chapter 1

Food Security and Agricultural Sustainability
Abdul-Karim Sadik

37

38

chapter 1

Food Security and Agricultural Sustainability

I. INTRODUCTION

Food is indispensable to human life. For their
food supply, humans depend on agriculture; an
activity that exploits the planet’s finite natural
resources of land and water. Arab countries have
long been pursuing food self-sufficiency, but
the progress achieved neither kept pace with
population growth, nor was sufficient to reduce
the food deficit. The recent world food crisis in
2007-2008 has raised even deeper concerns over
food security.
Land and water are the bounty of nature, which
is the very source of people’s lives and wellbeing.
The Arab region, with its arid and semi-arid
climate, has limited cultivable land and is the
world’s poorest in freshwater resources in absolute
and in per capita terms. To sustain the services
provided by these natural resources, users must
ensure that land and water are used rationally
and in measured terms that do not exceed natural
replenishment limits or the capacity to assimilate
discharged waste. In other words, the load
imposed by a country’s population on nature’s

resources, or its ‘Ecological Footprint’, must
not exceed its limited ‘ecological biocapacity’ to
deliver the desired resources.
Past agricultural policies and practices in
Arab countries have greatly undermined the
biocapacity of their agricultural resources,
which are currently marked with inefficient
use, low productivity, land degradation, soil
erosion, depleted water aquifers, and polluted
water resources. Pursuing a policy of food selfsufficiency on the basis of business-as-usual,
with no regard to environmental values, is
detrimental to the role of agriculture as a provider
of food and as a contributor to socio-economic
development.
In view of the current precarious state of
agriculture, the increasing scarcity of water
resources, and the likely impact of climate
change, Arab countries face daunting challenges
and constraints to their aspirations for food
self-sufficiency at national, sub-regional, and
regional levels. It is imperative that Arab
countries develop a new green revolution based
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on agricultural policies and practices capable of
restoring and maintaining a balance between
the demand for agricultural resources and
agricultural biocapacity, while at the same time
strengthening regional cooperation based on
comparative advantage in agricultural resources.
Under this paradigm, several options for
enhancing food self-sufficiency are available,
including raising irrigation efficiency, boosting
crop and water productivity, alleviating water
scarcity through the use of non-conventional
water resources, and developing rain-fed
agriculture. In addition, the virtual water
concept is a tool for policy-makers to consider
alternatives for food security.
II. FOOD SECURITY

Arab countries procure their food supplies
domestically and through imports from other
countries. As a group, they are almost selfsufficient in fruits, vegetables, and red meat. In
2010, they were net importers of cereals, oils
and fats, and sugar, with a self-sufficiency ratio
of 48.2 percent, 25.8 percent, and 34.6 percent,
respectively (AOAD, 2010a). Arab countries
accord self-sufficiency in cereals high priority
because they constitute the basic food staple
and main food intake in the region. “Cereals are
still by far the world’s most important sources
of food, both for direct human consumption
and indirectly, as inputs to livestock production.
What happens in the cereal sector is therefore
crucial to world food supplies” (FAO, 2002). As
the largest importers of these commodities, Arab
countries are vulnerable to global food prices and
supplies. The world food crisis in recent years
has brought to the fore the risks encountered by
countries dependent on staple food, such as Arab
countries, and heightened their concern about
food self sufficiency, but do Arab countries,
individually or as a group, have the ecological
biocapacity in terms of natural land and water
assets to achieve food self-sufficiency? What
options do they have towards achieving food
security in the long-term?
In what follows, these questions are addressed by
focusing on the available potential for attaining
self-sufficiency, particularly in cereals, which are
of highest concern to Arab countries in their

pursuit for food security. The available biocapacity
of land and water is a crucial determinant of the
extent of domestic food supply.
A. Land

Despite a vast cultivable area in the Arab region
of about 197 million hectares (ha) (GSLAS et
al., 2011), the cropland area (arable land and
permanent crops) increased by only 16.3 million
ha – from 49.32 million ha in 1961 to 65.6 million
ha in 2008 (FAO, FAOSTAT), or an increase of
0.61 percent annually. Seven countries (Algeria,
Egypt, Iraq, Morocco, Sudan, Syria, and Tunisia)
accounted for 87 percent of all cropland in 1961,
and 85 percent in 2008. The overall contribution
of these seven countries to Arab agricultural gross
domestic product (GDP) amounted to 85 percent
in 2008 (Sadik et al., 2011). They had a 91 percent
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Productivity of rain-fed and irrigated cereal in selected Arab countries

FIGURE 1
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share of land cultivated with cereals in 1990-92
and 2008-2010, as illustrated in Table 1.
Relative to the world average, cereal productivity
is low in Arab countries. With a land area of 27.3
million ha dedicated to cereals, the Arab region uses
twice the world’s average land area (13.9 million ha)
needed to produce the same amount of cereals. The
source of growth in cereal production everywhere
over the last two decades was not due to expansion
in land area, but rather as a result of boosting
yields. Despite a decline in the area cultivated with
cereals, an increase in the production of these crops
in the world and in the Arab region over the period
1990-2010 was achieved through boosting yields.
However, average cereal productivity in the Arab
region remains at about only half that of the world
average. While most Arab countries boosted their
productivities, cereal productivity in Sudan, whose
share of regional land under cereal cultivation
amounted to 29 percent, stagnated at around 450
kg/ha, with a share of total cereal production in the
region of only 7.2 percent. The annual quantity
of cereal production fluctuates widely among
countries of the region (Table 1), depending on

weather conditions, irrigation variations, and
disparity in the use of agricultural inputs such as
fertilizers, pesticides, and machinery.
Irrigation is critical for maintaining and raising
land productivity. In Arab countries, higher
yields are generally associated with higher levels
of irrigation. Higher yields in countries of the
Gulf Cooperation Council (GCC) and in Egypt
corresponded with an irrigation ratio of a 100
percent and 95 percent, respectively, of the
cultivated area in 2007 (AOAD, 2007). In Sudan
the irrigation ratio is low at only 10 percent of
the cultivated area (AOAD, 2007), while fertilizer
use has averaged about 8 kg/ha of arable land over
the period 2007-09, compared with an average of
503 kg/ha in Egypt, 1,033 kg/ha in the United
Arab Emirates, and 122.1 kg/ha in the world
(World Bank, 2012a).
The rise in yields through irrigation accounted
for the major increase in crop production. In
1997-99, only 20 percent of the total arable
land in developing countries was irrigated, but
it produced 40 percent of all crops and close to
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60 percent of cereal production (FAO, 2002).
Arab countries are heavily dependent on rain-fed
agriculture, with only 27 percent of the cultivated
area irrigated (AOAD, 2007).

Yemen. In the Mashreq countries (Iraq, Jordan,
Lebanon, and Syria), the proportion of rain-fed
cereal production ranges from one-half to twothirds (World Bank et al., 2009). The yield of
rain-fed cereal production is low with 0.7 ton/ha
in Morocco and Syria, 0.5 ton/ha in Sudan, and
0.9 ton/ha in Tunisia, as illustrated in Figure 1.

At least 80 percent of cereal production is rainfed in the Maghreb countries (Algeria, Libya,
Mauritania, Morocco, and Tunisia), Sudan, and
table 1

CEREAL PRODUCTION IN ARAB COUNTRIES

Country/ Sub-Region

Area (1,000 ha)
1990-1992

Productivity (kg/ha)

2008-2010

1990

2010

Production (1,000 Ton)
1990

2010

Bahrain

0.0

0.0

0.0

0.0

0.0

0.0

Kuwait

0.3

1.1

3,653

3,415

1.10

3.76

Oman

2.8

3.1

2,160

18,987

6.05

58.86

Qatar

1.2

2.1

2,897

4,795

3.48

10.07

1,121.9

317.4

4,245

5,631

4,762.47

1,787.28

1.4

0.0

2,216

0.0

3.10

0.00

1,127.6

323.7

4,236

5,746

4,776.20

1,859.97

730.0

927.3

908

1,092

662.84

1,012.61

GCC & Yemen

1,857.6

1,251.0

2,928

2,296

5,439.41

2,872.58

Iraq

3,919.5

2,555.5

1,061

1,687

4,158.59

4,311.13

121.1

44.5

1,220

1,963

147.74

87.35

42.1

64.9

1,878

2,740

79.06

177.83

3,712.6

2,620.6

750

1,789

2,784.45

4,688.25

0.0

32.5

0

1,163

0.00

37.80

7,795.3

5,318.0

920

1,749

7,169.84

9,302.36

Saudi Arabia
United Arab Emirates
GCC
Yemen

Jordan
Lebanon
Syria
West Bank & Gaza
Levant
Egypt

2,477.1

2,967.1

5,703

6,541

14,126.90

19,407.80

Sudan

8,258.8

7,886.4

456

452

3,766.01

3,564.65

10,735.9

10,853.5

1,667

2,117

17,892.91

22,972.45

3,530.5

2,988.8

638

1,568

2,428.98

4,686.44

Libya

287.7

329.0

674

662

193.91

217.80

Mauritania

123.6

291.5

870

946

107.53

275.76

Morocco

5,019.6

5,059.7

1,120

1,548

5,621.95

7,832.42

Tunisia

1,469.9

651.8

1,145

1,702

1,683.04

1,109.36

Nile Valley
Algeria

North Africa

10,430.8

9,320.8

962

1,515

10,035.41

14,121.78

Comoros

0.00

0.00

0.00

0.00

0.00

0.00

Djibouti

0.00

0.00

0.00

0.00

0.00

0.00

Somalia

401.6

596.3

793

432

318.47

257.60

African Horn
Arab Countries
World

401.6

596.3

793

432

318.47

257.60

31,221.2

27,339.6

1,309

1,812

40,856.04

49,526.77

699,721.0

681,889.9

2,756

3,568

Source: World Bank, 2012a and author’s calculations

1,928,430.00 2,432,980.00
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Therefore, the prospects for increasing cereals
production depend more on increasing the
amount of irrigated land area, rather than
expanding rain-fed land area, in the absence of
developing drought-resistant and salt-tolerant
crop varieties.
In addition to limited irrigation and inadequate
quantity and quality of agricultural inputs, the
relatively low cereal yields in most Arab countries
could be attributed to land degradation. Sarraf
and Jorio produced estimates of the impact of
land degradation on crop productivity in terms
of losses in cereal yields in Morocco, where most
agricultural land is cultivated with cereals. The
cost of cropland and rangeland degradation
was US$134 million in 2000, the equivalent of
0.4 percent of GDP, with cropland degradation
accounting for 88 percent of this cost. These cost
estimates do not capture other effects, such as
the impact of salinity on irrigated soil. Thus the
average cost estimates referred to here most likely
underestimate the total cost of land degradation
(Sarraf and Jorio, 2010).
If Arab countries aspire to achieve self-sufficiency
in cereals under business-as-usual, land availability
will fall far short of the needed area. With the
Arab population projected to reach 503 million
and 633 million in 2030 and 2050 (UN, 2011),

arab environment: survival options

respectively, using an average consumption of
cereals of 300 kg/capita in 2008 (AOAD, 2009)
and a current cereal productivity of 1,812 kg/ha,
the land area required to attain self sufficiency
in cereals is estimated at 83 million ha and 105
million ha in 2030 and 2050, respectively. Despite
the potential to increase the cultivated area in the
Arab region by about one million ha annually,
horizontal expansion is constrained by the limited
area suitable for agriculture (GSLAS et al., 2011).
It is obvious that expansion in cereal production is
severely constrained by land availability, especially
under current productivity levels. Prospects for
enhancing food self-sufficiency will therefore have
to depend primarily on increasing crop yields
through irrigation. The next section will address
whether the available water resources are sufficient
to meet rising water demand for all uses.
B. Water Resources

Water is a very precious finite natural resource.
It is vital for human survival as a commodity
for direct consumption and as an essential
intermediary in the production of food and other
goods and services necessary to sustain life and
achieve environmentally sustainable economic
and social development. It is a resource unevenly
distributed among regions and nations of the
world depending on geographical location and
climatic conditions.
The Arab region, with an arid and semi arid climate
is the world’s poorest in natural water resources in
absolute and in per capita terms. The per capita
average in the region of about 840 m3 in 2010 is
only about 12 percent of the world’s per capita
average of over 7,000 m3. The regional per capita
average of water availability calculated here covers
the 22 member countries of the League of Arab
States. The same per capita average calculated
in the AFED (2010) Report Water: Sustainable
Management of a Scarce Resource excluded the
high per capita water availability countries of
Comoros, Mauritania, and Somalia, resulting in
even a lower regional per capita average figure.
(AFED, 2010)
As Table 2 indicates, the average water share
per capita declined in 2010 to below the water
stress level of 500 m3 in 12 Arab countries. The
situation is projected to worsen with the region’s
population increasing at a projected growth
rate of 1.7 percent over the period 2010-2030,

and 1.1 percent over the period 2030-2050.
Accordingly, 13 Arab countries are projected to
suffer from water stress, and the number rises to
14 in 2050, in which year the average share of
water per capita in the region will fall to 474 m3.
These projected water levels and their increasing
scarcity over time indicate the serious challenges
facing Arab countries not only in their endeavor
to attain food self-sufficiency, but also in their
aspirations for sustainable development. When
considering food self-sufficiency, even in cereals
alone, against the increasing scarcity of water and
current agricultural practices, challenges need not
be overemphasized.
Agriculture is the source of food, and cultivating
crops requires water either in the form of rainfall,
irrigation, or both. In the dry Arab region,
irrigation is critical for food self-sufficiency, but
the increasing scarcity of the available natural
water resources and the competing demands by
domestic and industrial sectors greatly constrain
the potential for irrigation.
Agriculture in the Arab region annually consumes
about 85 percent (218 billion m3) of total water
use, with six countries (Algeria, Egypt, Iraq,
Morocco, Sudan, and Syria) consuming about
80 percent (176.5 billion m3) of that amount, as
illustrated in Table 3.
These same countries are endowed with about 85
percent of all natural water resources in the region.
To satisfy their domestic and industrial demand
and keep pace with population growth only, while
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RENEWABLE WATER RESOURCES AND PER CAPITA SHARE

Country/ Sub-Region

Natural Water Resources
(million m3)

Average share (m3/capita)
2010

2030

2050

Bahrain

116

92

70

64

Kuwait

20

7

5

4

Oman

1,400

503

389

374

Qatar

58

33

24

22

2,400

87

62

53

150

20

14

12

GCC

4,144

95

68

59

Yemen

2,100

87

51

34

Saudi Arabia
United Arab Emirates

GCC and Yemen
Iraq
Jordan
Lebanon
Occupied Palestinian Territory

6,244

92

61

47

75,610

2,387

1,368

907

937

151

111

95

4,503

1,065

958

963

837

207

124

86

Syria

16,800

823

603

508

Levant

98,687

1,483

958

701

Egypt

57,300

706

538

464

Sudan

64,500

1,481

965

709

121,800

1,062

775

635

11,670

329

268

251

Nile Valley
Algeria
Libya

600

94

77

68

Mauritania

11,400

3,295

2,192

1,609

Morocco

29,000

908

773

740

4,595

438

376

363

Tunisia
North Africa

57,265

653

539

501

1,200

1,663

1,034

706

Djibouti

300

337

238

185

Somalia

14,700

1,575

899

521

African Horn

16,200

1,479

862

514

300,196

840

597

474

Comoros

Arab Countries
Source: FAO, AQUASTAT; UN, 2011; and author’s calculations

keeping agricultural consumption constant with
an irrigation efficiency of 40 percent, projections
show a positive water balance of 33 billion m3
and 22 billion m3 in 2030 and 2050, respectively
(Sadik et al., 2011). Even if all the water balances
mentioned were allocated to cereal production,
with an irrigation requirement of 1,500 m3 per

ton, an additional quantity of only about 22
million tons and about 14 million tons of cereals
could be produced by the years 2030 and 2050,
respectively. These are small amounts relative to
projected demand for cereals in these countries
of 101 and 119 million tons in 2030 and 2050,
respectively (Sadik et al., 2011).
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table 3

WATER WITHDRAWAL AND USES OF NATURAL WATER RESOURCES (2009)

Country/ Sub-Region

Withdrawal

Agriculture

Industry

Domestic

million m3

Bahrain

400

180

24

196

Kuwait

900

486

18

396

Oman

1300

1,144

26

130

Qatar
Saudi Arabia
United Arab Emirates
GCC
Yemen

400

236

8

156

23,700

20,856

711

2,133

4,000

3,320

80

600

30,700

26,222

867

3,615

3,600

3,276

72

252

GCC and Yemen

34,300

29,498

939

3,863

Iraq

66,000

52,140

9,900

3,960

900

585

36

279

Jordan
Lebanon

1,300

780

143

377

16,800

14,784

672

1,344

400

180

28

192

Levant

85,400

68,469

10,779

6,152

Egypt

68,300

58,738

4,098

5,464

Sudan

37,100

35,987

371

742

105,400

94,725

4,469

6,206

Algeria

6,200

3,968

868

1,364

Libya

4,300

3,569

129

602

Mauritania

1,600

1,504

32

64

12,600

10,962

378

1,260

Syria
West Bank and Gaza

Nile Valley

Morocco
Tunisia

2,900

2,204

319

377

27,600

22,207

1,726

3,667

Comoros

-

-

-

-

Djibouti

-

-

-

-

Somalia

3,300

3,267

17

17

African Horn

3,000

3,267

17

17

256,000

218,166

17,930

19,905

100.0

85.2

7.0

7.8

North Africa

Total Arab Countries
Percentage
Source: World Bank, 2012a and author’s calculations

The above analysis, rough as it may be, is quite
indicative that water scarcity in the region,
coupled with low efficiency of water use,
especially in irrigation, and generally a low
average of crop yields, particularly for cereals, pose
serious challenges for food self-sufficiency. The
World Bank et al. (2009) refer to the particular
challenges of agriculture in Arab countries due

to water and land constraints. Arab countries
use approximately 75 percent of exploitable
renewable water resources compared to between
1 percent and 30 percent in other regions. In
some areas, non-renewable sources such as fossil
groundwater are depleted, with little or no
potential for sustainable increase in water use
in most Arab countries. Moreover, expansion of
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arable land and permanent cropland, excluding
Sudan, increased at a rate of 1.7 percent annually
from 1995-2005 (6.7 percent in Sudan)
compared to a worldwide increase of 2.3 percent.
In addition to water and land constraints, cerealyield growth in Arab countries lagged behind that
of the rest of the world with an average increase

of 14.5 percent from 1990-2007, compared
to 21.5 percent worldwide (World Bank et al.,
2009). The prospects for food self-sufficiency in
the Arab region become even more constrained
when accounting for the impact of a widening
ecological or biocapacity deficit in cropland,
notwithstanding the impact of climate change.

arab environment: survival options

has a profound effect on the wider environment
through crop and livestock production, which are
the main sources of water pollution, greenhouse
gases, and biodiversity loss. In addition,
agriculture threatens the basis of its sustainability
through land degradation, salinization, water
over-extraction, and reduction of genetic diversity
in crops and livestock (FAO, 2002).
C. Agricultural Footprint

Agriculture can have a vast impact on natural
resources, mainly land and water and their
capacity to regenerate their services over time.
At the global level, agriculture accounts for a
major share of human use of land and water and

Agriculture in the Arab region has for decades
been subjected to distortive policies, leading to its
current precarious state. Disregard to the health
of land and water resources and to the protection
of ecosystems has often led to soil erosion, land
degradation, salinization, depleted aquifers, and
water pollution, constraining the capacity of land
and water to regenerate their services over time.
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The inability to factor these costs in the
agricultural gross domestic product (AGDP), led
to overestimating the real potential of agriculture
to contribute to the wellbeing of nations. For
example, land degradation caused by inefficient
irrigation, uncontrolled agriculture, overgrazing,
logging for fuel, and mismanagement of water
resources, depletes the bioproductive capacity of
land. Notwithstanding the lack of precise data on
the sources of degradation, Sarraf (2004) produced
order of magnitude estimates of the annual costs of
land degradation, which reveal the economic impact
in six Arab countries, as indicated in Figure 2.
The wider impact of agriculture on the
environment,
including
desertification,
deforestation, depletion of water aquifers, water
pollution, and loss of biodiversity imply additional
costs beyond those estimated for land degradation.
For example, the estimated environmental
degradation costs constitute a sizeable portion
of GDP, as illustrated in Figure 3. Continued
neglect of the ecological effects of agriculture on
the long-term productive capacity of land and the
replenishment of renewable water resources will
eventually exacerbate the already precarious status
of agriculture in the Arab region.
i. Cropland Footprint

The survey prepared for the 2012 Annual
Report of the Arab Forum for Environment and
FIGURE 2

ANNUAL DAMAGE COSTS FROM LAND DEGRADATION

Share of GDP (Percentage)
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Development (AFED) by the Global Footprint
Network (GFN) on the Ecological Footprint
of Arab countries explored resource constraints
in Arab countries from the perspective of the
regenerative capacity of nature. Nature’s capacity
(biocapacity) and human demand on this
capacity (footprint) are expressed in biologically
productive land and sea areas with world average
productivity expressed in a common unit of
global hectares (gha), which allows comparisons
among countries. Components of bioproductive
areas include cropland, grazing land, forestland,
marine and inland fishing grounds, carbon uptake
land, and built-up areas (GFN/AFED, 2012).
Notwithstanding the shortcomings in assessing
Ecological Footprint accounts such as the exclusion
of water footprints, particularly in the context of
cropland component, the GFN/AFED survey
highlights the widening gap in Arab countries
between population demand for ecological
resources and available domestic biocapacity.
According to 2008 data, the survey indicates that
the Ecological Footprint of Arab countries, at an
average of 2.1 gha per capita, is more than twice
the biocapacity of 0.9 gha per capita. While the
average biocapacity per capita has declined by 60
percent from 1961 to 2008, mostly because of a
3.5 fold increase in population, total biocapacity
across the Arab region has increased by 42
percent over the same period, largely attributed
to increased irrigation and intensification of
agricultural inputs. The cropland component of
biocapacity remained almost unchanged since
1961 at 0.3 gha per capita. This indicates that the
biocapacity of cropland has kept pace with the
rapid population growth in the region, a situation
that is unlikely to be maintained in the future due
to ever greater pressures placed on scarce water
resources (GFN/AFED, 2012).
The availability of agricultural land is important
for producing food crops, but more so is its
productivity. Satisfying the demand for food
domestically for a growing population at world
competitive prices while maintaining land
sustainability, requires that consumption of
available resources be less than what nature can
supply.
Cropland is one of six types of bioproductive
areas considered by GFN in the survey on the
Ecological Footprint of Arab countries (GFN/

Cost of environmental degradation
expressed as a percentage of GDP equivalent

FIGURE 3
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FIGURE 4

Cropland Ecological Footprint and biocapacity in Arab countries,
1961-2008

0.7

0.6

0.5

gha per capita

50

0.4

0.3

0.2

0.1

0
1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2007 2008

Footprint

Biocapacity

Source: Based on data provided by GFN

AFED, 2012). The cropland component of
footprint and biocapacity in Arab countries in
1961 and 2008, as determined by the GFN/
AFED survey, is indicated in Table 4.
It is apparent from Table 4 that since 1961
Arab countries have been consuming much
more cropland resources than their biocapacity
is capable of supplying. Arab countries differ
greatly in their cropland biocapacity (BC) and
Ecological Footprint (EF), but all face a wide
gap between BC and EF as measured by globally
productive land areas per capita. For example,
in 2008, Bahrain, Djibouti, Jordan, Kuwait,
Oman, Qatar, Saudi Arabia, and United Arab
Emirates had a per capita EF several times
greater than the per capita biocapacity. The Arab
region’s cropland biocapacity remained nearly
undiminished at around 0.30 gha per person
over the period 1961-2008, despite an increase
of population of nearly 250 percent over the
same period. This is explained by an increase
of biocapacity, on an absolute basis, as a result
of land expansion and increased productivity.

Although the role of water resources withdrawn
for irrigation, with a share of about 85 percent,
cannot be assessed quantitatively, it would not
have been possible to increase productivity in a
generally dry region without increased irrigation.
In fact, over-extraction of ground water for
irrigation has depleted such water resources in
some Arab countries.
The picture for cropland EF and BC at subregional level is not much different from that at
country level. Wide variations still exist between
sub-groups as shown in Table 4. The per capita
deficit in cropland biocapacity in 2008 was greatest
in the GCC countries at about 0.70 gha, reaching
0.22 gha in the Levant, 0.16 gha in the Nile
Valley, 0.30 gha in North Africa, and 0.12 gha in
the African Horn. While the biocapacity deficit in
cropland in Arab countries increased substantially
from about 0.14 gha per capita in 1961 to about
0.26 gha per capita in 2008, as illustrated in Figure
4, the world’s cropland biocapacity and footprint
remained in balance over the period 1961-2008, as
indicated in Figure 5.
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FIGURE 5

World cropland Ecological Footprint and biocapacity, 1961-2008
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The share of the cropland component of
biocapacity at 0.3 gha per capita was 32.2
percent of the total average biocapacity in the
Arab region in 2008, compared with a world
average of 31.7 percent. While the cropland
component share of biocapacity in Arab
countries is almost identical to that of the
world, the cropland component of Ecological
Footprint at the global level exceeded the
cropland component of biocapacity by only 3.5
percent, whereas a similar increase amounted
to about 90 percent in Arab countries (Table
4), indicating that the demand for cropland
biocapacity in the Arab region is almost twice
the available supply.
ii. Water Footprint

Water availability per capita varies widely
among countries of the Arab region, with a
low per capita average, mainly caused by the
region’s arid climate and the relatively high
population growth. Agriculture consumes
about 85 percent of total water use and about

73 percent of available natural water resources,
as indicated in Table 5, and thus places a
heavy load on the region’s water resources. The
water withdrawal data reveal the high stress on
freshwater resources in most Arab countries
as expressed by withdrawal percentages for all
uses, which exceed 90 percent in 11 countries,
with a regional average of about 86 percent.
The high percentage of freshwater withdrawal
for agriculture in seven Arab countries (Table
5), exceeding by far their annual renewable
water resources, indicates the heavy reliance
on fossil groundwater and the rapid depletion
of both renewable and non-renewable water
resources. High water withdrawal rates in
GCC countries and Libya have depleted their
groundwater resources. In these countries,
there are no prospects for increasing the area of
irrigated land, let alone meeting the demand for
irrigation in current areas. For example, stress on
groundwater resources in Saudi Arabia in past
years has led to the reduction of the area under
cereal cultivation from about 1.12 million ha in
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CROPLAND Ecological Footprint (EF) AND CROPLAND BIOCAPACITY (BC), (GHA/CAPITA)

Country/ Sub-Region

1961

2008

EF

BC

EF

BC

Bahrain

0.82

0.03

0.45

0.01

Kuwait

0.66

0.00

0.80

0.01

Oman

0.22

0.07

0.74

0.09

Qatar

2.01

0.03

0.91

0.03

Saudi Arabia

0.39

0.21

0.80

0.18

United Arab Emirates

2.26

0.04

0.77

0.05

GCC

0.52

0.18

0.83

0.13

Yemen

0.46

0.37

0.28

0.13

GCC and Yemen

0.49

0.28

0.64

0.13

Iraq

0.56

0.44

0.33

0.14

Jordan

1.00

0.60

0.66

0.09

Lebanon

0.54

0.18

0.66

0.22

Occupied Palestinian Territory

0.42

0.12

0.33

0.11

Syria

0.64

0.61

0.48

0.37

Levant

0.70

0.50

0.43

0.21

Egypt

0.38

0.34

0.66

0.45

Sudan

0.45

0.56

0.47

0.42

Nile Valley

0.40

0.41

0.60

0.44

Algeria

0.31

0.22

0.51

0.19

Libya

0.59

0.18

0.64

0.15

Mauritania

0.51

0.29

0.43

0.11

Morocco

0.32

0.26

0.60

0.30

Tunisia

0.41

0.30

0.65

0.53

North Africa

0.35

0.25

0.57

0.27

Comoros

0.40

0.32

0.34

0.23

Djibouti

0.37

0.02

0.52

0.02

Somalia

0.17

0.16

0.18

0.08

African Horn

0.19

0.16

0.20

0.08

Arab Countries

0.44

0.30

0.55

0.29

World Average

0.55

0.55

0.59

0.57

Source: GFN data, 2012

1990-92 to about 317.4 thousand ha in 20082010 (Table 1). Furthermore, the country has
adopted a decree in 2008 that seeks to gradually
phase out all water-intensive agricultural crops
by 2016 (FAO, 2012).
The costs of water over-extraction could be
substantial. The annual cost of groundwater

depletion in four Arab countries, indicated in
Figure 6, ranges between 1.2 percent of GDP in
Tunisia to 2.1 percent in Jordan. In the short term,
over-extraction of water may increase GDP, but
over-pumping undermines a country’s long-term
natural capital or wealth (FutureWater, 2011),
which is essential for a country’s sustainable
development and wellbeing.
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In a study by the Water Footprint Network (WFN)
about the global water footprints of national
production and consumption by country, most
Arab countries have been found to have an average
water footprint of national consumption that is
much higher than the world average of 1,385
m3/capita/year. In Jordan, Kuwait, Lebanon,
Libya, Saudi Arabia, and United Arab Emirates,
the external component of each country’s water
footprint exceeds 50 percent, reaching 65 percent
in Libya and 90 percent in Kuwait (Mekonnen
and Hoekstra, 2011), indicating a high level
of dependence on imports of water-intensive
commodities or virtual water.
Irrigation and net food imports play a major
role in water footprint levels in Arab countries.
Low levels of irrigation efficiency (40 percent)
and water productivity (35 percent) (AOAD,
2007), combined with high levels of cereal
imports are major contributors to the high
water footprint in Arab countries.
The rise in cropland and water footprints in Arab
countries driven by population growth and past
agricultural policies and practices endangers
the capacity of land and water ecosystems to
regenerate and meet future demand. It is quite
evident that Arab countries urgently need to
address land and water issues and pursue options
conducive to the sustainability of agriculture.
III. Agricultural Sustainability
Options

The agricultural sector in Arab countries has
reached a precarious state caused by past policies
and practices inattentive to maintaining a balance
between nature’s supply of land and water and
current consumption levels of these resources.
Unless this trend is reversed, the long-term
consequences will be dreadful. A new approach
to agricultural production based on policies and
practices that sustain the integrity of agricultural
resources is needed, while pursuing options for
enhancing food self-sufficiency. A number of
policy and action options are discussed hereunder.
A. Nature’s Biocapacity

Policy and decision makers need to increase
their awareness about the sustainability limits to

Earth’s biocapacity or natural endowments, which
are distributed unevenly among regions and
countries of the world. In this respect, the Arab
region is the least endowed with renewable water
resources of vital importance to human survival
and wellbeing. A better understanding of the
consequences of overuse of water resources on the
environment and on the regenerative capacity of
land and water ecosystems needs to be translated
table 5

WITHDRAWAL IN ARAB COUNTRIES AS A PERCENTAGE
OF ANNUAL FRESHWATER RESOURCES (2009)

Country/ Sub-Region
Bahrain

All uses
(percent)

Agricultural use
(percent)

344.8

155

Kuwait

4,500.0

2,500

Oman

92.3

82

Qatar

689.6

407

Saudi Arabia

987.5

869

2,666.6

2,213

GCC

740.0

633

Yemen

171.9

156

GCC and Yemen

549.3

472

87

69

Jordan

96.1

62

Lebanon

28.9

17

United Arab Emirates

Iraq

Syria

100.0

88

West Bank & Gaza

47.8

22

Levant

87.0

69

119.0

103

Egypt
Sudan

57.5

56

Nile Valley

86.5

78

Algeria

53.1

34

716.7

595

14.0

13

Libya
Mauritania
Morocco

43.4

38

Tunisia

63.3

48

North Africa

48.2

39

-

-

Comoros
Djibouti

-

-

Somalia

23

23

Horn of Africa

23

23

85.7

73

Regional average
Source: Tables 2 and 3
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into results on the ground. First and foremost,
land and water resources should be treated as
economic assets to be allocated and used in the
most efficient manner.
Maintaining nature’s bioproductive capacity
to provide needed services requires a blend of
economic, social, and environmental policies
conducive to sustainable development. Current
agricultural practices in the Arab region are not
only deeply inefficient and wasteful, but they are
also depleting the natural capital without due
consideration to the costs incurred by continued
degradation of land and water resources, and their
consequences on agricultural sustainability.
Concern over the earth’s depleting biocapacity
caused by current development patterns has
aroused arguments in favor of an alternative
paradigm, presented by AFED in its 2011 annual
report Green Economy: Sustainable Transition in
a Changing Arab World. According to the report,
“the green economy assigns a value to natural
capital, allowing externalities of human activities
to be incorporated into decision-making process,
in the hope of achieving economic development
without exceeding the ecological limits of
FIGURE 6

ecosystems or undermining social conditions”
(AFED, 2011). A report by the World Bank
points out that current growth patterns are not just
unsustainable, but they are also deeply inefficient.
It argues for an inclusive green growth based on
the three pillars of sustainable development,
namely, economic, social, and environmental
sustainability (World Bank, 2012b).
B. Irrigation Efficiency

Arab countries withdraw water for irrigation at
a much higher rate than required for growing
crops. Irrigation water requirement as a
percentage of water withdrawal for agriculture
is a measure of water efficiency. This ratio was
28 percent in Iraq and 54 percent in Tunisia in
2000 (FAO, AQUASTAT). These ratios imply
that water used in excess of requirements is
wasted. However, some of the water lost could be
available for reuse as return flows back to rivers or
to recharge groundwater. Nevertheless, with an
average irrigation efficiency of 40 percent in the
Arab region, there is a considerable potential for
improvement that can contribute significantly to
food self-sufficiency in view of increasing water
scarcity in the region. Reducing water losses by

Value of groundwater depletion in selected Arab countries as a share (percent) of GDP
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Source: World Bank, 2011
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upgrading and modernizing irrigation water
infrastructure can save substantial amounts of
water for additional irrigation while generating
energy cost savings in water pumping. It has
been estimated that raising irrigation efficiency
from 40 percent to 70 percent in six Arab
countries (Algeria, Egypt, Iraq, Morocco, Sudan,
and Syria) can save enough water to produce an
additional 35 million tons of cereals in 2030,
thereby reducing imports and relieving some
pressure on the region’s balance of payments
(Sadik et al., 2011).
C. Crop Productivity

Crop productivity is key to enhancing food
self-sufficiency. It was the pillar of the Green
Revolution of the 1960s, whose adoption of
improved irrigation and high-yielding plant
varieties coupled with the introduction of
chemical fertilizers and pesticides, boosted cereal
productivity and saved the plight of millions of
people in Asia from falling prey to hunger.
Today, the sustainability of the Green Revolution
paradigm is no longer attainable and is severely

challenged because of the externalities of
groundwater depletion and contamination.
Arab countries have the opportunity to adopt a
new version of the Green Revolution based on
‘green agriculture’ or sustainable agriculture.
This is an option based on utilizing knowledge,
experience, and lessons learned in order to
maintain the regenerative capacity of land and
water resources.
Prospects for self-sufficiency in cereals in the Arab
region are constrained by population growth,
limited land, and scarce water resources. Increasing
crop productivity is key to enhancing food selfsufficiency, particularly in cereals. With the
population of Arab countries projected to reach
503 million in 2030 and 633 million in 2050, and
cereal production in the Arab region at about 50
million tons in 2010 (Table 1), and average cereal
consumption of about 300 kg/capita, it is estimated
that the region needs to increase cereal production
by about 101 million and 140 million tons to meet
demand in 2030 and 2050, respectively. Prospects
for increasing cereal production depend largely on
improving productivity of both irrigated and rainfed agriculture.1
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If the six major cereal producers in the Arab
region (Algeria, Egypt, Iraq, Morocco, Sudan and
Syria) with projected population of about 337
million in 2030 and about 417 million in 2050
(UN, 2011) could raise their combined cereal
productivity to match the world average (Table
1), their combined production would amount
to about 87 million tons. Also, by raising their
irrigation efficiency from 40 percent to 70
percent they could save water enough to produce
an additional 35 million tons of cereal (Sadik et
al. 2011). Thus, increasing cereal productivity,
coupled with irrigation efficiency raises the
quantity of cereal available for consumption to
about 122 million tons, sufficient to meet the six
countries’ demand for cereal in 2030 of about 101
million tons, and cover about 21 percent of the
Arab region’s unmet demand in the same year.

downward trend, decreasing by an overall average
of 20 percent in Arab countries, and by almost 40
percent in Algeria and Morocco (World Bank et al.,
2009). These substantial reductions are indicative
of the additional challenges confronting food
self-sufficiency in Arab countries, and the need
for adaptation measures to minimize the impact
of climate change and maintain the viability of
rain-fed agriculture.
While Agriculture suffers from the impacts of
climate change, it also contributes to it through
its environmental externalities such as greenhouse
gas emissions. Nevertheless, Agriculture can
be part of the solution through mitigating a
significant amount of its emissions by using
production systems and adopting agricultural
practices conducive to agricultural sustainability,
such as ‘climate–smart’ agriculture.

However, due consideration should be given to
the impact of climate change on crop productivity.
For example, it is predicted that in Egypt climate
change will cause a reduction in the productivity
(tons/acre) of rice by 11 percent, barley by
18 percent, corn by 19 percent, and wheat by
18 percent by 2030 compared to the base year
(AOAD, 2010b). Researchers have warned of the
dangerous effects of climate change on rain-fed
agriculture in Arab countries, as rain-fed yields are
expected to fluctuate increasingly over time with a

A Paper by FAO (2010) refers to the close linkage
between food security and climate change in
the agriculture sector, and to the existing key
opportunities to transform the sector towards
climate-smart systems to address both issues,
and provides a number of country examples
of climate-smart production systems such as
conservation agriculture, among others. It points
out that in order to stabilize output and income,
production systems must be transformed to
become more resilient. “More productive and
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resilient agriculture requires transformations in
the management of natural resources (e.g. land,
water, soil nutrients, and genetic resources) and
higher efficiency in the use of these resources and
inputs for production. Transitioning to such
systems could also generate mitigation benefits
by increasing carbon sinks, as well as reducing
emissions per unit of agricultural product”
(FAO, 2010).
D. Water Productivity

Increasing agricultural yields by maximizing
water productivity is a key option for enhancing
self-sufficiency in food commodities, especially
in staple products such as cereals. It is important
to note that while water productivity is a viable
option for increasing agricultural production,
the maximization of this potential requires a
composite of factors capable of reinforcing and
complementing each other, such as the adoption
of efficient and modern irrigation schemes
coupled with improved farming practices and
inputs conducive to agricultural sustainability.
In this regard, improved agricultural practices
are warranted, including drip and sprinkler
irrigation, no-till farming, improved drainage,
and use of best available germplasm or improved
seed varieties, in addition to optimizing fertilizer
use, utilizing innovative crop protection
technologies, and the provision of extension
services (FutureWater, 2011). Furthermore,
farming practices such as water harvesting,
deficit irrigation, and conservation and organic
agriculture are not only conducive to increasing
water productivity, but they are also significantly
important for agricultural sustainability.
E. Agricultural Research and
Development

Considering the very high returns to agricultural
research and development (R&D) estimated
at 45 percent worldwide and at 36 percent in
Arab countries (World Bank et al., 2009), the
need for intensification of research efforts
to discover high-yielding seed varieties, saltresistant, and drought-tolerant crops cannot be
overemphasized in a dry Arab region dominated
by rain-fed agriculture.
Despite the importance of R&D to promoting
knowledge-based investments, Sasson (2007)

points out that Arab States rank low in investment
in research and technological innovation. He
adds that overall spending on R&D, provided
primarily by the public sector, is equal to only
0.15 percent of GDP, compared with a world
average of 1.4 percent and a European average of
2.5 percent. There were only 500 scientists and
engineers involved in R&D per million people
in Arab countries in the period 1990-2000,
compared with more than 4,000 per million
people in North America, 2,500 in Europe, 700 in
South and East Asia, and an average of 1,000 per
million in the world (Sasson, 2007). Furthermore,
important areas of agricultural research that are
most needed in Arab countries are not taken up.
He points out that with the exception of Egypt,
“no genomics work is being carried out, nor is
there any development of transgenic crops which
are more resistant to pests and tolerant to abiotic
stress” (Sasson, 2007).
F. Non-Conventional Water

Two main sources of non-conventional water,
namely, desalinated seawater and treated
wastewater, can be instrumental in augmenting
scarce natural water resources. Some Arab
countries with severe scarcity in renewable
water resources, particularly the GCC countries,
have become heavily dependent on seawater
desalination to meet their municipal and
industrial water demand. This has been made
possible by the region’s abundant and subsidized
energy resources necessary for energy intensive
desalination plant operations.
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At the initiative of the World Bank, a study in
two parts titled Middle-East and Northern Africa
Water Outlook was conducted in 2011. The
first part of the study includes water availability
and demand analysis under multiple climate
change scenarios, and identifies various options
to meet supply at national and regional levels
along with the associated marginal cost of water
supply options (FutureWater, 2011). The second
part includes an assessment of the potential of
desalination in meeting water demand under the
average climate change scenario for the Middle
East and North Africa (MENA) region (Fitchner,
2011). It is assumed that over the projected period
up to 2050, desalination technology will improve
with progressive replacement of conventional
energy sources with renewable energy, and that
over the long-run renewable energy sources will
be less expensive.
Fitchner (2011) shows that water demand for the
18 Arab countries included in MENA will reach
232 billion m3 in 2030 and 292 billion m3 in 2050.
About 40 percent and 28 percent of the demand in
2030 and 2050, respectively, is expected to be met
by conventional desalination and concentrating
solar power (CSP) desalination. Wastewater use is
expected to meet about 9.5 percent and 15 percent
of demand in 2030 and 2050, respectively. GCC

countries with severe scarcity of natural water
resources are expected to meet about 70 percent
and 81 percent of their water demand through
combined conventional and CSP desalination and
wastewater reuse in 2030 and 2050, respectively,
with most desalination supplied by CSP. The
increased reliance in the Arab region on CSP
desalination and on treated wastewater can have
a positive environmental impact, particularly if
conventional energy sources are replaced with
renewable energy such as solar energy.
G. Virtual Water

The virtual water concept is appealing for waterscare countries. It affords them the opportunity
to attain food security by importing waterintensive products instead of using internal water
resources to produce low-value water products.
Despite concerns over international trade policies
in agricultural products and their implications
on agricultural development in food importing
countries, the virtual water concept not only
affords Arab countries the opportunity to
enhance cooperation among themselves according
to comparative advantages in agricultural
resources, but it also provides policy-makers
with a tool for water resources management
with due consideration to economic, social and

arab environment: survival options

environmental implications. Furthermore, the
virtual water option can be extended to include
cooperation between Arab countries with
investable funds and other developing countries
endowed with abundant land and water resources
based on mutual benefits.2
IV. Conclusion and
Recommendations

Arab countries have for some decades been pursuing
food self-sufficiency, yet they remain far from
achieving this goal. Their finite and limited land
and water resources, the very source of food, have
over time been heavily overused due to population
growth and inefficient agricultural practices.
Despite the enormous challenges arising from
the current state of agriculture and the impact of
anticipated climate change, enhancing food selfsufficiency in the region remains achievable, but
is contingent upon the adoption of a new green
revolution as a pathway to sustainable agriculture.
In this regard, a number of options have been
identified, but implementing them successfully
requires a strategic framework of policies, laws,
incentives, and practices conducive to the efficient
and sustainable utilization of land and water
assets within their capacity to provide ecological
goods and services economically, socially, and
environmentally.
With a no-size-fits-all approach, Arab countries
need to consider priorities for the implementation
of available options based on technical feasibility,
economic viability, and social and environmental
impact. Available options include, among others,
the following:
a. Adoption of agricultural systems, policies and
practices to mitigate agricultural environmental
externalities, and designing projects for the
rehabilitation and restoration of degraded land
and depleted aquifers.
b. Improvement of irrigation efficiency through
rehabilitation of water transport systems, and
on farm application by using modern irrigation
techniques and water saving methods.
c. Increasing crop productivity is key to
enhancing food self-sufficiency, especially
cereals. Water shortages underscore the need to

increase productivity of rain-fed crops through
intensification of investment in agricultural
research and development to develop highyielding seed varieties, salt-resistant, and
drought-tolerant crops.
d. In view of water shortages, water productivity
is even more important than crop productivity.
In addition to charging appropriate prices
for irrigation water and adopting agricultural
methods conducive to using less water for
growing crops, farmers should be encouraged
to diversify into higher-valued crops instead of
water-intensive conventional crops.
e. Augmentation of natural water resources by
non-conventional sources such as seawater
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f. In view of disparities in land and water resources
at national levels, virtual water affords Arab
countries opportunities for cooperation on
food security matters according to comparative
advantages in agricultural resources. Regional
trade in food commodities needs to be facilitated
and strengthened.

desalination and treated wastewater is a
desirable policy option, provided that fossil
fuels are replaced with renewable energy
sources. Building local capacity for developing
and manufacturing solar technologies, such
as concentrating solar power (CSP), brings
the added benefits of reducing the cost of
technology deployment and generating jobs,
while being environmentally sustainable.

g. In addition to adopting the right policies and
best agricultural practices, Arab countries need
to mobilize resources to finance their agricultural
investments. Whether such investments
are financed from domestic sources, official
development assistance, the private sector, or
a combination thereof, it is essential to ensure
that investments are based on well-prepared
feasibility studies, accounting not only for
production aspects, but also for other valueadded chain facilities such as transport, storage,
and distribution.
h. All policy and investment options should
be evaluated in accordance with a demand
management approach capable of maintaining
the sustainability of natural land and water
assets.
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NOTES
1.

For more details, see the box Improving
the Productivity and Stability of Rain-fed
Cereal Production in Sadik et al., 2011.

2.

For more details, see the box Virtual
Water in Sadik et al., 2011.
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Water Footprint of Arab Countries
Prepared by: Hadi Tabbara
Reviewed by: Arjen Y. Hoekstra
Water footprint (WF) accounts measure the
appropriation of freshwater resources by a defined
human population, expressed in terms of volume of
water consumed or polluted averaged over a period
of time. The water footprint methodology provides a
more comprehensive account of water resources use
by including data on trade flows of water embedded
in agricultural and industrial commodities, as opposed
to relying on statistics about rates of renewable water
withdrawal. Understanding what fraction of national
water demand is being met by internal water resources
versus external or ‘virtual’ sources is relevant to
making policy decisions about food security, trade,
and alternatives for meeting water demand.
The Water Footprint Network (WFN) has developed
a framework for national water footprint accounting
that defines a country’s water footprint from both a
production and consumption perspective (Mekonnen
and Hoekstra, 2011). A simplified version of the
framework has been adapted from WFN, as illustrated
in Figure B1. According to the WFN methodology,
Figure B1

the water footprint of national production is defined
as “the total freshwater volume consumed or polluted
within the territory of the nation as a result of activities
within the different sectors of the economy” (Mekonnen
and Hoekstra, 2011). Water footprint of national
production, therefore, accounts for water-consuming or
polluting processes that take place within the national
boundaries of a nation, whether the final output is used
internally or destined for export. The water footprint of
national production is the variable taken to indicate
the water footprint of a nation.
The water footprint of national consumption is defined
as “the total volume of freshwater that is used to produce
the goods and services consumed by the inhabitants
of the nation” (Mekonnen and Hoekstra, 2011). As
indicated in Figure B1, the water footprint of national
consumption accounts for the use of water resources
that are both internal and external to the nation.
The external WF of national consumption, therefore,
represents virtual water embedded in goods and
services imported for final consumption. The internal
WF of national consumption is a common component
to both the water footprint of national production and
the water footprint of national consumption.

National water footprint accounting definitions

Source: Adapted from Mekonnen and Hoekstra, 2011

arab environment: survival options

The water footprint of national production (Mm3/year) in Arab countries (except
Palestine), 1996-2005. Inserts show the average water footprint by use category
and by source of water

Mm3/Year

Figure B2

Source: Mekonnen and Hoekstra, 2011

Although not shown in Figure B1, the accounting
scheme distinguishes among green water (rainwater
or root zone moisture utilized for crop production),
blue water (surface and groundwater), and gray water
(wastewater) footprints and accounts for contributions
from the three main water-using sectors: agriculture,
industry, and domestic supply. Gray water footprint
refers to pollution and is defined as the volume of
freshwater required to assimilate the load of pollutants
resulting from agricultural or industrial activities, based
on existing ambient water quality standards (Hoekstra
et al., 2011).
Mekonnen and Hoekstra (2011) recently estimated
the global water footprint, covering the period 19962005, by quantifying the WFs of nations from both a
production and consumption perspective. International
virtual water trade and water savings associated with
trade in agricultural and industrial commodities have
also been determined. The analysis below on the water
footprint of Arab countries is based entirely on data
collected and documented by the two authors in their
study.

The Water Footprint of Arab Countries
The annual total water footprint (WF) of production in
Arab countries in the period 1996-2005 was 325 Gm3/
yr. The WF by country is indicated in Figure B2, broken
down by use category and by source of water. Green
water footprint accounted for 56 percent of the total water
footprint of production, compared with a global average
of 74 percent, an indication of the relative scarcity of
rainwater in Arab countries. The blue and gray water
footprints in Arab countries accounted for 28 percent and
16 percent of the total, compared with global averages
of 11 percent and 15 percent, respectively. Although all
Arab countries face water shortages, they still consume
two and half times the world average in terms of the
consumptive use of blue surface and groundwater to meet
their demand for production, reflecting low irrigation
efficiencies and water productivities. Agricultural
production contributed 90 percent to the total WF, while
domestic supply and industrial production contributed 6
percent and 4 percent, respectively. Almost 95 percent
of total blue WF in Arab countries is attributed to crop
production, of which one-fifth is for exports.
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Blue and gray WF of production as a percentage of renewable water resources in
Arab countriesa (except Palestine), 1996-2005
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a Calculated using renewable water resources data from FAO (AQUASTAT-2009)
Source: Mekonnen and Hoekstra, 2011

Egypt and Sudan have the first and second largest WF
of national production in the Arab world, accounting
for 39 percent of the total Arab WF. Morocco, Iraq,
and Syria are the countries with the next largest WF,
accounting for 32 percent of the Arab total. Egypt
has by far the largest blue water footprint in the Arab
world, accounting for 37 percent of the total, followed
by Iraq (15 percent), Sudan (10 percent), Saudi Arabia
(10 percent), and Syria (8 percent). The 10 percent
figure for Sudan is indicative of the low state of water
resources development in the country.
A useful parameter that can be used to further assess the
impact of the WF of production on the sustainability of
water resources is the ratio of the water footprint (blue
and gray water) of production to the total renewable
water resources, which also serves as an indicator of
water scarcity. A ratio of 1 means that 100 percent of
the total annual renewable water resources are being
consumed by the blue water needed for production and
the gray water needed to dilute the resultant pollutants.
As depicted in Figure B3, most Arab countries are

already using more than 25 percent of their renewable
water resources to satisfy their production needs, with
some depleting their resources at an alarming rate,
including Kuwait (2420 percent), UAE (1208 percent),
Saudi Arabia (522 percent), Libya (475 percent), Qatar
(419 percent), and Yemen (131 percent).
The annual average water footprint of national
consumption per capita for a number of Arab
countries (Algeria, Comoros, Egypt, Jordan, Kuwait,
Lebanon, Libya, Mauritania, Morocco, Saudi Arabia,
Somalia, Sudan, Syria, Tunisia, UAE, and Yemen),
for which data is available, was 1630 m3/capita/
year in the period 1996-2005, which is 18 percent
higher than the global average of 1385 m3/capita/
year. Two factors determine the magnitude of the water
footprint of national consumption: (1) the volume and
pattern of consumption, and (2) the amount of water
consumed per ton of product, which for agricultural
products depends on climate, irrigation efficiency,
and the intensity of agricultural inputs (Mekonnen and
Hoekstra, 2011).

arab environment: survival options

The Water footprint of national consumption (m3/capita/year) in selected Arab
countries by source of water, 1996-2005. Arab average shown is for the selected
countries

(m3/Capita/Year)

Figure B4

Source: Mekonnen and Hoekstra, 2011

The consumption of water by agricultural products,
both those produced locally and those imported,
accounts for 94.5 percent of the total WF of national
consumption in these Arab countries. Consumption
of domestic water supply and industrial products
contribute 3.5 percent and 2 percent, respectively, to
the total WF of consumption. Cereals consumption
contributes the largest share (26 percent), followed
by meat (24 percent) and milk (12 percent). Figure
B4 indicates the WF of consumption per capita
in selected Arab countries. All countries, except
Comoros, Egypt, Palestine, and Yemen have a higher
water footprint of consumption per capita than the
world average, with UAE among the highest in the
world. The WF of consumed products such as wheat,
meat, and milk are much higher in the Arab world
than the world average. For example, the per capita
WF of consumed meat (bovine, mutton, and poultry)
in UAE is 865 m3/capita/year compared to the world
average of 305 m3/capita/year, while that for milk is
423 m3/capita/year compared to the world average
of 93 m3/capita/year.

All Arab countries, except Algeria, Comoros, and
Palestine, have a higher per capita blue water footprint
of consumption than the world average of 153 m3/
cap/yr, as indicated in Figure B5, with Egypt, Libya,
Saudi Arabia, Syria, and UAE among the highest in
the world. As a share of the total WF of consumption,
the external water footprint varies widely across Arab
countries, as illustrated in Figure B6. Those countries
with a relatively smaller external WF share of the total
include Egypt (29 percent), Morocco (29 percent),
Palestine (7 percent), Sudan (4 percent), Syria (16
percent), and Tunisia (32 percent). Although some of
these countries have high levels of water stress, they
continue to rely on their dwindling water supplies
to satisfy their consumption needs. Countries with a
large external water footprint share of the total WF of
consumption, such as Jordan (86 percent), Kuwait (90
percent), Lebanon (73 percent), Libya (65 percent),
Saudi Arabia (66 percent), UAE (76 percent), and
Yemen (76 percent), depend on freshwater resources
from other countries as a matter of policy because of
their high level of water scarcity.
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Blue water footprint of national consumption (m3/capita/year) in selected Arab
countries, 1996-2005
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Source: Mekonnen and Hoekstra, 2011
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It is argued that in order to meet the water demands for
production and consumption while conserving domestic
water resources, water stressed countries should import
virtual water in the form of water-intensive commodities
while exporting virtual water embedded in less waterintensive commodities. Global studies show that North
and South America, Australia, and most of Asia and
central Africa are net exporters of virtual water, while
Europe, the Middle East, and North and Southern Africa
are the largest importers. Figure B7 shows the net virtual
water trade flow (WF of imports minus exports) map of
the Arab world. Over the period 1996-2005, net virtual
water imports exceeded 110 Gm3/yr (Europe is 152 Gm3/
yr), while net virtual water exports exceeded 24 Gm3/yr.
Virtual water imports and exports are dominated by crop
products, with a few exceptions. The largest net importers
(blue circles) are Yemen (21.7 Gm3/yr), Saudi Arabia

(17.6 Gm3/yr), Algeria (17.3 3/yr), Libya (9.5 Gm3/yr),
Egypt (9.0 Gm3/yr), and Morocco (8.3 Gm3/yr), while the
largest net exporters (red circles) are Somalia (8.2 Gm3/
yr, mostly green water), Djiboti (7.2 Gm3/yr, mostly green
water), Sudan (3.4 Gm3/yr, blue and green water), Syria
(2.2 Gm3/yr, blue and green Water), Tunisia (1.6 Gm3/
yr, green water), and Iraq (1.5 Gm3/yr, significant gray
water). Egypt and Morocco are also net exporters of blue
water. This calls into question the justification for water
stressed countries (e.g., Egypt, Morocco, and Syria) to
become net exporters of blue virtual water.
Implications on the Sustainability
Freshwater Resources in Arab Countries

of

It should be pointed out that a lower water footprint
is not necessarily the most sustainable. For example,

67

arab environment: survival options

Internal and external components of water footprint of national consumption
(m3/capita/year) in selected Arab countries and share ( percent) of external WF,
1996-2005

Figure B6
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the water footprint of a commodity such as cotton in
Syria is 5251 m3/ton, while that in Egypt is 10272 m3/
ton; but this does not necessarily mean, assuming all
cotton was produced locally, that cotton production in
Syria is more sustainable. The true criterion is whether
the production and supply chain of cotton in the
country of origin is water-sustainable in terms of water
irrigation efficiency and water crop productivity, taking
into consideration water over-exploitation and quality.
In other words, a large WF could be sustainable in
a water-rich region but unsustainable in a waterpoor area. Therefore, a water footprint sustainability
assessment should be prepared in order to study the
primary impacts on renewable water resources (blue
water), environmental flow requirements (blue water),
and water quality standards (gray water), as well as
secondary impacts such as drinking water shortages,

loss of biodiversity, and socio-economic development.
Nevertheless one can still draw some conclusions
regarding the effects of WF on sustainability.
The average WFs of consumption and production
(particularly the blue portion) in Arab countries
are significantly higher than the world average.
Consumers in UAE, Egypt, Libya, Saudi Arabia, and
Syria have the largest blue WF in the world, which
impacts the water quantity and quality locally and
abroad. Although countries like Kuwait, Jordan, and
UAE have externalized their WF by importing waterintensive products, there are cases where export of
blue water from already water scarce or stressed
countries or regions is considered unsustainable
(Egypt, Morocco, and Syria). A more sustainable
approach recognizes the need to match production

68

chapter 1

Figure B7

Food Security and Agricultural Sustainability

Annual net virtual water trade flows (Mm3/year) of Arab countries (except
Palestine), 1996-2005. Blue circles represent net imports and red circles represent
net exports

Source: Mekonnen and Hoekstra, 2011

to water availability in the producing region.

detrimental effects on the environment.

Green water is underutilized in most Arab countries.
Besides having a lower opportunity cost, the use
of green water for the production of crops has
generally less negative environmental externalities
than the use of blue water. Governments should
adopt better green water management techniques
such as rainwater harvesting, and provide funding
to programs such as the green water credit program
developed by the International Fund for Agricultural
Development (IFAD), which compensates farmer
groups in return for green water management.

Dr. Hadi Tabbara is Professor and Researcher in Water

Gray WF of production and consumption in some
Arab countries (Bahrain, Iraq, Kuwait, Qatar, and
UAE) is significantly higher than the world average,
resulting in high potential pollution levels with

Mekonnen, M.M. and Hoekstra, A.Y. (2011). “National water
footprint accounts: the green, blue, and gray water footprint of
production and consumption.” Volume 1: Main Report and Volume
2: Appendixes. Water Research Report Series No. 50, UNESCOIHE, Delft, the Netherlands.
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