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Climate change is a significant and growing threat to food secu-
rity—already affecting vulnerable populations in many develop-
ing countries, and expected to affect ever more people in more 
places, unless action is taken beginning today. Current scenarios 
for business-as-usual farming under climate change project grow-
ing food security challenges by 2050. Worst hit will be under-
developed regions of the world where food insecurity is already 
a problem and populations are vulnerable to shocks (Rosegrant 
et al. 2014). Improvements in agricultural technology and man-
agement are expected to increase food security, but if we do not 
address climate change, climate-related losses in crop and live-
stock productivity will reduce those gains (Lobell and Gourdji 
2012). In this challenging environment, countries will need to 
contend with shifts in which crops they can best produce, signif-
icant changes in global prices, and change in countries’ compar-
ative advantages. New analytical tools that allow policy makers 
and decision makers to integrate data from the global to the local 
level offer an important opportunity for countries to identify 
the most effective ways to address climate change. As the 22nd 
Conference of the Parties (COP22) gets underway and the role of 
agriculture as a key element in reducing emissions is widely rec-
ognized, countries can use these tools to identify locally appropri-
ate policies that will reduce the impact of climate change on food 
security over the long term.

New international agreements such as the Paris Climate Change 
Agreement and the related Nationally Determined Contributions 
(NDCs), introduced at the 21st Conference of the Parties (COP21) 
and ratified in 2016, bind countries to make long-term commit-
ments to address climate change. NDCs are ambitious plans that 
provide countries with an opportunity to develop agendas for 
social and environmental change, with potential to create bene-
fits across all economic sectors and a broad range of geographic 
scales. While some of the benefits can be realized in the short run, 
the long-term planning horizon of the NDCs requires policy makers 
and decision makers to design policies that are economically and 
politically sustainable. The risk of policies unraveling under budget-
ary pressure from unfavorable market forces or due to the erosion 

of political consensus is high, and benefits that accrue slowly (such 
as soil organic carbon, which contributes to sustainable production, 
resilience, and climate change mitigation) can disappear swiftly 
with changes in policies.

To design economically sustainable policies, policy makers must 
consider the global economic landscape and pressures from world 
markets. And, to ensure continuing political consensus, they must 
take account of the priorities and preferences of many actors 
(notably, farmers’ and producers’ organizations). Policy makers 
must consider different local conditions—the potential impacts 
of policies conceived at the national level must be evaluated for 
a broad range of geographic scales. Researchers have developed 
tools to investigate the range of challenges faced by a country, to 
explore policy options, and to identify best alternatives and solu-
tions. This brief showcases an example of cutting-edge analytical 
tools being deployed to help a country to devise sound policies.

LIKELY IMPACTS OF CLIMATE CHANGE
Uncertainties in climate change scenarios make it difficult to deter-
mine the precise impacts on future agricultural productivity. 
However, studies have consistently found that, under many sce-
narios analyzed, significant losses should be expected worldwide 
(Nelson et al. 2010; FAO 2015). Regional differences in crop pro-
duction are expected to increase over time, with the risk of wid-
ening the gap between the haves and have-nots and increasing 
food prices and hunger among poorer nations (Nelson et al. 2010). 
Interregional trade flows from mid- and high-latitude regions to 
low-latitude regions are expected to expand to address this gap. 
But expanding trade alone may not be enough to ensure food secu-
rity in the face of climate change (Elbehri et al. 2015).

Developing countries are expected to bear the brunt of 
the negative effects of climate change (Morton 2007). The 
Intergovernmental Panel on Climate Change’s Fifth Assessment 
Report (AR5) projects that, even under the more optimistic scenar-
ios, climate change could reduce food-crop yields in parts of Africa 
by 10 to 20 percent compared to a no-climate-change scenario—a 



large drop for already at-risk populations and regions. The out-
look for key food crops across the African continent under climate 
change is mostly negative. Low productivity, together with increas-
ing global demand, will likely drive up food prices.

At the global level, yields of major crops are projected to decline 
by 5 to 7 percent relative to levels in 2050 in the absence of cli-
mate change, according to analysis using the International 
Model for Policy Analysis of Agricultural Commodities and Trade 
(IMPACT; Robinson et al. 2015) and four other global economic 
models as part of the Agricultural Model Intercomparison and 
Improvement Project (Wiebe et al. 2015). Even more problematic 
are the projected increases in prices, which reflect the combina-
tion of decreases in yields with population and GDP growth, and 
resulting changes in diets. Prices are expected to increase by 10 
to 20 percent, twice the increase projected in the absence of cli-
mate change. Although total global production (and consumption) 

of the analyzed crops will change relatively little (a decline of 
around 1 percent relative to levels in 2050 in the absence of cli-
mate change), climate-induced changes in harvested area and food 
prices are likely to have important implications for the environ-
ment and food security. In Africa south of the Sahara, some areas 
will benefit from the price increase, but at the regional level higher 
prices will ultimately exacerbate food insecurity. As a result, an 
increase in the malnutrition rate is projected for children under 
five years of age from 21.7 to 24.4 percent by 2050—an increase 
of over 4 million children (Waithaka et al. 2013; Jalloh et al. 2013; 
Hachigonta et al. 2013; Thomas and Rosegrant 2015).

FROM MEASURING IMPACT TO ACTION
Several recent IFPRI studies conducted in collaboration with other 
CGIAR Centers show that the role of improved agricultural technol-
ogies can be explored at multiple geographic levels, from global to 

Figure 1 Example of modeling system that integrates global economic forces with localized processes
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Source: De Pinto et al. 2016.
Note: IMPACT = International Model for Policy Analysis of Agricultural Commodities and Trade. GHG = greenhouse gases.  GCM = general circulation model.
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local. Figure 1 provides an example of a modeling system that links 
global to local processes by integrating economic, land-use, and 
crop models to simulate adaptation policies. Results of the IFPRI 
studies indicate that yield gains from adoption of these varieties 
differ by technology and region, but are generally able to offset the 
adverse effects of climate change. However, yield increases may be 
outweighed by the effects of population growth, rising income, and 
general productivity gains. These analyses highlight the importance 
of the interactions among local biophysical and socioeconomic 
drivers and larger drivers of change. To take account of these inter-
actions, Rosegrant et al. (2014) linked climate, water, crop, and 
economic models to assess the global impacts on yields and food 
security of a broad range of agricultural technologies under vary-
ing scenarios of climate change and technology adoption. Results 
showed that, by promoting the adoption of alternative or new tech-
nologies, policies could significantly improve the food security out-
look. The number of food-insecure people in developing countries 

in 2050 could be reduced by 12 percent (or almost 124 million 
people) if nitrogen-efficient crop varieties were widely in use; by 
9 percent (91 million people) if no-till farming were more widely 
adopted; and by 8 percent (80 million people) if heat-tolerant crop 
varieties or precision agriculture (a set of practices that includes 
GPS-assisted delivery of agricultural inputs) were adopted.

MAKING A DIFFERENCE AT THE COUNTRY 
LEVEL—COLOMBIA
Domestic policy making can be improved by using analysis that 
integrates models working at different geographic scales. The lit-
erature that connects global events with local outcomes demon-
strates the potential of this type of analysis (Rutten et al. 2014 for 
Viet Nam, Havlik et al. 2014 for livestock production systems, and 
Rosegrant et al. 2015 for the Philippines). IFPRI’s researchers used a 
framework that links global outcomes with models that use highly 

Figure 2 Colombia: Trade-off between profits and GHG emission reductions
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geographically disaggregated data to support the Government of 
Colombia in its formulation of the country’s NDC (Figure 2).

NDCs provide a clear example of the need for sustainable long-
term policies and the importance of connecting global projections 
with highly localized processes, as they record individual countries’ 
plans to contribute to limiting global warming to below 2°C rela-
tive to preindustrial levels. Developing long-range plans requires 
that policy makers explore the long-term economic viability of pol-
icies for reducing greenhouse gas (GHG) emissions. Furthermore, 
given that GHG emissions and carbon stocks vary significantly with 
local soil and climate conditions, alternative scenarios should be 
explored with a high degree of geographic disaggregation. IFPRI’s 
approach combined and reconciled limited-resolution macro-level 
global economic models with detailed models of biophysical pro-
cesses at high spatial resolution (De Pinto et al. 2016). The analy-
sis demonstrates that different models, all accessible to the public, 
can be brought together to help policy makers in their evaluation 
of economic trade-offs, opportunities, and repercussions of alter-
native mitigation policies in the agricultural sector. The approach is 
based on the use of public and widely accessible data, and its flex-
ibility and transparency contribute to decision makers’ trust in the 
results and ultimately in their use.

For Colombia, a series of policy options and targets expected to 
promote growth and reduce GHG emissions were identified during 
repeated consultations with stakeholders ranging from farmer 
organizations to local universities to government agencies. The 
analysis of these options revealed that Colombia has a large oppor-
tunity for furthering economic growth and increasing efficiency 
in the use of land resources while decreasing GHG emissions. 
Notably, the complex web of relationships among pastureland, cat-
tle raising, and forests plays an essential role in determining emis-
sions. Results, summarized in Figure 2, indicate that investments 
in increasing the efficiency and productivity of the livestock sector 
and reducing land allocated to pasture are preferable to policies 
that target deforestation alone or target a reduction of emis-
sions in crop production. Investments in livestock productivity and 
land carrying capacity would reduce deforestation and provide 
sufficient gains in carbon stock to offset greater emissions from 
increased crop production, while also generating higher profits. 
Plans that promote an increase in land allocated to oil palm cultiva-
tion need to be considered with extreme caution and investigated 
further. Model results suggest that the past pattern of oil palm 

cultivation replacing underproductive pastureland might change in 
the future, because continued area expansion could lead to a detri-
mental reduction in land allocated to other perennial crops.

INSIGHTS
Facing a growing threat to food security, policy makers are under 
increasing pressure to devise policies that promote adaptation to 
climate change while reducing GHG emissions. These policies need 
to address the local impacts of global change and must be feasi-
ble in the short-term and sustainable in the long-term, designed 
to weather challenges from forces that are both global and local, 
exogenous and endogenous to a country.

Decision makers must have accurate and current information. While 
it is helpful to understand the impact of climate change on crops 
and prices at the global and national levels, research must con-
tinue to study these issues subnationally and identify negative hot 
spots. Despite significant variation among climate projections and 
across local effects of climate change, several analyses indicate that 
it is possible to identify policies that can mitigate negative effects. 
Models offer insights on alternative scenarios and inform contin-
gency plans, contributing to a country’s climate-change readiness. 
A global-to-local approach also helps in identifying climate opportu-
nities—that is, places where climate change will improve conditions 
for agriculture, and which crops to invest in, given changes in com-
parative advantage and commodity prices. Effective decisions and 
interventions have to take place at many levels, from farmers’ plots 
to large institutions. Both human and institutional capacities are 
needed to deal with a potentially wide and uncertain range of out-
comes. Governments, the private sector, and farmer organizations 
increasingly have access to the tools to look across the range of chal-
lenges facing a country and to work together to identify solutions.

The case from Colombia presented in this brief illustrates the type 
of analytical tools available. These tools are increasingly adapt-
able, open, and transparent, allowing policy makers to use different 
datasets and incorporate new information as it becomes available. 
Openness generates trust between researchers and decision mak-
ers, and this favors the adoption of research outputs. All stake-
holders, from government agencies to producers’ and consumers’ 
organizations to farmers, will benefit from policies devised with the 
support of solid evidence and from the capacity to investigate and 
evaluate the impact of those policies.

Complete references are available at http://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/130790/filename/131001.pdf
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