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wanda is located 2° south of the equator in central Africa and covers a

surface area of 26,338 square kilometers. The country is primarily moun-

tainous, with the average altitude ranging from 900 meters in the south-
east to 4,500 meters in the regions of the Congo—Nile crest. The countryside
is covered by grasslands. The eastern slopes are more moderate, with rolling
hills extending across central uplands gradually reducing in altitudes to the
plains, swamps, and lakes of the eastern border region. Due to the high alti-
tude, the country experiences average annual temperatures ranging from 16° to
20°C (REMA 2009).

The Rwandan economy is primarily based on rainfed agriculture, with cof-
fee and tea the major cash crops. Farms are small, fragmented, and semisubsis-
tence oriented. The country has few natural resources to exploit and a small,
uncompetitive industrial sector. In 2009 its gross domestic product (GDP)
was estimated to be $5.1 billion. Agriculture accounted for 36 percent, indus-
try 14.2 percent, and services 43.7 percent of GDP. The Government of
Rwanda remains dedicated to a strong and enduring economic climate for the
country, focusing on poverty reduction, infrastructure development, privatiza-
tion of government-owned assets, expansion of the export base, and trade lib-
eralization. Agricultural reforms have improved crop yields, the national food
supply, and farming methods and have increased the use of fertilizers. In addi-
tion, the government is pursuing educational and healthcare programs that
bode well for the long-term quality of Rwanda’s human resource skills base
(REMA 2009; USDoS$ 2011).

However, several challenges remain for Rwanda. The country relies heavily
on foreign aid. Exports continue to lag far behind imports, affecting the health
of the economy. The persistent lack of economic diversification beyond the
production of tea, coffee, and minerals keeps the country vulnerable to market
fluctuations. Expensive electricity and limited transportation impede private-
sector development and raise the costs of imports and exports (USDoS 2011).

In addition, recent climate change patterns have also threatened ongoing
economic improvements. Climate-related events like heavy rainfall or too little
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rainfall occur more frequently than in years past and are affecting human well-
being. Droughts are often responsible for famine, food shortages, a reduction
in plant and animal species, and displacement of people in search of food and
pasture. At times these have led to conflicts over different land resources, as was
the case for protected areas. In the past 10 years, these disasters have occurred
throughout the country, exacerbated by poor farming practices, deforestation,
and environmental degradation. These climatic events have affected health,
water quality, transportation, and agriculture, leaving the country drained of its
wealth and increasing the level of poverty. The poor are most vulnerable to cli-
matic effects. Although the Rwandan government has drafted policies to address
these disasters, assessing their impact is vital to the management, reduction, and
mitigation of potential risks (REMA 2009, 2010; SEI 2009).

Review of the Current Situation and Trends

Economic and Demographic Indicators

Population

Figure 9.1 shows the total and rural population counts (left axis) and the share
of the population that is urban (right axis). The Rwandan development indi-
cators published by the National Institute of Statistics of Rwanda (2008) listed
the total population of the country as an estimated 8.9 million in 2005. The fig-
ure shows a clear decline of the total and rural populations from about 1990 to
1995, which coincides with the war and genocide that led to mass migrations
and deaths. The urban population as a percentage of the total began to increase
rapidly during that time and has slowed only slightly since around 2005.

The increases in urban population resulted from the rural exodus, the
return of refugees who lived in foreign countries after the 1994 genocide, and
improvements in health and well-being. These events increased the percent-
age of the population in urban areas from 5.5 percent to 16.7 percent between
1991 and 2002. In its Vision 2020 plan, Rwanda recognizes the productive
management of land and effective basic infrastructure as two of the pillars.
The vision stipulates that Rwandan towns will have the tools to achieve sus-
tainable urban management and planning and that the percentage of the pop-
ulation living in urban areas will grow to 30 percent by 2020. Furthermore, the
country’s Poverty Reduction Strategy Paper (Rwanda, Ministry of Finance and
Economic Planning 2007) also advocates mainstreaming capacity building for
the decentralized entities to improve urban and habitat management. In the
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FIGURE 9.1 Population trends in Rwanda: Total population, rural population, and percent
urban, 1960-2008
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Source: World Development Indicators (World Bank 2009).

urban areas, a large percentage of the population lives below the poverty line,
and more than 80 percent live in slums with no access to land.

Table 9.1 provides additional information concerning rates of popula-
tion growth between 1960 and 2008. The total population growth for the
first three decades was 2.6, 3.2, and 3.7 percent, respectively; in the decade
1990-1999, in which the genocide was perpetrated, the growth rate was only
-0.1 percent, and the growth rate during the first decade of the 21st century
was 2.3 percent (through 2008). These trends in growth rates line up with the
tendencies observed in Figure 9.1.

TABLE 9.1 Population growth rates in Rwanda, 1960-2008 (percent)

Decade Total growth rate Rural growth rate Urban growth rate
1960-1969 26 25 55
1970-1979 3.2 3.0 71
1980-1989 3.7 3.7 5.2
1990-1999 -0.1 -09 9.4
2000-2008 2.3 1.6 59

Source: Authors’ calculations based on World Development Indicators (World Bank 2009).
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FIGURE 9.2 Population distribution in Rwanda, 2000 (persons per square kilometer)
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Figure 9.2 shows the geographic distribution of the population in Rwanda.
Generally the country’s recorded average population density of 321 persons
per square kilometer is one of the highest of any country in the world, particu-
larly one that relies on agriculture. The maps show that the country is densely
populated except in places occupied by bodies of water located toward the bor-
ders with Democratic Republic of Congo and Tanzania.

Income
Figure 9.3 shows trends in GDP per capita and the proportion of GDP from
agriculture in Rwanda. Recent information from the National Institute of
Statistics of Rwanda (2008) shows that GDP per capita has increased consider-
ably during the past five years, reaching US$465 (current US dollars, whereas the
figure shows constant 2000 US dollars). Agriculture, forestry, and fishing activi-
ties contributed 39 percent of GDP, industry 14 percent, and services 41 percent.
Agriculture’s contribution to the economy was nearly 80 percent of GDP at
the beginning of the 1960s but is less than 40 percent today, which suggests the
rising contribution of other sectors. Although the agricultural sector’s propor-
tion of GDP has declined, its importance in employment has changed little. The
agricultural sector still employs 90 percent of the total labor population. The
development of the agroindustry and appropriate post harvest technologies for
each crop could increase employment in the industry and service sectors, thus
enhancing the country’s resilience to the threats of climate change.
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FIGURE 9.3 Per capita GDP in Rwanda (constant 2000 US$) and share of GDP from
agriculture (percent), 1960-2008
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Source: World Development Indicators (World Bank 2009).
Note: GDP = gross domestic product; US$ = US dollars.

Vulnerability to Climate Change

Table 9.2 provides some data on additional indicators of vulnerability and
resiliency to economic shocks: the education level of the population, the lit-
eracy rate, and the concentration of labor in poorer or less dynamic sectors.
The high levels of primary education and adult literacy signify that much of
the population has the potential to adapt to climate change through learn-
ing strategies, which would reduce their vulnerability to its adverse effects.
However, the low levels of secondary education signify the low capacity of the
population to take advantage of various employment opportunities. Hence,
as observed in Table 9.2, most people remain engaged in agriculture—crop
production, livestock rearing, fishing, and related services. Accordingly, many
continue to be vulnerable to the impacts of climate change.

Figure 9.4 shows two noneconomic correlates of poverty, life expectancy
and under-five mortality. Life expectancy at birth indicates the number of
years a newborn infant would live if prevailing patterns of mortality at the
time of its birth were to stay the same throughout its life.

Generally the graph shows very small improvements in under-five mortal-
ity and life expectancy trends in Rwanda. The sharp fall in life expectancy about
1991-1992 can be attributed to the genocide being carried out at that time. Life
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TABLE 9.2 Education and labor statistics for Rwanda, 1990s and 2000s

Indicator Year  Percent
Primary school enroliment: Percent gross (three-year average) 2007 1474
Secondary school enroliment: Percent gross (three-year average) 2007 18.1
Adult literacy rate 2000 64.9
Percent employed in agriculture 1989 90.1
Percent with vulnerable employment (in agriculture on own farm or as a day laborer) 1996 92.5
Under-five malnutrition (weight for age) 2005 18.0

Source: World Development Indicators (World Bank 2009).

expectancy and child mortality in Rwanda are affected by a wide range of factors
such as malaria, diarrhea, injuries, and HIV/AIDS (WHO 2006). Several envi-
ronmental conditions contribute to these factors, such as floods and droughts.
Future advancements in these health indicators may be compromised by climate
change, which often acts to alter these conditions. Climate change may cause
droughts and flooding that will affect food security, eventually leading to mal-
nutrition, morbidity, or death. Rwanda, for instance, has experienced four major
floods in the past seven years—in 2006, 2007, 2008, and 2009—which resulted

FIGURE 9.4 Well-being indicators in Rwanda, 1960-2008
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in fatalities, injuries, water contamination, and destruction of agriculture and
infrastructure, among other damages. These effects have had economic conse-
quences including increased direct medical costs, health protection costs, time
lost at work, and welfare change. For example, the economic cost associated with
the 2007 flood alone was about $22 million, of which the health economic costs
were estimated to be between $1.6 million and $18.0 million. These events place
a greater burden on the country’s GDP, further increasing poverty (SEI 2009).
Wood et al. (2010) report that in Rwanda, 85-95 percent of the people are liv-
ing on less than $2 a day.

As a consequence of the traumatic upheaval of the genocide in the early
1990s, the baseline year for monitoring progress toward the Millennium
Development Goal for poverty reduction in Rwanda was set to 2000. Progress
in reducing poverty has been very slow in spite of strong economic growth. In
2006, 57 percent of the population lived below the national poverty line, and
37 percent of those people were regarded as extremely poor because they could
not obtain the minimum calorie requirement on their income. Poverty declined
most in urban areas in proportionate terms. In rural areas, poverty declined from
66.1 to 62.5 percent between 2000 and 2006. Improving rural incomes is criti-
cal to reducing poverty given that 90 percent of the population still lives in rural
areas. A majority of rural income is generated through agriculture, which is
affected by a number of input factors, including climatic patterns. Climate fluc-
tuations will alter agricultural output directly and indirectly through change in
input factors such as labor. With low incomes and little education, the rural poor
are limited in their options for coping with the effects of climate change.

Review of Land Use, Potential, and Limitations

Land Use Overview

Figure 9.5 shows land cover and use in Rwanda as of 2000. Most of the coun-
try consists of cultivated and managed areas and shrub cover. The largest
forested area is situated in the southwestern corner of the country, where
Nyungwe National Park is located. Because agricultural land is taking more
space over time as the forest cover diminishes, agroforestry is becoming a good
option for poor houscholds in the rural areas, providing not only forest prod-
ucts like firewood but also many other benefits, such as biomass for soil fer-
tility, fodder for livestock, staking material for climbing beans, and erosion
control. Agroforestry and agricultural intensification should be given more
emphasis because agriculture puts a great amount of pressure on the land.
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FIGURE 9.5 Land cover and land use in Rwanda, 2000
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FIGURE 9.6 Protected areas in Rwanda, 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 Déll 2004).

According to the Rwanda State of Environment and Outlook Report
(REMA 2009), protected areas in Rwanda include national parks (Akagera,
108,500 hectares; Nyungwe, 101,900 hectares; and Volcanoes National Park,
16,000 hectares); forest reserves (Gishwati, 700 hectares; Iwawa Island and
Mukura, 1,933 hectares); forests of cultural importance (Buhanga Forest); and
wetlands of global importance (the Rugezi-Bulera—Ruhondo wetland complex).

Figure 9.6 shows the locations of protected areas, including parks and
reserves, that safeguard fragile environmental areas, conserve biodiversity,
enhance water catchment and purification, mitigate climate change, and serve as
sources of energy, construction materials, food, and health products. Protected
areas (particularly forests) indirectly support ecological systems of agriculture.
These areas are also important for the tourism industry and economic growth.
The tourism sector has experienced considerably enhanced performance since
2002. In 2007, for example, gorilla tourism attracted 16,000 visits, generating
$42 million, making it the largest foreign exchange earner in the country. In spite
of their contributions, protected areas are threatened by several problems, includ-
ing governance issues, an inadequate legal framework, and population pressures
that have led to encroachment and deforestation. Protected forest areas were
reduced by 64 percent between 1960 and 2007. The end result is increased vul-
nerability to the effects of climate change and soil degradation (REMA 2009).

Figure 9.7 shows travel times to cities and towns of various sizes in Rwanda.
These maps help us better understand how far rural areas are from potential
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FIGURE 9.7 Travel time to urban areas of various sizes in Rwanda, circa 2000
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markets for agricultural products, as well as places for farmers to purchase
inputs and consumer goods. Accessibility to markets in Rwandan cities is fairly
casy. Rwanda is a small country with a relatively good road network that is
continuously improved by the Ministry of Infrastructure in collaboration with
local governments. The maps in Figure 9.7 show that most of the urban cen-
ters can be reached within 1-3 hours except when one is traveling from pro-
tected areas, which are more remote than other parts of the country.

Agriculture
Tables 9.3-9.5 show key agricultural commodities in terms of area harvested,
value of the harvest, and consumption (ranked by weight). All values are based
on three-year averages. Plantains and bananas appear to be the most important
staple crops grown and consumed in the country. Rwanda’s daily consumption
of these crops, recorded at 250 grams per capita, is higher than anywhere else
in the world (Mpawenimana 2005).

Figures 9.8-9.12 show the estimated yields and growing areas for key
crops in Rwanda: bananas, beans, potatoes, sorghum, and cassava. The maps

TABLE 9.3 Harvest area of leading agricultural commodities in Rwanda, 2005-2007
(thousands of hectares)

Rank Crop Percent of total Harvest area
Total 100.0 1,692
1 Bananas and plantains 22.2 375
2 Beans 21.2 359
3 Sorghum 10.2 172
4 Potatoes 8.3 140
5 Sweet potatoes 8.2 139
6 Cassava 6.7 113
7 Maize 6.6 112
8 Pumpkins, squash, and gourds 2.5 43
9 Soybeans 2.5 43
10 Coffee 2.0 34

Source: FAOSTAT (FAO 2010).
Note: All values are based on the three-year average for 2005-2007.
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TABLE 9.4 Value of production for leading agricultural commodities in Rwanda, 2005-
2007 (millions of constant 2000 US$)

Rank Crop Percent of total Value of production
Total 100.0 603.4
1 Bananas and plantains 29.2 176.2
2 Potatoes 215 129.5
3 Beans 8.9 53.9
4 Cassava 7.4 44.9
5 Rice 5.4 32.7
6 Sorghum 5.0 30.1
7 Sweet potatoes 4.5 27.3
8 Tea 4.0 241
9 Taro cocoyams 3.4 20.3
10 Other fresh fruit 1.8 111

Source: FAOSTAT (FAO 2010).
Notes: All values are based on the three-year average for 2005-2007. US$ = US dollars.

TABLE 9.5 Consumption of leading food commodities in Rwanda, 2003—2005 (thousands

of metric tons)
Rank Crop Percent of total Food consumption
Total 100.0 5,526
1 Bananas and plantains 22.5 1,245
2 Potatoes 18.7 1,033
3 Cassava 15.3 847
4 Sweet potatoes 15.1 834
5 Fermented beverages 7.3 406
6 Other vegetables 4.4 241
7 Beans 3.6 199
8 Sorghum 2.7 150
9 Other roots and tubers 2.2 124
10 Maize 1.9 106

Source: FAOSTAT (FAO 2010).
Note: All values are based on the three-year average for 2003—-2005.
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FIGURE 9.8 Yield (metric tons per hectare) and harvest area density (hectares) for rainfed
plantains and bananas in Rwanda, 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 9.9 Yield (metric tons per hectare) and harvest area density (hectares) for rainfed
beans in Rwanda, 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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show that the crops are produced throughout the country. Banana production
occupies 35 percent of the total cultivated land and is usually done by small-
scale farmers. The crop is used mainly for food security and income genera-
tion, especially by peasant farmers. Bananas grow well in tropical temperatures
of about 15°-30°C, rainfall of about 1,000-1,200 millimeters, and deep soils
(Rwanda, Ministry of Agriculture and Animal Resources 2005). Like bananas,
the other four crops are also grown for food and income and need similar
conditions to grow. However, beans are grown at a much higher altitude of
about 1,700 meters above sea level, where temperatures are cooler (14°~18°C).
Bean production covers an estimated 22-30 percent of cultivated land and
yields about 200,000-300,000 tons annually (Rwanda Agricultural Research
Institute 2010). Other factors that may constrain crop yields are pests and dis-
eases, lack of agricultural inputs, poor varieties, and weak extension systems.
More effort is needed to make available improved seed varieties and proper
integrated soil fertility management technologies to raise the yield for beans
and sorghum to 4 tons per hectare and that for potatoes and cassava above

10 tons per hectare. More effort is also needed in the production and transfor-
mation of crops for value addition.

FIGURE 9.10 Yield (metric tons per hectare) and harvest area density (hectares) for rainfed
potatoes in Rwanda, 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 9.11 Yield (metric tons per hectare) and harvest area density (hectares) for rainfed
sorghum in Rwanda, 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 9.12 Yield (metric tons per hectare) and harvest area density (hectares) for rainfed
cassava in Rwanda, 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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Scenarios for the Future

Economic and Demographic Indicators

Population

Figure 9.13 shows population projections by the UN Population Division
through 2050. The low variant of the UN population projections (UNPOP
2009) estimates that the Rwandan population will almost double by 2050. The
low variant is characterized by a declining fertility rate, which the country has
been experiencing in the past decade (Indexmundi 2011). Attaining the low-
variant projection would require appropriate education, family planning pro-
grams, and increased agricultural productivity to meet the food demands of the
growing population. Given the already high population density in Rwanda, addi-
tional numbers of persons are likely to increase population pressure and land deg-
radation. Therefore, emphasis should be placed on well-planned settlements in
both rural and urban areas to reduce potential risks. The high-variant scenario is

even worse, with the population in 2050 projected to be almost two and a half
times that of 2010.

Income

Figure 9.14 shows the three scenarios for GDP per capita used for this study.
These are the result of combining three GDP projections with the three
population projections of Figure 9.14 from the United Nations Population
Division. The optimistic scenario combines high GDP with low popula-

tion. 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.

GDP per capita rose by 44 percent between 2000 and 2008 (World Bank
2009). If growth between 2010 and 2050 were to maintain that pace, we
would find Rwanda’s GDP per capita about midway between the baseline sce-
nario and the optimistic scenario. In the optimistic scenario GDP per capita
will reach just under $2,300 by 2050, while in the baseline scenario GDP per
capita will be just under $1,600 by 2050. Attaining either of these levels would
require improving agricultural productivity, which is a means of livelihood for
90 percent of the population. Adopting high-yielding and pest-resistant vari-
eties and appropriate soil management techniques, improving markets and
infrastructure, and providing extension services will be key to increasing pro-
ductivity, rural incomes, and GDP. Agricultural development should be cou-
pled with adequate measures for adaptation to climate change.
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FIGURE 9.13 Population projections for Rwanda, 2010-2050
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FIGURE 9.14 Gross domestic product (GDP) per capita in Rwanda, future scenarios,
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Biophysical Analysis

Climate Models
Figure 9.15 shows projected precipitation changes under the four downscaled
climate models (general circulation models or GCMs) used in this chapter
with the A1B scenario.' The results from the CNRM-CM3 and ECHAM
5 GCMs predict neither an increase nor a decrease in rainfall in Rwanda.”* But
the CSIRO Mark 3 GCM indicates a drier future, and the MIROC 3.2 GCM
indicates a wetter future. This kind of inconsistency is consistent with the type
of information provided by climate models and tells us that any plans and poli-
cies made now would have to be sufficiently flexible either to benefit farmers
under all three types of rainfall outcomes or to be changed quickly as the years
go by and we are able to see what kind of climate is actually being experienced.
One other study found that Rwanda is likely to have a wetter climate with
more intense wet seasons and less severe droughts (Shongwe et al. 2010).
Figure 9.16 shows changes in normal mean daily maximum tempera-
ture for the month with the highest mean daily maximum temperature. All
the models demonstrate a maximum temperature increase ranging from 1°
to 2.5°C. There are some significant differences among the models. The
CSIRO Mark 3 GCM has temperatures that range from 1° to 1.5°C, whereas
the CNRM-CM3 model (and the only slightly cooler ECHAM 5 model)
have temperatures that range mostly or entirely from 2° to 2.5°C. Higher
temperatures are likely to affect crop yields, especially those of beans, which
grow in cooler temperatures at high altitudes. Breeding for varieties adapted
to relatively warmer temperatures is likely to keep the level of productivity
high. High temperatures may also promote plant pest and disease multiplica-
tion as well as increased transmission of human diseases, particularly malaria.
Rwandans can likely counter the effects of temperature increases by using
appropriate pesticides and pest-resistant plant varieties and setting up appro-
priate health services.

1 The A1B scenario is a greenhouse gas emissions scenario that assumes fast economic growth, a
population that peaks midcentury, and the development of new and efficient technologies, along
with a balanced use of energy sources.

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.
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FIGURE 9.15 Changes in mean annual precipitation in Rwanda, 2000-2050, A1B scenario
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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 Rwanda for the
warmest month, 2000-2050, A1B scenario (°C)
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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 9.17 Yield change under climate change: Rainfed sorghum in Rwanda, 2000-
2050, A1B scenario

CNRM-CM3

ECHAM 5 MIROC 3.2 medium-resolution
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[l Yield gain > 25% of baseline
Il 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.

Crop Models

The Decision Support System for Agrotechnology Transfer software was used
to compute baseline and future crop yields with current temperatures and pre-
cipitation. The results for sorghum are compared for the climate in the year
2000 and that of 2050 in Figure 9.17. There are significant differences among
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the climate models. The MIROC 3.2 model, for example, predicts possi-

ble gains of more than 25 percent in most of the eastern half of the country.
The MIROC 3.2 model has only modest temperature increases and signifi-
cant rainfall increases. The CSIRO Mark 3 model predicts losses for almost
the entire country, though most of the losses range from 5 to 25 percent. The
CSIRO Mark 3 model predicts modest temperature increases but lower rain-
fall. A consistent result across all maps is that some new areas in the western
part of Rwanda will be able to cultivate sorghum that were previously unable
to cultivate it. These happen to be higher-elevation areas that are currently
too cold for sorghum but will become warm enough with climate change.
Increasing sorghum production is important for improving the nutrition of
mothers and children as well as generating incomes for families and reduc-
ing poverty. However, cultivating new lands may damage natural resources,
especially because the land portions that will be better for sorghum appear

to be protected areas displayed in Figure 9.6. Increasing productivity on the
already cultivated land through applying appropriate agricultural technolo-
gies (for example, improved high-yielding plant varieties and good soil man-
agement techniques) will strike a balance between higher food production
and conservation.

Vulnerability

Figure 9.18 shows the impact of future GDP and population scenarios on the
number of malnourished children under age five in Rwanda. Figure 9.19 shows
the share of children who are malnourished. In the baseline and optimis-

tic scenarios, the number of children who are malnourished rises until 2015.
Thereafter, they decrease over the next three and a half decades. However, the
pessimistic scenario predicts a rise in the number of children who are mal-
nourished throughout the next four decades. The malnutrition rate declines
slightly during the same period.

In the optimistic scenario, greater per capita incomes will give families eas-
ier access to food (increasing caloric availability), education, and health ser-
vices, consequently lowering malnutrition rates. This will lead to a decrease in
the number of malnourished children under age five to fewer than 380,000 by
2050. It is important to note that changes in other factors may bring about a
situation far from the optimistic scenario.

Figure 9.20 shows the kilocalories per capita available to each person in
Rwanda. Even in the case of moderate increases in income represented by the
baseline scenario, the number of kilocalories available per capita will increase
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FIGURE 9.18 Number of malnourished children under five years of age in Rwanda 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 Rwanda in multiple
income and climate scenarios, 2010-2050

30
20+
=
Q
=
(]
[a
104
Pessimistic
Baseline
0- Optimistic

2010 2015 2020 2025 2030 2035 2040 2045 2050

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 Kilocalories per capita in Rwanda 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.

to as many as 2,400 by 2050 given an ideal climate (baseline scenario). Higher
income will result in greater per capita kilocalorie availabilitcy—up to 2,700 by
2050 (optimistic scenario). However, a low rate of growth in income will result in
the availability of a lower number of kilocalories per capita by 2050 (pessimistic
scenario), reflecting how the price effects negate gains from the income effects.

Agricultural Outcomes

Figures 9.21-9.23 show simulation results from the International Model for
Policy Analysis of Agricultural Commodities and Trade associated with key
agricultural crops in Rwanda. Each featured crop has five graphs, one each
showing production, yield, harvested area, net exports, and world price.

The results in Figure 9.21 show an improved food security situation con-
cerning potatoes given the expected changes in climate. All scenarios point
to increased production, yield, harvested area, net exports, and price of pota-
toes by 2050. Increased net exports implies that by 2050 Rwanda will be able
to meet all its domestic demand for potatoes and have supplies left to meet
global demand.

Unlike in many other countries, the impact of climate on yield (and hence
on production and net exports) will be quite large in Rwanda by 2050. That is,
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FIGURE 9.21 Impact of changes in GDP and population on potatoes in Rwanda, 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.

the difference for any scenario between the top whisker for 2050 and the bot-
tom whisker for 2050 is quite large; most countries will have less than half of the
range of Rwanda. This means that it is more difficult to generalize the results for
Rwanda. The bottom whisker for the yield of potatoes indicates that there will
be a gain in yield of only around 25 percent between 2010 and 2050, while the
top whisker indicates that there will be a gain in yield of about 90 percent.
Figure 9.22 shows increased production, yield, and harvested areas of
soghum, with yields doubling on average. Although the price for sorghum will
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FIGURE 9.22 Impact of changes in GDP and population on sorghum in Rwanda,

8004 2.54
“ 24
2 ©
£ 6004 K]
2 o
2 2
T < 1.5
£ g
‘5 4004 o
o 2
] S 14
g o
5 =
2 2004 2
= Pessimistic 54 Pessimistic
Baseline Baseline
o] Optimistic o] Optimistic
2010 2015 2020 2025 2030 2035 2040 2045 2050 2010 2015 2020 2025 2030 2035 2040 2045 2050
Production Yield
400 4004 Pessimistic
Baseline
“ Optimistic
& 300 § 3009
g o
] s
< g
S 200 5 200
= w
5 €
g s
E 3
£ 100 2 100
Pessimistic =
Baseline
o] Optimistic o
2010 2015 2020 2025 2030 2035 2040 2045 2050 2010 2015 2020 2025 2030 2035 2040 2045 2050
Area Net exports
2004
§
g
£ 150
E
]
8 100
=
8
51
£ 509
ﬁ Pessimistic
3 Baseline
04 Optimistic

2010 2015 2020 2025 2030 2035 2040 2045 2050

Prices

Source: Based on analysis conducted for Nelson et al. (2010).

Notes: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate
scenarios. GDP = gross domestic product; US$ = US dollars.

be roughly 50 percent higher by 2050, even in the pessimistic scenario per cap-
ita income will have doubled, making higher food prices easier to bear. Net
exports almost always show the greatest variance of the five graphs in each fig-
ure because they represent the difference between production and consump-
tion, and both of these have their own variances. We generally observe that
exports of sorghum will hold constant or grow, and in the few cases in which

they will fall, the drop will be small.
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FIGURE 9.23 Impact of changes in GDP and population on cassava in Rwanda, 2010-2050
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Figure 9.23 illustrates findings somewhat similar to those in Figure 9.22.
The graphs show increased yield and area, which will naturally result in
increased production. Prices will rise slightly except in the optimistic scenario,
in which they will rise and then fall, with the price in 2050 almost the same
as in 2010. There is a high variance on net exports. It is hard to generalize,
but more scenarios show exports rather than imports increasing. However, it
would be improper to conclude that either outcome is definitive.
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Conclusions and Policy Recommendations

In this chapter we set out to assess the vulnerability of Rwanda to the impacts
of climate change. This evaluation was based on several economic, demo-
graphic, health, and food security indicators, and we used crop models and a
global partial equilibrium model to determine the impact of climate change
across diverse projections by climate models.

For a country that already has a high population density, one of the most
prominent projections that went into the partial equilibrium model is that in
the best-case scenario, which is the low population projection, there should
be a doubling in the population by 2050. This suggests that policies should be
created to reduce fertility rates. To ensure sustainable development, country
strategies should include development of a strong education system, increased
use of family planning methods, planned settlements, and increased productiv-
ity to feed the growing population.

If Rwanda is to attain the higher growth rates of either the baseline or the
optimistic scenario, strategies that improve its agricultural productivity will be
critical given that they will increase incomes for a majority of the population.
Strengthening the education system beyond the primary level will also enhance
individuals’ capacity to maneuver between alternative forms of employment.

In addition, reinforcing the service sector will boost livelihoods in the country
given its increasing contribution to the economy and employment.

The four GCMs we used differed on the direction of change in annual rain-
fall, with one showing a general increase, one showing a general decrease, and
two showing rainfall remaining unchanged. Although the GCM:s clearly predict
that the country is likely to experience warmer temperatures over the next four
decades, they disagree as to how much, with two essentially suggesting that the
increases will be only 1°~1.5°C, while the other two suggest that the increases
will be 2°~2.5°C. The risks associated with greater increases include an increased
number of plant and human pests and diseases as well as reduced productivity
for crops acclimated to cooler temperatures. Policies supporting a stronger health
system, adoption of integrated pest management, and the breeding of crop vari-
eties suitable for warm temperatures will counter such effects.

Higher temperatures will permit the growing of some crops in places that are
currently too cold. Using improved technology to increase the productivity of
already cultivated areas will be far more beneficial in increasing yields and regulat-
ing climate change.

The ability of farmers to produce more than consumers demand will
increase for some key crops such as potatoes but is less certain for other crops,
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for which the models show great variance, so it is too difficult to determine
whether production gains will outpace increases in consumer demand. Setting
up and improving institutions and infrastructure to coordinate and allow
movement of foodstuffs and production inputs will further mitigate the food
shortages brought about by change climate.
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