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this monograph considers potential impacts of climate change adaptation 
on agriculture in 10 countries of eastern and central Africa: Burundi, 
Democratic Republic of Congo (DRC), Eritrea, Ethiopia, Kenya, 

Madagascar, Rwanda, Sudan, Tanzania, and Uganda.1 Each of these countries 
is treated separately in one of the chapters that follow this overview chapter 
and a chapter on methodology and precede the chapter in which we summa-
rize our findings and draw some conclusions. In the course of this monograph 
we present tables, graphs, and maps that provide an overview for each country, 
showing historical trends in demographics, poverty, and income, along with 
a brief summary of current land cover and land use, with a focus on agricul-
tural uses. 

In this monograph we make two main analytical contributions. One is 
from using Decision Support Software for Agrotechnology Transfer (DSSAT) 
crop modeling software together with climate model results to look at the 
effects of climate change on yield without any adaptation. The other is from 
inputting projections regarding demography and gross domestic product 
(GDP) into a global partial equilibrium food and agriculture model, the 
International Model for Policy Analysis of Agricultural Commodities and 
Trade (IMPACT), along with climate change and technological change, to 
get a more complete picture of what the future may hold when adaptation and 
progress are accounted for. Our focus is on the cropping sector, and although 
we acknowledge that the livestock sector is important and we make references 
to it throughout the monograph, it is not one of our objectives to treat it here.

Agriculture drives the economies of these countries and contributes 
to 43 percent of their GDP annually (Omamo et al. 2006). Agriculture in 
Burundi, DRC, Ethiopia, Sudan, and Tanzania accounts for more than 50 per-
cent of GDP, while in Kenya, Eritrea, and Madagascar it accounts for less than 

 1 The new republic of South Sudan separated from Sudan on July 9, 2011. This was after the analy-
sis had been completed for this monograph, which was based on the old Sudan.
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30 percent. Countries with relatively large (small) national economies also have 
relatively large (small) agricultural economies (Omamo et al. 2006). The larg-
est economies are those of Kenya, Tanzania, Uganda, DRC, Ethiopia, and 
Madagascar; the smallest are those of Eritrea and Burundi. Eritrea has little 
agricultural land; Kenya’s structural transformation toward a less agriculture-
based economy is more advanced than in other countries in the region; 
Madagascar’s large agricultural potential remains mostly untapped. Out of the 
division of the former country of Sudan, prospects for the two countries may 
favor the new Sudan due to its smaller population, its oil reserves, and its high 
potential for irrigated agriculture. Southern Sudan may stay in the league of 
small economies for a while as it lays foundations and develops institutions for 
the economy. Discovery of oil in Uganda may change the economic setting for 
that country drastically in a few years. 

Most agricultural production relies on rainfall and is spread across diverse 
agroecological zones that can be differentiated by topography and soil types, 
most of which are highly degraded or eroded and face poor soil fertility man-
agement and continuous cropping (Sanchez et al. 1997). The main mode of 
production is dominated by smallholders. Population growth in the 10 coun-
tries is among the highest in the world and poses challenges of food insecurity, 
which is already severe. 

Recent trends and the current performance of agriculture in the 10 coun-
tries expose a region that is progressively less able to meet the needs of its 
burgeoning population. With agriculture looming so large in most of the 
economies of eastern and central Africa, sluggish growth in agricultural pro-
ductivity translates into sluggish overall growth and generally low per cap-
ita income levels. High levels of agricultural importation—particularly of 
staples—appear to be only partially filling the consumption needs of a pop-
ulation lacking purchasing power, resulting in extensive adult and child mal-
nutrition and towering child mortality rates. In the face of climate change, 
adaptation is essential for sustained economic growth in these countries. 
Arable areas in the region are under severe pressure to increase their produc-
tivity to feed a rapidly increasing human population. Sharp increases in the 
prices of staple foods such as cereals since 2008 as well as high price volatility 
are already hitting the poorest consumers, who spend a large proportion—
about 50 to 70 percent—of their income on food and have limited capac-
ity to adjust quickly to rapid price increases (Karugia et al. 2011). Because 
it is not possible to increase the area under production in the higher-
potential areas, effective technologies and interventions are required to 
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increase farm productivity and enhance sustainability and thereby improve 
human well-being. 

Labor productivity in eastern and central Africa has declined to the extent 
that the region produced less per worker in 2000 than it did four decades earlier 
(Omamo et al. 2006). This regionwide contraction has been based on contrac-
tions in DRC, Kenya, Madagascar, and Tanzania. However, labor productivity 
in Ethiopia, Rwanda, Sudan, and Uganda has recovered substantially in recent 
years. Given these trends in agricultural productivity in eastern and central 
Africa, it is not surprising that the average yields of the region’s major crops cur-
rently fall well below those elsewhere in Africa and even further below global lev-
els. Only for cassava, beans, coffee, and tea do the yields of eastern and central 
Africa compare favorably with average African and global yields.

These challenges are redefining many of the problems facing agricultural 
policymakers in eastern and central Africa and thus the kinds of policy solu-
tions required. Most of these forces have roots and expressions that extend 
beyond national boundaries, implying the need for broad perspectives and 
regional responses. 

The Intergovernmental Panel on Climate Change (IPCC), 
Climate Change and Agriculture, and Food Security
In the Fourth Assessment Report of the IPCC, Working Group 1 reports that 
“climate is often defined as ‘average weather.’ Climate is usually described in 
terms of the mean and variability of temperature, precipitation, and wind over 
a period of time, ranging from months to millions of years (the classical period 
is 30 years)” (Le Treut et al. 2007, 96).

The increase in greenhouse gas emissions is raising average temperatures. 
The consequences include changes in precipitation patterns, more and more 
extreme weather events, and shifting seasons. The accelerating pace of climate 
change, combined with global population and income growth, threatens food 
security everywhere. 

Agriculture is vulnerable to climate change in a number of dimensions. 
Higher temperatures eventually reduce yields of desirable crops and tend to 
encourage weed and pest proliferation. Greater variations in precipitation pat-
terns increase the likelihood of short-run crop failures and long-run produc-
tion declines. Although there might be gains in some crops in some regions of 
the world, the overall effects of climate change on agriculture are expected to 
be negative, threatening global food security. The expected effects are 
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•	 direct, on crops and livestock productivity domestically; 

•	 indirect, on the availability or prices of food domestically and in interna-
tional markets; and 

•	 indirect, on income from agricultural production at both the farm and the 
country levels.

Review of Current Regional Trends
This section provides an overview of the starting point for an assessment of 
the potential vulnerability of eastern and central African agriculture to climate 
change. It looks at recent population and income developments to provide a 
backdrop to potential futures. Two key indicators of well-being are reviewed—
under-five mortality and life expectancy at birth. The current climate situ-
ation is discussed, along with the role of regional programs in supporting 
food security.

Economic and Demographic Indicators

population

The current population of the 10 countries of eastern and central Africa 
is 359 million people. Between 1988 and 2008 the populations in 9 of 
the 10 countries (excluding DRC) increased by a staggering 74 percent, 
to 277 million people, signifying an annual growth rate of 3.7 percent 
(Table 1.1). Growth rates between 1990 and 2008 were generally high, 
with Uganda (which was recovering from many years of internal conflicts), 
Ethiopia, and Tanzania leading. The low rates in Rwanda and Burundi may 
be explained by the genocide that occurred in those two countries in that 
period. The big countries in terms of area—Ethiopia, Tanzania, and Sudan—
are also the most populous, whereas Rwanda, Burundi, and Eritrea—which 
are relatively small—have the lowest populations. In general, there is grow-
ing urbanization, resulting in higher population densities in cities and major 
towns (Figure 1.1). The highest rates of growth are in Sudan, Madagascar, and 
Tanzania. Rapid urbanization in the region is posing a great challenge to gov-
ernments in providing basic amenities for the inhabitants.

In all the countries, there is a general pattern of high population densities 
in and around urban areas. There is also a generally higher population density 
in the highlands and along lakes and the coastal belt (see Figure 1.1). 

4 Chapter 1



TABLE 1.1  population of east africa, annualized growth rate, and percent urban, 1988 and 
2008

Country

total population (millions)
annualized growth rate, 

1990–2008 (%)

percent urban

1988 2008 1988 2008

Burundi 5.39 8.07 2.49 6 10

DR Congo 35.49 64.21 4.05 28 34

Eritrea 3.05 5.00 3.20 16 21

Ethiopia 45.21 80.71 3.93 12 17

Kenya 21.91 38.53 3.79 18 22

Madagascar 10.63 19.11 3.99 23 30

Rwanda 7.01 9.72 1.93 5 18

Sudan 25.86 41.35 2.99 25 43

Tanzania 23.89 42.48 3.89 18 26

Uganda 16.49 31.66 4.60 10 13

Source: World Development Indicators (World Bank 2009).
Note: DR Congo = Democratic Republic of Congo.

FIGURE 1.1   population distribution in east africa, 2000 (persons per square kilometer)
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income

Per capita GDP in the 10 countries of eastern and central Africa is low by 
world standards; the highest is US$532 in Sudan and the lowest US$111 in 
Burundi (Table 1.2).2 The highest growth rates between 1998 and 2008 were 
in Uganda, Sudan, Ethiopia, and Tanzania; growth was stagnant in Kenya 
and declined in Burundi and Madagascar. The growth rate in Uganda can be 
attributed to a good economic environment after years of conflicts. For Sudan 
the growth coincided with the extraction of oil. The Kenya situation can be 
explained by slow economic growth between 1998 and 2002, which reversed 
thereafter. The cases of Burundi and Madagascar can be explained by genocide 
and protracted political standoff, respectively. In general, adverse climatic con-
ditions may also have contributed to slow growth in most countries.

Across the region, there has been an increasing decline in the share of agri-
culture in overall GDP (see Table 1.2). This can be attributed to the rapid 
expansion of other sectors, such as oil in Sudan, construction and service sec-
tors such as mobile communications in Uganda and Kenya, and tourism in 
Kenya and Madagascar. In addition, the relative stagnation in crop produc-
tivity and production as a result of inadequate use of desired inputs and in-
adequate mechanization coupled with adverse weather conditions has also 
contributed to the decline of the agricultural sector.

Well-being Indicators (Regional)

Under-five mortality declined by 22 percent between 1988 and 2008 in eight 
of the nine countries of eastern and central Africa where data were available 
(Table 1.3). The only exception was Kenya, where a rise was attributed to 
the effects of structural adjustment programs of the early 1990s, which saw 
a decline in public health services. Although significant declines have been 
noted in Eritrea, Ethiopia, and Madagascar, the average rate of infant mor-
tality, 126 per 1,000 in 2008, was still high. Life expectancy at birth gener-
ally improved across the nine countries with the exception of Kenya, where 
it declined. The greatest improvement was in Rwanda, where life expec-
tancy jumped from 32 years to 50 between 1988 and 2008. The majority of 
the countries have a life expectancy of between 50 and 60 years. The gen-
eral decrease in under-five mortality and increase in life expectancy are due 
to increasing numbers of health campaigns, improvement in the provision of 
health services, and probably a decline in the prevalence of major diseases such 
as malaria and HIV/AIDS.

 2 All dollar figures in the book are constant 2000 U.S. dollars.
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TABLE 1.2  income of east africans (gdp per capita and share of gdp from agriculture), 
1988 and 2008

Country

gdp per capita (constant 2000 us$) share of gdp from agriculture (%)

1998 2008 1998 2008

Burundi 153.13 111.31 54.25 n.a.

DR Congo 99.62 98.51 48.71 38.12

Eritrea 212.15 147.46 23.37 23.47

Ethiopia 134.72 189.80 53.86 42.70

Kenya 441.24 463.72 29.89 21.27

Madagascar 286.16 270.78 33.49 25.20

Rwanda 244.52 313.20 39.22 34.64

Sudan 265.25 532.12 41.52 25.80

Tanzania 256.26 362.36 44.76 n.a.

Uganda 172.15 348.09 56.71 22.67

Source: World Development Indicators (World Bank 2009).
Note: DR Congo = Democratic Republic of Congo; GDP = gross domestic product; n.a. = not available; US$ = US dollars.

TABLE 1.3  under-five mortality and life expectancy at birth in east africa, 1988 and 2008

Country

under-five mortality (deaths per 1,000) life expectancy at birth (years)

1988 2008 1988 2008

Burundi 188.7 179.5 45.98 50.23

DR Congo n.a. n.a. n.a. n.a.

Eritrea 147.0 70.4 48.57 57.87

Ethiopia 204.4 118.6 47.16 54.98

Kenya 97.0 121.2 59.38 54.06

Madagascar 168.0 111.8 51.39 60.11

Rwanda 195.3 180.6 31.90 49.81

Sudan 125.2 108.6 52.75 57.95

Tanzania 157.2 115.6 50.66 55.36

Uganda 174.6 130.4 47.55 52.37

Source: World Development Indicators (World Bank 2009).
Note: DR Congo = Democratic Republic of Congo; n.a. = not available.
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Poverty is widespread in eastern and central Africa; in a majority of the 
countries, more than 50 percent of the population live on less than US$2 per 
day (Figure 1.2). The situation in Sudan is inconclusive because of a lack of 
data. However, pockets in Kenya, Uganda, and Tanzania have 20–40 percent 
of the population living on less than US$2 per day. 

Climate, Land Use, and Agriculture

At a glance, most parts of the 10 countries of eastern and central Africa 
appear to be arid and receive less than 1,000 millimeters of rainfall in a year 
(Figure 1.3). However, large swaths of DRC, Madagascar, and Ethiopia 
receive large amounts of rainfall (ranging up to 3,300 millimeters per year). 
At the same time, large parts of Sudan, Ethiopia, and Kenya receive less than 
700 milli meters of rainfall in a year. 

The average daily maximum temperature in the warmest month is rela-
tively moderate at the equator, which cuts the northern quarter of DRC and 

FIGURE 1.2  poverty in east africa, circa 2005 (percentage of population below us$2 
per day)
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half of Uganda and Kenya (Figure 1.4), except in the semiarid northeast of 
Kenya. However, moving away from the equator, particularly northward, we 
see the temperatures rise, except in the highlands, up to 44°C. The other parts, 
which include the highlands of Ethiopia and Eritrea, have moderate tempera-
ture ranges from 24° to 33°C to near-tropical temperatures of less than 21°C in 
the highlands.

The agroecology of eastern and central Africa ranges from bare lands in 
the north to dense tree cover in DRC, Uganda, southern Tanzania, pock-
ets of southwestern Ethiopia, and the costal belts of Tanzania and Kenya 
(Figure 1.5). In between are large swaths of shrubs and cultivated areas. As 
a result of high population pressure in areas with high agricultural poten-
tial, natural forests and sparse herbaceous cover areas—the savannahs that 
are home to wildlife and are suitable for livestock rearing—are under threat 
of being converted into croplands. In general, plantation tree crops as well as 
root crops dominate the humid coastal areas, whereas cereals become predom-
inant northward. The arid parts of Madagascar, northern Tanzania, north-
ern and eastern Ethiopia, and central Sudan are home to people with pastoral 

FIGURE 1.3  annual average precipitation in east africa, 1950–2000 (millimeters per year)
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livelihoods and have pockets of endemic biodiversity. Many governments are 
increasingly supporting initiatives aimed at conserving natural habitats and 
protecting key natural resources including forests (Figure 1.6). The protected 
areas are home to many species of plants and animals and are important for 
tourism. Several of these sites are among the world heritage sites (http://whc.
unesco.org/en/list). The naming of Maasai Mara game reserve in Kenya as one 
of the seven new wonders of the world in an ABC Television poll in 2006 has 
boosted tourism.

In general, major cities are linked within each country of eastern and cen-
tral Africa (Figure 1.7). The longest artery is the highway that runs from the 
coast of Kenya, then cuts westward through the country to enter Uganda, 
where a branch runs to the north, linking Uganda to Sudan, and another 
runs to the west, linking DRC, Rwanda, and Burundi. A similar artery runs 
from the coast of Tanzania; it cuts through the mainland and has a branch 
into Kenya and another into Burundi, with links to the south of Tanzania. 
Although the major cities and towns, especially those on the key arteries, 

FIGURE 1.4  annual daily maximum temperature in east africa, 1950–2000 (°C)
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FIGURE 1.5  land cover and land use in east africa, 2000
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are well served and have relatively short travel times, the same is not true for 
most rural and arid areas. Most rural areas, where agriculture is the key activ-
ity, and arid areas, which are home to pastoral activities, have travel times 
of 3 to 26 hours. Landlocked countries such as Burundi, Ethiopia, Rwanda, 
and Uganda face added travel costs for their goods (imports or exports) that 
have to go by sea. Current efforts by the East African Community and the 
Common Market for Eastern and Southern Africa to build and refurbish 
regional road networks along arteries will go a long way to open and facilitate 
regional trade.

Tables 1.4–1.7 show the major crops grown in eastern and central Africa. 
The major cereals are sorghum, maize, rice, wheat, and millet (Table 1.4). 
Sorghum occupies the largest area among the cereal crops, followed very 
closely by maize. Both these crops and wheat are grown in all countries. The 
dominant producers are Sudan for sorghum, Tanzania for maize, and Ethiopia 
for wheat. Beans, groundnuts, and cowpeas are the major legumes cultivated in 
the region (Table 1.5). Beans and groundnuts are grown in all countries in the 

FIGURE 1.6  protected areas in east africa, 2009
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World Wildlife Fund’s Global Lakes and Wetlands Database (Lehner and Döll 2004).
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FIGURE 1.7  travel time in east africa, circa 2000
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TABLE 1.4  average harvest area of leading agricultural commodities in east africa, grains, 
2006–2008 (hectares)

Country barley maize millet rice (paddy) sorghum wheat total

Burundi 0 115,000 10,333 20,833 65,667 9,667 221,500

DR Congo 780 1,483,594 56,778 418,781 9,425 6,763 1,976,121

Eritrea 47,667 18,333 57,000 0 260,667 15,833 399,500

Ethiopia 1,000,708 1,662,679 388,106 8,507 1,488,642 1,452,725 6,001,366

Kenya 17,892 1,734,496 106,327 18,766 141,152 127,243 2,145,876

Madagascar 0 276,667 0 1,243,667 2,000 4,400 1,526,733

Rwanda 0 111,612 5,000 14,011 172,099 22,991 325,713

Sudan 0 57,169 2,296,111 6,685 6,542,557 253,477 9,155,998

Tanzania 2,000 3,066,667 265,000 723,333 896,667 54,000 5,007,667

Uganda 0 841,667 438,000 120,000 314,333 10,667 1,724,667

Total 1,069,047 9,367,884 3,622,654 2,574,584 9,893,209 1,957,766 28,485,141

Source: FAOSTAT (FAO 2010).
Notes: DR Congo = Democratic Republic of Congo. All values are based on the three-year average for 2006-2008.

TABLE 1.5  average harvest area of leading agricultural commodities in east africa, pulses 
and nuts, 2006–2008 (hectares)

Country dry beans
Cashew 

nuts Cowpeas groundnuts
pigeon 
peas soybeans total

Burundi 230,000 0 0 12,833 2,000 3,700 248,533

DR Congo 207,492 0 116,015 474,769 9,880 33,492 841,648

Eritrea 3,000 0 0 2,533 0 0 5,533

Ethiopia 206,159 0 0 35,146 0 6,826 248,131

Kenya 827,885 2,000 146,764 17,000 182,381 2,504 1,178,534

Madagascar 83,767 16,400 4,600 54,933 0 50 159,750

Rwanda 358,794 0 0 16,732 0 42,788 418,314

Sudan 7,258 0 109,510 715,427 0 0 832,195

Tanzania 716,667 92,333 150,000 413,333 67,500 5,000 1,444,833

Uganda 871,667 0 72,333 236,333 87,000 146,667 1,414,000

Total 3,512,688 110,733 599,222 1,979,040 348,761 241,027 6,791,472

Source: FAOSTAT (FAO 2010).
Notes: DR Congo = Democratic Republic of Congo. All values are based on the three-year average for 2006-2008.
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TABLE 1.6   average harvest area of leading agricultural commodities in east africa, root 
crops, bananas, and plantains, 2006–2008 (hectares)

Country bananas Cassava plantains potatoes
sweet 

potatoes yams total

Burundi 336,667 64,333 0 10,000 29,000 1,700 541,700

DR Congo 84,284 1,859,203 268,178 20,194 47,202 19,789 2,298,850

Eritrea 0 0 0 2,467 0 0 2,467

Ethiopia 34,809 0 0 61,798 56,327 32,753 185,687

Kenya 39,538 58,928 39,538 118,783 66,278 858 323,923

Madagascar 58,333 316,790 0 37,947 125,467 0 538,537

Rwanda 10 112,953 375,431 139,917 138,575 1,500 768,386

Sudan 2,300 6,000 0 15,698 650 57,000 81,648

Tanzania 480,000 673,333 308,000 125,333 505,000 1,483 2,093,150

Uganda 135,000 382,667 1,678,333 93,333 587,000 0 2,876,333

Total 1,170,942 3,474,208 2,669,481 625,470 1,655,498 115,083 9,710,682

Source: FAOSTAT (FAO 2010).
Notes: DR Congo = Democratic Republic of Congo. All values are based on the three-year average for 2006-2008.

TABLE 1.7  average harvest area of leading agricultural commodities in east africa, other 
crops, 2006–2008 (hectares)

Country
Cocoa 
beans Coffee seed cotton

sesame 
seeds sugar cane sunflowers total

Burundi 0 22,667 5,100 0 2,500 0 30,267

DR Congo 18,500 81,872 60,000 11,022 39,307 0 210,702

Eritrea 0 0 0 51,833 0 0 51,833

Ethiopia 0 370,794 84,333 205,635 21,494 0 682,256

Kenya 0 162,667 84,133 26,000 56,096 13,000 341,896

Madagascar 6,170 121,700 12,667 0 82,000 0 222,537

Rwanda 0 34,000 0 0 4,433 0 38,433

Sudan 0 0 150,965 1,470,110 68,667 71,873 1,761,615

Tanzania 6,833 110,000 415,000 120,000 22,333 82,333 756,500

Uganda 30,433 250,000 91,667 280,667 35,000 170,333 858,100

Total 61,937 1,153,699 903,865 2,165,267 331,830 337,540 4,954,139

Source: FAOSTAT (FAO 2010).
Notes: DR Congo = Democratic Republic of Congo. All values are based on the three-year average for 2006-2008.
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region. Uganda has the largest area under beans, while Sudan has the largest 
area under groundnuts. Cassava and sweet potatoes are the major root crops 
grown and consumed in eastern and central Africa (Table 1.6). The largest 
producer of cassava is DRC, while Uganda leads in the production of plantains 
and sweet potatoes. The major cash crops in the region are sesame, coffee, and 
cotton (Table 1.7). The largest producer of sesame is Sudan, while Ethiopia 
leads in the production of coffee and Tanzania in the production of cotton.

Figures 1.8–1.12 show the distribution and yield of major cereal crops 
grown in eastern and central Africa. Rainfed maize is produced across the region 
(Figure 1.8). Millet and sorghum are produced mainly in Sudan, Ethiopia, 

FIGURE 1.8  yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
maize in east africa, 2000
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.
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FIGURE 1.9  yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
millet in east africa, 2000
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.

Uganda, Kenya, and Tanzania (Figures 1.9 and 1.10). Similar to maize produc-
tion, rice production is concentrated in Tanzania, Madagascar, Uganda, and 
Sudan (Figure 1.11). Rainfed wheat is grown in large portions of Ethiopia and 
Madagascar and in more limited areas of Kenya, Tanzania, Rwanda, Burundi, 
and DRC (Figure 1.12). Rainfed cereal yields are still very low in the region. 
Rice and maize yield an average of between 1.2 and 1.4 tons per hectare, while 
sorghum yields around 1 ton per hectare and millet yields about 0.6 ton per 
hectare.3 Figure 1.13 shows the data for a number of irrigated crops.

 3 All tons in this book are metric tons.
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Scenarios for the Future

Population and Income Scenarios

All scenarios for the future, described further in Chapter 2, include a signifi-
cant increase in the populations of the 10 countries of eastern and central Africa 
by 2050 (Table 1.8). In the pessimistic scenario, populations of all countries in 
the region will more than double. A similar outcome occurs in the baseline sce-
nario for all countries except Burundi and Sudan. In the optimistic 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 

FIGURE 1.10  rainfed sorghum projections for east africa for yield, area, and production, 
2010 and 2050

< 0.25 MT/ha

0.25−0.5 MT/ha

0.5−1 MT/ha

1−1.5 MT/ha

1.5−2 MT/ha

2−3 MT/ha

3−5 MT/ha

5−7 MT/ha
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10−30 ha

30−100 ha
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Notes: DR Congo = Democratic Republic of Congo; Min (minimum) represents the smallest projected number from the 
simulations based on the CSIRO A1B, CSIRO B1, MIROC A1B, and MIROC B1 climate model/scenarios combined with the 
pessimistic, baseline, and optimistic scenarios. Max (maximum) represents the largest of the twelve simulated values. A1B 
= 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; B1 = greenhouse gas emis-
sions scenario that assumes a population that peaks midcentury (like the A1B), but with rapid changes toward a service and 
information economy and the introduction of clean and resource efficient technologies; CSIRO = climate model developed at 
the Australia Commonwealth Scientific and Industrial Research Organisation; MIROC = Model for Interdisciplinary Research 
on Climate, developed at the University of Tokyo Center for Climate System Research; ha = hectares; MT = metric tons.
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nine times in Burundi and the least increase, of four times, in Sudan. These num-
bers are further reflected in the baseline scenario. In the pessimistic scenario, the 
highest increase is a little less than fourfold in Burundi and Tanzania.

Biophysical Analysis

Predictions for rainfall vary between the general circulation models (GCMs) 
(Figure 1.14).4 Generally, for the A1B scenario, the CSIRO model predicts the 
driest future and MIROC predicts the wettest future, but there is significant 

 4 See Chapter 2 for details on how these scenarios were produced.

FIGURE 1.11  rainfed rice projections for east africa for yield, area, and production, 2010 
and 2050
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Notes: DR Congo = Democratic Republic of Congo; Min (minimum) represents the smallest projected number from the 
simulations based on the CSIRO A1B, CSIRO B1, MIROC A1B, and MIROC B1 climate model/scenarios combined with the 
pessimistic, baseline, and optimistic scenarios. Max (maximum) represents the largest of the twelve simulated values. A1B 
= 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; B1 = greenhouse gas emis-
sions scenario that assumes a population that peaks midcentury (like the A1B), but with rapid changes toward a service and 
information economy and the introduction of clean and resource efficient technologies; CSIRO = climate model developed at 
the Australia Commonwealth Scientific and Industrial Research Organisation; MIROC = Model for Interdisciplinary Research 
on Climate, developed at the University of Tokyo Center for Climate System Research; ha = hectares; MT = metric tons.
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spatial variation in each GCM, and in each location there are variations 
between GCMs.5 Simple averages tell us that all but the CSIRO model pre-
dict an average increase in rainfall for the region, and even the CSIRO model 

 5 CSIRO and MIROC are acronyms for two of the general circulation models (GCMs) discussed 
in this book. CSIRO is a climate model developed at the Australia Commonwealth Scientific 
and Industrial Research Organisation. MIROC is the Model for Interdisciplinary Research on 
Climate, developed at the University of Tokyo Center for Climate System Research. The A1B sce-
nario 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.

FIGURE 1.12  rainfed wheat projections for east africa for yield, area, and production, 
2010 and 2050
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Notes: DR Congo = Democratic Republic of Congo; Min (minimum) represents the smallest projected number from the 
simulations based on the CSIRO A1B, CSIRO B1, MIROC A1B, and MIROC B1 climate model/scenarios combined with the 
pessimistic, baseline, and optimistic scenarios. Max (maximum) represents the largest of the twelve simulated values. A1B 
= 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; B1 = greenhouse gas emis-
sions scenario that assumes a population that peaks midcentury (like the A1B), but with rapid changes toward a service and 
information economy and the introduction of clean and resource efficient technologies; CSIRO = climate model developed at 
the Australia Commonwealth Scientific and Industrial Research Organisation; MIROC = Model for Interdisciplinary Research 
on Climate, developed at the University of Tokyo Center for Climate System Research; ha = hectares; MT = metric tons.
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TABLE 1.8  summary statistics for assumptions on east africa’s population and per capita 
gdp used in the impaCt model, 2010 and 2050

Category 2010

2050

pessimistic baseline optimistic

Population (thousands)

 Burundi 8,519 16,814 14,846 13,006

 Democratic Republic of Congo 67,827 166,249 147,512 130,013

 Eritrea 5,224 12,198 10,787 9,458

 Ethiopia 84,976 196,245 173,811 152,720

 Kenya 40,863 97,541 85,410 74,187

 Madagascar 20,146 48,694 42,693 37,155

 Rwanda 10,277 24,829 22,082 19,498

 Sudan 43,192 86,371 75,884 66,140

 Tanzania 45,040 124,020 109,450 95,884

 Uganda 33,796 102,678 91,271 80,573

Income per capita (2000 US$)

 Burundi 153 569 973 1,450

 Democratic Republic of Congo 103 277 440 715

 Eritrea 201 505 955 1,379

 Ethiopia 138 323 720 1,037

 Kenya 407 543 2,255 3,286

 Madagascar 252 654 1,195 1,741

 Rwanda 300 468 1,583 2,268

 Sudan 151 320 372 680

 Tanzania 275 1,013 1,310 2,416

 Uganda 433 1,156 2,563 3,667

Sources: Computed from GDP data from the World Bank Economic Adaptation to Climate Change project (World Bank 2010), 
from the Millennium Ecosystem Assessment (2005) reports, and from population data from the United Nations (UNPOP 2009).
Notes: 2010 income per capita is for the baseline scenario. GDP = gross domestic product; IMPACT = International Model for 
Policy Analysis of Agricultural Commodities and Trade (International Food Policy Research Institute); US$ = US dollars.

predicts that rainfall, on average, will be virtually unchanged. But locally, the 
models can tell a different story. For example, in southern Madagascar, the 
models agree that rainfall will not increase and will more than likely decrease. 

Recent analysis by Funk et al. (2008) and Williams and Funk (2011) sug-
gest that these global models are too optimistic about precipitation in the 
future, suggesting that when the impact of Indian Ocean sea-surface tempera-
ture change on precipitation is taken into consideration, East Africa will be 
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FIGURE 1.14  Change in mean annual precipitation in east africa, 2000–2050, a1b scenario 
(millimeters)
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CNRM-CM3 CSIRO Mark 3

ECHAM 5 MIROC 3.2 medium-resolution

Source: Authors’ calculations based on Jones, Thornton, and Heinke (2009).
Notes: A1B = 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; CNRM-CM3 = National 
Meteorological Research Center–Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth Scien-
tific and Industrial Research Organization; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute 
for Meteorology (Hamburg); GCM = general circulation model; MIROC = the Model for Interdisciplinary Research on Climate, 
developed by the University of Tokyo Center for Climate System Research.

much drier, particularly in the “long rains” period of March to June. If these 
authors’ projections prove to be more realistic than the results based on the 
four GCMs that we use, the reader should expect the worst-case or minimum-
yield results presented throughout this monograph.
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Predictions of changes in the average daily maximum temperature of the 
warmest month are shown in Figure 1.15. Generally speaking, the CSIRO 
and MIROC models show the coolest future climates, averaging changes over 
the entire region of 1.3°C and 1.5°C, respectively. Of the two, the CSIRO 
model has smaller spatial variation, reflecting a narrower range of tempera-
ture changes over the entire region. Both the CNRM-CM3 and the ECHAM 
5 GCMs show an increase of 2.1°C on average, with the ECHAM 5 model 
exhibiting a smaller range of temperatures over the region.6

Both the CSIRO and MIROC GCMs result in a general increase in maize 
yields of 5–25 percent of baseline in most parts of the countries of east and 
central Africa and yield losses of 5–25 percent in large parts of DRC, Ethiopia, 
Tanzania, and northern Uganda (Figure 1.16). We also note increases in some 
areas, mostly in the highlands of Kenya and Ethiopia. These likely reflect an 
increase in temperature that would permit maize to be grown in areas in which 
it is currently too cold to grow maize well. 

Based on both the CSIRO and MIROC climate outcomes with the A1B 
SRES scenario, sorghum yields will decline by 5–25 percent across most of 
eastern and central Africa (Figure 1.17).7 The models also show a gain in 
baseline area of 5–25 percent in parts of western DRC and the highlands of 
Ethiopia, Kenya, Tanzania, and Sudan. All but the CNRM model show losses 
in a band across central Sudan. This may reflect temperatures rising too much 
for sorghum to continue being grown there.

Figure 1.18 shows the results of the work done with DSSAT crop mod-
eling for rainfed wheat. On average across all models, yields are reduced by 
around 8 percent, with the CSIRO model predicting relatively little loss and 
the ECHAM 5 model predicting the greatest loss.

Figure 1.19 shows the results for rainfed rice. On average, the rice yield 
under climate change is projected to increase by just over 3 percent, with all of 
the GCMs reporting very similar mean yields with climate change.

Figure 1.20 shows the results for rainfed groundnuts. The results vary 
across GCMs. For example, yields fall by around 7 percent on average for the 
CNRM model, in large part due to losses in Sudan. On the other hand, yields 
rise by around 8 percent on average in the MIROC model.

 6 CNRM-CM3 is National Meteorological Research Center–Climate Model 3; ECHAM 5 is a fifth-
generation climate model developed at the Max Planck Institute for Meteorology (Hamburg). 

 7 SRES stands for the Special Report on Emissions Scenarios of the IPCC.
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FIGURE 1.15  Change in monthly mean maximum daily temperature in east africa for the 
warmest month, 2000–2050, a1b scenario (°C)
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Source: Authors’ calculations based on Jones, Thornton, and Heinke (2009).
Notes: A1B = 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; CNRM-CM3 = National 
Meteorological Research Center–Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth Scien-
tific and Industrial Research Organization; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute 
for Meteorology (Hamburg); GCM = general circulation model; MIROC = the Model for Interdisciplinary Research on Climate, 
developed at the University of Tokyo Center for Climate System Research.
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FIGURE 1.16  yield change under climate change: rainfed maize in east africa,  
2000–2050, a1b scenario

CNRM-CM3 GCM CSIRO Mark 3 GCM
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Yield loss 5−25% of baseline

Yield change within 5% of baseline

Yield gain 5−25% of baseline

Yield gain > 25% of baseline

New area gained

Source: Authors’ calculations.
Notes: A1B = 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; CNRM-CM3 = National 
Meteorological Research Center–Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth 
Scientific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck 
Institute for Meteorology (Hamburg); GCM = general circulation model; MIROC 3.2 = the Model for Interdisciplinary Research 
on Climate, developed at the University of Tokyo Center for Climate System Research.
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FIGURE 1.17  yield change under climate change: rainfed sorghum in east africa,  
2000–2050, a1b scenario
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Source: Authors’ calculations.
Notes: A1B = 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; CNRM-CM3 = National 
Meteorological Research Center–Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth 
Scientific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck 
Institute for Meteorology (Hamburg); GCM = general circulation model; MIROC 3.2 = the Model for Interdisciplinary Research 
on Climate, developed at the University of Tokyo Center for Climate System Research.
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FIGURE 1.18  yield change under climate change: rainfed wheat in east africa,  
2000–2050, a1b scenario
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Source: Authors’ calculations.
Notes: A1B = 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; CNRM-CM3 = National 
Meteorological Research Center–Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth 
Scientific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck 
Institute for Meteorology (Hamburg); GCM = general circulation model; MIROC 3.2 = the Model for Interdisciplinary Research 
on Climate, developed at the University of Tokyo Center for Climate System Research.
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FIGURE 1.19  yield change under climate change: rainfed rice in east africa, 2000–2050, 
a1b scenario

CNRM-CM3 GCM CSIRO Mark 3 GCM

ECHAM 5 GCM MIROC 3.2 medium-resolution GCM

Baseline area lost

Yield loss >25% of baseline

Yield loss 5−25% of baseline

Yield change within 5% of baseline

Yield gain 5−25% of baseline

Yield gain > 25% of baseline

New area gained

Source: Authors’ calculations.
Notes: A1B = 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; CNRM-CM3 = National 
Meteorological Research Center–Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth 
Scientific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck 
Institute for Meteorology (Hamburg); GCM = general circulation model; MIROC 3.2 = the Model for Interdisciplinary Research 
on Climate, developed at the University of Tokyo Center for Climate System Research.
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FIGURE 1.20  yield change under climate change: rainfed groundnuts in east africa, 
2000–2050, a1b scenario
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Source: Authors’ calculations.
Notes: A1B = 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; CNRM-CM3 = National 
Meteorological Research Center–Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth 
Scientific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck 
Institute for Meteorology (Hamburg); GCM = general circulation model; MIROC 3.2 = the Model for Interdisciplinary Research 
on Climate, developed at the University of Tokyo Center for Climate System Research.
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Regional Agricultural Outcomes

Prices of major foodcrops are presented in Table 1.9. World market prices for 
maize, rice, sorghum, and wheat increase in all scenarios, whereas the price of 
millet is less in 2050. In 2050, prices for millet, rice, sorghum and wheat are 
higher under the pessimistic scenario than under the optimistic scenario.

Production of maize (Table 1.10), millet (Table 1.11), and sorghum 
(Table 1.12) increases by 2050 in all countries of eastern and central Africa 
except Ethiopia, Madagascar, and Uganda. The area under cultivation of both 
millet and sorghum increases except in Burundi for millet. The productiv-
ity of all three crops increases, mainly due to improved management practices, 
because the projected yields in 2050 are already attainable with existing local 
and improved varieties of these crops.

Vulnerability Outcomes

In the optimistic scenario, the number of malnourished children decreases 
for all the countries in eastern and central Africa (Table 1.13). Under the pes-
simistic scenario, the number increases in all countries. Keep in mind that an 
increase in numbers still reflects a decrease in the proportion of children under 
five who are malnourished, because by 2050 the population has increased by a 
large margin (Table 1.14).

TABLE 1.9 global commodity prices, 2010 and 2050 (2000 us$ per metric ton)

Crop

model 
price, 
2010

2050

pessimistic baseline optimistic

min max min max min max

Maize 111 209 265 216 272 200 253

Millet 341 305 327 291 307 267 283

Rice 239 433 441 378 388 323 328

Sorghum 145 184 193 184 193 175 184

Wheat 146 218 252 222 254 206 236

Source: Based on analysis conducted for Nelson et al. (2010). 
Notes: Min (minimum) represents the smallest projected number from the simulations based on the CSIRO A1B, CSIRO 
B1, MIROC A1B, and MIROC B1 climate model/scenario combinations. Max (maximum) represents the largest of the four 
simulated values. A1B = 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; B1 = 
greenhouse gas emissions scenario that assumes a population that peaks midcentury (like the A1B), but with rapid changes 
toward a service and information economy and the introduction of clean and resource efficient technologies; CSIRO = 
climate model developed at the Australia Commonwealth Scientific and Industrial Research Organisation; MIROC = Model for 
Interdisciplinary Research on Climate, developed at the University of Tokyo Center for Climate System Research.

overview 31



TABLE 1.10 maize changes in east africa under the baseline scenario, 2010 and 2050

Country

2010 2050

yield 
(mt/ha)

area 
(thousands 

of ha)
production 

(mt)

yield 
(mt/ha)

area 
(thousands of ha)

production 
(mt)

min max min max min max

Burundi 0.94 117 10 1.68 2.11 83 88 140 186

DR Congo 0.74 1,590 1,171 1.18 1.28 1,639 1,718 1,943 2,201

Eritrea 0.34 13 4 0.63 0.68 12 15 8 10

Ethiopia 1.87 1,809 3,385 2.13 2.49 1,437 1,565 3,060 3,891

Kenya 1.69 1,747 2,958 2.72 3.64 1,726 1,860 4,824 6,775

Madagascar 1.46 227 332 2.39 2.50 109 119 261 297

Rwanda 0.78 118 92 1.21 1.63 123 130 148 212

Sudan 0.72 79 57 0.96 1.01 87 90 84 90

Tanzania 2.51 1,066 2,671 2.56 3.02 1,068 1,137 2,740 3,428

Uganda 1.55 819 1,266 4.87 5.77 733 771 3,578 4,453

Source: Based on analysis conducted for Nelson et al. (2010). 
Notes: DR Congo = Democratic Republic of Congo; Min (minimum) represents the smallest projected number from the 
simulations based on the CSIRO A1B, CSIRO B1, MIROC A1B, and MIROC B1 climate model/scenario combinations. Max 
(maximum) represents the largest of the four simulated values. A1B = 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; B1 = greenhouse gas emissions scenario that assumes a population that peaks midcentury 
(like the A1B), but with rapid changes toward a service and information economy and the introduction of clean and resource 
efficient technologies; CSIRO = climate model developed at the Australia Commonwealth Scientific and Industrial Research 
Organisation; MIROC = Model for Interdisciplinary Research on Climate, developed at the University of Tokyo Center for 
Climate System Research.

A measure of vulnerability somewhat related to child malnutrition is mean 
calorie consumption, which we report in each of the country chapters and 
explain in Chapter 2. These values are forecast for the future within IMPACT, 
which is a worldwide partial equilibrium model dealing with food and agricul-
ture. In some of the low-income, high-population scenarios for the future, we 
find mean calorie consumption falling despite rises in per capita incomes. This 
result is in part due to the fact that the price of food also rises, and the negative 
price effects on consumption counteract the positive income effects. However, 
in examining the model more carefully, we also noted that the own-price elas-
ticities in the model were set too high in some countries, and this also influ-
enced the falling calorie consumption result for those countries.

Conclusions and Policy Recommendations
Countries in eastern and central Africa are highly vulnerable to climate, primar-
ily due to their reliance on rainfed agriculture, high population growth rates that 
average 3.7 percent, and endemic poverty that affects more than 50 percent of 
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the population. Although the countries are gradually shifting from agriculture 
to industrial, construction, and service sectors, agriculture still looms large as the 
economic driver and is hence vulnerable to climate change.

Climate change predictions point to increased rainfall and a rise in tem-
peratures. Rainfall is also predicted to be more erratic and violent, further dis-
rupting predominantly rainfed agricultural production systems. The future 
climate will also affect the productive infrastructure and exacerbate the con-
straints on other livelihood systems. Climate change response options that are 
noted in the National Adaptation Programmes of Action are costly and are yet 
to be implemented.

Climate scenarios show a general increase in maize yields in most parts of 
the countries of east and central Africa and yield losses in large parts of DRC, 
Ethiopia, Tanzania, and northern Uganda. On the other hand, they show that 
sorghum yields will decline across eastern and central Africa, while there will 
be gains in western DRC and the highlands of Ethiopia, Kenya, Tanzania, 
and Sudan.

TABLE 1.11 millet changes in east africa under the baseline scenario, 2010 and 2050

Country

2010 2050

yield 
(mt/ha)

area 
(thousands 

of ha)
production 

(mt)

yield 
(mt/ha)

area 
(thousands of ha)

production 
(mt)

min max min max min max

Burundi 1.01 10 10 2.41 2.93 7 7 17 21

DR Congo 0.67 66 44 2.16 2.22 100 107 217 235

Eritrea 0.49 40 20 1.28 1.44 55 69 75 96

Ethiopia 1.19 372 444 3.37 4.14 467 485 1,573 2,007

Kenya 0.46 125 57 1.50 1.82 164 177 255 315

Madagascar 0.00 0 0 0.00 0.00 0 0 0 0

Rwanda 0.69 6 4 1.34 1.57 8 9 12 14

Sudan 0.36 2,132 761 0.58 0.65 2,507 2,695 1,507 1,709

Tanzania 0.63 265 165 2.07 2.35 350 372 737 859

Uganda 1.38 477 660 3.06 3.32 602 644 1,889 2,091

Source: Based on analysis conducted for Nelson et al. (2010). 
Notes: DR Congo = Democratic Republic of Congo; Min (minimum) represents the smallest projected number from the 
simulations based on the CSIRO A1B, CSIRO B1, MIROC A1B, and MIROC B1 climate model/scenario combinations. Max 
(maximum) represents the largest of the four simulated values. A1B = 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; B1 = greenhouse gas emissions scenario that assumes a population that peaks midcentury 
(like the A1B), but with rapid changes toward a service and information economy and the introduction of clean and resource 
efficient technologies; CSIRO = climate model developed at the Australia Commonwealth Scientific and Industrial Research 
Organisation; MIROC = Model for Interdisciplinary Research on Climate, developed at the University of Tokyo Center for 
Climate System Research.
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These changes point to possible expansion in 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 an adverse 
impact is possible if food prices drop as a result of production increases, which 
would possibly harm farmers who are net producers if their gains in production 
are not sufficient to compensate for drops in unit prices of their output.

IMPACT, which includes climate effects as well as demographic and income 
effects, predicts that output of the majority of the foodcrops will rise on account 
of acreage expansion in some cases, but more generally because of technologi-
cal advancement, including increased fertilizer use. Although not captured in 
this analysis, disease pressure will increase, especially for coffee, cassava, and plan-
tains. In the face of climate change, policies and investments to promote agricul-
tural growth, with a focus on smallholder productivity, are required.

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). Public policy should ensure that small farmers have opportunities to 

TABLE 1.12 sorghum changes in east africa under the baseline scenario, 2010 and 2050

Country

2010 2050

yield 
(mt/ha)

area 
(thousands 

of ha)
production 

(mt)

yield 
(mt/ha)

area 
(thousands of ha)

production 
(mt)

min max min max min max

Burundi 1.31 66 86 2.10 2.41 70 72 147 173

DR Congo 0.69 112 77 1.49 1.54 187 192 280 295

Eritrea 0.31 243 76 0.89 1.04 352 449 320 454

Ethiopia 1.60 1,605 2,568 2.98 3.79 2,229 2,318 6,650 8,776

Kenya 0.80 169 135 1.96 2.38 272 283 542 672

Madagascar 0.50 2 1 1.21 1.23 5 5 6 6

Rwanda 1.01 222 225 1.95 2.41 330 339 644 816

Sudan 0.75 6,450 4,814 0.86 1.00 7,611 7,846 6,6827 7,653

Tanzania 0.96 1,012 976 3.03 3.43 1,462 1,508 4,448 5,170

Uganda 1.36 365 497 2.95 3.22 561 575 1,658 1,852

Source: Based on analysis conducted for Nelson et al. (2010). 
Notes: DR Congo = Democratic Republic of Congo; Min (minimum) represents the smallest projected number from the 
simulations based on the CSIRO A1B, CSIRO B1, MIROC A1B, and MIROC B1 climate model/scenario combinations. Max 
(maximum) represents the largest of the four simulated values. A1B = 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; B1 = greenhouse gas emissions scenario that assumes a population that peaks midcentury 
(like the A1B), but with rapid changes toward a service and information economy and the introduction of clean and resource 
efficient technologies; CSIRO = climate model developed at the Australia Commonwealth Scientific and Industrial Research 
Organisation; MIROC = Model for Interdisciplinary Research on Climate, developed at the University of Tokyo Center for 
Climate System Research.

34 Chapter 1



increase their productivity and income. Investments by national governments, 
as well as global and regional institutions, should focus on improved small-
holder access to inputs such as seeds and fertilizer—through lower transport 
and marketing costs, improved market infrastructure, and greater competition, 
as well as financial and extension services and weather-based crop insurance. 

Governments and institutions should strongly promote new agricultural 
technologies suitable for smallholders through increased investment in crop 
breeding and livestock research. Rural infrastructure should also be strength-
ened to increase access to markets. 

Capacity building, in terms of human, institutional, and infrastructure capac-
ity as well as financial support, is a prerequisite for addressing the issue of climate 
change. There should be improved capacity and training on modeling for climate 
change, crop modeling, and remote sensing. The capacity for early warning sys-
tems has to be developed and strengthened in order to mitigate climate change. 

Inadequate access to and use of land, fragmentation of plots, and scattered 
parcels of land has contributed to land degradation. It is important to provide 

TABLE 1.13  number of malnourished children in east africa, 2010 and 2050 (thousands)

Country 2010

2050

pessimistic baseline optimistic

min max min max min max

Burundi 757 956 978 794 813 645 661

DR Congo 4,320 6,175 6,647 5,034 5,435 3,841 4,188

Eritrea 190 191 206 126 139 78 90

Ethiopia 7,110 9,058 9,330 7,277 7,514 5,925 6,139

Kenya 1,466 1,654 1,805 783 905 436 542

Madagascar 731 809 858 407 443 139 167

Rwanda 474 682 708 473 495 359 380

Sudan 2,240 2,332 2,383 2,012 2,055 1,524 1,565

Tanzania 2,156 2,700 2,887 2,236 2,391 1,553 1,682

Uganda 1,548 2,141 2,272 1,353 1,467 849 953

Source: Based on analysis conducted for Nelson et al. (2010).
Notes: DR Congo = Democratic Republic of Congo; Min (minimum) represents the smallest projected number from the 
simulations based on the CSIRO A1B, CSIRO B1, MIROC A1B, and MIROC B1 climate model/scenario combinations. Max 
(maximum) represents the largest of the four simulated values. A1B = 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; B1 = greenhouse gas emissions scenario that assumes a population that peaks midcentury 
(like the A1B), but with rapid changes toward a service and information economy and the introduction of clean and resource-
efficient technologies; CSIRO = climate model developed at the Australia Commonwealth Scientific and Industrial Research 
Organisation; MIROC = Model for Interdisciplinary Research on Climate, developed at the University of Tokyo Center for 
Climate System Research. 
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equitable land tenure by ensuring long periods of tenancy for proper manage-
ment of land. A number of environment-related policies have been drafted, yet 
they have to be supported with relevant and coherent laws and regulations.
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