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In this chapter we assess the vulnerability of Botswana’s agriculture to climate 
change, with special emphasis on impacts on the poor. The agriculture sector 
is inherently vulnerable to climate change, and Botswana’s semiarid climate 

already severely limits agricultural production. Following a broad overview 
of current economic and demographic indicators, land use, and agricultural 
performance, we summarize the current state of institutional policy, pro-
grams, and strategies relating to agriculture and climate change. The section 
“Scenarios for the Future” summarizes projected economic and demographic 
trends, as well as the results of the modeled biophysical scenarios relating 
to climate and crop production as they apply to Botswana. The analysis of 
these scenarios addresses specific areas of agricultural vulnerability to climate 
change, taking into account projected trends in global agricultural commodity 
prices in relation to climate change.

The project methodology included a literature review as well as stake-
holder consultations. The literature review, to evaluate agriculture produc-
tion, policies, strategies, and programs, was complemented by stakeholder 
consultation meetings with representatives of the Ministry of Agriculture 
(MoA), the Department of Meteorological Services, and the Department 
of Environmental Affairs to gain insights into the performance, constraints, 
and activities of the agricultural sector. Complete statistical information is 
not yet available, because most of the departments are still compiling statisti-
cal databases of the country’s agriculture production. For example, the Crop 
Production Department is working on a database for the past 30 years that will 
indicate changes in crop yields for each district and crop.

The Policy Context of Agriculture Production
Botswana’s Vision 2016 (Botswana Vision 2016 Council 1997), developed 
in 1997, has guided national and sectoral development planning since then. 
It states that agriculture in Botswana will be productive, profitable, and 
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sustainable and will make a full contribution to economic development, pov-
erty alleviation, food security, quality of life, and sustainable use of natural 
resources. Vision 2016 does not have targets for assessing or alleviating the vul-
nerability of agriculture to climate change, perhaps because it was formulated 
before climate change was recognized by Botswana’s government as an issue. 

National Development Plan (NDP) 9 (Botswana, Ministry of Finance and 
Development Planning 2003), for the period 2003–2009, stressed the need to 
be less dependent on diamond mining and to diversify the agricultural produc-
tion base. Under that plan, the government adopted the following strategies 
for irrigation and water development: 

• Develop a gender-sensitive irrigation policy. 

• Establish two irrigation schemes using treated effluent, at Lobatse 
and Francistown. 

• Establish an irrigation systems testing center. 

• Construct new dams, and assist farmers in rehabilitating and upgrading 
existing dams. 

• Continue the well rehabilitation program. 

• Explore rainwater harvesting technologies in settlements to promote back-
yard gardening. 

• Contract private companies to complement government efforts in develop-
ing irrigation and water resources.

Under NDP 9, 48 wells and 37 dams were rehabilitated for livestock pur-
poses, and this effort is continuing under NDP 10. The irrigation schemes that 
were developed are listed in the National Master Plan for Arable Agriculture and 
Dairy Development (NAMPAADD) (Botswana, Ministry of Agriculture 2010c).

The Integrated Support Program for Arable Agriculture Development 
(Botswana, Ministry of Agriculture 2010a) was introduced in 2008 to replace 
the Arable Land Development Program, and it was meant to address the chal-
lenges facing arable farmers as well as the inherently low productivity of the 
arable subsector. The primary objectives of the program are to

• increase grain production,

• promote food security at the household and national levels,
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• commercialize agriculture through mechanization,

• facilitate access to farm inputs and credit, and 

• improve extension outreach.

The performance of the arable subsector is highly dependent on the avail-
ability of water. It is therefore essential to improve the availability of water to 
cluster areas. The program aims to drill new boreholes and purchase and reha-
bilitate existing boreholes. The program has a component for the provision 
of farming inputs such as draft power, fertilizer, and seeds. Fertilizer and draft 
power are provided free of charge to all farmers with 5 hectares of land or less 
(which includes virtually all poor farming households); free seed is provided to 
all farmers with 15 hectares or less. For farms that exceed these size thresholds, 
inputs are provided at subsidized rates. 

The Livestock Management and Infrastructure Development Program 
(LIMID), Phase 1 (Botswana, Ministry of Agriculture 2010b), is a gov-
ernment program to improve food security and eliminate poverty, aimed 
specifically at the livestock sector. The program focuses on resource-
poor households, though without specific attention to gender, and provides 
three packages. The program objectives are to

• promote food security through the improved productivity of cattle, small 
stock, and Tswana chickens;

• improve livestock management; 

• improve range resource use and conservation;

• eradicate poverty; and

• provide infrastructure for the safe and hygienic processing of poultry 
(or meat).

The results of the LIMID evaluation demonstrated that more women than 
men participated in LIMID, especially in the resource-poor component. The 
small stock livestock population (sheep and goats) increased from 9,007 to 
11,405 in the districts where the program was piloted, representing an increase 
of 25.4 percent achieved through the program. 

The NAMPAADD program, also designed to address food security and 
poverty alleviation, focuses on upgrading communal farms (crops and dairy) 
to commercial farms. It aims to 
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• improve food security at the household and national levels, with an empha-
sis on household food security;

• diversify the agricultural production base;

• increase agricultural output and productivity;

• increase employment opportunities for the rapidly growing labor force;

• provide a secure agricultural and productive environment for agricultural 
producers; and 

• conserve scarce agricultural and land resources for future generations.

An evaluation of the performance of the rainfed agriculture sector in the 
NAMPAADD (Botswana, Ministry of Agriculture 2010c) shows that the ara-
ble farming sector is severely hampered by unfavorable agroclimatic condi-
tions, including endemic drought and high summer temperatures. Although 
the NAMPAADD program is aware of the impact of climatic conditions 
on small-scale farmers, it does not articulate a clear action plan for addressing 
the vulnerability of agriculture to climate change. 

Review of Current Trends
Botswana is a landlocked country in the middle of southern Africa, bor-
dered by Namibia to the west, Zambia and Zimbabwe to the northeast, and 
South Africa to the south. Predominantly flat tableland, the country cov-
ers 581,730 square kilometers at a mean altitude of 1,000 meters. The coun-
try is divided into 10 districts: Central, Chobe, Ghanzi, Kgalagadi, Kgatleng, 
Kweneng, North-East, Ngamiland, South-East, and Southern.

Botswana’s climate is semiarid, characterized by warm winters, hot sum-
mers, low rainfall, and high levels of evapotranspiration. In the center of the 
country is the Kalahari Desert sandveld, covering two-thirds of the country 
and suitable mainly for livestock and wildlife. The eastern part of the coun-
try consists mostly of loamy clay soils that are more fertile and better suited to 
crop production. In the northeastern part of the country is the wet sandveld, 
characterized by green wetlands and an abundance of wildlife. The remainder 
of the country is transition sandveld. 

Rainfall is erratic, averaging 450 millimeters per year and ranging from 
650 millimeters in the northeast (Chobe) to just 250 millimeters in the south-
west (Gemsbok National Park). The rainfall season varies from year to year 
and is punctuated by periods of severe drought. Summer temperatures can 
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soar to 44°C between October and March, averaging between 35°C and 40°C 
during midday. The hottest months are December and January. Night tem-
peratures seldom fall below 26°C; winters are mostly dry, with daytime tem-
peratures of about 27°C, dropping to around 7°C at night. Occasionally it 
drops below freezing, with July being the coldest month. 

Botswana’s climate greatly limits the country’s food production capacity. 
Only about 5 percent of the country’s land area is suitable for cultivation, and 
less than 1 percent is currently cultivated, mainly in the eastern part of the 
country where conditions are favorable for crop production. According to the 
Ministry of Agriculture (2010c), the frequency of droughts has been increas-
ing over the past few years, from once every four years to once every two years; 
thus, the years 2001–2003, 2005–2006, and 2006–2007 were drought years. 

Economic and Demographic Indicators

population

The population of Botswana is currently estimated at just over 1.8 million. 
According to the 2001 population census (Botswana, Central Statistics Office 
2001), 55 percent of the population resides in urban areas and the remain-
ing 45 percent in rural areas. Figure 3.1 shows the country’s total and rural 

FIGURE 3.1  population trends in Botswana: total population, rural population, and percent 
urban, 1960–2008
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population (left axis) and the share of urban population (right axis). The 
urban population is estimated to have increased from 41.9 percent in 1990 to 
57.4 percent in 2005 and is projected to reach 64.6 percent in 2015 (National 
Development Plan 9) (Botswana, Ministry of Finance and Development 
Planning 2003). This urbanization trend is driven not only by migration from 
rural areas but also by the reclassification of settlements from rural to “urban 
villages” when their population reaches 5,000. 

Additional information concerning rates of population growth is shown 
in Table 3.1, indicating a negative population growth rate in rural areas for 
the years 1980–1989 and 2000–2008. This has had a negative impact on the 
agriculture sector, depriving the rural sector of much-needed labor. The MoA 
reports a rising proportion of aged individuals among communal farmers. 

Income

The Population and Housing Census of 2001 (Botswana, Central Statistics 
Office 2001) and the subsequent Household Income and Expenditure Survey of 
2002/2003 (Botswana, Central Statistics Office 2004) found 394,272 house-
holds in Botswana, of which 41.4 percent were rural. The report highlighted 
income disparities among urban, urban village, and rural households, with the 
rural households earning the least and urban households earning two to three 
times as much as the rural households. 

The report also indicated that the poverty levels (people living on less than 
US$1 per day) were declining, from 46.7 percent in 1993/1994 to 30.3 per-
cent by 2002/2003. However, the gains in poverty reduction may still result 
in Botswana’s falling short of its Vision 2016 target, halving the poverty level 
to 23 percent by 2006 and reducing it to zero by 2016. Figure 3.2 shows that, 
in spite of significant gains made in reducing poverty in towns and cities, the 
poverty level in rural areas still remains significantly high. While the poverty 

TABLE 3.1 population growth rates in Botswana, 1960–2008 (percent)

Decade total growth rate rural growth rate Urban growth rate

1960–1969 2.7 2.3 11.9

1970–1979 3.5 2.5 11.1

1980–1989 3.2 –0.2 12.6

1990–1999 2.4 0.2 4.9

2000–2008 1.2 –0.6 2.6

Source: Authors’ calculations based on World Development Indicators (World Bank 2009).
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levels in towns are less than 15 percent, in rural areas they range from 33 per-
cent to as high as 53 percent (South-West District). 

Table 3.2 indicates that income distribution worsened between 1993/1994  
and 2002/2003, as reflected by an increase in the Gini coefficient from 0.537  
to 0.573. Significantly, the proportion of households without livestock (cattle) 
rose from 50.2 to 62.5 percent; the decline in cattle raising may reflect urban 
migration, and it may also indicate a cause of increasing rural poverty, because 
people sold their cattle during the droughts. As the poverty rate has gone 
down, the gap between poor and rich has widened. So either way, despite the 
development gains and lower poverty rates, this development has taken place 
very unequally. 

FIGURE 3.2  poverty rates in Botswana by region and urban/rural, 2003 
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TABLE 3.2  Income and poverty indicators for Botswana, 1984/1985, 1993/1994, and 
2002/2003

Variable 1984/1985 1993/1994 2002/2003

Poverty rate (percent of population) 46.7 30.3

Income distribution (Gini coefficient, disposable income) 0.556 0.537 0.573

Livestock ownership (percent of households)

 Households without cattle 50.2 54.6 62.5

 Households without goats 46.9 63.0

 Households without sheep 92.3

 Households without chickens 59.1

Source: Botswana, Central Statistics Office (2004). 
Note: Blank cells indicate that no values were reported for those years.
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Land Use Overview

Figure 3.3 shows land cover and land use in Botswana as of 2000. Over 80 per-
cent of Botswana’s vegetation is classified as shrub cover under the classifica-
tion of the Food and Agriculture Organization of the United Nations (FAO). 
Gazetted forests (government property) occupy an area of 4,555 square kilo-
meters (Botswana, Ministry of Minerals, Energy, and Water Resources 2009). 
The land cover is dominated by savannah (mixed tree and grass systems) of 
various forms. The major plant communities include shrub savannah, tree 
savannah, and closed tree savannah on rocky hills, semiarid shrub savannah, 
aquatic grassland, dry deciduous forest, and woodland. The southwestern 
parts of the country are characterized by shrub savannah, whereas the extreme 
southwest (the driest region) has sparse vegetation and rolling sand dunes. 
Vegetation becomes denser toward the north and east, changing to open tree 
savannah, then woodlands and dry forest (Botswana, Ministry of Minerals, 
Energy, and Water Resources 2009).

Figure 3.4 shows the locations of protected areas in Botswana, including 
parks and reserves. These locations provide important protection for fragile 
environments, which are also important for the tourism industry. The game 
reserves, national parks, quarantine areas, and wildlife management areas are 
sensitive places and are not suitable for any agricultural activity. Other land-
use categories in Botswana include government initiative areas, such as the 
Botswana Livestock Development Corporation ranches, freehold farms, game 
reserves, national parks, pastoral/arable/residential areas, quarantine camps, 
Tribal Grazing Land Policy ranches, wildlife management areas, forest reserves, 
commercial farms, government ranches, and residential land-use areas. 

Figure 3.5 shows the travel times to urban areas of various sizes, which are 
potential markets for agricultural products and potential sources for agricul-
tural inputs and consumer goods for rural households. Most of Botswana’s pop-
ulation is concentrated in the eastern part of the country, and travel in these 
areas takes far less time (at most 5–8 hours to reach a town of 10,000 people). 
In the central and western parts of the country, it takes at least 16 hours to reach 
a town of 10,000 people. 

Currently only 45 percent of farmers have access to roads, 17 percent to 
electricity, 22 percent to telecommunication, 65 percent to water for livestock 
and domestic use, and 43 percent to water for irrigation. The absence or limi-
tations of infrastructure in production zones is associated with poor agricul-
tural performance and stagnating farm incomes. 

The Government of Botswana has planned to implement an Agriculture 
Infrastructure Development Initiative in NDP 10 for the planning period 
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FIGURE 3.3  Land cover and land use in Botswana, 2000
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2010–2015/2016. The main aim of the initiative is to provide roads and elec-
tricity in priority agriculture production zones.

Agriculture Overview

Overall Performance 

The contribution of agriculture to gross domestic product (GDP) in Botswana 
has declined drastically, from 40 percent at the country’s independence in 
1966 to 1.6 percent in 2007 (Botswana, Ministry of Agriculture 2010d), 
mainly due to rapid growth in the mining sector during the same period. More 
than 80 percent of the sector’s GDP is from livestock production; crop pro-
duction contributes slightly less than 20 percent. Both livestock and crop pro-
duction are dominated by communal farms. The agriculture sector accounts 
for 30 percent of the country’s employment. 

Table 3.3 shows that over the period from 2000 to 2007, agricultural GDP 
grew at only 0.4 percent per year compared to the average growth rate of 
5.6 percent of the national GDP for the same period. This low growth rate was 
mainly due to extensive droughts (indicated in Table 3.3 by a D in the column 
for each drought year).

In spite of significant investment by the Government of Botswana to boost 
agricultural production, major challenges hamper productivity, including 

FIGURE 3.4  protected areas in Botswana, 2009
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FIGURE 3.5  travel time to urban areas of various sizes in Botswana, circa 2000
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not only adverse agroclimatic and agroecological conditions but also a risk-
averse communal farm culture, low levels of skills, an aging farming popula-
tion, and mistargeted and poorly formulated agricultural programs (Batisani 
2010). Batisani reports a 31-year decreasing trend in land cultivation across 
Botswana, highly correlated to the previous year’s rainfall. The increasing fre-
quency of droughts is likely to exacerbate this trend. 

Crop Production 

Crop production in Botswana is dominated by grains and horticulture. There 
are two main farming systems, subsistence and commercial farming. Most of 
the subsistence farms are situated in the eastern hard-veld areas of the country 
(300,000 hectares), with better rainfall, better soils, and better access to water 
than in the western region. Subsistence farm production is characterized by 
low use of fertilizer and certified seeds, low mechanization, and limited irri-
gation. In contrast, commercial farms are mechanized and use modern inputs 
(fertilizers, hybrid seeds, and pesticides) 

Table 3.4 shows that Botswana had a production deficit averaging 99 per-
cent for maize and 46 percent for sorghum for the period 2001–2007. These 
deficits were filled through imports from South Africa, creating food depen-
dence and vulnerability to food price inflation. 

Livestock Production 

Livestock production is the mainstay of the rural population, which constitutes 
42.6 percent of Botswana’s total population. Like crop production, animal pro-
duction consists of communal and commercial production; it is dominated by 
beef production. About 85 percent of the national herd is grazed on commu-
nal lands and is hampered by the shortage of water; herders depend mainly on 
borehole water. Cattle production is the only source of agricultural exports for 
Botswana. Average beef production has been declining. as shown in Table 3.5. 

TABLE 3.3  agricultural and national gross domestic product (GDp) for Botswana, 
2000–2007

Years
2000/ 
2001

2001/ 
2002

2002/ 
2003

2003/ 
2004

2004/ 
2005

2005/ 
2006

2006/ 
2007

annual  
2000–2007a

Drought years (D) D D D D D

Agricultural GDP 9.9 –2.6 1.8 2.8 –11.0 –3.6 6.8 0.4

Total GDP 9.0 1.6 9.7 2.8 9.7 0.5 6.1 5.6

Source: Botswana, Ministry of Agriculture (2010d).
aAverage figures for 2000–2007.
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Beef production is hampered by the lack of quality breeding stock, the lack of 
infrastructure in production areas, poor livestock husbandry, and diseases. 

Table 3.5 shows beef exports to the EU from 2001 to 2007. The fulfill-
ment of the beef export quota has been declining sharply, from 86 percent in 
2001 to 34 percent in 2007. The MoA attributes this decline to outbreaks of 
disease, including foot and mouth disease (FMD) and bovine measles (affect-
ing 10 percent of carcasses from the Botswana Meat Commission). 

Dairy production is very low, currently meeting only 3 percent of the national 
milk requirement. Small stock production contributes negligibly to the sector’s 
GDP but plays an important socioeconomic role in the lives of the rural poor as 

TABLE 3.4 estimation of requirements, production, and deficits of maize and sorghum/
millet in Botswana, 2001/2002–2006/2007 (metric tons)

Crop Year requirements production Deficit

Maize 2001/2002 124,000 17,412 –106,588

2002/2003 131,000 1,633 –129,367

2003/2004 125,000 6,220 –118,780

2004/2005 141,000 2,586 –138,414

2005/2006 140,000 10,467 –129,533

2006/2007 144,000 751 –143,249

Sorghum/millet 2001/2002 62,000 31,625 –30,375

2002/2003 55,000 54,362 –638

2003/2004 65,000 35,134 –29,866

2004/2005 64,000 21,164 –42,836

2005/2006 60,000 25,604 –34,396

2006/2007 57,000 26,193 –30,807

Source: Botswana, Ministry of Agriculture, various years.

TABLE 3.5 Beef exports from Botswana to the eU, 2001–2007 (metric tons)

export item/total exports/
export quota or fulfilment 2001 2002 2003 2004 2005 2006 2007

Chilled meat 8,118 4,781 5,376 4,692 4,198 2,986 1,119

Frozen meat 8,110 5,010 3,825 5,433 3,375 3,140 5,336

Total exports 16,228 9,791 9,201 10,125 7,573 6,126 6,455

Export quota 18,916 18,916 18,916 18,916 18,916 18,916 18,916

Quota fulfillment 86% 52% 49% 54% 40% 32% 34%

Source: NDP 10–BMC Reports (Botswana, Ministry of Finance and Development Planning 2010; Botswana Meat Commission 
2010).
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a source of food and income (mostly to female-headed households). The small 
stock population has shown a decreasing trend, mostly due to poor manage-
ment, disease, and parasite infestations. The MoA reports a high mortality rate 
for small stock during wet years because of the high incidence of disease. This has 
been especially the case in the eastern part of the country due to heartwater dis-
ease, which is now being observed in areas formerly designated free of the disease. 

The Department of Veterinary Services (MoA) recognizes that most ani-
mal diseases are influenced by weather conditions, and controlling them 
requires restricting the movement of animals. FMD, one of the most danger-
ous diseases that affects the economy and the livelihoods of farmers, occurs 
more often during dry seasons, when buffalo and cattle come in contact at the 
limited watering holes. 

Scenarios for the Future

Socioeconomic Scenarios

population Growth

Figure 3.6 shows population projections for Botswana for the year 2050 using 
three different scenarios: pessimistic, baseline, and optimistic. The Central 
Statistics Office indicates that HIV and AIDS will have a significant impact 
on slowing the population growth rate. Slow population growth would allow 
the programs addressing national and household food security to serve a 
smaller population than otherwise. However, in combination with urbaniza-
tion, it may still severely reduce the agricultural labor force. 

economic Growth and Development

Figure 3.7 presents three overall scenarios for GDP per capita derived by combin-
ing three GDP scenarios with the three population scenarios of Figure 3.6 (based 
on United Nations population data). The optimistic scenario combines high 
GDP growth with low population growth for all countries, the baseline scenario 
combines medium GDP growth with medium population growth, and the pes-
simistic scenario combines low GDP growth with the high population growth. 
(The agricultural modeling in the next section uses these scenarios as well.) 

The optimistic scenario incorporates the low population growth rate pro-
jected by the Central Statistics Office. However, it is not clear that the GDP 
projections can be realized, because after 2025 output in the mining sector is 
expected to decline, severely affecting GDP. GDP is thus projected to rise in 
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FIGURE 3.6  population projections for Botswana, 2010–2050
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FIGURE 3.7  Gross domestic product (GDp) per capita in Botswana, future scenarios, 
2010–2050
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line with the optimistic scenario up to 2025–2030. Without significant eco-
nomic diversification, agricultural production will likely become a more signif-
icant share of GDP as mining GDP declines after 2025–2030. The projected 
increase in GDP per capita, coupled with population growth and continued 
rural–urban migration, is likely to result in increased food demand as income 
and quality of life improve. The increase in demand, if not matched with 
improvement in agriculture production, could result in increased food prices, 
or at least increased demand for imported foods.

Biophysical Analysis

Climate Models

Figure 3.8 shows precipitation projections for 2000–2050 based on general 
circulation models (GCMs) using the A1B scenario.1 Four downscaled cli-
mate models are used: the ECHAM 5, CNRM-CM3, CSIRO Mark 3, and 
MIROC 3.2 GCMs.2 CNRM-CM3, CSIRO Mark 3, and MIROC 3.2 show 
a minimal annual change in rainfall (–50 to 50 millimeters) in the central, 
northern, eastern, and western parts of the country. CSIRO Mark 3, ECHAM 
5, and MIROC 3.2 all show a reduction in precipitation of between –100 and 
–50 millimeters in the southern and southeastern regions. CNRM-CM3 and 
CSIRO Mark 3 show an increase in precipitation in the southwestern or parts 
of the northern region. Only ECHAM 5 shows a general decrease in precipita-
tion across most of the country, ranging between –200 and –100 millimeters. 

The most pessimistic scenario thus shows a decrease in annual precipita-
tion across Botswana of between –50 and –200 millimeters. The most proba-
ble scenario, in the sense that three out of four models considered here seem to 
agree, is little to no change in most of the country. 

Figure 3.9 shows changes in average daily maximum temperature for the 
warmest month. All of the GCMs generally show an overall increase in the 
annual maximum temperature by margins ranging between 1.5° and 3.5°C. 
The ECHAM 5 GCM shows dramatic shifts of more than 3.0°C for the 

1 TheA1B scenario describes a world of very rapid economic growth, low population growth, and 
rapid introduction of new and more efficient technologies, with moderate resource use and a bal-
anced use of technologies.

2 CNRM-CM3 is 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. MIROC 3.2 is the Model for Interdisciplinary Research 
on Climate, developed at the University of Tokyo Center for Climate System Research.
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FIGURE 3.8  Changes in mean annual precipitation in Botswana, 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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FIGURE 3.9  Change in monthly mean maximum daily temperature in Botswana 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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entire country. This general increase in temperature would mean an increase 
in evapotranspiration, magnifying the effect of a decrease in precipitation and 
implying that the country would become drier. This effect would be felt most 
severely in the eastern parts of the country because this is the area with most of 
the agricultural production (crops and livestock) and most of the population, 
though the CSIRO Mark 3 and MIROC 3.2 GCMs at least indicate that the 
east will have smaller temperature increases than the southwest. 

Crop Models

The Decision Support System for Agrotechnology Transfer (DSSAT) crop 
model was used to compute yields under current temperature and precipi-
tation regimes and for the projected climates given by our four GCMs. The 
future yield results from DSSAT were then compared to the current or base-
line yield results from DSSAT. The outputs for key crops are mapped in the 
following two sets of figures, which compare yields for 2050 under climate 
change with the yields assuming an unchanged (2000) climate. 

All of the GCMs show a maize yield gain of more than 25 percent over the 
2000 baseline for the North-East and Pandamatenga Districts (Figure 3.10). 
The CNRM-CM3 and MIROC 3.2 GCMs both show yield gains ranging 
from 5 percent to more than 25 percent over the baseline scenario, mostly con-
centrated in the Kweneng and Kgatleng Districts. For the Kgalagadi District, 
the GCMs show scattered effects. The Kgalagadi District could be the hardest 
hit by climate change; both the MIROC 3.2 and the ECHAM 5 GCMs indi-
cate that there will be an almost total loss of land for maize. 

The modeled results of the projected impacts of climate change on the 
production of rainfed sorghum are shown in Figure 3.11. All the GCMs 
show yield losses ranging from 5 to 25 percent in the Ghanzi District, the 
Ngamiland District, and half of the Central District. CNRM-CM3 and 
MIROC 3.2 both show some yield gains in parts of the Central District and in 
almost all of the Kweneng and Southern Districts. The GCMs differ regarding 
the Kgalagadi District. ECHAM 5, MIROC 3.2, and CSIRO-Mark 3 show 
losses of land compared to the baseline for most of the districts, whereas 
the CNRM-CM3 GCM projects mostly yield increases and even some addi-
tion of cultivable land. The yield losses in the western part of the country also 
correspond to the 31 percent yield losses projected by Chipanshi, Chanda, and 
Totolo (2003); however, the scenarios do not duplicate these authors’ projec-
tion of yield reductions of 10 percent in the eastern parts of the country. 

We note that the areas where most of the yield gains are projected are dom-
inated by subsistence farms that are dependent on rainfed agriculture.
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FIGURE 3.10  Yield change under climate change: rainfed maize in Botswana, 2000–2050, 
a1B scenario
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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 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 3.11  Yield change under climate change: rainfed sorghum in Botswana, 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 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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Agricultural Outcomes
Figures 3.12 and 3.13 show simulation results for future agriculture out-
comes based on climate change, population growth, and GDP scenarios. 
Each featured crop has five graphs showing production, yield, area, net 
exports, and world price. The graphs show the global price of maize more 
than doubling by 2050, coupled with yield increases as better farming meth-
ods are implemented because, despite a reduction in the harvested area, pro-
duction is expected to increase. However, the maize food security situation 
is not projected to improve; the country is expected to continue to import 
more maize than it produces, remaining vulnerable to international food 
price increases. 

The results for sorghum are similar to those for maize. However, the price 
of sorghum is shown rising less sharply and remaining relatively stable after 
2025. Sorghum yield, production, and area harvested are shown to be improv-
ing. Unlike in the case of maize, imports of sorghum are shown to decline due 
to increased production, indicating that production efficiency will improve 
faster than demand. 

Any increase in food prices for maize and sorghum would likely have a 
ripple effect on livestock feed prices, thus affecting beef producer costs. This 
could result in reduced cereal and beef consumption and have a direct impact 
on the available kilocalories per capita. 

Vulnerability to Climate Change
The number of malnourished children under age five and the available 
kilocalories per capita are used here as indirect indicators of the impact of 
climate change on human welfare. Figures 3.14–3.16 use “box-and-whis-
ker” plots to illustrate these indicators under different income and cli-
mate scenarios. 

Figure 3.14 shows the impact of future GDP and population scenarios on 
the number of malnourished children under age five. Figure 3.15 shows the 
share of children who are malnourished. The number of malnourished chil-
dren is projected to continue to rise steadily until 2025 and then decline. 
The baseline and optimistic scenarios show this downward trend continuing 
through 2050, with malnutrition levels below the 2010 levels. The shorter-
term increase is in line with the shorter-term decline in kilocalories per capita 
in Botswana (discussed below). The share declines more rapidly as population 
growth increases the total number of children.
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FIGURE 3.12  Impact of changes in GDp and population on maize in Botswana, 2010–2050
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Notes: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the future climate 
scenarios. GDP = gross domestic product; US$ = US dollars.

Figure 3.16 shows a reduction in the availability of kilocalories per cap-
ita in Botswana until 2025 for the baseline scenario; thereafter, it is shown 
improving. The optimistic scenario shows a slight increase through 2025 and 
thereafter a much more rapid increase. The pessimistic scenario shows a 
steady decline through 2025 and a slower decline thereafter. The availability 
of kilocalories is projected to remain below the normal threshold of 2,300–
2,400 kilocalories per day until 2045 in the baseline scenario. 
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Conclusions and Policy Recommendations
Botswana’s semiarid climate severely limits the country’s food production 
capacity. Of Botswana’s 581,780 square kilometers, only 5 percent is suitable 
for cultivation. Less than 1 percent is being cultivated, mostly in the eastern 
parts of the country, where conditions are more favorable for crop production. 
In addition, the country is prone to increasingly frequent droughts, recently 
occurring every two years. 

FIGURE 3.13  Impact of changes in GDp and population on sorghum in Botswana, 
2010–2050
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64 Chapter 3



FIGURE 3.14  Number of malnourished children under five years of age in Botswana 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 3.15  Share of malnourished children under five years of age in Botswana 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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Since independence, Botswana has had strong economic growth, mostly 
spurred by growth in the mining sector. The agriculture sector has grown 
more slowly, and its contribution to GDP has declined from 40 percent at in-
dependence in 1966 to just over 1 percent at present. The current govern-
ment budget share for agriculture is about 5 percent. Agriculture still remains 
the mainstay of the rural economy, which comprises 41.4 percent of the coun-
try’s households and offers employment to 30 percent of the country’s employ-
able population. 

The agriculture sector in Botswana consists of two distinct sectors, sub-
sistence and commercial farms. The communal farms—which, for those un-
familiar with Botswana agriculture, is the term used for individually owned 
farms, generally smallholders—cultivate 80 percent of the total planted area 
but produce just 38 percent of the country’s total crop; they have significantly 
lower yields than commercial farms and are more susceptible to the effects 
of drought.

Both commercial and subsistence farms also raise livestock. Beef produc-
tion, the only agricultural export earner in Botswana, is dominated by com-
munal farms, which have about 85 percent of the national herd. Beef exports 
have been declining, however, due to the impact of such diseases as FMD. 

FIGURE 3.16  Kilocalories per capita in Botswana in multiple income and climate scenarios, 
2010–2050
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Outbreaks of animal diseases seem to be occurring with increasing frequency, 
severely reducing livestock populations and production. There have been out-
breaks of tick-borne diseases, heartwater disease, and other diseases in areas 
where they never occurred in the country’s history. 

Botswana had maize and sorghum production deficits (relative to national 
requirements) of 99 percent and 46 percent in 2001–2007. The deficits were 
supplied by imports from South Africa, exposing Botswana to food price infla-
tion and adversely affecting nutrition. Studies by the FAO show that the daily 
average availability of kilocalories per capita in Botswana decreased, from 
2,260 in 1990/1992 to 2,180 in 2001/2003, while the proportion of under-
nourished people in Botswana increased from 23 to 30 percent during the 
same period. This trend tracks the decline in agricultural output in the past 
two decades.

The Policy Landscape

The nation’s Vision 2016, NDP, and related agricultural policies, plans, strate-
gies, and programs are geared to sustaining agricultural production under the 
country’s difficult semiarid conditions, recognizing the need to promote irri-
gation, drought-resistant crops, and selective breeding of drought-tolerant live-
stock while diversifying the agricultural base and conserving scarce agricultural 
land resources. The government provides subsidies to support farmers and 
promote improvements. The policy framework does not currently address 
issues related to the vulnerability of agriculture to climate change. 

Most of the current MoA programs were developed to address food secu-
rity at the national and household levels. The MoA is also exploring ways to 
revive the agriculture sector with programs to attract youth. The stakeholders 
who were interviewed acknowledged that climate change has not been given 
adequate attention. Most stakeholders acknowledged that their focus is on 
combating drought and maximizing food security, which are intimately related 
to climate change. 

The MoA has observed changes in rainfall trends, including more fre-
quent droughts. The stakeholders admitted that they need to pay close 
attention to the impacts of climate change in agriculture, particularly for 
poor communities. 

Scenario Modeling Results

The climate models show little change in precipitation in most of Botswana 
by 2050. The temperature, on the other hand, is shown increasing in all four 
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GCMs and for all regions of the country, by 1.5° to 3.5°C, thus increasing the 
evapotranspiration rate, which is already high.

As discussed above, these modeled changes in precipitation and tempera-
ture have implications for crop yields: the yields of rainfed maize and sorghum 
are shown increasing in some districts of Botswana and decreasing in others. 
Deployment of better farming technologies could increase the yields of both 
crops, depending on the successful uptake of these technologies by communal 
farms. However, increases in yields or production are more likely to occur on 
commercial farms than on subsistence farms, which already lag significantly 
in crop yields, unless a greater focus is placed on helping subsistence farmers 
adapt more productive technologies, including irrigation or water harvesting, 
improved seeds, and increased fertilizer use.

Vulnerability assessments need to be complemented by adaptation strat-
egies designed to offset the impacts of climate change. The government 
therefore urgently needs to mainstream climate change into its policies and 
programs if it is to be successful in its efforts to fight poverty, diversify the 
economy, and improve food security. 

Recommendations

We make the following recommendations:

• The government should continue working to improve vulnerability assess-
ments, which should be implemented using models downscaled to the 
region and the country levels to derive more reliable results with finer reso-
lution of localized impacts. 

• There is a need to build capacity in the country to use crop models to assess 
climate change and other agricultural impacts.

• Research needs to be done, perhaps in conjunction with regional and inter-
national institutions, to find crop and livestock strategies that will help 
farmers adapt to the large projected temperature increases.

• Adaptive measures and strategies should be guided by cost–benefit analyses 
and by lessons learned.

• Botswana needs to undertake pilot adaptation measures, upscaling the 
most promising ones. 

• The government needs to incorporate climate change into revised poli-
cies, plans, strategies, and programs as a way to mainstream climate change 
into development. 
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• Policy and program efforts need to be complemented by a forum for infor-
mation sharing to propagate the most feasible adaptation measures. 

• A monitoring and evaluation framework is needed to track the achieve-
ment of objectives related to climate change adaptation and to provide 
feedback into agricultural planning for better sector performance.

Following these recommendations should help Botswana to prepare for 
many of the challenges that climate change will bring in the coming decades.
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