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the Government of Tanzania has formulated a number of policies, strat-
egies, and programs guided by its Tanzania Development Vision 2025 
(URT, Planning Commission 2005), which sets long-term development 

goals to turn Tanzania into a middle-income country by 2025 and make it 
competitive in the globalized world economy. The vision articulates five attri-
butes that Tanzania should possess by 2025: (1) high-quality livelihoods; (2) 
peace, stability, and unity; (3) good governance; (4) a well-educated and learn-
ing society; and (5) a competitive economy capable of producing sustainable 
growth and shared benefits. Vision 2025 is meant to inspire efforts toward sus-
tainable development in conformity with the United Nations Millennium 
Development Goals.

Because the Tanzanian economy depends on agriculture, all strategies 
for sustainable development have identified agriculture and food security as 
critical pillars to poverty alleviation. The following policy documents have 
been informed by the aspirations of Vision 2025: the National Adaptation 
Programme of Action (NAPA), the Agriculture and Livestock Policy of 
1997 (currently under review), the National Food Security Policy (final 
draft), the Agricultural Sector Development Strategy, the Agricultural Sector 
Development Program, and the National Strategy for Growth and Poverty 
Alleviation. These policy documents recognize agriculture as the mainstay 
of the country’s economy and acknowledge that sustainable development 
will require short- and long-term strategic actions to address the potential 
impacts of climate change on agriculture and food security. All these develop-
ment strategies conform to the commitment of the Government of Tanzania 
to reduce the vulnerability of the agricultural and food security sectors to the 
adverse impacts of climate change.

NAPA was formulated in 2006. It calls for the identification of immedi-
ate and urgent climate change adaptation actions that are geared toward long-
term sustainable development. This chapter complements the government’s 
efforts in addressing climate change challenges and is intended to help 
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researchers and policymakers to better understand and anticipate the likely 
impacts of climate change on agriculture and food security. Our study reviews 
current data on agriculture and economic development, models anticipated 
changes in climate between 2000 and 2050, uses crop models to assess the 
impact of climate changes on agricultural production, and models global sup-
ply and demand for food commodities in order to predict food price trends.

Review of the Current Situation and Trends

Economic and Demographic Indicators

population

Figure 11.1 shows the total and rural population (left axis) and the share of 
the population that is urban (right axis). Table 11.1 provides additional infor-
mation concerning rates of population growth. The table indicates that the 
total, rural, and urban populations of Tanzania are increasing but at a decreas-
ing rate. The reasons for this general decline in growth are a reduced fertility 
rate (although it is still high enough to cause increases in population), mortal-
ity due to HIV/AIDS, and increased use of family planning methods among 

FIGURE 11.1  population trends in tanzania: total population, rural population, and percent 
urban, 1960–2008
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the population. The growth of the urban population is progressing at a much 
faster rate than is rural population growth or that of the entire country. One 
reason for this is weaknesses in the agricultural system, which has caused 
rural populations to migrate to urban centers in search of alternative means 
of livelihood. 

Figure 11.2 shows the geographic distribution of the population in 
Tanzania based on census data and other sources. Populations are larger in the 
northern and southwestern parts of the country close to the lake regions. The 
elevated populations in the north are due to the fishing and mining activi-
ties as well as the influx of refugees from neighboring countries. The high dis-
tribution of people in the southwest is linked to increased opportunities for 

FIGURE 11.2  population distribution in tanzania, 2000 (persons per square kilometer)
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TABLE 11.1 population growth rates in tanzania, 1960–2008 (percent)

decade total growth rate rural growth rate urban growth rate

1960–1969 3.0 2.7 7.1

1970–1979 3.2 2.4 9.4

1980–1989 3.1 2.6 5.7

1990–1999 3.0 2.6 4.6

2000–2008 2.7 2.2 4.4

Source: Authors’ calculations based on World Development Indicators (World Bank 2009).
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practicing pastoralism and agropastoralism (Madulu n.d.). The presence of a 
large urban or rural population can lead to reduced resources and the enhance-
ment of unfavorable environmental and climatic impacts such as flooding, 
deforestation, and water and air pollution (Madulu 2004). Given that a major-
ity of the Tanzanian populace is involved in agriculture, efforts to boost the 
rural economy amid the challenges of climate change can be helpful. Such 
efforts should be geared toward increasing agricultural production and pro-
ductivity and improving the processing of agricultural produce to add value 
and thus improve the incomes of producers. Further efforts should be made to 
ensure market access to allow farmers to more easily engage in profitable agri-
culture trading.

income

Figure 11.3 shows trends in gross domestic product (GDP) per capita and pro-
portion of GDP from agriculture from 1988 to 2010. Agriculture is included 
as an indicator of its importance, as a sector that is vulnerable to climate 
change impacts. Per capita income has increased since 1994, while agriculture’s 
share in GDP is decreasing, though ever so slightly.

FIGURE 11.3  per capita gdp in tanzania (constant 2000 us$) and share of gdp from 
agriculture (percent), 1988–2008
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Vulnerability to Climate Change

Table 11.2 provides some data on indicators of a population’s vulnerability and 
resiliency to economic shocks: education level, literacy, and concentration of 
labor in poorer or less dynamic sectors. The table shows that in 2007 about 
70 percent of the population was engaged in agriculture activities; in 2006, 
almost 90 percent were engaged in vulnerable employment. An adult literacy rate 
of just over 70 percent suggests that the population has some skills that will help 
it adapt to the emerging challenges in the sector. If efforts are made to ensure that 
the young generation is well educated, there will likely be increased capacity to 
deal with the challenges of climate change to the agricultural sector. The rate of 
malnutrition of children under age five was about 16 percent in 2010. Low levels 
of adaptation to climate change would likely heighten these levels if on-farm pro-
duction were adversely affected. Table 11.2 shows that the enrollment rate for 
primary education is significantly higher than for secondary education. 

Figure 11.4 shows two noneconomic correlates of poverty, life expectancy 
and under-five mortality. Both under-five mortality and life expectancy at 
birth improved significantly in Tanzania from 1960 to 2010. However, gains 
in these indicators are threatened by potential changes in climate. Warmer tem-
peratures and high levels of rainfall have been linked to the increased spread of 
malaria parasites and cholera (Yanda, Kangalawe, and Sigalla 2005; Traerup, 
Ortiz, and Markandya 2010). Malaria, for example, is a leading cause of illness 
and deaths in children under age five and in all persons over age five in the coun-
try (URT, Ministry of Health and Social Welfare 2008) and accounts for more 
than one-third of the health expenditures ( Jowett and Miller 2005). Further 
improvements in the health indicators will contribute to growth in the country’s 
agricultural production. This suggests a potential synergy from the integration 
of health and agricultural adaptations to climate change.

TABLE 11.2 education and labor statistics for tanzania, 1990s and 2000s

indicator year percent

Primary school enrollment: Percent gross (three-year average) 2010 112.4

Secondary school enrollment: Percent gross (three-year average) 1999 6.1

Adult literacy rate 2007 72.3

Percent employed in agriculture 2007 72.4

Percent with vulnerable employment (in agriculture on own farm or as a day laborer) 2006 87.7

Under-five malnutrition (weight for age) 2010 15.8

Source: World Development Indicators (World Bank 2009).
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FIGURE 11.4  well-being indicators in tanzania, 1960–2008
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Source: World Development Indicators (World Bank 2009).

Figure 11.5 shows the proportion of the population living on less than 
$2 per day. The map seems to suggest that in many parts of the country that 
are primarily rural and reliant on agriculture, 95 percent of the population is 
living in poverty, suggesting that there are very limited household resources 
that could be used to adapt to climate change.

Review of Land Use, Potential, and Limitations

Land Use Overview

Figure 11.6 shows land cover and land use in Tanzania as of 2000. Most of 
the tree-covered areas are attractive for the expansion of agriculture, exposing 
them to land degradation and deforestation. This is because the agricultural 
system most often practices expansion through tree cutting and forest burning. 
Farmers need to be educated on how to protect the environment amid climate 
change to preserve the potential of the land for agriculture and livestock keep-
ing. It is in fact possible that the shrub-cover areas (in northern and central 
Tanzania) were once covered by trees but have been degraded by agricultural 
and livestock-keeping practices. 

Figure 11.7 shows the locations of protected areas, including parks and 
reserves. These locations provide important protection for fragile environments, 
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FIGURE 11.5  poverty in tanzania, circa 2005 (percentage of population below us$2 
per day)
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Source: Wood et al. (2010).
Note: Based on 2005 US$ (US dollars) and on purchasing power parity value.

which may also be important for the tourism industry. Incursions into reserved 
and protected areas expose these areas to the adverse effects of climate change. 

Figure 11.8 shows travel times to urban areas of various sizes, which are 
potential markets for agricultural products and also serve as sources of agricul-
tural inputs and rural consumer goods. It takes more than 26 hours for farm-
ers in most places in Tanzania to access large markets such as Dar es Salaam, 
Mwanza, and Arusha, with 500,000 people or more. There are a few areas, 
such as Morogoro, Kilimanjaro, Tanga, Dodoma, and Kagera, whose farmers 
can easily access these large markets, with travel times, on average, of less than 
three hours due to improved trunk roads.

Regarding travel times to cities of 100,000, farmers in more areas can access 
regional markets in less than three hours. However, it is still difficult for those 
in remote areas and locations near protected areas to access the regional mar-
kets, requiring more than 26 hours due to poor infrastructure.

For towns of 25,000, more people from remote areas can access district 
markets in less than three hours than can get to regional markets. However, it 
still takes more than 26 hours from places around protected areas and from 
locations along swamps and wetlands to access the district markets.

For towns of 10,000 people, the figure indicates that people in almost 
every area can access ward markets in less than three hours, except for those in 
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FIGURE 11.6  land cover and land use in tanzania, 2000
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some locations near protected areas, who still have to travel 26 hours to reach 
such markets.

Generally, it is easier for most agricultural areas to access small mar-
kets (wards) than big markets. Poor infrastructure reduces the profit mar-
gin for those involved in the market chain. When producers are limited to 
small markets, they crowd each other and therefore sell at low prices with low 
profit margins.

Agriculture

Table 11.3 shows key agricultural commodities in Tanzania in terms of area 
harvested. Maize represents almost 30 percent of the cultivated land. The next 
four items—sorghum, rice, beans, and cassava—together make up almost 
another 30 percent. The agricultural commodities ranked 8–10 in the table 
are locally cultivated oil crops; though important for food security, they are 
not included on the national food balance sheet. 

Table 11.4 shows consumption of leading food commodities ranked by 
weight. Those crops consumed more are assumed to be more important 
in the national food basket. We note that cassava leads the list, represent-
ing almost one-third of the diet of a typical Tanzanian, with maize coming 
in second, accounting for about one-sixth of the diet. Note that the national 
food balance sheets, which rank food commodities in relation to staple 
foods of preference, exclude some of these items (fermented beverages, other 

FIGURE 11.7  protected areas in tanzania, 2009
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FIGURE 11.8  travel time to urban areas of various sizes in tanzania, circa 2000
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TABLE 11.3  harvest area of leading agricultural commodities in tanzania, 2006–2008 
(thousands of hectares)

rank Crop percent of total harvest area 

Total 100.0 10,308

1 Maize 29.8 3,067

2 Sorghum 8.7 897

3 Rice 7.0 723

4 Beans 7.0 717

5 Cassava 6.5 673

6 Bananas 4.7 480

7 Potatoes 4.9 505

8 Seed cotton 4.0 415

9 Groundnuts 4.0 413

10 Coconuts 3.0 310

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

TABLE 11.4  Consumption of leading food commodities in tanzania, 2003–2005 (thousands 
of metric tons)

rank Crop percent of total Food consumption

Total 100.0 17,283

1 Cassava 31.6 5,458

2 Maize 16.6 2,876

3 Fermented beverages 11.9 2,055

4 Potatoes 5.3 922

5 Other vegetables 5.2 894

6 Rice 4.2 725

7 Wheat 2.8 478

8 Other fruits 2.6 452

9 Plantains 2.5 427

10 Sorghum 1.9 323

Source: FAOSTAT (FAO 2010).
Note: All values are based on the three-year average for 2003–2005.
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vegetables, and other fruits) (URT, Ministry of Agriculture, Food Security and 
Cooperatives 2006, 2007, 2008).

The maps in this section show the yield and area under cultivation of vari-
ous crops of importance. Figure 11.9 shows rainfed maize production. The 
estimated yield for the year 2000 was on average between 0.5 and 2 tons per 
hectare on farms that ranged from 0.5 hectare to more than 100 hectares. 
Maize is widely grown throughout the country.

Figures 11.10–11.13 show the yield and cultivated area of cassava, sor-
ghum, rice, and beans, respectively. Unlike maize, all of these four crops are 
limited in the geographic areas where they are cultivated, as shown by their 
distribution in the maps. Cassava is mostly cultivated in the southern and 
northwestern parts of the country. Sorghum is cultivated mostly along the 
corridor that stretches from Mwanza to Pwani Province. Rice and beans are 
cultivated in much smaller proportions in Mware, Mwanza, Kagera, and 
Tanga Provinces. 

Production of major foodcrops (maize, sorghum, cassava, rice, potatoes, 
and bananas) increased from 10.6 million tons in 1991 to 14.6 million tons 
in 2009 (URT, Ministry of Agriculture, Food Security and Cooperatives 

FIGURE 11.9  yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
maize in tanzania, 2000
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.
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FIGURE 11.10  yield (metric tons per hectare) and harvest area density (hectares) for 
rainfed cassava in tanzania, 2000
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.

FIGURE 11.11  yield (metric tons per hectare) and harvest area density (hectares) for 
rainfed sorghum in tanzania, 2000
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.
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FIGURE 11.13  yield (metric tons per hectare) and harvest area density (hectares) for 
rainfed beans in tanzania, 2000
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.

FIGURE 11.12  yield (metric tons per hectare) and harvest area density (hectares) for 
rainfed rice in tanzania, 2000
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2010). The increase in production seems to have been driven by an increase in 
area cultivated rather than an increase in yield. The cultivated areas for major 
foodcrops increased from 3,300,759 hectares in 1991 to 6,526,531 hectares 
in 2009, but the productivity of the same crops decreased from 3.21 tons per 
hectare in 1991 to 2.24 tons per hectare in 2009. It was expected that both 
production and productivity might increase by 2010 due to government initia-
tives providing subsidies for inputs, such as fertilizers, seeds, and agrochemicals, 
to targeted smallholder farmers.

Scenarios for the Future

Economic and Demographic Indicators

population

Figure 11.14 shows population projections for Tanzania from 2010 through 
2050. Under the low variant the population level is expected to reach 95 mil-
lion, more than double the population of 2010, while under the medium 
variant and high variant it is expected to reach 110 million and 125 million 
persons, respectively. A high rate of population growth can create challenges 
to food security by increasing population pressure on land and competition 
for resources.

FIGURE 11.14  population projections for tanzania, 2010–2050
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income

Figure 11.15 shows the three scenarios of GDP per capita used for this study. 
These are the results of combining three GDP projections with the three popula-
tion projections of Figure 11.14, from the United Nations Population Division. 
The optimistic scenario combines high GDP with a low rate of population 
growth. The baseline scenario combines the medium GDP projection with the 
medium population projection. Finally, the pessimistic scenario combines the 
low GDP projection with the high population projection.

The graph shows an increase in per capita GDP in all scenarios; the best out-
come is in the optimistic scenario, which predicts that per capita GDP will be 
$2,400 by 2050, though the pessimistic scenario projects a much lower $1,000 in 
2050, which is still roughly four times larger than what it was in 2010. Overall, 
real GDP growth has averaged 6 percent in the past seven years as a result of eco-
nomic reforms established to improve the country’s performance. Agriculture 
(26.6 percent), industry (22 percent), and trade in exports ($3.8 billion) are the 
major contributors.1 However, this contribution has not translated into improve-
ment in the standard of living of ordinary Tanzanians. The country remains 
heavily dependent on foreign aid, with 30 percent of the budget financed 

 1 2010 estimate.

FIGURE 11.15  gross domestic product (gdp) per capita in tanzania, future scenarios, 
2010–2050
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through donor aid (USDoS 2011). According to one group of analysts, although 
the per capita GDP at constant prices is predicted to rise (Trading Economics 
n.d.), such an increase will not be rapid given the country’s economic situation 
and rising population. They suggest that future trends may be characterized by 
the pessimistic scenario. Improvements in per capita GDP would help increase 
the country’s resilience to climate change shocks, because more income would 
enable families to access health services and food supplies. 

Biophysical Analysis

Climate models

Four general circulation models (GCMs) were used to model changes in aver-
age precipitation and temperatures in Tanzania between 2000 and 2050. 
Figure 11.16 shows projected precipitation changes under the four down-
scaled climate models used in this chapter with the A1B scenario.2 There seem 
to be noteworthy differences among the models. Of the four, the MIROC 
3.2 model is the wettest, with a median increase in precipitation of around 
200 millimeters per year and some areas receiving up to 300 millimeters 
more per year. The ECHAM 5 model projects that most of Tanzania will not 
have any significant change in rainfall except on and around Lake Victoria, 
where rainfall is projected to increase by between 100 and 200 millimeters 
per year. The CRNM-CM3 model predicts the opposite for the area around 
Lake Victoria, with rainfall dropping by around 100 millimeters per year. 
The CNRM-CM3 model predicts an increase of 50–100 millimeters per year 
for the southern half of the country.

Figure 11.17 shows changes in normal mean daily maximum temperature for 
the month with the warmest mean daily maximum temperature. All maps show 
higher maximum temperatures, but there are key differences among the projec-
tions of the different models. The CNRM-CM3 and ECHAM 5 models have 
similar projections, with a median increase of 2.1°C. The CSIRO Mark 3 and 
MIROC 3.2 models also exhibit similarities to one another, with median tem-
perature increases of around 1.0°C. The MIROC 3.2 model seems to exhibit the 
most spatial variability, with an increase of less than 0.5°C near Lake Victoria, 

 2 CNRM-CM3 is National Meteorological Research Center–Climate Model 3. MIROC 3.2 is 
the Model for Interdisciplinary Research on Climate, developed at the University of Tokyo 
Center for Climate System Research. CSIRO Mark 3 is a climate model developed at the 
Australia Commonwealth Scientific and Industrial Research Organisation. ECHAM 5 is a fifth-
generation climate model developed at the Max Planck Institute for Meteorology in Hamburg. The 
A1B scenario is a greenhouse gas emissions scenario that assumes fast economic growth, a popula-
tion that peaks midcentury, and the development of new and efficient technologies, along with a 
balanced use of energy sources.
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FIGURE 11.16  Changes in mean annual precipitation in tanzania, 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 11.17  Changes in monthly mean maximum daily temperature in tanzania 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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which increases as one travels southward, reaching as high as a 1.5°C increase. 
Then, as one moves to either the eastern or the western border of the country, 
the temperature increase rises even more, to 2°C. Significantly higher tempera-
tures could have consequences for agricultural productivity due to an increased 
spread of crop pests and diseases and also human diseases given that warmer tem-
peratures favor their multiplication and transmission.

Crop models

The Decision Support Software for Agrotechnology Transfer (DSSAT) soft-
ware was used to compute yields for the climates of 2010 and 2050, and 
then the yields for each were compared. Yield changes for key crops from the 
DSSAT model are mapped in Figures 11.18–11.20. 

The results in Figure 11.18, for maize, show vast differences in results 
depending on the GCM and the location. In the CNRM-CM3 and the 
MIROC 3.2 results, many areas show gains in yields of more than 25 percent, 
though both of them show areas in which yields decline by more than 25 per-
cent. By contrast, the CSIRO Mark 3 results show mostly more moderate 
results of less than a 25 percent increase or decrease. For the southern part of 
Tanzania, the ECHAM 5 results predict widespread losses, though the other 
models disagree, with the CNRM-CM3 and the CSIRO Mark 3 predicting 
that yields in most of the areas will actually gain in southern Tanzania. All of 
the models have particular areas in which major yield reductions take place. 
The CNRM-CM3 model predicts losses in the northern part of the country. 

Without significant geographic agreement across models, it is not possi-
ble to focus on particular strategies at this point. The results do suggest that it 
would be helpful to prepare a number of different responses from which farm-
ers could choose as appropriate. It is also helpful to note that although there 
can be negative consequences of climate change in some places, there may be 
positive outcomes in other places, and it would be wise to capitalize on poten-
tial improvements as well as to prepare for potential declines.

The results in Figure 11.19 show a much more dire picture for sor-
ghum, with much of the country experiencing losses in yields of from 5 per-
cent to more than 25 percent of the baseline; this prediction includes the 
main sorghum-growing areas in the country. However, all four models show at 
least a hint of yield increase in provinces along the border with Kenya. Indeed, 
the MIROC 3.2 and ECHAM 5 results show much more than a hint; the 
MIROC 3.2 results show a large area with gains of more than 25 percent. In 
the MIROC 3.2 results there is also an area of significant loss along the south-
ern coast of the Indian Ocean and inland to Morogoro Region.
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FIGURE 11.18  yield change under climate change: rainfed maize in tanzania, 2000–2050, 
a1b scenario

CNRM-CM3 CSIRO Mark 3

ECHAM 5 MIROC 3.2 medium-resolution

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 11.19  yield change under climate change: rainfed sorghum in tanzania, 2000–
2050, a1b scenario

CNRM-CM3 CSIRO Mark 3

ECHAM 5 MIROC 3.2 medium-resolution

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 11.20  yield change under climate change: rainfed rice in tanzania, 2000–2050, 
a1b scenario

CNRM-CM3 CSIRO Mark 3

ECHAM 5 MIROC 3.2 medium-resolution

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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The findings presented in Figure 11.20 show both gains and losses in rice 
yields depending on location, though the response is far from uniform geograph-
ically. The general observation that was made for maize—that there will be areas 
of potential gains as well as losses—pertains to the case of rainfed rice as well.

Vulnerability

Figure 11.21 shows the impact of future GDP and population scenarios on the 
number of malnourished children under age five. Figure 11.22 shows the share 
of children who are malnourished. 

All scenarios show an increase in the number of malnourished children 
until the year 2025. The number in the optimistic scenario falls before that in 
the baseline, which in turn falls before that in the pessimistic scenario. With 
the population rising, these gradual increases in the number of malnourished 
children will result in a gradual decline in the malnutrition rate. The trends for 
malnourished children are inversely related to caloric availability, as depicted 
in Figure 11.23. That is, malnutrition falls with a rise in per capita kilocalories. 
A rise in GDP per capita will enable families to access better healthcare and 
food supplies. Possibly a better contributor to farm households’ well-being will 

FIGURE 11.21  number of malnourished children under five years of age in tanzania 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 11.22  share of malnourished children under five years of age in tanzania 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 11.23  Kilocalories per capita in tanzania 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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be the increased food supplies from increased production in 2050, which 
will increase the kilocalories available to families. Given the relatively large 
increase in per capita income between 2010 and 2050 in the pessimistic sce-
nario, we would expect a positive and fairly large response in terms of calo-
rie consumption, even taking into consideration the large projected increase 
in prices for staple foods. The lack of a greater increase reflects the fact that 
the International Model for Policy Analysis of Agricultural Commodities and 
Trade (IMPACT) used own-price elasticities that were too large, amplifying 
the price effect more than it should have. 

Agricultural Outcomes

Figures 11.24–11.27 show simulation results from the IMPACT model asso-
ciated with key agricultural crops in Tanzania. Each featured crop has five 
graphs: production, yield, harvested area, net exports, and world price.

The findings show a slightly higher maize yield that, when coupled with 
the very small increase in projected crop area, indicates a small increase in 
overall production. With such a high rate of population growth and very lit-
tle expansion of production, the outcome can only be to increase imports of 
maize. With maize prices almost doubling, the amount of money spent on 
maize imports will be quite a bit higher than at present.

With the relatively high variance for cassava yields between GCMs, it is 
difficult to tell in which direction the trend will go, but it would probably be 
reasonably accurate to say that yield will remain largely unchanged between 
2010 and 2050. There will be a slight increase in area, but ultimately produc-
tion is not projected to change much. With at least two times the popula-
tion by 2050, Tanzania’s demand for cassava will far outstrip supply, and the 
imports of cassava will increase dramatically, as they will for maize. We also 
note that, unlike in the case of maize, it appears that the world prices for cas-
sava will fall slightly between 2010 and 2050 (see Figure 11.25).

The story for sorghum is completely different than what we have seen for 
maize and cassava. Yields will more than triple (see Figure 11.26). This seems 
to contradict the findings of the DSSAT crop model, but that crop model did 
not allow for adaptation, keeping the same seed variety, the same amount of 
fertilizer, and the same location for planting. But if these things were varied 
and there were other types of technological innovation, the IMPACT mod-
els suggests that sorghum would do well with climate change in Tanzania. We 
see that the area producing sorghum will also expand by around 40 percent, 
leading production to more than quadruple. With that kind of production 

338 Chapter 11



increase, Tanzania will be able to export around 70 percent of the sorghum it 
produces in 2050 if the projections are reasonably accurate.

The IMPACT model projects that under climate change the rice yield, 
with technological improvement, will approximately double between 
2010 and 2050 (see Figure 11.27). With a small increase in area, the produc-
tion of rice will slightly more than double. However, with such a rapidly grow-
ing population, production will not keep up with demand, and imports of rice 
will increase, much as will those of maize and cassava.

FIGURE 11.24  impact of changes in gdp and population on maize in tanzania, 2010–2050
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Note: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate 
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tanZania 339



Conclusions and Policy Recommendations
Tanzania’s population is expected to more than double over the next four 
decades, which could increase the competition for agricultural land and other 
resources, exacerbating the effects of climate change. But projections from rep-
utable sources for GDP per capita seem to suggest a generally brighter future 
for Tanzanians, enabling average people to expand their calorie consump-
tion in all but the pessimistic scenario, in which it will likely stay near where it 
is now.

FIGURE 11.25  impact of changes in gdp and population on cassava in tanzania, 
2010–2050
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The climate models used in this chapter suggest that there will be either no 
change in rainfall or some increase in annual rainfall, which is good news given 
that many nations are expecting to receive less rainfall when they already have 
too little. The climate models differ over how much warmer it will become by 
2050: two models suggest around 1°C, and the other two models suggest around 
2°C. The hotter it becomes, the more problems are anticipated: plants will suffer 
heat stress, and some crop diseases and pests will probably become more difficult 
to combat in warmer temperatures because they flourish in heat.

FIGURE 11.26  impact of changes in gdp and population on sorghum in tanzania, 
2010–2050
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The crop model results presented in this chapter are mixed: some parts of 
the country would likely see yield increases from climate change, and other parts 
would have yield decreases. Sorghum seems likely to suffer the most of the three 
presented, but nonetheless there is a region in which it may experience a signifi-
cant increase in yields as well. These crop models do not allow for adaptation, so 
we would necessarily expect that farmers will do better than the models predict. 

Nonetheless, the models suggest some useful points for policymakers. First, 
with some locations gaining and other locations losing yield, the farmers in 

FIGURE 11.27  impact of changes in gdp and population on rice in tanzania, 2010–2050
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the losing areas are going to struggle and will need help in the form of field-
tested advice on what new varieties to try or what crops to switch to or how 
to manage new techniques to counteract climate change. The farmers in los-
ing areas will also tend to migrate to urban areas, to other rural areas that are 
doing better, or to plots in unsettled areas. Establishing a legal framework 
either to protect unsettled areas or to assist farmers in migrating might be 
very important.

Helping farmers to adapt is a function of both the national agricultural 
research institutes and the national agricultural extension services. In order for 
these groups to succeed, they will need more funding and will need to be able 
to focus more on getting workable innovations out to farmers.

The IMPACT model, which assumes technological change and adapta-
tion, suggests that the projected increases in population will create a demand 
for maize, rice, and cassava that the farmers of Tanzania will be unable to 
meet, and imports of these foods will rise dramatically. On the other hand, the 
model suggests that sorghum yields will rise so steeply that Tanzania will be 
able to export most of its sorghum. Nonetheless, it seems that Tanzania will 
need to rely on its purchasing power abroad in order to satisfy its food secu-
rity needs.

Implicit in the IMPACT model—though not modeled directly—is that at 
some point a demographic transition will occur and labor will shift out of agri-
culture and into services and manufacturing. This means that Tanzania should 
not neglect these sectors, because ultimately for GDP to grow by as much as 
some of the experts suggest it will, Tanzania will have to shift people out of 
agriculture—not all people, because farming will need to continue—because 
farming will not be able to absorb the projected population.

If it is true that climate change will increase the incidence and severity 
of weather-related shocks such as droughts and floods, it will also be impor-
tant for policymakers to shore up the social safety net to prevent people from 
dying or falling into deep poverty and to get farmers back on their feet so they 
can plant for the next season.
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