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Abstract 

Water and food security are closely linked, and current levels of global famine and 

population growth require increased agricultural capacity. This capacity is largely driven 

in developing countries by the expansion of irrigated crops. The present document is 

framed within the MADFORWATER project, from which much of the support was 

drawn to carry out this work at the theoretical and methodological level. The study aims 

to highlight the importance of water in shaping food security, especially for developing 

countries in Asia and Africa, which account for 70% of the world's drylands. Water as a 

key factor in agriculture, and therefore in food security, requires specific analysis to 

understand its interdependencies with food, and thus to broaden understanding towards 

appropriate water management. 

 

This study reviewed the literature to date on the links between water and food 

security and developed an index (Food-Water Security Index - FWSI) to assess how food 

security was influenced by water-related factors in 36 countries in Africa and Asia during 

the period 2000-2015. The weighting of the different indicators included in the index was 

obtained on the basis of a questionnaire, distributed to 54 international dryland experts 

participating in Action COST 'Drylands facing change'. The data were obtained from a 

large database of recognized international organizations such as FAO, World Bank, 

World Health Organization, World Global Indicators and UNICEF. Results show that 

water-scarce countries in Asia have made more regular improvements over the past two 

decades than those in Africa, where progress is very uneven and water, among other 

factors, plays a major role in the fight against hunger. By giving a fundamental role to 

water, the indicator has succeeded in approaching a broader concept of food security than 

the one traditionally used -more centred on food criteria- showing clear interrelations 

between both dimensions. We find that the regions with the highest levels of 

undernutrition are also those with the highest levels of water stress. FWSI has been shown 

to be robust as an indicator to complement the explanation of world hunger trend. 

 

Keywords: water security, drylands, food security, Asia, Africa, vulnerability 
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Resumen 

La seguridad del agua y la seguridad alimentaria están estrechamente vinculadas, y 

los actuales niveles de hambruna mundial y el crecimiento de la población requieren una 

mayor capacidad agrícola, impulsada en gran medida por la expansión de los cultivos de 

regadío. El presente documento se enmarca en el proyecto MADFORWATER, del que 

se extrajo gran parte del apoyo para llevar a cabo esta labor a nivel teórico y 

metodológico.  El estudio tiene por objeto poner de relieve la importancia del agua en la 

configuración de la seguridad alimentaria, especialmente para los países en desarrollo de 

Asia y África, que representan el 70% de las tierras secas del mundo. El agua como factor 

clave en la agricultura y, por consiguiente, en la seguridad alimentaria, requiere un 

análisis específico para comprender sus interdependencias con los alimentos y, de ese 

modo, ampliar la comprensión para una gestión adecuada del agua. 

 

En este estudio se examinó la bibliografía existente hasta la fecha sobre los vínculos 

entre el agua y la seguridad alimentaria y se elaboró un índice (Índice de Seguridad 

Alimentaria-Agua - FWSI) para evaluar la forma en que la seguridad alimentaria se vio 

influida por factores relacionados con el agua en 36 países de África y Asia durante el 

período 2000-2015. La ponderación de los diferentes indicadores incluidos en el índice 

se obtuvo sobre la base de un cuestionario, distribuido a 54 expertos internacionales en 

tierras secas que participan en el programa Action COST "Drylands facing change". Los 

datos se obtuvieron de una amplia base de datos de organizaciones internacionales 

reconocidas como la FAO, el Banco Mundial, la Organización Mundial de la Salud, 

World Global Indicators y el UNICEF. Los resultados muestran que los países asiáticos 

con escasez de agua han realizado mejoras más regulares en los dos últimos decenios que 

los de África, donde los progresos son muy desiguales y el agua, entre otros factores, ha 

desempeñado un papel importante en la lucha contra el hambre. Al otorgar un papel 

fundamental al agua, el indicador ha logrado acercarse a un concepto de seguridad 

alimentaria más amplio que el tradicionalmente utilizado -más centrado en los criterios 

alimentarios- mostrando claras interrelaciones entre ambas dimensiones. Encontramos 

que las regiones con mayores niveles de desnutrición son también las que presentan 

mayores niveles de estrés hídrico. Se ha demostrado que el FWSI es un indicador sólido 

para complementar la explicación del hambre en el mundo. 

Palabras clave: seguridad hídrica, tierras secas, seguridad alimentaria, Asia, África, 

vulnerabilidad 
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1. Introduction 

Water is a finite and irreplaceable resource, which must be shared among all of us 

who inhabit this planet, human beings - increasingly numerous - and our natural 

environment, which is more and more deteriorated (Pimentel, 2014). The world has a 

rapidly rising population, and ensuring sustainable development is becoming an ever-

greater challenge. Clean and fresh water is diminishing (Kümmerer, 2018), and feeding 

population requires a proportional increase in water consumption (Stephan Pfister, 2011). 

Its distribution in the world is unequal; countries with low water resources will face high 

uncertainty in the coming years, aggravated by a climate change that has come to stay 

(Gosling, 2016).  Managing water effectively is crucial to adequately sustaining the 

world's population and ending hunger and malnutrition.   

 

This scenario in developing countries (arid or semi-arid) poses an extra 

complication, suffering from more resource constraints (water and others). As a result, 

food supply is implicitly determined by the region's water supply capacity, establishing a 

direct link between potentially hungry regions and regions vulnerable to water scarcity. 

Most accessible water sources have already been used (Bundschuh & Hoinkins, 2012), 

and alleviating the competition for these traditional methods is difficult, as it involves a 

high cost. Such competition can become open conflict, disrupting local livelihoods and 

triggering migration and cross-border disputes (UNEP, 2012).   

 

Hunger is directly related to sufficient food production, the sector responsible for 

the highest water consumption in the world (Grafton, 2015). Current levels of food 

production are not sufficient to feed the nine billion people expected by the end of the 

century, and to reach sufficient levels, increased in yields are expected. As a result of 

future increases in yields, the growing role of water is emerging. According to (Bruinsma 

& Alexandratos, 2012) and others, such an increase in yields should occur soon, 

supported primarily by an increase in the area of irrigated land. Nevertheless, the reality 

is more complex, and although the ultimate consequence is hunger, the promoters and 

causes that lead to this effect are multiple, varied and different in nature. Hunger is 

directly associated with sufficient food production, in which the agricultural sector must 

achieve projected increases in global cereal production of 37 per cent between 2010 and 

2050, in meat of 66 per cent and in fruit and vegetables of 85 per cent (FAO, 2020). These 
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increases can challenge the supply of food to the population, and even more so its 

equitable distribution without leaving anyone behind. Progress on hunger and nutrition 

will be too slow, so irrigation is increasingly a reality, and year after year, the Food and 

Agriculture Organization (FAO) publishes higher data on irrigated area for agriculture, 

showing a growing trend in its use. To make a decisive contribution to ending hunger, 

water management, policy design and investment must overcome enormous challenges. 

 

So far, a lot of information has been written about food security, somewhat less 

about water security. However, the links between the two dimensions still have room for 

improvement. On the one hand, international agencies have worked to establish 

guidelines for food security that would allow for the creation of frameworks at the 

international level. As an example, FAO established a set of indicators widely used to 

approach food security (FAO, 2016). In addition, FAO publishes an annual report on the 

state of malnutrition in the world, with a strong emphasis on the need to strengthen the 

indicators that together make up food security (FAO, 2020). Complementarily, the 

academia has made great progress forward in this area; from broadening and 

strengthening the findings of external factors affecting food security, to expanding new 

horizons of knowledge. In this sense, cases such as the inclusion of democracy 

(Rossignoli, 2018), education (Keenan, 2001), conflicts (Martin-Shields C. &., 2019) 

among others, and particularly the factor on which this study is based, the role of water 

as an explanatory dimension of food security (Munir A. Hanjra, 2010), (Scardigno, 2017) 

& (Sullivan, 2002).   

 

This document aims to explore connections that have not been given special 

relevance so far, focusing on the relevance of water and its direct and indirect influence 

on food security. The literature written so far tends to focus on socio-economic factors 

for the most part, looking at these factors as the answer to fluctuations in world hunger. 

However, the physical availability of resources, particularly water, has not been widely 

explored, and even less so in dry countries over a time series.  The present Master Thesis 

seeks to fill this gap, bringing a rather new approach to the issue of food security and its 

uneven geographical distribution, where it makes the most dent in countries with such 

water scarcity. These countries are concentrated in Africa and Asia, where not only are 

the vast majority of hungry people concentrated, but also most water stress is 

concentrated. The time series chosen is for the years 2000 and 2015, for a time frame 
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sufficient to perceive changes in trends and to draw conclusions, and for the availability 

and quality of the data provided. To this end, an index (composite indicator) on food 

security was developed and applied to 36 countries of Africa and Asia. The selection of 

indicators was made on the basis of an extensive literature review and the results of a 

questionnaire, circulated to dryland experts from all over the world. Special emphasis has 

been paid to the links between water and food security.  

 

The thesis is structured in 7 chapters: 1. Introduction, 2. Background, 3. 

Objectives, 4. Material and Methods, 5. Results, 6. Sensitivity analysis and 7. 

Discussion and 8. Conclusions. 

 

2. Background 

The work here presented is framed in the projects MADFORWATER and Drylands 

facing change. The first project, MADFORWATER (Development and application of 

integrated technological and management solutions for wastewater treatment and 

efficient reuse in agriculture tailored to the needs of Mediterranean African Countries) is 

a research and innovation project funded by the European Union’s Horizon 2020 

programme (DG Research – H2020 Societal Challenge Climate Action, Environment, 

Resource Efficiency and Raw Materials, nº 688320, (2016-2020, www.madforwater.eu). 

The project has 18 partners distributed in 6 EU countries, 3 selected African 

Mediterranean countries (MAC), Switzerland and China, and is coordinated by the 

University of Bolonia. UPM is one of the partners; the UPM’s principal investigator is 

Prof. Consuelo Varela, the co-director of this Master Thesis. The general objective of 

MADFORWATER is to develop an integrated set of technological and management 

instruments for the enhancement of wastewater treatment, treated wastewater reuse for 

irrigation and water efficiency in agriculture, with the final aim to reduce water 

vulnerability in selected basins in Egypt, Morocco and Tunisia. The second project, 

‘Drylands for change: Interdisciplinary research on climate change, food insecurity, 

political instability’ is an Action Cost (nº CA16233) funded by the Horizon 2020 

Framework Programme of the European Union (2017-2021, www.drylands.eu). The 

project’s main objective is to achieve better research coordination between disciplines 

(natural sciences, agriculture, environmental sciences, social sciences, political sciences, 

geography), and across institutional boundaries – European, International and African 

http://www.madforwater.eu/
http://www.drylands.eu/
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institutions – in order to create research networks that work together on strategic research 

agendas to develop long-term solutions for problems in dryland areas. Prof. Irene Blanco, 

the co-director of this Master Thesis is part of the Management Committee of the 

mentioned Action Cost. 

 

The idea of the present Master Thesis came up while I was doing my internship in 

MADFORWATER with the UPM team in 2018 (February-June 2018). During this time, 

I was guided and supported by the UPM team for the development of a database on food 

security and water stress that included more than 130 variables, with all the countries in 

the world and with records (depending on the variable) from 1960 to the present. Part of 

this database was used by the UPM team to analyse the impact of water stress on food 

security using econometric techniques. The knowledge acquired and the data search 

performed in the MADFORWATER project has been very key for the development of 

this Master Thesis. Some of the variables selected and data collected have been used and 

applied in the present work. Besides, the Action Cost ‘Drylands facing change’ has also 

contributed to the development of this Thesis. It served to focus the work and to delimit 

the areas of study to drylands countries in Africa and Asia. The expert network of the 

Action Cost was consulted in early 2020 through a questionnaire to evaluate the weight 

of different indicators related to water and food security. The results obtained were crucial 

to develop the index (composite indicator) applied in this Master Thesis.  

 

The following subsections lay the foundations of the theoretical background 

presenting the starting point from which the study begins. Section 2.1, is dedicated to the 

study of food security and its dimensions; Section 2.2. Includes an explanation of water 

security and its dimensions; and finally, Section 2.3, analyses the linkages between water 

and food security, arguing the selection of drylands as the geographical scope selected 

for the study. 

 

2.1 Food Security – definition & dimensions 

Food security, as defined by the United Nations’ Committee on World Food 

Security, means that all people, at all times, have physical, social, and economic access 

to sufficient, safe, and nutritious food that meets their food preferences and dietary needs 

for an active and healthy life. 
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The term "food security" has been used over time to mean different things. Many 

articles discuss the different meanings related to the food security and which could be the 

most useful one in order to measure a particular interest. Food Security as a concept born 

more than 50 years ago, even though, the definitions did change.  

 

At the beginning of the Hot Spring Conference of Food and Agriculture in 1943, it 

was defined as "Secure, adequate, and suitable supply of food for everyone". Later, in 

1974 during the "World Food Conference" the term "food security" became a wider 

definition. It was defined with a huge emphasis on supply, broadened as a target to be 

achieved through a better overall coordination within the different organizations and 

agencies.  During the 80's, the consequences of the Green Revolution, which saved 

millions of people from starvation as FAO according to the 70's years dossier of FAO  

review, expanded the food security and introduced availability,  as a dimension. Changing 

the perspective over the concept of food security. It made clear that the lack of food was 

not related to catastrophic shortfalls but the purchasing power of concrete sectors of 

populations. 

 

Nowadays, World Health Organization determines Food Security as a consequence 

of three different pillars: Food availability, food access, and food use. According to FAO, 

Food Security is composed of 4 dimensions in which one we use a variety of indicators, 

adding Stability as a new dimension. A combination of them generates a final result able 

to describe the Food Security of any region based on data, although not without 

controversy. Food availability: influenced by production, distribution and exchange of 

food; Food access: including affordability, allocation and preference; Food utilization: 

nutritional value, social value and food safety food stability over time (Livia Bizikova, 

2013). Throughout the years, the pillars were described as a set of indicators concrete for 

each country. Its indicator's source varies from FAO to World Bank as far as FAO defines 

Food security (FS) in their initial set of indicator aiming to capture various aspects of 

food security. This set was not uniformly implemented, this is the reason, and the 

coverage of its indicators are available with a different starting point, from 1999 to the 

most recent data 2017. 
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From this definition, four main dimensions of food security can be identified; 

˗ Utilization of food. Is commonly understood as the way the body makes the 

most of various nutrients in the food. Sufficient energy and nutrient intake 

by individuals is the result of good care and feeding practices, food 

preparation, and diversity of the diet and intra-household distribution of 

food. Combined with good biological utilization of food consumed, this 

determines the nutritional status of individuals. 

˗ Access to food. An adequate supply of food at the national or international 

level does not guarantee in itself household level food security. Concerns 

about insufficient food access have resulted in a greater policy focus on 

incomes, expenditure, markets and prices in achieving food security 

objectives. 

˗ Availability of food. Food availability addresses the “supply side” of food 

security and is determined by the level of food production, stock levels and 

net trade. 

˗ Stability of food.  Even if your food intake is adequate today, food insecure 

is still considered as an inadequate access to food on a periodic basis, risking 

a deterioration of your nutritional status. Adverse weather conditions, 

political instability, or economic factors (unemployment, rising food prices) 

may have an impact on your food security status. 

 

FAO, as the reference agency for measuring food security, uses a number of indicators. 

Among them, the Prevalence of Undernourishment stands out as the most used to measure 

hunger in the world. Therefore, the use of indicators and its dimensions, are becoming 

more important in measuring progress at the international level in the fight against hunger. 

In particular, the indicator of Prevalence of Undernourishment is closely related to UN 

Goal 2 for the sustainable development. – Zero hunger.  

 

The distribution of hunger does not occur equally across the world (Figure 1). While the 

world lives in a paradox where developed countries face overweight and food waste, other 

underdeveloped regions contain populations that barely reach minimum calorie 

consumption.  The continents most affected by hunger are Asia, Africa and Latin America 

(Figure 1). The African continent, even much smaller in population than Asia, has a 

higher agglomeration of hungry people, 277 million inhabitants with severe food 
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insecurity, representing a 19% of the total population. Although it is the Asian that 

contains the highest absolute numbers, 9.2% of the total population faces severe food 

insecurity, for a population of 4 545 million.  

 

Figure 1. Food insecurity by region 1 

 

Source: The State of Food Security and Nutrition in the world (FAO, 2020) 

 

The section has presented food security, its dimensions and the levels of hunger in 

the world, largely due to high levels of food insecurity. Similarly, the concept of water 

security will be explored in the next section. 

 

2.2 Water Security - definitions & dimensions 

Water security is defined as an amount of acceptable quantity and quality of water 

for a good human health welfare (Water Global Partnership 2010). Water is the core of 

                                                 

3 
Moderate food insecurity levels of severity is typically associated with the inability to regularly 

eat healthy, balanced diets. 

Severe food insecurity is characterized by feeling hungry but not eating, or not eating for an entire 

day, due to lack of money or other resources. 
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life, it is within any ecosystem or organism, therefore, food security and nutrition is based 

on water security since food production, processing, preparation depends on quantity and 

quality of water.  Not less is the fact that energy, industry and transport have a strong 

dependence on water. In terms of food production, directly linked with food security, we 

might consider that according to FAO, in 2016, 334 Mha were equipped with irrigation, 

corresponding to 21% of total world cropland area and contributing to 44 percent of total 

crop production.  

 

Just as food decomposes into dimensions, so does water security, and in a similar 

way, showing great similarities. According to (Sullivan, 2002) water security is 

considered along four dimensions: availability, stability, quality, and access, in a 

competing demands backdrop, increasing the number of scarcities and a trend of climate 

change becoming an issue of massive effects on ecosystems. The concept availability is 

referred to the water input, in a physical perspective, through rainfall, rivers and aquifers. 

Moreover, stability is meant as the access and quality of water and it is variable through 

time, in line with High Level Panel of Experts/HLPE of FAO "Water for food security 

and nutrition". Quality of water is captured in different implications depending on the use 

is given to it. For human use, drinking and hygiene, it might not have any pollution within 

itself with higher restrictions than agriculture use has. In agriculture, it will depend on 

which crop we pretend to grow. Last but not least, Access to water is regarding allocation, 

authorization and infrastructure for its use. Infrastructure is a must if we pretend to have 

a stable supply. Access is also shaped by socio-cultural, economic and political factors. 

Water security considers 4 different dimensions within its concept, disaggregated as 

follows: 

 

˗ Availability of water. In terms of its physical availability through rainfall, 

rivers and aquifers in a particular region. Measuring the stress to which 

water is subjected is a good indicator of the degree of sustainability that a 

country must achieve. Several countries are putting their domestic resources 

under pressure that will have consequences in the medium term. In 

particular, MENA (Middle East and North Africa) countries as well as 

Southern Africa and Central Asia are facing high levels of water stress (see 

figure 2). 
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˗ Stability of water. Availability, access and quality of water are variable 

through time. This results from natural cycles, but also from human 

interferences in the water cycle, through changes in return flows and 

ecosystem degradation. Different water resources may behave very 

differently in terms of stability.  

˗ Quality of water. Water quality in terms of FSN has different implications 

according to its uses; water quality needs for irrigation vary by crop, are high 

for food processing, food preparation and drinking, and are important for 

health and hygiene. Food (and non-food) production and processing may 

also have a negative impact on water quality (pollution).  

˗ Access to water. while there may be sufficient water in rivers, lakes and 

aquifers, issues pertaining to allocation and authorization to use water, and 

the infrastructure necessary to use the water where it is required (pumps, 

pipelines, taps, canals, etc.) may support access to water for food security 

and nutrition, or hinder it. This infrastructure also affects stability of supply. 

Access is also shaped by socio-cultural, economic and political factors.  

 

As described in the previous section on food security, a number of indicators are 

used to measure water security. Among them, the most important is water stress, which 

is the most used to measure the sustainability of water resources in the world. Similarly, 

the use of indicators and their dimensions are increasingly important for measuring 

progress at the international level in the fight for universal access to quality water. To this 

effect, the United Nations highlighted Goal 6 within the sustainable development goals, 

closely related to water stress - Clean Water and Sanitation 

 

Goal 6 still seems to be far from being accomplished, partly due to water stress is 

only increasing. In the last few decades, the year-on-year increase in consumption has 

been around 1% per year and this trend, is expected to continue at a similar rate until 

2050, mainly due to the increase in demand in the industrial and domestic sectors. Most 

of the increase in water stress is occurring in Africa and Asia, where irrigation and urban 

development are undergoing major expansion, resulting in increased levels of water 

consumption over the past decades. Overall, a picture of increasing pressure on water 

resources is drawn, which translates, as we see in  Figure 2, into a difficult scenario for 

sustainable resource management. 



 

16 

 

 Figure 2. Change in the levels of water stress2 by country (%) (2000–2015) 

 

Source: Report about the Global baseline for SDG indicator 6.4.2 (UN Water, Progress on Level 

of Water Stress - Global baseline for SDG indicator 6.4.2, 2018) 

 

As it is expressed in the previous figure, the predicted water stress is reached when 

we observe the previous figure. It is that the Asian and African continent concentrates the 

great majority of territory under water stress. As a result, more than two billion people 

live in countries that are highly water-stressed, and four billion people suffer from severe 

water shortages for at least one month of the year (UNESCO, 2019). The future scenarios 

predicted by agencies and studies reinforce the current trend. Those countries facing water 

resource problems today will continue to experience the same challenges in the short 

term, and those whose management is unsustainable will enter a complex scenario in the 

following years. By 2050, an UNESCO report predicts, between 4.8 billion and 5.7 billion 

people will live in areas that are water-scarce –mostly Asia and Africa- for at least one 

month each year, up from 3.6 billion today (UNESCO, 2018). 

 

Once we have seen the two phenomena separately, water and food security, it is 

worth explaining the common relationships shared. 

 

                                                 

2 Physical water stress is defined here as the ratio of total freshwater withdrawn annually by all major 

sectors, including environmental water requirements, to the total amount of renewable freshwater resources. 
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2.3 Relation Water-Food security 

The interconnection of food and water is most noticeable when exists a dysfunction 

between them. The relationship food- water may seem clear, and apparently functioning 

as independent domains. However, when analyzing the consequences of its 

malfunctioning, its connections are expanded (Dinar, Tieu, & Huynh, 2019).   

 

Many are the images in the collective imagination where the lack of food becomes 

tractable  (e.g. images of the hungry in all those places where a drought, flood or plague 

has devastated agricultural production). However, what happens if the quality of the water 

does not reach the required level, quality, availability …?  The focus of this research will 

be analyzing the possibility of disruptions of this linkage. As an example, poor quality of 

the water used in order to process the food could lead to food contamination, which 

eventually could affect a considerable part on food security and nutrition.  Water is known 

to be necessary to grow food, but it is not less important during food processing, 

preparation among other steps of the food value chain (Figure 3).  

 

As explained in the previous sections (2.1 & 2.2), the dimensions of food and water 

contemplate same magnitudes to address different phenomena, however, since they share 

a similar conceptual background, direct connections can be made in all areas, as shown 

in the Figure 3. The figure highlights the fundamental role of water in ensuring food 

security. Water is the basis of life, and all the ecosystems on which the food security and 

nutrition of present and future generations depend on it. Adequate water quality and 

quantity is essential for drinking and sanitation, food production (fisheries, crops and 

livestock), processing, transformation and preparation. As an additional function, water 

is relevant for energy generation, industry and other economic sectors. Water flows and 

bodies are often key pathways for transport. Overall, water supports economic growth 

and income generation, and thus economic access to food (HLPE, 2015) 
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Figure 3. The multidimensional relationship between water stress, food security and socioeconomic 

development. 

Source: HLPE (2015). 

 

However, the physical dimension of water growths in relevance when we refer to 

food production since agriculture -the great consumer of water-, contains the most 

relevant and impactful link between water and food security. Therefore, it is vital to 

understand the spatial distribution and the frequency of its use, in order to better 

understand its influence on food security. According to Thenkabail (2009), the total 

irrigated area worldwide  increased, from 40% to 43%, highlighting the relevance of these 

data when establishing policies and making decisions as explained in Meier (2018). In 

fact, if the use of water from traditional sources is reaching unsustainable levels, no less 

so water from non-traditional sources. This has grown globally at a dizzying rate: twice 

the population growth in the 20th century. If we add to this the strong impact of climate 

change and the transformation of diets - from cereals and tubers to animal progeny that 

require much more water for their production - the result is that in many regions it is no 

longer possible to provide a reliable water service. It directly affects agricultural 

production and in a less evident but also relevant way, the other dimensions of water 

security.  This phenomenon is further aggravated, especially in the region where water is 

already a precious resource due to the natural dry ecosystem.   
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In the continents highlighted by the red color (Figure 4), the food security is 

compromised, consequentially revealing a close link between water and food security. 

 

Figure 4. Geographical distribution of drylands, delimited based on the aridity index (AI) 

 

Note: The classification of AI is: Humid AI > 0.65, Dry sub-humid 0.50 

Source: IPCC experts report 2019: Desertification. In: Climate Change and Land: an IPCC special report 

on climate change, desertification, land degradation, sustainable land management, food security, and 

greenhouse gas fluxes in terrestrial ecosystems 

 

With all the information gathered, we can delimit where the phenomena of Food 

Security (through the indicator Prevalence of undernourishment) and Water Security 

(thanks to indicator Water Stress) occur. Therefore, this study will focus on Africa and 

Asia, as these are the regions where food security reaches its lowest with high levels of 

famine, and on drylands, as water resources are under high stress. 
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3. Objectives 

The main objective of the study is to explore the potential role of water in food 

security in the dryland regions of Africa and Asia. The main objective is broken down 

into different objectives: To study the links between food security and water security in 

water-scarce countries (drylands) in Asia and Africa through a comprehensive review of 

the literature. To detect, with the help of experts, the most relevant indicators that explain 

the connection between water and food security, in order to compose a descriptive 

composite index of food security. This index will capture a much greater 

representativeness of the influence of water; and will allow to analyze how water has 

impacted on food security in the regions of study in 2000 and 2015.  
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4. Material and methods 

The following figure (Figure 5) represents the outline of the methodology applied. 

It follows a standardized method of calculating indices (Manners, 2017) & (Hoskins, 

2009).  

 

Figure 5. Methodology applied in the development of the indicator 

 

 

Source: Own elaboration based on Manners (2017) 

 

The core of the methodology is the development of a composite index. This 

index has been developed according to the following steps; literature review, 

definition of the geographical boundaries, identification of the indicators, data 

gathering, standardisation of the data, weighting, calculation of the indexes.  

 

Literature review. The beginning of addressing of a scientific question lies on the 

revision of everything written on the subject so far. More than 30 scientific articles 

and reports have been reviewed, ranging the current situation of world hunger to 

trends in water resources and the explanatory connections between the two, as well 
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as water and food security and all the factors that make up both phenomena. In 

particular, a focus on drylands has been pursued in the continents of Asia and Africa. 

This literature review will lead to the first step in the development of the composite 

indicator.  

 

Definition of the geographical boundaries. The criteria for the selection of 

dryland countries is based on where the hunger has a greater impact, and sharpened 

with those in which water stress is a present reality.  

 

Indicator identification. The selection of indicators was backed on the most 

relevant factors according to literature when explaining food and water security 

phenomena. These factors also compose a temporal dimension and a scope of 

application. Therefore, due to data availability and trend representation capacity, 

the temporal series selects data from 2000 and 2015 a selection of available 

indicators was made on which to work. 

 

Data gathering & Data standardization. The search for data has been carried out 

backed on databases of international organizations. Their reliability, availability 

and ease of use makes them a solid source of information. Once the data is 

downloaded, its processing is done with data software, organizing values and 

calculating them to normalise the variables.  

 

Weighting. The calculation of the composite indicator requires a weight to be 

assigned to each variable. To this end, an online survey was conducted among 

experts in the field to score on a scale of 0 to 5, the level of relevance of the indicator 

in explaining food security. These responses, converted into numbers and weights 

on portions of 1, made it possible to form the composite indicator and led to the 

results of the FWSI.  

 

Index calculation: By means of a composite indicator formula, the aggregated 

information; both the data collected from the databases and the weighting extracted 

from the expert survey is applied to obtain a numerical result between 0 and 1 which 

enables all countries to be ranked comparatively towards explaining the key factors 

explaining food security. 
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Results. These values are represented in a visual and easy to understand manner, 

ensuring that there is sufficient robustness to give value to the findings. Firstly, a 

mapping of the information is made in a graphic way, and secondly, a sensitivity 

analysis is carried out to give strength to the study. 

 Mapping: The numerical result is complemented by a graphical 

representation, allowing simple visual comparisons between the 

state of a country in the study start year, 2000, and the subsequent 

comparison year, 2015. 

 Sensitivity analysis: The results of the data by themselves may 

contain biases or not to be fully explanatory of the phenomenon, 

and thus, as complement to increase the strength of the 

conclusions, it adds value to the work the accomplishment of a 

sensitivity analysis. 

 

4.1 Selection of water-scarce countries –drylands 

Drylands are regions at high risk of short-term freshwater shortage. As explained in 

Section 2.3, the focus of the work will be on developing countries in Asia and Africa and 

this is because 70% of drylands are located in these continents. As a whole, drylands 

cover 40% of total world’s land area, supporting two billion people. All aspects of the 

dryland environment contribute to increased water scarcity in these countries, resulting 

in greater exposure to food insecurity, revealing close connections that will become more 

dramatic as climate change and reduced water availability in both quality and quantity 

become more evident. A territory considered dryland implies a reduction in the water 

retention capacity of degraded soils that amplifies flooding (Yu, 2011) and reinforces 

degradation processes through soil erosion and reduces the annual water intake to 

aquifers, exacerbating existing water shortages (Nel, 2017).  As a result, it can lead to a 

negative effect on food security.  

 

Countries were selected using the graph Figure 4 and an updated standard political 

map. If the area of dryland exposed by the graph covered at least half of a country's total 

territory, it has been selected for the study (Figure 6). It is necessary to mention that the 

study focuses on the Asian and African continent, discarding those not found in these 
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geographical locations. As said before, this is because 70% of world dryland are located 

in these two continents.  

 

Figure 6. Dryland countries selected 

 

 

 

Source: Own elaboration 

 

National data were obtained from 36 countries (Table 1), including all countries that 

are considered drylands in Africa and Asia. 

 

Table 1. List of selected countries 

Africa 

Algeria Botswana Chad Egypt Ethiopia Kenya Libya 

Madagascar Mali Mauritania Morocco Namibia Niger Senegal 

Somalia South Africa Tunisia Uganda Tanzania Yemen Zimbabwe 

Asia 

Afghanistan China India Iran  Iraq Kazakhstan Mongolia 

Oman Pakistan Saudi Arabia Syrian Arab Republic Tajikistan Turkey Turkmenistan 

Uzbekistan             

 

Source: Own elaboration 
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4.2 Selection of indicators and data collection 

    Selection of food security variables. For the first selection of variables, the 

study does not intend to add originality to the work done, as it is precisely when we intend 

to come as close as possible to the standard values expected by the studies and reports of 

researchers. Its aim is to leave space for the new variables to express their relevance and 

add value to the study of the influence of water on food security.  

 

A series of experts gathered in the Committee on World Food Security (CFS) Round 

Table on hunger measurement, hosted at FAO headquarters in September 2011, an initial 

set of indicators aiming to capture various aspects of food insecurity. As explained in the 

Background section, food security is divided into 4 dimensions. In order to have a 

representative sample of data that effectively represent in all areas the 

multidimensionality of food security, some indicators have been selected for each 

dimension. The indicators were chosen based on consistency and data availability, which 

explains why only a limited number of possible indicators. Therefore, the first selection, 

divided by dimensions as explained in 2.1 Food Security – definition & dimensions, is 

made based on FAO's work in this area (Table 2).  

 

Table 2. Initial set of food security indicators, selected according to FAO 

 

Dimension Source Coverage 

Availability 

Average dietary energy supply adequacy FAO 1999-2018 

Average value of food production FAO 1999-2017 

Access 

Rail lines density WB 2000-2017 

Gross domestic product per capita (in purchasing power equivalent) WB 2000-2018 

Stability 

Percentage of arable land equipped for irrigation FAO 1999-2016 

Value of food imports over total merchandise exports FAO 1999-2013 

Political stability and absence of violence/terrorism WB/WWGI 2000-2017 

Per capita food production variability FAO 2000-2016 

Utilization 

Percentage of population using at least basic drinking water services WHO/UNICEF 2000-2015 

 

Source: FAO website 

 

Inclusion of the water dimension. In this step, the added value of the present work 

gains meaning. Supported by other works such as (Scardigno, 2017) and (Sullivan, 2002), 
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the association of water and food security is shown to be an interconnected phenomenon.  

Thus, the potential of water's explanatory capacity is highlighted.  

 

The analysis (Figure 7) extracted from the results of the article (Scardigno, 2017) 

shows that there is a positive correlation between mWater Poverty Index (mWPI) and 

Global Food Security Index (GFSI)  (r= .704, N=15, p < .01). All this means 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 (Figure 7). This result is 

perfectly in line with reports of many international and regional organizations. 

 

Figure 7. Correlations between Global Food Security Index (GFSI) and mWater Poverty Index (mWPI)  

 

 

Source: (Scardigno, 2017) using data from Sullivan and Jemmali 

(2014) and The Economist Intelligence Unit (2015, 2016). 

 

Therefore, these indicators have been selected providing significance to each of the 

dimensions (Table 3).  As regards the dimension of (1) Resources: internal and external 

water resources have been approximated with an indicator of total renewable water per 

capita, whose data source is provided by Aquastat, FAO.  This indicator allows us to have 

a vision of the amount of water available in a country, contributing the factor of physical 

water. Presumably, it will have a positive correlation with food security. 
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For the indicators of the second dimension concerning (2) Access; Access to safe 

water and Access to improved sanitation, both have been used, although Access to safe 

water has been included in the dimension of use, as it is more consistent with the 

definition used by FAO in its reports.  There is no food security without food safety, and 

the role of water in this is essential; from treatment, processing to conservation and 

cleaning. The use of water for both sanitation and drinking are fundamental to human 

well-being as exposed repeatedly by many international organizations (eg: (FAO, The 

future of Food Safety, 2019) (Peter van Maanen, 2016),  

For the (3) Capacity dimension; Economic capacity, Under-five mortality rate and 

Education enrolment rate, the procedure has been uneven. Although the indicator of GDP 

per capita has approximated Economic capacity, under-five mortality rate is considered 

a consequence and not a cause of food security, and its study is not very relevant as a 

promoter of this phenomenon. On the other hand, education enrolment has been added as 

an indicator to the stability dimension.  

For the fourth dimension relating to (4) Use; domestic water consumption has been 

included. In line with the above indicators, the degree of development of cities has an 

impact on the share of total water consumption. Therefore, a higher share of the primary 

sector, industry or households will have different implications on food security. 

For the fifth and last dimension referring to the (5) Environment; water quality and 

stress. Water stress has been maintained through a proxy calculated as the ratio between 

the productive cereal yield per capita (Gross per capita Production) and the share of total 

water withdrawn for the agricultural sector (Agricultural water withdrawal as % of total 

water withdrawal). As approached in 2.3 Relation Water-Food security, countries with 

fewer water resources are more exposed to food insecurity, so measuring the degree of 

water stress is critical. The latter proxy is an original contribution of the work.  
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Table 3. Water security indicators set 

 according to Water Poverty Index (WPI) 

 

Dimension                                                             Indicator                                                       

Resources 

  Internal Water Resources 

  External Water Resources 

Access 

  Access to safe water 

  Access to improved sanitation 

Capacity 

  Economic capacity 

  Under-five mortality rate 

  Education enrolment rate 

Use 

  Domestic water consumption rate 

Environment 

  Water quality 

  Water stress 

Source: (Scardigno, 2017) 

 

Final selection and download of data. The data were obtained from FAO, World 

Bank, UNICEF and the World Health Organization for the years 2000 and 2015. The use 

of these international data sources ensures consistency, that the results can be reproduced 

and that the methodology can be replicated and expanded when new data become 

available. Due to the nature of the work - quantitative and qualitative analysis, the 

availability of data is crucial. Therefore, the final selection has been based on prioritizing 

the adequacy of the indicators whenever possible, and if no data were available, an 

alternative indicator has been used to serve as an adequate proxy to explain the same 

phenomenon. All this resulted in the selection of the following indicators to complement 

the total set of variable. In total, fourteen factors were included as indicators in the index 

(Table 4).   
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Table 4. Final selection of Water-Food security indicators 

 

Dimension Indicators Issue Literature Source 

Availability 
 

      

 Average value of food 
production 

Productivity  World Food Security (CFS) - FAO FAOSTAT 

Average dietary energy supply 
adequacy 

Nutrition World Food Security (CFS) - FAO FAOSTAT 

Total Water per capita Water quantity (Scardigno, 2017) & (Sullivan, 2002) AQUASTAT 

Access 
 

      

 GDP, PPP Economic Access World Food Security (CFS) - FAO WORLD BANK 

 Rail density Infrastructure (Rosegrant, 2003)  &  World Food Security (CFS) - 
FAO  

FAOSTAT 

 Access to improved sanitation 
as a percentage of population 

Sanitation (Sullivan, 2002) WHO/UNICEF 

Stability 
 

      

 Value of food imports over total 
merchandise exports 

Trade World Food Security (CFS) - FAO FAOSTAT 

 Per capita food production 
variability 

Variability  World Food Security (CFS) - FAO FAOSTAT 

 Political stability and absence of 
violence/terrorism 

Governance (Barrett, 2013) Worldwide 
Governance Indicators 

(WGI) 

 Arable land equipped for 
irrigation 

Production Stability World Food Security (CFS) - FAO FAOSTAT 

 Education enrolment, primary Education (Keenan, Measures of food insecurity/security., 
2001) 

WORLD BANK 

Utilization 
 

      

 Percentage of population using 
safely manage drinking water 
services 

Water Quality (Sullivan, 2002) WHO/UNICEF 

 Domestic water use Urbanization 
development  

(Scardigno, 2017)  &  (Sullivan, 2002) AQUASTAT 

 Water stress Environmental Pressure (Scardigno, 2017)  &  (Sullivan, 2002) FAOSTAT/AQUASTAT 

Source: Own elaboration 

 

All indicators definitions used for the development of the composite indicator are 

explained in Annex I. Definitions of the indicators used in the composite indicator. 
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4.3 Calculating the water-food security vulnerability index 

  The 14 indicators selected for developing the index (Table 4) were normalised to 

ensure identical value ranges (0–1). Normalization of indicators (Equation 1) considered 

the maximum and minimum value of each indicator across all countries. Where Rxij is the 

normalised value of vulnerability contributed by the ith indicator in country j, xij is the 

non-normalised numerical value of the ith indicator in the jth country, and Min and Max 

xi are the minimum and maximum values of the ith indicator across all countries.  

 

 

Equation 1: 

 

 

From both the literature, it was clear that increases in certain factors have inhibitory 

effects upon food insecurity. This happened in most of the variables; as examples; GDP 

per Capita (PPP) or School enrollment. Therefore, to incorporate these potentially 

inhibitory effects, these indicators were normalized as shown in Equation 2. 

 

Equation 2: 

 

 

Where Rxij is the normalised value of vulnerability contributed by the ith indicator 

in country j, 1− inverts the normalised values to put them on the same scale as in Equation 

3. Higher values represent higher vulnerability, xij is the non-normalised numerical value 

of the ith indicator in the jth country, and Min and Max xi are the minimum and maximum 

values of the ith indicator across all countries. All normalized indicator values (Rxij) 

ranged from 0 (lowest vulnerability) to 1 (highest vulnerability). The final index was 

calculated using Equation 3, where each normalized indicator value (Equations 1 and 2) 

was multiplied by a respective indicator weight, with the sum of these 14 weighted 

indicator values providing the national vulnerability value. 

 

        Equation 3: 
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Where FWSIj is sum of all weighted indicators in jth country, Rxij Wl is the weighted 

vulnerability contributed by the ith normalised indicator in the jth country, multiplied by 

the lth weighting scheme. 

 

4.4 Weighting the index 

The weighting of the index was done through a survey, by asking experts from all 

over the world about the weight of the different selected indicators. The survey consists 

in four questions: 

 

1. In the first question, the respondent is asked to provide data on his or her 

membership, both in terms of institution/university/company and geographical location. 

The aim is to have sufficient geographical and sectorial representation to obtain a 

sufficiently valid response. The results were positive, partly thanks to the dissemination 

achieved through various contact channels, obtaining a total of 54 responses from 17 

countries (Table 5).   

 

Table 5. Results of the survey. Expert membership. 

 

Expert Number % 

University 38 70% 

Government agency 3 6% 

National research 

laboratory 

2 4% 

Non-governmental/ 

Non-profit organization 

4 7% 

Others 7 13% 

TOTAL 54 
 

 

Source: Own elaboration based on the survey responses 

 

Of these responses, 70% were from universities, 7% from non-profit organizations, 

6% from government agencies, 4% from national research centers, and the remaining 

13% from organizations such as the FAO, OECD or the European Commission as well 

as private companies and external research bodies. 

 

2. The second question, and the essential one for the present study, asked the 

experts to rank the indicators from highest to lowest on a scale of 5 values, their 
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importance and relevance in explaining food security. The scale was composed of 1 - 

VERY LOW RELEVANCE- 2 - LOW RELEVANCE- 3 - MEDIUM RELEVANCE- 4 

- HIGH RELEVANCE- 5 - VERY HIGH RELEVANCE- NO RELEVANCE.  This last 

option-NO RELEVANCE, made possible to discard an indicator helping to limit the bias 

of the pre-selection of the sample. The transition from a qualitative result to a numerical 

value suitable for the composite indicator is achieved by converting these values into a 

proportion of the sum values for the 14 indicators. Using this methodology, we developed 

an expert weight for the two continents. For the conversion of the values obtained from 

the survey and their expression into a comparable value, the following process has been 

done.  

 

 Firstly, each voting segment was converted into a number.   

˗ Value of 1 for VERY LOW RELEVANCE;  

˗ Value of 2 for LOW RELEVANCE.  

˗ Value of 3 for MEDIUM RELEVANCE  

˗ Value of 4 for HIGH RELEVANCE.  

˗ Value of 5 for VERY HIGH RELEVANCE  

˗ Value of 0 for NO RELEVANCE 

 

 Secondly, the frequency of each voting segment per indicator has been 

multiplied by the value assigned to each one. For example, in the case of the 

Total renewable water resources per capita indicator, the following results have 

been obtained: 1 answers assigning a value of 1 (Very low relevance), 3 answers 

of 2 (low relevance), 13 answers of 3 (medium relevance), 12 answers of 4 (high 

relevance), 21 answers of 5 (very high relevance) and 4 of 0 (no relevance).  The 

calculation is the multiplication of the assigned value by the obtained frequency, 

having as result: 

 

1*1+3*2+13*3+12*4+21*5+4*0 = 199. 

 

 Thirdly, the same calculation has been made, indicator by indicator. The value 

obtained from each one has been added up, obtaining a cluster of all of them. 

Thanks to this, we have been able to normalize the values, being able to assign 

the specific proportional weight that corresponds to each indicator, allowing 
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also to convert from a qualitative consideration, to a comparable quantitative 

result. 

  

3. Third question, It sought to answer which was in the scientific mindset, the most 

common regions when talking about dry country by means of this question; What dry 

country came to your mind while answering this survey? Even with a solid base on the 

distribution of drylands around the world, it was relevant to better understand the region 

in which the expert visualized the impact (Table 2). Furthermore, there is value in 

establishing a relationship between this and the region on which the composite indicator 

of this study was actually being applied. 

 

4. The fourth question revolves around the best way to sharpen the selection of 

indicators - Do you consider that any indicator is missing? Respondents are asked if they 

perceive that there are relevant indicators that are not covered by the selection (Table 3). 

This question will be used to further develop the analysis and will certainly provide a 

better fit of the causes of food security. Due to the methodological restrictions and the 

limitation of the study, as explained in the previous section, the selection was limited to 

14 variables, supported by a review of the literature. This question allows us to shed light 

on new approaches in which to continue investigating factors that have not been explored 

until now, or to improve others that have been explored. 
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5. Results 

5.1 Indicator weighting results 

The results of the expert survey can be found in Table 6. 

 

Table 6. Variables weighting according to experts 

 

Indicator Value 

Arable land equipped for irrigation   0.078 

Average value of food production 0.078 

Total population with access to safe drinking-water 0.078 

Total renewable water resources per capita  0.076 

Political stability and absence of violence/terrorism  0.076 

Per capita food production variability  0.073 

Water stress 0.073 

Average dietary energy supply adequacy  0.073 

Access to improved sanitation as a percentage of population  0.072 

School enrolment, primary  0.070 

Value of food imports over total merchandise exports  0.068 

GDP, PPP 0.068 

Municipal water withdrawal  0.062 

Rail lines density  0.057 

 

Source: Own elaboration based on the survey responses 

Note: Values have been transformed to be as a sum of 1. 

 

The findings of the survey revealed that experts considered the following indicators; 

population's access to safe water and arable land equipped with irrigated systems, to be 

the most influential indicators in driving food insecurity. Closely followed in importance 

by indicators relating to the average value of agricultural production and the availability 

of renewable water resources per inhabitant as well as political stability.  The results of 

the survey are encouraging in the search for a greater weight of water in the food security 

phenomenon. As shown in Table 6, 3 out of 5 most important indicators have a water-

related component. As an original contribution to the area of study, we find in fourth place 

the indicator added as a result of the search in the literature for possible promoters of food 

security based on variables related to water: Total renewable water resources per capita. 
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A result that places indicators that have not been given much consideration until now in 

preferential positions.  

 

On the other hand, it should be noted that the last least valued indicator is the Rail 

Lines Density, since as an infrastructure proxy; its influence has been estimated to be 

limited. The most profound analysis of this result requires a separate study since the 

implications of logistics/infrastructure on food security are not few. In these low 

positions, we also find municipal water withdrawal and it may be because its 

understanding is relatively diffuse. A higher level of municipal water withdrawal can 

mean a country with low agricultural productivity, as well as a poorly developed industry. 

It is also true that it can be understood as a more advanced development of society and a 

relief of the main water consumption from the countryside to the city. Although both 

possibilities may exist, their causality will depend on a case by case basis, and it is 

possible that this partially explains their low score. 

 

 

5.2 The index 

Having comparable results is essential to the objective of the study, and the obstacle 

of handling different units and ranges of magnitude between indicators is evident. 

Comparisons will be made first at the continent level. The purpose of this section is to 

compare the outcome of the evidence among countries that have more similar realities, 

since if geographically they are located ''closer'', it is also more likely that the challenges 

and opportunities they face are more similar.  

 

As said, in this section a change in the index FWSI for the years 2000 and 2015 is 

analyzed, continent-by-continent. The full list of results can be found in Table 4 and Table 

5 of the annexes. This change is calculated as the difference between the index for year 1 

(2000) and that for year 2 (2015), in an attempt to clarify the question of a country's 

positive or negative development towards food security. 

 

Results for Africa. Figure 8 and Figure 9 summarizes the results obtained for 

African dryland countries. Figure 8 shows the level of food insecurity in Africa for the 
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years 2000 and 2015 and Figure 9 illustrates the change in the FWSI values among the 

years. 

 

Figure 8. African dryland countries 2000 & 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Own elaboration with data extracted from the FWSI calculations 

 

Results show Ethiopia and Somalia as the worst performing countries in Africa, closely 

followed by Tanzania. In the case of Ethiopia, the high vulnerability is driven by a low 

political stability, dietary supply and education enrolment.   However, when exploring 

the factors affecting this vulnerability, each country faces specific challenges, 

experiencing a different risk by each variable, as can be seen in Figure 12 indicates the 

progress over a 15 years’ time gap for the African continent.  
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Figure 9. Visualization of the FWSI change, Africa, 2000 and 2015 

  

Source: Own elaboration with data obtained from the FWSI results 

Note: Results expressed as changes over 1 of the FWSI for the years 2000 and 2015 

 

Some countries such as Algeria, Ethiopia and Mali made advancements, and among 

other good performers, countries such as South Africa, Botswana and Egypt showed great 

results compared to the rest of the countries of Africa, yet South Africa did not improved 

significantly over the time gap.  Detailed results by country are included in Table 4 and 

Table 5 of the annexes. As can be seen in, despite this improvement, the remaining 

countries in the sample, 8, suffered a worsening of vulnerability to food security, with the 

most severe cases concentrated of the sample in Africa: Libya -0.0653, Tunisia -0.05 and 

Namibia -0.045. However, the continent has undergone an uneven change, while some 

countries suffered the sharpest decline; many experienced an improvement in the index, 

-showing less vulnerability in terms of food security- such as Ethiopia 0.128, Mali 0.094, 

Algeria 0.09, Chad 0.074, Botswana 0.067 or Mauritania 0.079. 

 

 

 

                                                 

3 All values are expressed as changes over 1 of the composite index from year 2000 to 2015. 

Change in the FWSI year 2000 and 2015

0.128 Improvement

0 No change

-0.064 Worsening

Improvement

No change

Worsening

Big improvement

No change

Worsening
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In general terms, it should be noted that Africa has managed to increase its food 

security levels according to the FWSI, however, the diversity of realities faced by African 

countries has resulted in scattered changes. On the one hand, prosperous countries with 

great improvements and on the other, worsening ones that only aggravate a previously 

precarious food security. Africa as a whole concentrates the major of drylands, which 

increased its water-food security vulnerability, leaving Asia as a more prosperous 

continent. 

 

Results for Asia. Figure 10 presents the results of the FWSI for the Asian dryland 

countries for the years 2000 and 2015 separately.  

 

Figure 10. Asian dryland countries 2000 & 2015 

 

 

 

 

 

 

Source: Own elaboration with data obtained from the FWSI results 

 

As seen in Figure 11, Afghanistan ranks as the country with the highest vulnerability 

among all the dryland selection. Its low result is partly explained by the two variables that 

scored the lowest; Percentage of population using safely manage drinking water services 

and education enrolment. Apart from Afghanistan, all the other countries present 

homogenous performances, ranging from Mongolia (0.43) as the country with the lowest 
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vulnerability and Pakistan (0.63) as the most exposed country to food security, measured 

through the FWSI. Similar to Africa, Figure 11 shows the change country by country 

expressing in green for those that made improvements towards a better FWSI, and red for 

those that worsened.  

 

Figure 11. Visualization of the FWSI change, Asia, 2000 and 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Own elaboration with data obtained from the FWSI results 

Note: Results expressed as changes over 1 of the FWSI for the years 2000 and 2015 

 

It can be observed from the previous figure, that Asia has experienced great 

improvements in these 15 years, which in turn is reflected in higher levels of access to 

water, economic capacity, infrastructure etc. This great progress has been converted 

dropping their FWSI 2000 average from 0.53 to 0.49 by 2015. Only 3 countries are in 

negative values: Syrian Arab Republic (-0.037), Mongolia (-0.035) and Saudi Arabia (-

0.02). Accessibility to water, transport infrastructure and political stability are the main 

drivers of its decline (Figure 11 and Table 5). As for the most positive success stories, we 

find the following: Kazakhstan (0.117), Uzbekistan (0.103) and China (0.101). This, as 

this study tries to show, substantially improves the food security of a country or region 

resulting in greater FWSI index results, being translated into expanded green areas in 

Figure 11. Consequently, we find countries taking great steps forward, being less 

Change in the FWSI year 2000 and 2015

0.117 Improvement

0 No change

-0.037 Worsening

Improvement

No change

Worsening

Big improvement

No change

Worsening
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punished than in the case of Africa, the countries that have not been able to reverse the 

trend. 

 

Overall trends. The FWSI according to the weighting of experts (Figure 9 and 

Figure 11) suggests a significant decrease in vulnerability in most countries, 62%, 

between 2000 and 2015 (Table 4 of the annex) for the African and Asian continent. 

Within these, 5 countries (Egypt, Kenya, South Africa, Uganda and Oman) remained 

stable over this period of years (considered stable if the change is less than 0.02 points, 

see at Table 4 of the annex). In general terms, the FWSI results for the year 2000 indicate 

a higher level of food insecurity, as it places African countries (0.62 in Africa in a 0-1 

scale range) above the average of the selected dryland countries (0.58) for all drylands of 

Africa and Asia. As the years go by, Africa (0.59) experiences an improvement in its 

numbers by strengthening its food security by 2015. However, when we look at the gap 

with Asia (0.55), it has increased slightly in a more homogeneous manner among its 

countries. 

 

As for the results indicator by indicator and country by country, their influence 

performs differently. For this reason, the composite indicator shows diverse, fluctuating 

and dynamic FWSI values (colors in the previous figures), and it is in this heterogeneity 

that a comparison of neighboring countries with different policy frameworks can generate 

value. Figure 12 and Figure 13  show country by country, depending on the continent, the 

influence of each indicator over the FWSI. The intensity of each cell will determine the 

impact of that variable on that specific country. Thus, those countries with higher 

cumulative values will show in their row, cells with higher concentrations of color. 

 

To understand the following figures in a simple way, we might better look at the 

extreme cases. Ethiopia experienced the lowest score in Africa for the FWSI index (0.837 

in 2000 and 0.703 in 2015). This result however, can be decomposed variable by variable, 

as shown in Figure 12. Variables such as Per capita food production variability and GDP 

per capita (both scoring 0.99 in a normalized range of 0 to 1 in 2015), and Arable land 

equipped for irrigation (0.95 in the same year) expressed lower values, which in the figure 

13 is visually expressed as a darker blue color.  
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As regards the case of Asia, Afghanistan has been ranked as the most vulnerable 

country in the FWSI (Table 4 of the annex). Therefore, if we look at Figure 13, the cells 

are comparatively darker blues (highly relevant) than the rest of the countries of the 

continent. The resulting column, composed of blue cells that express the level of influence 

that each variable exerts on the country, is the indicator represented in Figure 10 and 

Figure 8. Afghanistan by having a very low performance in many variables, such as Value 

of food imports over total merchandise exports (1 in a range of 0 to 1 in 2015), Municipal 

water withdrawal (0.99 in the same year) or GDP ppp  (0.98), is represented in those cells 

similarly with dark blues. For countries that perform well on the selected variables, and 

therefore show low FWSI values, the cells corresponding to that country will show light 

shades of blue. As an example, Mongolia shows low levels of water stress and a high 

level of Per capita food production variability, with light blue cells, which together with 

the rest of the variables comparatively, makes Mongolia a country with a strong 

performance among the dryland countries of study.
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Figure 12. African dryland countries by indicator 2000 & 2015 

2000 

Average value of food production                                            

Value of food imports over total merchandise exports                                           

Rail lines density                                            

Arable land equipped for irrigation                                           

Total renewable water resources per capita                                            

Per capita food production variability                                           

Municipal water withdrawal                                            

Access to improved sanitation as a percentage of population                                            

Political stability and absence of violence/terrorism                                            

Total population with access to safe drinking-water                                           

Average dietary energy supply adequacy                                           

GDP, PPP                                           

School enrolment, primary                                           
Water stress                                            
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Average value of food production                                            

 Value of food imports over total merchandise exports                                           
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Arable land equipped for irrigation                                           
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Per capita food production variability                                           

Municipal water withdrawal                                            

Access to improved sanitation as a percentage of population                                            

Political stability and absence of violence/terrorism                                            
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Average dietary energy supply adequacy                                           

GDP, PPP                                           

School enrolment, primary                                           

Water stress                                            
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Figure 13. Asian dryland countries year by indicator 2000 & 2015 
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Average value of food production                                

Value of food imports over total merchandise exports                               

Rail lines density                                

Arable land equipped for irrigation                               

Total renewable water resources per capita                                

Per capita food production variability                               

Municipal water withdrawal                                

Access to improved sanitation as a percentage of population                                

Political stability and absence of violence/terrorism                                

Total population with access to safe drinking-water                               

Average dietary energy supply adequacy                               

GDP, PPP                               

School enrolment, primary                               

Water stress                                
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Value of food imports over total merchandise exports                               
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Total renewable water resources per capita                                

Per capita food production variability                               
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Access to improved sanitation as a percentage of population                                
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6. Sensitivity analysis results 

The sensitivity analysis helped to identify the robustness of the index to the 

application of random weights, whilst identifying the sensitivity of countries to weighting 

using random assigned values analysis.  

 

An analysis of variance (ANOVA) on the results from Figure 14 found that national 

FWSI values were significantly different (p = <0.001) which reveals that the contribution 

of the experts was indeed decisive in shaping the weights needed to give value to the 

composite indicator. In general, the values of the FWSI show relatively similar levels of 

dispersion for each country, with most countries having FWSI values around 0.6, 

meaning that the geographical selection of countries is at moderate-high risk on a scale 

of 0 to 1 possible. Afghanistan and Somalia represent the extremes of the FWSI. The 

overlaid dots represent the outputs values from the FWSI for each country under expert 

weighting for the year 2015, which are located near the median of the analysis. 

 

Figure 14. Estimation of the sensitivity of the Food-Water Security Index FWSI. 

 

 

 

Source: Own elaboration with data obtained from the FWSI results 
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7. Discussion 

This section presents a critical analysis of relevant methodological aspects within 

this work, and of the assessment results. The results in Table 6 confirm what scientific 

articles such as (Scardigno, 2017) & (Sullivan, 2002) expose; the relevance of water as 

an explanatory factor for food security in the theoretical domain. However, the aim of the 

study is to observe whether the theoretical framework is reflected in reality through the 

development of concrete and measurable indicators. To this end, the results of Table 4 

and Table 5, complemented and their comparison with the number of hungry people per 

region, as well as the PoU (Table 6) used as a measure of food security by the FAO, 

maintain a coherent concordance. Both results, the theoretical framework in which 

experts have stated that the relevance of water is crucial in explaining food security - 

ultimately responsible for world hunger - and the actual practice that has subsequently 

been observed in official figures on the hungry, give fundamental solidity to the study's 

conclusions.  

 

Of the complete list of 14 pre-selected indicators, 3 of the 5 established as most 

relevant are water-related. These results are aligned with the studies conducted so far. 

Arable land equipped for irrigation has turned out to be the most relevant indicator, 

aligned with the literature (Grafton, 2015). Yield increases needed in the coming years in 

developing countries have focused on the expansion of irrigation-based crops. Therefore, 

it is coherent to understand that in the future, food security, and its need to increase 

production, is intimately linked to the irrigation area capable of developing a country as 

mentioned by (J.R., 2014). Thus, the average value of food production fits in as the second 

most relevant indicator and food production must be placed at the level of the population 

food consumption increase. Third most significant indicator, the total population with 

access to safe drinking-water is an indicator already included in the FAO's selection for 

the use dimension (FAO, 2016). Stands out in this analysis being an indicator apparently 

with relatively lower dependence on the ultimate phenomenon of the study, hunger, and 

therefore demonstrating the permeability of the concept of food security with other 

parallel and interdependent factors, mainly water-related. Fourthly, the total renewable 

water resources per capita raises the question of the physical dimension of water as a key 

element to avoid malnutrition. Already highlighted by works such as (Sullivan, 2002) & 

(Scardigno, 2017). In parallel, political instability (Martin-Shields C. P., 2019), a major 
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brake on development, has weighed down many African countries in recent decades as 

shown in the results for this continent. Undoubtedly, as shows the study, resource scarcity 

is the most limiting driver in recent years, and water -particularly in agriculture- is being 

a crucial point for the prosperity of many countries (Stephan Pfister, 2011). Therefore, 

the approach of the study has sought to support the development of vulnerability 

indicators that are globally consistent in their importance, while providing an important 

point of comparison with other regions suffering high levels of water scarcity. 

 

The results of the FWSI have been related to the change in Prevalence of 

Undernourishment of the sample years 2000 and 2015 (see Table 6), resulting in a positive 

value by means of a Pearson correlation (0.49). It suggests a definite relationship between 

FWSI and PoU with larger values of FWSI tending to be associated with larger values of 

PoU.  In the case of the African continent, the FWSI has agreed in sign with the 

Prevalence of Undernourishment (PoU) with all countries except 1, Tunisia. This means 

that the statistical values obtained are consistent with those published by FAO year after 

year (FAO, 2020). Particularly in the case of Tunisia, in 2000 it had the same number of 

hungry people as in 2015, 0.5 million. The result obtained by the FWSI is consistent with 

a stagnation of this segment of the population in need and the difference can be partially 

explained by the increase in water stress in the region as well as a decreasing availability 

of fresh water per inhabitant. This diverse result would be the consequence of the 

inclusion of the water component in the calculation of food security in a more prominent 

way. In the case of Asia, the countries show a positive correlation (Table 5) strengthening 

the possibility of reuse the indicator from one region to another, obtaining an accurate 

approximation of the reality that is to be described. There exist one exception, Mongolia. 

This country shows a sharp drop in FWSI, while the PoU improves substantially. A 

detailed analysis of the situation in Mongolia is required to know whether the indicator 

has indeed reached its limitations or if PoU is not observing third-party effects. The 

fundamental difference has been in the amount of variability in the performance of 

drylands on both continents. In Africa, the trends are very marked, and although overall 

the figures are positive, there are several exceptions where the figures are alarming. In 

the case of Asia, the results have been significantly more favorable. 

 

As for the limitations, one of the strictest of the work has revolved around the pre-

selection of indicators. There is not much literature on the role of water in food security, 
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and even less on the design of a methodology such as the one applied to this work, 

designing a composite indicator.  The availability and reliability of data also pose a 

challenge when building a composite indicator and its restricted availability has meant a 

limitation in choosing more complete time series or more specific indicators. 

8. Conclusions 

The FWSI has demonstrated its potential to complete the analysis of food security 

in spatial and temporal terms. The inclusion of variables relating to water security has 

proved relevant to experts and as a result, the composite indicator is consistent with the 

number of hungry people in the 2000-2015 study period.  In a context where water 

scarcity is an increasingly crucial aspect, knowing the connections between water and 

food security can enable us to establish vulnerability trends in advance. Although the 

composite indicator has shown good performance, it has room for improvement, and it is 

necessary to know whether this selection of indicators is the most appropriate to explain 

the phenomenon. 

 

 This work contributes to progress in the study of the water component within 

food security. The work strongly reinforces the proposed idea that water has a high 

relevance on agricultural systems, the general food chain and food security as a whole. 

It has also contributed with an original methodology, where specific indicators and its 

assigned weight have been evaluated country by country. 

 The databases of international organizations still have room for improvement. 

The final selection of indicators has been influenced by the limited availability within 

the required time range. Particularly water-related indicators are the scarcest.  In this 

study, some of the preselected indicators had to be omitted due to lack of data, data 

reliability, or because databases did not distinguish specific water-related 

components. For this reason, methodologies such as that applied in cross-sectional 

studies such as this one; might find difficulties to cover data. International 

development challenges mainly focus on developing countries, and the case of Africa 

and Asia in which the worst development indicators show an urgent need for 

improvement, might require a better data availability and reliability. 

 Out of the top 5 most significant indicators, 3 are water-related. According to a 

survey of numerous experts in various spheres, it has revealed that water is essential 

in explaining food security. Fundamentally, the use in the irrigation crop (top1) 
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allowing reaching a significant food production (top2) that requires a relative high 

availability of water per capita (top3). 

 The world is prospering and hunger is decreasing, yet at different rates. Between 

2000 and 2015 the study shows a positive overall picture of the development of the 

countries. Both the PoU, used as a reference for measuring hunger, and the developed 

indicator FWSI show an improvement in 26 out of 36 countries However, this analysis 

can be replicated when data availability permits, as the trend of undernourished 

population observed since 2015 is increasing according to FAO. In addition, the 

current uncertainty following the COVID19 crisis may have a negative impact on the 

positive progression of the last two decades. 

 Africa is the one that suffers the most sharpen changes, Asia develops stable. 

While the Asian continent continues its positive trend, with extremely positive cases 

such as Kazakhstan and China, Africa continues to suffer from disparate fortunes 

among its countries. Countries achieve very high values of improvement 

accompanied by sharp falls, showing us the diversity of realities faced by African 

countries, especially Tunisia, Namibia and Libya in Africa, and Syria and Mongolia 

in Asia. 

 Each country faces a different reality, but they share common traits. Many 

countries are facing systemic difficulties that are difficult to deal with in isolation. 

The challenges they face are often linked to each other and require holistic 

management and improvement. Countries where bottlenecks are well identified find 

it easier to take steps forward in development towards a society with a reasonable 

level of food security. 

 The FWSI has been shown to be robust as an indicator to complement the 

explanation of world hunger trend. Compared the indicator traditionally used as the 

Prevalence of Undernourishment (PoU) with the FWSI index we observed a positive 

correlation within its variables, being FWSI and PoU explanatory indicators. This is 

a positive result and allows room for improvement and thus an ever more 

comprehensive picture of food security. 

 Potential for replication of the study in dryland regions. The study methodology 

could be used in other geographical locations, such as Latin America. In this 

continent, the application of the present composite indicator has a high potential, 

because although there has been important progress towards a state of food security 
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with low vulnerability, water scarcity may represent a bottleneck for development in 

the coming years. 
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10. Annexes 

Annex I. Definitions of the indicators used in the composite 

indicator  

 

 Average value of food production. International $ per capita 

The indicator expresses the food net production value (in constant 2004-06 

international dollars), as estimated by FAO and published by FAOSTAT, in per 

capita terms. 

 

 Average dietary energy supply adequacy. Percent. 

The indicator expresses the Dietary Energy Supply (DES) as a percentage of the 

Average Dietary Energy Requirement (ADER), which underwent a process of 

normalisation in order to provide an index of adequacy of the food supply in terms 

of calories. 

 

 Total Water per capita.  m3/inhab/yr 

Total annual actual renewable water resources per inhabitant. The calculation 

criteria is [Total renewable water resources per capita] = [Total renewable water 

resources]*1000000/[Total population]. 

 

 Gross Domestic Product. International $, PPP 

GDP per capita based on purchasing power parity (PPP). PPP GDP is gross 

domestic product converted to international dollars using purchasing power parity 

rates. GDP at purchaser's prices is the sum of gross value added by all resident 

producers in the economy plus any product taxes and minus any subsidies not 

included in the value of the products.  

 

 Rail lines density. Total route in km per 100 square km of land area 

The supplied valued corresponds to the ratio between the length of railway route 

available for train service, irrespective of the number of parallel tracks (rail lines, 

total route in km) with the area of the country. 
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 Access to improved sanitation facilities. Percent over the total population 

The indicator refers to the percentage of the population with at least adequate 

access to excreta disposal facilities that can effectively prevent human, animal, 

and insect contact with excreta. Improved facilities range from simple but 

protected pit latrines to flush toilets with a sewerage connection. To be effective, 

facilities must be correctly constructed and properly maintained. 

 

 Value of food imports over total merchandise exports. Percent over total 

exports 

The indicator express the market value of imported food over the total 

merchandise exports, in order to capture the adequacy of foreign exchange, which 

has logical implications for national food security depending on production and 

trade patterns. 

 

 Per capita food production variability. International $ per capita. 

It compares the per capita food production variability across countries and time. 

 

 Political stability and absence of violence/terrorism. Index. 

This indicator measures the overall perceptions of the likelihood that the 

government will be destabilized or overthrown by unconstitutional or violent 

means, including politically-motivated violence and terrorism. 

 

 Percent of arable land equipped for irrigation. Percent over total arable land 

The indicator is calculated through the ratio between  the arable land equipped for 

irrigation and the total arable land. The abandoned land resulting from shifting 

cultivation is not included in this category, as data which indicates the amount of 

land that is potentially cultivable.  

 

 Education enrolment, primary. Percent 

The number of children of official primary school age who are enrolled in primary 

education as a percentage of the total children of the official school age 

population. 
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 Access to improved water sources. Percent over total population 

This statistical indicator refers to the percentage of the population with reasonable 

access to an adequate amount of water from an improved source, such as a 

household connection, public standpipe, borehole, protected well or spring, and 

rainwater collection. Unimproved sources include vendors, tanker trucks, and 

unprotected wells and springs.  

 

 Domestic water use. km3/year or 109m3/year 

Annual quantity of water withdrawn primarily for the direct use by the population. 

It is usually computed as the total water withdrawn by the public distribution 

network. 

 

 Water stress. Index 

The indicator estimates the pressure to which the available water resources are 

subjected. It is calculated by the ratio between, [Gross per capita Production Index 

Number (2004-2006 = 100)] / [Agricultural water withdrawal as % of total water 

withdrawal (%)] 
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Annex II. Survey results 

Table 1. Question 1 of the survey to experts. Countries distribution of the survey respondents 

 

 

Countries of respondents 

Europe Africa Asia America 

Spain Germany Mozambique Turkey Panama 

Italy France Rwanda 
 

United States of America 

Portugal Greece 
   

Poland Serbia 
   

United Kingdom Bulgaria 
   

Belgium Republic of Moldova 
   

Germany Albania 
   

Source: Survey results 

 

Table 2. Question 2 of the survey to experts. Dryland countries according to the survey respondents 

 

 

What dry country came to your mind while answering this survey? 

Spain Soudan Sahelian nations Kenya, Mozambique 

Africa Turkmenistan Spain Spain 

Marruecos Sahel region Algeria Spain 

- Lebanon Jordan and other middle 
east countries 

Sudan, Chad, Northern 
Nigeria, Extreme North of 

Cameroon, Niger, Mali, 
Burkina Faso, Senegal, 

Mauritania 

Spain African countries Marruecos Kenia 

Norhern Nigeria - Tanzania African countries in general 

Marocco Namibia Somalia Senegal 

the world Kenya Zambia, Ethiopia 

Spain eastern / southern Africa Africa Senegal 

Somalia Marroco Spain Spain 

Montado Egypt Mauritania Burkina Faso 

Ethiopia - Spain and North African 
countries 

Jordan 

Libya African dry countries Australia North Africa 

 

Source: Survey results 
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Table 3. Question 3 of the survey to experts. Do you consider that any indicator is missing? 

 

Do you consider that any indicator is missing? 

Access to public regionally 
adapted seeds 

frequency of 
extreme events 

Total "non-renewal" water resources Dietary composition 

Soil an water quality, Level of inequality Yes Gender related 
indicators 

Land tenure security, small 
scale irrigation, political 

accountability 

No Competition between farmers and 
pastoralists, presence of farmers' 

cooperatives, rural credit system, food 
production and distribution chain linked to 

large cities, local food systems, land 
grabbing, competition / collaboration 

between state and customary authorities, 
local knowledge / knowledge experts 

Absolutely: one has 
to think in terms of 

gap analysis and 
some indicatrs per 
capita (see below). 

Land productivity - No R&D in genomics--
>Gene editing 

technologies 

Yes: level of 
undernourishment, food 

basket value, volatility, 
market access, climate 

change vulnerability 
(disasters) 

No Yes No 

No Access to markets; 
access to cash 

income 

No Energy accessibility... 
Underground water ... 

No Consideration of 
dryland traditional 

food producing 
systems, like mobile 

pastoralism 

Maybe the Ha cultivated, and Ha with 
irrigation schemes 

Mean age of farmers 

yes ... Importance of the Big 
corporation in controlling 

food markets 

all measures of 
poverty / income 

distribution 

Nutritional values beyond calories. No, many non-explicit 
are included in the 

explicit ones 

Public administration 
capacities, politics, wars 

No No Yes. For developing 
countries, an indicator 
that could trigger food 

security policies 

No - Pastoralists not represented. Inequality (income, 
gender, education) 

No Poverty rate; 
something about 
natural hazards 

No   

 

Source: Survey results 
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Annex III. Results by country 

Table 4. Results from the composite indicator – Water-Food security index for 2000 

 

Note: The correspondence values between variables and numbers. W corresponds to the word Weight, value assigned by experts. Average value of food production (1), Value 

of food imports over total merchandise exports (2), Rail density (3), Arable land equipped for irrigation (4), Total Water per capita (5), Per capita food production variability 

(6),  Domestic water use (7), Access to improved sanitation as a percentage of population (8), Political stability and absence of violence/terrorism (9), Percentage of 

population using safely manage drinking water services (10), Average dietary energy supply adequacy (11), GDP, PPP (12), Education enrolment, primary (13), and Water 

stress (14). Green colors express low levels of vulnerability, resulting in a positive food-water security index. The opposite is expressed by the color red. 

  

Area FWSI 1 W 2 W 3 W 4.0 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 W
Afghanistan 0.858 0.643 1.000 0.674 0.584 0.859 0.861 0.990 0.788 1.000 0.885 0.840 0.990 1.000 0.922

Algeria 0.579 0.629 0.103 0.895 0.928 0.987 0.808 0.372 0.155 0.717 0.102 0.407 0.778 0.238 0.965

Botswana 0.496 0.513 0.093 0.895 0.997 0.666 0.657 0.147 0.489 0.014 0.287 0.790 0.767 0.191 0.433

Chad 0.735 0.564 0.134 0.674 0.995 0.754 0.866 0.787 0.914 0.634 0.713 0.790 0.991 0.614 0.820

China 0.525 0.283 0.000 0.684 0.539 0.900 0.990 0.786 0.443 0.374 0.221 0.506 0.929 0.173 0.593

Egypt 0.466 0.388 0.443 0.737 0.000 0.966 0.945 0.843 0.065 0.300 0.000 0.136 0.841 0.341 0.698

Ethiopia 0.837 0.790 0.505 0.674 0.973 0.920 0.935 0.880 1.000 0.580 1.000 0.889 1.000 0.695 0.819

India 0.602 0.575 0.031 0.000 0.625 0.919 1.000 0.861 0.864 0.595 0.239 0.630 0.952 0.337 0.701

Iran (Islamic Republic of) 0.501 0.255 0.072 0.842 0.500 0.906 0.840 0.891 0.117 0.519 0.038 0.309 0.709 0.274 0.877

Iraq 0.597 0.711 0.103 0.684 0.183 0.827 0.971 0.869 0.289 0.802 0.215 0.704 0.733 0.312 1.000

Kazakhstan 0.459 0.074 0.010 0.737 0.932 0.651 0.463 0.917 0.017 0.290 0.168 0.506 0.785 0.312 0.680

Kenya 0.698 0.618 0.206 0.737 0.985 0.960 0.921 0.579 0.682 0.615 0.639 0.741 0.966 0.347 0.722

Libya 0.489 0.499 0.062 0.674 0.744 0.999 0.935 0.709 0.010 0.398 0.172 0.259 0.509 0.252 0.643

Madagascar 0.638 0.564 0.175 0.895 0.629 0.012 0.973 0.969 0.988 0.270 0.784 0.741 0.975 0.271 0.804

Mali 0.677 0.450 0.155 0.947 0.950 0.496 0.964 0.963 0.865 0.248 0.621 0.481 0.981 0.666 0.809

Mauritania 0.687 0.504 0.412 0.947 0.907 0.809 0.973 0.906 0.852 0.218 0.718 0.457 0.949 0.439 0.613

Mongolia 0.430 0.045 0.124 0.789 0.921 0.302 0.285 0.623 0.531 0.084 0.456 0.778 0.907 0.294 0.000

Morocco 0.558 0.501 0.144 0.474 0.841 0.957 0.602 0.579 0.344 0.333 0.449 0.296 0.911 0.348 0.982

Namibia 0.473 0.431 0.124 0.674 0.993 0.000 0.381 0.472 0.740 0.386 0.222 0.564 0.863 0.154 0.662

Niger 0.713 0.586 0.371 0.674 0.997 0.868 0.808 0.375 0.982 0.280 0.785 0.593 0.997 0.897 0.714

Oman 0.443 0.618 0.031 0.674 0.000 0.976 0.822 0.851 0.102 0.000 0.386 0.519 0.000 0.548 0.744

Pakistan 0.634 0.490 0.124 1.000 0.425 0.921 0.988 0.928 0.706 0.625 0.150 0.593 0.936 0.420 0.721

Saudi Arabia 0.469 0.640 0.031 0.737 0.552 1.000 0.930 0.838 0.000 0.251 0.006 0.259 0.016 0.563 0.792

Senegal 0.658 0.683 0.526 0.000 0.970 0.820 0.777 0.913 0.627 0.481 0.480 0.728 0.959 0.421 0.713

Somalia 0.761 0.550 0.948 0.674 0.810 0.929 0.945 1.000 0.829 0.862 0.989 1.000 0.837 0.271 0.010

South Africa 0.481 0.419 0.000 0.474 0.893 0.951 0.810 0.362 0.417 0.378 0.169 0.444 0.791 0.219 0.345

Syrian Arab Republic 0.501 0.215 0.103 0.789 0.737 0.957 0.535 0.828 0.061 0.365 0.038 0.272 0.837 0.567 0.836

Tajikistan 0.596 0.742 0.124 0.316 0.083 0.837 0.899 0.929 0.092 0.778 0.530 0.852 0.987 0.317 0.832

Tunisia 0.416 0.181 0.062 0.421 0.864 0.982 0.000 0.736 0.225 0.224 0.126 0.198 0.840 0.153 0.841

Turkey 0.440 0.000 0.010 0.737 0.804 0.845 0.746 0.685 0.173 0.540 0.030 0.000 0.736 0.254 0.692

Turkmenistan 0.476 0.283 0.010 0.947 0.043 0.740 0.690 0.956 0.059 0.313 0.138 0.519 0.891 0.390 0.904

Uganda 0.611 0.510 0.237 0.737 1.000 0.890 0.895 0.000 0.853 0.665 0.898 0.593 0.990 0.000 0.148

United Republic of Tanzania 0.753 0.646 0.423 0.579 0.983 0.874 0.947 0.792 0.990 0.512 0.891 0.741 0.978 0.288 0.831

Uzbekistan 0.549 0.416 0.072 0.579 0.061 0.996 0.919 0.886 0.060 0.682 0.165 0.667 0.942 0.484 0.847

Yemen 0.694 0.833 0.186 0.674 0.674 1.000 1.000 0.838 0.593 0.636 0.759 0.704 0.922 0.232 0.621

Zimbabwe 0.661 0.705 0.021 0.632 0.953 0.926 0.875 0.711 0.552 0.686 0.331 0.802 0.946 0.353 0.713

0.070 0.0730.0730.078 0.068 0.057 0.078 0.076 0.0680.062 0.072 0.076 0.078 0.073
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Table 5. Results from the composite indicator - Water-Food  security index for 2015 

 
Note: The correspondence values between variables and numbers. W corresponds to the word Weight, value assigned by experts. Average value of food production (1), Value 

of food imports over total merchandise exports (2), Rail density (3), Arable land equipped for irrigation (4), Total Water per capita (5), Per capita food production variability 

(6),  Domestic water use (7), Access to improved sanitation as a percentage of population (8), Political stability and absence of violence/terrorism (9), Percentage of 

population using safely manage drinking water services (10), Average dietary energy supply adequacy (11), GDP, PPP (12), Education enrolment, primary (13), and Water 

stress (14). Green colors express low levels of vulnerability, resulting in a positive food-water security index. The opposite is expressed by the color red. 

Area FWSI 1 W 2 W 3 W 4.0 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 W
Afghanistan 0.812 0.882 1.000 0.7 0.6 0.887 0.961 0.994 0.637 0.900 0.654 0.861 0.983 0.578 0.758

Algeria 0.489 0.613 0.037 0.9 0.8 0.987 0.662 0.343 0.134 0.531 0.240 0.167 0.740 0.415 0.632

Botswana 0.429 0.724 0.024 0.9 1.0 0.664 0.772 0.000 0.271 0.000 0.056 0.833 0.702 0.582 0.000

Chad 0.661 0.766 0.003 0.7 1.0 0.809 0.529 0.781 0.979 0.501 0.720 0.819 0.977 0.736 0.596

China 0.424 0.244 0.003 0.7 0.4 0.879 0.991 0.752 0.197 0.311 0.066 0.375 0.745 0.673 0.416

Egypt 0.451 0.571 0.136 0.8 0.0 0.967 0.904 0.740 0.065 0.633 0.009 0.083 0.812 0.554 0.725

Ethiopia 0.709 0.858 0.156 0.7 0.9 0.931 0.987 0.809 1.000 0.633 0.625 0.764 0.988 0.612 0.443

India 0.534 0.691 0.010 0.0 0.6 0.914 1.000 0.866 0.490 0.496 0.086 0.694 0.902 0.513 0.682

Iran (Islamic Republic of) 0.471 0.385 0.024 0.8 0.3 0.897 0.833 0.880 0.126 0.491 0.056 0.389 0.682 0.507 0.811

Iraq 0.575 1.000 0.017 0.8 0.3 0.855 0.868 0.947 0.099 0.823 0.196 0.667 0.716 0.664 0.817

Kazakhstan 0.342 0.125 0.007 0.7 0.9 0.625 0.000 0.823 0.024 0.269 0.104 0.292 0.544 0.471 0.415

Kenya 0.692 0.777 0.082 0.9 1.0 0.965 0.910 0.771 0.756 0.569 0.539 0.806 0.962 0.577 0.658

Libya 0.553 0.703 0.020 0.7 0.8 0.998 0.974 0.776 0.001 0.808 0.422 0.264 0.727 0.577 0.532

Madagascar 0.662 0.805 0.078 1.0 0.7 0.164 0.921 0.952 0.969 0.367 0.710 0.931 0.986 0.000 0.780

Mali 0.584 0.557 0.051 1.0 0.9 0.592 0.803 0.969 0.685 0.681 0.337 0.236 0.979 0.946 0.446

Mauritania 0.608 0.768 0.044 1.0 0.9 0.840 0.982 0.872 0.607 0.419 0.616 0.444 0.944 0.565 0.117

Mongolia 0.465 0.392 0.024 1.0 0.9 0.283 0.752 0.819 0.451 0.080 0.521 0.639 0.790 0.620 0.044

Morocco 0.496 0.543 0.054 0.8 0.8 0.953 0.811 0.812 0.134 0.344 0.214 0.139 0.870 0.499 0.522

Namibia 0.518 0.733 0.031 0.7 1.0 0.000 0.991 0.518 0.710 0.323 0.132 0.558 0.807 0.306 0.752

Niger 0.661 0.705 0.085 0.7 1.0 0.904 0.776 0.811 0.937 0.526 0.612 0.486 1.000 1.000 0.658

Oman 0.432 0.858 0.010 0.7 0.0 0.985 0.925 0.874 0.000 0.065 0.097 0.458 0.226 0.515 0.903

Pakistan 0.582 0.668 0.048 0.5 0.3 0.925 0.969 0.907 0.466 0.878 0.126 0.681 0.928 0.822 0.700

Saudi Arabia 0.489 0.884 0.010 1.0 0.5 1.000 0.945 0.748 0.002 0.416 0.044 0.306 0.000 0.488 1.000

Senegal 0.605 0.884 0.190 0.8 1.0 0.848 0.671 0.923 0.536 0.289 0.315 0.667 0.958 0.824 0.470

Somalia 0.737 0.838 0.670 0.7 0.8 0.941 0.945 1.000 0.690 0.853 1.000 0.972 0.809 0.605 0.010

South Africa 0.482 0.592 0.010 0.2 0.9 0.947 0.961 0.620 0.280 0.312 0.100 0.472 0.769 0.551 0.555

Syrian Arab Republic 0.538 0.531 0.153 0.4 0.7 0.946 0.542 0.838 0.091 1.000 0.145 0.403 0.809 0.867 0.894

Tajikistan 0.553 0.794 0.139 0.8 0.0 0.848 0.904 0.900 0.042 0.479 0.384 0.931 0.964 0.656 0.622

Tunisia 0.466 0.292 0.037 0.4 0.8 0.979 0.603 0.954 0.104 0.499 0.034 0.208 0.799 0.433 0.820

Turkey 0.384 0.000 0.014 0.4 0.7 0.837 0.730 0.817 0.030 0.631 0.000 0.000 0.534 0.585 0.686

Turkmenistan 0.446 0.369 0.000 0.6 0.0 0.730 0.647 0.957 0.023 0.282 0.580 0.486 0.716 0.778 0.923

Uganda 0.616 0.845 0.099 1.0 1.0 0.915 0.961 0.012 0.876 0.459 0.307 0.847 0.983 0.590 0.249

United Republic of Tanzania 0.656 0.675 0.065 0.9 1.0 0.897 0.816 0.812 0.785 0.364 0.650 0.736 0.966 0.827 0.558

Uzbekistan 0.447 0.378 0.024 0.5 0.0 0.907 0.875 0.930 0.000 0.352 0.186 0.583 0.880 0.626 0.671

Yemen 0.706 0.972 0.116 0.7 0.5 1.000 0.974 0.865 0.446 0.928 0.660 0.875 0.956 0.709 0.873

Zimbabwe 0.695 0.949 0.088 0.7 1.0 0.927 0.967 0.726 0.670 0.414 0.338 1.000 0.968 0.494 0.977

0.068 0.070 0.0730.062 0.072 0.076 0.078 0.0730.0730.078 0.068 0.057 0.078 0.076
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Table 6. A comparison between the change in the Food Water security index (FWSI) and Prevalence of Undernourishment (PoU) in 2000-2015. 

 

 

 

Note: No PoU data available for the year 2000 for Libya, Somalia, Syrian Arab Republic and Tajikistan. Green colors express improvements along the time series, resulting 

in a positive food-water security index for the FWSI column and a positive improvement for Prevalence of Undernourishment in the column of PoU. The opposite is 

expressed by the colour red. 

Area Change 2000-2015 FWSI Change 2000-2015 PoU

Algeria 0.090 6.7

Botswana 0.067 9.6

Chad 0.074 3.6

Egypt 0.015 0.8

Ethiopia 0.128 29.3

Kenya 0.007 6.3

Libya -0.064 0

Madagascar -0.024 -6.7

Mali 0.094 8.9

Mauritania 0.079 3

Morocco 0.062 3.3

Namibia -0.045 -3.5

Niger 0.053 10

Senegal 0.053 15.7

Somalia 0.025 0

South Africa -0.001 -0.7

Tunisia -0.050 0.5

Uganda -0.004 -9.8

United Republic of Tanzania 0.097 5

Yemen -0.012 -4.5

Zimbabwe -0.033 -9.3

Afghanistan 0.045 17.5

China 0.101 7.1

India 0.068 2.7

Iran (Islamic Republic of) 0.030 -0.2

Iraq 0.021 0.1

Kazakhstan 0.117 3.3

Mongolia -0.035 21.7

Oman 0.011 6.3

Pakistan 0.052 2.6

Saudi Arabia -0.020 0.5

Syrian Arab Republic -0.037 0

Tajikistan 0.043 0

Turkey 0.056 0

Turkmenistan 0.030 3.3

Uzbekistan 0.103 9.8

Africa

Asia
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Table 7. Standardization and calculation of the weight of the indicators according to the experts 

 

 
 

Source: Own elaboration 

 

Note:  The table shows the collected responses from the experts. These responses, as shown in the standardized column, express the weight of each of the variables as a proportion of 

14 parts between 0 and 1. The green color means a low relevance of the variable.

1 - VERY LOW RELEV. 2 - LOW RELEV. 3 - MEDIUM RELEV. 4 - HIGH RELEV. 5 - VERY HIGH RELEV. NO RELEV. TOTAL answers–Weighted Aver. Result Sum Normalized

Indicator 1 2 3 4 5 0 2628

– 3.70% 0.00% 31.48% 44.44% 20.37% 0.00%

Average value of food production 2 0 17 24 11 0 54 3.78 204 0.0776

– 3.77% 11.32% 35.85% 43.40% 5.66% 0.00%

Value of food imports over total merchandise exports  2 6 19 23 3 0 53 3.36 178 0.0677

– 12.96% 29.63% 25.93% 20.37% 9.26% 1.85%

Rail lines density 7 16 14 11 5 1 54 2.83 150 0.0571

– 0.00% 12.96% 20.37% 31.48% 33.33% 1.85%

Arable land equipped for irrigation 0 7 11 17 18 1 54 3.87 205 0.0780

– 1.85% 5.56% 24.07% 22.22% 38.89% 7.41%

Total renewable water resources per capita 1 3 13 12 21 4 54 3.98 199 0.0757

– 1.89% 11.32% 16.98% 43.40% 22.64% 3.77%

Per capita food production variability 1 6 9 23 12 2 53 3.76 192 0.0731

– 5.56% 22.22% 25.93% 31.48% 9.26% 5.56%

Municipal water withdrawal 3 12 14 17 5 3 54 3.18 162 0.0616

– 3.70% 9.26% 25.93% 29.63% 25.93% 5.56%

Access to improved sanitation as a percentage of population 2 5 14 16 14 3 54 3.69 188 0.0715

– 1.85% 9.26% 27.78% 31.48% 22.22% 7.41%

School enrollment, primary 1 5 15 17 12 4 54 3.68 184 0.0700

– 0.00% 5.56% 11.11% 27.78% 42.59% 12.96%

Political stability and abscence of violence/terorrism 0 3 6 15 23 7 54 4.23 199 0.0757

– 0.00% 3.77% 26.42% 28.30% 32.08% 9.43%

Water stress 0 2 14 15 17 5 53 3.98 191 0.0727

– 1.85% 3.70% 16.67% 22.22% 46.30% 9.26%

Total population with access to safe drinking-water 1 2 9 12 25 5 54 4.18 205 0.0780

– 1.92% 9.62% 40.38% 28.85% 17.31% 1.92%

GDP, ppp 1 5 21 15 9 1 52 3.51 179 0.0681

– 1.85% 5.56% 14.81% 35.19% 31.48% 11.11%

Average dietary energy supply adequacy 1 3 8 19 17 6 54 4 192 0.0731
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The methodology of the pearson calculation on the 2000 and 2015 change of the FWSI and the POU has 

been applied to analyze the relationship between both. The result, obtained with the EXCEL data processing 

program, is as follows. 

 

Table 8. Pearson coefficient 

 

PEARSON 

      

0.482519953 

     
 

Source: Own elaboration 


