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the Democratic Republic of Congo (DRC) committed to the mitiga-
tion of the effects of climate change by signing the Kyoto Protocol for 
climate change and other related environmental management protocols. 

Since 1994, DRC has produced two national climate change communication 
documents (RDC, Ministère de l’Environnement, Conservation de la Nature, 
Eaux, et Forêts 2001; RDC, Ministère de l’Environnement, Conservation 
de la Nature et Tourisme 2009). These documents give the strategic orienta-
tion for the application of the climate change convention with a focus on sec-
tors vulnerable to climate change, the extent of greenhouse gas emissions, and 
the potential for carbon sequestration, adaptation, and mitigation strategies. 
This research monograph focuses on agriculture. It looks at indicators of eco-
nomic growth among the sectors most vulnerable to climate change and gives 
future scenarios for the 10 major crops in the country according to four cli-
mate models.

Review of the Current Situation and Trends

Economic and Demographic Indicators

This section discusses the population trends and income indicators in DRC. 
Different projections show about the same tendency and show that the urban 
population of DRC has grown at a high rate compared to the total and rural 
populations, even if evidence shows that the agricultural sector is the most 
important source of income for the total population (Bhaduri et al. 2007; 
UNPOP 2009; World Bank 2009). 

population

Figure 4.1 shows the country’s total and rural population counts (left 
axis) and the share of its urban population (right axis) from 1960 to 2008. 
Table 4.1 provides additional information concerning rates of population 
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growth. The geographic distribution of the population within DRC is fur-
ther shown in Figure 4.2. All figures are estimates based on census data and 
other sources.

The population of DRC has more than tripled over the past five decades, 
from 16 million people in 1960 to 64 million people in 2010. Figure 4.1 shows 
a gradual but slow rise in total and rural population from 1960 to the mid-
1990s. Thereafter, there was a slight decline in the rural population, while the 
total population continued to rise. The share of urban population rose rapidly 

TABLE 4.1  population growth rates in democratic republic of Congo, 1960–2008 (percent)

decade total growth rate rural growth rate urban growth rate

1960–1969 2.80 1.80 5.90

1970–1979 3.10 3.30 2.60

1980–1989 2.90 3.10 2.60

1990–1999 3.00 2.70 3.60

2000–2008 3.00 2.30 4.60

Source: Authors’ calculations based on World Development Indicators (World Bank 2009).

FIGURE 4.1  population trends in democratic republic of Congo: total population, rural 
population, and percent urban, 1960–2008
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to about 30 percent in 1970, and then it experienced a slight decline until 
2000, when there was resumption in urban population growth. 

Table 4.1 shows that total population growth rate has been around 3 per-
cent per year. The growth rate of the urban population has always been higher 
than the rural rate except from the 1970s to the end of 1980s. Precisely dur-
ing these periods, the urban growth rate fell by 44 percent of its level in the 
previous decade. Within the same period, the rural population growth rate 
rose by nearly similar proportions. The rural growth rate has been declining 
since then, reaching half the urban growth rate in the past decade. A high rate 
of urban population growth, caused when farmers abandon agriculture and 
migrate to cities in search of better services and job opportunities, can lead to 
a reduction in agricultural production. This can be a threat to national food 
security if those who have migrated to cities are unable to find jobs and the 
nation is unable to produce goods and services to trade with other nations 
for food commodities. However, in many cases the migration may improve 
food security if people are more productive in the urban sector than in the 
rural sector. 

Rapid urbanization can also cause environmental and climatic hazards such 
as air and water pollution, disease, flooding, and land degradation, which can 
extend to surrounding rural areas. Considering the population distribution 
(see Figure 4.2), the savanna regions are more populated because they are more 

FIGURE 4.2  population distribution in democratic republic of Congo, 2000 (persons per 
square kilometer)
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accessible and urbanized than are forested ones, which are humid and hence 
less accessible. The Uganda–Rwanda border towns of Ituri, Bunia, Butembo, 
Goma, and Bukavu have areas with the highest population densities, 500–
2,000 persons per square kilometer. Population densities are also high around 
the western seaport and Kinshasa and in the Northern Equateur Province. 

income

Figure 4.3 shows trends in GDP per capita and the proportion of GDP from 
agriculture. GDP per capita declined from the mid-1970s until around 2000 and 
has risen since then. However, the contribution of agriculture to GDP has 
tended to trend in the opposite direction, peaking in the late 1990s and early 
2000 but declining steeply in recent years. With the agricultural sector still lead-
ing in importance, small changes in climate patterns are likely to have a major 
impact on agricultural GDP and overall economic growth. The fact is that agri-
cultural production relies heavily on weather patterns. These impacts will be 
enhanced by lack of appropriate technology and climate change adaptation strat-
egies common in the rural agricultural areas. However, the country is endowed 
with some $24 trillion in untapped raw mineral deposits, including tungsten, 

FIGURE 4.3  per capita gdp in democratic republic of Congo (constant 2000 us$) and 
share of gdp from agriculture (percent), 1960–2008
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tantalum, tin, gold, diamonds, copper, cobalt, zinc, and, recently, oil in the 
Albertine rift. Assuming that there is an end to civil conflict, the exploitation of 
these should lead to overall GDP growth through growth in the nonagriculture 
sector. Unfortunately, growth in mineral exports does not always translate into a 
higher standard of living for large segments of the population.

Vulnerability to Climate Change

Table 4.2 provides some data on additional indicators of vulnerability and 
resiliency to economic shocks: the population’s level of education and liter-
acy and the concentration of labor in poorer or less dynamic sectors. From 
Table 4.2 it appears that between the time of students’ enrollment in pri-
mary and secondary school, their withdrawal rate is more than 50 percent. 
Generalized poverty keeps many pupils out of school and girls stop studying 
early due to marriage and the need for farm labor. However, the relatively high 
adult literacy rate is encouraging given that it shows a substantial population 
base with a potential for the uptake of knowledge and skills on strategies for 
adaptation to and mitigation of climate change, which could lessen the adverse 
impacts of the same. Table 4.2 also shows that malnutrition among those 
under age five in the country is still high, at 33.6 percent. 

Figure 4.4 shows two noneconomic correlates of poverty, life expectancy 
and under-five mortality. A quick review of Figure 4.4 shows a slow increase 
in life expectancy at birth since 1997 coupled with decreases in the under-
five mortality rate around the same years. Life expectancy is still well below 
the average for Africa south of the Sahara, with estimates showing that about 
540,000 Congolese die annually before their prime due to war, starvation, and 
disease (Nzongola-Ntalaja 2004). Despite the rural exodus accentuated by civil 
war, global efforts in terms of mother-and-child health and nutrition improve-
ments have brought a certain stability, which has translated into an improve-
ment in general well-being. Maintenance and further gains in these indicators 

TABLE 4.2 education and nutrition statistics for democratic republic of Congo, 2000s

indicator year percent

Primary school enrollment: Percent gross (three-year average) 2007 85.1

Secondary school enrollment: Percent gross (three-year average) 2007 33.4

Adult literacy rate 2001 67.2

Under-five malnutrition (weight for age) 2001 33.6

Source: World Development Indicators (World Bank 2009).
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is threatened by ongoing climate change, which will affect agriculture produc-
tion and alter the abundance and distribution of vector hosts, promoting the 
spread of diseases such as malaria, diarrheal illnesses, and cholera in the coun-
try (Griffith, Kelly-Hope, and Miller 2006; Paaijmans et al. 2008). The effects 
of increased incidences of these diseases would be increased nutrition deficien-
cies and underproductivity due to sickness and death. 

Review of Land Use, Potential, and Limitations
The following section highlights the area occupied by each major crop in 
DRC to show, on the one hand, the proportion of coverage through the coun-
try and, on the other hand, how harvests reach markets. The longer small-
holder farmers’ produce takes to reach the market, the more vulnerable they 
are, because most of their products are perishable (Bartholome and Belward 
2005; You and Wood, 2006; You, Wood, and Wood-Sichra 2006, 2009; 
UNEP and IUCN 2009).

Land Use Overview

Figure 4.5 shows land cover and use in DRC as of 2000. Although about 
70 percent of the total population depends on agriculture for their sur-
vival, only about 7 percent of the country’s land area is used for cropping and 

FIGURE 4.4  well-being indicators in democratic republic of Congo, 1960–2008
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FIGURE 4.5  land cover and land use in democratic republic of Congo, 2000
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livestock activities. These areas are located around the main cities and along 
major roads, especially in the eastern part of the country. Forests occupy the 
northern part of the country, whereas the southern part is covered by savanna. 
Protected areas including parks and reserves cover about 10 percent of the 
country’s total area. The country also has one of the most extensive networks 
of water resources in Africa, served by the Congo River and its tributaries, 
which have a regular flow fed by rivers and streams from both sides of the 
equator due to the complementary alteration of rainy and dry seasons. 

Figure 4.6 shows the location of protected areas in DRC, including parks 
and reserves. These locations provide important protection for fragile environ-
mental areas, which may also be important for the tourism industry. 

Dispersed all over the country, protected areas occupy about 15 percent of 
the total land area and are situated in all the different ecosystems. These areas 
represent important sites for biodiversity conservation and mitigation of the 
impacts of climate change through carbon sequestration and other environmen-
tal services. In addition they act as safety nets for the poor by serving as sources 
of subsistence food and cash incomes in seasons of crop failure, illness, job loss, 
and shortage in energy supplies. However, emerging evidence shows that there is 
increasing deforestation in forested areas and reserves through activities such as 
selective logging, agriculture, mining, infrastructure construction, and fuel burn-
ing, which contribute to reductions in biodiversity, increases in carbon dioxide 
emissions, and other environmental impacts such as flooding (Nkem, Idinoba, 

FIGURE 4.6  protected areas in democratic republic of Congo, 2009
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and Sendanshonga 2008). Although the effects of these actions might be negligi-
ble now, their impact is likely to be magnified as the population grows and war’s 
conflict dies down. The sustenance of forested and protected areas in DRC is 
vital given that they help regulate weather patterns in a region highly dependent 
on rainfed agriculture. The potential of these areas for tourism is also relatively 
high. DRC’s most important potential tourist resources include the Massif du 
Ruwenzori (Ruwenzori Mountains or Mountains of the Moon) between Lakes 
Albert and Edward, which are also the highest range in Africa. The height of 
these mountains and their location on the equator make for a varied and spectac-
ular flora. Other sites include the Virunga Mountains north of Lac Kivu, site of 
several active volcanoes and a game park. 

Figure 4.7 shows travel times to urban areas of various sizes, which pro-
vide potential markets for agricultural products as well as potentially serving 
as places where farmers can acquire agricultural inputs and consumer goods. 
Overall, the maps show that the markets that are fastest to reach are urban cen-
ters toward the borders of the country, especially on the eastern, southern, and 
southwestern sides of the county. 

Most of DRC is served by the Congo River and its tributaries, which pro-
vide the country with the most extensive and evenly distributed network of 
navigable waterways in Africa (about 16,238 kilometers). Other forms of 
the national transport network include four international airports and about 
145,000 kilometers of roads, 7,400 kilometers of which are well-paved urban 
roads. However, most of the transport infrastructure is poor, and access to 
agricultural markets is low (DRSP 2006). 

Improving DRC’s infrastructure is likely to enhance agricultural growth 
and reduce poverty in the country. A good and diverse transportation net-
work can reduce time and costs. Research has indicated that reductions in 
travel costs are linked to increases in producer prices, agricultural production, 
and market access (Ulimwengu et al. 2009). It has also been found that poor-
quality roads lead to higher transportation costs, market prices, and trader 
margins in DRC (Minten and Kyle 1999). The unfavorable effects are likely to 
be felt more in times of flooding and will be experienced most by agricultural 
communities in the central regions that appear remote. 

Agriculture

Tables 4.3 and 4.4 show key agricultural commodities in terms of area har-
vested and consumption, ranked by weight. Table 4.4 shows that cassava is 
the most important staple crop in terms of harvest area and consumption, fol-
lowed by maize and, in relatively small proportion, groundnuts. Production of 
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FIGURE 4.7  travel time to urban areas of various sizes in democratic republic of Congo, 
circa 2000
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TABLE 4.3  harvest area of leading agricultural commodities in democratic republic of 
Congo, 2006–2008 (thousands of hectares)

rank Crop percent of total harvest area

Total 100.0 5,862

1 Cassava 31.7 1,859

2 Maize 25.3 1,484

3 Groundnuts 8.1 475

4 Rice 7.1 419

5 Plantains 4.6 268

6 Beans 3.5 207

7 Oil palm fruit 2.9 172

8 Cowpeas 2.0 116

9 Melon seeds 1.5 90

10 Bananas 1.4 84

Source: FAOSTAT (FAO 2010). 
Note: All values are based on the three-year average for 2006–2008.

TABLE 4.4  Consumption of leading food commodities in democratic republic of Congo, 
2003–2005 (thousands of metric tons)

rank Crop percent of total Food consumption

Total 100.0 23,036

1 Cassava 67.9 15,643

2 Maize 5.1 1,178

3 Fermented beverages 4.4 1,008

4 Other fruits 2.1 487

5 Wheat 2.0 455

6 Plantains 1.8 425

7 Other vegetables 1.6 377

8 Sugarcane 1.3 303

9 Bananas 1.2 282

10 Rice 1.2 275

Source: FAOSTAT (FAO 2010).
Note: All values are based on the three-year average for 2003–2005.
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the first two crops has been found to be sensitive to precipitation changes that 
occur due to climate change (Van-Minnen, Alcamo, and Haupt 2000). Priority 
should be given to cassava and maize when designing adaption and mitigation 
strategies geared toward improving crop production, given the significance 
of these foods in the household diet. The low productivity of itinerant sub-
sistent agriculture can be improved through strategies that encourage the set-
tlement of agriculture, improvement of land productivity through biological 
approaches based on agroforestry systems, use of improved crop varieties, and 
adoption of postharvest handling and storage technologies.

Figures 4.8–4.11 show the estimated yield as well as the harvest and grow-
ing areas for key crops in DRC in 2000. In Figure 4.8 we see that cassava is 
mostly produced in the southern half of the country, with potential yields 
exceeding 10 tons per hectare but with actual reported yields averaging around 
8 tons per hectare. DRC is the greatest producer of cassava in eastern and cen-
tral Africa. However, cassava yields have been suffering due to changes in farm-
ing techniques (farmers cultivate land before it has undergone a fallow period), 
pests and diseases (especially the mosaic disease), and competition from other 
crops (especially maize that is grown year round). The crop offers a means of 
food security and incomes for the poor. 

FIGURE 4.8  yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
cassava in democratic republic of Congo, 2000
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FIGURE 4.9  yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
maize in democratic republic of Congo, 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.

FIGURE 4.10  yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
groundnuts in democratic republic of Congo, 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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The maps show that maize is produced mainly in the central regions of the 
country. The average national maize yield is around 1.2 tons per hectare. In a 
few instances where inorganic fertilizers and improved seeds are used, yields of 
up to 10 tons per hectare are common (RDC, Ministère de l’Agriculture 2009). 
Groundnuts and rice are produced in much smaller quantities than the first two 
crops. Higher yields occur in central regions of Kinshasa, Kasai-Oriental, Kasai-
Occidental, and Bandundu Provinces. Despite high production potential, more 
than 90 percent of the rice consumed in DRC is imported. 

Scenarios for the Future

Economic and Demographic Indicators

population

Figure 4.12 shows population projections by the UN Population Division 
through 2050. DRC’s population is growing and will continue to grow for the 
foreseeable future. Its major cities are likely to become overpopulated, posing 
challenges of food security and potential damage to natural resources as settle-
ments, infrastructure, and food production expand. 

FIGURE 4.11  yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
rice in democratic republic of Congo, 2000
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income

Figure 4.13 shows three GDP per capita scenarios used for this study. These 
results combine three GDP projections with the three population projections 
of Figure 4.12 from the UN Population Division. The optimistic scenario 
combines high GDP with a low rate of population growth. The baseline sce-
nario combines the medium GDP projection with the medium population 
projection. Finally, the pessimistic scenario combines the low GDP projection 
with the high population projection.

The differences between the scenarios are striking. In the pessimistic sce-
nario, by 2050 GDP per capita is $277; in the baseline scenario it is $440; in 
the optimistic scenario it is $715.

Biophysical Analysis

Climate models

Figure 4.14 shows projected precipitation changes under the four downscaled 
climate models used in this book with the A1B scenario.1 Model predictions of 
mean annual precipitation changes for DRC to 2050 show differences between 
the general circulation models (GCMs), although three of the models show 

 1 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.

FIGURE 4.12  population projections for democratic republic of Congo, 2010–2050
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increases of up 200 millimeters but variations in location. CNRM-CM3 suggests 
precipitation increases concentrated in the west, ECHAM 5 suggests increases 
concentrated in the north, and MIROC 3.2 suggests precipitation increases con-
centrated in the east. The ECHAM 5 GCM shows similar precipitation patterns 
to those of SCNCC (RDC, Ministère de l’Environnement, Conservation de la 
Nature et Tourisme 2009) and Ntombi and Pangu (2011).2 The CSIRO model 
shows patches of rainfall reduction of up to 150 millimeters annually, with a large 
patch in the upper eastern portion of the country, as well as in the west. Although 
the MIROC 3.2 model predicts rainfall increasing in the west, around Kinshasa, 
the rainfall is predicted to decrease by around 200 millimeters or more per year.

The model predictions of temperature changes to 2050 are more consis-
tent with each other than were the precipitation changes, although there are 
differences in the amount of change in each model. Temperatures in DRC will 
rise by 1° to a maximum of 3°C. CSIRO Mark 3 seems to be the appropriate 
model to simulate the normal annual maximum temperature for DRC, because 

 2 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.

FIGURE 4.13  gross domestic product (gdp) per capita in democratic republic of Congo, 
future scenarios, 2010–2050
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FIGURE 4.14  Changes in mean annual precipitation in democratic republic of Congo, 
2000–2050, a1b scenario (millimeters)
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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 Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute 
for Meteorology (Hamburg); GCM = general circulation model; MIROC = Model for Interdisciplinary Research on Climate, 
developed by the University of Tokyo Center for Climate System Research.
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its simulations match better with others in the country (RDC, Ministère de 
l’Environnement, Conservation de la Nature, Eaux, et Forêts 2001).

Figure 4.15 shows changes in mean daily maximum temperature for the 
warmest month. The model predictions of temperature changes to 2050 are 
more consistent, although with varying intensities. Temperatures in DRC will 
rise by 1° to a maximum of 3°C. The CSIRO model appears to predict the cool-
est future, with the temperature for most of the country rising by only 1.5°C. 
MIROC 3.2 appears to predict only slightly warmer temperatures. However, 
in the CNRM-CM3 and ECHAM 5 models most areas have changes greater 
than 2°C, and in the MIROC 3.2 model some areas in the extreme south 
approach 3°C warmer. The projections of CSIRO Mark 3 seems to be most 
similar to the projections in other studies of the country (RDC, Ministère de 
l’Environnement, Conservation de la Nature, Eaux, et Forêts 2001). 

Crop models

The Decision Support Software for Agrotechnology Transfer (DSSAT) crop 
model was used to analyze current and future crop yields under temperature and 
precipitation changes in the climate of DRC from 2000 to 2050. The results 
from comparing the mean yields for the two years are presented in Figures 
4.16 and 4.17. Considering the four scenarios for maize and rice, it appears that 
with the changes in the climate, there will be yield losses in some locales; how-
ever, these seem to be offset by increases in yields in other parts of the country. 
It is expected that with the increase in temperatures, incidences of pests and dis-
eases will intensify. The DSSAT model did not take that into consideration; on 
the other hand, we intentionally ignored the impact of increased CO2 in the 
atmosphere on crop productivity in order to compensate for increases in pests 
and diseases. To that extent, the results still hold. In Figure 4.16, we see surpris-
ing agreement between the GCMs that maize yields will generally increase in 
Bandundu Province and parts of Kasai-Occidental but will mostly decrease else-
where. In Figure 4.17 we also see surprising agreement between the models in 
terms of yield increases for rice in Bandundu. We see further agreement in terms 
of yield increases in the eastern portion of Kivu Province.

Vulnerability

Figure 4.18 shows the impact of future GDP and population scenarios on the 
number of malnourished children under age five. Figure 4.19 shows the share 
of children who are malnourished. The wars over the past 15–20 years in DRC 
and neighboring countries have contributed to an increase in incidences of 
abandoned children, refugee invasion, and insecurity, especially among women 
who abandoned farming, thereby exacerbating nutritional deficiencies in their 
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FIGURE 4.15  Changes in monthly mean maximum daily temperature in democratic 
republic of Congo 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 Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute 
for Meteorology (Hamburg); GCM = general circulation model; MIROC = Model for Interdisciplinary Research on Climate, 
developed by the University of Tokyo Center for Climate System Research.
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FIGURE 4.16  yield change under climate change: rainfed maize in democratic republic of 
Congo, 2000–2050, a1b scenario

CNRM-CM3 CSIRO Mark 3

ECHAM 5 MIROC 3.2 medium-resolution
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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 Scien-
tific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute 
for Meteorology (Hamburg); GCM = general circulation model; MIROC = Model for Interdisciplinary Research on Climate, 
developed by the University of Tokyo Center for Climate System Research.
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FIGURE 4.17  yield change under climate change: rainfed rice in democratic republic of 
Congo, 2000–2050, a1b scenario

CNRM-CM3 CSIRO Mark 3

ECHAM 5 MIROC 3.2 medium-resolution
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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 Scien-
tific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute 
for Meteorology (Hamburg); GCM = general circulation model; MIROC = Model for Interdisciplinary Research on Climate, 
developed by the University of Tokyo Center for Climate System Research.
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children under age five. All scenarios show an increasing trend until around 
2025–2030. The percentage of malnourished children increased from 12 to 
16 percent around 2006 (RDC, Ministère du Plan, 2006); if there is no improve-
ment in food security, this tendency will confirm the pessimistic scenario. It may 
be helpful to keep in mind that although the number of malnourished children is 
projected to be larger in 2050 than in 2010 in the baseline scenario, with popula-
tion growth this larger figure nevertheless represents a slight decline in the rate of 
malnutrition among children under age five except in the pessimistic scenario.

Figure 4.20 shows the kilocalories per capita available to each person in 
DRC. We see a relatively large improvement in calorie consumption in the 
optimistic scenario, though the baseline remains largely unchanged, and in the 
pessi mistic scenario we note a decline. Although incomes rise in all scenarios, 
so do food prices, especially those for staple foods in the pessimistic scenario—
though they do not rise as much as income. The negative price effects on con-
sumption offset some of the positive income effects in all models and scenarios. 
However, the decline in calorie consumption noted in the pessimistic scenario 
likely also reflects the fact that in the International Model for Policy Analysis of 
Agricultural Commodities and Trade (IMPACT), own-price elasticities of sta-
ples were set a little too high relative to the income elasticities, which caused the 
price effect to exceed the income effect, a result we would not normally expect.

FIGURE 4.18   number of malnourished children under five years of age in democratic 
republic of Congo in multiple income and climate scenarios, 2010–2050
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Source: Based on analysis conducted for Nelson et al. (2010).
Note: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate 
scenarios.
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FIGURE 4.19  share of malnourished children under five years of age in democratic 
republic of Congo in multiple income and climate scenarios, 2010–2050
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Source: Based on analysis conducted for Nelson et al. (2010).
Note: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate 
scenarios.

FIGURE 4.20  Kilocalories per capita in democratic republic of Congo in multiple income 
and climate scenarios, 2010–2050
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Source: Based on analysis conducted for Nelson et al. (2010).
Note: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate 
scenarios.
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Agricultural Outcomes

Figures 4.21–4.24 show simulation results from the IMPACT model associ-
ated with key agricultural crops in DRC. Each featured crop has five graphs, 
one each showing production, yield, area, net exports, and world price. 

Cassava is the leading crop in the country and is the pillar of its food secu-
rity. Cassava production is projected to increase due to yield gains and the allo-
cation of more land to its production (see Figure 4.21). However, the model 
predicts that the country will need to continue to import cassava through 

FIGURE 4.21  impact of changes in gdp and population on cassava in democratic republic 
of Congo, 2010–2050
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2050 to meet the demand. The rising demand for cassava is mostly due to a 
high rate of population growth, and it may be that domestic supply will con-
tinue to be constrained by poor postharvest technologies. 

Maize is among the major cereals consumed in the country. It is produced 
mainly by small farmers in mixed cropping systems. The IMPACT model 
projects that yields will increase by around 70 percent, reaching around 
1.2 tons per hectare, which is still relatively low (see Figure 4.22). As in the 
case of cassava, domestic demand for maize is projected to outstrip domestic 

FIGURE 4.22  impact of changes in gdp and population on maize in democratic republic of 
Congo, 2010–2050
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production, though the model predicts an improvement until 2025, after 
which imports will grow again. 

The rate of production of groundnuts is currently low because of low soil 
fertility, the particular varieties used, and lack of fertilizers. The IMPACT 
model suggests that there will be moderate improvements in yield through 
2050, but with a near-doubling of harvested area, production should more 
than double (see Figure 4.23). There is uncertainty between GDP and popu-
lation scenarios and between climate models as to the direction in which trade 

FIGURE 4.23  impact of changes in gdp and population on groundnuts in democratic 
republic of Congo, 2010–2050
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will change, but it appears that under almost every case tested, DRC will likely 
be an importer of groundnuts through 2050.

Although the potential of rice production is high, all rice consumed in DRC 
is currently imported. The IMPACT model used older FAOSTAT data that 
reported lower yields than are currently shown in FAOSTAT (FAO 2010)—
which suggests that around 800 kilograms per hectare is the average yield—
and lower than those reported by the national agricultural statistics service 
(RDC, Ministère de l’Agriculture 2009), which gives yields of between 625 and 

FIGURE 4.24  impact of changes in gdp and population on rice in democratic republic of 
Congo, 2010–2050
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1,500 kilograms per hectare for smallholder farmers. In any case, IMPACT 
suggests that rice yields could more than triple between now and 2050 (see 
Figure 4.24). Although it projects that the area sown with rice will grow only 
slightly, we see that the total production of rice could quadruple by 2050. Such 
an increase still may fall short of keeping pace with domestic demand. Efforts in 
opening access to roads and markets and making new technologies and better 
management practices available to small producers will be needed to satisfy local 
demand and leave surpluses for exports.

Given that yields are projected to improve in response to climate change 
for all key crops, significant investments are required in intensification and 
knowledge creation for better agricultural production to feed the country. 
Also required is a strategy for opening up more land to sustainable agricultural 
production to ensure adequate supplies.

Conclusions and Policy Recommendations
This chapter assessed the vulnerability of agriculture to climate change in 
DRC. The purpose of the chapter is to help policymakers and researchers bet-
ter understand and anticipate the likely impacts of climate change on agri-
culture and on vulnerable households in DRC. The chapter reviews current 
data on agriculture and economic development, models anticipated changes 
in climate between now and 2050, applies crop modeling to assess the impact 
of climate changes on agricultural production, and models global supply and 
demand for food to predict relevant food price trends.

Based on existing data and future projections, temperatures will increase by 
1°–3°C by 2050. The direction of precipitation change is uncertain given that 
three of our four models show increases of 50–200 millimeters per year but in 
varying locations, while the other model shows less rainfall in large portions of 
the country. But the models are not geographically consistent: even the three 
models that generally predict increased rainfall in portions of the country dis-
agree on which portions. Each indicates that many areas will not experience 
significant change. Even one of the models that shows increased rainfall also 
suggests that part of the country will have much less rainfall. 

Concerning the response of major crops, the crop models show mixed 
responses, though probably more areas will have higher yields of maize and rice 
than will show lower yields. The IMPACT model predicts increased yields; 
however, these will generally not be enough to match the domestic demands. 

The IMPACT model shows expansion of cultivated area for some crops. 
Expansion of cultivated land could be detrimental to natural resources and, 
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more specifically, could lead to the cutting down tropical forest. This points 
to the need for policymakers to decide how much of the forests, if any, should 
be allowed to be converted to agricultural land. One option would be for the 
extensive forest resource to be conserved and used for carbon sequestration 
and carbon trade under the carbon fund initiative.

Because the majority of DRC’s citizens rely on rainfed agriculture and are 
likely to continue to do so in the future, in the face of climate variability and 
change, decisionmakers and researchers need to work together to ameliorate 
the challenges ahead. Major opportunities to be considered include encourag-
ing settlement agriculture, improving the productivity of arable land by adopt-
ing high-yielding crop varieties, providing crop protection, and improving 
postharvest techniques. It is also important to consider more environmentally 
friendly agricultural techniques such as agroforestry.

Further, there is a need for attention to interactions between soils, live-
stock, and crop production and agroecosystems, not only because of their 
important roles in agriculture but also to minimize the potential contribution 
to climate change of methane emissions.

All of these options seem to suggest a need for increased funding to 
strengthen the agricultural research and extension system so that technologies 
can be tested and adapted to the local environment and this knowledge passed 
on to farmers.
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