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A griculture in Africa south of the Sahara is becoming increasingly risky 
due to extreme climate variability. In recent times, scientific studies 
have strongly suggested that many developing countries face substan-

tial environmental and social challenges, with food insecurity high on the list 
(Vogel and O’Brien 2003). With a relatively large and impoverished rural 
population that largely relies on rainfed agriculture, Zambia is vulnerable to 
the impacts of rainfall variability, which pose challenges for food security and 
planning. Climate change will further enhance the impacts associated with cli-
mate extremes in most parts of Zambia.

The objective of the chapter is to help policymakers, researchers, and country 
negotiators better understand and anticipate the likely impacts of climate change 
on agriculture and on vulnerable households in Zambia, given that about 70 per-
cent of the nation’s population is dependent on rainfed agriculture.

Review of Current Trends

Economic and Demographic Indicators

Population

Figure 9.1 shows the total and rural populations as well as the share of the 
population that is urban in Zambia. The urban population was approxi-
mately 18 percent of the total population in 1960, increased to 40 percent 
in 1980, and then declined between 1990 and 2000 to 35 percent, where it 
remained mostly steady through 2008. A number of factors contributed to this 
increase—in particular, the growth in Zambian industry from 1960 to 1980. 

The country has urbanized at an average rate of 4.32 percent over the past 
five decades. The fastest decadal urban growth rate, 8.30 percent, was recorded 
during the decade 1960–1969 (Table 9.1). The urban growth rate could be 
explained by considering that there was more pronounced rural–urban  
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migration resulting from the economic boom just after Zambia achieved in -  
dependence in 1964, largely driven by the attraction of the well-performing  
copper mining industry in Copperbelt Province and other emerging industries 
along the railway line. The slowest growth rate, 1.60 percent, was experienced 
during 1990–1999, which was also the period of massive retrenchments of 
workers following the closure of many companies related to the liberalization of 
the Zambian economy during the third republic. The modest increase in urban 
growth during 2000–2008, to 2.50 percent, may be explained by renewed 

FIGURE 9.1  Population trends in Zambia: Total population, rural population, and percent 
urban, 1960–2008
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Source: World Development Indicators (World Bank 2009).

TABLE 9.1 Population growth rates in Zambia, 1960–2008 (percent)

Decade Total growth rate Rural growth rate Urban growth rate

1960–1969 3.0 1.5 8.3

1970–1979 3.3 1.9 6.1

1980–1989 3.2 3.2 3.1

1990–1999 2.8 3.6 1.6

2000–2008 2.3 2.2 2.5

Source: Authors’ calculations based on World Development Indicators (World Bank 2009).
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economic stability and growth when this environment enabled the reopening 
of some companies, particularly in Copperbelt Province.

The average decadal rural growth rate during 1960–2010 was 2.34 per-
cent, though it remained low during the decades 1960–1969 (at 1.50 percent) 
and 1970–1979 (at 1.90 percent). The period 1980–1989 saw an increase to 
3.20 percent. The highest rural growth rate was during the decade 1990–1999, 
when it reached 3.60 percent. This could have been related to the aforemen-
tioned retrenchment of workers returning to their rural areas. The trend in 
rural population growth shows a steady increase, then a decline to 2.20 percent 
during 2000–2008, though the rural population experienced slower growth 
than did the total population. The rural population in 2008 stood at about 
7 million out of a total population of about 12 million. 

Because most of Zambia’s rural population is dependent on agriculture, 
the projected rural population growth will require a corresponding increase in 
agricultural production. 

Figure 9.2 shows the geographic distribution of the population in Zambia.  
In 2000 the highest population distribution was mainly over parts of Copper-
belt, Central, and Lusaka Provinces, with more than 100 persons per square 
kilometer. This was followed by most parts of Southern and Eastern Provinces 
and a few parts of Luapula, Copperbelt, and Northern Provinces, with a popu-
lation distribution of between 20 and 100 persons per square kilometer. The 

FIGURE 9.2  Population distribution in Zambia, 2000 (persons per square kilometer)
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lowest population distribution, between 2 and 5 persons per square kilo meter, 
was recorded over much of Western, North Western, and rural Copperbelt 
Provinces, as well as parts of Northern, Eastern, and Lusaka Provinces. 

Income

Figure 9.3 shows trends in gross domestic product (GDP) per capita and 
the proportion of GDP from agriculture. The past five decades have shown 
a decreasing trend in GDP per capita: in 1960 it was about $550; in 2008, 
although rebounding from its low point, it was below $400. In 1964 Zambia 
experienced an economic boom, with GDP per capita above $600, driven by 
high copper prices on the international market. After 1975, however, GDP per 
capita started to decline rapidly, reaching its lowest point between 1995 and 
2000, at around $300. Several factors contributed to this decline. First, after 
independence the nationalization policy brought much of the economic base 
under the management of the Zambian government. Second, declining cop-
per prices on the international market meant a decrease in revenue for Zambia. 
Third, after 1991 there was mass closure of most mines and industries due to 
the economic liberalization policy. 

FIGURE 9.3  Per capita GDP in Zambia (constant 2000 US$) and share of GDP from 
agriculture (percent), 1960–2008
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Since 2000 there has been a steady increase in GDP per capita, which reached 
almost $400 in 2008. This is attributed to economic stability and growth driven 
by the reopening of some mines and improved fiscal management in the pub-
lic sector. Further, Zambia has also reached the completion point for heavily 
indebted poor countries, which relieved the country of a significant debt burden.1

Overall, the contribution of the agriculture sector to national GDP shows 
a moderate upward trend (see Figure 9.3), from about 12 percent around 
1965 to about 20 percent in 2008. Agriculture is important to the national 
economy and is dominated by small-scale and subsistence farmers. 

Vulnerability 

Table 9.2 shows, for Zambia, several indicators of a population’s vulnerability 
and resiliency to economic and natural shocks, including level of education, 
literacy, and concentration of labor in poorer or less dynamic sectors. It is evi-
dent that although the level of primary school enrollment is high (119.0 per-
cent), fewer than half of students progress to secondary school (43.1 percent). 
Most of the enrolled school pupils drop out after primary school. This implies 
that many people do not have the training and skills required for employment 
and income generation. Thus a less skilled workforce is entering the job mar-
ket to grow the economy, including the agriculture sector. The relatively high 
adult literacy rate, 70.6 percent, is largely limited to primary-level literacy.

The employment rate in agriculture, 71.6 percent in 2000, shows the sig-
nificance of the agriculture sector as a source of income. Because agriculture 

 1 The Heavily Indebted Poor Countries Initiative was launched in 1996 by the International 
Monetary Fund and the World Bank, with the aim of ensuring that no poor country faces a debt 
burden it cannot manage. Since then the international financial community, including multi
lateral organizations and governments, has worked together to reduce to sustainable levels the 
external debt burdens of the most heavily indebted poor countries.

TABLE 9.2 education and labor statistics for Zambia, 2000s

Indicator Year Value (percent)

Primary school enrollment (percent gross, three-year average) 2007 119.0

Secondary school enrollment (percent gross, three-year average) 2007 43.1

Adult literacy rate 2007 70.6

Percent employed in agriculture and related areas 2000 71.6

Percent with vulnerable employment (own farm or day labor) 2003 79.3

Under-five malnutrition (weight for age) 2002 23.3

Source: World Development Indicators (World Bank 2009).
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in Zambia is mainly rainfed and thus very sensitive to variations in climatic 
patterns, this also means that a high percentage of the workforce in Zambia is 
susceptible to the vulnerability associated with the impacts of weather and cli-
mate change. Also of concern is the finding that in 2002, 23.3 percent of chil-
dren under the age of five years were malnourished. 

Figure 9.4 shows two noneconomic indicators of poverty: life expectancy 
and under-five mortality. Life expectancy in Zambia was about 45 years in 
1960 and increased to 50 in the six years following independence, probably 
driven by enhanced employment opportunities and access to primary health-
care after independence. Life expectancy stayed level through 1995, at slightly 
more than 50 years, coinciding with overall good economic performance, but 
it declined thereafter to about 40 years in 2000. This decline may be linked to 
the fall in GDP per capita driven by mass closures of companies after the third 
republic, as well as to the emergence of the HIV/AIDS epidemic. After 2000, 
life expectancy started to increase, reaching 45 years in 2008. 

In 1960, the under-five mortality rate was above 200 per 1,000. Thereafter 
it declined steadily, to slightly more than 150 per 1,000 in 1985, during the 
period when the Zambian economy was flourishing and access to health facil-
ities was improving significantly. After 1985, the under-five mortality rate 
began to increase, reaching 170 per 1,000 in 1995, coinciding with the decline 
in GDP per capita after the liberalization of the economy. In addition, the 

FIGURE 9.4  Well-being indicators in Zambia, 1960–2008
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new cost-sharing system in the public sector resulted in reduced access to ante-
natal primary healthcare. After 2000, the under-five mortality rate stabilized 
and even started to decline approaching 2008, in line with improving overall 
economic performance. 

Figure 9.5 shows the proportion of the population currently living on less 
than $2 per day, which marks the poverty line. In all provinces, at least 50 per-
cent of the population lives below this poverty line. The poorest province is 
Northern Province, with more than 95 percent below the poverty line. Even 
in Lusaka Province, a cosmopolitan administrative capital, 50–60 percent 
live on less than $2 per day. In Luapula, Eastern, Central, and North Western 
Provinces, the poverty level is 80–90 percent; in Copperbelt, Southern, and 
Western Provinces, it is 60–70 percent.

Land Use Overview

Figure 9.6 shows Zambia’s land cover and land use as of 2000. The land cover 
is mainly characterized by broadleaved and deciduous trees (both open and 
closed) and deciduous shrub cover (both open and closed). Much of North 
Western Province and parts of Copperbelt, Western, Central, Luapula, and 
Northern Provinces have closed tree cover (broadleaved, deciduous) while 
much of Northern and Central Provinces has open tree cover (broadleaved, 

FIGURE 9.5  Poverty in Zambia, circa 2005 (percentage of population below US$2 per day)
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FIGURE 9.6  Land cover and land use in Zambia, 2000
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deciduous). Eastern and Western Provinces and parts of Southern Province 
have shrub cover (closed-open, deciduous). Cultivated and managed areas are 
found mostly in Southern, Central, and Eastern Provinces.

Areas under tree cover are less vulnerable to climate variability and change 
because they have a higher capacity for soil moisture retention. The areas 
under shrub cover are more vulnerable to climate variability and change, with 
low rainfall and low soil moisture retention capacity as well as a higher poten-
tial for excessive evaporation. Most of Zambia’s agriculture is concentrated in 
these more vulnerable areas, making the agriculture sector more vulnerable to 
climate variability and change. 

The locations of protected areas, including parks and natural reserves, are 
shown in Figure 9.7. These locations provide important protection for fragile 
environments, which may also be important for the tourism industry. Much of 
Zambia’s landmass, however, is in unprotected (customary) areas, whose use is 
regulated by traditional authorities. These unprotected areas are overexploited 
due to unsustainable land use practices, which render these vast areas suscepti-
ble to deforestation and degradation and thus more vulnerable to variations in 
climatic patterns. 

The protected areas, despite being regulated by the government, are also 
under pressure due to competition for use by the tourism sector. Protected 
areas are normally rich in biodiversity, in both flora and fauna, and thus rep-
resent key areas for tourism. Most of Zambia’s wildlife is found in these areas, 
including the Kafue National Park in Central Province and Luangwa National 
Park in Eastern Province. The opening of these areas for tourism through ven-
tures such as safari lodges and resorts, fish camps, and game ranches compro-
mises the environmental protection and conservation of these areas. Changing 
the balance of the ecosystem in protected areas can result in shifts in biodiver-
sity regimes and even in extinction of species. 

Figure 9.7 shows that the protected areas are also surrounded by rural com-
munities. Thus they are also threatened by livelihood activities such as culti-
vation and settlement, illegal timber cutting and logging, uncontrolled fires, 
poaching, and fuelwood and charcoal burning. These activities weaken the resil-
ience of these ecosystems to climate variability and change. They also compro-
mise the vital function of these areas as water recharge areas and carbon sinks. 

Figure 9.8 shows travel times to urban areas of various sizes, which are 
potential markets for agricultural products. Travel to cities of 500,000 or 
more people is clearly more manageable around the major towns in Lusaka, 
Copperbelt, and Livingstone. Farmers in these areas have shorter travel times 
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of under an hour or between 1 and 3 hours owing to good road and railway 
networks. However, most rural farmers are outside this region. Most farmers 
along the rail line, in Copperbelt, Central, Lusaka, and Southern Provinces, 
have travel times of 3–5 hours. In these provinces, farmers have the option of 
using rail or road transport systems. 

Elsewhere, travel times are much longer: in Solwezi (North Western 
Province) and the region along the Great East Road (to Eastern Province), 
5–8 hours; in Western, Luapula, Northern, and much of North Western and 
Eastern Provinces, more than 8 hours; and in far-flung areas of Western, Luapula, 
and Northern Provinces, it takes more than a day (24 hours) to reach Lusaka.

Travel times to cities of more than 100,000 are between 1 and 3 hours 
from most urban centers and their environs. For the majority of the rural 

FIGURE 9.7  Protected areas in Zambia, 2009 
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Sources: Protected areas are from the World Database on Protected Areas (UNEP and IUCN 2009). Water bodies are from the 
World Wildlife Fund’s Global Lakes and Wetlands Database (Lehner and Döll 2004).
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FIGURE 9.8  Travel time to urban areas of various sizes in Zambia, circa 2000
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population, the travel time is more than 3 hours. For rural farmers from 
Western Province and parts of North Western, Eastern, and Northern 
Provinces the travel time is more than 8 hours. To towns of more than 
25,000 or 10,000 people, the travel time is significantly shorter for most rural 
areas except for parts of Western, Northern, and Eastern Provinces. 

Agriculture in Zambia is thus significantly limited by poor transportation 
infrastructure, which inhibits access to markets as well as delivery of farming 
implements and inputs. 

Agriculture Overview
Tables 9.3 and 9.4 show key agricultural commodities ranked by area har-
vested and use as food for human consumption (ranked by weight). During 
2006–2008, maize—the main staple foodcrop in Zambia—covered the larg-
est harvest area, more than 700,000 hectares and almost 50 percent of the total 
cropped area. Most subsistence farmers grow maize. 

The other significant agricultural commodities are cassava, with 187,000  
hectares (13.1 percent of cropped area); seed cotton, at 118,000 hectares 
(8.3 percent); and groundnuts, at 91,000 hectares (6.4 percent). The other 
agricultural commodities each had less than 50,000 hectares of harvest area 
(less than 5 percent). 

TABLE 9.3  harvest area of leading agricultural commodities in Zambia, 2006–2008 
(thousands of hectares)

Rank Crop Percent of total harvest area

Total 100.0 1,426

1 Maize 49.9 711

2 Cassava 13.1 187

3 Seed cotton 8.3 118

4 Groundnuts 6.4 91

5 Other pulses 3.4 49

6 Tobacco 3.2 45

7 Millet 3.1 45

8 Other fresh vegetables 2.4 34

9 Sorghum 1.7 25

10 Sugarcane 1.7 24

Source: FAOSTAT (FAO 2010).
Note: All values are based on the three-year average for 2006–2008.
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The country’s high level of dependence on maize makes rural communities 
highly vulnerable to climate variability and change. Maize is highly vulnerable 
to climate fluctuations, because its phenology is sensitive to changes in mois-
ture and temperature. Adapting to changes in climatic patterns is especially 
difficult because the majority of the rural farming communities have limited 
access to capital, technology, and extension services. The few extension officers 
are normally based near urban centers, which are distant from most rural farm-
ing communities. 

During 2003–2005, maize was the leading food commodity consumed in 
Zambia, at 1,317,000 tons per year (35.2 percent of total food consumption). 
The second most consumed food commodity was cassava, at 940,000 tons 
(25.1 percent). 

Figure 9.9 shows that, for the year 2000, the yield of rainfed maize was 
rather low, mostly in the ranges 0.5–1.0 ton per hectare and 1–2 tons per 
hectare. Some areas, especially in Western, Luapula, and Northern Provinces, 
recorded yields of less than 0.5 ton per hectare. The yield patterns indicate 
that there is low maize productivity over much of the country. The main areas 
of maize cultivation are concentrated in the eastern and southern parts of the 
country, while other areas (for instance, Western, North Western, Lusaka, and 
Central Provinces) also show large areas of maize cultivation. Although maize 
is the staple food, the rest of the country has minimal cultivation of maize. 

TABLE 9.4  Consumption of leading food commodities in Zambia, 2003–2005 (thousands of 
metric tons)

Rank Crop Percent of total Food consumption 

Total 100.0 3,747

1 Maize 35.2 1,317

2 Cassava 25.1 940

3 Fermented beverages 6.7 250

4 Other vegetables 5.6 208

5 Wheat 4.8 179

6 Sugar 3.6 135

7 Other fruits 2.5 94

8 Freshwater fish 1.8 68

9 Beef 1.5 58

10 Sweet potatoes 1.5 55

Source: FAOSTAT (FAO 2010). 
Note: All values are based on the three-year average for 2003–2005. 
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Rainfed cassava is produced mainly in Luapula, Northern, and North Western 
Provinces (Figure 9.10), with yields mostly in the ranges 4–7 tons per hectare and 
7–10 tons per hectare. The rest of the country has very low cassava yields. 

Although rainfed cotton (Figure 9.11) is a cash crop, it has very low yields 
and limited growing area. Much of the country has yields of less than 0.5 ton 
per hectare and less than 1 hectare average growing area. This indicates that 
farming in Zambia is largely subsistence, focusing on foodcrops and only mar-
ginally growing cash crops. 

Rainfed groundnuts (Figure 9.12) also have very low yields and small growing 
areas. In all nine provinces, yields are mostly less than 0.5 ton per hectare. Eastern 
Province has the largest growing area, 30–100 hectares. Parts of Southern, 
Central, Luapula, and Northern Provinces also have some areas under groundnut 
cultivation. Western and North Western Provinces have the least growing area.

The discussion of the yields and growing areas of key crops in Zambia 
underlines the lack of crop diversity, which renders rural agriculture highly 
vulnerable to climate variability and change. Changes in weather patterns can 
mean total crop failure for maize, the main crop of the country’s rural farming 
community, exacerbating food insecurity and poverty. 

FIGURE 9.9  Yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
maize in Zambia, 2000
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Sources: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.
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FIGURE 9.11  Yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
cotton in Zambia, 2000
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Sources: 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 9.10  Yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
cassava in Zambia, 2000
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Sources: 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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Scenarios for the Future

Economic and Demographic Indicators

Population

Figure 9.13 shows population projections for Zambia for 2050. All three sce-
narios show a dramatic increase in population, which is projected to grow 
from less than 14 million in 2010 to much higher in 2050. The high variant 
scenario shows the population reaching more than 33 million by 2050, while 
the low variant scenario projects an increase to 26 million and the medium 
variant projects slightly fewer than 30 million. 

The increase in population will imply an increased demand for food and 
thus food production (mainly maize and cassava), adding to the challenge of 
adapting Zambian agricultural production to future climate changes. 

economy

Figure 9.14 shows projections of GDP per capita for Zambia by 2050. They are 
derived by combining three GDP scenarios with the three population scenarios 

FIGURE 9.12  Yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
groundnuts in Zambia, 2000
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Sources: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.
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FIGURE 9.13  Population projections for Zambia, 2010–2050
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FIGURE 9.14  Gross domestic product (GDP) per capita in Zambia, future scenarios, 
2010–2050
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of Figure 9.13 (based on United Nations population data). The optimistic sce-
nario combines high GDP growth with low population growth, the baseline sce-
nario combines medium GDP growth with medium population growth, and the 
pessimistic scenario combines low GDP growth with high population growth. 
(The agricultural modeling in the next section uses these scenarios as well.) 

All scenarios for GDP per capita seem to show a much brighter future for 
Zambia. The pessimistic scenario shows that between 2010 and 2050, GDP per 
capita will increase by 260 percent. The baseline scenario predicts almost a five-
fold increase, and the optimistic scenario predicts an almost tenfold increase.

Biophysical Analysis

Climate Models

The maps in Figure 9.15 show the precipitation changes projected by the four 
general circulation models (GCMs) used in this study, calculated using the 
A1B scenario.2 The four GCMs that were used differ dramatically in their 
results. CNRM-CM3 shows an increase in mean annual precipitation in very 
small pockets of the western region and an increase of up to 200 mm for the 
extreme northern parts. CSIRO Mark 3 generally shows no significant change 
over most of the country but an annual increase of 50–100 millimeters for 
parts of Western Province (an area of currently low to medium rainfall) and 
a decrease of 50–100 millimeters for parts of North Western and Copperbelt 
Provinces (areas of high rainfall). ECHAM 5 shows a decrease in precipitation 
over practically the entire country. MIROC 3.2 shows an increase for most 
parts of the country but little change for the extreme southern region. 

Figure 9.16 shows changes in the mean daily maximum temperature for the 
month with the highest mean daily maximum temperature. All four models 
show an increase in normal annual temperature, but they differ regarding the 
magnitude of the increase. CNRM-CM3 and ECHAM 5 show an increase 
of between 2.0° and 3.5°C, with temperatures in ECHAM 5 the higher of the 
two, while CSIRO Mark 3 and MIROC 3.2 show a smaller increase, between 
1.0° and 2.0°C.

 2 The A1B 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. CNRMCM3 is National Meteorological Research Center–Climate 
Model 3. CSIRO is a climate model developed at the Australia Commonwealth Scientific and 
Industrial Research Organisation. ECHAM 5 is a fifthgeneration climate model developed at the 
Max Planck Institute for Meteorology in Hamburg. 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 9.15  Changes in mean annual precipitation in Zambia, 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 9.16  Changes in monthly mean maximum daily temperature in Zambia for the 
warmest month, 2000–2050, A1B scenario (°C)

CNRM-CM3 GCM CSIRO Mark 3 GCM
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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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These differences in modeled outcomes highlight the need to consider 
more than one model in designing adaptation and mitigation strategies and 
options for climate change.

Crop Models

The Decision Support Software for Agrotechnology Transfer crop model 
was used to compare future yields (under four future climate scenarios) for 
the year 2050 with the baseline yield (with unchanged 2000 climate). For all 
locations, crop variety, soil, and management practices were held constant. 
Figure 9.17 shows the comparison between maize crop yields for 2050 with 
climate change and yields with an unchanged (2000) climate. All four mod-
els show similar results, though not identical. We note yield gain for maize in 
Western province, the eastern half of North Western Province, Copperbelt 
Province, and most of Northern and Luapula Provinces. Some of these yield 
gains exceed 25 percent. But we also note losses in Southern Province and 
parts of Eastern Province, and others scattered throughout the country. A 
small portion of the losses exceed 25 percent in each of the GCMs.

When we compare Figure 9.17 to Figure 9.9, we see that the current 
distri bution of maize is concentrated in the areas that will likely decrease in 
yield with climate change rather than in the areas that are likely to increase 
in yield. This may suggest that policymakers should anticipate that farm-
ers may put pressure on opening new agricultural land in areas that are not 
currently being used and that other areas may be abandoned or farmers may 
switch from planting maize to planting other crops that would do better in the 
future climate. 

Well-being Scenarios
Figure 9.18 shows the impact of future GDP and population scenarios on 
the number of malnourished children under age five; Figure 9.19 shows the 
share of such children. Malnutrition levels among children under five years 
of age are shown increasing initially through 2025 and thereafter decreasing. 
With population increases, the increase in numbers of malnourished chil-
dren through 2025 represents a decline in the proportion of children under 
five who are malnourished. The optimistic scenario shows a very steep decline 
after 2025, from about 600,000 malnourished children in 2025 to fewer than 
200,000 in 2050. The pessimistic scenario indicates a slow rate of decrease, 
from 600,000 in 2025 to 450,000 in 2050. The baseline scenario shows an 
intermediate rate of decrease, from 600,000 in 2025 to 400,000 in 2025.
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FIGURE 9.17  Yield change under climate change: Rainfed maize in Zambia, 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’ 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 9.18  Number of malnourished children under five years of age in Zambia 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 9.19  Share of malnourished children under five years of age in Zambia 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 9.20 shows the available kilocalories per capita. For all three sce-
narios, the model shows a decline in availability of kilocalories from 2010 to 
2025 and a slight increase thereafter. The increase is most significant in the 
optimistic scenario and only moderate in the baseline and pessimistic scenar-
ios. Overall, the increasing availability of kilocalories per capita tracks with the 
declining trend for levels of malnourished children under age five.

Agricultural Scenarios
Simulation results from the International Model for Policy Analysis of 
Agricultural Commodities and Trade (IMPACT) for key agricultural crops in 
Zambia are shown in Figures 9.21–9.23. Graphs of five parameters (produc-
tion, yield, area, net exports, and world price) have been plotted for each fea-
tured crop. 

Figure 9.21 shows the production and yield of maize increasing through-
out 2010–2050. The projected increase in GDP would allow increased invest-
ment in agriculture, enabling farmers to adopt improved farming management 
systems and practices and improving maize yields. The projected increase in 

FIGURE 9.20  Kilocalories per capita in Zambia 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 9.21  Impact of changes in GDP and population on maize in Zambia, 2010–2050
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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.

population would mean increased demand for maize as a staple food, stimulat-
ing increased production.

Nevertheless, the harvested area of maize shows a rather static trend. Net 
exports of maize are already negative, which means that Zambia is importing 
maize. IMPACT shows that imports of maize will increase, implying that the 
increased demand from the larger population will outstrip the increased sup-
ply. Although the doubling of maize prices can cause some concerns about the 
ability of people to pay for basic food, as we saw in earlier figures, income will 
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increase by much more, and the projected increase in consumption of calories 
indicates that people will be better off nutritionally. 

For cassava, IMPACT anticipates that yields will increase by around 
50 percent between 2010 and 2050; yet, due to declines of the harvested 
area by almost half, production will change little, showing some rise in the 
first half of the period and a slightly greater decline in the second half (see 
Figure 9.22). The net impact is that increased demand will cause cassava 
imports to increase by around 1 million metric tons over the period. The 

FIGURE 9.22  Impact of changes in GDP and population on cassava in Zambia, 2010–2050
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world price of cassava is projected to increase, but only very slightly, and in 
some cases not at all. 

For cotton, the models shows an increase in production and yield in all three 
scenarios. The harvested area will decline slightly. Net cotton exports will clearly 
rise through 2030, then decline thereafter, though the models show mixed 
results as to whether they will fall to levels below those in 2010 (see Figure 9.23). 
The world price of cotton is shown to increase by around 80 percent between 
2010 and 2050. 

FIGURE 9.23  Impact of changes in GDP and population on cotton in Zambia, 2010–2050
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Summary
From 1960 to 2008, the population in Zambia increased by more than 
100 percent, from less than 5 million in 1960 to about 10.5 million in 2008. 
The urban population of Zambia grew over the same period at an average 
decadal rate of 4.32 percent, accompanied by a steady increase in the rural 
population. With lagging economic growth, Zambia experienced a declining 
trend in GDP per capita, from about $550 in 1960 to less than $400 in 2008. 
These figures indicate that the economic environment has been challenging 
for the greater population of Zambia. 

In the context of this overall challenging economic environment, several 
additional factors have compounded the effects on the living experience of 
many people considered vulnerable, particularly in sectors such as agriculture. 
The rural farming community, in particular, is seen to be prone to vulnerabil-
ity, especially when one considers the impacts of climate change. The factors 
related to vulnerability are as follows:

• Low literacy levels. Although the primary school enrollment rate is high, at 
119 percent, the secondary school enrollment rate is low, at 43.1 percent, 
implying a high primary school dropout rate.

• Low health status. Life expectancy in Zambia has remained low, around 
45 years. 

• High poverty levels. In all the provinces, 50 percent or more are living on 
less than $2 per day.

• Unsustainable land cover and land use patterns. Activities such as expand-
ing cultivation and settlements, illegal timber cutting and logging, uncon-
trolled fires, poaching, and fuelwood and charcoal burning weaken the 
resilience of forest and shrub-cover ecosystems to climate variability and 
change, compromising their vital functions as water recharge areas and car-
bon sinks.

• A poor transport network. Most parts of Zambia have long travel times to 
markets for their agricultural produce, discouraging rural farming commu-
nities from expanding beyond small-scale agriculture. 

• A monoculture farming system. Because most farmers are growing maize, 
a maize crop failure due to changes in weather patterns would essentially 
mean total crop failure for the country. 
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• The extensiveness of the farming system: Yield patterns show low produc-
tivity for maize over much of the country, so production depends on cul-
tivating large areas. Maize production will be markedly reduced if the area 
cultivated is restricted by climate impacts. 

The models used to develop future scenarios for agriculture show evident 
disagreement on several measures in terms of sign (positive or negative) as well 
as magnitude, as summarized below:

• Population. All three scenarios show a dramatic increase in population, 
which is projected to reach between 25 million and 34 million in 2050. 

• Income. The scenarios for GDP per capita indicate a projected increase 
under all three future scenarios. 

• Mean annual precipitation. The four GCMs differ dramatically in their 
results regarding mean annual precipitation, ranging from an overall 
decrease in precipitation to significant and widespread increases. 

• Normal annual maximum temperature. All four models show an increase in 
normal annual temperature in the ranges of 1.0°–2.0°C or even 2.0°–3.5°C.

• Yield change for maize under climate change. All four models show a yield 
gain of sometimes more than 25 percent in the northern region and a 
yield loss of sometimes more than 25 percent over the rest of the country. 

• Nutrition. Malnutrition among children under five years of age is shown 
initially increasing through 2025 and decreasing thereafter; conversely, the 
availability of kilocalories per capita is shown decreasing through 2025 and 
increasing thereafter.

• Impact of change on crops. Both the production and yield of maize are 
shown increasing; however, the harvest area of maize is projected to 
remain unchanged. Net exports of all modeled crops are shown declin-
ing (only cotton shows positive net exports), while all world prices are 
shown increasing. 

Because of these differences among models, it is essential to consider a 
range of model outputs for policy, planning, and decisionmaking purposes and 
to bear in mind both the pessimistic and the optimistic scenarios when design-
ing adaptation and mitigation measures.
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Conclusions and Policy Recommendations
Agriculture in Zambia is mostly small scale and rainfed and thus is vulner-
able to climate variability and change. The high dependence on maize makes 
rural communities especially vulnerable, because maize is highly sensitive to 
changes in moisture and temperature. Moreover, implementing adaptive mea-
sures is especially difficult because most rural farming communities have lim-
ited access to capital, technology, and extension services.

An integrated approach with multisectoral participation will be essential 
to develop effective climate change adaptation and mitigation strategies. In 
view of the uncertainties in the modeled future results, it is advisable to base 
decision making on a range of scenarios.

It would be particularly helpful for more work to be done in examining 
the potential impacts of climate change on additional crop varieties as well as 
livestock. Rice and sweet potatoes are important among rural farming com-
munities in Western Province; cattle raising is part of the farming culture in 
Southern and Western Provinces; and chickens, goats, and pigs are kept in 
almost all provinces, especially North Western Province. 

We recommend that the following steps be taken in the areas indicated:

Research

• Develop and promote early-maturing and heat-resistant crop varieties. 

• Invest in agricultural research on climate-resistant crop varieties, water har-
vesting, irrigation schemes, and water rights.

• Implement feasibility studies on the migration of farmers to agroecological 
regions with better potential for agriculture.

Farm Level 

• Diversify from traditional maize crops to other crops that can withstand 
droughts, floods, and high temperatures, such as sorghum and millet.

• Rotate land use between crops and livestock to replenish soil nutrients.

• Promote conservation farming, potholing, organic fertilization through 
intercropping, and agroforestry.

National Level 

• Introduce incentives to promote the adoption of new crop varieties in non-
traditional farming areas: for example, maize in North Western, Luapula, 
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and Northern Provinces (with high rainfall) and cassava, sorghum, and 
millet in the drought-prone central and southern parts of Zambia. 

• Provide rural credit facilities to enable subsistence farmers to buy new vari-
eties of seeds and other inputs.

• Disseminate information to farmers on various adaptation options through 
extension services.

• Remove subsidies on crops such as maize that do not perform well in a 
changing climate.

• Formulate appropriate policies for marketing agricultural inputs and prod-
ucts, geared to the needs of subsistence farmers in particular, because this  
most vulnerable group makes up almost 80 percent of the farming  
community.

• Promote efficient use of river basins for crop production. 

• Invest in technological innovations such as seed banks.

• Provide opportunities for alternative rural employment in nonfarming 
activities—for example, beekeeping and honey making—to enable rural 
farmers to make a livelihood.

• Strengthen early warning systems and systems for disaster risk reduction.

• Promote communication and the dissemination of early warning infor-
mation to rural farming communities, specifically on climate issues. This 
could be done through expanding and strengthening the radio-Internet sys-
tem (RANET), which enables community radio stations to access satellite-
based climate information and broadcast it in local languages.

• Promote the participation of nongovernmental organizations and the pri-
vate sector in the implementation of climate change adaptation strategies 
for agriculture, especially in rural areas. 

• Encourage and promote an integrated approach to supporting agriculture 
that involves allied service providers, including the Department of Water 
Affairs, the Meteorological Department, local authorities, roads depart-
ments, and social service providers (education and health institutions). 

Although climate change will present some challenges to Zambian farmers, 
implementation of the above recommendations should enable them to adapt 
well to the potential problems identified in this chapter. 
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