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The MENA region is one
of the most water scarce regions in the world (Hamdy, 2008) pressures, with an estimated 20% of future shortage being
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available on a consistent basis); food access (having suffiLand and Water Resources department; International Centre for Adcient resources to obtain appropriate foods for a nutritious
vanced Mediterranean Agronomic Studies (CIHEAM Bari), Valenzano
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ity: production, distribution, and exchange. Accessibility of
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the FAO Indicator of Undernourishment (FAOIU); the
Global Hunger Index (GHI); the Global Food Security Index
(GFSI); the Poverty and Hunger Index (PHI); the Hunger
Reduction Commitment Index (HRCI); anthropometric indicators; the Diet Diversity Scores, and medical and biomarker indicators. They also classified them taking into
consideration the food dimensions of food security i.e. availability, accessibility, utilization, and stability. It is worth
highlighting that in no one of these food security indices
water security is considered as a standalone component or
indicator. Nevertheless, access to drinking water is one of
the 22 indicators of political commitment considered in the
calculation of HRCI (Hunger and Nutrition Commitment
Index, 2016).
Water security (e.g. UNESCO-IHE, 2009; Cook and
Bakker, 2012) is often framed as a component or subset of
food security (cf. Biswas, 1999; FAO, 2000; White et al.,
2007). According to FAO, water security is the ability to provide adequate and reliable water supplies for populations to
meet agricultural production needs (Clarke, 1993). In many
countries, especially those with arid or semi-arid climate
such as the MENA ones, irrigation water is the salient feature
of food. Despite the fact that food security and water security have been recently often used jointly in many contexts,
the challenge of linking water security and food security (cf.
Falkenmark, 2001) still exists both in research and policy
arenas, which is particularly problematic in the climate
change era (Hanjra and Qureshi, 2010).
The paper explores the multifaceted linkages between
water security and food security in the MENA region by
analysing relations between Water Poverty Index (WPI) and
Global Food Security Index (GFSI). In the first part, the
paper describes the two indices considered as the most appropriate to describe the multidimensionality of the issues
under analysis. In the second part, through a combined analysis of the two indices, the relations between water poverty
and food security are investigated in the MENA region and
some factors and drivers are identified.

food can be described by three elements: affordability, allocation, and preference. The three elements of food utilization are nutritional value, social value and food safety
(Ericksen, 2008).
Despite high average calorie intakes, MENA continue to
suffer from various malnutrition problems (FAO/RNE,
2014). There are significant differences across countries and
gender, with consistently higher rates of obesity in women.
Micronutrient deficiencies are common in both affluent and
less affluent countries. Food availability in the MENA region has witnessed remarkable improvements in the last 20
years. Nonetheless, nutrition has not registered comparable
improvements in the majority of the countries. Countries in
the region have been passing through a difficult transition in
their agriculture and food systems as well as in the nutritional
and health status of the population. The result is the “triple
burden of malnutrition”, where undernutrition coexists with
overnutrition and micronutrient deficiencies (FAO, 2015).
The MENA region faces a unique set of intertwined and
complex challenges to achieve food and nutrition security.
Over and above the traditional challenges of resource
scarcity and rapid population growth, the region is confronted with unique nutrition challenges and a growing number of conflicts, political instability and crises, resulting in
large refugee populations and taking a huge toll on the region’s overall food security (IFPRI and WFP, 2013; FAO,
2015).
The region’s rapidly shrinking freshwater resources, exacerbated by climate change, pose major constraints for all dimensions of food security, notably for availability and
stability but even for food utilization and safety (FAO/RNE,
2011; Kubursi, 2012; Zdruli et al., 2013; Lacirignola et al.,
2014; Antonelli and Tamea 2015; FAO/RNE, 2015). Water
scarcity has also driven up the region’s cereal import needs
and heightened its exposure to the volatility of international
markets. With a limited and fragile natural resource base,
high population growth and an increasing demand for food,
the Near East and North Africa (NENA) region is structurally
unable to feed itself that’s to say to achieve food self-sufficiency. In addition, both the prevalence of high poverty rates
in some countries and inadequate food consumption patterns
are major causes of food insecurity and malnutrition
(FAO/RNE, 2011).
Several indicators have been proposed to measure the interdependency among the different dimensions of water and
food security (Brown and Matlock, 2011).
Human needs have been firstly considered by the Falkenmark index (Falkenmark, 1989) and by Gleick index (Gleick,
1996) that, giving priority to the satisfaction of all human
needs, consider the capability of water resources to sustain
food self-sufficiency. Many attempts have also been made to
focus on the needs of poor and vulnerable individuals and
on institutional capacity to manage competition and conflicts
among different users and uses (UN-Water TF-IMR, 2009).
Pangaribowo et al. (2013) carried out a review of existing
food and nutrition security indicators and indices namely:

2. Material and Methods
In this paper, we use the Water Poverty Index as proposed
by Sullivan (2002), and revised by Sullivan and Jemmali
(2014). It is an index ranging from 0 to 100 that combines
five core components – Resources, Capacity, Access, Use
and Environment – where each component is given by an
arithmetic weighted mean of different subcomponents (Tab.
1) identified to capture a wide range of water resources aspects.
The component Resources includes amount and variability
of groundwater and surface water resources, distinguished
in internal and external. The Access component includes access to drinking water and water for domestic use and hygiene, as well as access to irrigation. The Capacity
component focuses on water institutional capacity by combining a set of human development indicators of a country,
like gross domestic product (GDP), health and education.
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both developing and developed countries (The Economist Intelligence Unit,
2015). It is the first index to
examine food security comprehensively across three of
its internationally established dimensions (i.e. availability,
access
and
utilisation). Moreover, the
index looks beyond hunger
to the underlying factors affecting food insecurity (The
Economist Intelligence Unit,
2012). The index is a score
ranging from 0 to 100
(where 100 is the most
favourable situation) (The
Economist Intelligence Unit,
2012, 2015). Beginning in
October 2012, the Economist Intelligence Unit (EIU)
updates the index on a quarterly basis to adjust for the
impact of fluctuating food
prices (The Economist Intelligence Unit, 2012). In the
last report of the Economist
Intelligence Unit (2015) data
are available for the following 15 MENA Countries: Algeria, Egypt, Ethiopia,
Israel, Jordan, Kuwait, Morocco, Pakistan, Saudi Arabia, Sudan, Syria, Tunisia,
Turkey, UAE and Yemen.
mWPI and GFSI have
been correlated to measure
the strength of the linear relationship between indices
as a whole and between single components. Given the explorative nature of the work
and the absence of any hypothesis about cause-effect relation between the variables, we consider correlation as the
most appropriate measure of association. Starting from the
construction and the subsequent examination of the scatter
plot, Pearson correlation coefficient, r, the associated value
of significance and confidence interval have then been estimated in order to value the robustness of the statistical evidence. Using the guide of Evans (1996), the absolute value
of r has been considered “very weak” for values from .00 to
.19; “weak” for values from .20 to .39; “moderate” for values from .40 to .59; “strong” for values from .60 to .79 and
“very strong” for values from .80 to 1.0. All analyses were
performed using IBM® SPSS® Statistics 20. MENA countries considered are those for which data for both indices are

Table 1. Components and subcomponents considered in the mWPI.

Source: Adapted from Sullivan and Jemmali (2014).
Table 2. Components and indicators considered in the GFSI.

Source: The Economist Intelligence Unit, 2015.

The Use component combines domestic water use and consumption of water in different productive sectors, such as industry and agriculture against the value generated by each
sector. The last component Environment, which aims to capture the degree of maintenance of ecological integrity, uses
as proxies index of water quality and water stress.
Taking into account the availability of the data, in the present work a set of 10 subcomponents has been considered and
included in the calculation of a modified WPI (mWPI) (Tab.
1).
The Global Food Security Index considers the core issues
of affordability, availability, and quality across a set of 109
countries. The index is a dynamic quantitative and qualitative
benchmarking model, constructed from 28 unique indicators
(Tab. 2), that measures these drivers of food security across
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vided in three main groups:
the first one including the
top rank countries; the second one is the most numerous and includes Algeria,
Egypt, Jordan, Kuwait,
Libya, Morocco, Oman,
Palestine, Saudi Arabia,
Syria, Tunisia, UAE; the third
group includes all the countries in the Horn of Africa
plus Mauritania and the
Southern Asia countries of
Pakistan and Afghanistan.
Moving to the analysis of
the components (Tab. 3), it
can be noticed that all the
countries in the top, with the
only exception of Armenia,
are either high-income or
upper middle income countries and can push the indicator by acting on CAP and
ACC subcomponents; Lebanon and Turkey have also
good performance for the
ENV subcomponent while all
the countries are in lower part
of the ranking for the USE
subcomponent.
As for water poor countries
of the last group, they suffer
from weak institutional capacity that determines low
level of ACC to water resources that - in some cases
such as Iraq, Sudan and Pakistan - could be enough and
efficiently used to satisfy populations’ requirement.
Food security – including food availability, food affordability and food quality and safety - is still a challenge in many
MENA countries. The countries that make up the MENA region in the GFSI are extremely diverse in terms of both food
supply and consumption (Table 4). These differences have a
significant impact on the food and agricultural policies that
countries have in place across the region. Several states - including Turkey, Morocco and Israel - are major food exporters
and are self-sufficient in most agricultural products. Conversely, the arid Gulf Arab states are heavily dependent on food
imports. Despite these intraregional differences, the MENA region performs rather well in the GFSI, ranking third regionally
behind North America and Europe in over one-half of the indicators that contribute to the overall food security score (The
Economist Intelligence Unit, 2015).
The 2012-2015 trends of the GFSI show that over the past
four years most countries have achieved steady, incremental

Figure 1 - mWPI in MENA countries-

Source: Adapted from Sullivan and Jemmali (2014).

Table 3 - mWPI in selected MENA countries.

Source: Adapted from Sullivan and Jemmali (2014).

available namely Algeria, Egypt, Ethiopia, Israel, Jordan,
Kuwait, Morocco, Pakistan, Saudi Arabia, Sudan, Syria,
Tunisia, Turkey, UAE and Yemen. The main strength of the
methodological approach adopted is that it allows a quantitative analysis of the water-food nexus. The weaknesses of
the approach are related to those of the two indices used
(Lawrence et al., 2002; Komnenic et al., 2009). Although attractive for their multidimensionality, both mWPI and GFSI
have several drawbacks mainly linked to the arbitrariness of
the weighting process and to their incapacity to take into account spatial differences of different components. Moreover,
data for both mWPI and GFSI are not available for different
years and for all MENA countries, thus negatively affecting
the regression quality.

3. Results and Discussion
The modified Water Poverty Index (mWPI) (Fig.1) shows
that MENA countries considered in the analysis can be di-
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As far as the MENA region
is concerned, the best GFSI
score was recorded in 2015 in
Israel while the lowest was
recorded in Sudan (The Economist Intelligence Unit,
2015). Israel is ranked 19 at
global level. Its strengths are
mainly related to quality and
safety (category rank 10/109)
and to a certain extent also
availability (rank 17/109)
while it has some challenges
related to affordability (rank
23/109). It has a full score (i.e.
100) in relation to many indicators such as proportion of
population under global
poverty line, presence of food
safety net programmes, access to financing for farmers, nutritional standards and food
safety. Meanwhile the lowest indicator score regards public expenditure on agricultural R&D (score 12.5). Sudan (rank
92/109) faces relevant challenges in relation to all the three categories of the index. However, it performs better in quality and
safety (rank 81/109) with respect to availability (rank 102/109).
The strengths of the country regards food loss (score 87.5) and
volatility of agricultural production (score 79.1) while the main
challenges are public expenditure on agricultural R&D (score
0), corruption (score 0), gross domestic product per capita
(score 4) and agricultural infrastructure (score 9.3) (The
Economist Intelligence Unit, 2016).

Table 4 - GFSI in selected MENA countries.

Source: Adapted from The Economist Intelligence Unit, 2015, 2016.

improvement in food security, but a few countries have made
dramatic progress. Low- and lower-middle income populations
in regions such as MENA remain the most vulnerable to food
price shocks. However, MENA experienced the greatest improvement in food security between 2014 and 2015. In fact, the
best improvement at global level was recorded in Egypt (+12.4
points). Increase in the region’s average overall score was driven
primarily by gains in affordability. Lower levels of food loss and
increased access to high-quality protein resulted in marked improvements in the two other categories, availability and quality
and safety, as well. Nevertheless, the score deteriorated in Israel
and Syria (The Economist Intelligence Unit, 2015).
Figure 2 - Scatterplots matrix of correlations between GFSI and mWPI.

Figure 3 - Scatterplots matrix of correlations among GFSI and mWPI’s
components.

Source: Authors’ elaboration based on data from Sullivan and Jemmali
(2014) and The Economist Intelligence Unit (2015, 2016).

Source: Authors’ elaboration based on data from Sullivan and Jemmali
(2014) and The Economist Intelligence Unit (2015, 2016).
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Table 5 - Correlation matrix between mWPI and GFSI.

Source: Authors’ elaboration based on data from Sullivan and Jemmali (2014) and The Economist Intelligence Unit (2015, 2016).

The analysis (Tab. 3)
shows that
there is a positive correlation between
mWPI and
GFSI
(r=
.704, N=15, p
< .01) that’s
to say that
countries with
high mWPI,

so water rich countries, have also high level of food security.
Scatterplots suggest a definite relationship between mWPI
and GFSI with larger values of mWPI tending to be associated with larger values of GFSI (Fig.2). This result is perfectly in line with reports of many international and regional
organizations (e.g. FAO/RNE, 2011; Kubursi, 2012;
FAO/RNE, 2013; FAO/RNE, 2015; FAO 2015; ESCWA,
2015) that highlight the strong nexus between water security
and food security in the MENA region. Correlation among the
GFSI and the subcomponents linked to availability of water resources and to their efficient and sustainable use are moderate
and not statistically significant (Tab. 5).
Our results downsize the emphasis on the role that water
availability can have in achieving food security level (de
Fraiture et al., 2007; Molden et al., 2007; Hanjra and
Qureshi, 2010); on the contrary, they confirm the crucial role
of access to water resources and the capacity to manage them
(HLPE, 2015). The moderate correlation between GFSI and
the water resource efficiency, that is often advocated as one
of the key strategies to achieve food security, is probably due
to the fact that in the version of mWPI utilized in this work,
only the domestic use is considered. That being said, it
should be highlighted that these results, as well as following
implications and considerations, are context-specific so one
should be cautious before generalizing them to other world
regions.
Correlation among mWPI and GFSI’ components, displayed in the scatterplot matrix (Fig. 4), is significant for all
the dimensions of food security; higher when considering the
quality score (r = .732, N=15, p <.01) and availability category (r = .718, N=15, p < .01) and lower in the case of food
affordability component (r = .623, N=15, p <.05), (Tab. 6).
Last but not least, it should be highlighted that where linear regression model did not allow to have significant correlations, other regression models (e.g. quadratic, cubic)
could represent better the relations among the mWPI and
GFSI and their respective components. Nevertheless, using
those regression models goes beyond the scope of the present paper.

Table 6 - Correlation matrix among mWPI’s components and GFSI.

Source: Authors’ elaboration based on data from Sullivan and Jemmali
(2014) and The Economist Intelligence Unit (2015, 2016).

Figure 4 - Scatterplots matrix of correlations among mWPI and GFSI’s
components.

Table 7. Correlation matrix among mWPI and GFSI’s components.

Source: Authors’ elaboration based on data from Sullivan and Jemmali
(2014) and The Economist Intelligence Unit (2015, 2016).

Source: Authors’ elaboration based on data from Sullivan and Jemmali
(2014) and The Economist Intelligence Unit (2015, 2016).
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