions about input growth. 
With information on individual and total input growth from previous work on TFP, input growth can be 
expressed as: 

dX = βL*d (L/TA) + βKC*d(KC/TA) + βASK*(ASK/TA)d + βF*d(F/TA) + βFD*d(FD/TA) (J - 6) 

We estimated βs for a global C-D production function that can be used here (Nin-Pratt 2015; Nin-Pratt et 
al. 2015; Nin-Pratt 2016):  

βL = 0.15; βKC=0.18, βASK=0.23, βF=0.02, βFD=0.18 (given CRS, βTA is 1 minus the sum of other βs). 

There is no clear way to define a-priori changes in total input. Two general considerations could be 
made. First, changes could be assumed to be independent of the particular technological shock 
considered for the simulation if we think that proposed technical change is not related to increases in 
the level of inputs. Second, if that is not the case—for instance if we assume that yield increases will 
require more intensive use of fertilizer and labor or feed in the case of livestock—then higher growth of 
some of the inputs could be assumed. We can provide historical growth rates of individual inputs and 
the index of total input for more than 100 countries for these calculations. 

TFP growth can then be expressed as: 

dA = d(Y/TA)/dX  (J - 7) 

with d(Y/TA) from (5) and dX from (6). The final step is to link TFP growth to R&D investment. 

Total factor productivity and R&D investment 
The link between TFP and R&D is traditionally done with the production function augmented with 
knowledge capital: 

A = (Y/TA)/ (X/TA) = KγZθ (J - 8) 

The coefficient γ measures the elasticity of output with respect to own R&D capital and Z represents 
other factors affecting TFP. As we assume that the exogenous shock to yields are the result of R&D 
investment, productivity growth is expressed, after taking logs of (8), as: 

dA/A = γ(dK/K) (J - 9) 

and the change in capital stock that corresponds to the projected increase in TFP is: 

(dK/K) = (dA/A)/ γ or equivalently dK = [(dA/A)/ γ]*K = θK (J - 10) 

where θ = [(dA/A)/ γ]. The link between changes in TFP and changes in capital stock can be determined 
making assumptions about the value of γ. One possibility here is to use the results from Evenson and 
Gollin (2003). There, table 22.9 (on page 466) shows NARS and IARC contribution to yield growth of 10 
major crops. Using this information, we separated the effect of NARS and CGIAR, which together with 
R&D investment allowed us to derive R&D elasticities for the NARS, IARC and for NARS+IARC by region.  
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Table J - 1 TFP-Knowledge Stock Elasticities 
  CGIAR NARS ALL 

SSA 0.15 0.04 0.25 

Asia 0.09 0.08 0.15 

LAC 0.04 0.10 0.13 

MENA 0.04 0.04 0.08 

All 0.08 0.07 0.15 

Source: Authors calculation using information from Evenson and Gollin (2003). 

The information so far allows us to link TFP growth to knowledge stock capital, but the relevant 
information is not the unobserved knowledge capital but the R&D investment needed to increase 
knowledge capital according to projected TFP growth. We determine this link in a simple way by means 
of the perpetual inventory method (PIM), extensively used to determine knowledge capital from annual 
R&D investment. Knowledge stock is calculated as follows: 

Kt = Kt-1*(1-δ)+Rt-n (J - 11) 

where δ is the “depreciation” rate of knowledge or rate of decay and R is R&D investment in t - n, with n 
being the assumed lag period between investment and the time this investment becomes part of the 
knowledge stock. For our purpose, we only need to make assumptions about the depreciation rate δ. 
Notice that change in knowledge stock results (going backwards from the shock to the change in K that 
generated growth) from the increase in TFP, so we can use expressions (10) and (11) to link TFP growth 
to R&D investment. From (11): 

dK = Kt - Kt-1= R - δ Kt-1  (J - 12) 

Introducing TFP growth in expression (12) we get the final formula to recover R&D investment from 
exogenous shocks to yields: 

Rt = Kt-1(δ+θ) (J - 13) 

To be able to calculate (13) we need to define the initial value of K, or the knowledge capital value of the 
reference, initial year in the IMPACT model. Using PIM again, the initial value of K is calculated as: 

Ko = Ro*[ (1+g)/(g+ δ)] (J - 14) 

where Ro is R&D investment in the reference year, g is the growth rate of R&D investment, and δ is 
again the depreciation rate of knowledge capital. 

One of the problems with the PIM method is the difficulty of determining the depreciation rate δ. The 
literature discusses values between 0.05 and 0.25, and this is why values of 0.15 are mostly used. It is 
important also to consider that the value of δ is expected to be related to the type of research that 
predominates in the country or region. For instance, countries with well-developed research systems 
with a significant component of basic research invest more than countries with development and 
adaptive research, but it is also expected that knowledge decay in those countries is lower (lower δ) 
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than in other countries as the effect of innovations will extend for longer periods of time. In a 
forthcoming paper, I find values of δ between 0.11 and 0.16 for developing countries in SSA, Asia, and 
LAC, and 0.08 for the USA, the only high-income country analyzed. 
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Appendix K. Estimating Water-Related Investments for Alternative Scenarios 

Tingju Zhu (International Food Policy Research Institute) 

Categories of water-related investments and cost attribution  
Three categories of water-related investment are considered, including irrigation expansion, 
improvement of basin efficiency for irrigated cropland, and rainwater harvesting and improving soil 
water retention in both irrigated and rainfed cropland. As shown in Table K - 1, these three water-
related investment are incorporated into four alternative scenarios. The IX scenario considers 
accelerated expansion of irrigated cropland areas compared with the baseline. IX+WUE considers 
accelerated improvement of basin efficiency compared with the baseline, in addition to additional 
irrigated area growth as specified in IX. ISW considers rainwater harvesting and improving soil water 
retention. And, COMP includes everything with respect to water-related investment considered in the 
other three scenarios. All these scenarios are applied to the developing countries exclusively; the time 
period for implementing these water-related investments is 2016–30.  

Table K - 1  Attribution of water related investments to agricultural water management scenarios 
Scenario Irrigation  

Expansion 
Water Use Efficiency 

Improvement 
Rainwater 

Harvesting and Improving 
Soil Water Retention 

IX X   
IX+WUE X X  
ISW   X 
COMP X X X 

Methods of investment costing  
Cost is estimated for each category of water-related investment for each scenario on an annual basis. 
For a scenario that involves multiple categories of water-related investment, its total investment cost is 
the sum of investment across all related categories.  

Costs of irrigation expansion 
The cost of irrigation expansion is proportional to the increase of net irrigated area. It is calculated for 
each year at the FPU level, namely  

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓,𝑡𝑡 =
∑ ∆𝐴𝐴𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓,𝑗𝑗,𝑡𝑡𝑗𝑗

𝐶𝐶𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓
∙ 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓   (K-1) 

where 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓,𝑡𝑡 is cost for irrigation expansion in year t; ∆𝐴𝐴𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓,𝑗𝑗,𝑡𝑡 is the increase of harvested irrigated 
area for crop j informing years t-1 to year t; 𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓 is cropping intensity; and 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓 is the cost of 
irrigation investment per hectare. Harvested irrigated area data are taken from the IMPACT model 
output. Cropping intensity data is by country and is taken from IFPRI’s global SPAM database (You et al., 
2014). Future changes in cropping intensity are not considered, due to lack of reliable projections at the 
global scale. Per-hectare irrigation investment cost is based on unit total cost of new construction in 
2000 prices (prepared by Inocencio et al. 2007). For Latin America and the Caribbean (LAC), the unit 
total cost in Inocencio et al. (2007) is almost identical to the new construction cost averaged over 
projects as reported in the Database on Investment Costs in Irrigation compiled from various sources by 
FAO as a part of the AQUASTAT database (FAO 2016).  
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Costs of rainwater harvesting and improving soil water retention 
A unit area cost is applied to the estimation of investment in rainwater harvesting and improving soil 
water retention, similar to the estimation of irrigation expansion costs.  

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓,𝑡𝑡 =
∑ 𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓,𝑗𝑗,𝑡𝑡𝑗𝑗

𝑛𝑛∙𝐶𝐶𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓
∙ 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓  (K-2) 

in which 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓,𝑡𝑡 represents investment cost in rainwater harvesting and improving soil water 
retention in year t; 𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓,𝑗𝑗,𝑡𝑡 is the irrigated or rainfed area for crop j in year t; n is the number of years 
taken for completing rainwater harvesting and soil water retention investment; and 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓 is the 
rainwater harvesting and soil water retention investment required for each hectare of cropland. Unlike 
irrigation expansion, which happens every year and can be directly quantified with the IMPACT model 
output, for rainwater harvesting and improving soil water retention there is no established baseline 
condition, and related information is rather limited at the global scale in the literature. As such, we 
apply a universal unit area cost to cropland in the developing world of US$159 per hectare, based on the 
Agricultural Water Management Solutions Project (IWMI 2012).  

Costs of improving basin effective irrigation efficiency 
In the macro-scale irrigation water management modeling in IMPACT, the term water consumption is 
adopted for water use, rather than water withdrawal accounting at the river basin level or, for 
international rivers, at sub-river basin level. This is to for avoid double-counting consumptive water 
uses, as a certain portion of water withdrawal can go back to the surface or ground water systems as 
return flows and can subsequently be re-used by downstream users. In contrast, in the concept of 
classical irrigation efficiency, irrigation return flow is regarded as “losses.” The concept of effective 
irrigation efficiency (Keller and Keller, 1995; Haie and Keller, 2008) represents the ratio of irrigation 
water utilized by crops for evapotranspiration to total irrigation water consumption. We call it basin 
efficiency to reflect the fact that it is applied to irrigation at the river basin scale in the IMPACT model. 

Improving irrigation efficiency is critical for growing more food with less water and for mitigating 
growing water scarcity. The baseline of the IMPACT model assumes that basin efficiency changes at 
prescribed annual rates at the level of the Food Production Unit (FPU). In alternative water investment 
scenarios in Table K - 1, additional basin efficiency growth on top of those in the baseline is applied to 
developing countries.  

Assuming that additional basin efficiency growth is achieved by adopting high efficiency irrigation 
technologies and improved management in a fraction of total irrigated cropland, the value of this 
fraction can be estimated by 

𝐶𝐶 = �1 − 𝛼𝛼 𝐵𝐵𝐵𝐵0
𝐵𝐵𝐵𝐵1

� �1 − 𝛼𝛼 𝐵𝐵𝐵𝐵0
𝐵𝐵𝐵𝐵∗
��   (K-3) 

When Equation (K-3) is applied to the WUE improvement scenario, α in the equation refers to the ratio 
of beneficial irrigation consumption in the alternative investment scenario to that in the baseline, 
namely, 𝛼𝛼 = 𝐵𝐵𝐶𝐶1 𝐵𝐵𝐶𝐶0⁄ ; the terms BE0, BE1 and BE* are basin efficiency values of the baseline, of the 
alternative investment scenario, and of the high efficiency technologies, respectively. When the 
equation is applied to calculate the baseline WUE improvement investment, α is the ratio of the basin 
efficiency at the beginning of the period (i.e., 2016) to the ratio at the end of the period (i.e., 2030) in 
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the baseline. The terms BE0 and BE1 are basin efficiency values at the beginning of the period and at the 
end of the period respectively in the baseline, and BE* is the basin efficiency value of the high efficiency 
technologies. 

To account for the investment costs associated with increasing basin efficiency, we use one-third of the 
cost of recent irrigation modernization projects, using sprinklers as a proxy. Based on publications and a 
database on costs for sprinkler irrigation from the World Bank, Food and Agriculture Organization (FAO), 
and International Water Management Institute (IWMI) (Palanisami 1997; Inocencio et al. 2007; FAO 
2016), we identified per-hectare investment cost of US$2,144 for East, South, Southeast, and Central 
Asia; US$4,311 for Sub-Saharan Africa and Latin America; and US$953 for the Middle East and North 
Africa. We used these values to approximate investment costs for irrigation efficiency enhancement 
under alternative basin efficiency scenarios.  

Estimated costs of water-related investments 
Investment costs are estimated based on methods described above. To evaluate the relative increases 
of investment in agricultural water management in alterative scenarios compared with that of the 
baseline, it is desirable to first quantify the baseline investment costs, for each cost category, i.e., 
expanding irrigated area, improving irrigation efficiency, and rainwater harvesting. However, as can be 
seen from the costing methodologies, the baseline investment costs can only be estimated for the cost 
category of irrigation expansion.  

Using Equation K-1, the annual costs of expanding irrigated area for the baseline, the IX scenario, and 
the IX+WUE scenario are calculated, respectively. The differences in irrigation expansion costs between 
each of the two scenarios and the baseline are the additional costs of irrigation expansion for the IX and 
IX+WUE scenarios on top of that in the baseline. Estimated annual costs for the baseline are presented 
in Table K - 2. These baseline cost estimates are averaged values over the 2016–30 period, by region and 
climate scenario. For all developing countries, the average annual irrigation expansion costs are 
US$6.43, US$7.02 and US$6.74 billion for the NoCC, HGEM, and IPSL climate change scenarios, 
respectively16. The costs are distributed unevenly across regions, with SSA expected to require the 
highest level of investment, followed by SAS and EAP. The annual average baseline investment costs for 
WUE improvement are, respectively, US$2.08, US$2.09 and US$2.08 billion for the NoCC and HGEM and 
IPSL climate change scenarios. Regionally, the highest investments in WUE improvement are required in 
EAP and SAS due to the large total irrigated areas in these two regions.  

Additional investment costs for agricultural water management interventions in the alternative 
scenarios are summarized in Table K - 2. These costs are on top of those in the baseline. Using the NoCC 
results as an example, the additional annual investment cost for irrigation expansion is US$7.46 billion 
for the IX investment scenario for the entire developing world and only marginally higher for the 
IX+WUE scenario. This is considerably lower, however, at US$7.04 billion for the COMP scenario, due to 
lower commodity prices and reduced crop area expansion. The average annual cost of improving 
irrigation efficiency in the IX+WUE scenario is more than US$8 billion for the developing world, leading 
to the total annual investment cost for the developing world at almost US$16 billion. The annual 
investment cost for ISW is estimated at more than US$10 billion. For COMP, besides irrigation 
expansion, additional annual investment costs in improving irrigation efficiency and rainwater 

                                                           
16 In the main report costs are reported in 2005 US$. A GDP deflator of 0.89 was used to put costs in 2005 US$ 
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harvesting and improving soil water retention are, respectively, US$10.8 billion and US$10.2 billion, 
resulting in a total annual investment cost of more than US$28 billion.  
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Table K - 2  Average annual baseline water-related investment cost, and additional average annual cost for investing in water-related interventions in 
alternative scenarios compared with the baseline (billion 2000 US$ per year) 

Scenario 
Baseline IX IX+WUE ISW COMP 

Expansion Efficiency Expansion Expansion Efficiency Total Rainwater Expansion Efficiency Rainwater Total 

NoCC 

DVG 6.43 2.08 7.46 7.48 8.40 15.88 10.24 7.03 10.80 10.22 28.04 
EAP 0.82 0.84 1.40 1.38 3.19 4.57 2.48 1.15 4.56 2.47 8.17 
EAPg 0.79 0.84 1.40 1.38 3.19 4.57 2.18 1.16 4.56 2.17 7.88 
EUR 0.13 0.03 0.00 0.00 0.02 0.02 1.01 0.00 0.02 1.00 1.02 
FSU 0.26 0.12 0.17 0.18 0.20 0.38 1.11 0.11 0.21 1.10 1.41 
LAC 0.53 0.28 1.73 1.73 1.49 3.22 1.79 1.72 1.85 1.79 5.36 
MEN 0.72 0.06 0.64 0.64 0.49 1.14 0.74 0.63 0.51 0.74 1.87 
MENg 0.67 0.06 0.61 0.61 0.49 1.11 0.72 0.60 0.51 0.72 1.83 
SAS 1.58 0.68 0.95 0.96 2.57 3.53 1.96 0.83 2.93 1.96 5.71 
SSA 2.60 0.12 2.60 2.63 0.45 3.08 2.49 2.62 0.74 2.48 5.84 

HGEM 

DVG 7.02 2.09 7.53 7.57 9.75 17.32 10.30 8.00 12.33 10.33 30.66 
EAP 1.18 0.84 1.42 1.39 4.71 6.10 2.49 1.56 6.08 2.49 10.14 
EAPg 1.15 0.84 1.42 1.39 4.71 6.10 2.19 1.57 6.08 2.19 9.85 
EUR 0.14 0.03 0.00 0.00 0.02 0.02 1.01 0.00 0.01 1.00 1.02 
FSU 0.28 0.12 0.18 0.18 0.17 0.35 1.11 0.13 0.22 1.11 1.46 
LAC 0.59 0.28 1.74 1.75 1.52 3.27 1.81 1.81 1.85 1.82 5.48 
MEN 0.77 0.06 0.64 0.65 0.41 1.07 0.74 0.74 0.41 0.74 1.89 
MENg 0.72 0.06 0.61 0.62 0.41 1.03 0.72 0.72 0.41 0.72 1.86 
SAS 1.62 0.68 0.96 0.97 2.55 3.53 1.97 1.03 3.02 1.97 6.02 
SSA 2.65 0.12 2.62 2.65 0.39 3.03 2.50 2.74 0.74 2.51 5.99 

IPSL 

DVG 6.74 2.08 7.51 7.54 8.35 15.89 10.28 7.09 10.79 10.25 28.14 
EAP 1.01 0.84 1.42 1.40 3.02 4.43 2.49 1.16 4.37 2.48 8.01 
EAPg 0.99 0.84 1.42 1.40 3.02 4.43 2.18 1.17 4.37 2.18 7.72 
EUR 0.14 0.03 0.00 0.00 0.02 0.02 1.01 0.00 0.02 1.00 1.02 
FSU 0.27 0.12 0.17 0.18 0.13 0.30 1.11 0.11 0.12 1.10 1.33 
LAC 0.57 0.28 1.74 1.74 1.48 3.22 1.80 1.73 1.81 1.80 5.34 
MEN 0.74 0.06 0.64 0.65 0.44 1.09 0.74 0.63 0.45 0.74 1.82 
MENg 0.70 0.06 0.61 0.62 0.44 1.06 0.72 0.61 0.45 0.72 1.78 
SAS 1.59 0.67 0.95 0.97 2.78 3.75 1.96 0.83 3.26 1.96 6.06 
SSA 2.63 0.12 2.62 2.64 0.50 3.13 2.50 2.63 0.78 2.49 5.90 
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