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Abstract: Developing countries have experienced significant challenges in meeting their needs for
food, energy, and water security. This paper presents a country-level review of the current issues
associated with Food-Energy-Water (FEW) security in the Middle East. In this study, sixteen countries
in the Middle East are studied, namely Iraq, Iran, Syria, Lebanon, Israel, Palestine, Egypt, Turkey, and
the Arabian Peninsula (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia (KSA), United Arab Emirates
(UAE), and Yemen). Here, we conduct a comprehensive assessment to study and evaluate the
emerging drivers of FEW systems in the region. The investigated drivers include water security,
extreme events, economic growth, urbanization, population growth, poverty, and political stability.
The results suggest that most of the studied countries are facing FEW resource insecurity or weak
planning/management strategies. Our evaluation further revealed the current status of each country
with respect to each factor, and suggested that climatic and socioeconomic factors have contributed
to the subsequent stress on FEW resources, specifically on the water sector. In general, and with
respect to the water-energy security, it was found that energy production in the Middle East is highly
constrained by water deficiency, drought, and/or economic growth. The water-food security in
the region is mainly affected by drought, water scarcity, population growth, urbanization, and/or
political unrest.
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1. Introduction

Despite the fact that water, food, and energy sectors are of high importance to sustain and
develop human life, not everyone in the world has access to secure water, food, and energy. Globally,
it is reported that 1.2 billion people do not have access to safe water [1]. Therefore, it is crucial to
understand the complicated connection between the food, energy, and water sectors to ensure the safe
and sustainable development for any nation [2].

Typically, there is no single definition of nexus, but generally, the concept is introduced as the
process of linking stakeholders’ ideas and activities under various conditions (i.e., sectors and states)
to attain sustainable evolution [3]. The Stockholm Environment Institute (SEI) in the Bonn 2011 Nexus
Conference introduced the food-energy-water (FEW) nexus where it first started. Then, the 2011/2012
European Report on Development proposed the water-energy-land (WEL) nexus. Over time, linkages
that are more complex have been defined to include more core sectors, e.g., climate, land, energy and
water (CLEW) nexus. The FEW system has an interference nature whereby the evolution of any sector
may, in general, adversely influence the other two [4]. Therefore, many researchers have chosen to
study only two sectors of the FEW system at a time. The water-energy nexus, originally studied by
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Gleick [5], has received more attention than the other inter-linkage sectors, e.g., the water-food nexus
and then the energy-food nexus [6].

A study by Cai and Rosegrant [7] investigated the water-food nexus in China and India by
comparing water resources development and food production in both countries. The authors found
that both China and India have limited land and water resources for agricultural purposes; therefore,
they suggested that food production may increase in the future, depending on yield increase more than
on area increase. Other dimensions can be integrated with the FEW nexus to address sustainability
challenges and opportunities involving trade-offs, i.e., land, climate, and ecosystems [4]. The climate
dimension has been linked with either all or some of the sectors in FEW system [8–15]. Hanjra
and Qureshi [16] analyzed the global water-food nexus addressing the effects of climate change on
food security. The analysis revealed that climate change and population growth are two factors that
intensify food insecurity globally. Verdon-Kidd et al. [17] mentioned that food security is tightly
connected to water availability at a large scale. However, drought may put this connection at risk by
reducing vegetation health and productivity and water allocations to irrigated agriculture. Moreover,
Verdon-Kidd et al. [17] concluded that better understanding of drought onset, duration, and cessation
may assist drought management strategies, specifically in water scarce regions. Food production is
more water intensive than energy production. Food production accounts for about 70% of global
freshwater withdrawal, whereas energy production accounts for about 15% [18]. However, Lee et al. [19]
suggested that the water-energy nexus might be a serious issue in future sustainable planning and
policies, given the impacts of climate change.

Several nexus studies have been recently conducted in the Middle East. Dubreuil et al. [20]
proposed an optimized model to assess the water-energy nexus in the Middle East region, taking into
account reused and non-conventional water, i.e., desalination and wastewater. Saif et al. [21] analyzed
the current state of water resources in the Gulf Cooperation Council (GCC) countries. The authors
concluded that the region faces serious challenges in water-food security systems. Al-Mulali and
Ozturk [22] studied the reasons behind environmental degradation in the Middle East and North
Africa (MENA) region and discovered that ecological footprint, energy consumption, urbanization,
trade openness, industrial development and political stability are the main contributors to induce
environmental degradation in the region. Moreover, a FEW nexus modeling tool was developed
by Daher and Mohtar [23]; the tool provided an assessment of resources’ demand under different
scenarios. Another study by Magazzino [24] investigated the carbon dioxide emissions, economic
growth, and energy nexus for a total of ten Middle Eastern countries, i.e., GCC countries, Iran, Jordan,
Syria, and Yemen for the period of 1971–2006. Here, we provide an overview of the current issues
related to FEW security in the Middle East. We provide a comprehensive assessment for sixteen
selected countries in the region to identify these issues and interpret the main findings as pertained to
the FEW security concept.

2. The Food-Energy-Water (FEW) Security in the Middle East

FEW security is of paramount importance in the Middle East, given its influence in the region’s
stability and economic growth [25]. For instance, an extensive amount of energy is consumed
powering the desalination and wastewater recycling units for water supply in the Gulf region [26].
Siddiqi and Anadon [27] studied the water-energy nexus over the MENA region and found that
the water sector exhibits a strong level of dependency of on the energy sector, but not the opposite.
In Arabian Peninsula countries, groundwater contributes to about 84% of the total water supply,
whereas desalinated water covers about 8%; both groundwater extraction and desalination are energy
demanding. Furthermore, carbon dioxide emissions can be a limitation factor for energy consumption
when fossil fuels are used [28]. Globally, the GCC countries are among the top twenty-five countries
for CO2 emissions/capita because of their high dependency on fossil fuels to cover domestic energy
demands [29]. The International Energy Agency (IEA) reported a significant increasing trend for
carbon dioxide emissions in the Middle East since 2000, particularly for Saudi Arabia and Iran having
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125% and 80% increase, respectively [30]. Therefore, there is a need to use green energy, e.g., wind,
sunlight, geothermal heat, and hydropower [31].

The water-food security in the Arab region is limited by several factors: socio-economic growth,
dry climate, reliance on external resources, climate change, and political conflict [32]. Figure 1 presents
the Pardee RAND FEW security index [33]. The FEW index provides information about the availability
and accessibility of the three resources in any region or country in the world. According to the definition,
and as shown in Figure 1, Turkey is the most secure country in the Middle East, whereas Yemen is the
most insecure [33]. The World Economic Forum 2010 Report underlined water insufficiency, energy
insecurity, and weak investments in infrastructure as the most mutually dependent and chronic risks
in the Middle East and North Africa (MENA) region. It was reported that these risks (including food
security as a related risk) are extremely affected by economic production, population growth, and
industrial potency in the region [34].
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Figure 1. The Pardee RAND Food-Energy-Water security index. Note: the countries not listed in the
figure were not reported due to data unavailability. The data is acquired from Willis et al. [33].

2.1. Food Security

Food security is the right of all individuals to have, at any time, access to adequate, safe, and
healthy food in order to meet the required nutrients and food desire to ensure vital and nutritious
life [35]. Two conclusive factors should be considered for determining food security: food quantities
and demands. In other words, how much food can be produced under certain amount of water and
environmental circumstances while remaining economically feasible? [36]. For instance, KSA was the
sixth largest wheat exporter by the last decade of the 20th century; however, this was at the expense of
groundwater depletion in the region, resulting in unsustainable agricultural production [37].

Food production is the most limited sector by water scarcity in the Arab region [38]. Figure 2
shows the Global Food Security Index (GFSI) for the years 2012, 2014, and 2016 across the Middle East.
The GFSI accounts for the fundamental issues of food affordability, availability, quality, and safety
in 113 countries around the world [39]. From Figure 2, Israel, Qatar, and Kuwait are categorized as
the most food secure countries in the region for the years 2012, 2014, and 2016. However, Syria and
Yemen are classified as food insecure countries. Overall, the GFSI shows a slight improvement across
most of the Middle East countries except in Syria and Yemen. In a global context, the wealthy nations
(i.e., the United States (US), Denmark, and France) are the most food secure countries. Sub-Saharan
African countries are the most food insecure, and Burundi, Chad and the Democratic Republic of
Congo (DRC) have the worst food insecurity situation in the world [40].
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Figure 2. Global Food Security Index (0–100, 100 = ideal environment). Note: the countries not listed
means the GFSI was not provided by the source for these countries due to data unavailability. The data
is acquired from [40–42].

2.2. Energy Security

Energy security can include a broad range of aspects. Some of these aspects can be motivated by
energy supply, geopolitical power, economic growth, sustainability, and social expansion [33]. In 2012,
the Middle East countries consumed about 6.6% of the total residential energy consumption of the
world. It is worth mentioning that electricity is the main energy consumption source in the Middle
East [43].

The Middle East has a significant impact on the oil/gas market in the world, and the main income
source of the Middle Eastern countries is oil and natural gas resources. More than 56% of the world
oil reserves and about 36% of the world natural gas reserves are in the Middle East [28]. In 2009,
the five largest natural gas reserves reported in the world were Russia, Iran, Qatar, KSA, and UAE,
respectively [44]. Although the natural gas production has increased considerably in the Middle East
during the period of 2010–2014, the demand has also increased significantly in the region due to
population growth, economic expansion, urbanization, and desalination plants [45]. As a result, Qatar,
KSA, and UAE are facing considerable energy deficiency mainly in the natural gas resources [44].

Understanding how energy is consumed may provide us valuable insights on the effectiveness of
energy efficiency. Globally, the energy demand has increased 1.9% in 2017, the largest annual increase
since 2010. Meanwhile, the progress of energy efficiency initiatives since 2000 prevented an additional
12% energy use in 2017. China, India, and the European Union (EU) are the main regions affecting
2017 energy demand growth. Energy demand in the US has decreased since 2015 [46]. A study
by Nejat et al. [47] found that the global energy demand in the residential sector increased by 14%
for the period of 2000 to 2011, and developing countries were the most contributors to this increase
due to population growth, urbanization, and economic growth in these countries. The study further
suggested that China, Iran, and India have experienced the most dramatic increase in CO2 emissions
(25%, 245%, and 84%, respectively) between 1990 and 2011. Russia, Germany, South Korea, Canada,
and the United Kingdom have shown reductions in CO2 emissions, with the greatest decline being in
Germany (−30%).
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According to the Regional Center for Renewable Energy and Energy Efficiency (RCREEE) 2015
report, Jordan is the most optimum country among the 12 Middle Eastern countries given its energy
efficiency status. Figure 3 displays the efficiency status in the Middle East. The energy efficiency
score reported in Figure 3 is evaluated under four categories, i.e., energy pricing, policy framework,
institutional capacity, and utility [48].
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Figure 3. Energy Efficiency Status in the Middle East. The higher score indicates better energy efficiency
status. The data is acquired from RCREEE [48].

Nematollahi et al. [28] assessed the prospective of solar and wind energy sources in the Middle
East. The results showed that Middle East has a high potential to use renewable energy resources.
Furthermore, El Bassam [49] mentioned that the Middle East has the highest potential of solar energy
source on the earth. However, solar energy accounts for less than 0.2% (on average) of the electricity
supply in the region. In addition, the percentage of the renewable energy used for electricity production
(including hydro) in the Middle East has decreased from 4.3% in 2005 to 2.2% in 2015 [44]. Hajj [50]
stated that electricity production by wind energy is approximately 0.6% in the Arab region.

2.3. Water Security

Water security is the proportion of people that can insure sustainable access to sufficient amounts
of usable water to sustain living needs, human welfare and socio-economic progress, to protect people
from water related pollution and disasters, and to guard ecosystems in peaceful and politically stable
conditions [51]. Water security is one of the greatest challenges in the Arab region [32]. Freshwater in
the Arab region has declined due to the reliance on transboundary water bodies, poor water quality,
political instability, climate change, non-beneficial water losses, absence of water use efficiency, and
excessive population growth [52]. In addition, the mean annual evaporation rate in MENA can exceed
2000 mm/year, which significantly contributes to freshwater scarcity in the region [53]. In 2011, most of
the Arab countries reported that the total renewable water resources were less than 1000 m3/capita/year,
which represents the water poverty line. For Bahrain, Kuwait, Qatar, KSA, UAE and Yemen, the total
renewable water resources were even less than 100 m3/capita/year [54].

Groundwater depletion is of high concern in the Middle East especially in the Gulf countries
where groundwater has over-exploited for irrigation and agricultural purposes [55]. Extreme pressure
on the already scarce groundwater resources in the GCC countries has occurred as a consequence
of rapid population growth, urbanization, industrialization, and agricultural production since the
1970s [21,56]. Therefore, currently the Gulf countries are mainly relying on the desalinated water
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supply to assure their water demands [6]. However, water production via the desalination process has
markedly increased energy consumption.

Industry is one of the main drivers of water usage in the Middle East especially the crude
oil industry. Figure 4 shows industrial water consumption in the Middle East in 2011. The oil
exporter countries use large amounts of water to produce crude oil. For instance, KSA consumes over
1600 million m3/year water in crude oil production [57].

Damerau et al. [58] reported that the MENA region has the largest fossil energy reservoirs in the
globe and extensive renewable energy resources, however it is also the highest water scarce region.
Therefore, the future water-energy linkages might become critical and complex in the region. Climate
change and socio-economic factors including population growth, globalization, economic progression,
and urbanization play a part in the FEW nexus [3]. Therefore, the next section will highlight the
predominant challenges in the Middle East and their interconnections with FEW security in the region.
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Figure 4. Industrial water consumption in the Middle East in 2011. The data are acquired from
Sakhel et al. [57].

3. Drivers Impacting the FEW Security in the Middle East in the 21st Century

3.1. Water Scarcity

The means of addressing the challenges of water deficiency for a region may differ across the
spatiotemporal scales, according to people needs, and resources availability [59]. Rijsberman [59]
defined the water being “insecure” when safe and consumable water is not available to satisfy
individual living needs whereas the water was defined as “scarce” when a large group of people are
water insecure for a long period in a specific region. Dubreuil et al. [20] explained that water scarcity
happens when the water demands exceed water supply.

The Middle East region is one of the most arid regions in the world and substantially suffering from
scarce water resources [60]. Albeit several large rivers are located in the Middle East, transboundary
water resources are also a struggle in the region. For example, the Tigris-Euphrates basin water is
shared between Turkey, Syria, and Iraq. Mainly, Turkey has been controlling the discharge of both
rivers across its borders with Syria and Iraq. Turkey has constructed 15 major dams on the Tigris and
Euphrates rivers. Based on Food and Agriculture Organization’s Information System on Water and
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Agriculture (FAO AQUASTAT) Database, 98% of Turkey water resources originate within its borders.
Whereas Syria and Iraq respectively have about 28% and 39% of their water inside their borders [61].
Figure 5 expresses the percentage of the total renewable water resources that originate outside the
country borders. From Figure 5, Kuwait, Egypt, and Bahrain are the most dependent countries on
shared water resources from neighboring countries.
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Figure 5. The percentage of the total renewable water resources originating outside a country in 2014.
A country with a dependency ratio equal to 0% does not receive any water from neighboring countries,
whereas a country with a dependency ratio equal to 100% receives all its renewable water resources
from upstream countries. The data is acquired from: https://idea.usaid.gov.

Negewo [62] mentioned that for the period of 2000–2009, the Gulf countries had the lowest per
capita water availability in the MENA region, with an annual average of <300 m3/capita, which may
decrease to <200 m3/capita, as a consequent of climate change impacts. Voss et al. [63] reported that
about 144 km3 of water was depleted mostly from the groundwater in the Tigris-Euphrates-Western
Iran region during the period of 2003–2009 due to a combined effect of drought and groundwater
withdrawals. Therefore, water depletion resulted in reduction of crop yields and economic damages in
the region [63,64]. On the other hand, water scarcity in the Middle East is a limitation factor on energy
productivity [44].

3.2. Extreme Events: Droughts, Floods, Storm Surges, and Dust Storms

Disaster risk management is one of the top concerns in the MENA region. Floods, droughts, and
earthquakes are the most consequential catastrophes that threaten growth and resources security in the
region. Historically, it is identified that food security is vulnerable to extreme weather events [65]. For
the period of 1981–2011, the World Bank reported that 53% of the total number of natural disasters
in the MENA region were floods, 24% were earthquakes, and about 10% were storms and droughts.
However, data availability is a limitation for drought events records [66].

Lately, the frequency of extreme events, i.e., droughts, floods, storm surges, and dust storms, has
shown an increasing trend in the Arab region [67], but the consequences of these events have not been
thoroughly investigated [68]. In most arid regions, flash floods are a natural phenomenon because
rainfall can be very intense in a short time period, especially when these events are accompanied by
dry or low infiltration capacity soils in the region [69]. The flash flood events in 2009, 2010, and 2011 in
KSA were documented as the worst since the 1980s [66]. Regarding the seismic risk, the World Bank
reported that Iran is the most vulnerable country in the Middle East to seismic hazard; it accounts for
about 95% of the total mortality during catastrophes in Iran. Moreover, Egypt and Yemen have also
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Water 2019, 11, 682 8 of 20

experienced earthquake events, floods, and landslides [66]. These events impose crucial risk of failure
to the infrastructures concerning energy security in the region.

Frequent drought events have increased in the Fertile Crescent countries, namely, Iraq, Syria,
Jordan, Israel, and western Iran since 2006 wet season [70]. This long-term drying trend coincides with
the active period of dust storms, which has evoked during the period of 2007–2013 in the region [70].
Given that agriculture is the most sensitive sector to drought [71], and because of persistent drought
over the region, vegetation cover has decreased, consequently intensifying dust storm occurrence in
the aforementioned Fertile Crescent countries, and transporting dust to the Arabian Peninsula [70].
A study by Amin et al. [72] revealed that in the past twenty years, KSA has faced severe and extreme
drought conditions mostly in agricultural areas, underlining the risk of water depletion and vegetation
cover reduction in the region. In Turkey, about 15.3% reduction in crop yield occurred in 2007 [71].
Figure 6 shows climate risk index in the Middle East, where countries with lower scores indicate those
at higher risk to climate change. From Figure 6, Oman and Yemen are the most vulnerable countries to
the risks of climate change in the Middle East.
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Figure 6. Climate Risk Index Score in the Middle East in 2015. The index is a weighted score calculated
according to the following setting: Number of Deaths (weight: 1/6), Deaths per 100,000 inhabitants
(weight: 1/3), losses in Purchasing Power Party (PPP) (weight: 1/6), and Losses per GDP unit (weight:
1/3). Lower score indicates a country being more at risk to climate change events. The data is acquired
from: https://idea.usaid.gov.

3.3. Economic Growth

The abundant oil resources in the Middle East have increased the economic growth level in
the region. However, economic growth is different from the economic advancement or sustainable
development [73]. Energy consumption is highly connected to economic development. Al-Awad and
Harb [74] underlined the fact that the weakness of the financial sector and unstable economic growth in
the Middle East are the factors that most affect sustainable economic development in the region. Gross
domestic product (GDP) is a measure of total products of a country [75]. GDP is calculated in terms of

https://idea.usaid.gov
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purchasing power parity (PPP), and it is one of the main indicators to estimate a country’s economy.
Qatar and Iraq have experienced the highest GDP growth rates in the Middle East during the period
of 2011–2015. In contrast, the compound growth rate for the period of 2011–2015 in Yemen reveals a
decline, and in Iran, there was no economic growth. However, the economy of Iran was estimated to
grow at a mean annual rate of 4.6% for the period of 2016–2018 [76]. Silva et al. [65] discussed that
the absence of investments in infrastructure could be a potential risk to FEW security in any region.
For instance, food processing and production are significantly affected by infrastructure.

The GDP growth in the Middle East is highly connected to oil and natural gas investment.
The dependency of the GCC countries on oil has increased since 2006 [76]. For instance, by mid-2014
to 2016, oil prices sharply declined affecting the economy of the oil exporting countries of MENA
region [77]. Therefore, the GDP growth in the MENA region was expected to be lower in 2017 [78].
Figure 7 shows the actual GDP growth in the Middle East for the years of 2015−2017. The GDP
estimates show that Yemen has faced the worst decline in 2015 and 2016 across the Middle East.
The GDP growth for 2017 shows that Iraq experienced a decline in GDP in that year.
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Figure 7. Actual GDP Growth rate for the years of 2015−2017. The data is acquired from: IMF
Data Mapper.

3.4. Urbanization

The world has witnessed relatively rapid growth in urbanization since the 1950s [79]. Such growth
in the urban population has caused serious challenges related to poverty and unemployment [79].
By the beginning of the 21st century, urban population in the MENA region was about 60% of the total
population, and it increased to 70% in 2015. However, urbanization in the MENA region can be a
major challenge because it is unplanned [22]. Efficient urban planning and sustainable food supply
system are required to achieve a healthy growing urban population [65].
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The general trend of expanded urbanization and reduced agricultural share in the MENA region
can have serious direct effects on water demand and indirect impacts on energy sector [27]. Qatar
and Kuwait were among the ten most urbanized countries, each having about 90,000 inhabitants
in 2014 estimates; they are expected to stay the same in 2050 projections [80]. Figure 8 presents the
decadal mean annual rate of change of urban population in the Middle East. Overall, the increase
in urban population was the highest starting from the mid-1950s to mid-1970s in the region. For the
decade of 1985−1995, the urban population rate in Kuwait decreased possibly due to the First Gulf
War. For the most recent decade (2005−2015), Qatar and UAE have witnessed the highest growth in
urbanization [80].
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Figure 8. Decadal mean annual rate of change of urban population for each country. The data is
acquired from the UN-Water [80].

3.5. Population Growth

In a world facing issues such as severe poverty, scarce water resources, and persisting hunger,
rapid population growth may pose serious challenges. In terms of poverty, growing population
may mitigate infrastructure, aggravate natural resources depletion, and intensify the dependency
ratio [81,82]. Moreover, population growth is a main contributor to the industrial and municipal water
consumption [62]. Thereby, population expansion can be a direct concern for resource exhaustion,
especially in developing countries [83]. The significant modifications of population dynamics in
the Arab region (e.g., population growth, urbanization, population age, and migration fluxes) have
increased water demand in the region in the last three decades. For example, population increase
has imposed an unsustainable strain on the agriculture sector, consequently increasing the burden on
diminished freshwater resources in the Arab region.

It was found that the population growth in the Arab region for the period of 1982−2012 resulted
in approximately 50% reduction in the mean amount of total water resource per capita [54]. The high
rate of growing population in developing countries may affect the health and education sectors that
can influence poverty mitigation efforts and possible economic growth in the region [54].

Based on the total population, the most populated countries in the Middle East are Egypt, Iran,
and Turkey, respectively. Figure 9 shows a five-year average population in the Middle East countries.
From the figure, the first cluster indicates that Egypt has the highest population growth considerably
from the beginning of the 21st century followed by Iran and Turkey. The second cluster, including Iraq,
KSA, and Yemen, has also witnessed population growth since late 1980s. In contrast, the population
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in Syria has declined after 2008, most likely due to the political conflict in the country. Furthermore,
the World Meter (www.Worldometers.info) reported that Iraq, Palestine, Yemen, and Kuwait had the
highest population growth rates in 2017, respectively, as seen in Figure 10.
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Figure 9. Five-year average population of each country in the Middle East. Source: FAO-AQUASTAT
Database and Worldometers. The data is acquired from: www.Worldometers.info.
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3.6. Poverty

Societies with insufficient market access and scarce natural resources are characterized by
communities which have been exposed to prolonged poverty. Awulachew et al. [84] studied the
food-water-poverty nexus across ten countries within the Nile basin. The authors defined poverty
as a composite of different elements, i.e., politics, economy, environment, socio-culture, and history.
Vulnerability to poverty is very high in the MENA region, and large groups of people live around
the poverty line. For instance, a large portion of population is distributed close to the poverty line
in Iraq and Yemen, thereby people are at high risk of economic collapse in these countries [35].
According to FAO-AQUASTAT database, Iraq has recorded the highest number of undernourished
people (8.1 million) for the period of 2013–2017. Similarly, Yemen was the second highest in terms of
the number of undernourished people (6.7 million) in the Middle East. Water scarcity that impacted
the agriculture sector, population growth that affected employment, and poor economic policy are
among the key drivers for the high poverty rate in Yemen [78]. Figure 11 displays the percentage
of population that were undernourished in the Middle East in 2005 and 2015 (data of Syria are not
available from this source). From the figure, the percentage of undernourished people in 2015 is lower
than in 2005. Yemen and Iraq were outliers with the highest percentages of undernourished population
in 2005 and 2015.

Syria is currently the poorest country in the Middle East. The Syrian Center for Policy Research
(SCPR) reported that the poverty rate in Syria has increased 14% in 2014 compared to 2010 [78].
Dramatically, the percentage of people who live in poverty in Syria reached 85.2% in 2015 compared to
64.8% in 2013, and about 35% of whom lived in extreme poverty levels (limited access to basic food)
especially in the conflict zones [78].
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Figure 11. Percentage of undernourished population in each country of the Middle East. Note: data
for Syria was not available. The data is acquired from: https://idea.usaid.gov.

Figure 12 shows the Global Hunger Index (GHI) for the years of 2008 and 2016 over the Middle
East region. The index is a tool to estimate and trace hunger at different scales, i.e., global, regional,
and local levels. The GHI is generated based on four indicators including undernourishment, child
wasting, child stunting, and child mortality. The range of GHI is from 0 to 100 where zero indicates no
hunger [85]. Overall, the GHI in 2016 revealed less hunger levels than in 2008. However, the reduction
in hunger levels were mostly insignificant within a decade. According to the GHI severity scale, Yemen
is at an alarming stage of hunger, Iraq faces a serious hunger condition, and the rest of the countries
are in moderate to low hunger conditions (Figure 12).
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Figure 12. Global Hunger Index (GHI) for the Middle Eastern countries with a range of 0−100, where
lower score indicates less hunger. Note: data for Syria was not available. The data is acquired from:
https://idea.usaid.gov.

3.7. Political Stability

Political insecurity is a key feature of the Middle East [32]. Conflict and insecure conditions
are among the main obstacles of progression in the MENA region in 2016, especially in Iraq, Libya,
Syria, and Yemen where approximately 50% of the population (about 40 million people) demand
humanitarian aid [86]. Seven years of Conflict in Syria has affected the socio-economic development
of the country. The United Nations High Commissioner for Refugees (UNHCR) in September 2016
reported that the total number of Syrian refugees in neighboring countries, i.e., Egypt, Iraq, Jordan,
Lebanon, and Turkey, was about 4.8 million. Moreover, in August 2016, the United Nations Office for
the Coordination of Humanitarian Affairs (OCHA) reported that about 6.1 million of Syrians displaced
from the conflict zones into more secure areas inside the country [87].

Evidence from the Middle East revealed that the political unrest is associated with economic
inequality (income inequality), where the latter can be the main reason of civil anxiety. For example,
income inequality in Egypt was counted as one of the causes of the Egyptian revolution during the Arab
Spring uprisings period [88]. In Syria, the economic sector has been completely destroyed because of
the Syrian civil war since 2011 [78]. In Iraq, conflict and instabilities have severe impacts on agricultural
and rural environment of the country [89]. Sowers [90] discussed that the countries facing wars and
civil unrest are the most vulnerable countries to water and energy systems destruction. Elasha [68]
argued that climate change can be a threat in the regions experiencing political instability, and it may
aggravate stress in the region especially between nations sharing hydrological, geographical, and
political boundaries. Elasha [68] further explained that water scarcity may exacerbate potential anxiety
in the region knowing that about 80% of surface water resources and 66% of total water resources are
shared in the Arab region.

4. Discussion

The issues presented in this paper are interconnected and have either direct or indirect effects on
the FEW system in the Middle East region. For instance, limited access to water resources diminishes
agricultural activities, intensifies poverty, and reduces the coping capacity of poor people to face
risks. Furthermore, the extreme water deficit in the Eastern Mediterranean region has affected
the socio-economic potency, exacerbated land vulnerability to salinization and desertification, and
increased the risk of political unrest in the Middle East. In general, political unrest for any reason can

https://idea.usaid.gov
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cause food instability and struggle [91]. FAO report identified Syrian people that are in need of food
assistance into two categories: 9.4 million as food insecure people and about 2.7 million of them at risk
of food insecurity [87].

Wars and political instability made the urbanization process more complicated in the Arab
region [79]. In general, urbanization is controlled by natural urban population growth, rural to urban
migration, and reduced urban mortality compared to rural [54]. For instance, the drought period of
2006−2009 in eastern Syria influenced 1.3 million people after the loss of 2008 harvest, resulting in
increased migration from rural to urban areas and extreme poverty levels in the region [11].

The connection between population growth and food insecurity is evident [81]. Egypt as the most
populated country in the Middle East is one of the most food insecure countries in the region. In the
Middle East, food security is impacted by several current challenges, namely, political unrest, global
financial crisis, poverty, growing population, corruption, parochialism, and climate change related
disasters [91]. However, decreasing human fertility may play an important role in poor countries to
reduce poverty, lowering the pressure on livelihoods, and expediting economic growth [83].

Despite the fact that economic growth in developing countries may reduce poverty, the rate
of poverty reduction depends on how economic growth is characterized. For example, there is a
significantly negative relation between economic growth and poverty when economic growth is
defined in terms of consumptions. However, a non-significant relation occurs between economic
growth and poverty when economic growth is measured based on the changes in GDP/capita [92].
Ncube et al. [93] supported this argument by concluding that income inequality in the MENA region
can increase poverty and decrease economic growth.

Countries can make an instant improvement in their economic growth by increasing the economic
freedom in the society regardless of their current level of development. The index of economic freedom
provides a comprehensive evaluation of an individual well-being, i.e., health, education, environment,
innovation, society development, democratic governance, and freedom in acquiring and benefitting
economic resources in countries that are more economically free [75]. Figure 13 shows the economic
freedom of the countries of interest within the MENA region. From the figure, it can be seen that most
of the Middle East countries are moderately free countries in terms of liberty and free markets. UAE
and Qatar are mostly free; Iran, Egypt, and Lebanon are mostly repressed countries.

Water 2019, 11, x FOR PEER REVIEW 14 of 20 

 

assistance into two categories: 9.4 million as food insecure people and about 2.7 million of them at 

risk of food insecurity [87]. 

Wars and political instability made the urbanization process more complicated in the Arab 

region [79]. In general, urbanization is controlled by natural urban population growth, rural to urban 

migration, and reduced urban mortality compared to rural [54]. For instance, the drought period of 

2006−2009 in eastern Syria influenced 1.3 million people after the loss of 2008 harvest, resulting in 

increased migration from rural to urban areas and extreme poverty levels in the region [11].  

The connection between population growth and food insecurity is evident [81]. Egypt as the 

most populated country in the Middle East is one of the most food insecure countries in the region. 

In the Middle East, food security is impacted by several current challenges, namely, political unrest, 

global financial crisis, poverty, growing population, corruption, parochialism, and climate change 

related disasters [91]. However, decreasing human fertility may play an important role in poor 

countries to reduce poverty, lowering the pressure on livelihoods, and expediting economic growth 

[83].  

Despite the fact that economic growth in developing countries may reduce poverty, the rate of 

poverty reduction depends on how economic growth is characterized. For example, there is a 

significantly negative relation between economic growth and poverty when economic growth is 

defined in terms of consumptions. However, a non-significant relation occurs between economic 

growth and poverty when economic growth is measured based on the changes in GDP/capita [92]. 

Ncube et al. [93] supported this argument by concluding that income inequality in the MENA region 

can increase poverty and decrease economic growth.  

Countries can make an instant improvement in their economic growth by increasing the 

economic freedom in the society regardless of their current level of development. The index of 

economic freedom provides a comprehensive evaluation of an individual well-being, i.e. health, 

education, environment, innovation, society development, democratic governance, and freedom in 

acquiring and benefitting economic resources in countries that are more economically free [75]. 

Figure 13 shows the economic freedom of the countries of interest within the MENA region. From 

the figure, it can be seen that most of the Middle East countries are moderately free countries in terms 

of liberty and free markets. UAE and Qatar are mostly free; Iran, Egypt, and Lebanon are mostly 

repressed countries.  

 

Figure 13. Index of Economic Freedom for the countries of interest within the MENA region in 2017. 

Countries are categorized as follows: (0−49.9) are repressed country, (50−59.9) are mostly unfree 

country, (60−69.9) are moderately free country, (70−79.9) are mostly free country, and (80−100) are free 

country. Note: not listed countries implies data unavailability. The data is acquired from Miller and 

Kim [75]. 

76.9

68.5

52.6

50.5

69.7

66.7

64.4

65.1

53.3

61.9

62.1

73.1

65.2

0 10 20 30 40 50 60 70 80 90

UAE

Bahrain

Egypt

Iran

Israel

Jordan

KSA

Kuwait

Lebanon

MENA average

Oman

Qatar

Turkey

Score

C
o

u
n

tr
y

Index of Economic Freedom 2017 

Figure 13. Index of Economic Freedom for the countries of interest within the MENA region in 2017.
Countries are categorized as follows: (0–49.9) are repressed country, (50–59.9) are mostly unfree country,
(60–69.9) are moderately free country, (70–79.9) are mostly free country, and (80–100) are free country.
Note: not listed countries implies data unavailability. The data is acquired from Miller and Kim [75].
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With respect to the energy sector, it was found that energy production in the Middle East is
highly constrained by water deficiency [44]. For example, drought may significantly affect electricity
supplies because of high temperatures which increase electricity demand during the low water
supplies [18]. Moreover, rapid growth of population and economy have contributed to intensifying
energy consumption in the MENA region [94]. Therefore, energy consumption is expected to increase
to 95% in the Middle East for the period from 2012 to 2040 [43].

In order to better understand the differences (with regards to FEW security) among the Middle
Eastern countries and to reveal the underlying influential factors affecting such a disparity, a comparison
is conducted between the most FEW secure country in the Middle East (i.e., Turkey) and the least secure
country (i.e., Yemen). In terms of food security, Yemen lies in an alarming stage of hunger and faces a
high poverty rate, which has been exacerbated by the ongoing war and political instability. In contrast,
Turkey is characterized by low hunger rate and low levels of poverty. Agriculture can be a major driver
of a country’s food self-sufficiency (i.e., meeting consumption needs from own production) when
suitable environment is available, i.e., appropriate land and water resources. Given that Yemen is
considerably below the water poverty line (1000 m3/capita/year), the agriculture sector there is highly
impacted by water scarcity. Limited agricultural area and an exceptionally warm climate aggravate the
issue [95]. On the other hand, Turkey is agriculturally much more productive due to the abundance
water resources (the highest in the Middle East), farmland availability, and the Mediterranean climate.
Moreover, the increasing human fertility and increasing population alongside political unrest are other
causes of food security in Yemen.

The other FEW component, energy, is dependent on and convoluted by water availability [96].
Since Yemen is among the arid Middle East countries with limited water availabilities, energy security
there is another challenging issue, in contrast to Turkey. Furthermore, Yemen is one of the most
vulnerable countries to the risks of climate change effects in the Middle East (e.g., heatwaves, floods,
and landslides). The situation is quite different in Turkey, with abundant access to water and secure
energy supply. Additionally, Turkey is expected to be less vulnerable to the risks of climate change,
and due to its relatively higher liberty and comparatively more free market, Turkey has sustained a
decent economic growth in the region.

Adaptation to scarcity in FEW nexus can be managed through reducing demands, increasing
supplies, and maximizing storage and transport of resources [18]. Rainwater-harvesting techniques
have been used in water scarce countries to increase the efficiency of rainwater usage [97]. Building
seawater desalination plants over the Persian Gulf and the Red Sea is one of the most reliable sources
of freshwater in the Gulf countries, i.e., Kuwait, KSA, Bahrain, Qatar, and the UAE. However, this
solution requires substantial amounts of energy and it can affect the environment of the Persian Gulf
or the Red Sea by increasing their salinity levels [98].

In summary, FEW security cannot be achieved if its components are considered as individual
entities. In other words, improving one sector while ignoring others will not assist in solving issues
related to other systems. A large amount of energy is needed to distribute, treat and use water and
concurrently, large portion of water is required to generate and distribute energy. Food production
requires intense amounts of water and energy. Fertilizers and pesticides used in agriculture may in
turn impact the freshwater and aquatic ecosystems. However, food production can provide biomass
energy [99].

5. Conclusions

Food, energy, and water security are emerging issues in the Middle East. It is imperative to study
the dynamics behind the FEW security concerns in the region. Therefore, this study introduced the
most critical challenges by retracing the FEW security problems that the Middle East has been facing
recently. The evaluation suggested that most of the studied countries are facing FEW insecure resources
condition. Water availability and natural hazards like drought, precipitation extremes, and heat
waves contribute to the stress on water resources in the region. These factors, along with increasing
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population, can further impact the energy sector in the region. Meanwhile, energy production may
affect climate due to greenhouse gases emission. This, in turn, may affect food production in the
Middle East.

The FEW security in the Middle East can be classified into two major categories of water-energy
security and water-food security. The water-energy security is directly affected by water scarcity,
drought, and economic growth. Water-food security is directly impacted by water scarcity, drought,
population growth, political unrest, and urbanization. Poverty and migration are the possible
consequences of unsustainable FEW management; there is strong linkage and feedback among these
components, and no component of FEW changes in isolation. However, water is the scarcest resource
in the Middle East. Finally, the lack of consistent management combined with unsustainable use of
resources in the Middle East region will probably pose critical FEW challenges in the near future.

Author Contributions: M.H. carried out the assessment and prepared the initial draft of the article. H.M.
(Hamid Moradkhani) initiated and designed the study and supervised it throughout. All the authors contributed
in the assessment, and drafting the paper.

Funding: This research was funded by the Center for Complex Hydrosystems Research (CCHR) at the University
of Alabama. Also, the first author was supported partially by the Higher Committee for Education Development
in Iraq (HCED).

Acknowledgments: We would like to acknowledge the United Nations, the USAID, the IMF Data Mapper,
and the Worldometers for providing the data that were used in this study. The authors declare no competing
financial interests.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Garcia, D.J.; You, F.Q. The water-energy-food nexus and process systems engineering: A new focus.
Comput. Chem. Eng. 2016, 91, 49–67. [CrossRef]

2. Hamdy, A.; Driouech, N.; Hmid, A. The Water-energy-food security nexus in the Mediterranean: Challenges
and opportunities. In Proceedings of the Fifth International Scientific Agricultural Symposium (Agrosym
2014), Jahorina, Bosnia and Herzegovina, 23–26 October 2014.

3. Endo, A.; Tsurita, I.; Burnett, K.; Orencio, P.M. A review of the current state of research on the water, energy,
and food nexus. J. Hydrol. Reg. Stud. 2015, 11, 20–30. [CrossRef]

4. Chang, Y.; Li, G.; Yao, Y.; Zhang, L.; Yu, C. Quantifying the water-energy-food nexus: Current status and
trends. Energies 2016, 9, 65. [CrossRef]

5. Gleick, P.H. Water and Energy. Annu. Rev. Energy Environ. 1994, 19, 267–299. [CrossRef]
6. Keulertz, M.; Sowers, J.; Woertz, E.; Mohtar, R. The Water-Energy-Food Nexus in Arid Regions; Oxford University

Press: Oxford, UK, 2016; Volume 1, ISBN 9780199335084.
7. Cai, X.; Rosegrant, M.W. 10 Future Prospects for Water and Food in China and India: A Comparative

Assessment. In The Dragon & The Elephant: Agricultural and Rural Reforms in China and India; International
Food Policy Research Institute: Washington, DC, USA, 2007; pp. 207–233, ISBN 9780801887864.

8. UN-Water. Climate Change Adaptation: The Pivotal Role of Water; UN-Water: Geneva, Switzerland, 2011;
pp. 1–18.

9. Howarth, C.; Monasterolo, I. Understanding barriers to decision making in the UK energy-food-water nexus:
The added value of interdisciplinary approaches. Environ. Sci. Policy 2016, 61, 53–60. [CrossRef]

10. Scanlon, B.R.; Duncan, I.; Reedy, R.C. Drought and the water-energy nexus in Texas. Environ. Res. Lett. 2013,
8. [CrossRef]

11. Sowers, J.; Vengosh, A.; Weinthal, E. Climate change, water resources, and the politics of adaptation in the
Middle East and North Africa. Clim. Chang. 2011, 104, 599–627. [CrossRef]

12. Chenoweth, J.; Hadjinicolaou, P.; Bruggeman, A.; Lelieveld, J.; Levin, Z.; Lange, M.A.; Xoplaki, E.;
Hadjikakou, M. Impact of climate change on the water resources of the eastern Mediterranean and
Middle East region: Modeled 21st century changes and implications. Water Resour. Res. 2011, 47. [CrossRef]

http://dx.doi.org/10.1016/j.compchemeng.2016.03.003
http://dx.doi.org/10.1016/j.ejrh.2015.11.010
http://dx.doi.org/10.3390/en9020065
http://dx.doi.org/10.1146/annurev.eg.19.110194.001411
http://dx.doi.org/10.1016/j.envsci.2016.03.014
http://dx.doi.org/10.1088/1748-9326/8/4/045033
http://dx.doi.org/10.1007/s10584-010-9835-4
http://dx.doi.org/10.1029/2010WR010269


Water 2019, 11, 682 17 of 20

13. King, C.; Jaafar, H. Rapid assessment of the water-energy-food-climate nexus in six selected basins of North
Africa and West Asia undergoing transitions and scarcity threats. Int. J. Water Resour. Dev. 2015, 31, 1–17.
[CrossRef]

14. Berardy, A.; Chester, M.V. Climate Change Vulnerability in the Food, Energy, and Water Nexus: Concerns for
Agricultural Production in Arizona and its Urban Export Supply. Environ. Res. Lett. 2017. [CrossRef]

15. Feitelson, E.; Tubi, A. A main driver or an intermediate variable? Climate change, water and security in the
Middle East. Glob. Environ. Chang. 2017, 44, 39–48. [CrossRef]

16. Hanjra, M.A.; Qureshi, M.E. Global water crisis and future food security in an era of climate change.
Food Policy 2010, 35, 365–377. [CrossRef]

17. Verdon-Kidd, D.C.; Scanlon, B.R.; Ren, T.; Fernando, D.N. A comparative study of historical droughts
over Texas, USA and Murray-Darling Basin, Australia: Factors influencing initialization and cessation.
Glob. Planet. Chang. 2017, 149, 123–138. [CrossRef]

18. Scanlon, B.R.; Ruddell, B.L.; Reed, P.M.; Hook, R.I.; Zheng, C.; Tidwell, V.C.; Siebert, S. The food-energy-water
nexus: Transforming science for society. Water Resour. Res. 2017, 1–7. [CrossRef]

19. Lee, M.; Keller, A.A.; Chiang, P.C.; Den, W.; Wang, H.; Hou, C.H.; Wu, J.; Wang, X.; Yan, J. Water-energy
nexus for urban water systems: A comparative review on energy intensity and environmental impacts in
relation to global water risks. Appl. Energy 2017, 205, 589–601. [CrossRef]

20. Dubreuil, A.; Assoumou, E.; Bouckaert, S.; Selosse, S.; Maïzi, N. Water modeling in an energy optimization
framework—The water-scarce middle east context. Appl. Energy 2013, 101, 268–279. [CrossRef]

21. Saif, O.; Mezher, T.; Arafat, H.A. Water security in the GCC countries: Challenges and opportunities.
J. Environ. Stud. Sci. 2014, 4, 329–346. [CrossRef]

22. Al-Mulali, U.; Ozturk, I. The effect of energy consumption, urbanization, trade openness, industrial output,
and the political stability on the environmental degradation in the MENA (Middle East and North African)
region. Energy 2015, 84, 382–389. [CrossRef]

23. Daher, B.T.; Mohtar, R.H. Water-energy-food (WEF) Nexus Tool 2.0: Guiding integrative resource planning
and decision-making. Water Int. 2015, 1–24. [CrossRef]

24. Magazzino, C. CO2 emissions, economic growth, and energy use in the Middle East countries: A panel VAR
approach. Energy Sources Part B 2016, 11, 960–968. [CrossRef]

25. Borgomeo, E.; Jägerskog, A.; Talbi, A.; Wijnen, M.; Hejazi, M.; Wilhelm, F.M. The Water-Energy-Food Nexus in
the Middle East and North Africa Scenarios for a Sustainable Future; World Bank Group: Washington, DC, USA,
2018. [CrossRef]

26. McDonnell, R.A. Circulations and transformations of energy and water in Abu Dhabi’s hydrosocial cycle.
Geoforum 2014, 57, 225–233. [CrossRef]

27. Siddiqi, A.; Anadon, L.D. The water-energy nexus in Middle East and North Africa. Energy Policy 2011, 39,
4529–4540. [CrossRef]

28. Nematollahi, O.; Hoghooghi, H.; Rasti, M.; Sedaghat, A. Energy demands and renewable energy resources in
the Middle East. Renew. Sustain. Energy Rev. 2016, 54, 1172–1181. [CrossRef]

29. Bekhet, H.A.; Matar, A.; Yasmin, T. CO2 emissions, energy consumption, economic growth, and financial
development in GCC countries: Dynamic simultaneous equation models. Renew. Sustain. Energy Rev. 2017,
70, 117–132. [CrossRef]

30. IEA (International Energy Agency). CO2 Emissions from Fuel Combustion 2018 Highlights; OECD/IEA: Paris,
France, 2018.

31. Khan, M.A.; Khan, M.Z.; Zaman, K.; Arif, M. Global estimates of energy-growth nexus: Application of
seemingly unrelated regressions. Renew. Sustain. Energy Rev. 2014, 29, 63–71. [CrossRef]

32. Mohtar, R.H.; Assi, A.T.; Daher, B.T. Current Water for Food Situational Analysis in the Arab Region and
Expected Changes Due to Dynamic Externalities. In The Water, Energy, and Food Security Nexus in the Arab
Region. Water Security in a New World; Springer: Cham, Switzerland, 2017; ISBN 978-3-319-48407-5.

33. Willis, H.H.; Groves, D.G.; Ringel, J.S.; Mao, Z.; Efron, S.; Abbott, M. Developing the Pardee RAND
Food-Energy-Water Security Index; RAND Corporation: Santa Monica, CA, USA, 2016.

34. The World Economic Forum. The Middle East and North Africa at Risk 2010; The World Economic Forum:
Cologny/Geneva, Switzerland, 2010.

35. ESCWA (Economic and Social Commission for Western Asia). Food Security and Conflict in the ESCWA Region;
ESCWA: New York, NY, USA, 2010; p. 134.

http://dx.doi.org/10.1080/07900627.2015.1026436
http://dx.doi.org/10.1088/1748-9326/aa5e6d
http://dx.doi.org/10.1016/j.gloenvcha.2017.03.001
http://dx.doi.org/10.1016/j.foodpol.2010.05.006
http://dx.doi.org/10.1016/j.gloplacha.2017.01.001
http://dx.doi.org/10.1002/2017WR020889
http://dx.doi.org/10.1016/j.apenergy.2017.08.002
http://dx.doi.org/10.1016/j.apenergy.2012.06.032
http://dx.doi.org/10.1007/s13412-014-0178-8
http://dx.doi.org/10.1016/j.energy.2015.03.004
http://dx.doi.org/10.1080/02508060.2015.1074148
http://dx.doi.org/10.1080/15567249.2014.940092
http://dx.doi.org/10.1596/29957
http://dx.doi.org/10.1016/j.geoforum.2013.11.009
http://dx.doi.org/10.1016/j.enpol.2011.04.023
http://dx.doi.org/10.1016/j.rser.2015.10.058
http://dx.doi.org/10.1016/j.rser.2016.11.089
http://dx.doi.org/10.1016/j.rser.2013.08.088


Water 2019, 11, 682 18 of 20

36. Falkenmark, M.; Lundqvist, J. Towards water security: Political determination and human adaptation crucial.
Nat. Resour. Forum 1998, 21, 37–51. [CrossRef]

37. Ahmed, G.; Hamrick, D.; Gereffi, G. Shifting Governance Structures in the Wheat Value Chain: Implications for
Food Security in the Middle East and North Africa; Center on Globalization, Governance & Competitiveness:
Durham, NC, USA, 2014; pp. 1–28.

38. Sewilam, H.; Nasr, P. Desalinated Water for Food Production in the Arab Region. In The Water, Energy, and
Food Security Nexus in the Arab Region.Water Security in a New World.; Springer: Cham, Switzerland, 2017;
ISBN 978-3-319-48407-5.

39. EIU. Global Food Security Index 2017: Measuring Food Security and The Impact of Resource Risks; The Economist
Intelligence Unit (EIU): London, UK, 2017.

40. EIU. Global Food Security Index 2012: An Assessment of Food Affordability, Availability and Quality; The Economist
Intelligence Unit (EIU): London, UK, 2012.

41. EIU. Global Food Security Index 2014: An Annual Measure of the State of Global Food Security; The Economist
Intelligence Unit (EIU): London, UK, 2014; p. 70.

42. EIU. Global Food Security Index 2016: An Annual Measure of the State of Global Food Security Contents;
The Economist Intelligence Unit (EIU): London, UK, 2016; pp. 1–42.

43. EIA. International Energy Outlook 2016:With Projections to 2040; Energy Information Administration (EIA):
Washington, DC, USA, 2016.

44. IEA. Water Energy Nexus-Excerpt from the World Energy Outlook 2016; OECD/IEA: Paris, France, 2016.
45. Erias, A.; Karaka, C.; Grajetzki, C.; Carton, J.; Paulos, M.; Jantunen, P.; Baral, P.; Bex, S.; Valenzuela, J.M. World

Energy Resources 2016. World Energy Council, 2016; pp. 6–46. Available online: https://www.worldenergy.
org/publications/2016/world-energy-resources-2016/ (accessed on 11 February 2019).

46. IEA. Energy Efficiency 2O18: Analysis and Outlooks to 2040; OECD/IEA: Paris, France, 2018.
47. Nejat, P.; Jomehzadeh, F.; Taheri, M.M.; Gohari, M.; Muhd, M.Z. A global review of energy consumption,

CO2 emissions and policy in the residential sector (with an overview of the top ten CO2 emitting countries).
Renew. Sustain. Energy Rev. 2015, 43, 843–862. [CrossRef]

48. RCREEE. Arab Future Energy IndexTM (AFEX) Energy Efficiency 2015; The Regional Center for Renewable
Energy and energy Efficiency (RCREEE): Cairo, Egypt, 2015.

49. El-Bassam, N. Technologies and Options of Solar Energy Applications in the Middle East. In Water, Energy &
Food Sustainability in the Middle East; Springer: Cham, Switzerland, 2017; ISBN 978-3-319-48919-3.

50. Hajj, M.R. Wind Power and Potential for its Exploitation in the Arab World. In Water, Energy & Food
Sustainability in the Middle East; Springer: Cham, Switzerland, 2017; ISBN 978-3-319-48919-3.

51. UN-Water. Water Security and the Global Water Agenda; UN-Water: Geneva, Switzerland, 2013; ISBN
9789280860382.

52. König, C. The Water, Energy and Food Security Nexus in the Arab Region; Springer: Cham, Switzerland, 2014;
ISBN 978-3-319-83935-6.

53. Saleh, W.; Jayyousi, A.F.; Almasri, M.N. State of Freshwater Ecosystems; Arab Forum for Environment and
Development (AFED): Beirut, Lebanon, 2010; pp. 39–54.

54. ESCWA. Overcoming Population Vulnerability to Water Scarcity in the Arab Region: Population and Development
Report Issue No. 7; United Nations: New York, NY, USA, 2015; ISBN 9789210576222.

55. Rodell, M.; Famiglietti, J.S.; Wiese, D.N.; Reager, J.T.; Beaudoing, H.K.; Landerer, F.W.; Lo, M.H. Emerging
trends in global freshwater availability. Nature 2018, 557, 651–659. [CrossRef]

56. Ashraf, B.; Aghakouchak, A.; Alizadeh, A.; Mousavi Baygi, M.; Moftakhari, H.R.; Mirchi, A.; Anjileli, H.;
Madani, K. Quantifying Anthropogenic Stress on Groundwater Resources. Sci. Rep. 2017, 7, 1–9. [CrossRef]

57. Sakhel, S.R.; Geissen, S.-U.; Vogelpohl, A. Virtual industrial water usage and wastewater generation in the
Middle East/North African region. Hydrol. Earth Syst. Sci. Discuss. 2013, 10, 999–1039. [CrossRef]

58. Damerau, K.; van Vliet, O.P.R.; Patt, A.G. Direct impacts of alternative energy scenarios on water demand in
the Middle East and North Africa. Clim. Chang. 2015, 130, 171–183. [CrossRef]

59. Rijsberman, F.R. Water scarcity: Fact or fiction? Agric. Water Manag. 2006, 80, 5–22. [CrossRef]
60. Paul, P.; Al Tenaiji, A.K.; Braimah, N. A review of the water and energy sectors and the use of a nexus

approach in Abu Dhabi. Int. J. Environ. Res. Public Health 2016, 13, 364. [CrossRef]
61. Waterbury, J. Water and Water Supply in The MENA: Less of the Same. In Water, Energy & Food Sustainability

in the Middle East; Springer: Cham, Switzerland, 2017; pp. 57–84, ISBN 978-3-319-48920-9.

http://dx.doi.org/10.1111/j.1477-8947.1998.tb00708.x
https://www.worldenergy.org/publications/2016/world-energy-resources-2016/
https://www.worldenergy.org/publications/2016/world-energy-resources-2016/
http://dx.doi.org/10.1016/j.rser.2014.11.066
http://dx.doi.org/10.1038/s41586-018-0123-1
http://dx.doi.org/10.1038/s41598-017-12877-4
http://dx.doi.org/10.5194/hessd-10-999-2013
http://dx.doi.org/10.1007/s10584-015-1345-y
http://dx.doi.org/10.1016/j.agwat.2005.07.001
http://dx.doi.org/10.3390/ijerph13040364


Water 2019, 11, 682 19 of 20

62. Negewo, B.D. Renewable Energy Desalination: An Emerging Solution to Close the Water Gap in the Middle Eas and
North Africa; The World Bank: Washington, DC, USA, 2012; ISBN 9780821388389.

63. Voss, K.A.; Famiglietti, J.S.; Lo, M.; De Linage, C.; Rodell, M.; Swenson, S.C. Groundwater depletion
in the Middle East from GRACE with implications for transboundary water management in the
Tigris-Euphrates-Western Iran region. Water Resour. Res. 2013, 49, 904–914. [CrossRef]

64. Alborzi, A.; Mirchi, A.; Moftakhari, H.; Mallakpour, I.; Alian, S.; Nazemi, A.; Hassanzadeh, E.; Mazdiyasni, O.;
Ashraf, S.; Madani, K.; et al. Climate-informed environmental inflows to revive a drying lake facing
meteorological and anthropogenic droughts. Environ. Res. Lett. 2018, 13. [CrossRef]

65. Silva, W.; Amorim, D.; Blasi, I.; Marcelo, J.; Ribeiro, P.; Guazzelli, V.; Ellen, G.; Katrina, M. The nexus between
water, energy, and food in the context of the global risks: An analysis of the interactions between food, water,
and energy security. Environ. Impact Assess. Rev. 2018, 72, 1–11.

66. The World Bank. Natural Disasters in the Middle East and North Africa: A Regional Overview; The World Bank:
Washington, DC, USA, 2014; pp. 1–114.

67. Hameed, M.; Ahmadalipour, A.; Moradkhani, H. Apprehensive Drought Characteristics over Iraq: Results
of a Multidecadal Spatiotemporal Assessment. Geosciences 2018, 8, 58. [CrossRef]

68. Elasha, B.O. Mapping Climate Change Threats and Human Development Impacts in the Arab Region; Arab Human
Development Report Research Paper; UNDP: New York, NY, USA, 2010; p. 51.

69. Deng, L.; McCabe, M.F.; Stenchikov, G.; Evans, J.P.; Kucera, P.A. Simulation of Flash-Flood-Producing Storm
Events in Saudi Arabia Using the Weather Research and Forecasting Model. J. Hydrometeorol. 2015, 16,
615–630. [CrossRef]

70. Notaro, M.; Yu, Y.; Kalashnikova, O.V. Regime shift in Arabian dust activity, triggered by persistent Fertile
Crescent drought. J. Geophys. Res. Atmos. 2015, 120, 10229–10249. [CrossRef]

71. FAO. Drought Characteristics and Management in Central Asia and Turkey; FAO: Rome, Italy, 2017.
72. Amin, M.T.; Mahmoud, S.H.; Alazba, A.A. Observations, projections and impacts of climate change on water

resources in Arabian Peninsula: Current and future scenarios. Environ. Earth Sci. 2016, 75, 1–17. [CrossRef]
73. Ozcan, B. The nexus between carbon emissions, energy consumption and economic growth in Middle East

countries: A panel data analysis. Energy Policy 2013, 62, 1138–1147. [CrossRef]
74. Al-Awad, M.; Harb, N. Financial development and economic growth in the Middle East. Appl. Financ. Econ.

2005, 15, 1041–1051. [CrossRef]
75. Miller, T.; Kim, A.B. 2017 Index Of Economic Freedom; The Heritage Foundation: Washington, DC, USA, 2017;

p. 492.
76. Devarajan, S.; Mottaghi, L.; Do, Q.-T.; Brockmeyer, A.; Joubert, C.; Bhatia, K.; Mohamed, A.J. Economic and

Social Inclusion to Prevent Violent Extremism. In World Bank Middle East and North Africa Region; World Bank:
Washington, DC, USA, 2016.

77. Griffiths, S. A review and assessment of energy policy in the Middle East and North Africa region. Energy Policy
2017, 102, 249–269. [CrossRef]

78. Devarajan, S.; Mottaghi, L. The Economics of Post-Conflict Reconstruction in MENA. In World Bank Middle
East and North Africa Region; World Bank: Washington, DC, USA, 2017.

79. ESCWA. Urbanization and Sustainable Development in the Arab Region; United Nations: New York, NY, USA,
2015; Volume 5, pp. 1–8.

80. United Nations. World Urbanization Prospects; United Nations: New York, NY, USA, 2015.
81. Population Institute. Demographic Vulnerability: Where Population Growth Poses the Greatest Challenges;

Population Institute: Washington, DC, USA, 2015; p. 68.
82. Ahmadalipour, A.; Moradkhani, H.; Castelletti, A.; Magliocca, N. Future drought risk in Africa: Integrating

vulnerability, climate change, and population growth. Sci. Total Environ. 2019, 662, 672–686. [CrossRef]
83. Gupta, M. Das Population, poverty, and climate change. World Bank Res. Obs. 2014, 29, 83–108. [CrossRef]
84. Awulachew, S.; Rebelo, L.-M.; Molden, D. The Nile Basin: Tapping the unmet agricultural potential of Nile

waters. Water Int. 2010, 35, 623–654. [CrossRef]
85. Von Grebmer, K.; Bernstein, J.; Nabarro, D.; Prasai, N.; Amin, S.; Yohannes, Y.; Sonntag, A.; Patterson, F.;

Towey, O.; Thompson, J. 2016 Global Hunger Index: Getting to Zero Hunger; Food Policy Research Institute,
and Concern Worldwide: Washington, DC, USA, 2016.

86. IFPRI. 2017 Global Food Policy Report; Food Policy Research Institute, and Concern Worldwide: Washington,
DC, USA, 2017.

http://dx.doi.org/10.1002/wrcr.20078
http://dx.doi.org/10.1088/1748-9326/aad246
http://dx.doi.org/10.3390/geosciences8020058
http://dx.doi.org/10.1175/JHM-D-14-0126.1
http://dx.doi.org/10.1002/2015JD023855
http://dx.doi.org/10.1007/s12665-016-5684-4
http://dx.doi.org/10.1016/j.enpol.2013.07.016
http://dx.doi.org/10.1080/09603100500120639
http://dx.doi.org/10.1016/j.enpol.2016.12.023
http://dx.doi.org/10.1016/j.scitotenv.2019.01.278
http://dx.doi.org/10.1093/wbro/lkt009
http://dx.doi.org/10.1080/02508060.2010.513091


Water 2019, 11, 682 20 of 20

87. FAO. FAO/Wfp Crop and Food Security Assessment Mission to the Syrian Arab Republic; Food and Agriculture
Organization of the United Nations: Rome, Italy, 2016; ISBN 978-92-5-109504-1.

88. Ianchovichina, E.; Mottaghi, L.; Devarajan, S. Inequality, Uprisings, and Conflict in the Arab World; The World
Bank: Washington, DC, USA, 2015.

89. Ahmed, S.A.; Holloway, G.J. Calories, conflict and correlates: Redistributive food security in post-conflict
Iraq. Food Policy 2017, 68, 89–99. [CrossRef]

90. Sowers, J. Water, energy and human insecurity in the middle east. Middle East Rep. 2014, 44, 2–5.
91. Hillman, J.R.; Baydoun, E. Food Security in an Insecure Future. In Energy & Food Sustainability in the Middle

East; Springer: Cham, Switzerland, 2017; ISBN 978-3-319-48919-3.
92. Adams, R.H. Economic growth, inequality and poverty: Estimating the growth elasticity of poverty.

World Dev. 2004, 32, 1989–2014. [CrossRef]
93. Ncube, M.; Anyanwu, J.C.; Hausken, K. Inequality, Economic Growth and Poverty in the Middle East and

North Africa (MENA). Afr. Dev. Rev. 2014, 26, 435–453. [CrossRef]
94. Dargin, J. Addressing the UAE Natural Gas Crisis: Strategies for a Rational Energy Policy; The Dubai Initiative;

Harvard University: Cambridge, MA, USA, 2010.
95. Ahmadalipour, A.; Moradkhani, H. Escalating heat-stress mortality risk due to global warming in the Middle

East and North Africa (MENA). Environ. Int. 2018, 117, 215–225. [CrossRef]
96. Denooyer, T.A.; Peschel, J.M.; Zhang, Z.; Stillwell, A.S. Integrating water resources and power generation:

The energy–water nexus in Illinois Integrating power generation and water resources. Appl. Energy 2016,
162, 363–371. [CrossRef]

97. Qadir, M.; Sharma, B.R.; Bruggeman, A.; Choukr-Allah, R.; Karajeh, F. Non-conventional water resources and
opportunities for water augmentation to achieve food security in water scarce countries. Agric. Water Manag.
2007, 87, 2–22. [CrossRef]

98. Purnama, A.; Al-Barwani, H.H.; Smith, R. Calculating the environmental cost of seawater desalination in the
Arabian marginal seas. Desalination 2005, 185, 79–86. [CrossRef]

99. Mohammed, S.; Zaidi, A.; Chandola, V.; Allen, M.R.; Sanyal, J.; Stewart, R.N.; Bhaduri, B.L.; Ryan, A.;
Mohammed, S.; Zaidi, A.; et al. Machine learning for energy-water nexus: Challenges and opportunities.
Big Earth Data 2018, 2, 228–267.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.foodpol.2017.01.005
http://dx.doi.org/10.1016/j.worlddev.2004.08.006
http://dx.doi.org/10.1111/1467-8268.12103
http://dx.doi.org/10.1016/j.envint.2018.05.014
http://dx.doi.org/10.1016/j.apenergy.2015.10.071
http://dx.doi.org/10.1016/j.agwat.2006.03.018
http://dx.doi.org/10.1016/j.desal.2005.03.072
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	The Food-Energy-Water (FEW) Security in the Middle East 
	Food Security 
	Energy Security 
	Water Security 

	Drivers Impacting the FEW Security in the Middle East in the 21st Century 
	Water Scarcity 
	Extreme Events: Droughts, Floods, Storm Surges, and Dust Storms 
	Economic Growth 
	Urbanization 
	Population Growth 
	Poverty 
	Political Stability 

	Discussion 
	Conclusions 
	References

