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agriculture drives the economies and accounts for 43 percent of the 
annual gross domestic product (GDP) in ten countries of Eastern 
and Central Africa (ECA): Burundi, Democratic Republic of Congo 

(DRC), Eritrea, Ethiopia, Kenya, Madagascar, Rwanda, Sudan, Tanzania, 
and Uganda. In Burundi, DRC, Ethiopia, Sudan, and Tanzania, agricul-
ture accounts for more than 50 percent of GDP, while in Kenya, Eritrea, and 
Madagascar it accounts for less than 30 percent. 

Events demonstrative of extreme weather patterns have become com-
mon phenomena, suggesting that climate change is already affecting both 
ECA and the world. Examples of these include prolonged droughts in parts 
of Ethiopia, Kenya, and Tanzania in 2011 and devastating floods in Brazil, 
Pakistan, and New Zealand in 2010 (Economist 2010), as well as in parts of 
Kenya, Tanzania, and Uganda. Climate change will have far-reaching con-
sequences for the poor and marginalized groups, among which the major-
ity depend on agriculture for their livelihoods and have a lower capacity to 
adapt. Weather-related crop failures and livestock deaths in addition to loss 
of property are already causing economic losses and undermining food secu-
rity in ECA. This situation is likely to become more desperate and to threaten 
the very survival of the most vulnerable farmers as global warming continues. 
Feeding the increasing populations in the subregion, with one of the highest 
population growth rates in the world (averaging 3.7 percent in nine counties), 
requires a radical transformation of agriculture over the next four decades. 
A major challenge is increasing agricultural production among resource-
poor farmers without exacerbating environmental problems and simultane-
ously coping with climate change. 

Challenges commonly faced that limit adaptation to climate change 
include the following: fragile ecosystems; weak infrastructure and economies; 
poor performance of agriculture; the dependence of food security on rain-
fall; the reliance of more than 70 percent of the population in the ten coun-
tries on climate-sensitive resources for their livelihood; severe poverty and 
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deteriorating livelihoods; limited reliable, accurate, and updated statistical 
information; inadequate capacities at state and local levels; and lack of pol-
icy coordination.

Model Predictions
The climate models (general circulation models, or GCMs) we have used dif-
fer on the amount of annual precipitation change that can be expected and 
the location of that change.1 The wettest model for ECA is the MIROC 
3.2 model, which predicts an increase of more than 100 millimeters per year 
for over half of the region and only small areas of rainfall decline, notably in 
western DRC and southern Madagascar. The CSIRO Mark 3 model is prob-
ably the driest of the GCMs, predicting a significant rainfall decrease for a 
large part of DRC, Ethiopia, and Madagascar but no significant change for 
most areas. 

The CSIRO Mark 3 GCM projects the coolest future of the four mod-
els. For 90 percent of the region, temperature increases will be in the range 
of 1°–1.5°C. The MIROC 3.2 model predicts a median value similar to that 
of the CSIRO Mark 3 model, but the range in the MIROC 3.2 model is 
much greater. Some areas are predicted to have a change of less than 0.5°C, 
while other areas are predicted to have a change of more than 2.5°C. Both 
the CNRM-CM3 and the ECHAM 5 GCMs predict a warmer future than 
do the other two models; their median value is more than 0.5°C higher than 
the medians of the other two models, with temperatures generally ranging 
between 1.5° and 2.5°C and some places, such as northern Sudan, predicted to 
have changes of up to 3°C. All four GCMs predict that the ten countries will 
become warmer with different levels of increase in temperature. The rise in 
temperature will increase evaporation and reduce the soil’s moisture, and these 
may increase the plants’ water requirements. Therefore, an increase in temper-
ature would be unfavorable, particularly if associated with lower levels of pre-
cipitation and irrigation water. 

UN population projections suggest a significant increase in the popula-
tions of the ten ECA countries by 2050. In the pessimistic scenario, the popu-
lations of all countries in the region will more than double. A similar outcome 

 1 CNRM-CM3 is National Meteorological Research Center–Climate Model 3. MIROC 3.2 is 
the Model for Interdisciplinary Research on Climate, developed at the University of Tokyo 
Center for Climate System Research. CSIRO Mark 3 is a climate model developed at the 
Australia Commonwealth Scientific and Industrial Research Organisation. ECHAM 5 is a fifth-
generation climate model developed at the Max Planck Institute for Meteorology in Hamburg. 
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is seen in the baseline scenario except in Burundi and Sudan. In the optimis-
tic scenario, the population doubles only in DRC, Ethiopia, Tanzania, and 
Uganda. Income per capita improves significantly in the optimistic scenario, 
with increases of up to ninefold in Burundi and down to fourfold in Sudan. 
This situation is further reflected in the baseline scenario. In the pessimistic 
scenario, the greatest increase is a meager fourfold in Burundi and Tanzania. 
In the optimistic scenario, the number of malnourished children decreases for 
all the countries in ECA. In the pessimistic scenario, the number increases in 
all countries.

Based on the crop models used, which restrict the analysis by not allow-
ing for adaptation, both the CSIRO Mark 3 and the MIROC 3.2 climate 
scenarios result in a general increase in maize yields of 5–25 percent of base-
line in most parts of the countries of ECA and a yield loss of 5–25 percent 
in large parts of DRC, Ethiopia, Tanzania, and northern Uganda. Based 
on both the CSIRO Mark 3 and the MIROC 3.2 climate outcomes using 
the A1B scenario from the Special Report on Emissions Scenarios of the 
Intergovernmental Panel on Climate Change (IPCC), sorghum yields will 
decline by 5–25 percent across ECA.2 Both models also show a gain in base-
line area of 5–25 percent in western DRC, the highlands of Ethiopia, Kenya, 
Sudan, and Tanzania. What is important to note from the crop models is that 
in some countries climate change will present opportunities to grow crops in 
areas where they could not previously have grown. Generally these areas are 
ones that have been too cold for the crop, but the warming brought about by 
climate change will make them more suitable for those crops. Sometimes the 
reason is an increase in precipitation. In any case, these areas may not have very 
strong legal protection because they have not been threatened with conver-
sion to agriculture under the current climate. Policymakers will need to decide 
whether to strengthen protection so as to preserve these areas or to strengthen 
the farmers’ abilities to settle in them.

From the global partial equilibrium food and agriculture model, the 
International Model for Policy Analysis of Agricultural Commodities and 
Trade (IMPACT), we find that world market prices for maize, rice, sorghum, 
and wheat increase in all scenarios, while the price of millet is less in 2050 than 
in 2010. In 2050 the prices of millet, rice, sorghum, and wheat are higher in 
the pessimistic scenario than in the optimistic scenario. In terms of the impacts 

 2 The A1B scenario is a greenhouse gas emissions scenario that assumes fast economic growth, a 
population that peaks midcentury, and the development of new and efficient technologies, along 
with a balanced use of energy sources.
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of climate change on prices, when we looked at the median values, millet was 
least affected, with only a 2.5 percent increase in price due to climate change 
impacts alone; of the five grains, maize had the highest price rise due to cli-
mate change, with a median value of 28.2 percent. Sorghum, rice, and wheat 
were in between, with increases of 14.5 percent, 19.0 percent, and 21.7 per-
cent, respectively. 

The production of maize, millet, and sorghum will increase in all countries 
of ECA by 2050 except in Ethiopia, Madagascar, and Uganda. The area under 
cultivation of both millet and sorghum will increase except in Burundi for mil-
let. The productivity of all three crops will increase, mainly due to improved 
management practices, because the yields projected for 2050 are already attain-
able with existing local and improved varieties of these crops.

There will also be variation with various model outputs even if they are 
used under the assumption of similar scenarios. The projected changes in 
demographic and economic indicators coupled with the projected changes in 
rainfall and temperature suggest the complexity of the problems facing future 
agriculture. The projected changes in yield and area of major crops including 
maize, wheat, and sorghum, coupled with the increasing demand of kilocalo-
ries for the growing population, demonstrate the level of vulnerability of the 
agricultural sector and the challenge of producing enough food. This points to 
the urgent need to make available alternative adaptation options that will fit 
into the various plausible scenarios.

The effect of climate change varies across countries depending on geo-
graphic, social, economic, cultural, and cultural factors. Countries like DRC, 
Ethiopia, Kenya, and Tanzania, with diverse agroecologies, relatively large 
areas, and rapidly growing populations, need to make available and success-
fully implement robust adaption programs to reach all who are vulnerable. 
Such programs will likely need to develop a menu of options from which farm-
ers can choose appropriate strategies for their locations, assisted by exten-
sion agents who are supported by agricultural researchers. Indeed, not only is 
food security an explicit concern under climate change; successful adaptation 
responses in agriculture can be achieved only within the ecological, economic, 
and social sustainability goals of each country. Owing to their existing vulner-
ability and potential future changes, the countries of ECA need mechanisms 
necessary to support adaptation, mitigation, and technology transfer.

The results from the models and scenarios can be used to define future 
policy directions; therefore, policymakers need to take account of the impor-
tance of climate change adaptation in any policy development. It is also 
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important that future development policies favor the institutionalization and 
mainstreaming of climate change adaptation within the research and develop-
ment arena.

There is a growing awareness of the potential adverse effects of climate vari-
ability and change in both regional institutions and national governments. 
This has resulted in various initiatives aimed at addressing climate change 
issues. At the regional level, the East African Community recently published a 
climate change policy (EAC 2011). The policy is aimed, among other things, 
at guiding the region on climate change actions, establishing a climate change 
fund to specifically support adaptation and mitigation activities, develop-
ing research institutions of excellence in technology development for climate 
change adaptation, and mainstreaming climate change in the national devel-
opment processes. At the national level, the ten countries have already under-
taken several activities. They have ratified the United Nations Framework 
Convention on Climate Change and submitted their initial national com-
munications. They also have National Adaptation Programmes of Action 
(NAPAs) and a host of other strategies focusing on climate change.

National Adaptation Programmes of Action
NAPAs from the ten countries mention 26 strategies to adapt climate 
change to agriculture (Nzuma et al. 2010). The strategies common to all 
member countries include the development and promotion of drought-
tolerant and early-maturing crop species and the exploitation of new and 
renewable energy sources. Most countries have areas that are classified as 
arid or semiarid and hence need to develop drought-tolerant and early-
maturing crops. Strangely, only one country, Ethiopia, recognizes the conserva-
tion of genetic resources as an important strategy, although this is potentially 
important for dealing with drought. Biomass energy resources account for 
more than 70 percent of the total energy consumption in the ten ECA coun-
tries. To mitigate the potential adverse effects of biomass energy depletion, 
the ten countries plan to harness new and renewable energy sources, including 
solar power, wind power, hydro and geothermal sources, and biofuels. 

Eight of the ten countries cite the promotion of rainwater harvesting as an 
important adaptation strategy, either on a small scale with small check dams or 
on a large scale with large dam projects. 

The five measures that are common to more than five countries are  
(1) conservation and restoration of vegetative cover in degraded and moun-
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tainous areas; (2) reduction of overall livestock numbers through sale or 
slaughter; (3) cross-breeding, zero-grazing, and acquisition of smaller livestock 
(for example, sheep or goats); (4) adoption of traditional methods of natu-
ral forest conservation and food use; and (5) establishment of community-
based management programs for forests, rangelands, and national parks. 

The promotion of environmentally friendly investments and clean develop-
ment mechanism projects that can be funded through carbon trading is a fea-
ture of only one country, Ethiopia. 

Three examples of strategies that warrant greater regionwide collaboration 
are conservation of genetic materials, cited by Burundi; development and pro-
motion of drought-tolerant species, cited by all countries; and soil conserva-
tion, cited by Burundi, Rwanda, and Tanzania. To date, the NAPAs of only 
three countries (Burundi, Rwanda, and Tanzania) have indicated that they 
carry out these strategies. 

Adaptation includes investments in improved land management, adjust-
ment of planting dates, and introduction of new crop varieties; mitigation 
includes improving energy efficiency and crop yields and increasing carbon 
storage through new land management techniques. Agricultural adaptation 
investments remain limited, likely because climate change issues are perceived 
as long term, whereas political horizons are short term.

Climate-Sensitive Development Policies
Apart from development of technologies as a means of adapting to climate 
change, action is required at the policy level. Policies are needed to build spe-
cific adaptive capacity in some of the most affected areas, to integrate climate 
change concerns into existing policies, and to ensure that program do not fur-
ther undermine the resilience of the poor when they are faced with climate 
change. Some of the commonly cited areas for policy reform mentioned in the 
chapters of this monograph include the following: 

•	 Research and extension. There are already a number of research programs 
focused on climate change. For example, a project on crops and livestock 
in Sudan started in 2011. Different types of development projects are also 
being conducted in DRC, Kenya, Madagascar, Rwanda, Tanzania, and 
Uganda that consider the issue of climate change. However, more research 
programs and development projects in different disciplines are required. 

•	 Rehabilitation of degraded agricultural lands. This has been highlighted in 
Eritrea, Ethiopia, Kenya, Sudan, and Uganda, which are identifying 
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adaptable land management practices and tree species and promoting the 
planting of trees as helpful in preventing soil erosion and controlling and 
improving the microclimate. In some places, steep slopes with shallow soils 
are cultivated. Reclamation of degraded lands (sand dunes, gullies, and 
marginal lands) through the construction of mechanical structures or ter-
races and the planting of trees could stabilize these structures. In the coastal 
areas, for instance, plant species tolerant of drought and salinity could be 
planted both in the major urban centers and in the rural communities. 

•	 Agro-forestry practices. The introduction of multipurpose trees integrated 
with crop production alleviates the problem of animal feed and helps to 
restore soil fertility, conserve moisture, and increase crop productivity. 
Tree planting combined with crop production should be promoted at both 
community and household levels. In the drier areas, livestock feeding and 
watering points are critical: enriching the rangelands by oversowing ground 
cover, including species that are drought-tolerant legumes and grasses, can 
solve the problem of a shortage of animal feed. Protection of wetlands is a 
concern in Uganda.

•	 Coordination and implementation of climate change polices. This includes harmo-
nization of policies and institutional frameworks affecting climate change 
adaptation across different approaches and strategies, as is highlighted in 
Eritrea, Ethiopia, Kenya, Sudan, and Uganda.

•	 Capacity building. There is a need to build human, institutional, infrastruc-
ture, and financial capacity for implementing policies directed at climate 
change, and this need is reflected in the ten countries. It has been raised as 
a major concern in Burundi, Eritrea, Ethiopia, and Madagascar. Specific 
needs are training in modeling for climate change, remote sensing, and the 
development and building of capacity for early warning systems.

•	 Irrigation. This is considered critical in countries with large arid and semi-
arid zones, namely Eritrea, Ethiopia, and Kenya. 

•	 Stemming high rates of population growth. This is particularly recognized in 
countries with the fastest growth rates, such as Ethiopia and Madagascar, 
and in small countries with low growth rates, such as Burundi and Rwanda. 

•	 Access to and use of land. Fragmentation of land as well as scattered par-
cels of land have contributed to land degradation in Burundi and 
Eritrea. It is important to ensure equitable land tenure by offering tenure 
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for long periods to allow for proper management of land. A number 
of environment-related policies have been drafted but have yet to be sup-
ported with relevant and coherent laws and regulations. 

•	 Alternative energy sources and risk management. The use of energy-saving stoves 
reduces the amount of firewood used and the number of trees that are cut 
for firewood and charcoal. Other sources of energy such as wind and solar 
should also be considered. Surprisingly, this was raised as a major concern 
by Eritrea only. Risk management in the form of insurance is mentioned 
only in Ethiopia.

In a Nutshell
Climate change predictions point to a rise in minimum temperatures but con-
flicting projections regarding rainfall. Rainfall is also predicted to be more erratic 
and violent, further disrupting predominantly rainfed agricultural production 
systems, with coffee predicted to be the most affected. The predicted future cli-
mate will also affect the productive infrastructure of ECA and exacerbate the 
constraints on other livelihood systems. Options for response to climate change 
that are noted in the NAPAs are costly and are yet to be implemented.

Crop simulation models and recent observations point to a possible expan-
sion of the crop production zones for staple crops and livestock. The merits of 
this change include enhancement of the food security of communities in the 
new production areas, although there will also likely be adverse impacts in the 
sense that farmgate prices might collapse, undermining household incomes 
and resilience to climate change.

IMPACT, which includes both climate effects as well as demographic and 
income effects, predicts that the output of the majority of the foodcrops will 
increase on account of acreage expansion for some and technological advance-
ment for others. The disease pressure will increase, especially for coffee, cas-
sava, and plantains. Policies and investments are needed to promote agricultural 
growth with a focus on smallholder productivity in the face of climate change. 

The occurrence of the global food crisis has renewed attention to agricul-
ture and spurred increased investment in the sector (Fan, Torero, and Headey 
2011; Karugia et al. 2011). Although our modeling in IMPACT suggests that, 
on average, food production and availability should increase in the future, it 
is not able to tell us about the year-to-year variation in global food produc-
tion and availability. In its Fourth Assessment Report the IPCC suggested that 
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droughts may increase with climate change, and if the droughts cover large 
areas when they occur, shocks to the food system may occur, causing more fre-
quent food crises. Furthermore, the models predicts changes in national pro-
duction, but apart from a special focus on the small farmers, the gains could be 
realized mostly in the commercial sector. Therefore, recognizing these distinct 
possibilities in the future, it is understandable why the ten countries of the 
EAC call for public policies ensuring that small farmers have opportunities to 
increase their productivity and income. Some of the investments they propose 
include investments in crop breeding and livestock research, extension services, 
improved smallholder access to inputs such as seeds and fertilizer through 
lower transport and marketing costs, and rural infrastructure. The impor- 
tance of regional trade as a means of offsetting food shortages is highlighted  
in Madagascar, Rwanda, and Tanzania.

The agricultural adaptation strategies presented in this monograph out-
line national priorities for actions to achieve enhanced agricultural and over-
all development. They are usually put forward by individual countries based 
on assessments of national needs. These strategies show weaknesses manifested 
by poor coordination or implementation of the stated objectives. Improved 
coordination and implementation of strategies and policies will go a long way 
toward minimizing risks associated with climate change.

Regional Action
Some strategies require regional actions. These include strategies on issues of 
transboundary resources such as lakes, rivers, and forests and issues that need 
collective action such as disease control, forecasting and early warning sys-
tems, and capacity building. However, attempts to identify strategic priori-
ties for agricultural adaptation at a regional level are lacking. Organizations 
mandated to develop and implement regional agricultural development pro-
grams are just beginning to put together strategies that need further fine-
tuning and implementation. 

Forces such as globalization, market liberalization, privatization, urbaniza-
tion, population growth, and climate change are redefining many of the prob-
lems facing agricultural policymakers and thus the kinds of policy solutions 
required. Most of these forces have roots and expressions that extend beyond 
national boundaries, implying the need for broad perspectives and regional 
responses (Omamo et al. 2006). Neighboring countries might gain from coop-
erating with the rest of the world on key problems. For example, when several 
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countries join efforts as a regional bloc they stand to achieve greater negoti-
ating power and leverage than would those countries acting individually in 
dealing with the World Trade Organization or with other regional groupings. 
Some countries in a region might be able to act as regional growth centers 
and pull neighboring countries along with them as they grow. In the spirit of 
regional integration, countries may buy imports from their neighbors, attract 
migrant workers, and act as sources of investment capital. These regional trade 
dynamics can be more powerful if key development policies are synchronized 
across countries.  Finally, some national investments might generate bene-
fits for their neighbors, leading to efficiency gains from regional rather than 
national investment strategies. For example, agricultural research and develop-
ment (R&D)—say, in breeding for drought resistance—in one country might 
lead to spillover benefits for neighboring countries that have similar agroeco-
logical conditions. It might be inefficient for each country to undertake wholly 
independent R&D; significant gains might be achieved from regionally con-
ceived and implemented R&D programs. This approach is already bearing 
fruit in the regional centers of excellence being developed in ECA for cassava, 
dairy rice, and wheat (ASARECA 2008).

Climate change also requires networking at local, regional, and global lev-
els. This will promote the development and exchange of information for data-
base development and training. Suitable arrangement of institutions is needed 
to harmonize and coordinate efforts to adapt to climate change. 

It is tempting to imagine that adaptation decisions might wait for models 
that can provide greater certainty about what might happen where. This is a 
forlorn hope. Faster computers and new modeling techniques might well pro-
vide more details and finer distinctions. But they will not necessarily be more 
accurate or capable of being shown to be so. Decisions about adaptation will 
be made in conditions of pervasive uncertainty. So the trick will be to find 
ways of adapting to many possible future climates, not to tailor expectations to 
one future in particular. Even then, adaptation can help only up to a point.

Many of the millions of farming households in the ten ECA countries, 
which make up the bulk of the agricultural labor force, already face more vari-
able weather than do farmers in developed countries. That and a lack of social 
safety nets makes most of them highly risk averse, which further limits their 
ability to undertake adaptation strategies such as changing crop varieties and 
planting patterns. They often prefer strategies with less risk but lower yields. 
Worse, in bad weather a whole region’s crops suffer together. Here as else-
where, there is a role for in surance to transfer and spread the risks. But getting 
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farmers to invest in such schemes, even with small premiums, is hard. It also 
requires finding reinsurance for the local insurer because there is a high chance 
that many claims will be made at once.

Farmers may be cheered by the thought that food prices are likely to rise. 
For poor farmers, who spend much of their income on food, this will be a 
mixed blessing, especially if higher frequencies of drought make prices more 
volatile too. For poor people more generally, it is even worse news. 

More than half the world’s people already live in cities. Three-fourths or 
more may do so by midcentury. Encouraging this trend further, at least in 
some places, may be a useful way of reducing the economy’s exposure to cli-
mate change. How countries cope with increasing population growth is a mat-
ter of concern.
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