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Middle East and North Africa
The Middle East and North Africa region is one of the most diverse in the world in economic terms, with per-capita annual GDP
ranging from $1,000 in Yemen to more than $20,000 in the Arab Gulf States. As a consequence, adaptive capacity and vulnerability
to climate risks varies enormously within the region. The region will be severely affected at both 2°C and 4°C warming, particularly
because of the large increase in projected heat extremes, the substantial reduction in water availability and expected consequences
for regional food security. In some countries, crop yields could decrease by up to 30 percent at 1.5–2°C and by almost 60 percent
at 3–4°C in parts of the region. Deteriorating rural livelihoods may contribute to internal and international migration, adding further
stresses on particularly urban infrastructure with associated health risks for poor migrants. Migration and climate‐related pressure
on resources might increase the risk of conflict.

4.1 Regional Summary
The population in Middle East and North Africa is projected to
double by 2050, which together with projected climate impacts,
puts the region under enormous pressure for water and other
resources. The region is already highly dependent on food imports.
Approximately 50 percent of regional wheat and barley consumption, 40 percent of rice consumption, and nearly 70 percent of maize
consumption is met through imports. The region has coped with its
inherent water scarcity through a variety of means: abstraction of
groundwater, desalinization, and local community coping strategies.
Despite its extreme water scarcity, the Gulf countries use more
water per capita than the global average, with Arab residential
water and energy markets among the most heavily subsidized in
the world. The region is very diverse in terms of socio-economic
and political conditions. Thus, adaptive capacity and vulnerability
to climate risks varies enormously, especially between the Arab
Gulf States and the other countries in the region.
Middle East and Northern Africa heavily relies on agriculture
as a source of food and income, not only in the historically important “fertile crescent” of the Euphrates and Tigris region, but also
at the Mediterranean coast and the Nile, while at the same time
being largely covered by drylands and deserts. Seventy percent of

the region’s agricultural production is currently rain-fed, which
leaves the region highly vulnerable to temperature and precipitation
changes, and the associated implications for food security, social
security, and rural livelihoods. This, in combination with social
changes and strong urbanization rates, indicates a very vulnerable future for the Middle East and North Africa, particularly for
the urban and rural poor. All countries in the region face a severe
and fast growing resource squeeze, especially relating to severe
water and land scarcity. The region is very diverse in terms of
socio-economic and political conditions. Thus, adaptive capacity
and vulnerability to climate risks varies enormously, especially
between the Arab Gulf States and the other countries.

4.1.1 Regional Patterns of Climate Change
4.1.1.1 Temperatures and Heat Extremes
Warming of about 0.2° per decade has been observed in the
region from 1961–1990, and at even faster rate since then, which
in line with an increase in frequency in temperature extremes.
Geographically, the strongest warming is projected to take place
close to the Mediterranean coast. Here, but also in inland Algeria,
Libya and large parts of Egypt, warming by 3°C in a 2°C world
is projected by the end of the century. In a 4°C world, mean
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Figure 4.1: Multi-model mean temperature anomaly for RCP2.6 (2°C world, left) and RCP8.5 (4°C world, right) for the months of
June-July-August for the Middle East and North African region.

Temperature anomalies in degrees Celsius are averaged over the time period 2071–2099 relative to 1951–1980.

summer temperatures are expected to be up to 8°C warmer in
parts of Algeria, Saudi Arabia and Iraq by the end of the century
(see Figure 4.1).
By the end of the century, in a 2°C world, highly unusual38
heat extremes will occur in about 30 percent of summer months
almost everywhere in the MENA region. This implies that on
average one of the summer months each year will exceed temperatures warmer than three standard deviations beyond the
baseline average. Unprecedented heat extremes, however, will
remain largely absent in a 2°C world, except for in some isolated
coastal regions including the Mediterranean coasts of Egypt, and
in Yemen, Djibouti and Oman. Here these events are projected to
be relatively rare in a 2°C world, but are nevertheless expected
to occur in 5–10 percent of summer months.
Whereas the increase in frequency of heat extremes is expected
to level off by mid-century in a 2°C world, in a 4°C world it will
continue increasing until the end of the century. in a 4°C world,
80 percent of summer months are projected to be hotter than 5-sigma
(unprecedented heat extremes) by 2100, and about 65 percent are
projected to be hotter than 5-sigma during the 2071–2099 period.

4.1.1.2 Precipitation and Aridity
Future northward shifts of air moisture associated with a stronger
North Atlantic Oscillation (NAO) anomaly are projected to reduce
rainfall in North Africa, Maghreb, and Mashrek. In a 4°C world,
countries along the Mediterranean shore, notably Morocco, Algeria,
and Egypt, are projected to receive substantially less rain. However,
a projected northward shift of the Inter-Tropical Convergence Zone
(ITCZ) is expected to increase moisture delivery to the southern
parts of the region (which are already under the influence of

38

In this report, highly unusual heat extremes refer to 3-sigma events and unprecedented heat extremes to 5-sigma events (see Appendix).

monsoon systems), in particular to the southern Arabian Peninsula (Yemen, Oman). Consequently, projected annual mean precipitation changes show a clear North-South dipole pattern, with
regions north of 25°N becoming relatively drier and regions to the
south becoming wetter. The absolute increase in precipitation in
the southern regions, however, will be very small, because these
regions (with the exception of Yemen) are already very dry today.
Furthermore, the effect of an increase in precipitation on water
availability should be counteracted by a simultaneous increase in
temperature, resulting in a higher rate of evaporation. Lastly, an
increase in precipitation in the southern part of the region may
be associated with more intense and extreme precipitation events.
There is a close match between the pattern of change in
the annual mean aridity index (AI) and projected precipitation
changes. Changes in the aridity are primarily driven by changes
in precipitation, with wetter conditions south of 25°N and in
most southern parts of the Arabian Peninsula causing a drop in
aridity, and drier conditions north of 25°N causing aridity there to
increase. In the Mediterranean coastal region, the relative increase
in aridity is more pronounced than would be expected from the
drop in precipitation, because there is a substantial increase in
evapotranspiration here due to enhanced warming.

4.1.2 Regional Sea-Level Rise
In the Mediterranean area, tide gauges recorded belowaverage sea-level rise during the 20th century, with average
rise of 1.1–1.3 mm per year (slower than the global average of
1.8 mm per year). There has been significant interdecadal variability, however, with a slow gradual rise from 1960–1990, and
rapid (above-average) rise after 1990.
Analysis for the 21st century indicates slightly below-average rise
in the Mediterranean basin mostly as a result of the gravitational
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Figure 4.2: Multi-model mean of the percentage change in the aridity index in a 2°C world (left) and a 4°C world (right) for the
Middle East and North Africa by 2071–2099 relative to 1951–1980.

Hatched areas indicate uncertain results, with two or more out of five models disagreeing on the direction of change. Note that a negative change corresponds to a shift to more arid conditions (see Appendix).39

influence of Greenland ice sheet. Tunis, on the Mediterranean
Sea coast, is projected to experience a median sea-level rise of
0.56 m (with a maximum of 0.96 m) by the end of the century
in a 4°C world. This is 8 cm less than in Muscat, on the Arabian
Sea coast, where a median 0.64 m (low estimate: 0.44 m, high
estimate: 1.04 m) sea-level rise is projected. On the Atlantic coast,
a 0.58 m sea-level rise is projected for Tangier (low estimate:
0.39 m, high estimate: 0.98 m). In a 1.5°C world, median sea
level rises of 0.34 m, 0.35 m and 0.39 m are projected for Tunis,
Tangier, and Muscat. 39

4.1.3 Sector-based and Thematic Impacts
4.1.3.1 The Agriculture-Water-Food Security Nexus
The Middle East and North Africa region is water scarce, with
most of the land area receiving less than 300 mm of annual
rainfall (200–300 mm represents the lower limit of rain-fed agriculture). Semi-arid belts along the coasts and mountains are the
only water source areas and provide productive land for rain-fed
agriculture. The annual availability of renewable water resources
in most countries is below 1000 m3 per capita (except for Iraq,
Oman, Syria and Lebanon) and as low as 50 m3 per capita for
Kuwait. This water scarcity prevents countries from producing
all required food domestically and makes the region dependent

39

Some individual grid cells have noticeably different values than their direct
neighbors (e.g., on Turkey’s Black Sea coast under RCP8.5). This is due to the fact
that the aridity index is defined as a fraction of total annual precipitation divided by
potential evapotranspiration (see Appendix). It therefore behaves in a strongly nonlinear fashion and year-to-year fluctuations can be large. As the results are averaged
over a relatively small number of model simulations, this can result in local jumps.

on food imports. From the current situation of critical water and
arable land scarcity, both the 2°C and 4°C warming scenarios
would put further pressure on water resources and agriculture.
• Cropland: Warmer and drier climate is projected to shift vegetation and agricultural zones northward (e.g., by 75 km for
2090–2099 relative to 2000–2009 in a 4°C world).
• Length of growing period: Lower rainfalls and higher temperatures will shorten growing periods for wheat in large parts
of the region by about two weeks by mid-century (2031–2050).
The wheat growing period in Tunisia is expected to be shortened by 10 days for 1.3°C warming, by 16 days for 2°C, by
20 days for 2.5°C and by 30 days for 4°C warming.
• Crop yields: Crop yields are expected to decline by 30 percent with 1.5–2°C warming and up to 60 percent with 3–4°C
warming, with regional variation and without considering
adaptation. Reductions in crop productivity of 1.5–24 percent
are expected for the western Maghreb and 4–30 percent in
parts of the Mashrek, by mid-century. Legumes and maize
crops are expected to be worst affected in both areas as they
are grown during the summer period.
• Livestock: Climate change will impact livestock production
through various pathways, including changes in the quantity
and quality of available feeds, changes in the length of the
grazing season, additional heat stress, reduced drinking water,
and changes in livestock diseases and disease vectors.
Uncertainty in projections arises from different approaches,
different climate models, and the persistence of CO2-effects because
increasing atmospheric CO2 concentration can potentially increase
plant water-use efficiency (and thus crop productivity).
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As a result of regional warming and changes in precipitation
patterns, water availability is projected to decrease in most parts
of the region throughout the 21st century. For example, in the
eastern Anatolian mountains (headwaters of Euphrates and Tigris
rivers) a runoff decrease of 25 percent to 55 percent is projected
with 4°C warming.
Mountain areas in Morocco, Algeria, Lebanon, Syria, Iraq, Iran
and Turkey play an important role in the water supply of the region,
as they store a fraction of precipitation as snow. With projected
reduction in snowfall and snow water storage, peak flows of melt
water will shift towards earlier months, with negative impacts
for downstream river systems and water availability in distant
regions. For example, snowpack in the upper Nahr el Kalb basin
in Lebanon was projected to shrink by 40 percent with 2°C warming, and 70 percent with 4°C warming. Hence, drought periods
would occur 15–20 days earlier under a 2°C warming scenario,
and more than a month earlier under a 4°C warming scenario.

4.1.3.2 Desertification, Salinization, and Dust Storms
The importance of climate change for desertification varies depending on local conditions, and interactions between drivers can be
multifaceted. An increase in temperatures and evapotranspiration,
change of precipitation regime, and the intensification or change
in frequency of extreme events can directly trigger or enhance the
desertification processes. Being covered mostly by drylands, the
region is frequently threatened by dust storms, causing damage
and disruption to people, agriculture and the economy. While
there are no direct projection studies on dust storms in the region,
wind as a driving factor can be projected from climate models.
However, there are no regional studies on changing wind patterns
under climate change in the region as yet, and future trends have
to be derived from global studies.
An increase in salinization under climate change holds for all
water resources in the region. The densely populated coastal areas
in the region are most affected by climate-change-induced salinization (seawater intrusion), which is accelerated by climate-induced
sea level rise. River salinization, meanwhile, is documented in
studies of the Euphrates and Tigris, the Jordan River, and the Nile.
The salinization process is complex, however, and climate
change is but one important factor among others (including irrigation, water uptake and land subsidence). Climate change and, in
particular, projected drier conditions in the region, are expected to
compound these other drivers (e.g., as more irrigation is needed
for agriculture).

4.1.3.3 Human Health
The region is currently experiencing a resurgence of several
vector-borne and viral diseases that had previously been in
decline. Climate change may compound the challenge of managing
these diseases, including such vector-board diseases as malaria,
lymphatic filariasis, and leishmaniasis. In addition, outbreaks of

cholera (which correlate with high temperatures and can follow
extreme weather events that disrupt water supply) have in recent
years caused deaths in Iraq, the Islamic Republic of Iran and the
Republic of Yemen.
The Middle East and North Africa region is already characterized by very high summer temperatures, making the populations of
the region highly susceptible to further temperature increases. In a
2°C world, the annual number of hot days with exceptionally high
temperatures and high thermal discomfort is expected to increase
in several capital cities, from 4 to 62 days in Amman (Jordan), from
8 to 90 days in Baghdad (Iraq) and from 1 to 71 days in Damascus
(Syria). The greatest increase is expected in Riyadh (Saudi Arabia)
where the number of hot days is projected to rise from 3 to 132
days per year. In a 4°C world, the average number of hot days is
projected to exceed 115 days per year in all of these cities.

4.1.3.4 Migration and Security
The literature review revealed a link between climate change
and migration in the region. It is expected that migration options
will be more limited in a warmer world. Internal migration will
continue to be important, but traditional patterns of mobility
might be disrupted. Many people will be forced to move, while
others trapped in poverty will be forced to stay. This indicates that
climate-induced migration should be addressed not only within
the context of climate change but also within economic, cultural,
technological, and political frameworks.
Climate change could act as a threat multiplier in the region
by placing additional pressure on already scarce resources and
reinforcing preexisting threats as political instability, poverty, and
unemployment. This can create the conditions for social uprising and
violent conflict. Establishing a direct link between climate change
and conflicts is challenging due to contradictory conclusions and
methods. The findings are in some cases based on a single extreme
event; others use rainfall or temperature variability as proxies for
long-term changes; and some examine short-term warming. Further
research is needed to investigate and establish the link between
climate change and conflict and to relate long-term climate change,
instead of single climatologic hazards, to migration and to conflicts.

4.1.3.5 Coastal Infrastructure and Tourism
Middle East and in North Africa countries are vulnerable to the
impacts of sea-level rise. The population at risk in coastal cities numbered approximately 60 million in 2010; that number is
expected to rise to 100 million by 2030. Separating out the socioeconomic drivers of vulnerability from the effects of sea-level
rise, a study of 136 coastal cities identified Alexandria, Benghazi,
and Algiers as particularly vulnerable to a 0.2 m sea-level rise by
2050. The study projected that, in the event of the failure of flood
defenses, the effects of sea-level rise would increase damages from
$16.5 billion to $50.5 billion in Alexandria, from $1.2 billion to
$2 billion in Benghazi, and from $0.3 billion to $0.4 billion in
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Algiers. Annual losses would increase to $58 billion, $2.7 billion
and $0.6 billion with 0.4 m of sea-level rise for these three cities
respectively. A sea-level rise of one meter could impact 10 percent
of Egypt’s population, five percent of its urban area, and decrease
the country’s GDP by six percent. One study estimated that a
sea-level rise of 0.30 m (projected for 2025 in this study) would
flood 30 percent of metropolitan Alexandria, forcing about 545,000
people to abandon their homes and land, and leading to the loss
of 70,500 jobs. With a sea-level rise of 0.5 m, projected for 2050,
the same study calculated that about 1.5 million people would
be displaced and about 195,500 jobs lost.
The impacts of climate change on tourism are unclear due to
other non-climatic aspects of tourism, such as changes in travel
costs, demand, and options for tourism destinations.

4.1.3.6 Energy Systems
Three types of climate-change-related stressors could potentially
affect thermal power generation and hydropower generation:
(1) Increased air temperatures could reduce thermal conversion
efficiency; (2) changes in the water regime and water temperatures
may decrease the available volume and decrease efficiency of
water for cooling; and (3) extreme weather events could affect the
production plants and the distribution systems. Regional studies
published in English that quantify the impacts of climate change
on thermoelectricity generation in the Middle East and in North
Africa appear to be lacking. For North Africa, one study projects
that hydropower production will decrease by almost 0.5 percent
with 2°C warming compared to 2005 production levels due to
changes in river runoff. In the same study the production is projected to decrease by 1.4 percent in the Middle East.

4.1.4 Overview of Regional Development
Narratives
The development narratives build on the climate change impacts
analyzed in this report (Table 4.10) and are presented in more detail
in Section 4.5. The Middle East and North Africa region is one of
the world’s most climate vulnerable regions. With its high and
growing import dependency, the region is particularly vulnerable to
worldwide and domestic agricultural impacts and related spikes in
food prices. While never mono-causal, such climate-related market
signals may fuel the potential for social unrest and migration and
have a lasting effect on poverty in the region. Both the rural poor
and the urban poor would be hard hit by agricultural impacts, as
poor farmers in rural areas are particularly vulnerable to hunger and
malnutrition and the urban poor are hit hard by rising food prices.
While biophysical impacts vary only slightly across the region,
there is also a clear division in vulnerabilities and socioeconomic
impacts between the (oil-) rich Arab Gulf States and other countries
in the region. The former have the financial means to afford adaptation options, such as desalination technology and food imports.

4.2 Introduction
In this report, the Middle East and North Africa (MENA) is composed of 20 countries from Morocco to Iran. For the projections on
changes in temperature, precipitation, aridity, heat extremes, and
sea-level rise, the MENA region stretches from 2°W to 63°E and
from 10°N to 42°N. The countries in the region can be divided
into four groups, which share geographical, historical, and/or
economic similarities:
• the Maghreb in the western part of North Africa: Morocco,
Algeria, Tunisia, and Libya.
• the Mashrek in the East: Egypt, Jordan, Lebanon, Iraq, and
Syria.
• the Arab Gulf States, defined here as member states of the
“Cooperation Council for the Arab States of the Gulf” (and not
as the countries bordering the Persian Gulf): Iraq, Kuwait, Bahrain, Oman, Qatar, Saudi Arabia, and the United Arab Emirates.
• the least developed countries (LDC) with the lowest indicators
of socioeconomic development following a definition from the
United Nations: Yemen and Djibouti.
The region also includes the Islamic Republic of Iran, Israel,
and the West Bank and Gaza.
MENA is one of the most diverse regions in the world from a
socioeconomic point of view as illustrated by the wide spectrum
of per-capita annual GDP. It ranges from $1,000 in Yemen to more
than $20,000 in the Arab Gulf States. Qatar, Kuwait, the United Arab
Emirates, Morocco, Egypt, and Yemen rank 4, 12, 27, 130, 132,
and 151 in GDP per capita on a list of 189 countries (Table 4.1).
Accordingly, adaptive capacity and vulnerability to climate change
and other risks also vary greatly among MENA countries.
The main vulnerabilities of the MENA region related to climate
change impacts are highlighted below.
There is growing demand for water, food, and other agricultural products, driven by a growing population but with strong
sub-regional variances. While Qatar, Oman, the United Arab
Emirates, Kuwait, and Bahrain rank number 1, 2, 3, 4, and 10 in
population growth among 205 countries, with annual growth rates
ranging between 3 and 9 percent, Morocco, Iran, Tunisia, Libya,
and Lebanon rank only 99, 104, 115, 130, and 132 on that same list,
with annual growth rates between 1.0 and 1.3 percent (World Bank
2013h). Population is projected to double by 2050 (Verner 2012).

Low-Economic Diversification
Agriculture employs more than 35 percent of the MENA population
and contributes 13 percent to the region’s GDP (the global average is 3.2 percent) (Verner 2012); if the agricultural value chain
is accounted for, then this percentage more than doubles (Valdés
and Foster 2010). Agriculture generally depends more strongly on
natural resources and climate than other sectors. Accordingly, the
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region’s economy also strongly depends on water, as well as on
climate conducive to food crop growth. As climatic conditions are
projected to become increasingly unfavorable, natural resources—
in particular land and water—will become overexploited and
degraded. The fraction of total employment made up by agriculture
ranges from 1.5 percent in Bahrain and three percent in Jordan
to 32 percent in Egypt, 41 percent in Morocco, and 54 percent
in Yemen (2013b). Another aspect of the region’s low economic
diversification is its strong dependence on gas and oil revenues,
which make up 38 percent of total regional GDP (Arab Monetary
Fund 2010). With decreasing availability of fossil fuels, export
revenues and adaptive capacity may suffer.

Dependence on Import
The region strongly depends on food and associated virtual water
imports (water embedded in the trade of agricultural commodities—
see Section 4.4.1, The Agriculture-Water-Food Security Nexus).
About 50 percent of regional wheat and barley consumption,
40 percent of rice consumption, and nearly 70 percent of maize
consumption is met through imports (Verner 2012), and the world’s
top nine wheat importers are MENA countries. High levels of per
capita net food imports are due to severe domestic water (and
land) constraints (i.e. low resource availability in combination
with often low resource productivity). Import dependency results
in a high vulnerability to fluctuating global food prices, which to
some extent are also driven by climate impacts in food-exporting

Oman

Djibouti
regions. On the other hand, food imports reduce the region’s direct
vulnerability to local climate risks. The Nomura Food Vulnerability Index40 (Nomura Global Economics and Strategy 2010) ranks
Morocco, Algeria, Lebanon, and Egypt as the 2nd, 3rd, 5th, and
6th most vulnerable among 80 countries listed.

High Electricity and Water Consumption
Demand-side measures do not feature prominently, as illustrated by considerable over-consumption of various goods and
services—in particular among the Arab Gulf States. The Gulf
States hold world records in energy-intensity, per capita electricity consumption, greenhouse gas emissions, and domestic water
demand. Despite its extreme water scarcity, the Arab region uses
more water per capita than the global average, due in considerable part to very low resource use efficiencies of Arab residential
water and energy markets as they are among the most heavily
subsidized in the world. Electricity consumption per capita is
twice as high as or higher than the world average in Bahrain,
Israel, Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab
Emirates (World Bank, 2013e), and water withdrawal per capita
is nearly twice as high as the world average in Bahrain, Iraq,
and Kuwait (FAO 2013).

40

The index is composed of the indicators net food trade, household spending on
food, and per capita GDP.
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Table 4.1: Basic socioeconomic indicators of MENA countries.
URBAN
POPULATION
GROWTH

GDP PER CAPITA

AGRICULTURE,
VALUE ADDED1

LIFE
EXPECTANCY
AT BIRTH²

INDICATOR

POPULATION

URBAN
POPULATION

UNIT

MILLION

% OF POPULATION

ANNUAL %

CURRENT $1000

% OF GDP

YEARS

YEAR

2011

2012

2012

2012

2009–2010

2011

ID

SP.POP.TOTL SP.URB.TOTL.IN.ZS SP.URB.GROW NY.GDP.PCAP.CD NV.AGR.TOTL.ZS

SP.DYN.LE00.IN

Arab Gulf States
Bahrain

1

89

2.0

22

-

76

Kuwait

3

98

4.0

51

-

74

Oman

3

74

9.5

23

-

76

Qatar

2

99

7.2

90

-

78

28

82

2.1

25

2.4

75

9

85

3.4

39

0.9

77

1

77

1.6

-

-

61

23

33

4.1

1

7.7

63

Algeria

38

74

3.0

5

6.9

71

Libya

6

78

1.1

Morocco

32

57

2.1

3

15.4

70

Tunisia

11

67

1.3

4

8.0

75

Egypt

79

44

2.0

3

14.0

71

Iraq

32

66

2.5

6

-

69

Jordan

6

83

2.5

5

3.4

74

Lebanon

4

87

1.1

10

5.6

80

22

56

2.7

3

23.0

75

75

69

1.5

7

-

73

Israel

8

92

1.9

33

-

82

West Bank and Gaza

4

75

3.3

-

-

73

6,966

53

2.1

10

3.2

71

Saudi Arabia
United Arab Emirates

Least Developed Countries
Djibouti
Yemen, Rep.

Maghreb
10

75

3

Mashrek

Syrian Arab Republic

Other MENA Countries
Iran, Islamic Rep.

World

Agriculture corresponds to ISIC divisions 1–5 and includes forestry, hunting, and fishing, as well as cultivation of crops and livestock production. Value added is the net
output of a sector after adding up all outputs and subtracting intermediate inputs. It is calculated without making deductions for depreciation of fabricated assets or
depletion and degradation of natural resources.
²Life 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.
3
in 2009.
1

Source: World Bank (2013b).
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Governance

Underemployment

Challenges and uncertainties associated with climate change, in
combination with other pressures, require diverse, adaptable,
and participatory governance structures (Folke 2003). Judging
from commonly used indicators of democracy, corruption, and
gender equity, the region may not be well prepared in this respect.
According to the Economist’s democracy index41 of 167 countries,
the MENA countries rank very poorly at positions 90 (Tunisia),
149 (United Arab Emirates), 150 (Bahrain), 158 (Iran), 163 (Saudi
Arabia), and 164 (Syria) (The Economist 2012). UNDP’s gender
inequality index42 (UNDP 2012), which lists 148 countries, ranks
Qatar at position 117, Syria at 118, Iraq at 120, Egypt at 126, Saudi
Arabia at 145, and Yemen at 148. The representation of women in
Arab governments is nine percent, or just half of the global average (Verner 2012). According to the corruption perception index43
(Transparency International 2012), which lists 174 countries,
Syria, Yemen, Libya, and Iraq are ranked at positions 144, 156,
160, and 169 respectively. Regarding the economic governance
of the region, large-scale and centralized supply-side measures
are seen as solutions to the growing demand-supply gap, such
as large-scale water transfers in Tunisia and Libya. There is less
emphasis on diverse, distributed, decentralized, and small-scale
solutions, which would increase the region’s flexibility, diversity,
and resilience to climate change (Folke 2003; Sowers et al. 2011).

High fertility rates in rural areas and technological changes are
driving the movement of labor from the agricultural sector, leading
to rural migration and urban population growth. Forty percent of
the region’s unemployed are young job seekers (UNESCWA 2007).

Low Investment in Research and Development
Innovation in supply-and-demand-side management and adaptation
to climate change and other risks requires research and development. While globally countries spend on average 1.7 percent of
GDP on research and development, the Arab region44 ranks lowest
of all the world’s regions at 0.2 percent in 2007 (UNESCO 2010).
Private investment in the region as a share of total investment
is around 40–45 percent (lower than Africa, Latin America, and
the Caribbean, where the share of total investment is around
75–80 percent) (Verner 2012).

Undernourishment and Malnutrition
The number of undernourished people in the region45 in 2011–2013
reached 21 million in Western Asia (about 10 percent of the population) and 4 million in Northern Africa (about 3 percent of the
population), higher than in 2008–2010 (FAO 2013); on the other
hand, an estimated one quarter of the population is obese.46
All MENA countries face severe and fast-growing resource
squeezes, in particular relating to extreme water and land scarcity;
this leaves most of these countries unable to produce enough food
for their population. The main focus of this chapter is therefore
on agriculture and water resources.
The most recent IPCC Assessment report found that a reduction
in precipitation by the end of the 21st century is likely over Northern
Africa under the A1B and A2 scenarios, and that land temperatures
over Africa are likely rising faster than the global average. There is
high confidence that climate change will amplify existing stresses
on water availability across the whole of Africa; acting together
with non-climate drivers, this will exacerbate the vulnerability of
agricultural systems, particularly in semi-arid regions (Niang et al.
2014). Water scarcity is expected to be a major challenge in West
Asia, including the Arabian Peninsula and other MENA countries,
due to increased water demand and lack of good management
(medium confidence), although the impacts of climate change on
food production and food security in West Asia will vary by region.
Studies on the regional impacts of climate change are still inadequate,
including for the Arab Gulf States and parts of the Mashrek (e.g.
there is only limited information and knowledge gaps on the impacts
on crops and farmland remain) (Hijioka et al. 2014).

4.3 Regional Patterns of Climate Change
41

The index, on a 0 to 10 scale, is based on the ratings for 60 indicators grouped
in five categories: electoral process and pluralism; civil liberties; the functioning of
government; political participation; and political culture. Each category has a rating
on a 0 to 10 scale, and the overall index of democracy is the simple average of the
five category indexes.
42
A composite measure reflecting inequality in achievements between women and men
in three dimensions: reproductive health, empowerment, and the labor market. Data
are those available to the Human Development Report Office as of October 15, 2012.
43
The index ranks countries and territories based on how corrupt their public sector is perceived to be. A country or territory’s score indicates the perceived level of
public sector corruption on a scale of 0- to 100, where 0 indicates that a country
is perceived as highly corrupt and 100 indicates it is perceived as not corrupt. A
country’s rank indicates its position relative to the other countries and territories
included in the index.
44
The Arab region in the UNESCO report is composed of Algeria, Djibouti, Egypt,
Libyan Arab Jamahiriya, Mauritania, Morocco, Sudan, Tunisia, Bahrain, Iraq, Jordan,
Kuwait, Lebanon, Oman, West Bank and Gaza, Qatar, Saudi Arabia, Syria, United
Arab Emirates, and Yemen.

4.3.1 Projected Temperature Changes
The projected increase in temperatures during the boreal summer
(June, July, August or JJA) over the Middle East and North African
land area is shown in Figure 4.3 for both the 2°C and 4°C world.

45

The FAO region Near East and North Africa: Algeria, Egypt, the Islamic Republic
of Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Mauritania, Morocco, Saudi Arabia,
Sudan, Syria, Tunisia, United Arab Emirates, and Yemen.
46
According to WHO. Data for adults aged 15 years and older from 16 countries in the
region show the highest levels of overweight and obesity in Egypt, Bahrain, Jordan,
Kuwait, Saudi Arabia, and United Arab Emirates. The prevalence of overweight and
obesity in these countries ranges from 74–86 percent in women and 69–77 percent
in men. A person with a BMI of 25 or more is considered by WHO to be overweight,
while obesity is defined as having a BMI of 30 or more.
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Figure 4.3: Temperature projections for the Middle East and
North African land area compared to the baseline (1951–1980).

Temperature projections for the Middle East and North African land area
compared to the baseline (1951–1980) for the multi-model mean (thick line)
and individual models (thin lines) under RCP2.6 (2°C world) and RCP8.5
(4°C world) scenarios for the months of JJA. The multi-model mean has
been smoothed to give the climatological trend.

The multi-model mean warming by 2100 is about 2.5°C in a 2°C
world and about 7.5°C in a 4°C world, which is substantially more
than the global mean land warming (see Figure 2.5 in World Bank
2013). Under the low-emissions scenario (i.e., a 2°C world), summer temperatures in MENA peak by 2040 at about 2.5°C above
the 1951–1980 baseline and remain at this level until the end of
the century. In a 4°C world, warming continues almost linearly
beyond 2040, reaching about 7.5°C above the 1951–1980 baseline
by 2100 (Figure 4.3).
Geographically, the strongest warming is projected to take
place close to the Mediterranean coast (see Figure 4.4). Here, and
also inland in Algeria, Libya, and large parts of Egypt, regions
warm by 3°C in a 2°C world. In a 4°C world, mean summer
temperatures in 2071–2099 are expected to be up to 8°C warmer
in parts of Algeria. Warming over the Sahel region (i.e., below
about 20°N in Figure 4.4) is more moderate (2°C in a 2°C world
and 5°C in a 4°C world), which is likely related to an increase in
precipitation (see Figure 4.7).
The lower panels of Figure 4.4 show the normalized warming (i.e., the warming expressed in terms of the local year-to-year
natural variability—see Section 6.1, Methods for Temperature,
Precipitation, Heat Wave, and Aridity Projections) over the Middle

Figure 4.4: Multi-model mean temperature anomaly for RCP2.6 (2°C world, left) and RCP8.5 (4°C world, right) for the months of
JJA for the Middle East and North African region.

Temperature anomalies in degrees Celsius (top row) are averaged over the time period 2071–2099 relative to 1951–1980, and normalized by the local
standard deviation (bottom row).
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East and North African land area. The normalized warming is a
useful diagnostic tool as it indicates how unusual the warming is
compared to fluctuations experienced in the past in a particular
region (Coumou and Robinson 2013; Hansen et al. 2012; Mora and
Frazier et al. 2013). In a 4°C world, the probability density function
of monthly temperatures (associated with the year-to-year variability of monthly temperatures) shifts by six standard deviations
toward warmer conditions across all regions, from the Sahara to
the Arabian Peninsula to the eastern Mediterranean coast. Such a
large shift implies that summer temperatures here will move to a
new climatic regime by the end of the 21st century. Such a dramatic
change would be avoided in a 2°C world; even then, however, a
substantial shift is expected (i.e., by about 2–3 standard deviations).

4.3.2 Heat Extremes
An increase in the number of extremely high temperatures since the
1960s has been detected, as would be expected for an increase in
global mean temperatures over the same period (Seneviratne et al.
2012). An increase in the warm spell duration index (WSDI47) for
heat waves has also been observed and is particularly pronounced
47

The Warm spell duration index (WSDI) is one of the 27 indices developed and
recommended by the WMO CCl/CLIVAR/JCOMM Expert Team on Climate Change
Detection and Indices (Zhang et al. 2011b). It is defined as the longest annual spell
of at least six consecutive days with maximum temperatures exceeding the local
90th percentile relative to a reference period (in days).

over North Africa, the Eastern Mediterranean, and the Middle
East (Donat et al. 2013; Donat, Peterson et al. 2013; Hoerling et
al. 2012; Kuglitsch et al. 2010).
As expected from the large shifts in normalized warming, the
number of threshold-exceeding extremes is expected to strongly
increase across the Middle East and North African region under
projected future warming (Figure 4.5 and Figure 4.6). In a 2°C world,
by the end of the century about 30 percent of summer months will
be hotter than 3-sigma (see Section 6.1, Methods for Temperature,
Precipitation, Heat Wave, and Aridity Projections) almost everywhere in this region. This implies that every year on average one
of the summer months (June, July, or August) is expected to exceed
temperatures by more than three standard deviations beyond the
1951–1980 mean. This value is substantially higher than the global
mean projections (20 percent of summer months) (see Figure 2.7 in
World Bank 2013). The Mediterranean and Middle East are particularly prone to an increase in extreme temperatures and heat waves,
because temperature extremes in these regions are expected to be
amplified by a reduction in soil moisture, resulting from decreasing
precipitation (Lorenz et al. 2010; Orlowsky and Seneviratne 2011;
Vautard et al. 2013). Summer months warmer than 5-sigma, however,
will remain largely absent, except for some isolated coastal regions
(including the Mediterranean coasts of Egypt and over Yemen,
Djibouti, and Oman). Here 5-sigma events will still be relatively
rare in a 2°C world but are nevertheless detectable and expected
to occur between 5–10 percent of summer months.

Figure 4.5: Multi-model mean of the percentage of boreal summer months in the time period 2071–2099, with temperatures
greater than 3-sigma (top row) and 5-sigma (bottom row) for scenarios RCP2.6 (2°C world, left) and RCP8.5 (4°C world, right) over
the Middle East and North Africa.
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Figure 4.6: Multi-model mean (thick line) and individual
models (thin lines) of the percentage of Middle East and North
African land area warmer than 3-sigma (top) and 5-sigma
(bottom) during boreal summer months (JJA) for scenarios
RCP2.6 (2°C world) and RCP8.5 (4°C world).

Table 4.2: Mean WSDI (Warm Spell Duration Index) for capital
cities in the MENA region for different levels of global warming
based on regional climate model projections by Lelieveld et al.
(2013).
WARMING LEVEL [°C]
PERIOD OF
OBSERVATION

2.0

3.0

4.0

Abadan

1951—2000

6

43

82

99

134

Amman

1959–2004

4

31

62

84

115

Ankara

1926–2003

7

44

67

111

128

Athens

1951–2001

1

40

61

121

166

Baghdad

1950–2000

8

47

90

113

162

–

–

47

93

126

187

1951–2010

9

39

39

76

113

–

–

32

53

80

94

Damascus

1965–1993

1

36

71

98

129

Istanbul

1960–2010

0

26

41

78

113

Jerusalem

Beirut
Belgrade
Cairo

OBSERVED 1.5

1964–2004

7

26

46

73

102

Kuwait

–

–

45

87

123

167

Nicosia

1975–2001

6

25

58

81

162

Riyadh

1970–2004

3

81

132

157

202

Sofia

1960–2010

1

40

49

88

136

Tehran

1956–1999

5

48

92

122

159

Tirana

1951–2000

6

49

71

125

168

Tripoli

1956–1999

3

13

22

33

59

The observational record is taken from Klok and Tank (2009). The annual
WSDI is averaged over the observational period as well as over 20-year
periods from the A1B scenario over the 21st century that correspond to a
mean warming of the given temperature level. The 4.0°C warming level is
averaged over the 2079–2099 interval from the A2 scenario.

The increase in frequency of heat extremes is projected to
plateau by mid-century in a 2°C world. In a 4°C world, however,
heat extremes are projected to become ever more frequent up to
and beyond the end of the century (see Figure 4.5). This is similar to the timing of the mean summer warming (see Figure 4.3).
The multi-model mean projection indicates that in a 4°C world
80 percent of summer months will be hotter than 5-sigma by 2100
(Figure 4.6), with about 65 percent of summer months reaching
this level during the 2071–2099 period (Figure 4.5). Figure 4.6 also
clearly shows that there is substantial inter-model spread, with
the area of land experiencing 5-sigma events by 2100 ranging from
30 percent to almost 100 percent in different models. The intermodel spread for projected mean summer temperatures is much
more limited (see Figure 4.3) compared to that of the projected
frequency of 3- and 5-sigma events (see Figure 4.6). It is possible
that the large spread in the projected frequency of heat extremes
is primarily due to the difference in simulated inter-annual variability in surface temperatures in the models for this particular
region. Further research would be needed to confirm this. Only

in some isolated coastal areas (The Egyptian Red Sea coast and
the Mediterranean coasts of Egypt, Libya, and Tunisia) is the
frequency higher than the regional mean during the 2071–2099
period (i.e., close to 80 percent of summer months). The large
shift in normalized temperatures to warmer conditions (i.e., by
about six standard deviations in a 4°C world, see Figure 4.4)
will cause almost all summer months to be warmer than 3-sigma
(i.e., more than 90 percent of summer months for the 2071–2099
period in a 4°C world).
These projections in heat extremes are consistent with published
analyses based upon the full CMIP5 dataset of climate projections.
These studies indicate that over the Mediterranean, the Sahara,
and the Arabian Peninsula, the minimum nighttime temperature
and the maximum daytime temperature increase by about 2oC
under RCP2.6 and by 6oC under RCP8.5 by 2081–2100 compared
to 1981–2000 (Sillmann et al. 2013a; b); this is very similar to the
seasonal changes shown in Figure 4.3. In addition, the increase in
the percentage of 3-sigma and 5-sigma monthly heat extremes as
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shown in Figure 4.5 is consistent with the results of Coumou and
Robinson (2013), who analyzed all climate models in the CMIP5
dataset. Although an above-global average increase in Mediterranean summer temperatures is robust over a wide range of regional
and global climate models, it might be partly overestimated due
to systematic warming bias (Boberg and Christensen 2012).
Using a high resolution regional climate model, Lelieveld et al.
(2013) projected a substantial increase in the warm-spell duration
index (WSDI) for several capital cities in the region (Table 4.2).
The mean WSDI over the observational period lies between zero
and about one week; it is projected to exceed four months for most
capital cities in the region in a 4°C world and even six months for
Beirut and Riyadh. The mean WSDI would be limited to between
1–2 months for most capital cities and would rarely exceed three

months in a 2°C world. The increase in future heat wave risk as
indicated by the increase in the WSDI represents a serious risk for
a variety of sectors, including health and tourism.

4.3.3 Projected Precipitation Changes
Annual precipitation is projected to decrease north of ~25°N
and to increase south of that latitude. It is important to note that
the projections shown in Figure 4.7 are given as relative changes
(percentage changes compared to the 1951–1980 average); thus,
especially over already dry regions, large relative changes do
not necessarily reflect large absolute changes. The Sahel and
the southern part of the Arabian Peninsula bordering the Indian
Ocean (Yemen, Oman) are projected to become wetter in both a

Figure 4.7: Multi-model mean of the percentage change in winter (DJF, top), summer (JJA, middle) and annual (bottom)
precipitation for RCP2.6 (2°C world, left) and RCP8.5 (4°C world, right) for the Middle East and North Africa by 2071–2099 relative
to 1951–1980.

XXXXXXX
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XXX

X
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XXXXX

Hatched areas indicate uncertain results, with two or more out of five models disagreeing on the direction of change. Note that projections are given as
relative changes; thus, over dry regions like the Sahel/Sahara, large relative changes reflect only small absolute changes.
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2°C and 4°C world, primarily during the summer months (JJA).
The IPCC AR5 reports similar seasonal precipitation changes for
the Sahel, but the wetting region is substantially smaller (limited
to the southeast only) and model disagreement is larger. Thus,
the projected JJA wetting of the Sahel as shown here should be
treated with caution due to the limited number of models used.
During the winter months (DJF), the eastern part of the Sahel
region in fact becomes drier. Wetting of the southern Arabian
Peninsula is part of a larger and well-documented pattern of wetter
conditions over the Horn of Africa expected under future climate
change (Giannini et al. 2008; World Bank 2013). Rainfall in this
region is associated with tropical convection, which is projected
to strengthen under future warming. Future wetting in this region
is also supported by paleo-climate data, and it is likely to intensify
inter-annual rainfall variability (Wolff et al. 2011).
In a 2°C world, the relative wetting of regions south of 25°N is
pronounced (~50 percent more rain), whereas the relative drying
to the North is small (with the Mediterranean coasts receiving about
10–20 percent less rain annually). In fact, the climate models used
here disagree on the direction of change over substantial areas,
notably between 25°N and 30°N. This is true for both seasons.
However, the larger set of CMIP5 models used for the IPCC AR5
project robust drying of the Mediterranean coastal regions.
In a 4°C world, the magnitude of change in the models used
becomes much more pronounced in the region north of 25°N and the
models converge toward drier conditions. Only over Saudi Arabia,
the Islamic Republic of Iran, and parts of Libya do the projected
relative changes in annual-mean precipitation remain small, and
models show disagreement on the direction of change. Clearly, in
a 4°C world, countries along the Mediterranean shore (notably
Morocco, Algeria, Egypt, and Turkey) will receive substantially less
rain annually (up to 50 percent less precipitation). In this region
relative changes in seasonal precipitation are similar to changes in
the annual mean, indicating that the drying happens year-round.

4.3.4 Extreme Precipitation and Droughts
The observational record for North Africa, the Middle East, and
the Arabian Peninsula indicates an overall reduction in extreme
precipitation events since the 1960s, despite a local positive trend
over the Atlas mountains since the 1980s (Donat and Peterson et al.
2013). At the same time, an increase in meteorological drought has
been reported since the 1960s, consistent with an overall regional
drying trend (Donat and Peterson et al. 2013; Sousa et al. 2011).
Despite a global trend toward more extreme precipitation events
over the 21st century, Kharin et al. (2013) conducted an analysis
using CMIP5 models under the RCP8.5 scenario and reported no
significant change or even a slight decrease in heavy precipitation
across most of North Africa and the Middle East. It is not clear,
however, to what extent these models are able to reproduce rare
climatological phenomena like the Active Red Sea Trough (ARST)

that is associated in the observational record with extreme heavy
precipitation events in the Middle East (de Vries et al. 2013).
While the projected changes in extreme precipitation events are
below the global average for Saudi-Arabia and Iran, the southern tip
of the Arabian Peninsula (notably Oman and Yemen) is projected
to experience a substantial intensification of extreme precipitation
events over the 21st century under the RCP8.5 scenario (Kharin et
al. 2013; Sillmann et al. 2013b). This is consistent with the robust
projection for increasing annual precipitation over the Horn of Africa.
The North African countries (and notably Morocco, Algeria,
and Tunisia), as well as the countries of the Middle East, are consistently projected to become global hotspots for drought by the
end of the 21st century under the RCP8.5 (Dai 2012; Orlowsky and
Seneviratne 2013; Prudhomme et al. 2013; Sillmann et al. 2013b).
Dai (2012) projects severe drought conditions for Morocco and
the Middle East under the RCP4.5 scenario, which is found to
strongly intensify under RCP8.5 (Prudhomme et al. 2013). Based
on the comprehensive ISI-MIP modeling framework, Prudhomme
et al. (2013) report an increase of more than 50 percent in the
number of drought days around the Mediterranean by the end of
21st century (2070–2099) under the RCP8.5 scenario relative to the
1976–2005 period. For the same region, Orlowsky and Seneviratne
(2013) project an average of more than six months per year with at
least moderate drought conditions in the 2080–2100 period under
the RCP8.5 scenario, compared to less than one month per year
under RCP2.6. Although projections of future droughts not only
suffer from large model uncertainties—and also largely depend
on the methodology and baseline periods chosen (Trenberth et al.
2014)—the projections for an increase in extreme drought conditions around the Mediterranean, Northern Africa, and the Middle
East are consistent across a variety of studies (IPCC 2012). Drought
projections for the Mediterranean are strongly dependent on the
emissions scenario used, and are much less pronounced under
RCP2.6 (Orlowsky and Seneviratne 2013; Prudhomme et al. 2013).
In the Islamic Republic of Iran, a weaker intensification of
future droughts is expected compared to projections for Northern
Africa and the Middle East (Dai 2012; Orlowsky and Seneviratne
2013; Prudhomme et al. 2013); uncertainty in this region, however,
is large (Hemming et al. 2010) and these projections might not
be statistically robust (Sillmann et al. 2013b). For the Arabian
Peninsula, a possible reduction in future droughts, or at least no
further intensification in the already-extreme drought conditions,
is projected by Dai (2012).

4.3.5 Aridity
The availability of water for both people and ecosystems is a
function of supply and demand. The long-term balance between
supply and demand fundamentally determines whether ecosystems
and agricultural systems are able to thrive in a certain area. This
section assesses projected changes in the aridity index (AI), an
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Figure 4.8: Multi-model mean of the percentage change in the annual-mean (ANN) of monthly potential evapotranspiration for
RCP2.6 (2°C world, left) and RCP8.5 (4°C world, right) for the Middle East and North African region by 2071–99 relative to 1951–80.

Hatched areas indicate uncertain results, with two or more out of five models disagreeing on the direction of change.

indicator designed to identify regions with a structural precipitation deficit (Zomer et al. 2008). AI is calculated as the total annual
precipitation divided by the annual potential evapotranspiration—a
standardized measure of water demand (see Section 6.1.3, Aridity
Index and Potential Evaporation). Although several meteorological
variables affect potential evapotranspiration, including radiation
and near-surface wind speed, it is to a large extent governed by
changes in temperature. A smaller AI value indicates a larger water
deficit (i.e. more arid conditions), with areas classified as hyperarid, arid, semi-arid, and sub-humid as specified in Table 6.1).
Annual-mean monthly potential evapotranspiration is projected
to increase throughout the region with robust model agreement.
The magnitude of the relative changes forms rather uniform geographical patterns (Figure 4.8). There is a small increase under
RCP2.6, typically of only 10 percent although somewhat more

in regions directly surrounding the Mediterranean Sea. In a 4°C
world, a more substantial increase is observed, again especially
in countries bordering the Mediterranean Sea.
There is a close match between the pattern of change in
the annual mean AI value (Figure 4.9) and projected precipitation changes (Figure 4.7). This indicates that changes in AI are
primarily driven by changes in precipitation causing an increase
in AI (wetter conditions) south of 25°N (i.e., the Sahel and the
most southern part of the Arabian Peninsula) and a decrease in
AI (drier conditions) north of 25°N. The relative increase in AI
values in the southern region is similar to the relative increase in
annual mean precipitation (about 50 percent wetter conditions),
as the change in potential evapotranspiration is small. Note that
this relative increase in AI south of 25°N is imposed on an already
very low AI value, which results in AI values still classified as arid.

Figure 4.9: Multi-model mean of the percentage change in the aridity index under RCP2.6 (2°C world, left) and RCP8.5 (4°C
world, right) for the Middle East and North Africa by 2071–2099 relative to 1951–1980.
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48
Hatched
areas indicate uncertain results, with two or more out of five models disagreeing on the direction of change. Note that a negative change corresponds to a shift to more arid conditions.48

48
Some individual grid cells have noticeably different values than their direct neighbors (e.g. on Turkey’s Black Sea coast under RCP8.5). This is due to the fact that the aridity
index is defined as a fraction of total annual precipitation divided by potential evapotranspiration (see Appendix). It therefore behaves in a strongly non-linear fashion and
year-to-year fluctuations can be large. As the results are averaged over a relatively small number of model simulations, this can result in local jumps.
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In the Mediterranean coastal region, the percentage decrease in
AI is more pronounced than that for precipitation because there is
a substantial increase in evapotranspiration here due to enhanced
warming. In other words, the opposing trends of more evapotranspiration and less annual-mean precipitation mean that this region
is expected to see a shift to much more arid conditions. In fact, this
is linked to a feedback between precipitation and evaporation via
temperature. In regions where the soil dries out because of a decline
in precipitation, less heat can be converted into latent heat and thus
more heat is present to warm surface temperatures (Coumou and
Rahmstorf 2012; Schär et al. 2004). Higher surface temperatures then
lead to enhanced potential evapotranspiration. Thus, a decline in
precipitation can make local conditions more arid in two ways: directly
via a reduction in the supply of water, and indirectly via an increase
in surface temperatures which further enhances evapotranspiration
(Trenberth 2011). This results in a reduction of up to 30 percent in
AI (increased aridity) over the African and eastern shores of the
Mediterranean in a 2°C world; in a 4°C world, essentially all coastal
regions will see a reduction in AI of about 50 percent. Trends in AI
over the Arabian Peninsula are weaker and models disagree on the
direction of change due to the uncertainty in precipitation changes.
The shift in AI in Figure 4.9 translates into a shift of categorization of areas into specific aridity classes. The total hyper-arid area is
projected to grow by about five percent in a 4°C world, something
which would mostly be avoided in a 2°C world (see Table 4.3).
Less than half of this increase in hyper-aridity can be explained by
a reduction in arid, semi-arid, and sub-humid areas, indicating that
humid regions (i.e., AI > 0.65) have shifted into the arid classification.

4.3.6 Regional Sea-level Rise
Sea-level rise projections for MENA present a particular challenge
due to the semi-enclosed nature of both the Mediterranean and Red
Sea basins. They are connected to the broader Atlantic and Indian
Oceans, respectively, through relatively narrow straits which are not
well represented in the coarse resolution of GCMs (Marcos and Tsimplis

Table 4.3: Multi-model mean of the percentage of land area in
the Middle East and North African region which is classified as
hyper arid, arid, semi-arid and sub-humid for 1951–1980 and
2071–2099 for both the low (2°C world, RCP2.6) and high (4°C
world, RCP8.5) emissions scenarios.
1951–1980

2071–2099
(RCP2.6)

2071–2099
(RCP8.5)

Hyper Arid

68.9

70.7

74.2

Arid

13.2

13.0

12.4

Semi-Arid

7.1

7.0

6.3

Sub-Humid

1.8

1.7

1.4

2008). For that reason, this report notes that the steric-dynamical49
section of the analysis of the new CMIP5 ensemble is explorative.
In the Mediterranean area, tide gauges recorded below-average
sea-level rise during the 20th century, with an average rise of
1.1–1.3 mm per year (Tsimplis and Baker 2000); this is lower than
the global average of 1.8 mm per year (Meehl et al. 2007). There
has been significant inter-decadal variability, with reduced rise
between 1960 and 1990 and rapid (above-average) rise after 1990.
In the 2009/2010 and 2010/2011 winters, sea levels rose 10 cm above
the seasonal average. Atmospheric influence is thought to be the
primary driver, where pressure and wind variations associated with
the North Atlantic Oscillation control water flow through the Gibraltar Strait (Gomis et al. 2006; Landerer and Volkov 2013; Tsimplis et
al. 2013). Compared to the well-studied Mediterranean basin, tide
gauge records in the Red Sea and Arabian Sea are much sparser—
limited to a few, non-continuous records.50 Available evidence from
the neighboring Northern Indian Ocean, also including satellite
altimetry and modeling, suggests past rates of rise consistent with
the global mean (Han et al. 2010; Unnikrishnan and Shankar 2007).
This report’s analysis of the 21st century projections indicates
slightly below-average rise in the Mediterranean basin (Figure 4.10
and Figure 4.11 top panel), mostly as a result of the gravitational
influence of the Greenland ice sheet (Figure 4.11 bottom panel).
In our GCM ensemble, this is compensated by the above-average
steric-dynamic contribution in this area (but lower than in the
neighboring Atlantic Ocean) (Figure 4.11 middle panel). The combined gravity- and steric-dynamic pattern induces a stronger rise
in the Arabian Sea compared to the Mediterranean (see Figure 4.10
and Figure 4.11). Consistent with this finding, Tunis is projected to
experience 0.56 m (0.38–0.96 m) sea-level rise by the end of the
century (2081–2100) compared to 1986–2005 in a 4°C world (see
Figure 4.12 and Table 4.4). This is eight cm less than in Muscat,
where 0.64 m is projected (0.44–1.04 m). On the Atlantic coast,
0.58 m (0.39–0.98 m) sea-level rise is projected for Tangier. Across
all the locations present in the figures, the projected high-end
rates of sea-level rise range from 6.4 mm per year (Alexandria)
to 7.8 mm per year (Tangier) in a 1.5°C world and from 20 mm
per year (Tunis) to 21.4 mm per year (Alexandria) in a 4°C world
(Table 4.5). This is comparable with global mean projections (up
to 7.2 mm per year in a 1.5°C world and 21.9 mm per year in a
4°C world by the end of the century).
Note that this report excludes the steric-dynamic component
of three models (MIROC-ESM, HadGEM-ES, CSIRO-Mk3-6-0) with
obvious deficiencies in this area (e.g., projecting more than one meter
deviation from the global mean or from the neighboring oceans,
or simulating a reversed sea-level gradient across Gibraltar). The
remaining 5 models simulate a present-day sea-level difference of

49
50

Related to changes in ocean density and circulation.
Tide gauge records can be found at http://www.psmsl.org/data/obtaining/map.html.

127

9099_CH04.pdf 127

11/17/14 6:06 PM

TUR N DO W N T HE HE AT: CONF R ONT I N G THE NE W CLI MATE NO R MAL

Figure 4.10: Patterns of regional sea-level rise (m).

Median (left column) and upper range (right column) of projected regional sea-level rise for the RCP2.6 scenario (1.5°C world, top row) and the RCP8.5 scenario
(4°C world, bottom row) for the period 2081–2100 relative to the reference period 1986–2005. Associated global mean rise is indicated in the panel titles.

Figure 4.11: Regional sea-level rise anomaly pattern and its
contributions to the median RCP8.5 scenario (4°C world).

Table 4.4: Sea-level rise between 1986–2005 and 2080–2099
in selected MENA locations (m).
RCP2.6 (1.5°C WORLD) RCP8.5 (4°C WORLD)
Tangier

0.35 (0.21, 0.57)

0.58 (0.39, 0.98)

Tunis

0.34 (0.20, 0.57)

0.56 (0.38, 0.96)

Alexandria

0.35 (0.21, 0.57)

0.58 (0.40, 1.00)

Muscat

0.39 (0.22, 0.64)

0.64 (0.44, 1.04)

Numbers in parentheses indicate low and high bounds (see Section 6.2,
Sea-Level Rise Projections for an explanation of the 1.5° world).

Table 4.5: Rate of sea-level rise in MENA between 2080–2100
(mm per year).
RCP2.6 (1.5°C WORLD) RCP8.5 (4°C WORLD)
Tangier

3.3 (1.8, 7.8)

10.2 (6.8, 21.0)

Tunis

3.5 (1.2, 6.6)

10.1 (6.4, 20.0)

Alexandria

3.4 (1.2, 6.4)

10.9 (6.9, 21.4)

Muscat

4.2 (1.5, 6.9)

12.0 (8.9, 20.6)

Numbers in parentheses indicate low and high bounds (see Section 6.2,
Sea-Level Rise Projections for an explanation of the 1.5° world).
Total sea-level rise (top), steric-dynamic (middle), and land-ice (bottom)
contributions to sea-level rise are shown as anomalies with respect to the
global mean sea-level rise. Global mean contributions to be added on top
of the spatial anomalies are indicated in the panel titles.
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Figure 4.12: Sea-level projections for Tangier, Tunis, and Alexandria.

Time series for sea-level rise for the two scenarios RCP2.6 (1.5°C world, blue) and RCP8.5 (4°C world, green). Median estimates are given as full thick
lines and the lower and upper bound given as shading. Full thin lines are global median sea-level rise with dashed lines as lower and upper bounds. Vertical
and horizontal black lines indicate the reference period and reference (zero) level.

11–30 cm between the neighboring Atlantic Ocean and Mediterranean Sea; this is consistent with observations (Rio et al. 2014). The
difference between the Mediterranean and nearby Atlantic sea-level
rise depends on processes at the Strait of Gibraltar which are poorly
represented in GCMs (Marcos and Tsimplis 2008) and which are just
beginning to be investigated with regional climate models (Artale et
al. 2010; Gualdi et al. 2013; Somot et al. 2008). Any addition of mass
in the Atlantic, such as from melting ice sheets, would be immediately transferred through the Strait of Gibraltar; this may not be the
case for steric-dynamic changes (including atmospheric influences).
On top of these projections, decadal and shorter-term variability
will continue to occur (Calafat et al. 2012; Landerer and Volkov
2013). Sea-level extremes are generally lower in the Mediterranean

basin than along the neighboring Atlantic coasts, except for a
few hotspots (such as in the Gulf of Gabes) due to the presence
of large tides (Marcos et al. 2009). Available evidence from past
observations and modeling indicate that sea-level extremes will
change in line with mean sea levels (Marcos et al. 2009).
As mentioned in the introduction, this analysis only considers
absolute sea-level changes; it omits vertical land movements despite
their relevance for local planning and adaptation. Alexandria is a
well-known example where sediment compaction in the Nile delta
provokes land subsidence (Syvitski et al. 2009), thereby enhancing
the effect of climate-induced sea-level rise. Alexandria is ranked
top among the cities with projected increased loss of local GDP
as a result of damages from sea-level rise by 2050 (Hallegatte et
129
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Figure 4.13: Major farming systems in the MENA region.

Notes:
Projection = Geographic (Lat/Long)

FAO Disclaimer
The designations employed and the presentation of the
material in the maps do not imply the expression of any
opinion whatsoever on the part of FAO concerning the legal
or constitutional status of any country, territory or sea area,
or concerning the delimitation of frontiers.

The major farming systems have been identified based on the available natural resource base (water, land, grazing areas, slope, farm size, tenure, and
organization) and the dominant pattern of farm activities and household livelihoods, broadly grouped and mapped. Note that besides the systems displayed
there are small but important irrigated areas which might not be visible in the figure. Source: Dixon et al. (2001b).

al. 2013). Post-glacial rebound and tectonic movements may also
provoke land subsidence or uplift in the Mediterranean area. There
is a sustained effort to detect these processes with a combination
of tide gauges, satellite altimetry measurement, GPS stations, and
modeling (Lambeck and Purcell 2005; Ostanciaux et al. 2012;
Wöppelmann and Marcos 2012), as well as via archaeological
information (Anzidei et al. 2011).

4.4 Regional Impacts
4.4.1 The Agriculture-Water-Food Security Nexus
4.4.1.1 Water Scarcity and Climatic Limitations
to Agricultural Production
Most of the land area of the MENA region receives less than 300 mm
annual rainfall (and 200–300 mm per year roughly represents
the lower limit for rain-fed agriculture). Semi-arid belts along the
coasts and mountains are the only water sources and provide
productive land for rain-fed agriculture (Immerzeel et al. 2011).
The availability of renewable water resources is generally below
1000 m3 per capita per year (except for Iraq, the Islamic Republic
of Iran, and Lebanon), and as low as 50 m3 per capita for most
countries on the Arab peninsula (Selvaraju 2013; Sowers et al.
2011; Verner 2012). Accordingly, withdrawal-to-availability ratios

exceed the critical threshold of 40 percent in all MENA countries
except Lebanon; they exceed 100 percent in Jordan, Yemen, Libya,
and most of the Arab peninsula countries (FAO-AQUASTAT 2012),
leading to groundwater resource depletion.
This water scarcity prevents MENA countries from producing
all required food domestically and makes the region depending
on food imports. From the current situation of critical water and
arable land scarcity, 2°C and 4°C warming scenarios will result
in further increased pressures on water resources and agriculture.
Egypt, Syria, and Iraq depend strongly for their water supply
and food security on precipitation in upstream countries situated in
different climatic zones. Egypt depends primarily on Ethiopia (via the
Nile), and Syria and Iraq depend to a large extent on Turkey (via the
Euphrates and Tigris rivers). These two major river basins support
most of the irrigated farmland in the MENA region (Figure 4.13).
Despite conditions of extreme water scarcity, MENA uses more
water per capita than the global average (see Figure 4.14) due in
large part to very low resource-use efficiencies, with Arab residential water and energy markets being among the most heavily
subsidized in the world.
The growing water scarcity prevents MENA countries from
producing all their required food domestically. The region as a
whole exceeded its capacity for domestic food production in the
1970s (Allan 2001). The growing deficit has had to be met by food
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Figure 4.14: Water footprints in m3 per capita and year.

Figure 4.15: Average cereal yields (kilograms per hectare)
from 1961–2010 for Northern Africa and Western Asia as
compared to the world average.

Source: Mekonnen and Hoekstra (2011) as cited in Saab (2012).
Source: FAOSTAT data in Selvaraju (2013).

imports, with associated imports of virtual water (i.e., water that
has been used in the production of food abroad).
Across much of MENA, the conditions for rain-fed agriculture
are marginal in terms of absolute water availability and the fact
that the months of highest temperatures coincide with lowest precipitation. Despite this, around 70 percent of cropland area is rainfed, with even higher percentages in most Maghreb and Mashrek
countries. Wheat, barley, and some rice and sorghum are the main
crops (Selvaraju 2013). Between 60–90 percent of all water used in
MENA countries goes into agriculture (Selvaraju 2013). The Arab
Gulf States depend exclusively on groundwater for irrigation, while
the rest of the region (with the exception of Egypt) depends almost
equally on surface water and groundwater (Siebert et al. 2010).
Irrigated agriculture is generally more productive per hectare
than rain-fed agriculture and, as a result, makes up more than
50 percent of total agricultural production in the region. The productivity of rain-fed agriculture depends on stable and continuous
rainfall. Rainfall is more variable in the MENA region than almost
anywhere else (Bucknall 2007); in combination with often inefficient
systems of production, this causes cereal yields to consistently
remain below world averages (see Figure 4.15) (Selvaraju 2013).
As a result of low agricultural productivity and other factors
(e.g., supply chain losses, lack of access to food, and low income
levels), about 25 million people in the MENA region are currently
undernourished—four million in Northern Africa (2.7 percent of
the total population)51 and 21 million in Western Asia (10 percent
of the total population)52 (FAO 2012a, 2013). Besides sub-Saharan

51
With highest shares in Morocco (5.5 percent). The region includes Algeria, Egypt,
Libya, Morocco, and Tunisia.
52
With highest shares in Iraq (26 percent) and Yemen (32 percent). The region
includes Iraq, Jordan, Kuwait, Lebanon, Saudi Arabia, Syria, Turkey, United Arab
Emirates, and Yemen.

Africa, the MENA region is the only region where the number of
undernourished has increased since the 1990s (UNDP RBAS 2009).
While there are opportunities for intensification, agricultural
production in the MENA region will remain severely water-limited.
This is due to three key reasons: (1) that rain-fed agriculture
often takes place under marginal precipitation conditions, so
that the projected reduction in precipitation, in combination
with increasing temperatures, will cause conditions to pass the
threshold whereby irrigation would be required to maintain cropping systems; (2) that blue water resources are already fully or
even overexploited (with competition from other sectors rapidly
growing) such that, in the future, water allocations for irrigation
cannot be increased or may even need to be reduced; and (3) that
increasing precipitation variability and extremes will reduce the
reliability of the crop water supply.

4.4.1.2 Climate Risks to the Water Sector
According to the IPCC WGII report, there is high agreement that
climate change will reduce renewable surface water and groundwater resources considerably in most dry subtropical regions,
aggravating competition for water within and among sectors.
Reductions in water availability will generally be greater than the
underlying reductions in precipitation, due to increases in potential
evapotranspiration from warmer temperatures and non-linearity
in the hydrological system (e.g. as precipitation is transformed
into river runoff or groundwater recharge).
This analysis distinguishes between green water (plant-available
water in soils, directly resulting from precipitation) and blue
water (water in rivers and lakes, groundwater, and other water
bodies), because these two types of water have different uses and
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Figure 4.16: Relative change in annual water discharge in the Middle East and North Africa region in a 4°C world.

Relative to the 1986–2006 period based on an ISI-MIP model intercomparison using climate projections by CMIP5 GCMs as an input for global hydrology
models (GHMs)21 (based on Schewe et al. 2013). Colors indicate the multi-model mean change, whereas the saturation indicates the agreement in sign
of change over the ensemble of GCM—GHM combinations.

opportunity costs and respond differently to climate change. Blue
water is used for irrigation and direct human consumption; green
water supports rain-fed agriculture as well as other land-based
ecosystems. Reductions in green water availability closely follow
reductions in precipitation. Reductions in blue water availability
are generally greater than the underlying reduction in precipitation.
As a result of global warming, especially changes in precipitation patterns, water availability will decrease in most parts of
the MENA region throughout the 21st century (García-Ruiz et al.
2011) with decreases possibly exceeding 15 percent in a 2°C world
and 45 percent in a 4°C world in parts of the region (Schewe et
al. 2013). The exception is the southernmost areas Figure 4.16
shows changes in discharge (i.e., blue water availability) in the
21st century as a result of a multi-model inter-comparison with
five global climate models and nine global hydrological models
under the RCP8.5 scenario (Schewe et al. 2013).
The trend toward decreasing average water availability will
be compounded by higher variability and more extremes, such as
droughts and flooding, leading to a loss of reliability and increasing uncertainty in water management (García-Ruiz et al. 2011;
Törnros and Menzel 2014). Examples of previous severe flooding
events include those in Algiers in 2001, Morocco in 2002, and
Tunis in 2003.
While decreasing annual average precipitation in combination
with higher temperatures is likely to cause a reduction in surface
runoff and groundwater recharge (aggravating current trends
in groundwater overexploitation and depletion), the effects of
increasing extremes (with higher rainfall per event) are not so
straightforward. Liu (2011) found that in some arid regions the
higher intensity of extreme precipitation events may increase the
fraction of precipitation that enters the soil and becomes plantavailable soil moisture and contributes to groundwater recharge.
In other regions, the fraction of runoff and loss of water to unproductive evaporation, in contrast to productive plant transpiration,
may increase.

In a Lebanon-based study, Shaban (2008) found that over the
past four decades there has been a significant decrease (in the order
of 25 percent) in those water resources, including most rivers and
groundwater reservoirs, that are subject to climate change and
other direct human pressures. The decrease was somewhat smaller
(about 15 percent) for those water resources only subject to climatic
trends (e.g., snow cover and precipitation). Lebanon’s total water
resources are projected to decrease by 6–8 percent for an increase
in average annual temperature of 1°C, and by 12–16 percent for
an increase of 2°C, using the HadCm3 and PRECIS global and
regional climate models (Republic of Lebanon 2011).

Surface Water
In a study of the tributaries of the Jordan River, Samuels et al. (2010)
projected a reduction in mean daily runoff of 17 percent for the
period 2036–2060 (relative to 1980–2004), using the A1B scenario
and the ECHAM 5 global/RegCM regional climate model and the
HYMKE watershed model. For the Zarqa basin in Jordan, Abdulla et
al. (2008) projected changes in surface runoff ranging from –23.6 to
+36.6 percent, and changes in groundwater recharge from –57.5 to
+89.8 percent, in response to stylized combinations of temperature
increases of 0–3.5°C and precipitation changes of between –20 and
+20 percent, using the BASINS-HSPF model. It is important to note
that the positive changes for precipitation (and subsequently runoff
and recharge) are very hypothetical, given the strong agreement of
global climate models projecting a decrease in precipitation.
For the eastern Anatolian mountains (the headwaters of the
Euphrates and Tigris rivers), snow water storage is expected to
decrease (see Box 4.1: Snow Water Storage) and, accordingly, a
runoff decrease of 25–55 percent is projected between 1961–1990
and 2071–2099, using different SRES scenarios (A1FI, A2 and B1),
different GCMs (ECHAM5, CCSM3 and HadCM3), and the RegCM3
regional climate model (Bozkurt and Sen 2013).
For Morocco, the 2nd National Communications (Kingdom
of Morocco 2010) projected a decrease in river discharge of
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Box 4.1: Snow Water Storage
Mountainous areas notably in Morocco, Algeria, Lebanon, Syria,
Iraq, the Islamic Republic of Iran, and Turkey, play an important role
in the water supply of the MENA region. Under climate change,
however, mountainous areas are expected not only to experience a
reduction in total precipitation but also a reduction in the fraction of
precipitation falling as snow, thereby affecting snow cover and snow
water storage.
Changes in melt-water regimes are expected to result in a
shift in peak river flows toward the earlier months of the year, with
negative impacts for downstream riparian systems in terms of water
availability and seasonal shortages during the hot and dry summer
months. In the 2nd National Communications of the Republic of
Lebanon (2011), the upper Nahr el Kalb basin was analyzed under a
stylized warming of 2°C and 4°C. Snowpack volume was projected
to shrink from a total of 1,200 million m3 to 700 million m3 under 4°C
warming and 350 million m3 under 2°C warming. Drought periods
would thereby be expected to occur 15–20 days earlier (for 2°C
warming) and more than a month earlier (for 4°C warming), according to the report. For the Euphrates and Tigris basins, snow water
equivalent (the amount of water stored in the highland snowpack)
has been projected to decrease by 55 percent in the B1 scenario
and 87 percent in the A1F1 scenario by 2071–2099, relative to
1961–1990 using the CCSM3 global climate model (Bozkurt and
Sen 2013).

15–55 percent by 2080 (relative to 1961–1990) for different scenarios and river basins, with an average decrease under the B2
scenario of 21 percent, and a decrease of 34 percent under the A2
scenario, using the WatBal model.

Ground Water
Groundwater in many water-scarce regions serves as a buffer
for variable surface water availability. The buffering function of
groundwater can only be maintained in the long term if there is a
balance between recharge and withdrawal. In most MENA countries, however, groundwater is severely over-extracted (beyond
the recharge rate). With falling groundwater levels, extraction
becomes ever more energy intensive and expensive, eventually
forcing the abandonment of wells. Climate change is expected to
accelerate the loss of groundwater buffer capacity as decreasing
rainfall decreases groundwater recharge in a non-linear way.
For the West Bank and Gaza, Mizyed (2008) projected a decrease
in recharge between 7.1 and 50.9 percent for stylized warming
scenarios from 2°C to 6°C in combination, with a decrease in
precipitation of 0–16 percent, using a GIS-based spatial analysis.
For Algeria, the 2nd National Communication report (Republique Algerienne Democratique et Populaire 2010) projected a
decrease in groundwater resources of 10–15 percent by 2050 relative
to 1961–1990 under an IS92a scenario and using the GR2M model.

For Saudi Arabia, increases in reference evapotranspiration are
expected to reduce groundwater recharge by 2–12 percent of total
annual recharge in 2070–2100 relative to 1960–1990 using the regional
climate model PRECIS and SRES A2 (Kingdom of Saudi Arabia 2011).

4.4.1.3 Climate Risks to the Agricultural Sector
and Food Security
The potential impacts of climate change on agriculture are various. In water-limited regions, the length of the growing period
is generally reduced if precipitation decreases while temperature
and evaporative demand simultaneously increase. Higher rainfall
variability with more intense and more frequent droughts, and
possibly also floods, can cause more frequent crop failures. With
increasing temperatures, several crops will exceed their temperature tolerance levels. All of these effects contribute to an overall
reduction in crop yields.
Increasing atmospheric CO2 concentration, on the other hand,
can decrease crop water demand and increase crop productivity. It
is important to note that the following studies do not account for
adaptation, such as crop breeding, improved agricultural management practices, and additional irrigation. Adaptation measures have
great potential given the very low level of agricultural productivity
across the MENA region.

Length of the Growing Period and Crop Yields
Lower rainfalls and higher temperatures are expected to shorten
the growing season for wheat in the MENA region by about two
weeks by mid-century (Ferrise et al. 2013), as projected under the
A1B scenario to 2031–2050, using the AORCM model. For Tunisia,
Mougou et al. (2010) projected a shortening of the wheat growing
period by 10 days for 1.3°C, by 16 days for 2°C, by 20 days for
2.5°C and by 30 days for 4°C warming, and a reduction in yields
of 10 percent for a 10 percent decrease in precipitation, 30 percent
for a temperature increase of 1.5°C, and 50 percent for a combination of both scenarios, using the DSSAT crop model.
Most agricultural activities in the MENA region take place
in the semi-arid climate zone, either close to the coast or in the
highlands (Figure 4.13), where rainfall and green water availability
are predicted to decline most strongly (see Section 4.3.3). The
resulting increases in irrigation water demand will be difficult
to meet due to a simultaneously increasing blue water scarcity.
Due to increasing water scarcity, in combination with higher temperatures which are expected to deviate more and more from the
temperature optima of several crops (and possibly even exceed
their heat tolerance levels), agricultural productivity is expected
to drop in the MENA region.
In a study by Drine (2011), North African crop yields were projected to decrease by 0.8–12.8 percent under conditions of 20 percent
less precipitation, or by 1.6–26.6 percent under conditions of 2°C
warming, using a logarithmic regression model. For Algeria and
Morocco, yield reductions of 36 percent and 39 percent (26 percent
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and 30 percent including the CO2 fertilization) respectively are
projected for 2080 (relative to 2003) for a B2 scenario (Schilling
et al. 2012). For the southwestern Mediterranean (Tunisia, Algeria, and Morocco), Giannakopoulos et al. (2009) projected yield
reductions for a variety of crops of between 1.5 and 23.9 percent;
for the southeastern Mediterranean (Jordan, Egypt, and Libya),
yield changes of between +3.7 and –30.1 percent were projected
for the period 2030–2060 relative to 1961–1990. This study used
the A2 and B2 scenarios, the HadCM3 climate model, and the
CROPSYST crop model.
In a study of Jordan’s Yarmuk basin, Al-Bakri et al. (2011)
projected changes in wheat yields by mid-century ranging from
–0.5 to +1.5 tons per hectare and changes in barley yields ranging
from about –0.05 to –0.5 tons per hectare, starting from current
values of about 1 ton per hectare. These ranges were calculated for
different stylized temperature (+1°C to +4°C) and precipitation
(–20 to +20 percent) scenarios, using the DSSAT crop model. The
scenarios that include precipitation increases are very hypothetical,
given the strong agreement of global climate models regarding a
projected decrease in precipitation.
For Syria, a study by Verner and Breisinger (2013) used the
DSSAT crop model to project reductions in rain-fed wheat yields
of between 23 and 57 percent for 2041–60, relative to 1991–2010,
under the A1B scenario.
Egypt’s 2nd National Communications report (EEAA 2010)
projected a reduction in productivity under climate change of
11–20 percent by 2050 for wheat, rice, maize, and barley, and an
increase in irrigation water demand by 2050 of about five percent
across all SRES scenarios.
For Tunisia, a study by Lhomme et al. (2009) found increases
as well as decreases in yields for 2071–2100 relative to 1961–1990,
depending on the location within the country and the sowing rules
applied, using the ARPEGE climate model for the A1B scenario.

Meta-Analysis of the Impacts of Climate Change
on Crop Yields
A meta-analysis of the impacts of climate change on crop yields for
the MENA region was conducted based on one single dataset that
consists of data from 16 different studies analyzed (see Section 6.3,
Meta-analysis of Crop Yield Changes with Climate Change, for details
on data processing and methodology). The aim of the meta-analysis
was to summarize the range of projected crop yield changes in the
literature and to assess consensus for the MENA region. The dataset
was used to address three main questions: (1) what are the likely
impacts of incremental degrees of warming on yields?; (2) what
is the impact when also considering adaptation measures and the
effects of CO2 fertilization (see Box 2.4: The CO2 Fertilization Effect)
on change in crop yields?; and (3) to what extent can adaptation
measures and/or the effects of CO2 fertilization counteract the negative effects of increased temperature? Due to the lack of data, both

Table 4.6: Summary of crop yield responses to climate
change, adaptation measures, and CO2 fertilization.
SLOPE

r2

t-STAT p-VALUE

Full dataset

–0.08

0.16

–5.5

<0.001***

Full dataset (below 2°C)

–0.06

0.028

–1.86

0.065

–0.04

0.96
0.3

CO2 fertilization

0

0

Adaptation measures

0.11

0.33

1.22

–0.08

0.16

–3.54

Without adaptation
measures or the effects of
CO2 fertilization

0.007**

Results of a general linear model applied to all studies with reported values
for changes in yield and changes in temperature, to studies considering the
effect of CO2 fertilization, to studies not considering the effect of CO2 fertilization, and to studies not considering the effects of adaptation measures.
Significance levels: *P<0.05, **P<0.01, ***P<0.001.

the influence of adaptation measures and CO2 fertilization on crop
yields could only be assessed below a temperature increase of 2°C.
Overall, there exists a significant correlation between crop
yield decreases and temperature increases (see Figure 4.17 and
Table 4.6) regardless of crop type or whether the effects of CO2
fertilization or adaptation measures are taken into account. If
only studies with temperature increases below 2°C are included,
then the correlation is no longer significant (see Table 4.6). This
suggests that below a 2°C threshold the effects of adaptation
measures and CO2 fertilization may compensate for the adverse
effects of climate change.
If the effects of CO2 fertilization are considered, no significant
relationship between crop yield change and temperature increase is
revealed (Figure 4.17 and Table 4.6). The beneficial effects of CO2
fertilization are highly uncertain and there is considerable doubt
that the full benefits can be obtained (Ainsworth et al. 2008) (see
Box 2.4). The relationship between the change in temperature
and crop yield response, in a scenario under which the effects of
adaptation measures are taken into account, is positive but not
significant (Figure 4.18 and Table 4.6).
Previous meta-analyses (Easterling et al. 2007; World Bank 2013)
showed that above this temperature threshold the negative effects
of climate change on crop yields are dominant, with crop yields
considerably declining regardless of the positive effects of adaptation
measures and CO2 fertilization. This could not be tested here due
to lack of data. The relationship between the change in crop yield
and temperature increase is significantly negative in scenarios that
do not consider adaptation measures or CO2 fertilization.

Cropland
According to Evans (2008), a warmer and drier climate is projected
to shift vegetation and agricultural zones northward (e.g. by 75 km)
for 2090–2099 relative to 2000–2009 for the A2 scenario at the 0.9
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Figure 4.17: Meta-analysis of the impact of temperature increase on crop yields.

Best-fit line over the full dataset for the MENA region (blue line) and 95 percent confidence interval of regressions consistent with the data based on 500
bootstrap samples (blue shade). The influence of temperature increase on crop yield change is significant.

Figure 4.18: Meta-analysis of the impact of temperature increases on crop yields excluding adaptation and CO2 fertilization.

Best-fit lines for MENA studies considering neither the effect of adaptation measures nor of CO2 fertilization (blue line) and 95 percent confidence intervals of
regressions consistent with the data based on 500 bootstrap samples (blue shade), for studies considering the effects of adaptation measures (green line) and
studies considering the effects of CO2 fertilization (orange line). The solid line depicts a significant relationship and dotted lines non-significant relationships.
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significance level. In Lebanon, shifts in agro-climatological zones
may push special crops, including cherry and olive plantations, to
higher elevations (Republic of Lebanon 2011). Ferrise et al. (2013)
also projected a shift northward for olive plantations.
Large fractions of currently marginal rain-fed cropland are
expected to be abandoned or transformed into grazing land; current grazing land, meanwhile, may become unsuitable for any
agricultural activity (Evans 2008). Increasing aridity reduces the
available soil moisture, exacerbating the effects of ongoing land
degradation. Evans (2008) projected the area viable for rain-fed
agriculture in the Middle East to decrease by more than 8,500 km²
by mid-century, and by more than 170,000 km2 by late-century (at
the 0.9 significance level), when using the 200 mm isohyet as the
limit for rain-fed agriculture, below which only seasonal grazing
is practiced. The study used the A2 scenario and an ensemble of
18 GCMs which project a temperature increase of 1.4°C in the first
half, and an additional 2.5°C warming in the second half of the
century, as well as a decrease in precipitation of 8.4 percent in the
first half and another 17 percent in the second half of the century.

Livestock
Livestock is an important component of rural livelihoods and food
security in the MENA region. Climate change will impact livestock
production through various pathways, including changes in the
quantity and quality of available feeds and the length of grazing
season, additional heat stress, loss of drinking water availability,
and changes in livestock diseases and disease vectors (Thornton
et al. 2009). These climate-related pressures may be amplified
by, or may amplify the effects of other pressures (e.g. rangeland
degradation, fragmentation of grazing land, changes in land tenure,
and lack of market access).
The vulnerability of livestock production systems to droughts
was recently on display in northeastern Syria, where herders
lost almost 85 percent of their livestock as a result of recurring
droughts from 2005–2010 (Selvaraju 2013). The precarious situation of the rural population in this region caused large waves of
migration to the cities.

4.4.1.4 Synthesis
The MENA region, also known as the “cradle of agriculture” or
“cradle of civilization,” is one of the world’s most vulnerable
regions to climate change in combination with other pressures.
From the current situation of critical water and land scarcity, both
the 2°C and 4°C warming scenarios will result in further increased
pressures on water resources and agriculture, so that by the end
of the century climate risks are projected to be much more severe.
Other pressures, including increasing demand for food and water
and further resource degradation, if following current trends, will
multiply the impacts of climate change.
Impacts on water resources will have severe consequences
for the agricultural sector, which is the largest user of water in

the region. There is a close relationship between climate risks
for the water sector and the agricultural sector, with feedbacks
from agricultural water use (e.g., increasing water demand, more
irrigation, and pollution of rivers) potentially compromising other
water uses (the water-agriculture nexus).
The MENA region is very likely to experience a decrease in crop
productivity unless effective adaptation measures are taken and
global CO2 emissions are reduced. The impacts of climate change
on agricultural production and food security, which are expected
to grow throughout the 21st century, will be aggravated by water
and land resource degradation and also by indirect climate change
effects (occurring in major food exporting regions) through higher
food prices on world markets. If groundwater buffers fail due to
prolonged droughts leading to long-term decreases in recharge,
as recently observed in northeastern Syria, agricultural land use
and livelihoods will have to be abandoned.
MENA countries have at their disposal a wide range of adaptation options for reducing their overall vulnerability. Demand
management and increased resource use efficiencies can provide
many opportunities for adapting to increased water scarcity. Diversification of the MENA countries’ economies also holds a large
potential for increasing resilience to climate and other risks. The
MENA countries are blessed with rich renewable energy resources,
in particular solar and wind, providing them with climate change
adaptation and mitigation options (and combinations of them,
for example, via solar desalination). Knowledge and technology
transfer and investments across the region from more to less
advanced countries can help to overcome the resource predicament and contribute to prosperity and stability.
While biophysical impacts vary only slightly across the region,
vulnerability and socioeconomic impacts show a clear division
between the (oil) rich Arab Gulf countries and the rest of the region.
While the former have the financial means for adaptation (e.g.,
desalination technology, increasing food imports), the latter are
much more vulnerable to climate risks. Vulnerability also varies a
lot within countries, with poor and rural populations at particular
risk (e.g., due to their dependency on agriculture).

4.4.2 Desertification, Salinization,
and Dust Storms
4.4.2.1 Desertification
Large parts of the MNA region are covered with drylands, either
dry-subhumid, semi-arid, arid or hyper-arid. These harsh environments support, in addition to their limited water resources,
fragile ecosystems. The concept of desertification is vague, and
many definitions exist to describe the phenomenon (Verstraete
et al. 2009). Most reports and studies on this topic refer to the
UN Convention to Combat Desertification (UNCCD 1994), which
defines desertification as land degradation affecting drylands
(Adeel et al. 2005; Boko et al. 2007; Reynolds and Stafford Smith
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Figure 4.19: The far-reaching impacts and downward spiral of
desertification.
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2002; Reynolds et al. 2007; Safriel 2009). This process includes a
change in soil properties, vegetation, or/and climate (D’Odorico
et al. 2013).
Desertification transforms a dryland ecosystem into a new
ecosystem with a lower level of service provision (Safriel and
Adeel 2005). This causes various stresses. Loss of vegetation
cover, soil erosion, dust storms, salinization, and a decrease in
soil productivity are some common threats in a downward spiral
that lead to a decrease in agricultural yields, loss of biodiversity,
poverty, reduced human wellbeing, and migration (Bayram and
Öztürk 2014; Boko et al. 2007; D’Odorico et al. 2013; Safriel and
Adeel 2005, 2008) (see Figure 4.19).
The processes and drivers which trigger and control this ecosystem change are often labeled as either the “desert paradigm”
or the “desert syndrome.” The Millennium Ecosystem Assessment
(2005) described this phenomenon as the “long-term failure to
balance demand for and supply of ecosystem services in drylands.”
Population growth, poverty, marginalization, and environmental degradation are coupled in socioecological feedback loops
that drive the system into a downward spiral of desertification
(D’Odorico et al. 2013; Easdale and Domptail 2014; Reynolds and
Stafford Smith 2002; Safriel and Adeel 2005; Stafford Smith 2008;
Verstraete et al. 2009). Finally, the fragile balance between the
dryland ecosystem and the people living in it, which has been

established over generations, is destabilized. A new equilibrium
state is established in the degraded land in a process that is all but
irreversible (Safriel and Adeel 2005; Seely et al. 2006).

Desertification and Climate Change
The role of climate change in desertification can be multifaceted,
and it varies depending on local conditions and the interactions
among drivers. An increase in temperatures and evapotranspiration
rates, a change in the precipitation regime, and an intensification
or change in frequencies of extreme events can all directly trigger
or enhance desertification processes (Aguirre-Salado et al. 2012;
Belaroui et al. 2013; Scheiter and Higgins 2009; Schilling et al. 2012;
Verstraete et al. 2009). Furthermore, these climatic alterations can
indirectly push the dryland ecosystem towards desertification—for
example, via a shift in biomes, an increase in bush fires, or the
lowering of groundwater tables (Geist and Lambin 2004).
No study has attributed recent climate change as the single
driver of desertification. As a result, it is difficult to quantify the
role of climate change relative to other drivers (Evans and Geerken
2004; Herrmann and Hutchinson 2005; Wessels et al. 2007). It is
clear, however, that climate change can modify the natural conditions of biomes in many ways and that it generally makes the
ecosystems more vulnerable to desertification processes (Evans
and Geerken 2004; Verstraete et al. 2009; Xu et al. 2011).
The desertification process can also affect the climate. At the
regional scale, the decline of plant cover reduces evapotranspiration and increases mean temperatures. This leads to a decrease in
humidity within the regional climate system, which in turn may
reduce the mean annual precipitation and/or cause greater variability in precipitation patterns (Abiodun et al. 2007; D’Odorico
and Bhattachan 2012; Foley et al. 2003; Mahmood et al. 2013).
At the global scale, desertification is a driver of climate change
through the loss of carbon sequestration capacity in dryland ecosystems and an increase in land-surface albedo (Adeel et al. 2005;
Aguirre-Salado et al. 2012). Recent studies show, however, that the
effect of CO2 fertilization on drylands (see Box 4.2) can potentially
reverse the feedback loop and transform desert into grassland.
There are attribution studies on desertification or national
reports explaining the causes of desertification for all the MENA
countries. All of these studies attribute desertification at least in
part to malpractices in land management.
Some studies identify climate change as an additional driver of
desertification. In most cases, the observed driver was a change in
rainfall pattern, with either a negative trend or higher variability.
For example, Conca et al. (2010) analyzed changes in humidity
in the United Arab Emirates, and concluded that a reduction in
humidity linked to climate change during the last decade could
be responsible for an increase in desertification in the hyper-arid
areas. For many of the studies, however, it is not clear whether
the increase in aridity is within the normal climatic variation or
connected to recent climate change.
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Box 4.2: The CO2 Fertilization Effect
on Drylands
Recent studies show a major influence of the CO2 fertilization effect
on vegetation cover/growth in dryland ecosystems. Field studies
found that the CO2 effect already influences African dryland ecosystems, notably savannahs (Donohue et al. 2013; Kgope et al.
2009). The increasing atmospheric CO2 concentration affects the
photosynthetic pathway of C3 plants (trees) and C4 plants (grasses)
by improving the plants’ water use efficiency. This forces transitions
in ecosystems characterized by higher biomass and/or woody-plant
dominance.
For grassland ecosystems, like savannahs, the CO2 fertilization
effect leads to an increase in woody species which profit more from
the additional CO2 in the atmosphere than C4 plants (Bond and
Midgley 2012). However, C4 plants also profit from the CO2 fertilization effect, and Higgins and Scheiter (2012) project a substantial
re-greening of deserts on the African continent even under decreasing precipitation.

Scheiter and Higgins (2009) projected a reduction in desert
ecosystem area over Africa because of the CO2 fertilization effect.
They used the adaptive dynamic global vegetation model aDGVM,
which can also account for the influence of bush fires on vegetation. The model was driven using projected atmospheric CO2
concentrations under the SRES scenario A1B, and temperature
and rainfall projections were derived from the climate model
ECHAM5. At the baseline year of 2008, 32.8 percent of Africa´s
land surface was covered with deserts. By 2100, desert cover is
projected to decline to 27.1 percent including bush fires, and to
26.9 percent without taking bush fires into account. The authors
explained that the projected reduction in desert ecosystem area is
due to the CO2 fertilization effect and an increase in the potential
growing season for grasses and trees under elevated temperatures.
In a similar study of Africa, Higgins and Scheiter (2012) once
again used the aDGVM and ECHAM5 models under the SRES
A1B scenario. They projected a reduction in desert area from
28 percent in 1850 to 23 percent in 2100, whereby desert biomes
shift to grassland mainly due to the positive effects of increased
CO2 concentrations on plant growth and biomass.

4.4.2.2 Salinization
Projected Desertification
Although human influences related to land management have
been identified as direct drivers of desertification, climate change
is expected to alter the underlying natural conditions under which
desertification may occur. Projections need to incorporate the natural
and human aspects of desertification (Verstraete et al. 2009). To
date, however, there is no regional study of future land degradation that assesses both climate change and social dynamics as
drivers of desertification. As land degradation of drylands is likely
to occur under certain climate change conditions, projections of
these climate parameters and their potential impact on ecosystems
may be used as indicators to assess impending desertification.
Gao and Giorgi (2008) projected the climate in the Mediterranean region (including North Africa and the Western Mashrek)
for the period 2071–2100 with the regional climate model RegCM,
driven by the global model HadAM3H under the SRES scenarios
A2 and B2. From the results, they derived three different measures
of aridity from precipitation and temperatures. As a first measure
they used the changes in climatic conditions according to the
Köppen-Geiger classification under both emissions scenarios
(Köppen 1936) and found that subtropical summer-dry climates
turn into dry arid or dry semi-arid climates. The Budyko-dryness
index (Budyko 1958) and the UNEP dryness index (UNEP 1992)
support this change and they show a strong increase of aridity in
the whole region. The authors concluded that North Africa and
western Mashrek are especially at risk of both increased water
stress on natural ecosystems and desertification.

While saline and sodic soils can be found naturally in many parts
of the MENA region, this report refers to the soil degradation
processes of salinization and sodification. Salinization is a form
of soil degradation whereby water-soluble salts accumulate in
the soil (Jones et al. 2013; JRC 2009). A special form of salinity is
sodicity, whereby sodium is accumulated in the soil (D’Odorico
et al. 2013). Salinization is typically connected to the desertification process. High levels of salinity in soils affect plant growth
through an increase in osmotic pressure (making it more difficult
for plants to draw water from the soil) as well as through the
toxic effects of salts. These processes make salinization a threat
to both agriculture and natural ecosystems (Sowers et al. 2011;
Vengosh 2014).
The most common causes of salinization are non-groundwaterassociated salinity (whereby dissolved salts from rocks are
introduced to the soil via rain), groundwater-associated salinity
(groundwater infusing the salt into the soils), and irrigationassociated salinity (D’Odorico et al. 2013). Climatic conditions
in particular influence the latter two mechanisms. A decrease
in precipitation and an increase in temperatures lead to a higher
demand for irrigation, which causes salinization when drainage is
not adequate. The intensification of irrigation may also lead to an
increase in freshwater withdrawal from the groundwater, triggering salinization of aquifers and also aggravating soil salinization
(D’Odorico et al. 2013; Vengosh 2014).
The increase in salinization with further intrusion due to sealevel rise under climate change holds not only for groundwater
but also for other water resources in the region. (Sowers et al.
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2011). River runoff and aquifer replenishment rates typically
decrease under drier conditions, causing an increase in the saltconcentration of the remaining water. The higher salinity in the
river also affects other water resources (e.g., lakes and groundwater
aquifers), leading to a general increase in salinity, including soil
salinity (Vengosh 2014). In the MENA region, river salinization
can be observed in the Euphrates and the Tigris rivers (Odemis
et al. 2010), in the Jordan River (Farber et al. 2004), and in the
Nile (Elewa and El-Nahry 2008; El-Nahry and Doluschitz 2010).
In coastal areas, the intensive extraction of groundwater leads
to seawater intrusion into the aquifers, causing severe salinization.
This process is accelerated by climate-change-induced sea-level
rise (Carneiro et al. 2009; Niang et al. 2010). The Nile Delta (see
Box 4.3), an area that is home to more than 35 million people
and that provides 63 percent of the agricultural production of
Egypt, is especially vulnerable to salinization under changing
climate conditions (Bohannon 2010; El-Nahry and Doluschitz 2010;
Hereher 2010). According to Mabrouk et al. (2013), salinization is
very likely to rapidly worsen under climate change; the authors
call for an integrated three-dimensional groundwater modeling
of the Nile Delta in order to fully understand the implications of
sea-level rise and salinization.

4.4.2.3 Dust Storms
Dust storms are a typical phenomenon in arid regions without full
vegetation cover (Squires 2002). Covered mostly by drylands, the
MENA region is frequently threatened by dust storms that cause
widespread damage to people, to agriculture, and to the overall
economy (Akbari 2011; Kumar 2013; UN 2013; UNCCD Secretariat
2013; Verner 2012).
The extent of dust storms varies widely, depending on the
meteorological conditions, the land surface, and the size of the
particles transported. In the MENA region, dust storms reach large
scales in terms of mass lifting, spatial extent (i.e., 100–1000 km),
and duration (i.e., from several hours to several days) (Ghoneim
2009; Kocha et al. 2012; Miller et al. 2008; Pey et al. 2013). The
wall of dust and sand can reach concentrations of 6000 μg particles
per m3 (Goudie 2009), causing traffic accidents, disruptions of
flight traffic, destruction of telecommunications and mechanical
systems, and damage to crops. In addition, dust storms influence
the performance of solar photovoltaic power plants, directly by
depositing dust on the panels and indirectly by reducing radiation.
In Egypt, for example, Elminir et al. (2006) found a 12–52 percent
reduction in transmittance, depending on the amount of dust and
tilt angle, and a 17 percent per month reduction in output power.
Mani and Pillai (2010) reviewed several impact studies and reported
reductions in photovoltaic performance by 17–32 percent in Saudi
Arabia and Kuwait.
Agricultural productivity is also affected in the long term by soil
loss, as dust storms in particular remove light, nutrient-rich particles

and organic matter (Akbari 2011; Elasha 2010; Notaro et al. 2013).
In addition to economic losses, there are severe health impacts
for people from breathing dust particles and from the airborne
microorganisms that are transported in dust clouds (Goudie 2009;
Griffin 2007; Kanatani and Ito 2010; de Longueville et al. 2013).
Fine atmospheric dust, as an aerosol, can also affect the local
climate, as it influences cloud formation and precipitation even
in remote regions (Creamean et al. 2013; Jung et al. 2013). Dust
storms not only influence local climate, but the frequency and
magnitude of dust storms is also affected by climate change and
desertification in different ways. Decreasing vegetation cover not
only increases the sources of dust, due to an increase in bare
soils (Bayram and Öztürk 2014; Mulitza et al. 2010; Pierre et al.
2012), but may also affect wind speeds by decreasing the surface
roughness (Cowie et al. 2013; Pierre et al. 2012).
There are no studies linking projected climate change and
changes in dust storm occurrence in the MENA region (Goudie
2009). The frequency and strength of dust storms depend on both
the availability of dust (and therefore regional vegetation cover)
and wind patterns. The vegetation coverage is directly linked to
desertification, which is a highly uncertain process under future
climate conditions and depends on both natural and human factors. Wind is a climatic factor and changes in wind patterns can
be projected from climate models. However, there are currently no
regional studies on changing wind patterns under climate change
in the MENA region; as a result, future trends have to be derived
from global studies.

4.4.2.4 Synthesis
Desertification, salinization, and dust storms are closely related
in the MENA region. In an arid environment in which irrigation
accelerates the salinization of soils and results in a degraded desert
environment, dust storms carry away the soils, putting pressure
on agriculture and further driving the desertification process.
This narrative is referred to in the literature as the desertification
paradigm; it is oversimplified, but the core message is clear—none
of these processes stands alone. In many aspects, salinization is
an important driver of desertification (JRC 2009), but land use
and land cover changes (e.g., land clearing and replacing natural
vegetation with annual crops) can also reinforce or even trigger
the salinization process (Vengosh 2014).
In general, desertification, salinization, and dust storms are well
understood and described in the literature. There are still large gaps,
however, when it comes to the multifaceted role of climate change
(Verstraete et al. 2008, 2009) and the role of CO2 fertilization (Donohue
et al. 2013; Higgins and Scheiter 2012). This may be one reason for
the lack of quantitative projections on desertification that account for
biophysical (including climate change), socioeconomic, and anthropogenic drivers (including population growth and land use change).
Numerous studies on the observed impacts of desertification in the
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MENA region do however demonstrate a strong need for integrated
modeling approaches to assess desertification under global climate
change. As the MENA region is already prone to desertification, and
with climate change bringing increasingly arid conditions, sensitivity
to desertification is likely to increase. A reduction in precipitation,
an increase in extreme events (e.g., drought and flash floods), and
an increase in temperature and evapotranspiration will reinforce
desertification in the region (WMO 2007).

4.4.3 Human Health
People in the MENA region face a variety of health risks, many of
which are exacerbated by the hot and arid conditions and relative
water scarcity that generally characterize the region. For example,
trachoma (an infectious disease affecting the eyelids) tends to
occur in dry areas with poor sanitation; it is endemic in Morocco,
Algeria, Libya, Egypt, Iraq, the Islamic Republic of Iran, Oman, and
Yemen (Smith et al. 2013). The MENA region is also experiencing
a resurgence of several vector-borne and viral diseases that had
previously been in decline (Lelieveld et al. 2012). Climate change
may compound the challenge of managing these diseases.

4.4.3.1 Vector-Borne Diseases
Malaria is rarely endemic in North Africa, and the measures in
place to control the disease are considered effective. The disease
is also present in the Middle East, with cases reported in the
Islamic Republic of Iran, Iraq, and Saudi Arabia, but in most
countries endemicity is relatively low and localized. Malaria is,
however, prevalent in Djibouti and Yemen (WHO 2013a); (WHO
and EMRO 2009).
While the relationship between climate change and malaria
remains somewhat in dispute, evidence indicates that changes
in climatic factors can affect the incidence of the disease in the
MENA region. Malaria distribution and seasonal occurrence have
been linked to temperature, elevation, humidity, and low rainfall
in the Islamic Republic of Iran (Salehi et al. 2008). Environmental
changes indirectly associated with climate change could also favor
the disease vectors of malaria such as the Anopheles sergentii
mosquito. This mosquito is known as the “oasis vector” due to
its prevalence in oases across the Sahara and its ability to cope
with extreme climatic conditions. Lotfy (2013) suggested that
the underground water reservoirs in the Western Desert being
constructed by the Egyptian government to mitigate water stress
could aid the emergence of Anopheles sergentii in new areas. In
the World Health Organization Eastern Mediterranean region B
(EMR-B),53 the additional population exposed to risk of malaria

for at least one month of the year by the 2080s is 20 million under
the B2 scenario, 34 million under B1, 62 million under A2, and
39 million under the A1F1 scenario (van Lieshout et al. 2004).
Lymphatic filariasis, commonly known as elephantiasis, is a
disease of the lymphatic system caused by parasitic worms transmitted by mosquitoes. Like malaria and other mosquito-borne
diseases, the prevalence of lymphatic filariasis could be affected
by climate change (via the effects of changes in temperature,
rainfall, and humidity on mosquito breeding and survival rates).
While it is currently present in North Africa only in Egypt’s Nile
Delta, Slater and Michael (2012) project with a 75–100 percent
probability that the range of the disease could extend to include
much of coastal North Africa by 2050 under both the SRES B2
and A2 scenarios.
Leishmaniasis, a skin disease carried by sandflies endemic to
the MENA region, is also affected by climatic factors (Ben-Ahmed
et al. 2009; Toumi et al. 2012); it is also affected by environmental
factors such as dam construction (Riyad et al. 2013). The disease,
which occurs in several forms, can result in morbidity, disfigurement,
and mortality (McDowell et al. 2011)—and is considered a major
public health problem in the region (Postigo 2010). Outbreaks are
reportedly becoming more frequent in Tunisia, Algeria, and Morocco,
where the range of the disease has expanded due to a variety of
environmental (e.g., agricultural projects) and human factors (e.g.,
migration of nonimmune populations) (Riyad et al. 2013).
A serious and potentially fatal form of the disease is visceral
leishmaniasis. A study conducted in the northwest part of the
Islamic Republic of Iran reported a strong association between
rising temperatures and growing populations of carrier sandflies
(Oshaghi et al. 2009). A study from Tunisia showed that large
numbers of Mediterranean visceral leishmaniasis (MVL) cases
tend to be preceded two years earlier by a particularly rainy season
(Ben-Ahmed et al. 2009). Increased rates of MVL transmission in
the canine reservoir following the rainy season could explain the
delayed increase in the incidence of human cases.
Schistosomiasis, or bilharzia, is transmitted by snails and is
found in North Africa, the Islamic Republic of Iran, Iraq, Saudi
Arabia, and Yemen. Schistosomiasis is expected to be affected by
temperature changes, although in a non-linear way (Mangal et al.
2008). Mangal et al (2008) found that the burden of infection within
infected people increases by more than tenfold as mean ambient
temperatures rise to 30°C; mean temperatures above 30°C could
cause the mortality of snail hosts, however, potentially limiting
further transmission. This means that increased temperatures could
result in increased morbidity and mortality for infected people
rather than an increased prevalence of infection.

4.4.3.2 Food and Water-Borne Diseases
53

This region includes Bahrain, the Islamic Republic of Iran, Jordan, Kuwait, Lebanon,
Libya, Oman, Qatar, Saudi Arabia, Syria, Tunisia, and the United Arab Emirates. Note
that it excludes Djibouti, Egypt, Iraq, Morocco, and Yemen. Malaria endemicity in
Djibouti, Iraq, and Yemen is currently relatively high.

The prevalence of food-borne diseases such as salmonella and
Escherichia coli, and water-borne diseases such as cholera, dysentery, and typhoid fever, is expected to be affected by changing
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temperature and rainfall patterns. Outbreaks of cholera, for
example, have followed seasonal patterns in the last three decades,
with the effect being stronger at latitudes further away from the
Equator (Emch et al. 2008). Cholera outbreaks correlate with high
temperatures and can follow extreme weather events that disrupt
water supplies (e.g., drought and flooding). In recent years, cholera has caused deaths in Iraq, the Islamic Republic of Iran, and
Yemen (WHO 2013b).
The incidence of diarrheal disease among children is high in
parts of the MENA region where warm weather, inadequate access
to drinking water, poor sanitation, and poverty collide (Kolahi et
al. 2010). Kolstad and Johansson (2011) projected increased rates
of diarrheal diseases as a result of climatic changes in the A1B
scenario. The relative risk of diarrheal disease (compared to a
1961–1990 baseline) is expected to increase in North Africa by
6–14 percent for the period 2010–39, and by 16–38 percent for the
period 2070–99, and by 6–15 percent in the Middle East for the
period 2010–2039, and 17–41 percent for the period 2070–2099.

increased hospital admissions in the Israeli cities of Tel Aviv and
Haifa (Novikov et al. 2012; Portnov et al. 2011).
Increased rates of heat stress under climate change can affect
labor productivity. Kjellstrom et al. (2009) noted that, in densely
populated cities of the world that already experience very high
maximum temperatures and are projected to experience the
greatest increases under climate change (including some densely
populated cites in the MENA region), heavy outdoor work (e.g.,
in agriculture and construction) will become more challenging
and may take a heavier toll on the health of workers.
According to the Climate Vulnerability Monitor produced
by the Spanish nonprofit organization DARA, the proportion of
the workforce expected to be particularly affected between 2010
and 2030 by reduced productivity under the A2 scenario ranges
between 10–20 percent in North Africa, as well as in Israel, Jordan,
Lebanon, Syria, the Islamic Republic of Iran, and Iraq. For the
countries of the Arabian Peninsula, the proportion is projected to
be higher—ranging from 15–40 percent (DARA 2012).

4.4.3.3 Impacts of Extreme Heat Events

4.4.3.4 Synthesis

The MENA region is already characterized by very high summer
temperatures, making the populations of the region highly susceptible
to further temperature increases (Habib et al. 2010; Lelieveld et al.
2012). Giannakopoulos et al. (2013) assessed changes in levels of
thermal discomfort as indicated by the humidex, an index used to
express the temperature perceived by people. The number of days
characterized by high thermal discomfort (humidex > 38°C) in
the base period of 1961–1990 is approximately 100 days in North
Africa and the eastern and southern parts of the Arabian Peninsula. For 2040–2069 under the SRES A1B warming scenario, this
is projected to increase by approximately 35 days in North Africa
and by 70 days in the Arabian Peninsula.
High temperatures can cause several medical conditions,
including heat stress, heat exhaustion, and heat stroke, with the
elderly, young children, and people with existing medical conditions most vulnerable to heat-related mortality. Novikov et al.
(2012) reported that the number of emergency hospital admissions
in Tel Aviv increases by 1.47 percent per 1°C increase in ambient
temperature. Regression modeling has further found extreme high
temperatures to be linked to increased mortality rates in Tel Aviv
(Leone et al. 2013; Peretz et al. 2012), Tunis (Leone et al. 2013),
and Beirut (El-Zein et al. 2004). Peretz et al. (2012) reported an
increase in mortality of 3.72 percent for every one unit increase in
the human thermal discomfort index (that involves temperature
and relative humidity as both additive and multiplicative factors)
above a discomfort threshold of 29.3.
There are also indications that extreme heat events may have
an indirect effect on health by worsening air pollution, which can
aggravate respiratory illnesses (Markandya and Chiabai 2009).
Together with increased temperatures, elevated concentrations of
sulfur dioxide and particulate matter have been associated with

Several studies exist that investigate how various climatic changes
affect transmission of vector-borne disease. These studies tend to
be location-specific, however, which might prevent generalization
at a broader scale. Emch et al. (2008) show a relatively strong
observed correlation between cholera outbreaks, elevated temperatures, and contaminated water supply; this appears to point
to a substantial risk to the MENA region under climate change.
A strong correlation is also apparent between extreme heat and
increased mortality rates, although further research on future
patterns of heat-related illness, as well as on the indirect effects
of extreme heat, is needed. Likewise, there is evidence in the literature to suggest that the region will face greater health burdens
associated with air pollution; this, however, refers to the effect of
anthropogenic emissions on atmospheric composition and does not
include the effect of climatic change on air pollution. As pointed
out by Lieleveld et al. (2013), further work linking projections
of atmospheric composition to climate simulations is required.

4.4.4 Migration and Security
Mobility as an integral part of people’s livelihoods allows for
diversification and the securing of income (Gemenne 2011).
Migration, in the form of pastoral nomadism, has long been a
part of traditional lifestyles in MENA and the Sahelian adjacent
territories in the south (Brücker et al. 2012; Fritz 2010). Nomads
and their livestock have for thousands of years been cyclically
migrating to places where they could find sufficient fodder and
water (Nijeri Njiru 2012). Moreover, migration has always been
a human response to climatic hazards. Migration, in the context
of climate change, happens as soon as the physical, economic,
social, or political security of a population decreases and no other
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Figure 4.20: Push factors as interrelated drivers for migration and determinants for decision making.
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Source: Adapted from Foresight (2011), p. 33.

resources can be mobilized to adapt to the new conditions. Some
scholars therefore consider migration as a last resort (Laczko
and Piguet 2014; Warner et al. 2010, 2008), while others debate
whether migration should be considered a successful adaptation
strategy or a failure to adapt (Bardsley and Hugo 2010; Fritz 2010;
Gemenne 2013; Luecke 2011; Tacoli 2009).
The goal of a migratory movement is to reach a higher level of
physical, economic, social, or political security, which can bring new
opportunities and resilience (Black, Bennett et al. 2011; Scheffran et al.
2011). An improvement in living conditions is not always achieved,
however, due to new physical, economic, and social vulnerabilities
encountered en-route or at the point of destination (Warner et al. 2010).
Conceptual studies on migration as a response to climate change
and the relationship of climate and violent conflict are abundant.
Practical studies, especially those providing numbers, are however
scarce (Gemenne 2011). The EACH-FOR studies, a series of local
qualitative household surveys investigating the motivation to
migrate in Egypt, Morocco, and the Western Sahara (Afifi 2009;
Gila et al. 2009; Hamza et al. 2009) appear to be among the only
comprehensive studies on migration and climate change. Wodon
et al. (2013) also conducted household interviews in five Arab
countries on migration, climate change, and related topics. Other
studies are mostly based on documentary research54 and do not
provide original findings.

The research challenges include a general lack of disaggregated data on drivers of migration and conflict as well as very
divergent projections for the future. Even though the occurrence
of migration and conflict spatially overlaps with vulnerability to
climate change, this does not necessarily indicate a topical correlation. Moreover, environmental migrants, environmental refugees,
climate migrants, and climate refugees (as they are referred to in
the literature) are not officially recognized as refugees55 by the
United Nations High Commissioner for Refugees (UNHCR). This
is a possible explanation for why there is little available data on
climate-change-related migration.

4.4.4.1 Climate Change and Migration
in the MENA Region
Due to the interrelation of several factors and their common contribution to decisions for and against migration, it is difficult to say
whether migrants are driven by climate changes or are economically,
socially, or politically motivated (Brücker et al. 2012). Tacoli (2011)
identified demography as a further dimension (see Figure 4.20).
It is also difficult to extrapolate future migration patterns from
current patterns, because these may change with increasing temperature levels and changing socioeconomic conditions, and are also
dependent on future population growth. Projecting the nature and
magnitude of migration, especially at the local and regional levels,
is also fraught with uncertainty. Gemenne (2011) predicted that

54

The use of sources and documents from the personal, private or public domain,
such as personal papers, commercial records, state archives, legislation or speeches,
in order to categorize, investigate and interpret information relating to a topical field.
This technique of data collection is commonly used in social sciences.

55

Conditions anchored in the 1951 Geneva Convention text exclusively comprise
persecution for reasons of race, religion, nationality, membership of a particular
social group or political opinion (UNHCR 2010).
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migration options will be limited in a warmer world, that internal
migration will prevail, and that traditional patterns of mobility (e.g.,
nomadism, temporary or circular labor migration) might be disrupted.
Many people will be forced to move, but others will be forced to stay
because they lack the financial resources or social networks facilitating mobility. This indicates that climate-induced migration should be
addressed not only within the framework of climate change, but also
within other economic, cultural, technological or political conditions
that might foster or limit migration (Gemenne 2011).
Migrants from the MENA countries move internally within their
countries or across borders to neighboring countries. The internal
migration dynamic within the MENA region is rather short-distance
(Afifi 2009; Wodon et al. 2013). From past observations it is well
known that migrants in Tunisia, Algeria, and Morocco who were left
homeless after sudden climatic hazards have a high propensity to
return to their homes after a disaster (Gubert and Nordman 2010).
Slow-onset hazards that may drive migration include increasing
water scarcity, drought, desertification, and soil degradation (see
Section 4.4.2, Desertification, Salinization, and Dust Storms).
Icduygu and Sert (2011) found that rural populations in particular
migrate to nearby or larger cities once food self-sufficiency and
livelihoods are threatened. Jónsson (2010), however, found that
drought does not necessarily lead to migration.
Contrary to the situation during the 1950s and 1960s, when labor
migration from the Maghreb to Europe was prevalent (Wodon et al.
2014), today the MENA countries are a region of internal migration.
Urbanization is currently the predominant form of migration (Brücker
et al. 2012), and it adds additional pressure to urban infrastructure.
In Algeria, for example, migrants are shown to move from rural
areas to mid-sized towns rather than to large urban areas (Gubert
and Nordman 2010). This movement is partly due to slow-onset
environmental degradation, including water scarcity, soil erosion,
and desertification which threatens agricultural livelihoods in rural
Algeria (Wodon et al. 2014). However, unlike for many of its neighbors, climate change is not predicted to drastically increase migration in Algeria (Wodon et al. 2014) since the country’s agricultural
sector makes up only a small fraction of GDP (and relatively few
people are employed in this sector). As Algeria imports 45 percent
of its food, however, it is exposed to increasing global food prices,
which may eventually lead to migration if demand can no longer
be satisfied (Brown and Crawford 2009; Wodon et al. 2014).
As of 2009, a large share of the Nile Delta and Nile valley
populations had migrated from the fertile rural areas to Cairo.
This movement was mostly driven by unemployment and poverty,
which was in turn caused by land degradation and water scarcity
(Afifi, 2009). Due to high population growth, the yearly water
quota from the Nile is reported to be insufficient for the increasing population that is still using outdated and inefficient irrigation
methods (Afifi, 2009).The steady reduction in water availability
per capita in Egypt will further drive migration in the country.

For 2030, the annual water availability per capita is estimated to
be only 468 m³, whereas in the 1990s it was 1000 m³ per capita
(Wodon et al. 2014). Other major migratory patterns that have
been identified in Egypt include migration from south to north,
and migration from throughout the country to the Suez Canal
zone (Wodon et al. 2014).
There are several studies that examine the effect of sea-level
rise in Egypt and the potential impact on migration. Kumetat
(2012) found that a one meter sea-level rise could drive up to six
million migrants from the Nile delta region. The statement for this
estimate is limited, however, because a reference year is not given.
For Morocco, internal migration exceeds international migration;
similar to Egypt and Algeria, rural areas are being abandoned in
favor of cities. The principal destinations of Moroccan migrants
are cities on the Atlantic coast, which grew rapidly between 2000
and 2010 (Wodon et al. 2014). Rural livelihoods in Morocco are
more prone to climate change, especially due to a high share of
employment in agriculture. This means that, in the future, the
urbanization trend will likely continue. Water stress is already
a severe problem in the country, but it will become worse due
to high population growth (Hamza et al. 2009); this will further
influence migratory movements.
Water availability is also a serious problem in Syria, especially
for the rural population. The country experienced a drought in
2007–2008 which affected about 1.3 million Syrians (Wodon et al.
2014). As a result of the drought, 800,000 people, among them
small-scale farmers and herders, are believed to have lost their
livelihoods. As a consequence, about 40,000–60,000 households
migrated to urban areas (DREF 2009), putting enormous pressures
on local urban infrastructure (Wodon et al. 2014).
Yemen has experienced strong internal migration flows to its
fast-growing urban centers (Wodon et al. 2014). Water shortages
as a result of decreasing rainfall and resource depletion are problematic in Yemen, and average per capita water availability is low.
This has serious implications, including for an agricultural sector
that contributes 15 percent to the country’s GDP and employs over
half of the population (Wodon et al. 2014; World Bank 2013g).
Because Yemen’s population is already exposed and vulnerable to
water shortages, climate change could have a large future impact
on migration (Joseph and Wodon 2013).
According to Grant et al. (2014) in a study on the causes of
migration, migrants in Morocco and Egypt were motivated more
frequently by socioeconomic opportunities and freedom, whereas
for example Algerians, and Yemenis were motivated to migrate
as a result of inhospitable climatic conditions and frequent crop
failures. Besides agriculture, climate change will probably have
impacts on other sectors and economic branches, including energy
production, coastal infrastructure, manufacturing, and tourism
(Gubert and Nordman 2010). These impacts will also contribute
to loss of livelihoods and constitute push factors for migration.
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Figure 4.21: The “Arc of Tension.”

According to Werz and Conley (2012), p.18. Migratory routes from Nigeria and Niger to the densely populated coastal areas of Morocco and Algeria are
areas that are prone to climate-change-induced hazards and suffer from weak governance and frequent conflicts.

As identified by Wodon et al. (2013) and by Werz and Conley
(2012), the MENA countries are also a popular destination and
transit region for migrants coming from Sahelian and Sub-Saharan
African countries. This Sub-Saharan in-migration and transit migration constitutes an additional population burden for the Maghreb
countries, which are themselves weakened by climate change and
weak governance (see Figure 4.21).

4.4.4.2 Climate Change, Conflict,
and the Security of Nations
The identification of climate change as a direct cause of conflict
and insecurity is challenging. To date, research has been able to
present some evidence of a statistical correlation; the underlying
causal relationship between climatic change, the occurrence of
conflicts, and insecurity has not however as yet been explicitly
explained (Gemenne et al. 2014). For this reason, this report
focuses on the studies that establish relationships between climatic
changes and conflicts.
A framework by Scheffran et al. (2011) summarizes the
climate-society interaction. Climate change puts pressure on
natural resources, which in return can have adverse impacts
for human security. Elements which make up human security
include access to water, food, energy, transportation, health,
and livelihoods, as well as education, lifestyle, and community.
Where these aspects of human security are no longer guaranteed,
possible consequences include societal instability (both violent
and non-violent conflicts).

There is common consensus among the research community
that climate change functions as a “threat multiplier” (Center
for Naval Analysis 2007), amplifying such preexisting threats as
political instability, high levels of poverty, unemployment, and
other factors. This implies that conflict-proneness and sensitivity
to climate change through adaptation failure derive from institutional fragility and poor governance (Smith and Vivekananda
2012). Gemenne et al. (2014) suggest extending the focus in this
research field, so that not only risks and threats, but also factors
of peace and cooperation, capabilities, and the power of institutions, are taken into account.
Sterzel et al. (2013) showed the relationship between the
vulnerability profiles of small dryland farms (composed of environmental scarcities, resource overuse, and poverty-related factors)
and the occurrence of violent conflicts. They stated that it is the
extent of resource overuse that determines conflict proneness
under conditions of intermediate resource availability; they found
that poverty is the crucial factor when resource availability is
either very poor or rather good (Sterzel et al. 2013). Competition
over scarce resources, such as land and water, may constitute a
considerable threat to security, and may even foster conflicts,
especially when freeriding56 occurs (Brown and Crawford 2009;

56

Taking advantage of a commonly shared resource by intensifying individual use
beyond one’s own fair share, while other resource users respect a fair allocation.
This may lead to overexploitation of the collective resource.
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Osman-Elasha 2010). In Yemen, water scarcity has led to conflicts
over water wells (Hoffman and Werz 2013).
Water scarcity in the MENA region will increasingly constitute a problem for the population—and, in particular, for those
engaged in agriculture. The problem will be exacerbated in the
Maghreb region by natural population growth in combination
with in-migration, and, in the Mashrek region (e.g. in Iraq), by
weak institutions together with poor resource management (Maas
and Fritzsche 2012; Sowers et al. 2011; Wodon et al. 2014). These
findings are consistent with a study on Sub-Saharan Africa by
Burke et al. (2009), who found the variation in precipitation and
temperature affecting the agricultural performance to be the major
mechanism linking global warming and conflict in Africa; they
concluded that global warming increases the risk of civil war.
Studies from the peace research community disagree. Drought,
in particular, is thought to be unlikely to cause civil war (Theisen
et al. 2011), even though the authors admit that climate events
may cause poverty (which in turn can lead to conflict). Additionally, a multivariate regression analysis revealed that countries that
experience climatic disasters are less likely to experience civil war
(Slettebak 2012).
Studies linking climate change to conflict are somewhat
contradictory. From an econometric perspective, and based on
historical data, Bergholt and Lujala (2012) argue that while certain
types of climate-related disasters may be serious threats for the
economy of the affected countries, this still does not necessarily increase the risk of armed conflict. By reanalyzing the data
of Burke et al. (2009), Buhaug (2010) attempted to show that
weather or climate patterns do not increase the risk of civil war
in Sub-Saharan Africa. This study was criticized by Hsiang and
Meng (2014), however, for incorrect and insufficient statistical
testing. Another recent study by Hsiang et al. (2013) extended
the analysis of temperature influence to types of violence (e.g.
violent crime, domestic crime, and murder). The authors found
that even small changes from the mean climate toward warmer
temperatures or more extreme rainfall increases the frequency
of interpersonal violence by four percent and the frequency of
intergroup conflict by 14 percent in median estimates. This study
was criticized among the scientific community for not being comprehensive enough and ignoring important controversial findings
from previous studies (e.g., Buhaug 2014). Most recently, Selby
and Hoffmann (2014) reversed the mainstream thought on water
scarcity, state failures, and under-development and introduced
a model of environment-conflict relations focusing on resource
abundance, globally embedded processes of state-building, and
development. They suggested that violent conflict can also emerge
from water abundance accompanied by inefficient management
and state-directed processes of economic development as well as
from internal colonization. However, this model is only applied
to investigate links between water issues and conflict and does
not take into account other kinds of climatic issues.

In brief, the scientific discourse shows that this emerging field
of scientific inquiry has not yet succeeded in establishing a consensus on primary causes, mechanisms, links, and interventions
between climate change and conflicts and insecurity (Gemenne et
al. 2014). Adger et al. (2014) concluded that it is not yet possible
to make confident statements about the present or for the future
as to how changes in climate may affect armed conflict. This is
due to the absence of commonly supported theories and a lack
of evidence about causality. In the following section, the Arab
Spring serves as case study to illustrate the possible implications
of climate change on national security in the MENA region.

4.4.4.3 A Possible Link between Climate
Change and the Arab Spring?
Finding a possible link between climate change and the Arab
spring, with its series of violent events, seems far-fetched. Indeed,
a more global view has to be taken in order to make the causal
links between climate patterns and the Arab Spring visible. Original
empirical evidence is provided by Lagi et al. (2011) and Sternberg
(2011, 2012), who attribute the outbreak of violence in Egypt not
only to political instability, unemployment, and poverty but also
to a food crisis induced by extreme climatic conditions and market
mechanisms. Lagi et al. (2011) found this link by analyzing the
timing of protests and global food price peaks (see Figure 4.22).
Sternberg (2012) quantified the drought in China’s eastern wheat
belt in late 2010 and early 2011, and displayed China’s and Egypt’s
reaction to this drought and to the world price for wheat. Both Lagi
et al. (2011) and Sternberg (2012) argue that these rather-indirect
causes of the Arab Spring have received only little attention. Both
provide studies with original empirical evidence, in contrast to
research produced by several policy-related institutions, which is
often based on documentary review (Femia and Werrell 2013; e.g.
Johnstone and Mazo 2011, 2013).
Egypt has high population growth rates (World Bank 2013h).
Being a largely arid country, Egypt is not able to meet domestic
food demand without importing wheat on a large scale. This
dependency on wheat imports exposes the country to commodity
price fluctuations and variability in commodity supplies on the
world market. Generally, food expenditures in Egypt are at about
38 percent of income (Sternberg 2012). It is important to note that
Egypt’s unemployment and poverty rates are relatively high, with
unemployment at nine percent as of 2010 (World Bank 2013i) and
15.5 percent of the population living on less than $2 per day (as
of 2008—World Bank 2013j). Bread subsidies help to stabilize the
social order in Egypt, with the government spending three percent
of the country’s GDP on wheat subsidies (Sternberg 2013).
Drought conditions in eastern China in late 2010 and early 2011
lead to a reduction in the winter wheat harvest (Lagi et al. 2011).
Sternberg (2012) estimates the shortfall at 10 million tons of wheat,
or approximately 10 percent of annual wheat production. Earlier
in the same year, Russia and Ukraine also experienced drought
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Figure 4.22: Food prices and conflict.

Time dependence of the FAO Food Price Index (Jan. 2004–May 2011). Red dashed lines mark the beginning dates of “food riots” and protests in the MENA
region. Numbers in () show overall death tolls. The blue dashed line marks the day (12/13/2010) when Lagi et al. (2011) warned the U.S. government of
the link between food prices, social unrest, and political instability. Inset: FAO Food Price Index 1990–2011. Source: Lagi et al. (2011), p. 3.

conditions; meanwhile, heavy rainfall in Canada and Australia led
to poor wheat harvests (Sternberg 2012) and decreases in wheat
production.57 In 2011, this drop in supply lead to an increase in the
world market price for wheat, a commodity for which 18 percent
of the total global harvest is slated for export (Sternberg 2012).
China, a country with a high population growth rate, saw
the need to secure its domestic wheat demand. While China’s
wheat production was reduced by only 0.5 percent, the country’s
wheat consumption increased by 1.68 percent (Sternberg 2013).
Consequently, China made a large-scale wheat purchase from the
world market. Russia levied an export ban on wheat due to its
domestic shortage, decreasing imports to Egypt by five percent
(Sternberg 2012). Johnstone and Mazo (2013) report that Egypt
received only 1.6 million tons of wheat from Russia in the second
half of 2010 as compared to 2.8 million tons in the same period
in the previous year. These reductions in global supply lead to
further increases in commodity prices.
The climatic events (droughts and floods), together with
global market forces, were contributing factors to high wheat
prices in Egypt and affected the price of bread. As Egypt had not
yet fully recovered from its 2008 food price crisis (Johnstone and

57

Wheat production in 2010 was down 32.7 percent in Russia, 19.3 percent in
Ukraine, 13.7 percent in Canada, and 8.7 percent in Australia (Sternberg, 2011, 2013).

Mazo 2013), and as food became unaffordable for the population
again in 2011, social conflicts developed (Sternberg 2013). While
partly the result of economic and political instability, conflicts
were also due to discontent with the food supply situation as, at
the time, 50 percent of the population relied on ration cards and
the country’s bread subsidy system was fraught with corruption
(Johnstone and Mazo 2013). Johnstone and Mazo (2013) report
similar linkages between food prices and social unrest in Algeria,
with a correlation between unemployment and high food prices
for sugar, oil, and other staples.
In high income countries such as Israel or the United Arab
Emirates, by contrast, a relatively low percentage of income is
spent on food and early stabilization of domestic food prices was
been successful. These countries were spared from protests and
social conflicts during the same time period (Sternberg 2013). It
must be noted, however, that some Gulf monarchies purchased or
leased agricultural land from highly volatile nations and regions,
such as Ethiopia, Sudan, and countries in South Asia to meet their
domestic demand (ILC et al. 2014; Spiess, 2012). This is in line
with the conclusions of Gemenne et al. (2014) and Adger et al.
(2014) that a government response to price and scarcity signals
is necessary to manage access to resources and markets. Lagi et
al. (2011) suggest that the food price is crucial for nations’ social
stability, and that persistently high food prices might result in a
global increase in social disruptions.
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Figure 4.23: Aggregated FAO Food Price Index and its sub-indices.

The Food Price Index score in January 2011, when the Egyptian crisis broke out (black dashed line), was 238. This is particularly due to the high Sugar
Price and Oils Price Indices, together weighted with 0.207, which is about one-fifth of the Food Price Index. The low Meat Price Index pulled it downward,
constituting one third of the Food Price Index. Data taken from FAO (2014c). Weight data from FAO (2014a).

Even though the link between the drought in China, harsh
climatic conditions in other countries, and social conflicts in Egypt
is plausible, it is not directly verifiable (Sternberg 2012). These findings should therefore be treated with caution. In addition, there is
no evidence so far that the late 2010 and early 2011 drought events
in China and Eurasia can be attributed to climate change. Attention
should be given to the methodologies of the two major studies
scrutinized in this chapter. Whereas Sternberg (2011, 2012 and
2013) used the world market price for wheat in his analysis, Lagi
et al. (2011) used the FAO Food Price Index, which is a composite
index of five differently weighted sub-indices (FAO 2014a). Since
wheat was identified as the critical commodity in the Egyptian
food crisis (Sternberg 2012), results based on the aggregated Food
Price Index by Lagi et al. (2011) seem somewhat biased, as wheat
is only represented in the Cereals Price Index along with rice and
maize, while the Meat Price Index is the sub-index with the greatest influence on the Food Price Index (Figure 4.23). This suggests
that the results by Lagi et al. (2011) are less confident than those
of Sternberg (2012)—and that the conclusion on the relationship
between FAO Price Index and the Egyptian food crisis, by Lagi et
al. 2011, should be treated carefully.
In summary, it can be said that countries with well-established
institutions have the capacity to build high levels of resilience and
to respond to climatic changes, extreme events, and other shocks
such as climate-related increases in food prices over time. Countries

and institutions weakened by crisis or war have limited capacity to
build resilience and, as a consequence, have less capacity to cope
with and adapt to climate change. The case of the Arab Spring
indicates that climate-related extremes and market mechanisms
together may have serious implications for food security. Findings
on the link between climate change, human security, and conflict
are in agreement with recent IPCC analyses on human security
(Adger et al. 2014).

4.4.5 Coastal Infrastructure and Tourism
Globally, human populations, as well as agricultural, industrial,
and other economic activity, tend to be concentrated in coastal
zones. Historically this has been amplified in MENA countries,
where coastal cities and agricultural areas have been particularly
important due to the aridity of inland regions (Verner 2012). The
population of MENA’s coastal cities was approximately 60 million in 2010, with the number expected to reach 100 million by
2030 (World Bank 2011b). In Morocco, for example, more than
60 percent of the population and over 90 percent of industry is
located in key coastal cities (Snoussi et al. 2009).
As coastal populations and assets in coastal areas continue
to grow, exposure to impacts associated with sea-level rise is also
increasing. This is particularly true as populations expand into
low-lying areas, and as wetlands and other ecosystem protections
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against floods are removed (World Bank 2011b). One study has
estimated that annual global flood losses are expected to increase
from $5 billion in 2005 to $52 billion by 2050 due to socioeconomic
changes alone (Hallegatte et al. 2013). Climate change and coastal
subsidence will exacerbate this growing vulnerability.

4.4.5.1 Types of Physical Impacts
The key impacts of climate change in coastal zones, and in rapidly
growing urban areas in particular, are expected to include inundation resulting from slow onset sea-level rise, floods, damage
caused by extreme events (including storms and storm surges),
and increased erosion (Brecht et al. 2012; Hunt and Watkiss 2011).
Several MENA countries are highly exposed to sea-levelrise-related inundation due to their low-lying topographies. One
study found that with one meter of sea-level rise, Qatar could lose
2.7 percent of its total land area and Egypt would lose 13.1 percent of its agricultural area (Dasgupta et al. 2009). In terms of
the percentage of urban area lost to one meter of sea-level rise,
Egypt (5.52 percent), Libya (5.39 percent), the United Arab Emirates (4.8 percent), and Tunisia (4.5 percent) were all found to be
highly vulnerable (Dasgupta et al. 2009).
Global comparative studies have identified Egypt’s Nile Delta
coastline as one of the most vulnerable areas to sea-level rise
(Dasgupta et al. 2009; Syvitski et al. 2009). Sea-level rise impacts
in the Nile Delta will be exacerbated by land subsidence, especially
in the eastern part of the delta, and by extensive landscape modifications resulting from both coastal modification and changes in
the Nile’s hydrogeology (Frihy and El-Sayed 2013; El Sayed et al.
2010; Wöppelmann et al. 2013).
A study in Abu Dhabi found that, in the absence of adaptation measures, a 2-meter sea-level rise would inundate 15.9 percent of Abu Dhabi’s urban area, increasing to 39.6 percent for
a 3-meter sea-level rise (Ksiksi et al. 2012). The study estimates
that 20 percent of Abu Dhabi’s total land area would be inundated
by a 2-meter sea-level rise, and 30 percent by a 3-meter sea-level
rise (Ksiksi et al. 2012).
Apart from direct inundation, sea-level rise is expected to have
serious impacts in terms of saltwater intrusion, the salinization
of groundwater, rising water tables, and impeded soil drainage
(Hunt and Watkiss 2011; Werner and Simmons 2009). These
effects can reach inland for several kilometers following relatively
small increases in sea level (Werner and Simmons 2009) (see Section 4.4.2, Salinization).
Saltwater intrusion into coastal aquifers has been documented
across MENA, including in Tunisia, Egypt, and Israel (Kashef
1983; Kerrou et al. 2010; Kouzana et al. 2009; Yechieli et al. 2010).
The principal causes of observed saltwater intrusion have been
identified as the over-extraction of water for supplementary irrigation and reductions in the recharge of aquifers. These factors
are likely to remain immediate challenges, although they will be

aggravated by the effects of sea-level rise (Kouzana et al. 2009;
Zarhloule et al. 2009).

4.4.5.2 Impacts of Sea-Level Rise
and Storms on Coastal Areas
Several global studies have noted that while regions such as Asia
and Sub-Saharan Africa tend to be more vulnerable in terms of the
total population exposed to the impacts of sea-level rise, MENA
countries tend to be more vulnerable in terms of the percentage
of population at risk (Dasgupta et al. 2011; Dasgupta et al. 2009;
Ghoneim 2009; Nicholls et al. 2011).
In terms of the percentage of population exposed to a 1-meter
sea-level rise, Dasgupta et al. (2009) identified three MENA countries
among the ten most vulnerable in the world: Egypt (9.28 percent),
Tunisia (4.89 percent), and the United Arab Emirates (4.59 percent).
One study of Africa suggested that, in the absence of adaptation,
1.97 million people in Egypt could be affected by a sea-level rise
of 0.54 m and 1.82 million people in Morocco could be affected by
a sea-level rise of 0.44 m with 2.6°C global warming compared to
1990 levels (Brown et al. 2011) (Table 4.7). Another study identified
Egypt, Tunisia, Morocco, and Libya as among the most vulnerable
African countries in terms of total population affected by sea-level
rise under scenarios of 0.42–1.26 meters in sea-level rise by 2100,
assuming no adaptation (Hinkel et al. 2012).
In terms of the GDP impact of a 1-meter sea-level rise, Egypt
(6.44 percent) and Tunisia (2.93 percent) were also in the top
ten countries globally (Dasgupta et al. 2009). In the absence of
adaptation, the annual economic impact of sea-level rise in 2100
under the A1B scenario with 2.6°C global warming compared to
1990 has been calculated at $6.55 billion for Algeria, $6.52 billion
for Egypt, $5.52 billion for Morocco, $3.46 billion for Tunisia,
and $1.76 billion for Libya (Brown et al. 2011). Table 4.7 shows
the corresponding sea-level rise and the economic impacts with
different global warming scenarios.
Another study considered a 1.26-meter sea-level rise in the
absence of adaptation and calculated Egypt’s annual losses at
$5 billion per year, while the annual losses for Tunisia, Morocco,
and Libya were estimated at less than $500 million per year (Hinkel
et al. 2012). When the effects of adaptation were included in the
projections, Tunisia, Morocco, and Libya were no longer among
the most vulnerable countries and Egypt’s ranking had fallen
from first to third (Hinkel et al. 2012). This indicates that for most
North African countries adaptation could be effective at reducing
vulnerability to sea-level rise.
Another expected consequence of climate change is a greater
intensity of storms (Knutson et al. 2010). Coupled with higher sea
levels, more intense storms are likely to result in more powerful
storm surges.
One study has calculated that under a 1-meter sea-level rise
and a 10 percent increase in storm intensity, 50 percent or more
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Table 4.7: Damage and people affected by sea-level rise.
TOTAL
COSTS OF
RESIDUAL
DAMAGE
(MILLIONS $/YR)

LAND LOSS
DUE TO
SUBMERGENCE
(KM²/YR)

NET LAND
LOSS DUE
TO EROSION
(KM²/YR)

PEOPLE
FLOODED
(THOUSANDS/YR)

RELATIVE
SEA-LEVEL
CHANGE
SINCE 1995
(M)

SEA
FLOOD
COSTS
(MILLIONS
$/YR)

35.2

0.17

328.1

B1
Algeria
Djibouti

328.1

0

0

0

9.5

0.15

174.5

Egypt

2,134.5

38.6

0.79

927.6

0.25

1,482.9

Libya

186.7

3.2

0.31

3.7

0.21

167.1

1,195.7

0

0.07

47.1

0.16

1,178.0

722.8

0

0.36

17.0

0.20

710.3

Morocco
Tunisia

174.5

0

A1B
Algeria

6,546.6

7.1

0

435.4

0.46

916.7

Djibouti

232.0

0.3

0

85.5

0.42

213.6

Egypt

6,518.5

19.4

1.4

1970.3

0.54

3,482.5

Libya

1,756.8

16.1

0.8

39.4

0.50

477.6

Morocco

5,524.3

14.5

0.4

1820.2

0.44

3,388.3

Tunisia

3,459.7

73.3

0.8

263.9

0.49

1,798.1

Algeria

5,238.0

21.7

0

708.1

1.06

1,454.8

Djibouti

295.4

2.0

0

92.4

0.99

237.4

Egypt

12,476.3

43.6

2.9

3600.7

1.14

5,362.4

Libya

1,325.0

12.8

1.9

131.2

1.11

745.2

Morocco

5,886.5

4.8

1.1

2078.9

1.04

4,001.3

Tunisia

4,541.0

17.8

1.7

802.8

1.09

2,375.0

A1F1

Numbers are for 2100 without adaptation in six MENA countries under SRES B1, A1B and A1F1 with global warming of 1°C, 2.6°C and 6.1°C relative to
1990, respectively. Source: extracted from (Brown et al. 2011).

Box 4.3: The Nile Delta
For Egypt, and assuming no adaptation, annual damages have been projected in the range of $5 billion by 2100 for a 1.26-meter sea-level rise
(Hinkel et al. 2012) and $14.8 billion by 2100 under the A1B scenario (Brown et al. 2009). Dasgupta et al. (2009), meanwhile, projected losses of
25 percent of the Nile Delta’s land area, affecting 10.5 percent of the population and 6.4 percent of GDP with a 1-meter sea-level rise (Dasgupta,
Laplante, Meisner et al. 2009). Another study estimated the value of assets exposed to a 0.5-meter sea-level rise by 2070 at $563 billion in the city
of Alexandria alone (Hanson et al. 2011).
The Nile Delta, however, has an extensive history of coastal defense that dates back to the construction of the Mohamed Ali Sea Wall in 1830. Modern
defensive works and other infrastructure, including the International Coastal Road, provide further protection against flooding (Frihy and El-Sayed 2013).
Studies by Egypt’s Coastal Research Institute concluded that, under the A1F1 scenario, 14.4 percent of the Nile Delta would be at risk from
inundation by 2100; this fell to three percent when taking into account the value of the Mohamed Ali Sea Wall (EEAA 2010). Another study found
that, although 22.5–29.2 percent of the area was vulnerable to inundation depending on the sea-level rise scenario and assuming no adaptation,
much of that impact would fall on undeveloped lands and wetlands, with built-up land accounting for less than five percent of the impact (Table 4.8)
(Hassaan and Abdrabo 2013).
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Table 4.8: Results for three scenarios of sea-level rise in the Nile Delta assuming no adaptation.
INUNDATED DELTA AREA

%

BUILT
LAND

CULTIVATED
LAND

UNDEVELOPED
LAND AND
WETLANDS

4,006

22.5

4.4%

42%

53.6%

1.85 m

7,336

42.2

3.8%

60.7%

35.5%

2.45 m

8,769

49.2

3.7%

64%

32.3%

PROJECTED
RELATIVE SLR

KM2

A1F1

1.04 m

Rahmstorf
Pfeffer

SCENARIO

DISTRIBUTION OF INUNDATION IMPACT

Source: Extracted from Hassaan and Abdrabo (2013).

of the coastal population in Kuwait, Djibouti, the United Arab
Emirates, and Yemen will be at greater risk from storm surges
(Dasgupta et al. 2011). The effects of climate change would leave
2.7 million more people in Alexandria and 1.2 million more people
in Aden exposed to storm surges (Dasgupta et al. 2011). The same
study calculated that, for the MENA region, storm intensification
would cause additional annual losses to GDP of $12.7 billion by
2100, with exposure particularly high in Kuwait, the United Arab
Emirates, Morocco, and Yemen (Dasgupta et al. 2011).
Dasgupta et al. (2011) considered only the local effects of
sea-level rise in developing their projections. But the MENA
region benefits from being bordered by semi-enclosed bodies of
water,58 and only those MENA nations exposed directly to the
Indian Ocean (e.g., Yemen, Oman, and Djibouti) are regularly
exposed to tropical storms, while the west coast of Morocco is
exposed to Atlantic storms (Becker et al. 2013; Knapp et al. 2010).
This could mean that their projections for MENA countries other
than Djibouti and Yemen are less conservative than they might
otherwise appear.
Urban growth in coastal areas means that, even in the absence
of sea-level rise, increasing losses and damages can be expected
due to higher concentrations of people and assets exposed to flooding. By separating socioeconomic drivers of vulnerability from the
effects of sea-level rise, a study of 136 coastal cities59 identified
Alexandria, Benghazi, and Algiers as particularly vulnerable to
0.20.4 m sea-level rise by 2050 (Hallegatte et al. 2013). The study
estimates that, in the event of a failure of flood defenses, the effects
of 0.2 m sea-level rise would increase damages from $16.5 billion
to $50.5 billion in Alexandria, from $1.2 billion to $2 billion in
Benghazi, and from $0.3 billion to $0.4 billion in Algiers. Annual
losses would increase to $58 billion, $2.7 billion, and $0.6 billion with 0.4 m sea-level rise for these three cities respectively. A
study for the city of Tunis found that a 0.2-meter sea-level rise,

with assumptions for expected coastal urbanization by 2030 and
increases in both storm frequency and the extent of the coastline
at high risk of erosion, could lead to adaptation costs of $12 million per year (Ennesser et al. 2010).
In Morocco, Snoussi et al. (2009) showed that significant
potential land and infrastructure losses would result from a relative
0.86-meter sea-level rise by 2100 for the city of Tangiers. These
potential losses included 36 percent of roads, 79.2 percent of
railways, 99.9 percent of port infrastructure, 90.8 percent of water
diversion canals, 63.4 percent of the city’s industrial zone, and
34.8 percent of the city’s high density urban area, largely due to
the increased area at risk from storm surges (Snoussi et al. 2009).

4.4.5.3 Impacts on Coastal Tourism
Egypt, Morocco, Tunisia, Jordan, Lebanon, and Syria have developed
tourism services aimed at the international market (Safa and Hilmi
2012). In 2006, international visitor spending contributed more
than 10 percent of GDP to the economies of Morocco, Bahrain,
Lebanon, and Jordan, and more than five percent to the economies
of Egypt, Tunisia, and Syria (Gössling et al. 2009). In addition
to beach tourism, cultural tourism has been highly important in
Jordan and Egypt in particular, and religious tourism has played
a key role in Saudi Arabia (Khattabi 2009; Safa and Hilmi 2012).
Many MENA countries also have well-developed domestic beach
tourism, with domestic tourists visiting the relatively cool coastal
areas during the hot summer months.
Tourism infrastructure in coastal areas (e.g., hotels and marinas) and tourism assets (e.g., protected areas) are vulnerable
to sea-level rise, although few specific assessments have been
conducted for the MENA region (see Box 4.4 for the example of
Morocco). Comparison of slow-onset sea-level rise and shocks
to tourism demand have, however, indicated that short-term
shocks resulting from fluctuations in tourist demand60 have a

58

The Mediterranean Sea, Red Sea, and Arabian Gulf are all semi-enclosed seas.
Including Alexandria, Beirut, Benghazi, Tel Aviv, Kuwait City, Dubai, Jeddah,
and Rabat.
59

60
Tourist demand relates to demand in tourism destination choices and tourist
demand for recreational activities, hotels, restaurants, and related expenditures.
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Box 4.4: Impacts of Climate Change on Tourism in Morocco
In Morocco, different studies have explored the complex interlinkages between coastal development, climate vulnerabilities, and tourism. During the
peak summer months, the population of Morocco’s Mediterranean area doubles from eight to 16 percent of the national population; this has driven
rapid coastal urbanization (Anfuso et al. 2011). Urbanization has contributed to the increased erosion of Morocco’s sandy beaches, thereby increasing
vulnerability to coastal flooding (Ahizoun et al. 2009; Anfuso et al. 2011). Ambitious plans to expand coastal tourism in Morocco could exacerbate coastal
vulnerabilities by increasing the amount of exposed assets and as coastal modifications weaken the coast’s natural defenses (Anfuso et al. 2011).
Snoussi et al. (2009) found that 99.9 percent of sandy beaches and 84.5 percent of tourism infrastructure in Tangiers would be lost to an 0.86-meter
sea-level rise by 2100. Snoussi et al. (2008) projected that for the area between Saidia and Ras el Ma, 50 percent of sandy beaches would be eroded by
2050 under a 0.39-meter sea-level rise and 70 percent by 2100 for a scenario of a 0.86-meter sea-level rise, with consequent impacts on tourism.
Other studies in Morocco have shown that climate change impacts on water supply and demand are likely to increase competition for water
between tourism and other uses, which may ultimately affect the economic performance of specific tourism services (Tekken et al. 2009, 2013;
Tekken and Kropp 2012). This is a particular issue in the context of growing luxury tourism, which requires high water demand for golf courses,
swimming pools, and other leisure facilities (Tekken et al. 2013; Zarhloule et al. 2009). Together, these factors could contribute to a structural water
deficit, requiring policy, planning, and investment to manage (Tekken and Kropp 2012).

larger economic impact than slow onset changes, particularly in
developing countries (Bigano et al. 2008).
Beach tourism services are also vulnerable to other aspects
of climate change, including temperature increases and changes
in water and energy supplies (Gössling et al. 2012; Moreno and
Amelung 2009; Perch-Nielsen 2010; Scott et al. 2011). A multicriteria analysis of the vulnerability of beach tourism in 51 countries
found that, of the MENA destinations, Egypt and Saudi Arabia are
moderate to highly vulnerable to climate change and that Morocco
and Israel are low to moderately vulnerable (Perch-Nielsen 2010).
Some studies modeling the impact of climate change on international tourism have found overall reductions in international
tourism, with tourist preferences shifting to higher latitudes and
altitudes. One study found that a 1°C temperature rise by 2025
would result in declines of 10–25 percent in international arrivals
across the MENA region (Hamilton et al. 2005). Another study
projected a reduction in tourism demand of eight percent under
the A1B scenario by 2050 (Bigano et al. 2008). However, these
models do not necessarily capture the seasonal dynamics of tourism markets, and reductions in summer months may be matched
by increases in spring and autumn arrivals (Amengual et al. 2014;
Giannakopoulos et al. 2013).
Coastal tourism in the MENA region may also experience
indirect impacts of climate change through pathways such as
biodiversity loss and ocean acidification (Rodrigues et al. 2013). Of
particular concern are the potential impacts of ocean acidification
and warming on coral reefs, which provide ecosystem services
valuable to tourism in MENA countries, especially Egypt (HoeghGuldberg et al. 2007). Perceptions of poor ecological health can
create additional vulnerabilities for tourism operators and reduce
the economic value of ecosystems to tourism (Marshall et al. 2011).
These assessments have raised concerns regarding the
viability of tourism as a central economic strategy in developing

countries under conditions of climate change (Gössling et al.
2009). Developing countries that invest in tourism infrastructure
are dependent on future tourist numbers, whilst tourists are
able to make short-term decisions each season in response to
warmer conditions. However, a pleasant climate is just one draw
for tourists, who can also be drawn to a location by its culture,
proximity, safety, standards, level of service, and the cost of food
and accommodations (Gössling et al. 2012). Overall, the effects of
climate change on tourism are likely to be small in comparison
to changes induced by population and economic growth and/
or conflict and political stability (Gössling et al. 2012; Hamilton
et al. 2005; Safa and Hilmi 2012).

4.4.6 Energy Systems
Energy access is a key requirement for development. Many economic
activities depend on ample and reliable electricity access (Akpan et
al. 2013); similarly, at the individual and household level, electricity access enables income-generating activities, increases safety,
and contributes to human development (Deichmann et al. 2011).
In the Middle East and North Africa, almost all of the population
has access to electricity in both rural and urban areas. However, in
several countries (notably Yemen, Morocco, Tunisia, and Algeria)
electricity consumption per capita remains low compared to other
nations in the region (see Table 4.9) (World Bank 2013l).
Climate change impacts are projected to affect electricity
production and distribution both globally and within the region
(Sieber 2013), and MENA countries will have to increase or at least
maintain electricity production at current levels in order to support
economic development and population growth. In general, three
types of climate-change-related stressors could potentially affect
thermal power and hydropower generation: (1) increased air temperatures that reduce thermal conversion efficiency; (2) decreased
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water availability (and increased temperatures) for cooling; and
(3) extreme weather events (Han et al. 2009; Sieber 2013). Indeed,
extreme weather events and climate change affect not only power
plants but also the grid systems and overall reliability of electricity production; this may contribute to an increase in the price of
electricity and could even lead to power outages (Ward 2013). In
this context, thermal electricity and hydroelectricity are projected
to be the most vulnerable electricity sources.

4.4.6.1 Energy Mix
The MENA countries are heavily dependent on thermal electric
sources for electricity production. The main characteristics of
these thermoelectric sources, including natural gas, coal, oil,
and nuclear, is the use of a cooling system to ensure the safe
transformation of heat produced by the combustion of fuels into

electricity. A much smaller fraction of the electricity consumed in
the MENA region is generated by hydroelectric plants, which are
also vulnerable to the impacts of climate change as river runoff
is projected to be modified, with a more pronounced seasonality
and an overall decrease in water volume expected (Evans 2008,
2009). Table 4.9 displays the percentage of electricity production
by source and the total electricity power consumption per capita
in the different MENA countries.
With the exception of Yemen, close to 100 percent of the
population of the MENA region has access to electricity. In Yemen,
only about 40 percent of the population had access in 2011 (World
Bank 2013k), which is particularly low compared to the other
countries of the region. Electricity production capacity in Yemen
could progressively increase according to the increasing electricity demand in the country. Taking into account demographic and
socioeconomic development trends, it is projected that demand for

Table 4.9: Electricity production from hydroelectric and thermoelectric sources, including natural gas, oil, coal, and nuclear in 2011.

COUNTRY NAME
United Arab Emirates
Bahrain

ELECTRICITY POWER
CONSUMPTION
(kWh PER CAPITA)

ELECTRICITY PRODUCTION
FROM HYDROELECTRIC
SOURCES (% OF TOTAL)

ELECTRICITY PRODUCTION FROM
THERMOELECTRIC SOURCES
(% OF TOTAL)

9,389

0

100

10,018

0

100

Djibouti

–

–

–

Algeria

1,090

1.0

99.0

Egypt, Arab Rep.

1,743

8.3

91.8

Iran, Islamic Rep.

2,649

5.0

95.0

Iraq

1,343

7.6

92.4

Israel

6,926

0

100

Jordan

2,289

0.4

99.5

Kuwait

16,122

0

100

Lebanon

3,499

4.9

95.1

Libya

3,926

0

100

826

7.5

92.5

Oman

6,292

0

100

Qatar

15,755

0

100

Saudi Arabia

8,161

0

100

Syrian Arab Republic

1,715

8.0

92.0

Tunisia

1,297

0.3

997

–

–

–

193

0

100

Morocco

West Bank and Gaza
Yemen, Rep.
Data sources: World Bank (2013e, f; g; h; i; j).
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electricity in the Middle East is going to increase from 822 TWh to
2010 TWh in 2030 (Granit and Löfgren 2010). In order to meet this
increased demand for electricity, it is estimated that the countries
of the region may have to invest approximately $4 trillion (Granit
and Löfgren 2010).
MENA countries depend on both hydroelectricity and thermal
electricity for their power needs. With a projected change in water
availability, notably induced by a projected overall decrease in
precipitation and river runoff and/or increased seasonality due
to climate change impacts, thermal electricity plant cooling systems may become less efficient and electricity production could
therefore be affected (Mika 2013; Sieber 2013). A similar threat
can be observed for hydroelectric power generation, for which a
change in water availability is also projected to affect electricity
generation (Hamududu and Killingtveit 2012).

4.4.6.2 Climate Change and Energy Production
There appears to be a lack of studies specifically quantifying,
at the regional level, the impacts of climate change on thermoelectricity generation in the MENA region. However, drawing
upon the conclusions of studies assessing the impacts of climate
change on energy systems at the global level or in other regions
provides qualitative and quantitative indications regarding the
potential effects of climate change on electricity generation in
the MENA region.

Thermal Electric Generation
Assessment of the impacts of climate change on thermal electric
generation in the Middle East and North Africa are lacking. However,
these impacts have been studied for European countries and the
United States; they provide qualitative and quantitative indications for potential climate change impacts. A study by van Vliet et
al. (2012) took into account the effects of changes in river water
temperature and river flows on thermal electricity production. The
study evaluated these impacts under the IPCC SRES A2 and B1
scenarios for the 2040s (2031–2060) and 2080s (2071–2100).61 They
found that the capacity of nuclear and fossil-fueled power plants
could decrease by 6–19 percent in Europe and by 4–16 percent in
the United States during the period 2031–2060 (2040s) compared
to the production levels observed from 1971–2000. Furthermore,
due to the increased incidence of droughts and extremely low river
flows, the mean number of days during which electricity production will be reduced by more than 90 percent was projected to be
multiplied by three compared to present level, from 0.5 day per
year to 1.5 days per year in Europe, and from 0.8 days to 1.3 days
per year in the US, both from 2031–2060 in the A2 scenario.

61
The SRES A2 scenario corresponds to a temperature increase of 3.2°C and 1.5°C
above pre-industrial levels in 2080 and 2040, respectively. The SRES B1 scenario
corresponds to temperature increases of 2.3°C and 1.4°C above pre-industrial levels
in 2080 and 2040, respectively. The following three models—ECHAM5/MPIOM,
CNRM-CM3 and IPSL-CM4—were used.

As a substantial share of the electricity produced in the MENA
region originates from thermal electric sources, the findings of
the study by van Vliet et al (2012) give relevant insights into the
potential exposure of the sector. According to studies such as those
from Bozkurt and Sen (2013) and Kaniewski et al. (2012), MENA
could similarly be exposed to reduced river runoff, increased seasonality, and increased water temperatures, which are the main
biophysical drivers impacting electricity generation in the regions
studied by van Vliet et al. (2012).
As climate change impacts thermal electric production, the
vulnerability of power generation in all the MENA countries is
high. In addition, it is projected that economic development and a
growing population in the region will increase energy demand (EIA
2013). In addition to increased energy demand induced by socioeconomic development, climate change is projected to decrease the
production of thermal electric power plants in other regions—the
countries in the MENA region could also be put under increasing
pressure, contributing to a rise in electricity prices and a risk of
electricity shortages in the absence of any adaptation measures.

Hydropower
Hydropower plays a minor role in electricity production in the
MENA region. Some countries, such as Iraq (7.6 percent of the
total electricity produced), Egypt (8.3 percent), Morocco (7.5 percent), and Syria (8.0 percent), generate more than five percent
of their electricity from hydroelectric sources (see Table 4.9 for
more details). In this regard, it is therefore also prudent to examine hydroelectric production in the MENA region in the context
of climate change.
The core resource for hydroelectricity is river runoff, which
needs to be stable (both inter- and intra-annually) in order for
hydropower plants to operate most efficiently (Hamududu and
Killingtveit 2012; Mukheibir 2013). According to the projections
for river runoff and water availability in the MENA region under
climate change (see Section 4.4.1 The Agriculture-Water-Food
Security Nexus), river runoff is projected to decrease and rainfall
seasonality to increase across all scenarios in the coming decades
(Bozkurt and Sen 2013; Kaniewski et al. 2012).
A global study by Hamududu and Killingtveit (2012) assembled
12 different climate models62 to project future rates of river runoff
and, therewith, to project the electricity produced by hydroelectric
plants both at the national level and aggregated at the regional
level. Applying the scenario IPCC SRES A1B, which corresponds
to a 2.3°C increase by the middle of the 21st century (compared
to pre-industrial levels), the authors estimated changes in hydropower generation across the region. For North Africa, they found
that production would decrease by 0.08TWh (or –0.48 percent)

62
The models used were CGHR, ECHOG, FGOALS, GFCM20, GFCM21, GIEH, HADCM3,
HADGEM, MIHR, MPEH5, MRCGCM, and NCCCSM.
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compared to 2005 production levels. For the Middle East,63 which
in the study also includes Central Asian countries, production was
projected to decrease by 1.66TWh (or –1.43 percent).
The results of the study by Hamududu and Killingtveit (2012)
need to be interpreted with care, however, as the authors highlighted two key limitations to their projections. First, the study
did not take into account changes in the timing of flows (just
annual river flow). Therefore, the potential impacts of floods and
droughts, which have very significant impacts on hydroelectricity
generation and are projected to occur more frequently and with a
greater intensity in the coming decades, is not taken into account
(Bozkurt and Sen 2013; Kaniewski et al. 2012). Second, changes
in river runoff were calculated at the country level and not at the
river basin level. This simplification does not reflect potential
spatial variability and changes occurring over short distances.
Furthermore, in the Middle East and North Africa, surface water
is projected to be significantly affected by changes in precipitation
and decreases in snow coverage at high altitudes (Abdulla et al.
2008; Samuels et al. 2010) (see Section 4.4.1, The AgricultureWater-Food Security Nexus). River runoff is therefore projected to
decrease or be subject to large fluctuations, which could decrease
hydropower supply and reliability.

4.4.6.3 Climate Change and Energy Demand
As global mean temperatures and the occurrence and intensity of
heat extremes are projected to increase under climate change (see
Section 4.3, Regional Patterns of Climate Change), the demand
for air conditioning is also expected to rise (Cozzi and Gül 2013).
At the global level, Isaac and van Vuuren (2009) modeled the
projected demand of cooling as measured in cooling degree days
(accumulated daily temperatures above 18°C). For this simulation, the TIMER/IMAGE model was used under an emissions
scenario in which temperatures increase by 3.7°C by the end of
the century. They estimated that by 2100 the number of cooling
degree days will rise from 12,800 during the period 1971–1991 to
19,451 in 2100; this corresponds to a 51.9 percent increase compared to the baseline period. For the same interval, demand for
heating (measured in heating degree days) is projected to remain
almost constant.
The International Energy Agency (Cozzi and Gül 2013) estimates that demand for space cooling in the MENA region could
increase by seven percent (or 1450 cooling degree days) in 2035
and by 11 percent in 2050 compared to the 2005 energy demand
for space cooling in the residential sector. These projections are
made using the IEA World Energy Model, under the New Policies
63

Armenia, Azerbaijan, Bahrain, Cyprus, Georgia, Iran, Iraq, Israel, Jordan, Kuwait,
Lebanon, Oman, Qatar, Saudi Arabia, Syria, Turkey, the United Arab Emirates, and
Yemen.

Scenarios which correspond to a 2°C temperature increase by 2050
(and 3°C by the end of the century) compared to pre-industrial
levels. Demand for space heating in the MENA region is projected
to remain marginal (Cozzi and Gül 2013).

4.4.6.4 Synthesis
Based on the current energy mix in the Middle East and North
Africa, and the projected impacts of climate change on the region,
it is difficult to reach a robust conclusion regarding the projected
vulnerability of the region’s energy systems. Whether defining
vulnerability as the predisposition to being adversely affected
by the impacts of climate change (IPCC 2012) or as a function of
the system’s sensitivity, exposure, and adaptive capacity (IPCC
2007), it appears that the MENA countries are vulnerable to differing extents.
Some countries in the region have a very high economic
capacity (GDP per capita) that could support the implementation of adaptive measures, whereas others, such as Yemen, have
a weak economic and technical capacity that would not allow
them to anticipate and cope with the projected impacts of climate
change on energy systems. In this context, the vulnerability of
the region should not be regarded as homogeneous, but rather
heterogeneous and wideranging. Furthermore, the MENA countries have one of the highest wind and solar energy potentials in
the world (OECD 2013). Exploiting this wind and solar potential
would strongly help these countries, enabling them to decrease
the vulnerability of their existing energy systems to the projected
impacts of climate change (OECD 2013). This would also increase
electricity production, which is important as demand in the
majority of the countries is expected to increase steeply in coming decades due to demographic and economic development as
well as to the increasing need for space cooling as temperatures
rise (Cozzi and Gül 2013).

4.5 Regional Development Narratives
The following implications of climate change are discussed in
this section in order to relate climate change impacts to existing
and future vulnerabilities in the MENA region: (1) the implications for agriculture, water resources, and food security; (2) the
implications for human health and thermal discomfort; and
(3) the implications for migration, security, and urban areas. It is
important to note that each development narratives presents only
one of the many possible ways in which climate change can put
key development trajectories at risk. Table 4.10 summarizes the
key climate change impacts under different warming levels in the
Middle East and North Africa region and Figure 4.24 summarizes
the key sub-regional impacts.
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Figure 4.24: Sub-regional risks for development in the Middle East and Northern Africa under 4°C warming in 2100 compared to
pre-industrial temperatures.
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Maghreb

Mashrek and Eastern Parts

Arabian Peninsula

Strong warming reduction in annual
precipitation, increased water stress and
reduced agricultural productivity. Large
coastal cities exposed to sea level rise.

Highly unusual heat and decrease in annual
precipitation will increase aridity, decrease
in snow water storage and river runoff for
example in Jordon, Euphrates and Tigris.
Adverse consequences for mostly rain-fed
agricultural and food production.

Highly unusual heat extremes in central
Arabian Peninsula. In southern parts
relative increase in annual precipitation, but
uncertain trend of annual precipitation in
central part. Sea level rise in the Arabian
Sea likely higher than in Mediterranean
and Atlantic coasts with risk of storm
surges and adverse consequences for
infrastructure.

Climate change risks will have severe
implications on farmers’ livelihoods, country
economy, and food security. Exposure of
critical coastal assets would have impact
on the economy, including tourism. There is
risk for accelerated migration flows to urban
areas and social conflict.

Climate change risks will have severe
implications on farmers’ livelihoods, country
economy, and food security. There is a risk
for accelerated migration flows to urban
areas and social conflict.

More heat extremes expected to increase
thermal discomfort, posing risk to labor
productivity and health.

Data sources: Center for International Earth Science Information Network, Columbia University; United Nations Food and Agriculture Programme; and Centro Internacional
de Agricultura Tropical—(2005). Gridded Population of the World, Version 3 (GPWv3): Population Count Grid. Palisades, NY: NASA Socioeconomic Data and Applications
Center (SEDAC). This map was reproduced by the Map Design Unit of The World Bank. The boundaries, colors, denominations and any other information shown on this
map do not imply, on the part of The World Bank Group, any judgment on the legal status of any territory, or any endorsement or acceptance of such boundaries.

4.5.1 Changing Precipitation Patterns and an
Increase in Extreme Heat Pose High Risks to
Agricultural Production and Regional Food
Security
Farmers in the MENA region have traditionally coped with harsh
climatic conditions, and climate change adds to the existing challenges. Most agricultural activities in MENA take place in the
semi-arid climate zones close to the coast or in the highlands,

where rainfall, and thus water availability, are predicted to decline
most strongly. Rainfall is low and water is scarce, while potential
evapotranspiration is high due to high temperatures. Increases
in average temperatures and in the frequency of heat waves will
represent an additional stressor for agricultural systems.
As agriculture employs more than one third of the MENA
population and contributes 13 percent to the region’s GDP, climate
change impacts have important implications for farmers’ livelihoods, national economies, and food security. In addition, as MENA
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countries are heavy food importers, the region also indirectly suffers
from climate change impacts in distant food-producing regions.
Some countries (e.g. Egypt, Syria, and Iraq) strongly depend, for
their water supply and food security, on precipitation in upstream
countries situated in different climatic zones.
Climate impacts in the region are likely to be highly unevenly
distributed, with the poor being most affected by both the direct
effects of a dwindling resource base and the market effects of
productivity shocks in remote agricultural regions. Yield reductions
and increased food import dependency may affect everyone, but
urban populations are particularly vulnerable to rising food prices,
while poor farmers in rural areas are particularly vulnerable to
hunger and malnutrition as a direct consequence of yield losses.
The sector most vulnerable to negative climate change impacts
is rain-fed agriculture that represents an important source of
livelihood for rural populations across MENA. Rain-fed agriculture accounts for 70 percent of the farmed land and representing
the main occupation and source of income for rural populations
(particularly in marginal areas). The prevalence of poverty is
extensive among highland farmers because of poor infrastructure
and the degradation of natural resources; among small farmers in
dryland farming systems because of low rainfall and weak market
linkages; and among small herders in pastoral farming systems
for the same reasons (Dixon et al. 2001).
In the context of increasing climate change impacts, farmers in
rain-fed areas with moderate poverty are at risk of extreme poverty
without extensive off-farm income opportunities. Yet poverty in
the first place results from lack of access to resources, including
inequitable sharing of water, food, and energy resources. Land
management practices are often inefficient and many policies
favor urban populations and the supply of cheap food instead of
supporting rural development (Dixon et al. 2001).
MENA countries have traditionally invested in irrigation as a
way to improve the performance of the agriculture sector. Irrigation was introduced to complement rainfall and to increase and
stabilize production. About 25 percent of the agricultural land is
irrigated, using on average 85 percent of water resources in the
region while offering a substantial contribution to incomes and
employment. Countries throughout the region have also focused
on infrastructural investments to increase irrigation water supply.
Further mobilization of water resources will become increasingly
difficult, however, because of constraints on water availability. While
there is still some room in the region to increase water supplies
through the exploitation of both conventional and unconventional
water resources (e.g. desalination), the extent of this increase will
be more limited than in the past. Thus, regional agriculture will
be confronted with mounting water restrictions in favor of other
sectors because of the generally relatively low net returns when
compared to other water uses.

Climate change will further reduce the availability of water
for irrigation. Making the most of the limited available water
in irrigated agriculture can contribute to achieving the goals of
improving the rural economy. Increasing water productivity in
irrigated agriculture, in its broadest sense of yielding more (in
physical and economic terms) with the same amount or less water,
will be important to any solution to the region’s water scarcity
problem. Indeed, it is generally accepted that the efficiency of the
irrigation sector in the region is suboptimal.
Management of the water-agriculture nexus in the MENA region
still has a strong supply-side bias. In particular, large-scale and
centralized supply-side measures are seen as solutions to the growing demand-supply gap. There is less emphasis on more diverse,
distributed, decentralized, and small-scale solutions which would
increase flexibility, diversity, and resilience to climate change and
other pressures (Folke 2003; Sowers et al. 2011).
Large increases in world food prices do not automatically
lead to increased poverty for low-income groups, as households
may adjust their consumption. Thus, even in the low-productivity
scenario examined by Hertel et al. (2010), an increase in world
prices for staple grains by more than 30 percent raised the cost of
living at the poverty line by just 6.3 percent. Nonetheless, relatively
small increases of this kind would in particular affect urban poor
households dependent on wage labor income.
Child malnutrition levels could be affected if food production
and poor people’s livelihoods are affected, or if food prices rise
sharply. Child malnutrition levels are already high in parts of the
Middle East and North Africa, with 18 percent of the region’s children under age five stunted (UNICEF 2013); the rates are higher
in some countries (notably Yemen). Evidence from previous food
price shocks suggests that child malnutrition levels would be at
risk. For example, the prevalence of stunting in children under age
five rose in Egypt from 23 percent in 2000 and 2005 to 29 percent
in 2008 (UNICEF 2013). This increase may be attributable to the
global food crisis in 2007 (Marcus et al. 2011), itself partially driven
by weather-related factors.

4.5.2 Heat Extremes Will Pose a Significant
Challenge for Public Health Across the Region
The number of days with exceptional high temperatures is expected
to increase in several capital cities in the MENA region which can
cause heat-related illnesses, including heat stress, heat exhaustion,
and heat stroke. This is a particular risk for people with chronic
diseases, those who are overweight, pregnant women, children,
the elderly, and people engaged in outdoor manual labor (Bartlett
2008; IPCC 2014c; Kjellstrom and McMichael 2013). Conditions
for workers in the construction industry in the region are already
very tough today, with workers reported to suffer from heat
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exhaustion and dehydration. Measures to limit working hours
during peak heat periods, such as those implemented by Qatar
(Verner, 2012), may become increasingly necessary, with implications for productivity. Thermal discomfort is expected to increase,
in particular in southern parts of the Arabian Peninsula. Thermal
discomfort will challenge people’s health, especially in densely
populated large cities (because of urban heat island effects) that
already experience high maximum temperatures. Heat stress is
likely to be worse for the urban poor who cannot afford cooling and may also lack access to electricity (Satterthwaite et al.
2007), as in Yemen, for example, where only about 40 percent
of the population has access to electricity. Changes in climatic
factors could also affect the incidence of malaria in the MENA
region because malaria distribution and seasonal occurrence is
linked to temperature, elevation, humidity, and rainfall. Malaria
endemicity is low in North Africa and the Middle East, with cases
reported in Iran, Iraq, and Saudi Arabia and prevalent in Djibouti
and Yemen. Poor children under age five are at greatest risk of
mortality from malaria and other vector-borne diseases (Costello
et al. 2009; WHO 2009).

4.5.3 Climate Change Might Act as a Threat
Multiplier for the Security Situation
Climate change might act as a threat multipler for the security
situation in the MENA region by imposing additional pressure on
already scarce resources and by reinforcing pre-existing threats
connected to migration following forced displacement.

4.5.3.1 Migration
Rising temperatures and the risk of drought seriously affect rural
livelihoods, possibly leading to increasing migration flows in the
future. However, whilst many people will be forced to move, others will be forced to stay because they lack the financial resources
or social networks that facilitate mobility. This indicates that
climate-induced migration should be addressed not only within
the framework of climate change, but also within other economic,
cultural, technological or political conditions that might foster or
limit migration (Gemenne 2011).
Evidence of migration flows as a response to climate change
is scarce. The EACH-FOR studies, a series of local qualitative
household surveys investigating the motivation to migrate in
Egypt, Morocco, and Western Sahara (Afifi, 2009, Hamza et al.
2009; Gila et al. 2009) appear to be among the only comprehensive
studies on migration and climate change in the MENA region.
Wodon et al. (2013) also conducted household interviews in five
Arab countries on migration, climate change, and related topics.
Within the MENA region, most migration is internal. Urbanization is the predominant migration pattern, and more than 80 percent

of the population is currently living in urban areas in Bahrain,
Israel, Jordan, Kuwait, Lebanon, Qatar, Saudi Arabia, and United
Arab Emirates (UN-DESA 2014). As rural livelihoods are more
affected by climate change, especially where a high proportion of
the population is employed in agriculture, the urbanization trend
will likely continue. In Algeria, for example, migrants move from
rural areas to mid-sized towns (Gubert and Nordman 2010).This
movement is partly due to slow-onset environmental degradation, including water scarcity, soil erosion, and desertification,
which threatens agricultural livelihoods in rural Algeria (Wodon
et al. 2014).
Several studies bring attention to the quality of housing in
urban centers and the capacity of urban infrastructure to accommodate an increasing population. Migrants to urban areas often
live in marginal land with poor infrastructure, liable to flooding
or on unstable slopes, and this at great risk from extreme events.
The migrants are likely to be poor, face health risks related to
low-income urban environments (e.g., overcrowding, poor water
quality, poor sanitation). Such areas are also typically at higher risk
of crime (Black et al. 2012; Hugo 2011). In some areas, migrants
also face discrimination based on their ethnicity, making it harder
for them to access services and find employment, with the risk that
poor migrant children may have more limited access to education
than other local children (Marcus et al. 2011). The urban poor
have also been shown to be the worst hit by rising food prices;
this poses a particular risk to the MENA region. MENA is likely
to be exposed to the complex challenges of rising urbanization
rates and mounting direct and indirect pressures on its resource
base while simultaneously developing a higher vulnerability to
global food prices.
Social ties play an important role in finding employment and
housing in migration destinations. Migrants, especially those coming
from rural areas, are often disadvantaged since they usually have
less education and lower language capabilities (e.g., not speaking
both French and Arabic in Morocco). Furthermore, many migrants
live in overcrowded apartments and in slums. Lack of permanent
access to electricity for cooling in the night can lead to loss of
sleep and lower productivity during the day.
If current migration patterns continue, the majority of migrants
are likely to be men migrating without their families, at least
initially. Women left behind in rural areas may thus face more
intensive workloads in agriculture, domestic work, and the management of scarce water supplies (Verner, 2012). If rural women
taking on new roles do not have the skills to generate productive
livelihoods, as a result of discriminatory social norms and limited
education opportunities, then they are at risk of falling into poverty.
Promoting gender equity, by tackling both discriminatory norms
and inequalities in access to resources, is thus a vital component
in climate-change adaptation strategies (Verner, 2012).

157

9099_CH04.pdf 157

11/17/14 6:06 PM

TUR N DO W N T HE HE AT: CONF R ONT I N G THE NE W CLI MATE NO R MAL

4.5.3.2 Security
Climate change might act as a threat multiplier for the security
situation in the MENA region by placing additional pressures
on already scarce resources and by reinforcing such preexisting
threats as political instability, poverty, and unemployment. This
creates the potential for social uprising and violent conflict. Due
to food imports and international migration, MENA is increasingly vulnerable to climate change impacts in other parts of the
continent and the world.
For example, the literature described how droughts in China,
Russia, and Ukraine, and heavy rainfall in Australia and Canada,
combined with market mechanisms to contribute to high bread
prices in Egypt in 2011 (Lagi et al. 2011; Sternberg 2013). The
studies contend that this, together with a previous food crisis in
2008, the country’s weak bread subsidy system, and an already
unstable food supply situation, made the country more vulnerable
to world market prices and reductions in wheat imports.
Transit migration places an additional external pressure on
scarce resources in MENA. The Maghreb countries in particular

serve as receiving and transit countries for Sahelian and other
Sub-Saharan African migrants who leave their home countries
due to poverty, conflicts, and environmental degradation (see
Section 4.4.4, Migration and Security).
Building resilience and institutional capacity is crucial in order
to react and adapt to climatic changes, extreme weather events, or
shocks such as climate-variability-related increases in food prices.
Institutions weakened by conflicts or crises have a lower capacity
to build resilience to climatic changes and extreme events. Further
research is needed to investigate the strength of links between
long-term climate change, instead of single climatologic hazards,
to migration and social unrest.
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Heat
Extremes

25%–33% of land
2–5% of land area

Absent

Unprecedented
Heat Extremes

Abadan, Iran: 43 days
Amman, Jordan: 31 days
Baghdad, Iraq: 47 days
Damascus, Syria: 36 days
Jerusalem: 26 days
Riyadh, Saudi Arabia:
81 days
Tehran, Iran: 48 days
Tripoli, Libya: 13 days 3
30 and 40 days in a
year with high maximum
temperatures in the
Mediterranean Basin and
the Sahara respectively4

2.2°C

AROUND 1.5°C
(≈2030s)

5% of land area

Abadan, Iran: 6 days
Amman, Jordan: 4 days
Baghdad, Iraq: 8 days
Damascus, Syria: 1 day
Jerusalem: 7 days
Riyadh, Saudi Arabia:
3 days
Tehran, Iran: 5 days
Tripoli, Libya: 3 days2

1.5°C

AROUND 1°C
(≈2010s)

Highly unusual
Heat Extremes

Heat Waves

Regional Warming (summer
temperatures) 1

RISK/IMPACT

OBSERVED
VULNERABILITY
OR CHANGE

5–10% of land area, only
present in some isolated
coastal regions in Egypt,
Republic of Yemen,
Djibouti, and Oman

30% of land area5

Abadan, Iran: 82 days
Amman, Jordan: 62 days
Baghdad, Iraq: 90 days
Damascus, Syria: 71 days
Jerusalem: 46 days
Riyadh, Saudi Arabia:
132 days
Tehran, Iran: 92 days
Tripoli, Libya: 22 days3

2.5°C
Parts of inland Algeria,
Libya, and large parts of
Egypt warm by 3°C
Warming over the Sahel is
more moderate (2°C)

AROUND 2.0°C
(≈2040s)
4.5°C

AROUND 3.0°C
(≈2060s)

65% of land area by
2071–2099, 80% of land
area by 2100

Almost all summer months

Abadan, Iran: 134 days
Amman, Jordan: 115 days
Baghdad, Iraq: 162 days
Damascus, Syria:
129 days
Jerusalem: 102 days
Riyadh, Saudi Arabia:
202 days
Tehran, Iran: 159 days
Tripoli, Libya: 59 days3
150 and 210 days in
a year with maximum
temperatures in the
Mediterranean Basin and
the Sahara respectively,
with hotspots in the
Maghreb, Iran and Yemen

7.5°C
Mean summer
temperatures of up to 8°C
warmer in parts of Algeria
Warming over the Sahel is
more moderate (5°C)

AROUND 4°C
AND ABOVE
(≈2080s)

Table 4.10: Synthesis table of climate change impacts in MENA under different warming levels. The impacts reported in several impact studies were classified into
different warming levels (see Section 6.4, Warming Level Attribution and Classification).

4.6 Synthesis Table—Middle East and North Africa
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< 0.1 months per year
with moderate drought7
Regional hotspots
of drought exposure
(i.e. 7 out of 100,000
inhabitants exposed to
drought)8

No change in extreme
precipitation13
No change in return
values of baseline
precipitation maxima14

69% of land area is
hyper-arid, 13% arid,
7% semi-arid, and 2%
sub-humid16

Extreme Precipitation

Aridity

OBSERVED
VULNERABILITY
OR CHANGE

Drought

Winter

Precipitation Summer and
Annual

RISK/IMPACT

Table 4.10: Continued.
AROUND 1°C
(≈2010s)

No change in MNA region,
~5% increase in Iran13
No change in return values
of baseline precipitation
maxima14
10% increase in maximum
5-day precipitation15

Increase in length of
the longest period of
consecutive dry days by
10 days in the Sahara
and by 5 days in the
Mediterranean9

< 0.5 months per year with
moderate drought7

AROUND 1.5°C
(≈2030s)

71% of land area is hyperarid and reduction in arid,
semi-arid and sub-humid
areas16

10% increase in maximum
5-day precipitation15

No change for North
Africa, 10–20% increases
in Arabian Peninsula and
Iran13
No change for North
Africa, 10–15 years for the
Arab Peninsula, and Iran.14

~1.5 months per year with
moderate drought7
Increase in length of
the longest period of
consecutive dry days by
10 days in the Sahara
and by 15 days in the
Mediterranean
Little change on the Arab
Peninsula, and reduction
in future droughts for the
Maghreb states and the
Middle East10
Number of rainy days
decrease in the Middle
East11

74% of land area is hyperarid (5% increase) and
reduction in arid, semi-arid
and sub-humid areas

~ 20% increase in
maximum 5-day
precipitation15

No change in North
Africa, 10–20% increase
in Arabian Peninsula and
Iran, and >50% increase in
the Republic of Yemen13
10 years for North Africa
and the Arabian Peninsula,
7–10 for the Islamic
Republic of Iran and the
Republic of Yemen14

6 months per year with
moderate drought7
Increase in length of
the longest period of
consecutive dry days by
15 days in the Sahara
and by 20 days in the
Mediterranean
20% increase in days
under drought conditions
for the MNA region, too
little data for the Arab
Peninsula, and > 60%
increase for Morocco and
the Middle East12

Drier in the eastern part of
the Sahel.

Drier in the eastern part of
the Sahel.

AROUND 4°C
AND ABOVE
(≈2080s)
Increase south of 25°N6,
decrease by up to 40%, in
parts of area north of 25°N.

AROUND 3.0°C
(≈2060s)

Increase (50% more rain)
south of 25°N6, decrease
by 20–40%, in parts of
area north of 25°N.

AROUND 2.0°C
(≈2040s)

161

9099_CH04.pdf 161

11/17/14 6:07 PM

Crop Areas
and Food
Production

Crop Growing
Areas

Groundwater
Recharge

Snow

Runoff

65–89% of land critically
sensitive in Egypt,
39% in Algeria, 28%
in Morocco, 0–22% in
Iran, and 28% in Iraq18
83% of land in Oman
with decreasing
biomass trend between
1986–200919

Desertification

Water
Availability

Sea level changes
during the 20th century:
rise of 1.1–1.3 mm/yr17

Sea-level Rise Above
Present (1985–2005)

RISK/IMPACT

OBSERVED
VULNERABILITY
OR CHANGE
< 0.1m

AROUND 1°C
(≈2010s)
Mediterranean Sea,
Atlantic Ocean: 0.20m
–0.57m;
Arabian Sea: 0.22m
–0.64m; maximum rate
of rise between 6.4mm/yr
and 7.8mm/yr

AROUND 1.5°C
(≈2030s)

Decrease of over 170,000
km² viable rain-fed
agricultural land over Israel,
Lebanon, Syrian Arab
Republic, Iraq, and Iran at
a significance level of 0.927

Decrease of over 8,500
km² in viable rain-fed
agriculture; land over Israel,
Lebanon, Syrian Arab
Republic, Iraq, and Iran at
a significance level of 0.9 27

reduction in discharge
exceeding 45% in parts of
the region
87% reduction in
snow water equivalent
in Euphrates/Tigris
headwaters25
14–44% reduction in the
West Bank and 21–51%
reduction for temperatures
above 4°C

77–85% reduction in
snow water equivalent
in Euphrates/Tigris
headwaters25

25–55% decrease
in eastern Anatolian
mountains (headwaters
of Euphrates and Tigris
rivers)25

16% of Africa’s grassland
become desert21 and 23%
of Africa’s desert become
grassland22

7% to 37% reduction in
the West Bank26

55% reduction in
snow water equivalent
in Euphrates/Tigris
headwaters25

Mediterranean Sea,
Atlantic Ocean: 0.38m
–0.96m
Arabian Sea: 0.44m
–1.04m in 2081–2100,
maximum of 1.24m in
2100; maximum rate of
rise between 20mm/yr to
21.4mm/yr

AROUND 4°C
AND ABOVE
(≈2080s)

Strong increase of more arid ecosystems, higher risk of
desertification in North Africa and the Western Mashrek20

AROUND 3.0°C
(≈2060s)

17% reduction in mean daily runoff for the tributaries of
the Jordan River23
reduction in discharge exceeding 15% in parts of the region
Decrease in runoff with 10–50% likelihood in Maghreb24

AROUND 2.0°C
(≈2040s)
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Yields

RISK/IMPACT
3.8% reduction in
the southwestern
Mediterranean and 10.1%
reduction in the southeast
Mediterranean28

3.4% reduction in
the southwestern
Mediterranean and 4.9%
reduction in the southeast
Mediterranean 28
10–50% reduction in
wheat yields in Tunisia29
1% reduction in wheat
yields, 3% reduction in
maize yields, and 5%
reduction in rice yields in
West Asia30

Growing
Period

Shortening of the wheat
growing period by 10 days
in Tunisia.34

Shortening of the wheat
growing period by 16
days in Tunisia.34

18.5% reduction in
the southwestern
Mediterranean and 30.1%
reduction in the southeast
Mediterranean28

24% reduction in
the southwestern
and southeastern
Mediterranean28

Legumes

All Crops

1.5% reduction in
the southwestern
Mediterranean and 5.7%
reduction in the southeast
Mediterranean28

1% reduction in sugar
beet yields, 3% increase
in potatoes yields in West
Asia30
13.3% reduction in
the southwestern
Mediterranean and 4.3%
reduction in the southeast
Mediterranean28

1% increase in barley and
sorghum yields in West
Asia30

AROUND 2.0°C
(≈2040s)

AROUND 1.5°C
(≈2030s)

Tubers

AROUND 1°C
(≈2010s)

6% reduction in sunflower
yields in West Asia30

OBSERVED
VULNERABILITY
OR CHANGE

Oil Crops

Cereals

Table 4.10: Continued.
AROUND 3.0°C
(≈2060s)

Shortening of the wheat
growing period by 30 days
in Tunisia.34

26%–39% reduction in
Algeria and Morocco33

AROUND 4°C
AND ABOVE
(≈2080s)
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Human
Health

Energy
Systems

Coastal
Areas*

RISK/IMPACT

Vector-borne
Diseases

Tourism

Infrastructure
and Land

Malaria present in the
Middle East, with cases
reported in Iran, Iraq,
and Saudi Arabia. It is
prevalent in Djibouti and
Yemen42
Lymphatic filariasis
present only in Egypt’s
Nile Delta and in Yemen
Zoonotic cutaceous
leishmaniasis (ZCL)
increases in Tunisia with
changes in rainfall and
humidity43

OBSERVED
VULNERABILITY
OR CHANGE
Sea-level rise of 0.2 m
would result in damages
of $16.5–50.5 billion in
Alexandria, and of $1.2–2
billion in Benghazi35
1.8 million and 1.9 million
people affected by flooding
in Morocco and Egypt with
0.44–0.54 m sea-level
rise36

AROUND 1.5°C
(≈2030s)

50% of sandy beaches in
the area between Saidia
and Ras el Ma eroded39

AROUND 2.0°C
(≈2040s)

AROUND 3.0°C
(≈2060s)

99.9% of sandy beaches
and 84.5% of tourism
infrastructure in Tangier
lost40
70% of sandy beaches in
the area between Saidia
and Ras el Ma eroded40

$5 billion37 in damages
with 1.26 m sea-level rise
in Egypt; losses of 25%
of the Nile Delta’s land
area, 10.5% of national
population, and 6.4% of
GDP with 1m sea-level
rise38
2.1 million and 3.6 million
people affected from
flooding in Morocco and
Egypt with 1.04–1.14 m
sea-level rise36

AROUND 4°C
AND ABOVE
(≈2080s)

No overall increase in malaria incidence44

Lymphatic filariasis could
extend to include much
of the North African
coastline with a 75–100%
probability45

39–62 million more people
exposed to risk of malaria46

Capacity of nuclear and fossil-fueled power plants could decrease due to changes in river water temperature and in river flows. Mean number
of days during which electricity production is possible reduces due to the increase in incidence of droughts and extreme river low flow41

AROUND 1°C
(≈2010s)
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Thermal
Discomfort

Other Food
and Waterborne
Disease

Diarrheal
Disease

40,000 to 60,000
households migrated
to urban areas after
droughts in the Syrian
Arab Republic52

100 thermal discomfort
days in North Africa and
eastern and southern
parts of the Arabian
Peninsula50
Number of emergency
hospital admissions
in Tel Aviv increases
by 1.47% per 1°C
temperature increase51

Climate change was
estimated to be
responsible in 2000 for
approximately 2.4%
of worldwide cases of
diarrhea47

OBSERVED
VULNERABILITY
OR CHANGE
AROUND 1°C
(≈2010s)

Increase in the incidence
of morbidity associated
with food and water-borne
diseases in Beirut of
16–28%49

North Africa: Increase
by 6–14%, Middle East:
6–15%48

AROUND 1.5°C
(≈2030s)

AROUND 2.0°C
(≈2040s)

AROUND 3.0°C
(≈2060s)

Increase in the incidence
of morbidity associated
with food and water-borne
diseases in Beirut of
35–42%49

AROUND 4°C
AND ABOVE
(≈2080s)

Please note that the years indicate the decade during which warming levels are exceeded with a 50 percent or greater change (generally at start of decade) in a business-as-usual scenario (RCP8.5 scenario), and
not in mitigation scenarios limiting warming to these levels, or below; in the latter case, the year of exceeding would always be 2100 or not at all. Exceedance with a likely chance (>66 percent) generally occurs in the
second half of the decade cited. Impacts are given for warming levels irrespective of the timeframe (i.e. if a study gives impacts for 2°C warming in 2100, then the impact is given in the 2°C column). Impacts given in the
observations column do not necessarily form the baseline for future impacts. Impacts for different warming levels may originate from different studies and therefore may be based on different underlying assumptions—
meaning that the impacts are not always fully comparable (e.g., crop yields may decrease more in 3°C than 4°C because underlying the impact at 3°C warming is a study that features very strong precipitation decreases.
Moreover, this report did not systematically review observed impacts. It highlights important observed impacts for current warming but does not conduct any formal process to attribute impacts to climate change.
* Impacts of sea-level rise on coastal land, infrastructure, and tourism might have been calculated with different warming levels than reported here but have been moved to a lower warming level in the table to be
consistent with the sea-level rise reported at the top of the table. Please see Chapter 2—The Global Picture for more information on the reason for different sea-level rise projections and Section 4.4.5, Coastal
Infrastructure and Tourism for details on the individual impact studies.
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Temperature projections for the Middle East and North African land area, for the multi-model mean during the months of June, July and August.
Klok and Tank (2009).
3
Lelieveld et al. (2013). Number of days in a year when maximum temperatures are above the 90th percentile for six consecutive days or longer relative to the baseline.
Equals the WSDI index. Please note that the numbers given are multi-annual mean values (which is why values below six for the observation period are possible), whereas
Lelieveld et al. (2013) derive median values for the non-zero entries only.
4
Sillmann et al. (2013b). Warm spell duration index (WSDI, WSDI, and CSDI count the number of days in a year when TX is above the 90th percentile for six consecutive
days or longer relative to the 1961–1990 base period. The Sahara is the region spanning from 18N to 30N latitude and from 20W to 65E longitude. The Mediterranean Basin
is the region spanning from 30N to 48N latitude and from 10W to 40E longitude. See Figure 2 in Sillmann et al. (2013b).
5
On average one of the summer months (June, July or August) each year will exceed temperatures warmer than three standard deviations beyond the 1951–1980 mean.
6
Note that these relatively large percentage changes projected for regions south of 25°N occur in a region that is very dry today. Thus, the absolute changes are small.
7
Orlowsky and Seneviratne (2013). Months with Standard Precipitation Index (12 month) in a 20-year windowed analysis <–1 which indicates moderate drought. The
region studied is the Mediterranean, comprising southern Europe as well as North Africa and the Middle East. Morocco, Algeria, and Tunisia, as well as the Middle East,
appear as hotspots.
8
Physical exposure to drought, a product designed by UNEP/GRID-Europe for the Global Assessment Report on Risk Reduction (GAR). It was modeled using global data.
It is based on three sources: (1) a global monthly gridded precipitation dataset obtained from the Climatic Research Unit (University of East Anglia); (2) a GIS modeling
of global Standardized Precipitation Index based on Brad Lyon (IRI, Columbia University) methodology. (3) a population grid for the year 2010, provided by LandScanTM
Global Population Database (Oak Ridge, TN: Oak Ridge National Laboratory). Unit is expected average annual population exposed (inhabitants). This product was designed
by Pascal Peduzzi (UNEP/GRID-Geneva, ISDR). Credit: GIS processing UNEP/GRID-Europe.
9
Sillmann et al. (2013b). Increase in the CMIP5 ensemble median in 2081–2100 compared to the reference period 1981–2000. Dry days are days with precipitation of less
than one mm. The Sahara region is defined as a box stretching from 18N–30N latitude and 20W–65E longitude. The Mediterranean region is defined as a box stretching from
30N–48N latitude and 10W–40E longitude (only land grid points).
10
Dai (2012).
11
Lelieveld et al. (2013).
12
Prudhomme et al. (2013). Percentage change in the occurrence of days under drought conditions determined by the runoff deficit index (DI).
13
Kharin et al. (2013). Relative changes (percent) of 20-year return values of annual extremes of daily precipitation rates as simulated by CMIP5 models in 2081–2100.
14
Kharin et al. (2013). The multi-model median of return periods (or waiting times), in years, for late 20th century precipitation extremes as simulated by CMIP5 models
in 2081–2100 relative to 1986–2005. Changes are statistically significant at the 5-percent level for the Arab Peninsula but are not statistically significant at the 5-percent level
for North Africa.
15
Sillmann et al. (2013b). Projected changes (in percent) in annual maximum 5-day precipitation (RX5day) over the time period 2081–2100 relative to the reference period
(1981–2000).
16
See Section 4.3.5.
17
Tsimplis and Baker (2000).
18
Various authors used the MEDALUS model to quantify the vulnerability against desertification in the MNA region. The MEDALUS model integrates regional information on
vegetation, soil, climate, erosion, and management and quantifies the sensitivity of a region against desertification in four classes: critical, fragile, moderate, and non-sensitive.
19
Brinkmann et al. (2011).
20
Gao and Giorgi (2008).
21
Scheiter and Higgins (2009). Under the influence of fire.
22
Higgins and Scheiter (2012). Only potential vegetation is considered.
23
Samuels et al. (2010). For the period 2036–2060 relative to 1980–2004.
24
Gerten et al. 2013.
25
Bozkurt and Sen (2013).
26
Mizyed (2008).
27
Evans (2008). Using the 200 mm isohyet to indicate the limit of rain-fed agriculture.
28
Giannakopoulos et al. (2009). Southwest Mediterranean includes Tunisia, Algeria, and Morocco; southeast Mediterranean includes Jordan, Egypt, and Libya.
29
Mougou et al. (2010). A crop modeling study with stylized temperature (1.5°C) and precipitation scenarios (–10 percent).
30
Lobell et al. (2008). Median changes in crop yields. West Asia covers parts of the MENA region, and includes the Arabian Peninsula (except Kuwait, the United Arab
Emirates, and Qatar), Iraq, Iran, Jordan, Turkey, Georgia, Azerbaijan, and Armenia.
31
Verner and Breisinger (2013).
32
Al-Bakri et al. (2011). A crop modeling study with stylized temperature (1°C–4°C) and precipitation scenarios (+/–20 percent).
33
Schilling et al. (2012).
34
Mougou et al. (2010).
35
Hallegatte et al. (2013).
36
Brown et al. (2011).
37
Hinkel et al. (2012).
38
Dasgupta et al. (2009).
39
Snoussi et al. (2008).
40
Snoussi et al. (2009).
41
See Section 4.5.5.3.
42
WHO and EMRO (2009); WHO (2013a).
43
Toumi et al. (2012). Incidence increases by 1.8 percent with a one mm increase in rainfall lagged by 12–14 months and by 5 percent when there is a 1-percent increase
in humidity from July to September in the same epidemiologic year.
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44

Ebi (2008). Number of additional malaria cases calculated using relative risk of disease estimations from WHO Global Burden of Disease Study. The results are not directly
comparable to van Lieshout et al. (2004) as they do not take into account additional population growth and as they use different emissions scenarios and a different climate
model.
45
Slater and Michael (2012).
46
van Lieshout et al. (2004). Increases in population (in millions) exposed to risk of malaria for at least one month of the year including population growth. The population
at risk in the B1 scenario is higher than in the B2 scenario because population projections for the WHO region EMR-B are higher for this scenario. No additional population
is exposed to risk of malaria for three months or more in any of the SRES scenarios. The WHO region EMR-B includes Bahrain, Iran, Jordan, Kuwait, Lebanon, Libya, Oman,
Qatar, Saudi Arabia, Syria, Tunisia, and the United Arab Emirates.
47
WHO (2002).
48
Kolstad and Johansson (2011). Increased relative risk of diarrheal disease.
49
El-Fadel et al. (2012). It was assumed in this study that the climate is evolving slowly and continuously beyond 2050 and that the increase in average yearly temperature
is linear within the simulation period 2050–2095. Thus, the average increase in decadal temperatures from 2010 to 2095 was linearly interpolated.
50
Giannakopoulos et al. (2013). The number of days characterized by high thermal discomfort (humidex, an index used to express the temperature perceived by people,
> 38°C).
51
Novikov et al. (2012).
52
Wodon et al. (2014). In total, 1.3 million people have been affected and 800,000 people lost their livelihoods. Please note that there has been no determination that the
drought of 2010 in Syria was a climate change event.
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