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Sierra Leone has an area of 72,325 square kilometers and is bordered in the 
northeast by the Republic of Guinea, in the south and southeast by the 
Republic of Liberia, and in the west by the North Atlantic Ocean. The 

country is divided into five main geographical regions: coastline, interior low-
land plains, interior plateau, mountains, and Freetown Peninsula. The coastline 
is part of the general coastline of the West and Central Africa region, a low plain, 
sandy and surf beaten. The general coastline orientation, northwest–southeast, is 
strongly influenced by the local structural and lithological framework.

Agriculture is the largest sector in the economy of Sierra Leone, provid-
ing employment for over 65 percent of the labor force and contributing about 
35–47 percent of the gross domestic product (GDP) (Sierra Leone, MOAFFS 
and MOF 2004). Rice is the staple foodcrop in Sierra Leone, grown mainly 
by small-scale farmers. The impact of climate change is already felt in the country 
in seasonal droughts, strong winds, thunderstorms, landslides, heat waves, floods, 
and changed rainfall patterns. As reported in Sierra Leone’s National Adaptation 
Programme of Action, poor communities suffer the most from climate change 
impacts as floods destroy their crops and increased droughts cause water short-
ages in some areas of the country (Sierra Leone, MOFED 2009). 

Deforestation, a major environmental problem for Sierra Leone, has many 
adverse effects on crop production. Conversely, continued reliance on subsis-
tence farming through shifting cultivation will accelerate the process of de-
forestation and the associated land degradation. The potential impacts could 
be more serious for Sierra Leone than for countries that have resources to cope 
with these effects.

Crop production is highly vulnerable to climatic change and has been 
affected by prolonged periods of dry days—even during the rainy season ( July–
September). In recent years, unprecedented heavy rains of greater than the usual 
frequency in March have disrupted the burning and planting of farmland, with 
serious consequences including weed infestation. A recent report by the govern-
ment noted that erratic rainfall caused acute water shortages in Freetown and its 
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environs in 2006 and floods in Port Loko and Kambia Districts in 2004 (Sierra 
Leone, MOFED 2009). The report also noted that a rise in sea level could dam-
age infrastructure and cause increased erosion in coastal areas, as well as increase 
the risk of land- and mudslides. Considering that food production depends 
entirely on subsistence farming, a decline in agricultural productivity—coupled 
with the increasing trend of food prices—is expected to ultimately worsen food 
insecurity problems in Sierra Leone. The Government of Sierra Leone notes 
that the effect of climate change on water availability, agricultural productiv-
ity, and population distribution could have an impact on the accomplishment 
of every one of the United Nations’ Millennium Development Goals (Sierra 
Leone, MOFED 2010). The purpose of this chapter is to help policymakers and 
researchers better understand and anticipate the likely impacts of climate change 
on agriculture, as well as on vulnerable households in Sierra Leone.

Review of the Current Situation and Trends

Population

According to the 2004 national census, Sierra Leone had a population of 
5 million that year (Statistics Sierra Leone 2006). Figure 12.1 shows trends in 
the total and rural populations (left axis) as well as the share of the urban pop-
ulation (right axis). The population grew from 2.2 million in 1963 to a pro-
jected 5.6 million in 2008 (World Bank 2009). The percentage change in the 
population of Sierra Leone over the two decades between 1985 and 2004 was 
41.6 percent, representing an annual rate of growth of 1.85 percent. The 
annual growth rate was even higher between 1974 and 1985, at 2.3 percent. 
Figure 12.1 shows the steady growth of both the urban and the rural popula-
tions from 1960 to 1990—when the civil war started—and an increase again 
after 2000. 

Table 12.1 shows that the highest urban population growth rate (4.7 per-
cent) occurred between 1960 and 1969; the lowest (0.7 percent) occurred 
between 1990 and 1999, coinciding with the decade of civil war. The sharp 
4.3 percent urban growth rate after the war—from 2000 to 2008—can be 
attributed to the return of refugees to the main urban towns. 

Figure 12.2 shows the geographic distribution of the population for the 
year 2000 in Sierra Leone based on census data and other sources. The pop-
ulation is concentrated in the district headquarters towns as well as in the 
Western Area, including the capital city, Freetown. The northernmost part of 
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Sierra Leone is less densely populated, with large tracts of grasslands neighbor-
ing the Republic of Guinea. 

Income

The share of Sierra Leone’s GDP earned in agriculture shows the importance 
of agriculture as a sector of the economy. Figure 12.3 shows trends in GDP per 
capita and the proportion of GDP from agriculture.

FIGURE 12.1  Population trends in Sierra Leone: Total population, rural population, and 
percent urban, 1960–2008

0

10

20

30

40

Percent

0

2

4

6

M
ill

io
ns

1960 1970 1980 1990 2000 2010

Total
Rural
Urban

Source: World Development Indicators (World Bank 2009).

TABLE 12.1 Population growth rates in Sierra Leone, 1960–2008 (percent)

Decade Total growth rate Rural growth rate Urban growth rate

1960–69 1.7 0.9 4.7

1970–79 2.0 1.2 4.2

1980–89 2.4 1.8 3.7

1990–99 –0.1 –0.5 0.7

2000–2008 3.5 3.1 4.3

Source: Authors’ calculations based on World Development Indicators (World Bank 2009).
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FIGURE 12.2  Population distribution in Sierra Leone, 2000 (persons per square kilometer)
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FIGURE 12.3  Per capita GDP in Sierra Leone (constant 2000 US$) and share of GDP from 
agriculture (percent), 1960–2008
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 Despite its significant resource endowments, the country has suffered 
prolonged deterioration and an accompanying low standard of living for the 
vast majority of the population. The policies of successive governments since 
the 1970s failed to address the long-term challenges of the country’s econ-
omy. Consequently, the standard of living of the majority of Sierra Leoneans 
has been generally marginal. GDP per capita rose only moderately between 
1960 and 1982, from US$220 (US dollars) in 1960 to US$280 in 1982. Its 
lowest level was in 1998–99 following a decline that began in 1989–90 with 
the start of the decade-long civil war. GDP began to rise again after 2000, 
reaching US$260 by 2008. Agriculture and associated activities make up the 
dominant sector of the economy, accounting for approximately 40 percent of 
GDP and sustaining two-thirds of the population, mostly at a subsistence level. 
The share of GDP from agriculture ranged from 30 to 40 percent through-
out the 1960s and 1970s, rising to between 40 and 60 percent in the 1980s and 
1990s. The sudden rise in the share of agriculture in GDP in the late 1990s was 
driven by the crippling of other economic activities at the peak of the war. The 
decline in the share of GDP in 2000 coincided with the severe disruption of 
economic activities in other sectors when the war was raging in Freetown. The 
manufacturing sector is small, composed mostly of import-substituting indus-
tries and employing 2 percent of the labor force. The service sector—consisting 
mainly of transport, communications, insurance, finance, and government ser-
vice—accounts for about 15 percent of GDP. 

The two-decades-long decline in the economy from 1980 to 2000 can be 
attributed to a combination of factors, including weak internal management pol-
icies, the poor performance of the economic recovery programs, and weak export 
prices combined with rising import prices. The Structural Adjustment Program 
mandated by the World Bank and the International Monetary Fund—incorpo-
rating trade liberalization, stabilization of the exchange rate, and the removal of 
subsidies on petroleum products and staple foods—has had mixed results for 
the overall economy, and escalating prices for staple foods in fact reversed what-
ever gains these policies may have achieved. Strategies such as the privatization 
of public enterprises and restructuring of the civil service are in the planning and 
implementation stages, but signs of any positive impact are yet to be identified. 

Vulnerability to Climate Change

Table 12.2 provides some data on Sierra Leone’s performance on indicators 
of a population’s vulnerability or resiliency to economic shocks: level of edu-
cation, literacy, and concentration of labor in poorer or less dynamic sectors. 
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The majority of the population—68.5 percent—is engaged in the agricultural 
sector, which is largely underdeveloped. The adult literacy rate is extremely 
low, and both primary and secondary school enrollment are below 50 percent. 
The primary school enrollment rate is lower than in most countries in the 
sub region, but the secondary school enrollment rate is about normal for the 
region. The decade-long war and the preceding era of economic mismanage-
ment contributed to this situation.

Figure 12.4 shows Sierra Leone’s performance on two noneconomic corre-
lates of poverty: life expectancy and under-five mortality. The current estimate 
of the crude birth rate is 42 births per 1,000 people. The current total fertil-
ity rate is 6.1 children per woman based on the 2004 census (Statistics Sierra 
Leone 2006)—a slight decrease from 6.5 in 1974 (SSL and MI 2008). The 
government has viewed the country’s fertility levels as unacceptably high since 
the 1980s. 

With a crude death rate of 20 per 1000, Sierra Leone remains one of the 
African countries south of the Sahara with the highest death rates. Until 
recently, Sierra Leone had the world’s highest child mortality rate, 262 deaths 
per 1,000 live births; in 2000 its under-five and infant mortality rates were 
286 and 170 per 1,000 live births, respectively. In 2005 there was a slight 
improvement in both indicators, with a decrease in the under-five mortal-
ity rate to 267 per 1,000 and in the infant mortality rate to 158 (Statistics 
Sierra Leone 2005). Life expectancy is still low, at 48.4 years according to the 
2004 census. This, however, reflects an increase over time.

Overall, 70–80 percent of the population of Sierra Leone lives on less than 
US$2 a day based on the 2005 US dollar and the purchasing power parity 
measure, which turns out to reflect only a moderate amount of poverty com-
pared to the country’s immediate neighbors (Wood et al. 2010). 

TABLE 12.2 education and labor statistics for Sierra Leone, 2000s

indicator Year percent

Primary school enrollment (percent gross, three-year average) 2007 47.1

Secondary school enrollment (percent gross, three-year average) 2007 31.6

Adult literacy rate 2007 38.1

Percent employed in agriculture 2004 68.5

Under-five malnutrition (weight for age) 2005 28.3

Source: Authors’ calculations based on World Development Indicators (World Bank 2009).
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Review of Land Use and Agriculture

Land Use Overview

Figure 12.5 shows the land cover and land use in Sierra Leone as of 2000. The 
actual forest cover is not known. However, information from various sources 
indicates that deforestation in Sierra Leone has led to a decrease in the for-
est cover from an estimated 70 percent decades ago to less than 5 percent in 
recent years (USAID Sierra Leone 2007). Logging, slash-and-burn agriculture, 
and the cutting of trees for use as fuelwood are the primary causes of defor-
estation in the country. The savannah is limited to the northern parts of the 
country and is increasingly being subjected to frequent uncontrolled fires. The 
combined effects of poor farming practices such as shifting cultivation, recur-
rent bushfires, and overgrazing, along with the increasing population and the 
resulting shortening of the fallow periods for the land, have all been identi-
fied as factors contributing to land degradation. In addition to the increasing 
demand for agricultural land, urban development has increased the require-
ments for timber and fuelwood, which has led to additional deforestation 
(Sierra Leone, MOFED 2010). The mangrove forests along the coasts are also 

FIGURE 12.4  Well-being indicators in Sierra Leone, 1960–2008
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FIGURE 12.5  Land cover and land use in Sierra Leone, 2000
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being increasingly exploited for fuelwood and converted to rice cultivation. 
This has led to increased exposure to storms, as well as the destruction of natu-
ral breeding grounds for marine and estuarine fish.

Both artisanal and industrial mining have also affected the country’s land 
resources in mineral-rich areas. With population pressure and commercial log-
ging, the rate of exploitation has far outstripped the rate of regeneration by 
natural means. The results are deforestation and an acute threat to biodiver-
sity (Sierra Leone, MOFED 2010). Inadequate mitigating policies and conser-
vation programs over the years, along with weak enforcement of the existing 
ones, have worsened the situation.

Figure 12.6 shows the locations of protected areas, including parks and 
reserves. There are several forest reserves in various parts of Sierra Leone, includ-
ing nonhunting forest reserves. The Gola Forest Reserve is the most notable, con-
sisting of Gola East (22,800 hectares), Gola North (45,000 hectares), and Gola 
West (6,200 hectares), all in eastern Sierra Leone bordering Liberia. Other for-
est reserves include the Loma Mountains in northern Sierra Leone (33,201 hect-
ares) and Kambui North (20,348 hectares). Outamba-Kilimi National Park 
(80,813 hectares) in northern Sierra Leone is the only national park.

Figure 12.7 shows travel times to urban areas of various sizes. Travel 
time is important because it can serve as a proxy for the cost of transporting 

FIGURE  12.6  Protected areas in Sierra Leone, 2009
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World Wildlife Fund’s Global Lakes and Wetlands Database (Lehner and Döll 2004).
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agricultural goods to potential markets and can also indicate how costly 
it might be to transport agricultural inputs and consumer goods to farms. 
Sierra Leone has less than 1,000 kilometers of paved roads and more than 
10,000 kilometers of unpaved roads. The upper northern and eastern regions 
of the country are not well connected with road networks. Most of the roads 
in remote areas are impassable during the rainy season. The main road leading 
to the far eastern region—with the largest cocoa and coffee plantations—is 
unpaved. Transporting agricultural produce from and inputs to various farm-
ing communities is thus a huge challenge in the country.

Agriculture Overview

Agriculture is the largest sector in the economy of Sierra Leone, provid-
ing employment for over 65 percent of the labor force and contributing 
35–47 percent of the GDP (Sierra Leone, MOAFFS and MOF 2004). Crop 
production is mostly carried out on the uplands, where slash-and-burn is the 
main method for clearing land, invariably with traditional implements. The 
majority of households (85 percent is the national average) are livestock or 
poultry owners. Some 81 percent of farming households nationwide own at 
least one chicken. At a national level, other commonly owned animals are 
goats (owned by 25 percent of households), sheep (17 percent), and ducks 
(9 percent). Other livestock and poultry are not owned by a high percentage 
of farming households nationally. For example, bulls and cows are owned by 
only about 1 percent of households nationally, and the same applies to pigs. 
The rates of ownership of calves, work oxen, rabbits, and guinea fowl are much 
less than 1 percent (Sierra Leone, MOFED 2011). 

Tables 12.3 and 12.4 show key agricultural commodities of Sierra Leone in 
terms of area harvested and food for human consumption (ranked by weight). 
Rice, the staple food, is grown by more than 80 percent of the farmers, par-
ticularly in the southern and northern regions. The annual per capita con-
sumption of rice (104 kilograms) is among the highest in Africa south of the 
Sahara. Sierra Leone has not been able to produce enough rice to meet local 
consumption demand since the late 1970s. From 1960 to 1975 the produc-
tion of rice increased through the expansion of the land area planted with the 
crop and to some extent an increase in yield. In the late 1980s, production fell 
to an average of just above 500,000 metric tons, further declining to about 
460,000 tons in the mid-1990s when civil war engulfed the entire nation.1 The 
lowest level of production (198,000 tons of paddy) was recorded at the peak of 

 1 All tons are metric tons.
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FIGURE 12.7  Travel time to urban areas of various sizes in Sierra Leone,     circa 2000
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TABLE 12.3  harvest area of leading agricultural commodities in Sierra Leone, 2006–08 
(thousands of hectares)

rank Crop percent of total harvest area

Total 100.0 1,619

1 Rice 61.8 1,000

2 Groundnuts 9.3 150

3 Other pulses 5.4 88

4 Cassava 4.5 73

5 Maize 3.7 60

6 Other fresh vegetables 2.4 40

7 Cocoa beans 2.3 38

8 Millet 1.5 25

9 Oil palm fruit 1.5 24

10 Sorghum 1.4 22

Source: FAOSTAT (FAO 2010).
Note: All values are based on the three-year average for 2006–08.

TABLE 12.4  Consumption of leading food commodities in Sierra Leone, 2003–05 
(thousands of metric tons)

rank Crop percent of total Food consumption

Total 100.0 1,893

1 Rice 22.3 422

2 Cassava 16.4 311

3 Fermented beverages 11.3 213

4 Other vegetables 11.2 212

5 Other citrus 4.1 78

6 Wheat 4.1 78

7 Pelagic fish 3.6 68

8 Other fruits 3.4 65

9 Other pulses 3.2 60

10 Palm oil 1.8 34

Source: FAOSTAT (FAO 2010).
Note: All values are based on the three-year average for 2003–05.
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the civil war in 1999. Since then, rice production is estimated to have increased 
from 310,000 tons of paddy in 2000 to 637,983 tons in 2007 produced on 
659,487 hectares (Spencer, Deen, and Williams 2009). Groundnuts are sec-
ond to rice in the area under cultivation; cassava is the most important root 
crop and the second staple crop after rice. 

The next three figures show the estimated yields and growing areas of 
key crops. Rice is grown in all districts of Sierra Leone; the districts with 
the largest rice fields are Pujehun, Bo, Koinadugu, Tonkolili, and Kambia 
(Figure 12.8). Rice yields are very low, averaging about 1 metric ton per hect-
are on the uplands and 2 metric tons per hectare in the lowlands. Cassava is 
also grown throughout the country, with greater production in the northern 
regions and yields ranging from 4 to 7 metric tons per hectare (Figure 12.9). 
Like rice and cassava, groundnuts are grown in all parts of the country—most 
extensively in the northern regions; yields are slightly more than 1 metric ton 
per hectare (Figure 12.10).

FIGURE 12.8  Yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
rice in Sierra Leone, 2000
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Sources: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Notes: ha = hectare; MT = metric tons.
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FIGURE 12.9  Yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
cassava in Sierra Leone, 2000
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Sources: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Notes: ha = hectare; MT = metric tons.

FIGURE 12.10  Yield (metric tons per hectare) and harvest area density (hectares) for 
rainfed groundnuts in Sierra Leone, 2000
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Economic and Demographic Scenarios

Population

Figure 12.11 shows population projections for Sierra Leone for 2010–50. 
In the high variant the 2010 population will double soon after 2040. In the 
medium variant the population will double just before 2050, whereas in the 
low variant the population will be only 77 percent greater in 2050 than it was 
in 2010. Higher population growth can adversely affect resources. 

Income

Figure 12.12 presents three overall scenarios for Sierra Leone’s GDP per capita 
derived by combining three GDP scenarios with the three population scenar-
ios of Figure 12.11 (based on United Nations population data). The optimistic 
scenario combines high GDP with low population scenarios for all countries, 
the baseline scenario combines the medium GDP projection with the medium 
population scenario, and the pessimistic scenario combines the low GDP sce-
nario with the high population scenario. The agricultural modeling in the next 
section uses these scenarios as well.

FIGURE 12.11  Population projections for Sierra Leone, 2010–50

0

5

10

15

M
ill

io
ns

2010 2020 2030 2040 2050

High variant 
Medium variant
Low variant 

Source: UNPOP (2009).

SIERRA LEONE 337



The pessimistic scenario shows GDP per capita barely approaching US$400  
by 2050 (see Figure 12.12). GDP per capita increases to US$1,400 in the base-
line scenario and rises above $2,500 in the optimistic scenario over the same 
period—a rapid growth rate that is driven by substantial hypothetical gains 
in productivity.

Biophysical Scenarios

Climate Scenarios

Figure 12.13 shows precipitation changes in the four downscaled general circula-
tion models (GCMs) we use in this chapter in the A1B scenario. The CNRM- 
CM3, CSIRO Mark 3, and ECHAM 5 GCMs show rainfall varying by –50 to 
50 millimeters in most areas, with an increase of 50 to 100 millimeters in one-
fifth of the country.2 Interestingly, the three models differ regarding the specific 

2 The A1B scenario is a greenhouse gas emissions scenario that assumes fast economic growth, a 
population that peaks midcentury, and the development of new and efficient technologies, along 
with a balanced use of energy sources. CNRM-CM3 is the National Meteorological Research 
Center–Climate Model 3. 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 12.12  Gross domestic product (GDP) per capita in Sierra Leone, future scenarios, 
2010–50
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FIGURE 12.13  Changes in mean annual precipitation in Sierra Leone, 2000–2050, A1B 
scenario (millimeters)
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Source: Authors’ estimates 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 
Scientific and Industrial Research Organisation; GCM = general circulation model; ECHAM 5 = fifth-generation climate model 
developed at the Max Planck Institute for Meteorology (Hamburg); MIROC = Model for Interdisciplinary Research on Climate, 
developed at the University of Tokyo Center for Climate System Research.
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region that will experience this increase: CNRM-CM3 shows the 50–100 milli-
meter increase in the northwestern region, CSIRO Mark 3 in the southern 
region and part of the western region, and ECHAM 5 in parts of the northwest-
ern and southwestern regions. The MIROC 3.2 medium-resolution GCM 
shows a severe reduction in rainfall in all parts of the country except the north-
western region.3 Moving from north to south, the map shows increasing reduc-
tions, from –50 to –100 in the northern regions to –200 to –400 in the 
southern regions. 

Figure 12.14 shows the change in the average daily maximum temperature 
in Sierra Leone for the warmest month of the year in the A1B scenario accord-
ing to various GCMs from 2000 to 2050. CNRM-CM3 shows an increase of 
2.0°–2.5°C throughout the country except for a small portion, mainly in the 
coastal area. CSIRO Mark 3 and MIROC 3.2 show increases of 1°–1.5°C. 
ECHAM 5 shows the northern and northeastern regions experiencing greater 
temperature changes than the rest of the country, with the highest increases 
ranging from 2.0° to 2.5°C. The extreme heat might adversely affect all forms 
of agricultural activity (crops, livestock, and fisheries).

Crop Physiological Response to Climate Change

The effect of climate change on key crops in Sierra Leone is mapped in the 
next two figures. Crop yields for 2050 with climate change are compared to 
the yields with unchanged (2000) climate. Both CNRM-CM3 and CSIRO 
Mark 3 show rainfed rice doing well under climate change, particularly in the 
northern regions of the country (Figure 12.15). These scenarios show yield 
gains of between 5 and 25 percent of baseline in areas throughout the coun-
try. ECHAM5 shows the greatest losses of the four models, though there is 
also a lot of area with no significant change, and some with yield increases of 
5–25 percent. 

In the climate change scenarios, rainfed groundnuts show a yield loss 
of 5–25 percent of baseline in many areas of the country (Figure 12.16). 
The CSIRO Mark 3 GCM shows relatively less area being affected, as well 
as a yield increase of 5–25 percent along the coast. ECHAM 5 shows that 
most of the country will be adversely affected, with yields decreasing by 5 to 
25 percent.

 3 The MIROC is the Model for Interdisciplinary Research on Climate, developed at the University 
of Tokyo Center for Climate System Research. 
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FIGURE 12.14  Change in the daily maximum temperature in Sierra Leone for the warmest 
month, 2010–50, 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 
Scientific and Industrial Research Organisation; GCM = general circulation model; ECHAM 5 = fifth-generation climate model 
developed at the Max Planck Institute for Meteorology (Hamburg); MIROC = Model for Interdisciplinary Research on Climate, 
developed at the University of Tokyo Center for Climate System Research.
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FIGURE 12.15  Yield change under climate change: Rainfed rice in Sierra Leone,  
2000–2050, A1B scenario
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2000 old area lost

Yield loss > 25% of 2000

Yield loss 5−25%

Yield change within 5%

Yield gain 5−25%

Yield gain > 25%

2050 new area gained

Source: Authors’ estimates. 
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; GCM = general circulation model; ECHAM 5 = fifth-generation climate model 
developed at the Max Planck Institute for Meteorology (Hamburg); MIROC = Model for Interdisciplinary Research on Climate, 
developed at the University of Tokyo Center for Climate System Research.
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FIGURE 12.16  Yield change under climate change: Rainfed groundnuts in Sierra Leone, 
2000–2050, A1B scenario

CNRM-CM3 GCM CSIRO Mark 3 GCM

ECHAM 5 GCM MIROC 3.2 medium-resolution GCM

2000 old area lost

Yield loss > 25% of 2000

Yield loss 5−25%

Yield change within 5%

Yield gain 5−25%

Yield gain > 25%

2050 new area gained

Source: Authors’ estimates. 
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; GCM = general circulation model; ECHAM 5 = fifth-generation climate model 
developed at the Max Planck Institute for Meteorology (Hamburg); MIROC = Model for Interdisciplinary Research on Climate, 
developed at the University of Tokyo Center for Climate System Research.
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Agricultural Vulnerability Scenarios (Crop-Specific)

The next three figures show simulation results from the International Model 
for Policy Analysis of Agricultural Commodities and Trade associated with 
key agricultural crops in Sierra Leone. The figure for each crop has five graphs: 
production, yield, area, net exports, and world price.

Rice production and productivity are shown to increase; the area of pro-
duction increases relatively less (Figure 12.17). All of the scenarios show 
increasingly negative trends for net rice exports—though much less so in the 
case of the pessimistic scenario. All three scenarios also show a general increas-
ing trend in the world price for rice. Rice productivity needs to improve to 
meet domestic consumption demand; increasing production will also benefit 
farmers through higher world prices.

The scenarios for the production and yield of cassava show an increase toward 
2050, with only a slight increase in the area under cultivation (Figure 12.18). Net 
exports of cassava are shown increasing up to 2030, followed by a decline up to 
2050, in all the scenarios. Net exports are higher in the pessimistic scenario than 
in either the baseline or the optimistic scenario. Between 2035 and 2050, all three 
scenarios give very broad ranges for net exports that overlap.

Groundnut production is shown to increase as a result of expansion of the 
area under production; productivity is shown to remain essentially constant, 
though there is a slight increase observed out to around 2030, followed by a 
slight decrease, reflecting the negative impact of climate change, which out-
weighs the positive impact of technological change (Figure 12.19). Depending 
on the scenario, net exports are shown to increase through 2020 and to 
decline thereafter. The world price for groundnuts is shown to increase until 
2050 only in the pessimistic scenario. With decreasing productivity, more area 
will have to be brought under cultivation to meet the demand for groundnuts 
as the population increases, while increased land degradation will likely force 
farmers to use expensive inputs to maintain yields.

Human Vulnerability Scenarios

Figure 12.20 shows the impact of future GDP and population scenarios 
on under-five malnutrition rates in Sierra Leone. The box-and-whisker plots 
in the figure indicate the range of climate scenario effects. The optimistic sce-
nario shows the number of malnourished children under age five decreas-
ing by 50 percent in 2050; the baseline scenario shows a minimal decline by 
2050 after rising slightly through 2025. The pessimistic scenario shows an 
increase in the number of malnourished children under age five up to 2040, 
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FIGURE 12.17  Impact of changes in GDP and population on rice in Sierra Leone, 2010–50
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Source: Based on analysis conducted for Nelson et al. (2010).
Notes: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate 
scenarios. GDP = gross domestic product; US$ = US dollars.
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FIGURE 12.18  Impact of changes in GDP and population on cassava in Sierra Leone, 
2010–50
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Notes: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate 
scenarios. GDP = gross domestic product; US$ = US dollars.
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FIGURE 12.19  Impact of changes in GDP and population on groundnuts in Sierra Leone, 
2010–50
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Source: Based on analysis conducted for Nelson et al. (2010).
Notes: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate 
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but the rate then holds steady. Although some increases in the numbers of 
malnourished children are noted in all scenarios for at least some of the years 
projected in the graph, we also recognize that the population will be growing 
and that the number of children under five will grow along with the rest of the 
population, implying that the percentage of children who are malnourished 
will likely decline in all scenarios and possibly for all years.

Figure 12.21 shows the available kilocalories per capita. The optimistic sce-
nario shows a greater increase in kilocalories per capita than does the baseline 
scenario. The pessimistic scenario shows a decrease in kilocalories per capita 
through 2030 and an increasing pattern afterward, though by 2050 the kilo-
calories per capita will still be fewer than we saw in 2010. Comparison with 
Figure 12.20 suggests that the increased availability of kilocalories is correlated 
with a reduction in the number of malnourished children under five years of age.

Conclusions and Policy Recommendations
Crop production in Sierra Leone is very sensitive to climate and climate varia-
tion, as seen in recent experience as well as in the modeled outcomes. Rainfall 
is becoming increasingly sporadic. For example, in 2010 and 2011 more rain 

FIGURE 12.20  Number of malnourished children under five years of age in Sierra Leone in 
multiple income and climate scenarios, 2010–50
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fell in March (the driest month of the year) than in any March in the past three 
decades. The model outputs, based on climate scenarios, show specific climate 
change impacts: for temperatures above 25°C, for example, rice production 
is expected to show decreasing yields. Other crops such as maize, millet, and 
cocoa are also shown to be negatively affected by climate change. 

The various models show different results while differing significantly from 
the baseline scenarios. The most significant results are those relating to possi-
ble declines in the production of basic foodcrops: the vulnerability of crops to 
climate change also poses a direct threat to farmers’ livelihoods and to overall 
food security. These disturbing scenarios would undermine the government’s 
plans to expand agricultural production, alleviate poverty, and secure afford-
able food for all. 

The following specific agricultural policy measures are strongly urged to 
mitigate the impact of current and future climate challenges: 

• Support the establishment of adequate weather stations around the country 
to provide reliable and adequate weather data that will be useful to properly 
inform farmers.

FIGURE 12.21  Kilocalories per capita in Sierra Leone in multiple income and climate 
scenarios, 2010–50
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• Provide adequate support to the Sierra Leone Agricultural Research 
Institute as well as Njala University to develop appropriate crop varieties 
and production practices that will enhance crops’ resilience to adverse 
weather conditions 

• Develop and maintain seed banks (or become part of international efforts 
to do so) to provide a variety of seed types that preserve biological diversity 
and enable farmers to make informed choices.

• Promote innovative and adaptive approaches such as irrigation and water 
harvesting to protect farmers from variability in rainfall.

• Provide for the construction of appropriate roads, particularly feeder roads, 
in the rural areas that will be able to withstand increasing rainfall. 

• Take appropriate measures to control the rapid increase in population as 
well as to provide appropriate infrastructure, social services, and mechani-
zation of agriculture in the rural areas to slow massive movements of youth 
into urban areas.

• Support and promote awareness of climate change, specifically water stor-
age and management methods. This effort should be backed by the devel-
opment of efficient irrigation schemes.

• Provide adequate support to the agricultural research system to develop  
short-duration crop varieties, particularly groundnuts, that will be adaptable 
to drying as well as wetter conditions as indicated by the results of our study.

With a supportive policy environment, farmers will find it much easier 
to adapt to the challenges presented by climate change, and that, in turn, will 
help provide stability for Sierra Leone in terms of lower rates of poverty and 
un employment and greater food security and GDP per capita.
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