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eritrea is located in the Horn of Africa, with a long coastline of about 
1,200 kilometers along the Red Sea. The country has varied topog-
raphy, rainfall, and climate, with altitudes ranging from 60 meters to 

more than 3,000 meters above sea level (Eritrea 2004b). As one of the arid or 
semiarid Sahelian countries of Africa, Eritrea faced serious droughts in 1975, 
1984, 1985, 1989, and 1991. 

Eritrea has a large reserve of gold as well as substantial reserves of pot-
ash, zinc, copper, silver, marble, barite, feldspar, kaolin, and rock salt. With 
the recent licensing of mining concessions, the mining sector is expected to 
become a significant factor driving the economy. The Bisha mining site, for 
example, is expected to yield 1.06 million ounces of gold, 10 million ounces of 
silver, 747 million pounds of copper, and more than 1 billion pounds of zinc 
over a three-year period beginning in 2011 (ADB 2009).

Eritrea has a number of agricultural systems: rainfed cereal and pulses, 
semicommercial and periurban agriculture, small-scale irrigated horticulture, 
commercial farming, agropastoral rainfed farming, and agropastoral spate irri-
gation systems. The National Development Plan identifies three priority areas 
in the short to medium term: food security and development of cash crops, 
physical and social infrastructure, and human capital development. 

The climate of Eritrea ranges from hot arid (adjacent to the Red Sea) to 
temperate subhumid in isolated microcatchments in the eastern escarpment. 
The Central Highlands part of the country enjoys a semiarid climate, with the 
lowest temperatures during December and January. The Western Lowlands 
of the country are relatively hot, especially between April and June, with tem-
peratures reaching 38°C. For the coastal areas, the highest temperatures are 
between 25° and 40°C (June to August). The country’s rainfall intensity is very 
high—with substantial precipitation within a limited period—resulting in soil 
erosion and runoff. The annual rainfall in the subhumid zone in the eastern 
escarpment may reach 1,000 millimeters, while the southern Red Sea region 
and the northwestern parts of the country receive less than 200 millimeters. 
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The total rainfall seems to be sufficient for crop production in most parts of 
the country (400–600 millimeters annually) (Eritrea, Ministry of National 
Development 2006). 

Eritrea has adopted various international environmental laws and pol-
icy guidelines. The major policies and programs related to climate change 
are the Environmental Management Plan for Eritrea, the National Action 
Program to Combat Desertification and Mitigate Effects of Drought, the 
National Biodiversity Strategy and Action Plan for Eritrea, Eritrea’s Initial 
National Communication on Climate Change, a Country Assessment 
Report on Sustainable Development, an Interim Poverty Reduction Strategy 
Paper, National Environmental Assessment Procedures and Guidelines, 
Fisheries Legislation and a Strategic Environmental Assessment, a Food 
Security Strategy for Eritrea, a land use policy, and a coastal areas manage-
ment policy. 

The government has indicated that agriculture is a top priority for eco-
nomic development (ADB 2009). This will require sustainable land and water 
management, human resource development, and an integrated rural develop-
ment package. 

Review of the Current Situation and Trends

Economic and Demographic Indicators

population

The total population of Eritrea has grown from 750,000 in 1943 to a cur-
rent population of about 5.27 million. Geographically, 50–60 percent of the 
people live in the highlands, which comprise about 10 percent of the country’s 
total area (Eritrea, Ministry of National Development 2006).

Figure 5.1 shows the country’s total and rural population (left axis) as 
well as the share of its urban population (right axis). The urban population is 
increasing due to migration from rural areas as well as due to refugees return-
ing to Eritrea. Table 5.1 provides additional information concerning rates of 
population growth. In general, all population growth rates have been increas-
ing throughout the decades except for the 1980s to 1999, which saw a slowing 
in population growth. This drop was associated with the war, which led to the 
deaths and the migration of people away from the country during that period. 

Figure 5.2 shows the geographic distribution of the population within 
Eritrea. The population is concentrated mainly in the central and southern 
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provinces. The Western Lowlands, a potentially productive agricultural region, 
has a growing population as well. The population appears to be more densely 
distributed in areas where the amount of rainfall allows rainfed agriculture 
(the Highlands and Southwestern Lowlands). 

income

Eritrea is a low-income country. More than 70 percent of the population 
depends on traditional subsistence agriculture for their livelihood. The main 
sources of income for rural households are the sale of crops, livestock, and 

FIGURE 5.1  population trends in eritrea: total population, rural population, and percent 
urban, 1960–2008
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Source: World Development Indicators (World Bank 2009).

TABLE 5.1 population growth rates in eritrea, 1960–2008 (percent)

decade total growth rate rural growth rate urban growth rate

1960–1969 2.6 2.3 5.2

1970–1979 2.9 2.7 4.2

1980–1989 2.6 2.4 3.5

1990–1999 1.2 0.9 2.3

2000–2008 3.9 3.4 5.7

Source: Authors’ calculations based on World Development Indicators (World Bank 2009).
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livestock products; wages for daily labor; and remittances. In urban areas, 
people generate income from wage labor, small businesses, petty trade, and 
poultry farming. 

About 66.4 percent of the population is poor, and 37 percent are classified 
as extremely poor. Urban areas have slightly higher poverty rates (70.3 per-
cent) than rural areas (64.6 percent) but lower rates of extreme poverty 
(32.7 percent as compared to 38.9 percent) (Eritrea 2004a). In 2004, on aver-
age, about 40 percent of household income was obtained from wages and 
15 percent from agricultural produce. On the average, nonagricultural activi-
ties provided only 5 percent of income. Loans and sale of household assets 
comprised about 17 percent (Eritrea 2004b). This indicates that the percent-
age of income obtained from agriculture is still very low. 

Figure 5.3 shows a dramatic increase in gross domestic product (GDP) 
from 1993 to around 1998, when the country registered an annual growth 
rate of 7 percent, driven mainly by fiscal consolidation following indepen-
dence from Ethiopia. Thereafter, the trend shows an equally dramatic decrease 
due to the border conflict with Ethiopia, which lasted from 1998 to 2000. 
Currently the contribution of the agricultural sector to the country’s GDP is 
not more than 24 percent, low compared to other sectors. Agricultural devel-
opment has been hampered by drought, poor farm inputs, and inadequate 
crop and livestock management systems. 

FIGURE 5.2  population distribution in eritrea, 2000 (persons per square kilometer)
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Vulnerability to Climate Change

Table 5.2 provides some data for Eritrea on indicators of the population’s vul-
nerability and resiliency to economic and environmental shocks: the level 
of education and literacy and the concentration of labor in poorer or less 
dynamic sectors. Enrollment in secondary school increased from 12.2 percent 
in 1991/1992 to 29.2 percent in 2007. Enrollment in primary school similarly 

TABLE 5.2 education and labor statistics for eritrea, 1990s and 2000s

indicator year percent

Primary school enrollment: Percent gross (three-year average) 2007 54.9

Secondary school enrollment: Percent gross (three-year average) 2007 29.2

Adult literacy rate 2002 52.5

Percentage employed in agriculture 2005 52.5

Percentage with vulnerable employment (employed in agriculture on own 
farms or as day laborers)

1996  7.7

Under-five malnutrition (weight for age) 2002 34.5

Source: World Development Indicators (World Bank 2009).

FIGURE 5.3  per capita gdp in eritrea (constant 2000 us$) and share of gdp from 
agriculture (percent), 1992–2008
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increased, from 36.3 percent in 1991/1992 to 54.9 percent in 2007. The adult 
literacy rates also increased, from 38.6 to 52.5 percent (World Bank 2009). 

Figure 5.4 shows two noneconomic correlates of poverty, life expectancy 
and under-five mortality. Life expectancy has increased moderately in Eritrea, 
from 40 years in the 1960s to about 52 in 2010. Child mortality under age five 
is decreasing, owing to improved mother and child care. With such improve-
ments in health services, effects of climate change on these correlates are likely 
to be minimal. Climate change alters several environmental conditions that 
cause morbidity and mortality; for instance, it increases the transmission of 
malaria. Recently it has been recorded that malaria morbidity has declined by 
more than 86 percent and mortality due to malaria by more than 82 percent, 
making Eritrea one of the few countries of Africa south of the Sahara to have 
met the Abuja targets (ADB 2009). 

Eritrea’s geographical location, in the arid and semiarid region of Sahelian 
Africa, makes it vulnerable to the adverse effects of climate change, such as 
drought, pest infestation, and degradation of natural resources, which can 
affect food security, and if it does, can eventually lead to malnutrition or 
undernutrition in children and adults, increasing the probability of child 
mortality and reduced life expectancy. For instance, during the drought 

FIGURE 5.4  well-being indicators in eritrea, 1960–2008

0

50

100

150

200

250

D
eaths per 1,000

0

20

40

60

Ye
ar

s

1960 1970 1980 1990 2000 2010

Life expectancy at birth 
Under-five mortality rate 

Source: World Development Indicators (World Bank 2009).

126 Chapter 5



years of 2002 and 2003, the overall food deficit in Eritrea was estimated at 
476,000 tons of grain equivalent. The drought also affected the availability of 
drinking water, which became increasingly scarce (Eritrea 2004b). 

The most vulnerable groups are those in high-rainfall zones who 
depend on rainfed agriculture as their primary livelihood (Eritrea 2004a). 
Unfortunately, poor households resort to selling productive assets to mitigate 
the effects of food shortage. Female-headed households are more vulnerable 
due to their much lower income levels (ADB 2009). 

The country has had to rely on imports to meet the food shortfalls. 
Currently commercial food imports cover 15–20 percent of domestic demand. 
The maximum import capacity for grains is around 80,000 tons. In addi-
tion, cross-border trade with neighboring countries brings an estimated 
70,000 tons. International food assistance is used to fill the remaining food 
deficit (ADB 2009). 

Review of Land Use, Potential, and Limitations

Land Use Overview

A comprehensive land use map of Eritrea is under preparation. The limita-
tions of land use in the country are (1) lack of collaborative implementation of 
the land use policy among various sectors or users, (2) shortage of institutional 
and professional capacity in land use, and (3) lack of effective implementation 
of land use plans.

The existing land cover map shows land in the following categories: culti-
vated land, grazing land, forests, and barren land. Cultivated land accounts for 
about 7 percent of the total land area. This figure is likely to change, because 
there is potential for the expansion of agriculture in various agroecologi-
cal zones. In general, fertile lands are never allocated for human settlement, 
because agriculture is considered the breadbasket of the communities. Owing 
to its topography and limited moisture, much of the land of Eritrea is suited 
for livestock production rather than farming. The woody and nonwoody spe-
cies are significant for the survival of pastoralists or agropastoralists (Eritrea, 
Ministry of Agriculture 2002). 

Figure 5.5 shows land cover and land use in Eritrea as of 2000. The map 
depicts the actual situation on the ground in terms of forest cover and agricul-
tural activities. Intensive agriculture is concentrated in the south and south-
western regions. Evergreen vegetation and the relics of afromontane forest are 
found on the eastern escarpment and in the southern and northern highlands. 
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FIGURE 5.5  land cover and land use in eritrea, 2000
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Acacia woodland and shrub are widely distributed in the eastern and western 
lowlands, with higher temperatures and less rainfall than the highlands. The 
riverine vegetation makes a significant contribution to the livelihoods of the 
communities there. 

Figure 5.6 shows protected areas in the country. Although these areas are 
not yet officially gazetted, the proposed protected areas correspond more or 
less to the categorizations of the International Union for Conservation of 
Nature. These areas provide important protection for fragile environments 
that may also be important for emerging ecotourism. 

Figure 5.7 shows travel times to the larger cities as potential markets for 
agricultural products. The major towns in Eritrea are Asmara, Massawa, Assab, 
Keren, Mendefera, Dekemhare, Adi Quala, Agordet, Barentu, Teseney, Adi 
Keih, and Segeneity. The border towns are Teseney, Senafe, and Adi Quala. All 
major towns are connected with asphalt roads. 

The maps show that the major cities are within comparatively short travel 
times from the agriculturally important areas of the south and the western 
lowlands. Longer travel times are associated with areas that are not agricultur-
ally important, such as the southern Red Sea zone.

As of 2002, the country had about 7,000 kilometers of road network, 
including primary, secondary, and feeder roads, for an average of 70 kilometers 
of roads per thousand square kilometers of land. Overall government expen-
ditures on infrastructure (ports, rail, communications, and roads and water 

FIGURE 5.6  protected areas in eritrea, 2009
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FIGURE 5.7  travel time to urban areas of various sizes in eritrea, circa 2000
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supply) increased to 344.3 million nakfa, or 13 percent of total government 
expenditures for that period.

Agriculture 

The major foodcrops grown in Eritrea are sorghum, millet, and barley. 
Currently sorghum and pearl millet, more drought-tolerant crops, are grown 
in areas with a well-distributed mean annual rainfall of 300–600 millimeters.

In the southern and northern Red Sea zones, the mean annual rainfall ranges 
between 50 and 100 millimeters. In this situation, sorghum and pearl millet 
are produced twice a year under a spate irrigation system. Barley is a drought-
tolerant crop that can grow in the highlands, with mean annual rainfall between 
400 and 600 millimeters and mean annual temperatures between 10° and 22°C. 
There is an increased trend toward growing barley under irrigated conditions in 
the highlands and the lowlands. If temperatures increase, heat stress can bring 
about desiccation of pollen and hence yield loss in barley.

Tables 5.3–5.5 show the major agricultural commodities in Eritrea in terms 
of area harvested, production, and food consumption (ranked by weight). 
Sorghum is by far the most important crop in terms of total area (Table 5.3). 
Pearl millet and sesame are grown in 9 percent and 8 percent of the lowlands, 

TABLE 5.3  harvest area of leading agricultural commodities in eritrea, 2006–2008 
(thousands of hectares)

rank Crop percent of total harvest area

Total 100.0 655

1 Sorghum 39.8 261

2 Millet 8.7 57

3 Sesame seeds 7.9 52

4 Barley 7.3 48

5 Other oilseeds 6.1 40

6 Other pulses 6.1 40

7 Other roots and tubers 5.5 36

8 Teff and other cereals 4.7 31

9 Chickpeas 2.9 19

10 Maize 2.8 18

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

eritrea 131



TABLE 5.4  value of production for leading agricultural commodities in eritrea, 2005–2007 
(millions of us$)

rank Crop percent of total value of production

Total 100.0 229.1

1 Other roots and tubers 34.4 78.9

2 Sorghum 27.1 62.1

3 Sesame seeds 7.1 16.4

4 Millet 7.0 16.1

5 Other fresh vegetables 5.8 13.2

6 Potatoes 4.6 10.6

7 Other pulses 4.4 10.1

8 Barley 2.0 4.6

9 Teff and other cereals 1.9 4.4

10 Chickpeas 1.0 2.3

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

TABLE 5.5  Consumption of leading food commodities in eritrea, 2003–2005 (thousands of 
metric tons)

rank Crop percent of total Food consumption

Total 100.0 837

1 Wheat 40.7 341

2 Sorghum 14.3 120

3 Other roots and tubers 11.0 92

4 Other pulses 5.4 45

5 Beer 3.5 30

6 Other vegetables 2.9 25

7 Other oil from oilcrops 2.7 23

8 Sugar 2.7 22

9 Teff and other cereals 2.4 20

10 Beef 2.0 17

Source: FAOSTAT (FAO 2010).
Note: All values are based on the three-year average for 2003–2005. 
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respectively. Barley, grown in the highlands, takes about 7 percent of the land. 
Other pulses grown include chickpeas, fava beans, field peas, lentils, and grass 
peas. Although the total area occupied by vegetable crops is not large com-
pared to that for cereals, the total level of production is higher, with two to 
three harvests per year.

The leading commodities for human consumption (see Table 5.5) are 
wheat (40.7 percent), sorghum (14.3 percent), and other roots and tuber crops 
(11.0 percent). Wheat is used by food industries such as those making pasta, 
macaroni, bread, cakes, and biscuits. Barley is also a staple crop in the high-
lands and is used in various forms. The brewing industries use malting barley 
for beer and local beverages such as sewa, accounting for 3.5 percent of its con-
sumption. Sorghum is a staple foodcrop consumed in various forms. Most of 
the wheat consumed is imported; much remains to be done to produce suffi-
cient maize for domestic consumption.

Figures 5.8 and 5.9 show the estimated yield and harvest area for the two 
key crops, sorghum and wheat, respectively. In 2000, the major sorghum-
growing areas were the southwestern lowlands (53 percent), followed by 
the southern zone (21 percent), Anseba (13 percent), and the northern Red 

FIGURE 5.8  yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
sorghum in eritrea, 2000
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Sea area (13 percent). Sorghum has the greatest genetic diversity; it grows 
throughout the country, adapted to local environmental conditions (moisture, 
temperature, and so forth). Figure 5.8 shows the geographical distribution and 
yield of sorghum. The average yield of sorghum for 2000 ranged from less than 
0.5 ton per hectare to 1 ton per hectare, but the vast majority of the harvest 
area is at the lowest end of the range, less than 0.5 ton per hectare. 

The major wheat-producing areas, as shown in Figure 5.9, are the south-
ern zone (52 percent) and central zone (39 percent). Other areas of the coun-
try have negligible wheat production: the southwestern part (Mekerka, 
Dekishehay, and other areas), Anseba, and the northern Red Sea area. The 
average yield for wheat in 2000 was 0.57 tons per hectare.

Scenarios for the Future

Economic and Demographic Indicators

population

Figure 5.10 shows population projections for Eritrea for 2010–2050 from the 
UN Population Division. The population is shown reaching 12 million in 
the high-variant projection, 10.5 million in the medium-variant projection, 

FIGURE 5.9  yield (metric tons per hectare) and harvest area density (hectares) for rainfed 
wheat in eritrea, 2000

< 0.5 MT/ha

0.5−1 MT/ha

1−2 MT/ha

2−4 MT/ha

> 4 MT/ha

< 1 ha

1−10 ha

10−30 ha

30−100 ha

> 100 ha

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.

134 Chapter 5



and 9 million in the low-variant projection. However, estimates by the 
National Action Program for Eritrea (Eritrea, Ministry of Agriculture 2002) 
project growth to 6 million by 2015 and an astonishing 22 million by 2050. 

Theoretically, the increasing population pressure could aggravate de-
forestation, overgrazing, and cultivation of crops on steep slopes in response to 
increased demand for food, shelter, and other resources. However, an educated 
and well-informed population can also be a vital resource for development. 
Emphasis must be placed on sustainable development, including protection of 
the environment, and the promotion of science- and technology-based, envi-
ronmentally friendly agricultural production systems. 

Larger populations can provide the consumer demand needed to gener-
ate favorable economies of scale and lower production costs with sufficient 
domestic investment. (Mining and manufacturing concerns, expected to start 
soon, are good indicators of foreign direct investment.) The government has 
indicated that agriculture is a top priority for economic development (ADB 
2009). This will require sustainable land and water management, human 
resource development, and an integrated rural development package. 

income

The three scenarios of GDP per capita shown in Figure 5.11 are derived by 
combining three GDP projections with the three population projections of 
Figure 5.10. The optimistic scenario combines the high GDP projection with 

FIGURE 5.10  population projections for eritrea, 2010–2050
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low population, the baseline scenario combines the medium GDP projection 
with the medium population projection, and the pessimistic scenario com-
bines the low GDP projection with the high population projection.

The GDP per capita in Eritrea was $405 in 2010 (World Bank 2011), up 
from $335 in 2008 and only $150 in 1990. The figures just cited are in cur-
rent US dollars, whereas the numbers in Figure 5.11 are in constant US dollars 
with a 2000 base. Following improvement in bilateral relations with the coun-
try’s neighbors and the exploitation of its largely unexploited resource base, 
it is expected that growth in investment will drive up per capita GDP and the 
most likely scenario will be the optimistic scenario.

Biophysical Analysis

Climate models

Figure 5.12 shows precipitation scenarios for Eritrea for 2000–2050 under 
the four downscaled climate models we use in this book with the A1B scenar-
io.1 CNRM-CM3 shows rainfall increasing between 50 and 100 millimeters 

 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.

FIGURE 5.11  gross domestic product (gdp) per capita in eritrea, future scenarios, 
2010–2050
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FIGURE 5.12  Changes in mean annual precipitation in eritrea, 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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in the central and southern zones and in parts of the northern Red Sea zone 
but little change over the greater portion of Eritrea, including the south-
west (–50 to 50).2 CSIRO Mark 3 shows minimal change in precipitation 
throughout the country (–50 to 50). ECHAM 5 shows a small increase in 
precipitation of 50–100 millimeters in the southwestern part of the coun-
try and parts of the southern Red Sea zone—currently an area with very 
low precipitation. MIROC 3.2 shows areas of the Red Sea zone gaining 
100–200 millimeters in precipitation. All models show precipitation remain-
ing the same or even increasing. Similarly, the model done by the Department 
of Environment (Eritrea, DoE 2001) showed an increase in precipitation in 
some parts of Eritrea, though the amount is not specified. The most impor-
tant thing to note is that not a single model used in this analysis shows a 
reduction in rainfall.

Figure 5.13 shows temperature changes in the mean daily maximum tem-
perature for the warmest month between 2000 and 2050. The CSIRO model 
is the coolest of the four, showing the entire country getting warmer by 1.0°–
1.5°C. ECHAM 5 and CNRM-CM3 are the warmest models, both showing 
the temperature of most of the country increasing by 2.0°–2.5°C.

Crop models

The Decision Support Software for Agrotechnology Transfer (DSSAT) soft-
ware was used to compute yields under current temperature and precipitation 
regimes in Eritrea for 2000 and for 2050. Yield change results for 2050 with 
climate change were compared to the current or baseline yield results for the 
year 2000.

Figure 5.14 shows yield changes for sorghum. Two of the four models 
show fairly large areas in which sorghum should be able to be grown in the 
future though it currently cannot be grown. It is not obvious from looking at 
the temperature and precipitation change maps why these areas would appear. 
However, DSSAT is concerned only with rainfall and temperature during the 
growing season, and it may be that rain and temperature shift favorably during 
the growing months. It could also be that in some of these general circulation 
models (GCMs) temperatures at higher elevations were too cold for sorghum 
before climate change. We also note that the ECHAM 5 model shows more 

 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 5.13  Changes in monthly mean maximum daily temperature in eritrea 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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FIGURE 5.14  yield change under climate change: rainfed sorghum in eritrea, 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.

loss of area than the other GCMs. Three of the four GCMs show drops in 
yield for most areas, but the MIROC 3.2 model is more encouraging, showing 
areas with no change or actual gains in yield. It will be important to validate 
any model projections through field-based research. 
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Figure 5.15 shows modeled yield changes for wheat. All the maps show 
substantial yield losses as high as 25 percent or more, with considerable loss of 
baseline crop area in some models. Wheat is a crop that is sensitive to hot tem-
peratures, which explains why the losses are so substantial.

FIGURE 5.15  yield change under climate change: rainfed wheat in eritrea, 2000–2050, 
a1b scenario
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Source: Authors’ calculations.
Notes: A1B = greenhouse gas emissions scenario that assumes fast economic growth, a population that peaks midcentury, 
and the development of new and efficient technologies, along with a balanced use of energy sources; CNRM-CM3 = National 
Meteorological Research Center–Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth Scien-
tific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute 
for Meteorology (Hamburg); GCM = general circulation model; MIROC = Model for Interdisciplinary Research on Climate, 
developed by the University of Tokyo Center for Climate System Research.
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Vulnerability

Figure 5.16 shows the impact of future GDP and population scenarios on the 
number of malnourished children in Eritrea under age five. Figure 5.17 shows 
the share of children who are malnourished. Before 2002, about 38 percent 
of children suffered from malnutrition or were stunted (short height for age), 
15 percent were wasted (low weight for age), and 44 percent were underweight. 
Since then, Eritrea has shown improvement in these indicators; moreover, infant 
mortality, under-five mortality, and malaria morbidity have also decreased dra-
matically due to improved child and mother care and improved nutrition (ADB 
2009). In all scenarios, the number of malnourished children rises initially, then 
falls. For the optimistic scenario, the turning point is 2015, for the baseline 2020, 
and for the pessimistic scenario sometime between 2025 and 2030. By 2050, 
only the pessimistic scenario shows more malnourished children than in 2010. 
With population growth, the malnutrition rate falls steadily.

Figure 5.18 shows the kilocalories per capita available in Eritrea. Both the 
baseline and the optimistic scenario project rising calorie consumption, with 
annual increases small at first but becoming large by 2050. In the pessimis-
tic scenario, mean calorie consumption falls until 2025, then begins recovery, 
ending slightly higher in 2050 than it was in 2010.

FIGURE 5.16  number of malnourished children under five years of age in eritrea 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 5.17  share of malnourished children under five years of age in eritrea 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 5.18  Kilocalories per capita in eritrea 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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Agricultural Outcomes

Figures 5.19 and 5.20 show simulation results from the International Model 
for Policy Analysis of Agricultural Commodities and Trade (IMPACT) asso-
ciated with key agricultural crops in Eritrea. Each featured crop has five graphs 
showing production, yield, area, net exports, and world price. The simulation 
result for sorghum shows a boost in sorghum production in both yield and 
area of production. The yield is projected to triple, and the area is projected to 
increase by around 50 percent, resulting in a quadrupling of production (look-
ing at the median results for all scenarios). In all cases, the baseline scenario 
is very similar to the pessimistic and optimistic scenarios. In the crop models, 
however, we saw a potential yield loss of sorghum in some parts of the country. 
We see differences between the crop model and the IMPACT model because 
the IMPACT model allows for technological change. The net exports have 
a high variance, making it more difficult to generalize the results. Roughly 
speaking, however, the model suggests that by 2050, imports of sorghum will 
be less than in 2010, except possibly in the pessimistic scenario. It seems that 
high population growth rates can cause consumer demand for sorghum to 
keep pace with even the most promising gains in production.

Figure 5.20 shows the yield of wheat doubling between 2010 and 2050. 
But with the area planted increasing only slightly, we note that the yield only 
doubles as well. In all graphs, the baseline scenario is similar to the optimis-
tic and pessimistic scenarios. Although wheat output will increase, consumer 
demand for wheat will increase even more, and production levels will not be 
sufficient to meet domestic demand. 

Conclusions and Policy Recommendations
Eritrea is a low-income country with at least 70 percent of the population 
depending on traditional subsistence agriculture. On average, about 40 percent 
of its income was obtained from wages and 15 percent from agricultural produce 
in 2004. The income trends show that the country’s GDP increased until around 
1998; before that, the country registered an annual growth rate of 7 percent. 
Since then, GDP growth has been stagnant, and GDP per capita is declining.

The urban population is growing rapidly, partly due to the refugees 
returning from foreign countries and partly due to high levels of rural-to-
urban migration. The population is concentrated mainly in the central and 
southern provinces. There is a growing population in the Western Lowlands, 
which is potentially a good agricultural region. The population growth rates in 
both the rural and the urban centers are high. 
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FIGURE 5.19  impact of changes in gdp and population on sorghumt in eritrea, 2010–2050
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Source: Based on analysis conducted for Nelson et al. (2010).
Notes: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate 
scenarios. GDP = gross domestic product; US$ = US dollars.

The land cover and land use maps show that intensive agriculture is con-
centrated in the south and southwestern regions of the country. These loca-
tions also provide protection for fragile environments considered important 
for the emerging ecotourism industry. 

The GCMs used are in agreement that Eritrea will either have greater 
precipitation or no change in precipitation in the future. The models differ 
regarding the likely temperature changes to be experienced. Two suggest that 
the increases will range from 1°–1.5°C in most parts of the country. However, 
two others predict a temperature rise of 2°–2.5°C. 
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Most of the crop yield models reveal a potential loss in yields in sorghum 
growing areas, probably due to temperature increases. The models also suggest 
that there may be new areas where sorghum can be grown where it currently 
cannot be grown. This knowledge provides an important opportunity for the 
country, but it may create policy challenges regarding putting to use land that 
is currently not used for sorghum and is perhaps not used for agriculture. 

Even if the country’s rainfall may increase on average, droughts will likely 
continue to be challenges that farmers face. It is important that appropriate 

FIGURE 5.20  impact of changes in gdp and population on wheat in eritrea, 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.

146 Chapter 5



land management practices be introduced, including efficient water harvest-
ing and water management strategies, to cope with water scarcity in drought 
years and with heavy runoff at other times. Reclamation of degraded lands 
(sand dunes, gullies, and marginal lands) can be done through the construc-
tion of mechanical structures or terraces, and the planting of trees could sta-
bilize these structures. In the coastal areas, drought- and salt-tolerant plant 
species could be planted both in major urban centers and in rural commu-
nities. Widespread tree planting could be encouraged through the promo-
tion of individual tree tenure. A number of environmental policies have 
been drafted but are yet to be supported with relevant and coherent laws 
and regulations.

The use of energy-saving stoves will minimize the number of trees to be 
cut for firewood and charcoal. Other sources of energy, such as wind and solar 
power, should also be considered. 

The introduction of diverse research and development programs is 
required to address potential risks from climate variability and change affect-
ing both irrigated and rainfed agriculture in Eritrea. Programs at higher levels 
of learning (MSc and PhD levels) should encourage capacity building in mod-
eling for climate change and in remote sensing. 
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