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Preface

The world is facing increasing challenges due to climate change, resource shortage,
food insecurity and resulting land use conflicts. The impact of climate change is
multi-sectoral, and it could significantly increase resource conflicts and debilitate
the condition in many developing countries across Africa and Asia. Many research-
ers assume that Africa will be among the regions hardest hit by climate change —
although this continent causes the least damage to the climate. Certainly, climate
change is taking place — and even progressing faster than expected. We have to
acknowledge that climate change is influencing all aspects of human life — the envi-
ronment, biodiversity and even the security of life.

Twenty-five years after the trend-setting “United Nations Conference on
Environment and Development” (UNCED) also known as Rio de Janeiro Earth
Summit or Rio-Conference, climate research has acquired an extremely political
connotation. No doubt, climate research in general has been a crucial factor for the
adoption of the Paris Agreement (Accord de Paris, December 2015). More than 55
countries accounting for more than 55% of global emissions have ratified the Paris
Agreement. The Agreement entered into force on 4 November 2016 just before the
commencement of COP-22 in Marrakech. This timeline is particularly remarkable
considering that the ratification of the Kyoto Protocol took more than 7 years.

It is worthwhile to note that many important countries have ratified the agree-
ment, not only China and the USA but also emerging economies such as India and
Brazil. The USA, however, has decided against the world to step out of the globally
significant agreement to curb climatic change. There is hope that US decision will
galvanize the world community further, as Paris Agreement is an ambitious effort to
limit global warming well below 2 °C.

Warming of the climate system is unequivocal, and the impacts of unchecked
climate change will be disastrous. Therefore, purposeful and rapid climate action
from all states is necessary and efforts have to be stepwise tightened. For this, States
will have to revise their contributions to the agreement every 5 years as a part of the
global stocktaking exercise. The stocktake will show the progress towards target
fulfilment in terms of climate protection, adaptation, capacity building, technology
transfer and finance. Science will provide the indicators that can be used to measure
global progress.

vii
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viii Preface

With the Paris Agreement in place, it is essential also to discuss the directly
linked Sustainable Development Goals (SDGs). Since the adoption of the SDGs,
considerable efforts are being made to achieve them. This volume contributes to the
on-going debates in climate and SDGs inlcuding “Zero hunger” (Goal 2), “Good
Health and Well-being” (Goal 3), “Clean Water and Sanitation” (Goal 6),
“Responsible Consumption and Production® (Goal 12), “Climate Action” (Goal
13), “Life on Land” (Goal 15) and “Partnerships for the Goals” (Goal 17). It explores
the linkages between environmental change and food security as well as the rele-
vance and need to consider the management of natural resources, especially water,
soil and forest.

The research on climate change and food security nexus has gained prominent
importance in the recent years, but there is still much gap in assessing the local and
regional conditions that result in failure of certain policies. Rather, it leads to a
reduction in the adaptive capacity of indigenous peoples. Compared to other rele-
vant publications on the subject, this book brings to us the solutions for the gravest
problems in the most vulnerable region. It brings together case studies from differ-
ent regions, particularly Asia and Africa, and discusses the local level implementa-
tion of celebrated policies. The document follows an interdisciplinary approach
linking science to policy making. Forty-one authors have contributed their research
to this volume giving useful insights into their region explaining present and possi-
ble problems and their innovative solutions.

The volume is divided into 3 parts with 17 chapters. To develop an understanding
of the basic problems and the nexus between each sector, soil, water and forest, an
interconnectedness between the three parts has been maintained. While the first part
of the volume talks about food security versus environmental and socio-economic
dynamics, the second part follows with the linkages between the three sectors. The
text in these two parts flows from examining the implications of climate-, water- and
food-Nexus for policy making, research and business, including examples and case
studies from Yemen, Casablanca, Saudi Arabia and India. It finds solutions for real-
izing food security through sustainable agriculture or ensuring food security through
increasing water productivity. A variety of case studies in part II provide examples
of how climate change impacts water supply systems and water requirements and
how can water security be assured, also mentioning about impacts of soil degrada-
tion on agricultural production. The third part focuses on the forestry aspects, the
maintenance of which is central to climate adaptation, soil health, agricultural diver-
sity and water health. The detailed structure and approach adopted in this contrib-
uted volume is as follows:

Part I “Food Security Versus Environmental and Socio-economic Dynamics”

In Chap. 1, Mohamed Behnassi analyses the links between energy, water and food
within a climate perspective and their implications for policy-making and gover-
nance. As these three interdependent resources are under growing pressure across
the world (rising demand, overexploitation and pollutions, climate change, etc.),
with many risks of insecurity especially for vulnerable communities in the Global
South, it is increasingly imperative to address these resource systems simultane-
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Preface ix

ously. The author focuses on the concept of the water-energy-food (WEF) nexus
which has become widely used to help understand the complexities of these inter-
dependent systems and how they can be managed sustainably and equitably to meet
growing demand. In addition to addressing conflicts or trade-offs among the water,
energy and food sectors, this approach to planning and resource management
emphasizes the need to improve efficiencies in resource use to reduce environmen-
tal degradation and maximize the social and economic benefits of increasingly
scarce natural resources.

In Chap. 2, Baig et al. focus on sustainable agriculture as a means to realize food
security in the Republic of Yemen. According to the authors, agricultural extension
can play a critical role in addressing the issues faced by the agricultural sector and
help in enhancing food supplies. The chapter provides in-depth analyses of the
issues and challenges that render the National Agricultural Extension Services
(NAES) ineffective and inefficient in the country. The authors say that if appropriate
measures are taken in letter and spirit to improve the National Extension Service, it
can help the country realize sustainable agriculture.

Mouchrif et al. in Chap. 3 consider increasing water productivity and cereal
yields forecasting as major tools for ensuring food security in Casablanca. The
chapter is essentially oriented towards the study of water productivity (WP) of rain-
fed wheat as an indicator of agricultural development related to water management,
and winter soft wheat yields forecasting in the rural commune of Ouled Saleh. The
results indicate that water productivity is low and has to be improved.

Chapter 4 focuses on the wastage of food as one of the primary causes of food
insecurity in the Kingdom of Saudi Arabia. Al-Zahrani et al. mention that about
78% of food purchased in Kingdom of Saudi Arabia (KSA) and United Arab
Emirates (UAE) is thrown in the garbage and food leftovers make the single-largest
component of the landfills. The chapter examines the factors responsible for food
wastage in the Kingdom, besides determining the implications for extension educa-
tion to reduce such wastage.

In Chap. 5, Baig et al. focus on innovation extension as a means to realize food
security in Egypt. The chapter examines the present functioning of extension system
and identifies the constraints faced by the agriculture sector and the shortcomings of
the agricultural extension department. The authors suggest improvement measures and
viable development strategies for improving the working of extension system. Such a
case has also been presented for Yemen (Chap. 2), and the results are comparable.

Chapter 6 presents an interesting case in which the food production is increasing
but the per capita availability of food is declining. Pal et al. analyse the state of
declining foodgrain availability in India despite record agricultural production and
rising food subsidy. The authors find that the availability of food declined consis-
tently from its peak of 186.19 kg per person in 1991 to the bottom of 146.51 in
2013. The study also found that the correlation coefficient of per capita net avail-
ability with subsidy was low at 0.19 but the correlation of subsidy with agricultural
production was high at 0.91. The authors focus on the present government policies
and resolutions for food management and the reasons as to why the present policies
have not been able to address the problem of food availability in the country.
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Finance is also an important player in ensuring food security. Podruzsik and
Pollmann in Chap. 7 investigate the importance of the European Union (EU) as an
important player in global food security. The chapter gives an overview of the pro-
cesses of designing and implementing initiatives, building cooperation with govern-
ments and participation in partnerships to facilitate change in developing countries,
as well as measures taken with the help of financial instruments at EU-level.
According to the authors, food security should be guaranteed through investment,
training, research and balancing local, regional and global markets and trade.
Interestingly, the chapter also focuses on the responsibility of recipient countries.

In Part IT1 “Climate, Water, Soil and Agriculture: Managing the Linkages”

In Chap. 8, Karmaoui et al. analyses the impact of climate change on water demand
in the Middle Draa Valley of south of Morocco. The study is based on the outputs of
two software runs under socio-economical and climate change scenarios. The result
predicts increase in mean temperatures from 1.4 °C to 3 °C and decrease in precipi-
tation by approximately 3.9% to 15% in a number of scenarios considered in the
study. The authors conclude that the study area will suffer from a lack of water sup-
ply due to the impact of climate change and the increase of water demand, which
will be accelerated by high population growth.

Alomran et al. in Chap. 9 determine the water requirements by a date palm in Saudi
Arabia. The authors provide information on the determination of monthly and annual
water requirements by date palm in eight different regions of Saudi Arabia. They
report a decrease of the crop water requirement (CRW) in all sites of study to around
8000 m*/ha, which is mainly attributed to percentage of shaded area of date palm tree.

Chapter 10 focuses on the contribution of the Corporate Social Responsibility
(CSR) to water protection in the Maghreb region. Abdelhafid Aimar talks about the
threat to water security in the region and explains that engineering of a new water
approach is crucial to reduce social vulnerabilities, secure safe water supplies and
ensure water security in the region. With this background, the author examines
whether the involvement of the business sector can abate the threats of water dete-
rioration in the region and how CSR could allocate resources to positively and effec-
tively impact the use of valuable water resources, control water contamination risks
and sustain water resource management.

Chapter 11 looks at the impact of soil degradation on agricultural production in
Africa. Olaf Pollmann and Szildrd Podruzsik describe the potential of soil quality
and soil efficiency to create the linkage between agricultural soil treatment and local
economic success on the African market. They conclude that it is important for each
African country to establish land use concepts to decouple organic farming of small
farmers from bigger commercial communities. This decoupling process could keep
the soil fertility for small farming communities while other profit-yielding agricul-
ture will support the regional economy.

In Chap. 12, Hind Mouhanni and Abdelaziz Bendou evaluate the feasibility and
effects of the reuse of treated wastewater which contains higher concentration of
soluble salts compared to groundwater on plant, soil and leachate. The authors con-
clude that the use of treated wastewater for irrigation presents a risk of salinization
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for the groundwater, and especially in the case of heavy textured soils. Therefore,
caution in the management of irrigation intakes to prevent the accumulation of salts
in the rhizosphere must be taken into consideration.

In Chap. 13, Sergiy et al. investigate the eco-service role of soil saprophages in
the formation of sustainable man-made ecosystems under forest plantations. The
authors found that earthworm eco-service activity had positive impact on environ-
mental conditions of remediated soil. Environmental quality of remediated soil
enriched in earthworm casts was confirmed to be improved.

Part IIl1 “Forest Management from a Climate Change and Sustainability
Perspective”

In Chap. 14, Himangana Gupta talks about REDD+ as a multi-sectoral approach
and the role of stakeholders in making climate mitigation and adaptation projects a
success. The study also integrates expert views of scientists on implementing
REDD+ as an effective adaptation mechanism. The author concludes that effective
governance, increased stakeholder participation and synergizing the programme
with watershed management initiatives can help yield full potential of REDD+.

Chapter 15 captures the conservation aspect of REDD+. Lokesh Chandra Dube
analyses the twin objectives of conserving carbon and biodiversity through results
based payments coming from the implementation of REDD+ activities in tropical
countries. The author has made an assessment of international carbon markets and
biodiversity markets to find out the possible ways to amalgamate these two.

In Chap. 16, Lauren Kathleen Sanchez studies the carbon dynamics at Harvard
forest and ecological responses to changes in the growing season. The author
hypothesized and modelled the phenological and ecosystem function responses to
changes in the growing season. The author concludes that both photosynthetic
growing season and cumulative ecological degrees were highly correlated to
aboveground woody increment, which is an important driver of carbon uptake.
Additionally, changes in the growing season were most strongly correlated to soil
temperatures below the surface.

Chapter 17 captures the sustainability aspect through participatory governance.
Baig et al. talk about ensuring sustainability in forests through the participation of
locals. The authors assess the role of forestry extension programmes in educating
stakeholders involved in planning, developing policies and undertaking institutional
measures aiming at improving the existing forests. They also provide information
on the challenges and constraints currently faced by forests and discuss the possible
roles of participatory management approach in improving the situation and moving
towards a sustainable future.

In a nutshell, this book sheds light on the scientific and policy aspects of the
discourse about climate change, food security and natural resource management,
and in particular, the perspectives on water, soil and forest. Since the book is a
useful collection of case studies from Africa, Asia and Europe, it will encourage
cross-continental knowledge sharing. The scope of the book ranges from impacts to
mitigation and from in-field experiments to policy implementation. It contributes to
the existing knowledge on climate-food nexus and connects climate change to sec-
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tors it could impact directly. All chapters and principles in the three parts of this
book emphasize local ownership of strategy processes, effective participation from
all levels and high-level commitment. They point out the importance of convergence
and coherence between different planning frameworks, integrated analysis and
capacity development. Besides being relevant for the academicians and scholars
working in the field of climate change, forest and agriculture, it aims to catch inter-
est of the policy makers and practitioners to understand ground realities for appro-
priate action. It is also bound to make an impact on the non-governmental
organizations around the world and in the three different continents that this book
covers, considering the indigenous and local issues highlighted in this book.

Agadir, Morocco Mohamed Behnassi
Sankt Augustin, Germany Olaf Pollmann
New Delhi, India Himangana Gupta
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Chapter 1

The Water-Energy-Food Nexus

and Climate Perspective: Relevance
and Implications for Policy-making
and Governance

Mohamed Behnassi

1.1 Introduction

The natural resources used for water, energy and food are under increasing pressure
across the world. Growth in both population and incomes is increasing resource
consumption globally, stretching towards the planet’s ecological boundaries (UNEP
2012; WEF 2016). Climate change exacerbates the pressure on these resources, and
makes millions of people, predominantly in developing countries, more vulnerable
to insecurity in their availability. According to Scott (2017), climate change has the
potential to intensify the risk of insecurity and the significance of interdependen-
cies. Similarly, the three sectors contribute to greenhouse gas emissions while
being in the same time vulnerable to climate risks, which affect medium-term water
availability, agricultural potential, and the production and consumption of energy
(Scott 2017).

Due to these challenges, the food, water, energy and climate security have moved
to the top of the global agenda. Addressing them simultaneously while taking into
consideration their interdependence is increasingly considered imperative. Yet, in
the absence of nexus thinking in planning and policy-making for water, energy and
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food resources, interactions between the systems have been overlooked. Such siloed
approaches have resulted in incoherent policy-making, contradictory strategies and
the inefficient use of natural resources (Howells et al. 2013). Certainly, conventional
policy and decision-making with regards to each of these areas in isolation is not
necessarily anymore the most optimal course of planning or action.

To reverse this trend, the water-energy-food (WEF) nexus approach has become
widely used to help understand the complexities of these interdependent systems,
and how they can be managed sustainably and equitably to meet growing and com-
peting demand. Understanding and managing the links among food, water and
energy is indeed essential when formulating policies for more resilient and adapt-
able societies (Rasul 2016). Because of increasing resource scarcity and the threat
of climate change, policy-makers and planners have given greater recognition to
these links in recent years. Proponents of the WEF nexus as an approach to planning
and resource management highlight the need to improve efficiencies in resource use
to reduce environmental degradation and to address conflicts among the water,
energy and food sectors, while maximizing the social and economic benefits of
increasingly scarce natural resources co-benefits (Scott 2017).

A nexus approach, which refers to a multidisciplinary type of analysis of the
relationship between energy, water, food, and climate change, can help to reduce
trade-offs and to build synergies across these different systems, thus leading to a
better and more efficient resource use and management as well as a cross-sectoral
policy coherence (Halstead et al. 2014). Such a perspective is also a source of trans-
formation and innovation for the research, business, and advocacy spheres. To sub-
scribe in the perspective, actors in these areas have to adapt their values, practices
and investments, thus boosting the policy-making processes related to the resource
systems mentioned above.

The present chapter is a contribution to the debate about the WEF nexus approach.
The analysis aims to: highlight the context within which the approach is evolving
and identify the main challenges dealt with; underline its scope and objectives and
areas where the approach is highly relevant; and explore its implications for policy-
making, the main barriers to its promotion, and the solutions to foster the policy
change from a nexus perspective.

1.2 The WEF Nexus Approach: Context and Challenges

1.2.1 Context

The global human requirement for water, energy and food is expected to increase
substantially with the increase in world population that is projected to reach 9.6 bil-
lion by the middle of this century (UNDESA 2013). There is consensus that this
increase will continue during this century and that the bulk of the increase in demand
for resources will come from urban areas where currently more than half of the
population already lives, although there is still substantial variability in the levels of
urbanization across countries (UNDESA 2014). This means an increasing number

guido.minucci@gmail.com



1 The Water-Energy-Food Nexus and Climate Perspective: Relevance... 5

of people will continue to depend and have an impact on already vulnerable
resources to sustain life and economic growth. Many rapidly growing cities, par-
ticularly in developing countries, face serious problems related to water, food and
energy, with limited or no capacity to respond adequately. These challenges will be
further exacerbated by demographic shifts, changing lifestyles, a burgeoning mid-
dle class and the growing influence of climate change on the demand and supply
chains of these resources (Yumkella and Yillia 2015).

Energy, water and food resource systems, which are highly concerned by these
dynamics, are critically interdependent. Energy is needed to produce food and to
treat and move water; water is needed to cultivate food crops and to generate many
forms of energy; and food is vital for supporting the growing global population that
both generates and relies on energy and water services'. In addition, land availability
is an important element in each of these three resource systems (Halstead et al. 2014).

Additionally, these resource systems are currently in an uncertain shift and trans-
formation with many security implications. Water scarcity and water supply-demand
imbalance for instance already affects every continent and it is projected that an
increased number of people in the Global South will be living in areas of high water
stress with a likely impact on energy and food security. In addition, energy and
water are inextricably linked. Despite an energy transition, non-renewable energy
sources are still dominating the global energy generation landscape, and these ther-
mal sources of energy generation mostly derived from fossil fuels are at present
particularly water-intensive, mainly due to the cooling systems they use that require
large amounts of water. A push towards a less carbon-intensive energy sector with a
larger share of renewables, stimulated by global mitigation efforts, requires careful
consideration of the potential impacts of such energy transition on the other nexus
sectors (such as water, land and biodiversity).

Energy and water are also interconnected to food and agricultural production
systems which are the largest user of fresh water globally and a key source of both
GHG emission and mitigation. An increasing population and shifting dietary trends,
especially in developing and emergent countries, mean demand for food and feed
crop cultivation is rising. Food production and its associated supply chain account
for approximately one-third of the world’s total energy consumption. Rising food
production has led not only to agricultural land expansion, largely at the expense of
forests, but also in many regions to an intensification of agricultural processes on
existing land. This expansion and intensification places more stress on agricultural
input resources, such as water and energy.

According to current scientific evidence and projections, climate change has the
potential to severely impact these resource systems and exacerbate existing resource
management challenges (Pardoe et al. 2017). Climate impacts are likely to reduce
the agricultural production and to make water stress in many regions worse, threat-
ening the livelihood, food (including access, utilization, and price stability), health
and water security of vulnerable communities. The rise in the number of food-

LA large of the literature highlights world population and economic growth projections, as well as
changing lifestyles and consumption patterns, as the crucial factors leading to an increase in
demand for energy, water and food resources in the future (SEI 2011; IEA 2012).
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insecure people in the world, coupled with incidences of crop failure due to adverse
weather, is making world leaders increasingly aware that future climate scenarios
may severely lead to resource scarcity with the potential to limit our ability to feed
the growing population during the next decades, therefore contributing to the
increase of conflict risks and social instability in many vulnerable regions.

Understanding these drivers of global change in search of solutions is crucial to
fully appreciate the value of systems thinking and analysis, which is required to
facilitate integrated planning and decision-making. Both water and energy are
linked with food production systems, climate change, biodiversity and even the
technological solutions and institutional arrangements that are needed to manage
and use resources efficiently. How these dimensions and their links are perceived
and managed has far-reaching consequences for several global development goals,
e.g. poverty alleviation, improvements in health, addressing climate change, energy
security, addressing hunger and malnutrition, increasing access to water and sanita-
tion, halting ecosystem degradation, etc. (Yumkella and Yillia 2015).

Even if these interdependencies are currently perceptible and defined as the WEF
nexus, these three individual resource systems are unfortunately still organized,
managed and researched more or less independently, and in many cases according
to differentiated conceptual and policy frameworks. Yet, current pressing chal-
lenges, mainly human-induced environmental and climate change, are increasingly
generating more risks which have the potential to undermine the viability of these
resource systems in interrelated way, thus jeopardizing the human security of many
regions, especially in the Global South.

In fact, many nations still pursue isolated sets of policies for water, energy and
food, because the relevant institutions often work in isolation from each other. In the
same way, a significant portion of the business community and consumers alike are
using natural resources in technically inefficient ways without trying to fully appre-
ciate the benefits of the intertwined and interdependent linkages. Alternatively,
when those linkages are explored in an inclusive framework, decision makers,
investors and civil society are enabled to make the right decisions and find the right
solutions that maximize co-benefits and minimize constraints and certain trade-offs.
The fact that the so-called bottom billion of the global population who are lacking
access to electricity, heating and clean cooking facilities, and those who lack ade-
quate access to food and nutrition, as well as safe drinking-water and improved
sanitation, are often more or less the same people attests to the close linkages and
the rationale for addressing development goals in a coordinated way.

Additionally, until very recently, governance questions related to the WEF nexus
have not had much consideration in the literature, particularly in the context of the
institutions and politics governing the WEF sectors (Foran 2015). Indeed, there is very
little evidence about how the nexus approach has worked in practice. Leck et al. provide
a brief history of WEF nexus thinking (Leck et al. 2015), and Weitz et al. (2016) review
the literature on “integrative environmental governance” to fill in some of the gaps.

Based on this, it is becoming increasingly perceptible that every policy option and
action adopted with regard to these interrelated systems may meaningfully affect the
others, positively or negatively. Thus, it seems growingly imperative and effective to
adopt a systems thinking and a ‘nexus approach’ (Fig. 1.1) for a more coordinated
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Fig. 1.1 The WEF Nexus Framework. (Source: SEI 2011)

approach to sustainable and equitable resources management (energy-water-food),
especially within a climate governance perspective, which in turn requires concerted
action in all spheres of influence and at all levels of implementation.

1.2.2 The WEF Nexus Challenges

The WEF nexus is concerned with the challenges surrounding the need to balance
growing and competing demands for water, food and energy. In the framework of
the Water-Energy-Food Nexus Knowledge-Action Network (Nexus KAN)?, nexus
challenges are defined as current or anticipated threats to equitable and sustainable
access to energy, water and food whose causes are embedded in the interactions
between these three components. These challenges cover, inter alia, the following:

e Water for food: consumption of green water and blue water (irrigation) by agri-
culture; and water use for food processing.

*  Food for energy (through land): biomass used as domestic sources of energy; and
land use for mining, for biofuel, wind and solar energy.

e FEnergy for water: energy is essential for the development and use of water
resources ranging from desalination mostly for drinking water, to groundwater
pumping for domestic, industrial and irrigation uses.

2Future Earth (futureearth.org/sites/default/files/surveywebtext.pdf)
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e Water for energy: consumptive water use for biofuel production; and non-
consumptive water use for hydropower and thermoelectric power.

* Energy for food: energy inputs for food production include pumping of irrigation
water, mechanization, fertilizer production, food processing, and transportation.

In addition, in an effort to understand the existing interconnections, the Nexus KAN
has identified four categories of nexus challenges which tend to reinforce each other
(see Table 1.1).

1.3 The WEF Nexus Approach: Rationale and Applications

1.3.1 Scope and Objectives of the WEF Nexus Approach

The core premise of the WEF nexus approach is that the policy objectives in one
sector (water, energy or food) can interact with those in other sectors, because they
are either preconditions for the realization of another sector’s objectives, or one sec-
tor (system) imposes conditions or constraints on what can be achieved in the other
sectors. In other words, some policy objectives have synergies across sectors, while
others require choices to be made between objectives in different sectors. Objectives
in different sectors can also reinforce action towards objectives in other sectors
(Weitz et al. 2014).

The nexus approach aims at understanding the links between sectors, recognize
these in decision-making and promote integrated policy-making (Scott 2017). In the
same vein, the WEF nexus promotes a systems perspective, emphasizing holistic
and cross-sectoral approaches to decision making and planning (Cairns and
Krzywoszynska 2016) at all levels that recognize the value of coordinated approaches
(Pardoe et al. 2017). Such an approach is particularly relevant for human security,
sustainability and climate change where the connections between water, energy and
food are strong.

In addition, the nexus concept embraces socioeconomic and ecological links
between the sectors, thus providing analytical frameworks to understand trade-offs
and synergies, help increase efficiency, and improve governance in food, water and
energy systems (Allouche et al. 2015). The governance context, along with the for-
mal and informal rules that dictate how decisions affecting the allocation of
resources are made, determine the outcomes of a nexus approach (Weitz et al. 2016).
This context includes civil society and private sector actors, as well as the public
sector (Byakika et al. n.d.).

Moreover, the current literature is calling for a better understanding of existing
interconnections as a pre-requisite for an efficient governance of these areas (Koop
etal. 2017; Weitz et al. 2017). Many researchers assert that the WEF nexus addresses
existing governance key gaps by highlighting the need to consider the impacts of
policies and actions in one sector on other, inter-related, sectors in order to account
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Table 1.1 The WEF nexus challenges as identified by the Nexus KAN

Category
1

Nexus challenges related to the impacts of food, water and energy production
and supply processes on equitable and sustainable access to food, water, and
energy:

Adverse effects of irrigation through its impact on hydrological cycles and soil
fertility.

Impact of biofuel production through land use change and deforestation.

Impacts of electricity production on coastal and marine environment.

Impacts of agriculture (chemical fertilizers, pesticides) and livestock on water
quality.

Impacts of fracking on groundwater.

Land degradation caused by large-scale dam projects for hydropower and
agricultural development.

Impacts of mining activities on hydrological cycle through water consumption by
continual extraction from aquifers and continual discharges into water flow,
increasing pollution downstream.

Category
2

Nexus challenges related to the impacts of resource scarcity on equitable and
sustainable access to food, water, and energy:

Land degradation due to excessive reliance on biomass caused by insufficient access
to electricity.

Food insecurity caused by insufficient access to water (due to dryness, water salinity
or potability, deep water table level, etc.) or energy (infrastructure, distribution,
availability of resources for energy production, etc.).

Food insecurity caused by insufficient access to energy (including energy for
fertilizers, mechanization, and irrigation).

Category
3

Nexus challenges related to the impacts of competing claims over natural
resources on equitable and sustainable access to food, water, and energy:

Competing claims over water resources for domestic, industrial, and agricultural
uses.

Effects of international land deals (e.g. for biofuel production or mining) on land
rights, and in turn on access to resources.

Competing claims over water and land for energy production, including biofuels,
and food production.

Competing claims over land and water for conservation vs. agriculture.

Category
4

Nexus challenges related to vulnerability of (equitable and sustainable) access
to food, water and energy to extreme events, stresses and shocks (i.e. climate
hazards, pollution, sea-level rise, large-scale migration,...):

Cascading failures of water and energy infrastructure service in cities following
extreme events.

Impacts of water pollution on urban agriculture.

Vulnerability of energy production to climate change (for instance, electricity
production may be affected by lower summer river flows and higher river water
temperatures due to climate change).

Vulnerability of food production to climate change.

Source: Future Earth (futureearth.org/sites/default/files/surveywebtext.pdf)
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for synergies and trade-offs, improving efficiency and reducing the potential for
negative side-effects (Leck et al. 2015; Rasul and Sharma 2016).

Nevertheless, despite the relevance of the nexus perspective in tackling key chal-
lenges related to water, energy and food in a changing climate, it was criticized by
some researchers (such as Weitz et al. 2017; Wichelns 2017) for adopting a narrow
focus on the three key sectors while overlooking other influences including wider
political and cognitive factors. Other researchers, such as Howarth and Monasterolo
(2016), underline the need to understand the governance arrangements through
which a nexus approach may be applied.

1.3.2 Areas Where the WEF Nexus Approach is Highly
Relevant

Given its relevance to policy making in the WEF nexus areas, the approach is cur-
rently advocated by the post-2015 agenda, the Sustainable Development Goals
(SDGs), in order to avoid the mistakes made during the formulation and implemen-
tation of Millennium Development Goals (MDGs). For instance, the MDGs identi-
fied major sector goals, each with its own list of targets, but with little consideration
of how efforts to attain a goal in one sector would affect (or be affected by) efforts to
achieve goals in other sectors. Consequently, duplication of efforts and limited coor-
dination between sectors, as well as weak partnerships among development partners,
led to failure in certain areas. According to Yumkella and Yillia (2015), these mis-
takes can be avoided in formulating and implementing the SDGs. With the nexus
perspective, it is possible in particular to emphasize increased coordination and part-
nerships between sectors (e.g. energy, agriculture, climate change, water, industry,
ecosystems, etc.), as well as between institutional/organizational bodies such as UN
entities, governments (both local and central), NGOs, businesses, civil society orga-
nizations and so on. By doing so, it is likely to operationalize the concept as a frame-
work for solutions to emerge with multiple gains in several nexus dimensions across
various sectors and management entities. By emphasizing the significance of these
so-called ‘nodes’, it is possible to strengthen the interactions and links between key
sector actors and in the process reduce the complexity of the nexus perspective.

Indeed, as the SDGs become a new focal point for development planning, it is
currently perceived that this will increase recognition of the need for greater col-
laboration and coordination, especially: to make more informed decisions on goals,
targets and indicators; to support the integration of goals across sectors and clarify-
ing how best to allocate resources between competing needs; to make implementa-
tion of SDGs more efficient and cost effective by facilitating coordination between
international development partners; and to reduce the risk that actions to achieve
SDG targets could later undermine one another.

The climate change literature is also embracing the WEF nexus perspective
(Azhoni et al. 2017; Conway et al. 2015). For Mohtar and Lawford (2016), in order
to ensure that adaptation is effective, strategies need to be coherent and coordinated
across water, energy and agriculture sectors. Since climate change is a crosscutting
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issue, adaptation strategies often require efforts of more than one sector. The inte-
gration of climate change into domestic policies, plans and strategies at all levels is
an important means through which to encourage action on climate change (both
mitigation and adaptation). Studies in policy coherence emphasize the value of poli-
cies that are coordinated across sectors so as to avoid climate maladaptation or
conflicts between sectors (England et al. 2017).

According to the FAO (2014), the concept of the WEF nexus enables a more
coherent or integrated approach to the management of natural resources and can
assist in the identification of synergies and conflicts in the pursuit of climate compat-
ible development objectives. Climate compatible development approaches would be
enhanced when explicit account is taken of synergies and trade-offs between the
WEEF sectors. In other words, water, energy and food security are central to the pur-
suit of climate compatible development (Scott 2017), which in turn reflects synergies
and trade-offs among poverty reduction, climate change mitigation and adaptation.

1.4 The WEF Nexus Approach: Implications for Policy-
Making, Barriers to its Promotion and Relevant
Solutions

Policy is an important tool for integrating issues of water, energy, food, and climate
change since it drives overall national and sectoral priorities as well as establishing
the frameworks through which cross-sectoral collaborations may be facilitated and
‘greater policy coherence’ may be promoted (Rasul and Sharma 2016).

Significant barriers to develop a coordinated approach are known to exist, includ-
ing factors of political economy and incompatibility of institutional structures (Leck
et al. 2015), set against the wider context of governance challenges present in many
developing countries. Yet, the rate of increasing demand for water, energy and food
and the associated pressures emerging through rapidly converging interdependen-
cies emphasize the need for cross-sectoral coordination to avoid significant stress
points (Pardoe et al. (2017). In other terms, there is a need for policy approaches to
shift from being sectoral in their focus in order to avoid competing and counterpro-
ductive actions. In addition to vertical policy coherence, there is a need for horizon-
tal coordination and an effective institutional structure to facilitate this.

For instance, Di Gregorio et al. (2017) suggest that horizontal policy coherence
on crosscutting matters such as climate change can be facilitated if climate change
is located in a ministry or department with established horizontal connections.
Furthermore, this ministry or department should be a powerful and legitimate actor,
which often is not the case if climate change is embedded within agencies only
responsible for the environment (Cairns and Krzywoszynska 2016)3. A coordinated

3The National Adaptation Programmes of Action (NAPAs) approach aiming at integrating climate
change in domestic policy has encouraged such sectoral mainstreaming but that this often results
in plans that are developed by individual sectors, without coordination. Recognizing these short-
comings, the idea of mainstreaming adaptation into national policy is beginning to shift from sec-
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approach to climate change across the three highly exposed sectors, often termed
the WEF nexus, is crucial given that the impacts of and responses to climate change
are generally cross-sectoral (Pardoe et al. (2017). For effective action on adaptation
strategies, cross-sectoral coordination needs to be recognized internally as impor-
tant, and fostered through suitable institutional structures.

Besides situating climate change within a more powerful ministry or department,
coordination and collaboration could be fostered through budgets allocated
specifically to cross-sectoral projects or simply providing greater annual budget
consistency for sectors would also increase confidence to work together on longer-
term projects and plans. Data sharing among actors is also a crucial part of the col-
laborative process. A platform for sharing data among government departments
would help foster collaboration and promote efficiency. However, it must be
acknowledged that these changes will require political will and trade-offs may need
to be addressed on a broader scale (Pardoe et al. (2017).

As mentioned earlier, the nexus perspective emphasizes interlinkages between
different sectors and advocates for coordinated approaches that enable feedbacks,
trade-offs and synergies across the sectors to be taken into account (Hoff 2011;
Kurian 2017). For this to happen, however, Yumkella and Yillia (2015) call for a
concerted action in all spheres of influence and at all levels of implementation. The
international community could bring actors together and catalyze support for
national and subnational governments, and in some cases regional and sub-regional
entities. Governments could make and use policy in a much more coordinated way,
while the business community could try to adjust production systems for much
more efficient resource use. NGOs and civil society organizations could learn to
challenge and collaborate with the business sector, science community, and local
authorities to help deliver solutions. Financing institutions and development agen-
cies could use their experience in working with governments to promote further
replication of nexus-driven initiatives. In addition, individuals and civil society as a
whole could try to understand and manage their consumption patterns and the
choices they make in an increasingly resource-constrained world.

In order to reinforce these trends and support ongoing initiatives aimed at opera-
tionalizing the nexus perspective into concrete actions, Yumkella and Yillia (2015)
think that resources need to be mobilized to support planning and decision-making
processes across sectors in several countries, especially in those countries where
development challenges are huge. In particular, resources are needed to support
countries in rethinking existing policies and developing new ones in areas such as
water, energy, food, and climate and aligning new policies with those of various
nexus dimensions, as well as to ensure the evaluation of trade-offs and synergies as
they implement new policies and mobilize financial, institutional, technical and
intellectual resources, creating the enabling environment that is required. Countries
and partnerships that have established good practices could serve as incubators and
disseminators of best-practice cases for integrated policy, technology and innova-

toral (vertically integrated) approaches towards more horizontally integrated approaches which is
seen as a positive step towards more effective implementation with risks of maladaptation reduced
(Rasul and Sharma 2016).
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tion, as well as investor marketplaces for the dissemination of successful innova-
tions across countries and regions. They could develop innovative technical tools
and approaches, and policy-oriented material and guidance tools to assess, plan and
manage resources in an integrated manner. They could facilitate responsible gover-
nance and the broad involvement of stakeholders to optimize desired outcomes,
connecting actors working in different sectors. They could develop and promote
human and institutional capacities to generate and manage knowledge, as well as
providing channels to exchange information, skills and knowledge and build
evidence-based platforms for exchange of experiences and expertise, especially
knowledge and perspectives on water, energy, food and related development
dimensions at the appropriate scale. Finally, the right set of capacity development
programmes will increase awareness of the relevance of the nexus perspective to
ensure that sector policies are more inclusive and better coordinated to address
global development challenges.

Scott (2017) shows that the effectiveness of the horizontal (cross-sectoral) and
vertical (between levels of government) coordination, that is essential for a nexus
approach, is determined by institutional relationships, which can be influenced by
political economy factors. The capacity of governing organizations to understand
nexus links and to collaborate with each other is also critical. Scott (2017) suggests
that aiming for the ideal of comprehensiveness and integration in a nexus approach
may be costly and impractical. Nevertheless, horizontal and vertical coordination
are essential. Local-level decision-making will determine how trade-offs and syner-
gies in the WEF nexus are implemented. The capacities of local government orga-
nizations and decision-makers need to be strengthened to enhance their ability to
adopt nexus approaches and coordinate vertically. For instance, integral to the con-
cept of the WEF nexus is the knowledge of the interdependencies between sectors,
which enhances decision-making by identifying potential trade-offs and synergies.
However, knowledge of the nexus is still marginally used in policy- and decision-
making. Weitz et al. (2016) identify institutional capacity to learn and assimilate
this knowledge as a potential barrier to a nexus or integrated approach.

Lele et al. (2013) argue that given the unique regional and sector challenges of
food, water and energy security, their nexus must be deconstructed to find effective,
contextualized solutions. And governance challenges are at the heart of the nexus in
each region. Governance is defined in various ways, but, with a few notable excep-
tions, the definitions have undergone relatively little analysis. In turn, governance
issues are imbedded in policy, institutional, technological and financing options
exercised at the global, regional, national and local levels. Furthermore, strong inter-
actions between levels prompt policy responses to specific events and outcomes.
The current governance arrangements, where they exist at all, are woefully inade-
quate to address the challenges. They are imbedded in a lack of strategic clarity, and
among stakeholders there is an unequal distribution of power, voice and access to
information, resources and the capability to exercise a sound influence which will
produce equitable and sustainable outcomes. Often there are huge tradeoffs between
the short-term wins of individual stakeholders and long-term holistic solutions.

In line with the assumptions made by Scott (2017:12), the adoption of a WEF
nexus approach in policy-making and planning faces some critical barriers.
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Institutional relationships, often influenced by political economy factors, can make
vertical and horizontal coordination or integration particularly challenging. The
capacity of governance organizations to understand nexus links and collaborate
with each other is also critical. A WEF nexus approach recognizes that trade-offs
between water, energy and food systems — that is, choices between objectives in
different sectors — are inherently associated with the competing demands for water,
energy and food resources for human and economic development. In contexts of
increasing resource scarcity and climate change, these trade-offs become more
significant. For the WEF nexus, governance is concerned with how these trade-offs
are decided, informed by knowledge of the links between sectors. Win—wins
(synergies) may also be possible, but trade-offs are the source of contestation. The
notion of a trade-off implies that someone or something (e.g. an ecosystem) loses
out. Therefore, decisions about trade-offs are political. Asymmetry of knowledge
about links in the nexus could reinforce inequalities of access and political influ-
ence. A nexus approach should be used to make decisions about trade-offs transpar-
ent, ensuring that the cross-sectoral consequences of a decision are understood.
Despite the critical barriers to the mainstreaming of nexus approach, it is increas-
ingly urgent to manage the interactions between resource systems, otherwise this
may lead to new and complex societal risks. For example, cascading failures may
occur when failure in a component of one system (e.g., electricity generation) leads
to increased risks of failures in a component of another system (e.g., water treat-
ment). Food, energy, and water resources are increasingly linked, for instance
through global markets, as illustrated by joint price movements between world food
and oil prices. Furthermore, changes in components of one system may alter thresh-
olds and tipping points in the other systems. As these systems feedback on one
another, the behavior of the overall system is difficult to predict based on an under-
standing of the individual components. Finally, the scale and scope of these systems-
of-systems means that they are together subject to a wider range of stressors from,
for instance, global climate change impacts, such frequency and intensity of droughts
and floods, or economic or political shocks. Thus, knowledge of the linkages, syner-
gies, and conflicts in the food-energy-water (FEW) nexus is urgently needed to pro-
vide evidence-based decision-making for policies in each sector that are most likely
to produce positive effects in the other sectors as well as for developing innovative
approaches to nexus governance. To achieve such integration, policy makers need to
incorporate information about impacts of WEF interactions and the robustness of
policy decisions across a range of future conditions. A nexus perspective thus
requires new tools and methods to improve risk management (White et al. 2017).

1.5 Conclusion

Through this chapter, the analysis contributes to highlighting the vital importance of
the WEF nexus approach, its implications for policy making and the ways to over-
come the critical barriers to its mainstreaming. I believe that understanding the
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linkages and interdependencies in the food-energy-water nexus is necessary to iden-
tify risks and inform strategies for integrated nexus governance that supports multi-
sector resilience, security, and sustainability. The non-consideration of the current
understanding about the interdependence between food, energy, and water systems,
and the persistence of policy, planning, and management decisions that perceive and
manage each sector in isolation, may lead to underestimate the tradeoffs and inter-
actions. The complexity of each individual system and the difficultly to identify the
interconnections, make it challenging to assess multiple systems in an integrated
manner, especially with current scientific methods and modeling capabilities.
Nevertheless, from a precautionary point of view, these challenges should not pre-
vent sector actors from endeavoring to understand and manage these intricacies
because the interactions between these resource systems may lead to new and com-
plex societal risks (White et al. 2017).
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Chapter 2

Realizing Food Security Through
Sustainable Agriculture in the Republic
of Yemen: Implications for Rural
Extension

Mirza Barjees Baig, Ajmal Mahmood Qureshi, Gary S. Straquadine,
and Asaf Hajiyev

2.1 Introduction

The Republic of Yemen with its coordinates 12° and 17°N Latitude and 43° and
56°E Longitude, located in Western Asia, lies in the southwest Arabian Peninsula.
The country has rugged surface features composed of mountains, hills, plateaus,
plains, and valleys (FAO 2009). Spreading over an area of 536,000 km?, comprising
many islands in the Red Sea and Arabian Sea. The country is bordered by Saudi
Arabia to the north, Oman to the east, the Arabian Sea to the south and the Red Sea
to the west. The country has been divided into 20 governorates, which are further
divided into districts.

With Yemen’s estimated population of 26.2 million (World Bank 2015), about
80% live in the rural areas (IFAD 2015). Agriculture is the prime sector in economic
development, contributing about 17.5% towards GDP (NASS 2012) and the main
source of employment accommodating almost 54% of the population (FAO 2009).
Yemen is a low-income country and GDP amounts to USD 33.76 billion with GDP
per capita averaging USD 1361 in nominal terms (World Bank 2011; IFAD 2013).
Playing an important role in the economy, agriculture sector generates about 20% of
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the total internal revenues (FAO 2009). In addition, the sector creates significant
employment opportunities in the other sectors like: transport, processing, and trad-
ing that may reach to 54% (Irin 2007; NASS 2012). Agriculture also plays an
important role in food security, improves the trade balance and results in an inte-
grated rural development. In addition, the agriculture sector helps in stabilizing the
population balance by reducing internal migration and mitigating the resultant
social and economic problems (NASS 2012).

Farming in Yemen, in spite of harsh and difficult environment, has a long history
of contributions to the rural economy. Despite numerous constraints, the agriculture
sector has considerable potential to produce enough food to feed its people and
make it an engine of growth, if farming systems are re-introduced to the farmers
with some improvements.

The purpose of the chapter is to identify the problems and issues faced by the
farming systems and discuss the possible role of agricultural extension to elevation
crop productions. In the light of the analyses of the identified shortcomings, various
viable remedial measures to improve the farming systems and the national exten-
sion service have been presented. Also, we anticipate that sustainable agriculture
backed by an efficient extension service could help enhance crop yields, improve
food situation, and ensure food security in the country.

2.2 An Overview of Agriculture Sector in Yemen

Agriculture is the key sector, which can ensure food security and also be the main
source of income for the majority of people. The sector helps to improve the trade
balance and promotes integrated rural development. In addition, agriculture sector
helps in stabilizing and lowering rural migration to the cities, thus mitigating resul-
tant social and economic problems. About 80% of the population lives in rural areas
(IFAD 2015) and some 22 million inhabitants residing in rural areas are involved in
agriculture or agricultural related activities (FAO 2009). According to the recent
FAOSTAT estimates, about 65% population lives in the rural areas as depicted in
Fig. 2.1. Information regarding the evolution of population and labor force size,
agricultural growth has been presented in Tables 2.1 and 2.2.

Semi-arid environment and varied topographic features of the country provide
favorable conditions for a wide variety of crops to grow. The total agriculture area
is estimated at 1668, 858 ha, of which, 1,132,910 ha (68%) is cultivated while the
uncultivated area is 535,948 ha (32%). However, sorghum, maize, millets, pulses,
wheat, barley and millions of mango trees are sustained by only 3% arable land
(FAO 2009). Vegetable crops are raised on the fertile soils in many agro-ecological
zones of the country on an estimated area of about 57,000 ha. Potato and tomato
crops cover almost 50% of this area. More than 20 species of vegetables are grown
mainly under irrigation system. The vegetable cultivation, including several exotic
varieties on the irrigated areas are expanding and the ground water depletion is also
the main cause of this kind of expansion (FAO 2009). The growth rate in agricultural
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Fig. 2.1 Rural and Urban Population in Yemen 2015. (Source: FAO 2016)
Available at: http://www.fao.org/faostat/en/#country/249

Table 2.1 Evolution of population and labor force size

Size [millions] Annual growth rate [%]

2000 2005 2010 2015 |2000-2005 2005-2010 |2010-2015
Total population 17.52 120.14 1 22.76 | 25.54 | 2.83 2.48 2.33
Total labor force 391 | 478 5.64| 6.57 4.1 3.36 3.1
Labor force in agriculture | 1.87 | 2.09| 2.19| 2.21 225 0.94 0.18

Source: FAOSTAT (2015)

Table 2.2 Evolution of population and labor force composition

Share [%] Annual growth rate [%]

2000 | 2005 | 2010 | 2015 |2000-2005 | 2005-2010 | 2010-2015
Rural population [% of total| 73.73 | 71.06 | 68.26 | 65.35 | —0.73 —0.8 -0.87
population]
Labor force in agriculture | 47.85|43.84 |38.81 33.69 | —1.74 241 -2.79
[% of total labor force]
Females [% of labor force |33.99 |38.97 1 40.21|40.53 | 2.77 0.63 0.16
in agriculture]

Source: FAOSTAT (2015)

sector averaged only 2.4% per year, compared to the population growth rate of
3.7%, one of the highest in the world. The demand for vegetables and fruits are met
through indigenous productions but only 40% of the domestic demand for grains
(FAO 20009).

The country that once used to be self-sufficient in cereals now imports 75% of its
food requirements to fill the gap in local food production within the country. In the past,
Yemen was famous for producing good quality coffee being the main cash crop of the
past now has been replaced by gat, a mild stimulant regularly chewed by about 70% of
Yemeni men.
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Fig. 2.2 Top production of various agricultural commodities and their respective values. (Source:
FAO 2015)
Available at: http://faostat.fao.org/site/339/default.aspx

Agriculture sector is negatively impacted and not in a position to realize its
potential due to lack of resources, and external factors such as climate change,
social conflicts, and lack of security. On the other hand, most of the farmers are poor
and survive at subsistence level and rural women, though play a significant role in
farming, have not yet come into mainstream development. The country needs a
development plan, and a long-term agriculture policy to achieve food security and
reduce rural poverty. According to a comprehensive study by the International Fund
for Agricultural Development (IFAD 2009), poor agricultural production could be a
result of low and weak technological base, resulting in modest annual growth of less
than 4% between 2003 and 2007.

However, the agricultural productivity, particularly those of crops and livestock
is 50% lower as compared to the other Middle Eastern countries placed in similar
environments. A comprehensive scenario on agriculture and its allied components is
highlighted in Figs. 2.2, 2.3, and 2.4 and Tables 2.3 and 2.4.

The agriculture sector consumes up to 90% of available water in Yemen (NASS
2012). A significant volume of water estimated to be 50-65% is being wasted due to
inefficient irrigation systems. Low agricultural productivity, water scarcity, climate
change, insufficient off-farm economic and employment opportunities, high rural
population growths together with high dependency ratios constitute critical negative
factors affecting rural areas with increased rural poverty. Limited resources, espe-
cially water, and lack of access to basic services are major factors for migration from
rural areas especially mountainous villages and settlements are being increasingly
abandoned in search for employment opportunities in the urban areas (IFAD 2013).

Most farms are extremely small with typically low household farm incomes
(GAFSP 2013). Unlike most of the world, economic dependence on agriculture in
Yemen has been growing because of reduced opportunities in the industrial and
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Fig. 2.3 Top production of various agricultural commodities and their respective values. (Source:
FAO 2015)
Available at: http://faostat.fao.org/site/339/default.aspx
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Fig. 2.4 Total production of cereals from 1961 to 2014. (Source: FAOSTAT 2016)
Auvailable at: http://www.fao.org/faostat/en/#country/249

services sectors. The agriculture sector has realized its potential, registering annual
growth of over 5% for grains, and impressive increases in coffee and honey produc-
tion. As depicted in Table 2.4, FAO (2016) reported that the total cereal production
was estimated at 653,000 tonnes, including 300,000 tonnes of sorghum and
165,000 tonnes of wheat, however both the cultivated land and agricultural produc-
tion declined as compared to 2014 (FAO 2016). Despite the negative effects of scar-
city of resources, the potential exists to achieve significant gains in agricultural
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Table 2.3 Production top 20 food commodities (MT) with their respective values in Int. $1.000

Production

Rank Commodity Production (MT) (In Int $1.000)
1 Meat indigenous, cattle 96,302 260,149
2 Mangoes, mangosteens, guavas 383,107 229,545
3 Meat indigenous, chicken 151,402 215,659
4 Meat indigenous, sheep 44,088 120,043
5 Meat indigenous, goat 47,850 114,653
6 Tomatoes 258,654 95,589
7 Grapes 154,869 88,526
8 Sorghum 459,241 68,710
9 Milk, whole fresh cow 215,321 67,193
10 Eggs, hen, in shell 63,420 52,600
11 Potatoes 294,686 45,954
12 Onions, dry 216,739 45,522
13 Wheat 250,264 37,741
14 Tobacco, unmanufactured 23,251 37,033
15 Bananas 127,468 35,899
16 Chick peas 58,560 28,347
17 Dates 55,181 28,181
18 Oranges 122,000 23,577
19 Milk, whole fresh sheep 56,637 22,055
20 Coffee, green 19,828 21,302

Source: FAOSTAT (2015)

Available at: http://faostat.fao.org/site/339/default.aspx

Table 2.4 Production of top three crops 2014-2015
Yemen cereal production
2010-2014 2015 Change
Average 2014 Estimate 2015/2014

000 Tonnes Percent

Sorghum 432 342 300 -12
Wheat 234 192 165 —14
Millet 86 74 80 8
Others 108 93 108 16
Total 860 701 653 -7

Note: percentage change calculated from unrounded data
Source: FAO/GIEWS country cereal balance sheets
Available at: http://www.fao.org/giews/countrybrief/country.jsp?code=YEM

productivity (NASS 2012). The country has a strong history of producing a wide
variety of agricultural products in difficult environments to support the agriculture
sector and the rural economy. Significant hikes in agricultural productivity are pos-
sible, even if resource constraints limit these gains. In this chapter, it is argued that
the country needs to identify the constraints resulting in lower yields. The most
important issues and challenges are discussed in the following sections.
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2.3 Challenges to the Agriculture Sector

Agriculture in Yemen faces numerous constraints namely stressed land, scarce
water resources, expansion in cultivation of gat cultivation on fertile and productive
land, inadequate marketing systems, human resources with low education and
working ability, lack of infrastructure and production technologies, and insufficient
availability of inputs. These constraints prevent agriculture sector from making sig-
nificant contributions to rural incomes, national GDP, and addressing the trade
imbalance in food items. According to FAO, agriculture sector in Yemen is beset
with numerous constraints (Box 2.1). Yemen is essentially a rural economy and
agriculture sustains 80% of its population. Development indicators for the country
are presented in Table 2.5 (Annex).

2.3.1 Water Resources

Lack of water is a crucial issue in Yemen. Half of the country does not have access
to adequate water and sanitation; as such, water is already a cause of conflict within
the country. Agriculture uses more than 90% of the country’s scarce water resources.
Most of the crops are that of qat, a non-food crop. Though the per capita average
share of renewable water resources is one tenth of the average in most Middle
Eastern countries and one 50th of the world average yet, even at low usage rates,
demand increasingly exceeds fresh water supply (USAID 2016). Compared with an
average of 1250 m*/cap/year for the Middle East and North Africa, availability of
150 m*/cap/year makes Yemen one of the most water deficit countries. The level is
less than one tenth of the water threshold i.e. 1700 m*/capita/year. In highland gov-
ernorates, less than 20% of communities have access to safe drinking water from
public water supply systems whilst 60% of settlements rely on unprotected springs
and wells and 20% on cisterns, streams and tanks. Total water demand which stands
at 3400 million m?® per year exceeds renewable resources of 2500 million m? per
year, thus leading to a steady decline in groundwater levels, varying between 1 m/
year in the Tuban-Abyan area and 6-8 m/year in the Sana’a basin. The public sup-
ply of water, where available, is unreliable and inconsistent (IFAD 2013) (Fig. 2.5).
Water shortage for irrigation is the most serious problem preventing agriculture
from realizing its potential in the country. Rains and groundwater are prime water
sources (FAO 2009). The problem is getting aggravated, as the renewable water
resources are finite and limiting on daily basis and inadequate to meet rapidly but ever-
increasing demand. In the absence of any perennial river in the country, groundwater
being the only reliable resource is supporting the major economic activities, including
agricultural production. The current level of depleting groundwater extraction in the
country greatly exceeds recharge in most of the aquifers, especially in northern areas
and the inter-mountain plains, including Sana’a basin. Over-pumping has caused a
marked decline in water levels and has deteriorated the water quality as well as it
undermines the sustainability of the resource base (NASS 2012; IFAD 2013).
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Box 2.1: Problems and Issues Faced by Agriculture in Yemen
Among the wide range of constraints affecting agricultural production, the
most prominent are:

Renewable water resources are finite and limited, while demands for water
are growing;

Land is a limited resource;

Excessive land fragmentation of agricultural land-holdings on mass scale;
Productions from the traditional subsistence agriculture and other preva-
lent agricultural systems are decreasing, particularly on terraces due to the
growing migration of male workers;

Wide spread rural poverty among the farmers, practicing subsistence
farming;

Lack of coordination among the various agencies engaged in the agricul-
tural development and rural infrastructure development;

An uncoordinated development of rural infrastructure;

Lack of infrastructure facilities;

Lack of production technologies;

Low productivity, resource constraints;

Insufficient availability of inputs;

Lack of credit facilities;

Lack of funding and limited support from the government to the farmers;
Previously launched development projects were unable to meet farmers’
expectations;

Climate change and environmental issues;

According to the Global food security index 2016 (an annual measure of
the state of global food security) Yemen ranked 100th among the 113 coun-
tries with the score of 34.0. FAO (2016) reported that more than half (51%)
of the population (14.4 million Yemenis) are food insecure. Food insecu-
rity remains a major challenge;

Key role played by rural women in agriculture remains neglected and is
largely unacknowledged; and have not yet come into the mainstream
development;

Agriculture sector has not realized its full potential due to lack in export
opportunities;

Absence of quality and safety standards, hindering farmers to get premium
prices for their produce and products;

Inadequate marketing systems, limited marketing opportunities for the
small farmers, provided by traditional retail and wholesale markets,

Lack of farmers’ associations and organizations result in challenges for the
farmers at all levels in marketing their produce;

Qat is displacing coffee and other food crops due to its increasing produc-
tion that is competing for limited groundwater resources (Source: FAO
2009, 2016; NASS 2012; GFSI 2016)

guido.minucci@gmail.com



Table 2.5 Development indicators of Yemen World Bank 2015 (Annex)

Indicator 2013 2014 2015
Population, total 25,533,217.0 26,183,676.0 -
Population growth (annual %) 2.6 2.5

Surface area (sq. km) 527,970.0 527,970.0
Population density (people per sq. km of land area) |48.4 49.6

GNI, Atlas method (current US$) 33,318,506,441.7

GNI per capita, Atlas method (current US$) 1300.0

GNI, PPP (current international $) 93,320,014,470.7

GNI per capita, PPP (current international $) 3650.0

Life expectancy at birth, total (years) 63.6

Mortality rate, under-5 (per 1000) 46.0 43.8 41.9
Prevalence of underweight, weight for age (% of 39.9

children under 5)

Immunization, measles (% of children ages 78.0 75.0

12-23 months)

Primary completion rate, both sexes (%) 70.1

Gross enrolment ratio, primary, both sexes (%) 101.0

Gross enrolment ratio, secondary, both sexes (%) 49.2

Gross enrolment ratio, primary and secondary, 0.8

gender parity index (GPI)

Prevalence of HIV, total (% of population ages 0.1 0.1

15-49)

Forest area (sq. km)

Annual freshwater withdrawals, total (% of internal | 169.8

resources)

Improved water source (% of population with

access)

Improved sanitation facilities (% of population with

access)

Urban population growth (annual %) 4.3 4.2

GDP at market prices (current US$) 35,954,502,303.5

GDP growth (annual %) 4.2

Inflation, GDP deflator (annual %) 7.9

Time required to start a business (days) 40.0 40.0 40.0
Mobile cellular subscriptions (per 100 people) 69.0 68.5

Internet users (per 100 people) 20.0 22.6
High-technology exports (% of manufactured 0.4

exports)

Overall level of statistical capacity (scale 0—100) 52.2 55.6 55.6
Merchandise trade (% of GDP) 60.1

External debt stocks, total (DOD, current US$) 7,646,774,000.0 | 7,710,440,000.0
Net migration

Personal remittances, received (current US$) 3,342,500,000.0 | 3,350,500,000.0
Foreign direct investment, net inflows (BoP, current | —133,570,895.6 | —738,028,978.9

US$)

Net official development assistance and official aid
received (current US$)

1,003,530,000.0

Source: World Bank (2015) (Available: http://databank.worldbank.org/data/reports.aspx ?source=2

&country=YEM&series=&period)
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Fig. 2.5 Water use by Water use - 2007
various sectors in 2007.

(Source: FAO 2015)
Available at: http://faostat3.
fao.org’/home/E

) Domestic: 7.43 [%)]
I Agricultural: 90.74 [%]

- Industrial: 1.82 [%]

Yemen is an arid country and its agriculture sector consumes almost 90% of the
potable water, and does not actively promote sustainable water saving techniques.
Urban supplies and agricultural production have been under increasing threat from
unregulated and widespread use of pumped irrigation supplies by the private sector.
The situation calls for immediate regulatory measures to reverse the trend in over-
exploitation of water resources. Various strategies have been drafted and are in
place, however, the measures taken so far are quite insufficient to make agriculture
sustainable and ensure sustainability of water resources of the country. Almass and
Scholzb (2006) maintain that Yemen’s agriculture sector and its water resources are
in real stress. Almost half of the population, about 25 million masses, do not have
access to safe water and sanitation (USAID 2016) (Fig. 2.6).

2.3.2 Rainfed Agriculture

Rainfall and underground water resources like wells and springs are major sources
to sustain agriculture on roughly 77% of the total cultivated area. Just about half of
the total rainfed area receives rainfall less than 350 mm, which could be considered
below the minimal amount needed for rainfed agriculture (FAO 2009). While the
development of rain-fed agriculture has not yet received as much attention as it
deserves, the pressure on groundwater resources has been ever increasing. The re-
charge of water is far less than the water being pumped out. The groundwater con-
sumption for agricultural purposes is as high as 70%, and according to an estimate
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Fig. 2.6 Access to improved water sources (%) 1990-2015. (Source: FAO 2016)
Auvailable at: http://www.fao.org/faostat/en/#country/249

over 30% of that consumption goes into the cultivation of qat alone (New
Agriculturalist 2010). Adaptive research on the rainfed areas can help sustaining
agricultural crops by identifying new varieties and agronomic packages for produc-
ing grain and fodder crops that could utilize less water, but are more drought resis-
tant and greater salt-tolerant resulting in higher yields. However, to bring the ideas
to the farmers, an aggressive extension program to disseminate information on high
yielding varieties and appropriate agronomic techniques to boost production of
rainfed grains and forages would be required.

Rainfed farming remains intrinsically risky enterprise due to the rising tempera-
tures and declining, erratic and variable rainfall. In this situation, soil moisture con-
servation becomes even more important strategy to adapt, because if rains fail (and
fail more frequently), crops will also fail, especially if within season spells of
drought are prolonged. Supplemental and full irrigation can mitigate longer within
season and inter-annual drought, but under climate change conditions, irrigation
water supply will also be less secure (Hugh et al. 2011).

2.3.3 Poor Land Resources and Small Landholdings

Agriculture is dominantly practiced on small landholdings throughout Yemen,
though tenants or sharecroppers cultivate many holdings. Almost 60% of all rural
households have some land, although 44% have less than 1.0 ha; yet an average
landholding size in coffee growing areas is as low as only 0.3 ha (IFAD 2009). A
survey conducted by IFAD (2013) revealed that some 44% of rural households own
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Fig. 2.7 Agricultural area in Yemen (1961-2014). (Source: FAO 2016)
Available at: http://www.fao.org/faostat/en/#country/249

farms with area less than 1.0 ha and about 40% of rural households are landless.
Twenty-five percent of the landless farmers rear livestock, whereas almost 10% are
fishermen and only 5% hold government jobs or are involved in off-farm income
generating activities (Fig. 2.7).

In mountainous areas, agricultural fields consist of small terraces, and seemingly
difficult slopes are farmed. In the coastal plains (the Tihama, which covers a vast
majority of Hodeidah governorate), the land tends to be owned by large landhold-
ers; small farmers are interspersed among large farms and a majority of the rural
poor work as casual daily laborers or as tenants and sharecroppers. Many of the
landless poor find work on large commercial farms. Small-scale animal rearing is
also practiced by the landless (IFAD 2013). However, limited access to land and
smallholdings even with vivid increases in agricultural productivity cannot generate
sufficient incomes for the farmers. Even though there are annual rainfall fluctuations,
arable land in Yemen is spread over an area of 1.45 million hectares. Rainfed agri-
culture is being practiced on about 51% of cultivated land, some 30% is irrigated
using groundwater pumped from wells, roughly 10% land is brought under cultiva-
tion by employing spate irrigation, about 6% land is irrigated from dams, and almost
3% lands receive irrigation through other sources (IFAD 2013) (Fig. 2.8).

An area of about 1.31 million hectares (94% of arable land) was cultivated in the
year 2009-2010 out of which 52% were cereals, 13.8% were fruits and vegetables,
12.5% were fodder crops, and qat was grown on 11.7% of the land. Other cash crops
(coffee, cotton, sesame, and tobacco) occupied 6.7% of the land while the legumes
were only 3.3%. About 20 million hectares was kept as a grazing land. Four hundred
and twenty thousand hectares was irrigated with groundwater resources, almost 11
times more than in the 1980s i.e. 37,000 ha. Notably rainfed cultivated area reduced
to about 695,388 ha, while in the 1980s, it was about 1.06 million hectares. The
remainder was flood/spate irrigated (IFAD 2013). The recent FAOstat, 2016 esti-
mates on lands and their utilization indicate that permanent crops, forests. Arable
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Fig. 2.8 Agricultural area in Yemen (1961-2014). (Source: FAO 2016)

Available at: http://www.fao.org/faostat/en/#country/249

Table 2.6 Land use in Yemen in 2014

(Area in 1000 ha)

Country area 52,797
Land area 52,797
Agricultural area 23,546
Arable land and Permanent crops 1546
Arable land 1248
Permanent crops 298
Permanent meadows and pastures 22,000
Forest 549
Primary forest 0
Other naturally regenerated forest 549
Planted forest 0
Other land 28,702
Area of arable land and permanent crops under protective 0.29
cover
Total area equipped for irrigation 680

Source: FAO (2016)
Auvailable at: http://www.fao.org/faostat/en/#country/249

land, permanent meadows and pastures, and other lands cover 0.6%, 1.0%, 2.2%,

41.7% and 54.5% respectively (Table 2.6).

2.3.4 Desertification and Agriculture

Desertification affects around 30 million hectares of the land accounting for over
50% of total land. The hazards of mounting desertification are quite high.
Desertification is caused by water erosion, overgrazing, depletion of tree cover,
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Table 2.7 Types of land degradation

Type of land Area (Ha) Area (sq km)
Desert land 4,856,897 48,569
Chemical degradation of land (Saline agriculture land) 37,090 371
Sand dunes 5,815,937 58,159
Land degraded by heavy winds erosion 475,246 4752
Land degraded by light winds erosion 102,943 1029
Physically degraded lands 12,717 127
Rocky land 28,196,804 281,968
Mountainous terraces 661,504 6615
Naturally stable land (forests and trees) 272,154 2722
Land affected by water light erosion 643,960 6440
Land affected by water medium erosion 1,846,813 18,468
Land degraded by water heavy erosion 2,579,835 25,798
Wetlands (Sabkha) 48,346 483

Source: Millennium Development Goals Needs Assessment, Yemen Country Report; Yemen
AREA —ACSAD (2002)

abandonment of terraces, changes in socioeconomic factors and farming practices
that determine unsustainable practices for land cultivation (ICARDA 2012). It is
estimated that 95% of Yemen’s agricultural land remains at risk of deterioration,
threatening the government’s goal of attaining food self-sufficiency. At present,
Yemen imports about 75% of its food, according to government statistics (Irin 2007).

Internal migration from rural areas to cities adversely affects agricultural produc-
tion, which in future, may result in food insecurity. According to a study, about 85%
of Yemen’s agricultural land is deteriorating due to water shortages, partly caused
by the widespread cultivation of Qat, which requires a lot of water, adding to the
growing threat of desertification (Irin 2007). Good quality fertile lands, which
account for about 13.6% of the total arable land, are shrinking (Irin 2007).

Models suggest that temperatures in Yemen will steadily rise, and that there is
likely to be an increase in variability and intensity of rainfall. Yemen is already
experiencing higher incidence of floods. Climate change and variability will thus
add to other natural resource challenges to create a need for a wide range of adaptive
measures (Table 2.7).

2.3.5 Food insecurity

Yemen is ranked as the 11th most food-insecure country in the world, with one in
three Yemenis suffering from acute hunger (IFPRI 2011). Over half the rural popu-
lation (51%) is food-insecure as compared to 27% of the population in urban areas
(CFSS 2012). According to the National Agriculture Sector Strategy (NASS)
(2012), some 24% of the households are food insecure. In 2012, about 46% of
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Yemenis — around 10.5 million people — did not have adequate food and almost half
of all households (45%) are now buying food on credit. Some 6.4 million food inse-
cure masses (37% of the total rural population) live in rural areas. According to a
UN report (2015), about 13 million people in the country are food insecure.

In another estimate by IFAD (2015), almost 12.9 million people across the coun-
try are food insecure, out of which about 6.1 million are in need of food on
Emergency basis, while 6.8 million were placed in crisis situation. The level of food
insecurity increased by 21% compared to 2014. The factors like disturbance of mar-
kets, diminishing employment opportunities and declining rural livelihoods, can
further deteriorate the food security situation if external conflicts and internal inse-
curity continue to persist.

Overall, 13% of children under 5 are acutely malnourished. Due to chronic mal-
nutrition among children, nearly 60% of children are suffering from stunted growth
and severe (life threatening) stunting affects one third of all children in the country.
Stunting growth is predominantly affecting two children out of three in rural areas.
The poor mountain agriculture areas of the highlands are unsuitable for agriculture
and two thirds of Yemenis living on the fringes of mountains are food insecure
(IFAD 2013).

2.3.6 Food Imports

Farmers on small landholdings are unable to feed the ever-increasing populations of
the country. Therefore, the country is very much reliant on food imports, which
account for nine-tenths of its total food requirements (UNDP 2015). Yemen is
largely dependent on imports to satisfy its domestic consumption requirement for
wheat, the main staple (FAO 2015).

However, the National food security depends on the financial capacity of govern-
ment to import food commodities to compensate for production shortfalls (IFAD
2013). Almost 80% of cereals consumed in the country are being imported to meet
food requirements (Government of Yemen 2013). Yemen imports 70% of all cereals,
90% of wheat and 100% of rice to feed its requirements (IFAD 2013). The wheat
import dependency is about 95% and in the last 5 years, an average of 2.8 million
tonnes per annum of wheat was imported annually out of a total domestic wheat
utilization of about 3 million tonnes.

According to recent FAO statistics, the import requirement for cereals in the
2014 was estimated at about 4.5 million tonnes, including 3 million tonnes of wheat,
0.7 million tonnes of maize and 0.4 million tonnes of rice. This compares with 4.4
million tonnes of cereals imported in 2013 (GIEWS 2015).

However, due to the ongoing conflict and the resultant restrictions, only 15% of
the pre-crisis volume of imports is reaching Yemen. The situation has largely
affected business activity and the reaching of goods into the country. Consequently,
some 75% businesses are struggling to maintain their regular provisions and sup-
plies (UNDP 2015) (Fig. 2.9 and Table 2.8).
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Fig. 2.9 Imports of top three crops 2014-2015 (Source: FAO 2016)
Available at: http://www.fao.org/giews/countrybrief/country.jsp?code=YEM

2.3.7 Gender Issue and Women Participation

Yemen faces an issue of high gender inequality. Strict gender segregation is a way
of life in the country (IFAD 2013). With a value of 0.128, women in Yemen rank at
75th position among the 75 countries in terms of empowerment (IFAD 2007).
Women grossly contribute to farm labor and take care of small livestock herds. In
addition, they are in charge of household activities (cooking, fetching water,

guido.minucci@gmail.com


http://www.fao.org/giews/countrybrief/country.jsp?code=YEM

2 Realizing Food Security Through Sustainable Agriculture in the Republic of Yemen... 35

Table 2.8 Imports of top ten commodities — their quantity (t) and value [1000 USD] 2011

Commodity Quantity [t] Value [1000 USD]

1 Wheat 2,686,857 961,895

2 Sugar refined 456,013 353,866

3 Maize 438,635 153,262

4 Sugar raw centrifugal 207,857 159,677

5 Palm oil 152,410 155,811

6 Beverage non-Alc 144,323 58,790

7 Cake of soybeans 111,773 51,058

8 Fruit juice nes 85,027 Not available
9 Chicken meat 81,683 166,014

10 Pastry 56,685 Not available

Source: FAO, 2015 (Available at: http://faostat3.fao.org/browse/area/249/E)

collecting fuelwood, washing, child rearing etc.) In general, women are not recog-
nized as farmers (except when left alone to manage the farm) and they do not have
access to resources, inputs, and services (such as training, needed to strengthen their
skills and increase their efficiency). Even though their share of work in the house-
hold and on farm is by far the most significant, women are not decision makers and
are not fully involved in development programs, mainly in rural areas. However, the
role of women, as an economically productive and effective force is slowly getting
recognition. Women in rural areas are unable to fully participate in activities that are
aimed at reducing disparity and empowering women. Several women NGOs, asso-
ciations and advocacy groups have started working on the issue at local, national
and regional levels (IFAD 2009, 2013).

2.3.7.1 Neglected Role of Women and Relation to Nutrition

Women have always played a vital role in Yemeni agriculture (particularly live-
stock) and this role has increased with male migration to the cities for work.
However, women have inadequate access to the resources and services, therefore
rural women deserve to be empowered to influence authorities and participate in
decision-making. In fact, real development of agriculture and improvement in
household food security and nutritional status is impossible without women’s
empowerment. Women empowerment can be enhanced through the inclusion of
women households systematically in all committees, and by recruiting female agri-
cultural extension staff.

2.3.8 Poverty in Yemen

Yemen is the poorest country in the Arabic Peninsula (IFAD 2013). While in 2008
about 40% of rural people were living below the national poverty line of USD 2
equivalent per day, the triple crises of recent years (food price crises, fuel price
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crisis, and global financial crisis) increased the incidence of rural poverty to 48% by
2010. Following the political and social violence of 2011-2012, it is now estimated
that rural poverty has increased to over 60%; which implies that as of today around
15 million rural people live in poverty and food insecurity. In addition, a large seg-
ment of population living marginally above the poverty line remains highly vulner-
able to economic and natural disasters (IFAD 2013).

2.3.9 Malnutrition

In 2012, some 10.5 million people (46%) did not have enough food (NASS 2012).
Yemen is faced with the issue of malnutrition as over 50% of children are chroni-
cally malnourished, and as high as 60% are stunted. Global acute malnutrition
levels of over 30% were recorded in 2011. Based on Global Hunger Index calcu-
lated by the International Food Policy Research Institute (IFPRI), 2011, Yemen
ranks among the ten hungriest countries of the world. Over 80% of food-insecure
people are living in rural areas, and at the same time rural-urban disparity is esca-
lating. The dwellers of the highland and mountainous areas are the most vulnerable
as compared with the other areas of the country (IFAD 2013). Linkages between
production, guidance and nutrition are of paramount importance. Combating mal-
nutrition requires specific agricultural extension and educational initiatives, most
appropriate of them include: creation of awareness on nutrition, nutrition-specific
issues, school-food program, vegetable home gardens, backyard poultry etc.
(NASS 2012; IFAD 2013).

2.3.10 Climate Change and Agriculture

Climate change models unanimously project that temperatures will increase across
Yemen over the next few decades by levels higher than the projected global
average.

While these models agree on temperature, they disagree on the direction of
change in precipitation levels. Most of these models project a modest increase in
precipitation, while others point to a reduction in precipitation.

The discrepancy is mainly attributed to the location of Yemen in the Inter-
Tropical Convergence Zone (ITCZ) which has highly unpredictable climate pat-
terns. It is however projected that climate change will drive up the variability of
precipitation leading to more frequent and intense rainfall events and more extended
droughts. These projected changes are generally expected to aggravate existing
problems facing socio-economic development and present additional development
challenges to international development agencies including IFAD.

In the absence of adequate adaptation measures, extreme rainfall events could
cause devastating flash floods that erode fertile soils, destroy crops, buildings and
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infrastructures and take lives of unprepared rural victims. They pose significant risk
to the livelihood of rural communities — particularly the poor, women and the mar-
ginal communities.

Droughts will accentuate the severe water scarcity in Yemen and will have a
detrimental impact on agriculture, particularly rain-fed agriculture which consti-
tutes the economic mainstay for the majority of the rural population, reducing the
area of viable rain fed land.

Recently Al-Kharasani (2014) conducted a study on climate at the Taiz meteoro-
logical station and analyzed the data that indicated an increase of 1.04 °C in maxi-
mum air temperature and 2.5 °C in minimum air temperature during the period from
1983 to 2013. Based on the findings of study, it is anticipated that climate change
would affect the agriculture sector due of the change in temperature. Climatic data
of both air temperature and rainfall has shown that the air maximum temperature
has increased by 1.04 °C during the period from 1983 to 2013. This rise may cause
drought in some areas resulting in the loss of some agricultural crops. The authors
believe that the rise in temperature could be due to the increasing greenhouse gases
in the atmosphere as a result of anthropogenic activities.

2.3.11 Qat: Rival of Food and Cash Crops

Qat (Catha edulis) is a recreational drug, a semi-narcotic plant. As a mild stimulant
Yemenis chew its leaf for relaxation (IRIN 2012). It is cultivated on an estimated
area of 154,000 ha that represents about 22.3% of irrigated area. The crop consumes
almost 40% of the potable water. It is mainly cultivated in the highland where water
scarcity is critical. Reducing qat production, and promoting water reuse of treated
wastewater for irrigation could mitigate the water crisis. However, this is currently
socially unacceptable (Almasa and Scholzb 2006).

Qat is a, favorite among the farmers for its ever-increasing demand and guaran-
teed marketing at lucrative price. The farmers even get indirect government subsidy
on diesel used for pumping out the ground water. The government is taking mea-
sures to discourage the gat cultivation, because apart from huge water consumption,
it has become a social problem, not to mention the increasing threat of food security
as the land being used for qat cultivation could be used for growing food crops. So
far, the success has been limited in convincing farmers to grow alternate crops.

Being a profitable crop, it is increasingly displacing food crops, and also utilizing
limited groundwater. About one third of Yemeni agriculture is devoted to producing
qat. Its production is profitable but replaces the production of food crops or export
crops, and its consumption can be a social and health problem. However, it is also a
mainstay of the rural economy in the highland areas where it is grown, with over
25% of farmers, including very poor ones, growing the crop. Farmers view qat as a
powerful agent for bringing cash back from urban to rural areas. No doubt, qat has
its role in the rural economy and poverty reduction, however strict implementation
of appropriate measures would reduce, and ultimately phase out the crop to get rid
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of the menace caused because of it. Farmers are to be educated to produce market-
driven alternatives and other high value crops such as coffee and almonds instead of
wasting scarce water resources on producing gat.

A report suggests that one in every seven working Yemenis is employed in pro-
ducing and marketing qat, making it the second largest source of employment,
exceeding even employment in the public sector (World Bank 2006). Qat cultivation
is widely spread in the Sana’a Governorate. While the use of qat is acknowledged
as a social plague, absorbing up to 28% of the earnings in low-income groups, its
production and trade undoubtedly provides quick returns and employment (IFAD
2009). Irrigated gat production has been increasing at an annual rate of 3.5%
between 1970 and 2006 and the associated increase of groundwater withdrawal has
reached an estimated 837 million m¥/year (i.e. 84% of the renewable groundwater
resources). In addition, uncontrolled pesticides are being used on qat, causing seri-
ous health hazards and contamination of water resources.

2.3.12 Political and Governance Issues

Following the events of 2011 and the dismissal of the previous regime, there has
been a popular consensus on a 2-year transition period (2012-2014) and on a
national dialogue conference to frame a new constitution and to prepare elections to
a fully democratic government. Till date, this process has not met significant suc-
cess. Yemen is experiencing governance issues due to political unrest. Although
certain donor-funded projects are ongoing, the uncertainty prevails. Development
activities cannot be carried out satisfactorily in the certain southern governorates
due to security risk caused by militants.

2.4 Coffee Production

Yemen has long been famous for producing the best coffee in the world, known as
Arabic coffee — Coffee Arabica. Yemeni coffee trade found great success because of
its high and unique quality, which distinguished it from all other coffee types in the
world. Yemeni coffee enjoys a highly lucrative market niche worldwide for its
excellent quality (second only to Jamaica Blue Mountain) and receives higher price
as compared to coffee produced in other countries (about twice the price of quality
coffee from Costa Rica, Guatemala and Kenya). Some 11 countries import green
coffee beans from Yemen on a regular basis due its better taste and premium quality
(IFAD 2009). With the value of about USD 20 million at present, Yemen exports its
coffee from 4000 to 6000 MT/year. However, in the 1950s the export was about
12,000 MT/year. About 100,000 small farmers are involved in coffee production,
representing about 9% of all farming households (IFAD 2009).
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Table 2.9 Coffee export prices in the selected countries, USD/MT

Year Jamaica Yemen Kenya Guatemala Brazil
2003 10,333 3328 1426 1198 951
2004 21,140 4319 1804 1573 1240
2005 20,975 4454 2554 2299 1861
2006 18,841 4224 2772 2278 1985
Average 17,822 4081 2139 1837 1509

Source: FAOSTAT (2012)

After enjoying the monopoly and great prosperity for three centuries, the Yemeni
coffee has gone through trade setbacks and declines due to some unfortunate nega-
tive events. Trade started to decrease gradually, and in the nineteenth century, Yemen
lost many global coffee markets. The main reason is that coffee production shifted
to other regions of the world that competed with Yemen at the time. Some local fac-
tors have negatively impacted export and production of coffee in Yemen. A recent
study conducted by Al-Zaidi et al. (2016) established the need for launching of
agricultural extension and capacity building programs for the coffee growers to nar-
row knowledge gap and enhance their skills on coffee production. They further
advised to use Television and Radio programs for this purpose as the farmers pre-
ferred these information media to have the needed information on this strategic crop
(Table 2.9).

2.4.1 Why Coffee Production Declined?

There are many factors responsible for decline of coffee production which, besides
others, include, irregular water supply, drought to which coffee trees are highly sen-
sitive, insufficient strategic focus, inadequate investment across the value chain, lim-
ited research, lack of extension support for the coffee growers, absence of transparent
marketing systems, collapse of the standardization system and, lack of branded
names. These problems combined have resulted in low productivity and reduced
revenues. However, international demand remains high and can absorb significantly
increased quantities, provided that quality is improved and consistently maintained.

2.4.2 Qat Production vs. Coffee

Today, coffee plants of the past have been replaced with the semi-narcotic qat trees,
remarkably dwindling coffee lands. Estimates for 2012 showed that the planted area of
coffee in Yemen declined to 34,900 ha, as opposed to 162,500 ha for planting qat. Coffee
production amounted to 19,800 tons, as compared to 190,800 tons of qat (Al-Monitor
2014). As aresult, Yemen has been deprived of a significant source of income that could
have been as important as other commodities such as wheat and cotton.
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Despite all the obstacles surrounding coffee production, coffee is next to oil, and
is Yemen’s main export. Coffee cultivation is spread throughout most regions of the
country. Around one million farmers are engaged in coffee production, although
they employ the same primitive ancestral methods to ensure same quality and taste
despite the severe water scarcity (Al-Monitor 2014).

Yemeni coffee fetches premium price due to its high-quality, unique flavor and
refined taste. In spite of climatic and soil factors which are favorable for production,
farmers employ old traditional production practices. Therefore, the country needs to
chalk out a comprehensive strategy to facilitate its active participation in the inter-
national conferences and exhibitions to learn the best practices in order to augment
coffee production at all the stages from production to marketing to compete with
other coffee producing countries. It is imperative to adopt the best international
practices, which are adopted by other countries associated with the coffee business.
For regaining the lost position, it is important to create an agency that could primar-
ily focus on the development of coffee sector. Such an organization will encourage
farmers to grow coffee, manage water conservation, facilitate distribution of high
quality seedlings of to the farmers, and most importantly employment of competent
and qualified technical staff.

2.4.3 Marketing

Marketing of agricultural products in Yemen faces numerous challenges. Small-
scale farmers have little access to extension advisory services that could provide
vital information to them on marketing their produce. Unfortunately, an effective
Market Information System (MIS) does not exist in the country. Due to the limited
marketing opportunities provided by traditional retail and wholesale markets, and
the lack of associations and organizations, small farmers are at great disadvantage.
Besides the fact that the existing markets for agricultural products are inefficient,
numerous products do not meet international specifications. The value chain is not
well developed for many products, as the processing, packaging, and storage indus-
tries are at a low stage of development. Markets operate freely with little govern-
ment intervention. However, still additional government support is needed in the
areas of extension, rules to strengthen farmer cooperatives and associations, setting
and enforcing grades and standards to improve quality and provision of credit to
support the growth of the processing, packaging and storage industries (IFAD 2013).

2.5 Strategies for Realizing Sustainable Crop Production

The strategies for efficient use of limited water resources to make agriculture profit-
able, economically efficient, equitable and sustainable include:
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Enhancing Crop Production

Institutional strengthening to promote efficient use of water;

Conserving water resources to realize sustainable agriculture;

Increasing farmer incomes through increased water use efficiencys;

Enhancing resource availability, sustainability and quality through water har-
vesting and watershed management;

Productivity of agriculture on the rainfed areas can be improved by restoration of
the terraces, managing watersheds and water harvesting;

Productivity of rainfed agriculture can be improved by employing more efficient
agricultural water management practices through the adoption of modern irriga-
tion techniques, agronomic packages and water harvesting practices;

Adoption of crop production packages to cater to the arid environment and resil-
ient in the face of prospective climate change;

An increased recognition of the role of rural women in meeting food needs,
improving nutrition and protecting the environment;

Improving productivity in irrigated agriculture through modern irrigation tech-
niques and advisory services;

A strong focus on improving productivity and sustainability of livestock produc-
tion, as this sub-sector has growth potential and as livestock are the principal
asset and economic activity of the poorest and of the landless; and
Diversification of cropping patterns into new or revived cash crops (coffee,
honey, almonds, oil crops etc.) and into more nutritious foods to help improve
and diversify household nutrition, and development of related value chains, and
parallel reduction of area planted to Qat.

Addressing Environmental Issues, Managing Watersheds and Controlling
Erosion

There is a need to design programs addressing environmental issues with the
participation of local communities and mass media. In order to address environ-
mental issues and biodiversity it is important to build extension programs based
on the rich indigenous knowledge and the traditional approaches in conservation
and utilization of resources which were practiced for centuries and are fading
away with the passage of time need to be adopted.

Surface water should be managed economically and efficiently.

Efforts be made towards the protection of renewable natural resources from deg-
radation, pollution and depletion and the conservation of biodiversity at the level
of the watershed;

Clear and comprehensive coordination mechanisms are to be established among
the stakeholders and the concerned organizations for developing appropriate
interventions and constructing suitable structures capable of combating or at
least minimizing the erosion hazard and sedimentation into the downstream
areas.
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Combating Climate Change

e Itis not easy to combat climate change. However, some measures like promotion
of climate resilient agricultural approaches and technologies could reduce its
harmful effects. Some approaches include: implementation of the disaster-risk
community action plans; adoption of sustainable agricultural practices to pro-
mote the drought/heat tolerant crops; improvement of water management for
both drinking water and irrigation through the construction/rehabilitation of
resilient water infrastructure and restoration of natural resources and improving
the communities by managing natural assets (IFAD 2013).

Empowering Women

* Promote women’s skills in coffee growing, beekeeping, tunnel horticulture and
micro enterprises;

e Provide technical, financial, managerial training for women;

e Improve domestic water supply;

* Increase entrepreneurial women’s access to financial and business services;

e Develop women’s agricultural skills, to empower them economically;

* Ensure women’s access to savings and credit from MFIs;

* Encourage women representation on management boards of associations.

2.6 The National Extension Service in Yemen

Agricultural Extension Service (AES) is the responsibility of the government and is
administered through the Ministry of Agriculture. The role of extension services is
usually restricted to the delivery of information to the farmers on the new technolo-
gies and government programs. However, its working needs to be improved by cre-
ating awareness on sustainable development of the local areas as well. However, the
potential role of extension personnel, as vehicles to convey information from rural
communities to scientists, planners, and policy-makers, is too often disregarded and
most probably inexistent. Therefore, in order to realize sustainable participation of
extension personnel in creating awareness, a two-way information flow needs to be
ensured (NAP 2000).

MALI reportedly has more than 1300 extension agents and technical experts
located throughout the country. Nevertheless, this system is clearly not effective at
providing farmers with information and necessary skills to improve their coffee
cultivation and marketing. Agricultural extension workers are personnel who are
responsible for meeting the goals of extension system. However, there have been
less data on the roles and performance of extension workers in the country, even
though there are sporadic studies on criticism that extension was not being able to
perform the necessary changes in the rural community (Sallam and Akram 2005).
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2.6.1 Evolution in the Extension System

Realizing the weakness of Extension systems, several international organizations
and donors, especially the World Bank helped strengthening extension services dur-
ing the 1980s. However, later, the government’s priorities changed and extension
has been suffering setbacks since 1990s. Until recently, Agricultural Research and
Extension Authority (AREA), an autonomous body, remained responsible for both
research and extension in Yemen, but the Authority was criticized for focusing on
research and ignoring extension. Now, as a result of re-organization, the function of
extension has been given to the General Directorate of Extension and Training
located within the Ministry of Agriculture and Irrigation. Extension has been decen-
tralized along with other technical departments in Yemen (Qamar 2012).

2.6.2 Agricultural Blocks and Extension Centers

Agricultural Blocks (district level extension offices) and Extension Centers (village
level extension offices) have been established in most of the governorates during
1980s when several donor agencies particularly the World Bank focused on strength-
ening extension services at the request of the government of Yemen. There were
four to six Extension Centers under each Agricultural Block. However, as the proj-
ects ended and the government’s priority for extension gradually declined, the
maintenance of the centers lacked due attention and the infrastructure started dete-
riorating making extension staff and the farmers disappointed. Qamar (2012) noted
that out of the total of 467 Agricultural Blocks and Extension Centers, only 392
were functional while some 75 were non-operational due to various reasons includ-
ing precarious physical condition, lack of operational budget, going away of frus-
trated resident staff, lack of equipment and transport facilities, and the buildings of
the extension offices were encroached by others.

2.6.3 Status of Agricultural Extension

Though agricultural extension has made use of Public media (Radio, TV channels
and newspapers) to create awareness on the environment and on the conservation of
natural resources for the future generations yet still seems to be in its initial stages,
however, slowly gaining acceptance and momentum. Also, programs to address
environmental issues with complete participation of local communities and by using
different mass media are the need of the day. The school and university curricula
need to be revised and updated to accommodate the present challenges of
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conserving the fragile environment and sustaining the utilization of limited avail-
able resources. Extension activities need to be updated and revived to focus on
agricultural and environmental issues in simple and attractive manner, based on the
rich indigenous knowledge, traditional approaches and modern scientific practices
to realize conservation and utilization of resources. Raising awareness need to be
developed and incorporated in the national campaigns and awareness programs at
the national, regional and local levels (FAO 2009).

2.6.4 Challenges Faced by Agricultural Extension

Over the last decade, extension service started experiencing some challenges due to
socioeconomic changes and agricultural sector reforms taking place in the country.
In spite of decentralization in Yemen, only 3.2% of farming households receive any
type of extension support. Even in the Internal Plateau Zone, where extension ser-
vices are most accessible, only 6.6% of households benefit from extension.
According to country report on plant genetic resources (FAO 2009), capacity build-
ing programs face problems at the individual, institutional and system levels.
Reasons behind the unsatisfactory performance of extension are low salaries, weak
management, absence of monitoring, evaluation and accountability, negligible bud-
get and transportation facilities, mostly outdated technical information, and techni-
cal directorates running independently their own fragmented extension activities.
Other issues include:

(a) Poor linkage between Research and Extension

Several authors, studies and reports confirm that there are no longer any clear link-
ages between researchers and extension agents. So, the latter receive few if any
refresher courses and on-the-job training (Muharram and Alsharjabi 2001; USAID
2005; NASS 2012).

(b) Extension workers lack logistic support

Due to lack of logistical support and with the few vehicles, and nearly no operating
funds, extension agents rarely make visits to the farmers, making minimal impacts
on the famers and the producers, and have not developed relationships of trust with
them (USAID 2005).

(c) Lack of operational funds

Extension, like most other technical departments of the Ministry suffers from acute
shortage of operational funds. Under the circumstances, donor-funded projects are
welcomed as at least temporary source of funds. As indicated earlier, dozens of
Agricultural Blocks and Extension Centers, which are located at crucial district and
village levels are either non-functional or have been abandoned due to lack of basic
residential facilities and their maintenance as there are no funds available.
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(d) Extensionists do not use innovative ways

Extensionists often adopt academic style for dissemination that fails to make any
impact on the farming communities in part because it is dependent on paternalistic

lectures rather than visual aids and demonstrations.

(e) Decentralization has caused negative impact

Like in many developing countries (Indonesia, Philippines, Tanzania, Uganda,
Pakistan, etc.) where decentralization has weakened extension services due to polit-
ical interference of elected local government officials, Yemen’s extension services
have also suffered. Proper utilization of budget allocated for extension purposes has

become an issue to divert these funds to non-extension activities.

Box 2.2: Problems and Challenges Faced by the Agricultural Extension
in the Yemen
Institutional and Organizational Defects:

Extension department is located at the Ministry of Agriculture and
Irrigation (MAI) and the Ministry has massive mandate in agriculture and
irrigation;

Low operational budget allocated for agricultural extension activities
accompanied with the absence of transparency leads to misuse of limited
budget.

Limited government financial resources are unable to sustain the inherited
inappropriate organizational set up;

Extension organizations do not make clear job descriptions available to the
extension staff and professionals and provide insufficient information on
activities to be performed;

Lack of adequate institutional and technical support for public extension
services.

Inappropriate selection and use of extension methodologies and approaches;
Prevailing of weak management and supervision at national and regional
levels;

Lacks legislation that could organize various agricultural extension profes-
sionals engaged in practicing and services delivery.

Supervision, monitoring, evaluation and accountability of the extension
staff are absent at national level;

Distribution of available extension and resources at local, national, regional
and in different regions, areas, and agri-ecological zones throughout the
country are poor and imbalanced.

Weak coordination among extension services at regional and national lev-
els as well as between extension and other relevant agencies;

(continued)
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Box 2.2 (continued)

» Extension services employs on traditional extension approaches. Most
recent extension approaches such as participatory extension, rural advisory
extension, farming system extension, farmer-to-farmer extension or exten-
sion through paraprofessional local agents have not been put into practice;

* Though proved very viable, vibrant and sustainable, yet the republic does
not make an extensive use of participatory extension systems.

Extension Staff

* Extension staff are not educated enough to undertake extension activities;

e Low human resources capacity;

* Low salary scale and incentives for agricultural extension personnel;

* Rewards, punishment system and accountability features are absent in the
extension service;

e Limited number of female staff in the extension service including public,
cooperative and private agencies;

* Absence of suitable plans for the professional development for agricultural
extension to make them aware of new policies and newly emerging changes;

* Machines and equipment especially transport vehicles are not available to
enable extension staff to perform their duties;

* Low organizational status/position is attached to extension staff as com-
pared to other professionals of other disciplines;

* Extension employees, both technically and managerially are unable to
meet the needs of a renewed mandate in agriculture.

» Extension staff prefers to work and/or live in Agricultural Extension
Centers (ECs) and Blocks (ABs) as they believe that they would be
deprived of basic services away from populated areas as some ECs and
ABs are not furnished;

e Extension professionals are assigned multiple job assignments that
adversely affect their working in extension;

e Lack of monitoring and evaluation system of the ongoing research-exten-
sion farmers

e (R-E-F) coordination linkage mechanism;

» Participation of female and extension agents in specialists research-exten-
sion farmers

* (R-E-F) coordination linkage is very low.

Dissemination of Technologies to Extension

* Extension staff are not well equipped with the skills and knowledge on
disciplines like: rain-fed farming, livestock, improved management of nat-
ural resources, gender and rural women, agricultural cooperatives, post-
harvest technologies and marketing of agricultural commodities and
socio-economic aspects — market analysis;

(continued)
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Box 2.2 (continued)

* Adequate and suitable package of farming technologies and recommenda-
tions for various farming systems and ecological zones covered by exten-
sion especially for the rain-fed areas are not available;

* Extensionists rely and use mostly outdated technical information;

* Extension service neither gets benefit of current extension techniques, nor
any updated technical knowledge regarding current agronomic, business,
or management techniques.

Financial and Material Resources:

e Low salaries, weak management;

* Lack of government funding and negligible budget — with only 1.0% of the
budget, MAI is expected to serve 54% of the workforce engaged in
agriculture;

» Lack of transportation facilities,

e Technical directorates running independently their own fragmented exten-
sion activities;

» Public extension system does not function well due to lack of resources
(Source: Muharram and Alsharjabi 2001; NASS 2012)

(f) Training Options for Extension Professionals

Pre-service education in agricultural extension is offered at agricultural faculties of
major universities, i.e. Sana’a University, Aden University and Dhamar University.
However, it is equally important that extension agents and officers are exposed to
“In-service trainings” on a regular basis. In order to improve the working of exten-
sion agents, it is important to equip them with the basic scientific extension meth-
ods, and upgrade their scientific and technical abilities to work with research
scientists and the farmers through refresher courses and updated on-the-job training
to cater to issues of the day (USAID 2005).

(g) Lack of electricity facilities in the villages

Not all the villages have been electrified so far. In such cases, Radios instead of
television are being used by the farmers. To solve the problem of power supply,
extensionists make use of generators to compensate frequent power outages. Cell
phones are quite common in rural areas so these should be used.

(h) Information and Communication Technology (ICT)

Extension offices, especially those in the governorates and districts, do no employ
the modern tools of information technology to supplement their field extension
activities. However, a well trained and experienced staff at the Directorate of
Information of the General Directorate of Extension and Training do have necessary
equipment and studio for preparing television and radio programs besides a large
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variety of audio-visual equipment, consequently are using radio and television pro-
grams to carry out extension functions and deliver extension messages on a regular
basis for the farming communities. Certain equipment though is now obsolete and
needs replacement with modern ones.

(1) Relationship between Agricultural development and Extension Education

The most viable option to increase productivity in the agriculture sector would be to
revisit the government’s extension and research capacity. Analysis of current service
provision has found it lacking to non-existent in most parts of Yemen. In addition,
research and extension do not work together as they should, where advances in
research are to be passed on to the farmer through the extension system. Public
extension service needs restructuring, capacity building, introducing effective
extension techniques, strengthening linkages to research, and recruiting a new male
and female extension agents having a positive, service oriented attitude to replace
the existing, non-productive and extension agents with low performance. It is
important to equip the new recruited employees through capacity building of is
needed with updated skills on financial management, efficient water usage, water
saving agronomic techniques, introduction of new crops and varieties, and associa-
tion or cooperative development. These measures taken to improve extension ser-
vices would have positive impact on agricultural production.

2.7 Strategies for Improving the Working of Agricultural
Extension

First of all, it is important to identify the problems faced by the farmers and the
Extension Service. Restructuring of extension system would help overcoming the
problem of organizational differences, addressing discrepancies, modifying the
present institutional position and form of extension in various agencies.

2.7.1 Improving the Working of the Extension Organization

 Identification of extension organizational constraints in different agencies and areas
by using the diagnosis tools of Participatory Rapid Appraisal (PRA) would improve
its working. Such tools help define the problems, set priorities, and devise possible
viable solutions with the assistance and involvement of all concerned parties.

e Organization defects can also be removed by conducting a comprehensive evalu-
ation study on the presence of extension staff in different areas representing vari-
ous extension agencies; and extension approaches adopted by them to assist the
farmers under different farming systems. Such measures could help in the redis-
tribution of extension staff, resources and facilities. It will also help in improving
extension approaches and methodologies; formulating human resources devel-
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opment plan; staff rationalization, and possibly in developing recruitment guide-
lines for extension especially female staff.

2.7.2 Elevating the Existing Generally Weak and Transforming

Low Organizational Status

Elevating the existing weak system and transforming low organizational status of
extension into a more realistic position that matches with and reflects its
importance;

Supporting extension research and studies aiming at: testing and evaluating
extension approaches and methodologies applied in the field; and revising and
formulating local versions of tested approaches and methods to develop the
package of technology that could be replicated under farmer’s field conditions.
Further follow on studies must be conducted to investigate the adoption and
impacts of commercialization of advocated farming technologies.

Attitude of the researchers, extension staff, and farmers towards new extension
approaches and methods deserve continuous and perpetual evaluation to check
distortions and make improvements.

There is a need also to foster and institutionalize relationships concerning exten-
sion with various relevant agencies under which extension is operating consider-
ing legal, organizational and financial dimensions affecting such relationships,
including gender issues and rural women development.

Extension departments be given more authorities and control over the allocated
budget.

2.7.3 Redefining the Extension Role and Responsibilities

Such an initiative would also necessitate redefining extension roles and responsibili-
ties at national and regional levels. A readjustment must consider various internal
and external changes and resultant new trends and policy guidelines especially pro-
gram budgeting, the needs for rules and regulations including job description and
criteria for occupying extension posts at all levels and working circles.

2.7.4 Improving the Working Living Conditions

of the Extension Workers

Agriculture extension is viewed as a fundamental pillar in agricultural and rural
development, food security, improving living standards; farmer and rural eco-
nomics and shielding the future challenges like free market system including the
agreements of the World Trade Organization (WTO).
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* Based on its constructive roles, it seems imperative to activate and revitalize the
role of agricultural extension and its national institutions on a country level. Its
rehabilitation, strengthening and developing its capabilities in various aspects
would enable it to function efficiently and effectively meeting the future chal-
lenges and resulting agricultural development.

2.7.5 Strengthening the Linkages Between Research
and Extension

At present, extension activities are carried out under numerous agencies. The reori-
entation of all these agencies seems imperative. It is important to involve all levels
of management and staff with the aim of enabling them comprehend and deal with
the new government policies and directions. Further, revisiting, restructuring and
renovation of the existing Extension System would help overcome the organiza-
tional differences and discrepancies affecting the present institutional position and
form of extension in various agencies (Muharram and Alsharjabi 2001; NASS
2012). Another viable option would be, though presents a tremendous challenge,
but also a tremendous opportunity, to start over creating a new extension service that
could be public, private, or a combination of the two. Though the country needs
complete overhauling yet based on the identified constraints and the obstacles, its
working can be improved by:

e Updating extension activities in agriculture and rural areas;

e Allocating adequate annual operational budget and making sufficient funds
available by employing easy procedures for the efficient functioning of agricul-
tural extension and carrying out extension activities;

e Improving the salary scale and incentives of extension personnel.

2.7.6 Strengthen the Links and Establish Coordination
Among Agricultural Organizations

All the organizations working in research, development sector and extension out-
reach programs need to establish working relationships and beneficial coordination
with each other to make the information flow efficient among them and finally to the
farmers. Establishing suitable coordination linkage mechanisms among extension
services and the cooperative and the private sectors, with flexible and varied options
would help achieving the aims and interests of various agricultural and rural devel-
opment partner organizations.

Establishment and strengthening of partnerships among the farmers, private sec-
tor, government, and donors is necessary and could be realized through:

guido.minucci@gmail.com



Realizing Food Security Through Sustainable Agriculture in the Republic of Yemen... 51

Enhancing cooperation and coordination between agricultural extension and all
other government and civil agencies relevant to the context of agricultural and
rural development;

Developing linkage mechanisms and partnerships with the private and coopera-
tive sectors to lessen the stress on the government resources and multiply the
extension efforts in order to achieve the aims and interests of various participat-
ing agricultural and rural development organizations;

Developing and activating existing institutional bodies (i.e. extension services,
technical committees, coordination units, national extension committee, the
multi-disciplinary teams etc.) to make extension effective and efficient;

There is a need to define the roles and responsibilities of all the stakeholders and
partners as outlined in National Extension Strategy.

2.7.7 Moving Towards Innovative Rural Extension

First step in any extension program is to create awareness among the farmers regard-
ing what to deliver and how to deliver so that farmers could help to help themselves.
Once farmers get to know extension, then there is a need to revitalize the extension
service, which will be the key to improving the productivity of agriculture, and rais-
ing rural incomes.

On the basis of identified constraints and obstacles, the following suggestions are

proposed to overcome the problems and make agricultural extension effective and
efficient by:

Developing an active and typical information service that caters to the informa-
tion needs of extension personnel in all fields relating to their work, in a suitable
and timely manner by employing the right channels with proper contents system-
atically and regularly;

Adopting and employing best proven extension techniques, to transmit an
updated technical knowledge regarding current agronomic practices, business, or
management techniques.

Arranging trainings on “How to do Agri Business and making more profits by
smart marketing of agricultural products. Currently Extension service does not
provide trainings to the farmers as well the extensionists although it is also the
part of the extension service.

At this point, cash infusions, and a few training courses for underpaid and unmo-
tivated extension staff, will not contribute towards the development of the agri-
culture sector.

Develop and launch awareness and extension education and capacity building
programs involving all the concerned parties.
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2.7.8 Making Use of Communication Media

Numerous means of public media (Radio, TV channels and Official newspapers)
are available in Yemen to create awareness on the importance of the environment
and the need to conserve our natural resources for future generation. However, such
endeavors are in their initial stages, and are gaining momentum slowly.

2.7.9 Adopt Participatory Approach

While working for the development of agriculture, NASS consultations made field
visits to meet the stakeholders. The stakeholders emphasized the successful work-
ing of participatory approaches during the past decade. All of them believed that a
highly participatory approach involving communities is the most effective way to
ensure sustainability and improvements in production and food security.

Stakeholders emphasized that by participation they mean involving the selected
communities in the full cycle of activities starting with the decision-making process
for investments and services, followed by supervision, management and physical
implementation of the activities, monitoring physical and financial aspects.

While working in the field, NASS consultants were informed by the stakeholders
about the proposed key elements essential for the participation. The mechanisms
include: setting up of community and producer associations at the local level; coop-
eratives need to strengthen partnership at the community level and empowerment of
farmers in marketing and purchases; community mobilizers to act as the interface
between communities and community planning and the services responding to com-
munity demand; community-based extension and animal health workers; and ensur-
ing joint and participatory Monitoring and Evaluation (Government of Yemen 2013).

Community involvement in planning and implementing development projects
from the outset is essential for their success, future ownership and sustainability.
Appropriate guidance during participatory planning process by trained facilitators
is a key factor of success of project activities.

Enthusiasm for community-driven approaches to development has been success-
fully demonstrated in the ongoing programs. Appropriation by well-trained com-
munities of their Community Action Plans, infrastructure and productive investments
is a guarantee for long-term sustainability.

Based on the past experiences as reported by the Government of Yemen (2013),
encouraging and promoting the direct involvement of the beneficiaries in planning,
implementation and of the projects in all the steps and activities would result in
positive outcomes.
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2.7.10 Importance of the Indigenous Knowledge

The combination of indigenous knowledge and modern approaches works better than
trying them in isolation. Indigenous knowledge is based on the life-long experience of
locals whereas modern technical practices are based on tested scientific principles.

Indigenous knowledge regarding conserving and managing natural resources,
practicing traditional agriculture and managing grazing lands can add value to the
modern scientific technical know-how. While developing such practices, it is impor-
tant to attach due consideration to the Indigenous knowledge while addressing tech-
nical environmental issues.

2.7.11 Up-Date Curricula

FAO (2009) stressed the need for revising the curricula at the school and university
levels and update it to accommodate the challenges of conserving the fragile envi-
ronment and sustaining the utilization of limited natural resources available.

2.7.12 Reliable Monitoring and Evaluation System

e Developing a reliable monitoring and evaluation system with reasonable appre-
ciation and incentives of promotion for extension staff is important. A compre-
hensive evaluation of extension in different extension agencies, and the
approaches applied under different farming systems needs to be conducted. Such
initiatives will help the fair redistribution of extension staff, resources and facili-
ties to meet the priorities and satisfy the new goals set by the extension.

* Ensuring the active participation of government, private and cooperative sectors
and all other key stakeholders in implementing, monitoring and/or evaluating the
plans and making recommendations for realizing sustainable agricultural
development.

2.7.13 Logistic Support

Required and needed support like machines, equipment and furniture for extension
work in selected areas must be provided. Also, developing an active and efficient
information service that caters to the information needs of extension personnel in all
fields relating to their work, in a suitable and timely manner through the right chan-
nels with proper contents systematically and regularly will help.
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2.7.14 In-Service Trainings

Well-planned and focused meetings and orientation training-cum-workshops for the
extension staff would educate them on the new government policies with regards to
extension and the role of extension. In-service trainings for reorientation of all
extension staff to enable them to grasp and deal with the new government policies
and directions must also be conducted.

2.7.15 Extension Needs to Make Farmers Market-Oriented

If the farmers make more profits based on the information and guidance provided by
extension, they will have an enhanced trust in extension. However, small scale farm-
ers do have little access to extension advice on markets for their products, and on the
other hand, an effective Market Information System (MIS) does not exist in Yemen
to benefit and assist the subsistence farmers.

2.8 Conclusions and Recommendations

In Yemen, many factors are responsible for negatively impacting agriculture which
includes: increased land degradation and soil erosion, changes in water availability,
biodiversity loss, more frequent and more intense pest and disease outbreaks as well
as un-expected natural disasters. In addition to agricultural issues, Yemen also suf-
fers from political unrest and faces many other socio-economic challenges like high
levels of poverty, rapidly increasing population, severe resource constraints, and
food security concerns. However, by devising various strategies, agriculture sector
can be improved and to some extent, it is capable of addressing the challenges faced
by the country.

e The discussion made in the chapter leads to establish that sustainable agricultural
development can enhance domestic agricultural production, alleviate poverty in
rural communities, preserve environment and conserve dwindling natural
resources if supported and backed by the appropriate policies.

e In order to combat poverty, it is important to focus on developing the value chain
for: (i) high-value commodities (e.g. coffee, honey, horticultural products) by
involving the private sector; and (ii) fisheries. Both the sectors carry the significant
potential to reduce poverty reduction and enhance economic growth. High-value
crops could be suitable alternatives for the small farmers presently growing qat.

¢ In order to make agriculture sector sustainable, the crops should be grown based
on the availability of resources and their suitability to their corresponding envi-
ronment. Efficient and sustainable use of scarce natural resources like water and
land can elevate and improve crop yields and make agriculture sector sustainable
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and economically viable. Sustainable agriculture can be realized by using the
agricultural inputs such as seeds, fertilizers, agricultural mechanization, irriga-
tion systems judiciously and efficiently; making the modern scientific knowledge
on agricultural techniques, management of crop and yield, and animal health
improvement available to the farming communities through organized agricul-
tural extension; creating marketing opportunities and appropriate environment
that could provide means and tools for large and small farmers (NASS 2012).

e Livelihoods of rural communities can be elevated by providing them with
improved inputs and developing their knowledge. It is argued that food require-
ments of increasing population cannot be fully met by developing agriculture
sector, as arable land resources are limited and insufficient to expand agriculture
base. Certain NGOs and individual experts are involved in extension activities
like training of farmers, funding of small projects in livestock, agriculture ter-
races, pastures management, bee-keeping, etc. Their participation should be
encouraged.

* The country is in dire need of multi-sectoral initiatives to address the issues like
food security, climate change, and poverty reduction. However, the development
of agriculture sector from technical, economic, and policy perspectives, can be
easily integrated into multi-sectoral strategies.

* Implementation of the National Water Sector Strategy with true letter and spirit
would boost agriculture due to continued accessibility of water.

* The development of coffee production and its marketing on scientific lines would
enhance exports and generate revenue in the country that can boost the national
economy to some extent. More efforts should be focused to bring behavioral
change in the rural communities to grow food commodities instead of growing
qat. It is recommended that qat production must be replaced with the coffee crop
to earn foreign exchange.

e Agricultural Extension Service serves through the Ministry of Agriculture and is
responsible to deliver information on new technologies and government pro-
grams to the farmers. However, its working needs to be improved by creating
awareness to realize sustainable development. Extension workers are the key
players in creating awareness, however, they are unable to do their jobs due to the
lack of basic facilities like furniture, logistic support vehicles and operating
funds. In addition, they are entrusted with non-extension and multiple tasks not
falling under the mandate of the Extension service. Therefore, it is important to
give them a clear line of action and their performance must be evaluated through
a reliable monitoring and evaluation system. Extension staff deserves reasonable
appreciation and incentives of promotion based on their performance.
Participatory approaches in Yemen involving communities have proved the most
effective way to ensure sustainability, improvements in production and food
security. Therefore, it should remain the working extension strategy to realize
sustainable agriculture development in the country.
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Chapter 3

Ensuring Food Security Through
Increasing Water Productivity and Cereal
Yields Forecasting — A Case Study of Ouled
Saleh Commune, Region Casablanca-Settat,
Morocco

Abdelhadi Mouchrif, Fouad Amraoui, and Abdalah Mokssit

3.1 Introduction

Agriculture is the mainstay of the Moroccan economy. The sector accounts for
around 14% of Gross Domestic Product (GDP). Cereals (soft wheat, durum wheat
and barley) are produced all over the country, occupying nearly 52% of useful agri-
cultural lands (MAPM 2014).

Due to the growing population and demand of food, and considering the persis-
tently growing pressure on finite freshwater and soil resources, it becomes increas-
ingly clear that increasing water productivity holds the key to future water scarcity
and food security challenges, a situation that is expected to be exacerbated by a
changing climate. At the 6th World Water Forum held in Marseille in 2012, improv-
ing water productivity of rainfed agriculture was one of the major targets of the the-
matic priority ‘Contribute to Food Security by Optimal Use of Water’ (WWF 2012).

Production and crop yields estimates are of great interest to the agricultural sector.
In Morocco, cereals represent a strategic crop commodity in terms of food security,
and therefore early forecasting yields before the harvest is crucial. This will enable an
adequate preparation to manage the consequences of any potential shortage in produc-
tion through various actions aiming to reduce the vulnerability to climatic risks. It also
allows planning actions like aids to farmers or cereal imports (Balaghi et al. 2013).

The objective of this research was to calculate the soft wheat water productivity
(WP) for the period 2002-2012, and to test the ability of the AquaCrop model to
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simulate the yields for cropping seasons from 2008-2009 to 2011-2012 under rain-
fed and semi-arid conditions at Ouled Saleh commune.

3.2 Study Area

3.2.1 Geographic Location

The region of Grand Casablanca is located on the Atlantic coast in the northwestern
of Morocco (Fig. 3.1). It borders the Atlantic Ocean to the west, the region of
Chaouia-Ouardigha to the east, and the south and province of Benslimane to the
north. It is divided into two prefectures (Casablanca and Mohammedia) and two
provinces (Mediouna and Nouaceur) (HCP 2010).

The province of Nouaceur is spread over an area of 44.583 hectares. It is subdi-
vided into three municipalities (Bouskoura, Nouaceur, and Dar Bouazza) and into
two rural communes (Ouled Saleh and Ouled Azzouz). Ouled Saleh is an important
agricultural area of the province of Nouaceur having great potential mainly due to
its soil fertility (about 13.499 ha hence representing 30% of total area). Useful
Agricultural Surface occupies 12.260 ha and agricultural exploitations number
1307. Cereal production is the most significant agricultural resource and winter soft
wheat is the major crop cultivated in the province (DRA 2010).

3.2.2 Soil Types

Major soil types encountered at the rural commune of Ouled Saleh are Tirs, Hamri
and Hrach (DRA 2010). Tirs is a black to dark brown soil with high fertility, good
agricultural potential and good permeability. It contains high percentage of expand-
ing clay and low stones and is resistant to erosion. Hamri is a red soil that has par-
ticles of loam and clay diameter in mixture with stones. It has a very good agricultural
potential. Hrach is a grayish soil with medium agricultural potential. It is slightly
permeable, has large particles and stones (Encyclopedia of Soil Science 2006).
Figure 3.2 highlights the soil fertility in Ouled Saleh since it consists of 60% of Tirs
and 30% of Hamri.

3.2.3 Soft Wheat

Soft wheat (Triticum aestivum) is the number-one cereal crop with respect to area
and production in Morocco. It is of particular economic importance. It represents
54% of the national cereal production at the end of the growing season 2011-2012
against 22% for durum wheat and 24% for barley (ONICL 2012). Soft wheat, which
can be cultivated in all agricultural regions, requires healthy and well-drained soil
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Fig. 3.1 Geographic location of Ouled Saleh

and is sensitive to water stress, especially during the period of reserve accumulation
in grains (Alaoui n.d.). According to local agricultural practices, the majority of
farmers sow wheat in mid-November and harvest in May. Achtar is the most impor-
tant soft wheat cultivar in use in the rural commune of Ouled Saleh.

guido.minucci@gmail.com



64 A. Mouchrif et al.

Fig. 3.2 Soil types .
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3.3 Agro-meteorological Modeling

3.3.1 AquaCrop Model

AquaCrop is a crop water productivity model developed by the Food and Agricultural
Organization (FAO) of the United Nations. It simulates soil water balance, water
productivity, yield response to water of herbaceous crops, and is particularly suited
to address conditions where water is a key limiting factor in crop production
(Steduto et al. 2009). The particular feature that distinguishes AquaCrop from other
crop models is its focus on water, the use of ground canopy cover instead of leaf
area index, and the use of water productivity values normalized for atmospheric
evaporative demand and of carbon dioxide concentration. This confers the model an
extended extrapolation capacity to diverse locations and seasons, including future
climate scenarios (Raes et al. 2009).

3.3.2 Input Data

The AquaCrop model uses input variables that require simple methods for their
determination (FAO 2009). It structures the soil-plant-atmosphere system by
including:

e Atmosphere: thermal regime, rainfall, reference evapotranspiration ETo and car-
bon dioxide concentration.
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e Plant: processes of growth, development, and yield.

e Soil: water and nutrients budgets.

* Management practices: major agronomic practices such as planting dates, fertil-
izer application and irrigation if any.

Input climatic data for AquaCrop were obtained from the Nouaceur meteorological
station and reference evapotranspiration values were calculated by the Penman-
Monteith method using ETo calculator (Raes 2009). However, other data (crop, soil,
and management) were obtained from Bouskoura Technician Works Center (CT).

3.4 Results and Discussion

3.4.1 Relationship Between Rainfall and Soft Wheat Yields

In Morocco, it has been demonstrated from long time that a close relationship exists
between cereal yields and rainfall. Figure 3.3 clearly establishes the influence of
inter-annual rainfall distribution on soft wheat yields at Ouled Saleh from 2002 to
2012. In general, yields evolve in the same direction as the rainfall. However, intra-
annual rainfall distribution has been analyzed (Mouchrif et al. 2015) in order to
explain that an inadequate distribution may decrease the yield in spite of a high
rainfall. Therefore, rainfall, in terms of total amount and distribution during the crop-
ping season, strongly influences soft wheat yields at Ouled Saleh commune level.

Relationship between rainfall and soft wheat
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Fig. 3.3 Relationship between rainfall distribution (mm) and soft wheat yields (q/ha) for the
period 2002-2012 in Ouled Saleh
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3.4.2 Relationship Between Rainfall and Rainwater
Productivity

Rainwater productivity (RWP) expressed by crops is defined as the quantity of grain
produced per unit of rainwater of a cultivated land area. It is equal to grain yield
weight per hectare or meter squared (grams/m?) divided by the quantity of rainfall
(in liters or millimeters) received during crop cycle (Balaghi et al. 2013). Figure 3.4
indicates soft wheat yield regression against cumulated rainfall during the cropping
season, the slope of the regression line represents RWP, which is in average 0.65 g/l
for the period 2002-2012 at Ouled Saleh commune level.

The better use of rainwater by soft wheat is related probably to the fact that
Achtar, a cultivar of soft wheat developed by the National Institute for Agronomic
Research (INRA), is largely adopted by farmers at Ouled Saleh commune for its
high productivity and resistance to drought and diseases (Jlibene 2009). High RWP
is more beneficial to the rural commune where the climate is semi-arid and the
water resources are limited since it can combat drought and contribute to food secu-
rity in an era of climate change.

It should be noted that it is possible to produce more with less water and take
advantage of each droplet of rain to increase crop yields by using new cultivars that
have been genetically improved by INRA and which can resist to drought and use
the available water resources with efficiency. Their RWP has been estimated at 2.2
¢/l in agro-ecological zone ‘Bour Défavorable’ (unfavorable rainfed lands), which
represents a saving of water equivalent to 0.77 mm per year and per hectare in com-
parison with previous cultivar Nasma (Jlibene 2009). In addition, increasing RWP
requires more farmers’ input investments, mainly concerning fertilization manage-
ment and plant protection (Balaghi et al. 2013).
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Fig. 3.4 Relationship between soft wheat yield (kg/ha) and cumulated rainfall during the cropping
season (mm) for the period 2002-2012 at Ouled Saleh
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Table 3.1 Comparison between observed and modelled yields simulated by AquaCrop

Cropping season Observed yield (q/ha) Modelled yield (gq/ha)
2007-2008 09 09
2008-2009 36 42
2009-2010 24 47
2010-2011 27 21
2011-2012 09 07

3.4.3 Soft Wheat Yields Forecasting
3.4.3.1 Model Calibration and Validation

AquaCrop model version 4.0 (2012) was applied with daily time steps to estimate
soft wheat grain yields under rainfed conditions between 2007 and 2012. To cali-
brate and validate the model, we tried to match the model yields with the observed
yields by adjusting parameters that are dependent on location, crop cultivar, man-
agement practices, and keeping constant conservative parameters. Cropping season
of 2007-2008 was used for calibration, while observed yields of 2008-2009 to
2011-2012 were used for validation. The results of the model simulations are shown
in Table 3.1.

The forecasts were close to official yields (differences of 2 to 6 g/ha). However,
it should be noted that pests, diseases and weeds are not yet integrated in AquaCrop
(FAO 2009). Thus, the model tends to overestimate grain yield for cropping season
0f2009-2010, which was particular due to the existence of massive weed infestations
observed in most cereal fields and diseases that have affected the crop production
(El Aydam et al. 2010).

3.4.3.2 Model Performance

To assess the ‘goodness-of-fit” of the model, Coefficient of determination (r?), Root
Mean Square Error (RMSE), and Nash-Sutcliffe efficiency (EF) were used as
Criterions. These statistical indicators are computed from the pairs of observed and
predicted values Oi and Pi (i = 1, 2,... n) whose means are respectively O and P .
n is the number of observations.

Coefficient of Determination (1?)

The coefficient of determination 12 is defined as the squared value of the coefficient
of correlation (r) according to Bravais-Pearson. It describes the proportion of the
total variance in the observed data that can be explained by the model. It ranges
from O to 1, where the higher values indicate better agreement between the observed
and predicted data. r? is calculated as follows:
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2(0,-0)(r-P)
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The fact that only the dispersion is quantified is one of the major drawbacks of 2
if it is considered alone. A model which systematically over- or underpredicts all the
time will still result in good 12 values close to 1 even if all predictions were wrong
(Krause et al. 2005). Willmott (1984) and Legates and McCabe (1999) indicate that
r and r? values are inappropriate statistics for quantitative comparisons of model
performance because they are highly sensitive to outliers. However, because the
coefficient of determination is commonly used, we have chosen to include it along
with two measures of RMSE and EF to evaluate model performance.

Root Mean Square Error (RMSE)

RMSE is one of the most widely used statistical indicators in environmental estima-
tion models (Jacovides and Kontoyiannis 1995). It represents a measure of the over-
all, or mean, deviation between observed and simulated values, that is, a synthetic
indicator of the absolute model uncertainty. Small RMSE values indicate good per-
formance. It is calculated as follows (Loague and Green 1991):

RMSE does not provide indication about over and under estimation of a model
(Jacovides and Kontoyiannis 1995).

Nash-Sutcliffe Efficiency (EF)

The efficiency EF proposed by Nash and Sutcliffe (1970) is a normalized statistic
that determines the relative magnitude of the residual variance compared to the
measured data variance (Moriasi et al. 2007) and is defined as:

/[\-4\ .

Oi_Pi)2
EF =1.0—-

INE}

I
=)
|

o

The range of EF (non-dimensional) lies between 1 (perfect fit) and —oco. It approaches
1 when the residual variance is much smaller than the measured data variance, while
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Table 3.2 Statistical indices Statistical index | Calculated value
derived for evaluating the

r 0.95
performance of AquaCrop 5 091
model in predicting grain r :
yield RMSE (g/ha) 5.03

EF 0.8

negative EF values indicate that the mean is a better estimator than the model
(Moriasi et al. 2007).

Results

The values of r>, RMSE and EF for soft wheat yield simulation are presented in
Table 3.2.

Overall, the agreement between simulated and observed wheat grain yield was
satisfactory with r = 0.95, r’=0.91, RMSE=5.03 (g/ha) and EF=0.8. Therefore, the
AquaCrop model has a good simulation for soft wheat grain yield.

3.5 Conclusion and Recommendations

In this study, soft wheat RWP was computed for the period 2002-2012 and
AquaCrop model was used to simulate yields from 2008 to 2012 under rainfed
conditions and semi-arid climate of Ouled Saleh rural commune, Region
Casablanca-Settat.

The results showed that RWP is not higher and still needs improvement in order
to produce more ‘crop per drop’ of rain, and that AquaCrop is capable of simulating
winter soft wheat under rainfed conditions at Ouled Saleh commune level with a
reasonable accuracy. Therefore, we concluded that it is a useful tool for relevant
planning and policy making processes. Finally, we present some suggestions for
further efforts to increase the RWP and improve the crop simulation, which include:

e Taking advantage of technological progress concerning varieties with increased
productivity, resistance to pests, and drought;

e Encouraging farmers to convert to new practices like agro-ecology which is
capable of delivering productivity goals without depleting the environment by
using ecological concepts and principles for the design and management of sus-
tainable agricultural systems;

e More observed climate and crop data covering a longer period and other data
used in modeling, such as soil information and nitrogen applications in order to
enhance AquaCrop predictive capacity under local conditions; and

e Spatializing Aquacrop model to cover larger areas with very heterogeneous cli-
mate, soil, and management practices.
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Chapter 4 )
Food Waste in the Kingdom of Saudi b

Arabia: Implications for Extension Education

Khodran H. Al-Zahrani, Mirza Barjees Baig, and Gary S. Straquadine

4.1 Introduction

Saudi Arabia, with its scarce water resources, harsh climatic features like high tem-
peratures and low rainfall, is one of the driest countries of the Arabian Peninsula,
which suffers from many restrictions to their agricultural growth. Before 1970, agri-
culture was practiced on a small scale. In 1980, the Kingdom began placing greater
emphasis on technically sound agriculture to realize self-sufficiency. Farmer-
friendly policies were framed. Among the best programs were soft and interested
free loans, free lands for potential growers, and modern irrigation systems were
installed. By employing scientific and advanced technologies in agriculture was
practiced the Kingdom was able to achieve the goal of food security. The Kingdom
also did realize its self-sufficiency in many agricultural commodities and became
the sixth largest exporter of wheat. The farming systems caused a serious drain on
the Kingdom’s water resources, drawing mainly from non-renewable aquifers
(Al-Shayaa et al. 2012; Baig and Straquadine 2014). However, many scientific stud-
ies indicated that the agricultural sector had damaged the limited water resources,
and were unable to sustain the present levels of agricultural production at the
expense of luxurious supplies of fossil water (Al-Shayaa et al. 2012; Baig and
Straquadine 2014).

In the year 2008, Saudi Arabia adopted an annual reduction of wheat production
(12.5% annually) since 2009, by off-setting such reductions with reasonable
imports. The government has firmly followed the complete phase-out wheat
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production program by 2016 and has placed a ban on planting crops with high water
requirements. An implementation of the phase-out program (as depicted in Fig. 4.2)
has also reduced the country’s food self-sufficiency, making it essential to explore
other sustainable development avenues that could ensure the continued supplies of
food commodities in domestic markets. Obviously such practice will lead to rely
upon continued and increasing imports in the future.

In the situation, the suitable strategy adopted to meet the food requirements of its
citizens was to import higher volumes food and agricultural commodities from food
surplus countries. Though prices for the food commodities are on the rise in the
international markets yet the Kingdom provides food items to the consumers at the
highly subsidized rates. Since the prices for the food items are not very high, there-
fore, Saudi citizens take food items as granted. Due to low prices of the food com-
modities, the Kingdom is known as the prime food waster in the Gulf Cooperation
Council (GCC) countries. Generally Saudi citizens have welcoming attitudes
towards guests and are hospitable and food lovers. Also, as the culture in the KSA
is based on festivals and celebrations, huge quantities of food are served in routines.
Substantial portion of food commodities that are wasted and end up in the landfills,
threatening the Kingdom’s national food security goal; damaging natural resources;
and creating environmental issues and economic losses.

At the moment, food waste is the major contributor to the landfills, establishing
the need to reduce food waste in the KSA by adopting strategies and processes that
are economically viable, socially acceptable and environmentally friendly. Although
complete prevention seems difficult yet food waste can be reduced significantly by
educating the public, creating awareness, and changing their attitudes towards natu-
ral resources including food and water in the Kingdom. The purpose of this chapter
is to examine the reasons causing food waste in the Kingdom and establishing the
need to reduce and stop food waste to the possible level. The impacts of food waste
in realtion to achieving food security has also been discussed. Based on the discus-
sions and arguments made in the chapter, it is anticipated that it would not be pos-
sible to achieve the goal of food security without reducing food wastes in the
Kingdom. In the light of these facts and the present scenario on food waste, a
national, comprehensive campaign and sound extension education programs would
be required. In this chapter, an effort has been made to highlight the problem of
food waste and outline the suitable strategies to minimize waste.

4.2 Why the Kingdom Cannot Afford to Waste Food:
Possible Reasons

4.2.1 Availability of Low Arable Lands

The diminishing water resources, low arable land, and harsh climatic conditions
prevent the development of large-scale agriculture Agricultural lands cover only
1,733,550 km?, and similarly arable lands cover as low as 1.44—1.5% of the land
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Fig. 4.1 Land use Area under crops, forests and arable lands in 2011. (Source: http://faostat3.fao.
org/browse/area/194/E)

area (World Bank 2011a, b, c; FAO 2015a, b) as depicted in Fig. 4.1. With the low-
est per capita arable land i.e. 0.11 (see the Table 4.1), agriculture is now practiced
on the limited and small scale in the Kingdom.

4.2.2 Location and Limited and Diminishing Water Resources

The kingdom falls under arid, semi-arid and desert climate with limited arable
lands and dwindling water resources. Many experts reported that low rainfalls and
less precipitations were unable to recharge deep surface wells and aquifers causing
substantial variability and in cases serious declines in crops yields (Darfaoui and
Al-Assiri 2010). The scarce fossil water resources remained of paramount concern
for the last many decades and were not in a position to produce agricultural crops
at the present levels. The most recent National Development Plans place greater
emphasis on growing crops with less water requirements. Therefore, Saudi Arabia
made an important strategy shift, aiming to favor sustainable agriculture while
abandoning conventional production systems and banning the fodder crops with
high water-requirements.

4.2.3 Complete Phase Out of Wheat by 2016

Today the agricultural sector in the Kingdom of Saudi Arabia is facing two crucial
challenges: the scarcity of water resources and ensuring food security. The Arabian
Peninsula is one of the world’s driest regions, with rainfall averaging less than
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Table 4.1 Key indicators for social and National Development of the Kingdom of Saudi Arabia

Indicator Year | Unit Value

Total population 2014 | People 30,770,375*

Population growth rate 2014 | Percent 2.55

Urban population growth (annual %) 2014 | Percent 2.5

Saudi population growth rate 2014 2.1

Population density (person/sq. km) 2014 | (Person/sq. km) | 15.3

Rural population 2014 | Percent 17

Rural population (% of total population) 2012 | Percent 17.50

Agricultural population (% of total population)® 2011 | Percent 1.82

Total economically active population 2012 10,382,733

Total economically active population in agriculture® 2010 515,000

Total economically active population in agriculture 2011 | Percent 4.96

(in % of total economically active population)

Female economically active population in agriculture 2010 | Percent 0.27

(% of total economically active population in

agriculture)®

Agricultural land (sq. km) 2011 1,733,550

Agricultural land (% of land area) 2011 | Percent 80.64

Arable land (hectares) 2011 | Hectares 3,110,000

Arable land (% of land area) 2011 | Percent 1.44

Arable land (hectares per person) 2011 | Hectares 0.11

Saudi population 2014 | (People) 20,702,536°

Saudi population growth rate 2014 2.1

GDP growth at constant prices 2015 | Percent 3.35

Per capita GDP at current prices in 2015 | (SAR) 77,711

Economic diversification indicators

Private sector’s contribution to GDP at constant prices 2015 | Percent 39.46

for 2015

Proportion of private sector growth at constant prices for | 2015 | Percent 3.74

2015

Proportion of non-oil exports to imports 2015 | Percent 28.35

Growth of exports of non-oil goods 2015 | Percent —17.99

Growth of imports of goods 2015 | Percent -3.65

Exports contribution to GDP for 2015 at current prices 2015 | Percent 33.33

Exports of goods and services (% of GDP)° 2014 | Percent 47.5

Imports of goods and services (% of GDP)® 2014 | Percent 342

Agriculture, Value added (% of GDP)" 2014 | percent 1.9

The cost-of-living index 2014 130.1

Change in the cost-of-living index (inflation) for 2014 Percent 2.7

Unemployment rate (>15 years) 2014 | Percent 5.7

Saudi’s unemployment rate (>15 years) 2014 | Percent 11.7

Employment as percentage of population 2014 | Percent 35.7

Revised economic participation rate 2014 | Percent 41.1

Infants mortality rate (per thousand live births) 2014 15.5
(continued)
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Table 4.1 (continued)

Indicator Year | Unit Value
Literacy rate, adult total (% of people ages 15 and above) | 2011 | Percent 87.15
Literacy rate, youth female (% of females ages 15-24) 2011 | Percent 97.00
Literacy rate, youth male (% of males ages 15-24) 2011 98.99
Ratio of young literate females to males (% ages 15-24) | 2011 | Percent 97.99
Ratio of female to male secondary enrollment (%) 2012 | Percent 97.55
Gross enrollment rate in primary education 2014 | Percent 108.17
Net enrollment rate in primary education 2014 | Percent 97.39
Primary completion rate, both sexes (%) 2014 | Percent 116.6
Gross enrolment ratio, primary, both sexes (%) 2014 | Percent 109.8
Gross enrolment ratio, secondary, both sexes (%) 2014 | Percent 124.3
Gross enrolment ratio, primary and secondary, gender 2014 1.0
parity index (GPI)

Annual freshwater withdrawals, total (% of internal 2014 | Percent 986.3
resources)

Improved water source (% of population with access) 2014 97.0
Improved sanitation facilities (% of population with 2014 | Percent 100.0
access)

*According to Population Census 2010
Source: http://www.cdsi.gov.sa/english/; World Bank (2015); FAO: http://faostat.fao.org; http://
data.worldbank.org/indicator/SP.RUR.TOTL.ZS/countries/S A ?display=default

130 mm per year, making water the main determinant and the biggest challenge for
the agricultural sector in the Kingdom of Saudi Arabia. Irrigations to grow agricul-
tural crops rely heavily on limited and non-renewable groundwater resources.
Agricultural sector accounts for the largest share of water consumption, amounting
to 86.5% of total water consumed in the Kingdom (KACST 2009). Consequently,
the absence of alternative water resources for growing crops, ground waters are
depleting very fast. Also the water extraction rate is higher than the recharge making
the aquifers dry at an alarming rate. To be the sustainable water user, the Kingdom
made a strong policy shift in 2008 and fully implemented wheat phase out by
2016 in order to conserve its drying fossil water resources. To ensure food security,
the Kingdom fully relies on imports of wheat, rice and other food commodities
(WTO 2016; FAO 2016). The reduction in wheat cultivation is presented in Figs. 4.2,
43,44,45,4.6,and 4.7.

4.2.4 Climate Change

The Kingdom like many other countries is experiencing negative outcomes of
the climate change. For example, recently it has witnessed heavy floods and
continued dry spells at frequent intervals that could be primarily associated with
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Fig. 4.2 Wheat production decreases after 2009 and complete phase-out wheat production pro-
gram was implemented by 2016. (Source: Spackman 2015)

Fig. 4.3 Wheat production decreases after 2004. (Source: http:/faostat3.fao.org/browse/
area/194/E)

guido.minucci@gmail.com


http://faostat3.fao.org/browse/area/194/E
http://faostat3.fao.org/browse/area/194/E

4 Food Waste in the Kingdom of Saudi Arabia: Implications for Extension Education

Fig. 4.4 Production of crops with high water requirements decreases after 2009. (Source: http://
faostat.fao.org/default.aspx)

Fig. 4.5 Production of crops with high water requirements decreases after 2009. (Source: http://
faostat.fao.org/default.aspx)
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Top production - Saudi Arabia - 2011

Production (Int $1000)

Fig. 4.6 Production of crops with high water requirements decreases after 2009. (Source http://
faostat.fao.org/default.aspx)

Fig. 4.7 Production of crops with high water requirements decreases after 2009. (Source: http://
faostat.fao.org/default.aspx)
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climate change. Researchers like Darfaoui and Al-Assiri (2010) warned that cli-
mate change in the Kingdom of Saudi Arabia could have major impacts on its
agriculture and food production systems primarily due to the reduced availabil-
ity of water. They reported that the expected impact of climate change could be
through an increase in temperatures, up to 3 °C higher by 2040, greater rainfall
variability and rising sea levels. These changes in climate could have an intense
and marked influence on agriculture and food production, which are already
under serious stress due to the lowering of groundwater tables and diminishing
aquifers.

4.2.5 An Increase in the Population Means More Mouths
to Feed in the Kingdom

The country’s population was estimated at about 30 million in 2014 as depicted in
Fig. 4.8 (CSDI 2015) and expected to reach 40 million by 2025 (USDA 2014). As
populations are expected to increase to 53.4 million by 2020, it can be predicted that
at least one fifth of the people in Bahrain, Oman, Qatar and Saudi Arabia will
become food insecure (Fig. 4.9). The rising trends in populations as depicted in
Fig. 4.9 will boost demand for more food imports, as Saudi Arabia relies mostly on
foreign imports to satisfy about 80% of its food consumption needs (USDA 2014).
According to Intini et al. (2012), about 60-90% of food products consumed in the
GCC countries at present come through imports. Pradhan (2010) also anticipates a
larger food gap between indigenous low production and higher imports due to grow-
ing populations in the region. Similarly, Sadik (2014) maintains that an increase in

Fig. 4.8 Population increases from 2006 to year 2014. (Source: Central Department of Statistics
and Information 2015)
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Fig. 4.9 One fifth of the people in Saudi Arabia food insecure in 2020. (Source: Intini et al. 2012)

population, especially in those Arab countries with high population growth rates,
not only exerts immense pressures on limited agricultural resources but it also calls
for higher food imports.

4.2.6 The Kingdom Meets its Food Requirements
Through Heavy Imports

USDA (2014) considers Saudi Arabia as the largest importer of food and agricul-
tural products among the GCC countries, with a population more than double that
of the five GCC states (UAE, Kuwait, Qatar, Oman, and Bahrain). Saudi Arabia on
an average has been spending $12 billion/annually on importing food and agricul-
tural commodities and ranked 19th among the world’s largest importers in monetary
terms. To meet almost 80% agri-food requirements, only 6% of its GDP gets con-
sumed through the imports of agricultural commodities. The top ranking imports,
namely barley, sheep, rice, chicken and wheat, account for 40% of total imports as
depicted in Fig. 4.10. Saudi Arabia and UAE are the major importers of agricultural
products due to their highest populations among the GCC countries. Both of these
countries account for about 80% of the total agricultural imports of the region while
the other five nations import only about 20% of the total food and agricultural com-
modities (Boughanmi et al. 2014). However, due to limited agricultural production
within the Gulf Cooperation Countries (GCC) and continued declines in domestic
production many authors like Pradhan (2010), Woertz (2010), and Intini et al. (2012)
anticipate that an increased dependence on food and agricultural imports to meet
their domestic food requirements would be higher in the future.
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Fig. 4.10 Production of crops in the Kingdom decreases and imports of agricultural commodities
decreases after 2009. (Source: http://faostat.fao.org/default.aspx)

4.2.7 Rising Populations, High Reliance on Imports and Price
Hikes in the International Markets

The food commodities have witnessed high hikes in prices in the international mar-
kets as revealed by the Fig. 4.11. Commodity prices have been increasing since
early 2009, following the sharp drop in late 2008 as the financial crisis unfolded. In
the second half of 2010, commodity prices began rapidly rising, particularly for
food and oil as depicted in the Fig. 4.11 (World Bank 2011a, b, c). Heavy depen-
dence of Arabian countries on imported food and rising international prices can
have substantial growing pressure on national and household budgets, depending on
the level of subsidies offered in different Arabian countries.

4.2.8 High Subsidies Are Offered on the Food Items to Make
Them Affordable

In oil rich Middle Eastern countries, such prices hikes and the cost of importing
grain may not have much impact on their citizens because governments often absorb
the part of the food-price increases at the country-level and regulate prices as seen
in the KSA. According to Boughanmi et al. (2014), the Saudi government uses price
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Fig. 4.11 Prices of food and energy are on the increase. (Source: World Bank 2011a, b, ¢)

Fig. 4.12 Saudi Arabia is among less vulnerable to price hikes due to high incomes from oil.
(Source: Adapted from World Bank 2011c)

caps and provides generous subsidies to the food producers and retailers to enable
them to provide food to the consumers at the low prices. Particularly, the govern-
ment regulates the prices of staple foods, such as milk, and provides supports to
food producers and retailers by compensating the private sector for their slim profit
margins. Saudi Arabia falls among the countries, less vulnerable to price hikes due
to high incomes from oil as depicted in Fig. 4.12.
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Fig. 4.13 Percentage of household final consumption expenditures spent on food in the selected
Arab countries. (Source: USDA 2014)

The fiscal pressures vary from country to country as some governments have
been more successful than others in regulating subsidies, and extending assistance
to the poor. However, substantial increases in international prices of a broad range
of foods (World Bank 2011b) and fast-growing domestic food demand could have
an impact on people as typically they spend from one-third to two-thirds of their
incomes on food items. Despite ample and generous subsidies offered by the
Kingdom to keep the consumers comfortable, Saudis still spend about 27% of their
incomes on food (USDA 2014). Yet, some countries in the Middle East and North
Africa (MENA) have been facing fiscal as well as domestic inflationary pressures,
as shown in Fig. 4.13 (Crowley 2010). Most recently the prices of oil in the interna-
tional market have dropped down from $100 to $26, the prices for the Benzene,
electricity and the food commodities in the KSA are steadily going up to cope with
the budget deficit.

4.3 The Definitions of Food Waste and Global Significance

Lipinski et al. (2013:1) define food waste as the “food that is of good quality and
still fit for human consumption but that does not get consumed because it is dis-
carded — either before or after it spoils”. Food waste is the result of negligence or a
conscious decision of not using the food and is thrown it away. The Food and
Agriculture Organization (FAO 2013) defines food waste as the “food losses result-
ing from decisions to discard food that still has value”.
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4.3.1 Food Waste Is a Global Issue Including the Kingdom
of Saudi Arabia

By 2075, the United Nation’s mid-range projection for global growth predicts that
the population will peak at about 9.5 billion people (IME 2013; Lipinski et al.
2013). This means that there could be an extra three billion mouths to feed by the
end of the century, implying to grow more food and reduce its waste. Approximately
4 billion metric tons of food is produced at the global level per year. Yet because of
poor harvesting, careless storage, and inefficient transport, at least 1.3 billion tons
of this produce never reaches the table as revealed in Fig. 4.14 (FAO 2011, 2012,
2016; Arab New 2015). At the same time, more than 870 million people worldwide
do not have sufficient access to the food they need to feed themselves and their
families (Arab News 2015; FAO 2015b) as depicted in Fig. 4.14.

The FAO (2016) reports that the amount of food wasted by the consumers of
industrialized countries is more or less equal to the entire food produced by the
sub-Saharan Africa. Food waste remains the third largest component of generated
waste by weight globally. According to a United Kingdom-based Waste and Resources
Action Program, UK produces over 11 million tons of food wastes annually, causing
an environmental impact more or less equal to one fifth of all emissions produced by
cars in the country. In the European Union, 89 million tons of food is wasted annu-
ally, and it may rise to 126 million tons by 2020 if improvement measures are not
implemented (WRAP 2011; BQ Magazine 2014). In 2010, Americans wasted 33.79
million tons of food, and an average American throws away up to 115 kg of food
every year. These extraordinary figures of food waste illustrate an increase of 16% as
compared to the year 2000 (Myers 2015). Such food wasting behaviors continue to
increase, despite the rising US passion for healthy living and regular exercise.
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Fig. 4.14 Food waste in the world. (Source: Arab News 2015)
Available at: http://direct.arabnews.com/saudi-arabia/news/722026
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Fig. 4.15 Per capita solid waste generation in the Kingdom of Saudi Arabia as compared to the
other Arabian countries. (Source: Khan and Kaneesamkandi 2013)

Food waste remains a global issue and the Middle East is not an exception. Data
on food waste from the Middle East are similar to those reported by the global sta-
tistics. The GCC countries, being rich are among the top food wasters of the world,
particularly food in bulk are wasted during Ramadan (Environment Agency-Abu
Dhabi 2013). Food waste in the UAE in a normal month comprises 39% of a house-
hold’s organic waste (Environment Agency-Abu Dhabi 2013). However, in the holy
month of Ramadan the waste increased to 55% of household waste or 1850 tons is
thrown away every day (BQ Magazine 2014).

In an estimate made by the Bahrain’s Supreme Council for Environment Waste
Disposal during the holy month of Ramadan, food waste in Bahrain reaches above
400 tons per day. Similarly, each household in Bahrain throws away about 25% of
food bought during Ramadan with an approximate cost of $395 per year (BQ Magazine
2014). KSA generates more than 15 million tons of solid waste per year whereas per
capita waste generation ranges from 1.5 to 1.8 kg person/day as depicted in Fig. 4.15.

According to a survey conducted in 2012 by an internet-based market research
firm YouGov found that some 78% of respondents (in Saudi Arabia and the UAE)
throw food away every week to make room for new supply of groceries in their refrig-
erators, and two out of three UAE residents do not view food waste as an issue of
global environmental concern as evident from Fig. 4.16.

The per capita production of solid waste in cities of Riyadh (Saudi Arbia), Doha
(Qatar) and Abu Dhabi (UAE) is over 1.5 kg per day, placing these population cen-
ters among the highest per capita waste producers in the world. Khan and
Kaneesamkandi (2013) found that food waste constitutes a significant portion of the
organic waste generated by the major cities in the KSA (Fig. 4.17) due to an increas-
ing population and urbanization. Solid waste mismanagement is one of the main
reasons causing pollution and resulting environmental challenges and issues
(Nitivattananon et al. 2012).
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Fig. 4.16 The state of food waste in the Middle East. (Source: http://www.bg-magazine.com/
industries/2014/06/gcc-among-top-food-wasters)

Fig. 4.17 Solid waste in the Kingdom of Saudi Arabia has high organic contents. (Source: Khan
and Kaneesamkandi 2013
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4.3.2 An Overview of Food Availability and Its Waste
in the Kingdom of Saudi Arabia

The country ranks among the world’s top food wasters. Food items make the chief
constituents of the waste dumping sites. Food waste includes un-eaten and un-
finished food and food preparation scraps from leftovers coming from residences or
households, commercial establishments like restaurants, schools, institutions, and
cafeterias. People in the KSA prefer to throw away the leftover food as they think
it’s unhealthy to eat or they don’t care to eat the same foods — variety becomes
supreme. The teens, younger generation and children are one of major food waster
groups. They do not hesitate throwing away their half empty and partially eaten
packets of chips, chocolates, burgers, sandwiches, and soft drink bottles. Not only
do such items litter the roadways, but also demonstrate evidence of wasted food.
Due to such huge volumes of food wastes and several other reasons, Saudi Arabia
has to depend on imports food commodities to feed its population. After observing the
roll-back policy regarding mass-scale agriculture of 2008, the KSA had to spend
$20-billion worth of food in 2010 (Chatham House 2013). The promising oil-based
economy, strong fiscal balance and large oil reserves make the Kingdom a food-
secure country. The Kingdom is quite capable of importing large volumes of food
commodities to feed its population and making them available to the people at the
subsidized rates, being the welfare state. The consumption, production and the imports
levels have been presented in the Figs. 4.18, 4.19, 4.20, and 4.21, indicating that
import dependency of Saud Arabia, will remain high, particularly for strategic com-
modities such as cereal grains as it is almost impossible to produce domestically.
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Fig. 4.18 Trends in cereal production, utilization (consumption) in Saudi Arabia. (Source: Intini
etal. 2012)
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Fig. 4.19 Trends in cereal import, and export in Saudi Arabia. (Source: Intini et al. 2012)
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Fig. 4.20 Trends in wheat production, utilization (consumption) in Saudi Arabia. (Source: Intini
etal. 2012)

4.3.3 Food Waste Is Unavoidable as Food Is an Integral Part
of Saudi Arabian Culture

Arabs are generous in hospitality; the provision of food is a gesture to welcome the
guests. Even when a family might have little food to spare, the visitors are often fed
with the surplus. People in the Kingdom usually buy food in bulk and prepare more
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Fig. 4.21 Trends in wheat import, and export in Saudi Arabia. (Source: Intini et al. 2012)

food than they could consume, resulting significant quantities go in waste. According
to the country’s cultural values, Saudis love setting up lavish food tables during Eid
festivals, weddings, parties or informal get-togethers. The culture in the KSA is
based on festivals, designating availability of huge quantities of food and yet a great
portion from that food ends-up in the landfills. They love to organize innumerable
banquets where the wasting of food is an indispensable feature. Food waste in the
Kingdom has emerged as a serious societal behavioral issue. The high levels of food
waste could be due to the people’s attitudes towards food. The availability of the
abundant supplies of food commodities at the extremely subsidized rates makes
them take food for granted.

Saudi Arabia being the biggest consumer of food commodities in the GCC,
accounts for 60% of the total consumption in the region. An ordinary Saudi citi-
zen consumes more food than his needs, causing more than 50% of waste and in the
public events this level of waste goes beyond 70%. Approximately 13 million tons
of discarded food and its products make about 35% of the domestic garbage thrown
in the landfills in the Kingdom. It is also estimated that almost four million meals
are not consumed and they just end up in the landfills in the Eastern Province daily.
Such behaviors cause a serious drain on the budget of ordinary households that can
be spared if they rationalize their food consumption. Economists also estimate that
if the citizens reduce this waste by 30%, food prices would go down at least by 15%.
Therefore, in 2014 the Kingdom designed and implemented a food security strat-
egy to ensure food availabilty.

Rice is one of the key commodities, consumed in the KSA and is associated with
food security. Indeed, the Kingdom imports about 1.3 million tons of rice annually
at an estimated cost of SR 4 billion, of which nearly 440 tons are wasted every year.
Saudis throw away between 35% and 40% of cooked rice a year, the waste is worth
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nearly SR1.6 billion (Saudi Gazette 2014). This wasteful practice could be attributed
to the lack of understanding of the Saudi citizens on the importance of conserving
food and its sustainable consumption.

4.3.4 Impacts of Food Waste in the Kingdom of Saudi Arabia

In addition to the impact of food waste on financial resources, it has got social,
environmental and religious implications too. Food waste results in the waste of
resources, including water, land, energy, labor, and capital etc. Environmentally,
food waste remains the wasteful use of chemicals such as fertilizers and pesticides.
Fuel used for transportation of food goes to waste; and rotting food on the landfills
releases more methane — one of the most harmful greenhouse gases contributing to
climate change. Methane is known to be 23 times more potent and toxic than CO,
in our atmosphere and more deleterious to the environment than the widely feared
CO, as a greenhouse gas. Despite its potency, methane is typically receives low
attention because of its much smaller percentage of total emissions. But this particu-
lar gas has a significantly higher potential to cause warming than carbon dioxide.
Ruthless dumping of huge volume of food as waste into the landfills significantly
contributes to global warming (Psomopoulos et al. 2009; Al Ansari 2012). Food
waste not only causes problems in its disposal but also imposes extra costs on the
consumer. If some restrictions were placed on the purchase of perishables items
such as fruits and vegetables (including tomatoes) for the daily needs, the price of
such items would go down by 50%, in response to the law of supply and demand.
Such behaviors of luxurious and wasteful consumption of food cannot be justified
as they adversely affect the economy, household budgets and personal savings.

4.3.5 Measures Taken to Reduce Food Waste in the Kingdom

The discussions made in the previous sections indicate that several factors are
responsible for the food losses and waste. Experts categorize these factors as: lack
of awareness; lack of shopping planning; reluctance in consuming left-overs; waste
at the household levels, restaurants, parties and occasions. Saudis believe that fresh
food is hygienic, standardized and safe to be consumed. The members of society
throws leftover food in the garbage, thus not wasting food remains a tough chal-
lenge in a culture where food is readily discarded. Food waste is not just an ethical
issue (since many people view it immoral to throw food away) but affects the envi-
ronment as well. Excessive food rottening and its decomposition in the landfills
release harmful greenhouse gasses; this food is an untapped energy source yet no
significant efforts are made to realize its potential. Keeping all these facts in view,
several measures to combat food waste and bring the concepts of sustainable con-
sumption of food in the society have been taken which include:
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4.3.5.1 Creation of Awareness

Society must learn the significance and importance of food and water — including
the reduction of waste. There is a great need to reduce the food waste in the KSA by
employing different strategies. One of the most viable options is to increase the
awareness among all the segments of society on the food and water situation in the
Kingdom through a national, comprehensive campaign with the goal to save food
and use it wisely since a significant proportion of food is imported. In the Kingdom,
a well-organized campaign is needed to stop the wasting of food, not only in the
residential areas and households but also in restaurants, hotels, schools, institutions,
and universities etc.

4.3.5.2 Setting-Up a Committee to Study Ways and Means to Reduce
Food Waste

In considering food waste a serious issue, the Kingdom allocates luxurious budgets
for the municipal services sector to look after the water drainage and waste disposal.
Realizing the gravity of food waste issue, the Ministry of Food and Agriculture in
Riyadh, has set-up a committee to study ways and means to reduce food waste and
address the issue in a sustainable manner. The committee has been entrusted with
the mission to devise mechanisms for reducing food wastage in the society.

4.3.5.3 Setting Up of the Food Charitable Society

An organization namely ‘The It’aam Food Charitable Society’ has been established
to collect surplus quantities of food. Extension programs have also been accessed
and aligned with It’aam Food Charitable Society. It’aam has also signed a number
of memorandums of understanding with several organizations, such as the Saudi
Press Agency and Saudi Aramco. In addition to donating food to the needy, It’aam
is planning to publish a magazine namely ‘Meerah’, to convey its message ‘Not to
waste food” to the readers and the general public. Since young children make the
principal segment of the society, therefore the society is also striving to produce and
release animated short movies for them to bring a behavioral change and to give a
new vision to the teachers and children. The organization It’aam, through its
Extension Education Programs, is creating awareness on the importance of food
and taking essential measures to reduce its wastage. Its organizers believe that such
awareness campaigns may have a positive impact on both society and national econ-
omy. In addition, the organization, through its food bank, collects food and re-
distributes it among the needy families in special packages. The organization has
set-up another branch in Riyadh providing 12,000 meals to the needy every day.
Shortly branches of such food banks will be functioning in Qatif and its suburbs. In
Saudi Arabia wastage of food can be minimized by redistributing the surplus
among the needy families.
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Fig. 4.22 A Saudi man placed a fridge in front of his house in Hail and invited others to
donate food (Image Credit: Mezmez). (Source: htpp//gulfnews.com/news/gulf/saudi-arabia/
man-installs-charity-fridge-outside-hishouse-1.1328931)

Realizing the importance of food and to show their concerns regarding the
waste of food in huge volumes, some individuals have also taken initiatives on
their own. For example, in order to reduce food waste and make the food available
to the needy, a rich person in the northern city of Hail has put a big refrigerator in
front of his house (Fig. 4.22) and invited other people of the neighborhood to
donate food to help the needy. The open-air donation and ready availability of food
to the needy saves them from embarrassments while meeting their needs for food
(Toumi 2014).

4.4 Implications for the Extension Education and Capacity
Building Programs

A large volume of food waste could be attributed to a culture that fails to emphasize
the importance of conserving food and the resulting effect on the environment.
However, the solution begins first of all with the family and then society as there
should be awareness about wasting food, especially food products and commodities
that are imported in huge volumes, such as rice. The deteriorating situation has cre-
ated severe and serious implications for the National Extension Service of the
Kingdom. Therefore, the Kingdom badly needs the very sound and appropriate
extension education programs to bring changes in the behavior and attitudes of
Saudis, usually over-buying groceries and cooking more and extra food. Though it
seems difficult to control waste yet by involving and educating each and every
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Fig. 4.23 Women and youth are the largest demographic group in the Kingdom of Saudi Arabia.
(Source: http://www.indexmundi.com/saudi_arabia/age_structure.html)

member of the society, the issue food waste can be reduced. In addition, there are
some simple practices to reduce waste which include:

National Extension Service needs to design educational programs for the youth and
women

It is possible for families to reduce food waste by avoiding over-buying and —
cooking more than what’s needed to feed the members within a particular family.
However, the government alone cannot take any measures, unless these measures are
accepted by the public. Civil society in the Kingdom generally happens to be tradi-
tional, collective, and conservative. Youth are the largest demographic segment of the
society. About 51% of the population is below the age of 25, and two-thirds below the
age of 29. Women make up about 49% of the total population as indicated in Fig. 4.23.

To address the issue and the challenge of food waste faced by the nation, it is of
paramount imporatnace that Extension Department must focus on the youth and
women. National Extension Service must organize workshops and conferences for
the youth and women groups, planners, policy makers, opinion makers such as
civil society organizations to address the issue and catort he needs of youth and
women. It is really important to target youth (as the major group) by organizing
programs on how to save food and stop food waste; Special TV shows on cooking
and recipes catering the interests of women and house-wives as they are main
agents for food waste.
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Extension Department needs to focus on all possible options that could address
the issue. It should:

* Adopt all possible measures and find ways to minimize waste of food and loss of
agricultural products; establish food collection organization near the farmers’
fields and farms that could collect, reuse or recycle surplus in crops and products
as one of means of mitigating the problem; Establish charity organizations to
collect leftover food to distribute among the poor and the needy consumers;

e Plan to buy food in reasonable quantities that families could realistically con-
sume and avoid buying groceries in bulk; develop the habit of re-using left-overs
by consuming them as next meal; promote better recipes for using left-over foods
at the household level,

* Introduce an appropriate food waste management strategy for the municipalities
so that food waste could be reduced; rethink and build a model that could result
in a better and smarter system in Saudi cities to stop food waste and reduce pres-
sures on landfills;

e Frame laws and draft legislation and develop regulations that prohibit wasting of
all types of foods including fruits and vegetables; educate the community to turn
the food that turns un-consumed food into the compost to avoid sending it to the
landfill;

* Initiate rigorous campaigns to disseminate information on subject of food
waste, targeting all the segments of the society on the extent and causes of the
food losses. To realize success, it would be important to employ all possible
means of communications and using media including the print media (i.e. bro-
chures, newspapers, and magazines), and electronic media (i.e. TV, Radio, mes-
sages through cell phones); and social networking websites including the use of
whats up groups, Apps, blogs, Facebook, Twitter and YouTube etc.

In Saudi Arabia, Islamic teachings exert a substantial influence on society.
Islam demands the rich to feel the pain of poor and hungry and expects the Muslims
to develop a feeling of solidarity towards hungry not having a single meal each
day; Islam strictly forbids the waste including water and food. It would be of great
help if the following verse of Holy Quran (Fig. 4.24) be brought mainstreamed in
public consciousness:

4.5 Conclusions and Recommendations

The KSA is not in a position to feed its citizens through the domestic agricultural
production; therefore it will have to depend on food imports. Therefore dependency
on importing food and agricultural commodities is expected to rise further due to
the rapidly growing population, improved living conditions, sustained economic/
industrial development, and depleting natural resources (mainly water and land
resources). Moreover, climate change is also expected to have a major effect on
water resources in the country. An overview of the resources making food avaial-
able in the Kingdom are presented in Table 4.1.

guido.minucci@gmail.com



4 Food Waste in the Kingdom of Saudi Arabia: Implications for Extension Education 97

o~ Quran 7:31

"... and eat and drink but waste not
by extravagance; surely He (Allah)
does not love the extravagant”

#FearTheFire |
e

Fig. 4.24 Allah says: “O children of Adam! Beautify yourselves for every act of worship, and eat
and drink (freely), but do not waste: verily, he does not love the wasteful!” (7:31). (Source: http://
prophetic-path.com/purification-of-the-stomach-using-prophetic-path/)

Despite the Kingdom meets the 80-90% food requirements of its citizens yet suc-
cessfully manages to make them available in abundance at the highly subsidized rates.
Therefore, people in the Kingdom, take food as granted resulting huge volumes of
food go in waste and end-up in the landfills. Consequently, the Kingdom has shown its
serious concerns on the enormous levels of food waste. The consumers can address
food waste by reducing its production by keeping their food consumption reasonable.

Households can help by adopting few simple measures such as restricting their
shopping to their needs. They need to make an appropriate plan for shopping food
and groceries and must seek proper knowledge about the storage of food items to
reduce their waste.

Food waste is a complex issue. There would not be a single solution to combat
waste and to ensure food security in the Kingdom requiring an integrated approach.
There is a critical need to educate the local population on how precious food is and
how much it hurts and harms the economy, contributes to inflation, damages
the environment and causing many other problems invisible to an ordinary citizen.

However, Extension education has greater and more implications to address the
issue in the Kingdom. Some important measures include: awareness creation among
the communities, households, businesses, food industries, educational programs
and behavioral change. To stop this phenomenon in the Kingdom, a viable option
would be to educate the society to change their attitudes towards food waste. It is
really important to foster a behavioral change among youth and women. Extension
Education and capacity building programs can help creating awareness and bring
behavioral change by holding workshops, conferences, seminars and launching
anti-food waste campaigns for all the stake-holders keeping in view the type and
nature of the targeted population.
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To boost awareness among youth extension messages be released on cell phones;
Twitters, face book etc. Since Youth groups are regular users and have permanent
access to Internet and media, therefore Extension needs to further focus on youth
and women through these means. Billboards on roads and signs in the parks could
be effective extension tools to boost awareness, educate the society and bring
behavioral change in the overall society. Morning shows on TV could be an effec-
tive medium to educate the women groups on the importance food, negatives of
food waste causing economic losses and environmental damages. Above all, food
waste is against the religious teachings of Islam. Women are also to be taught how
to convert leftovers into the delicious dishes.

The eating places serving buffets in the cafeterias, restaurants can help reducing
food waste by displaying courteous posters on using the right and the appropriate
sizes of food in their plates for their consumption. Food waste is one of the prime
factors influencing financial, environmental and social issues. However, there is a
pressing need to develop more scientific studies to reveal accurate estimates about
the volume of food wasted in the Kingdom. Food wastage in the Kingdom is alarm-
ing, making it necessary to adopt an approach to build resilience and improve sus-
tainability. This will require inter-disciplinary and multidisciplinary collaboration
by involving all the stakeholders.
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5.1 Introduction

Situated at the northeast corner of the continent of Africa and covering total land
area of about one million square km, Egypt sustains about 94 million of population
(Worldometers 2017). It occupies the most prominent and prestigious position in
the Arab World due to its sound and productive agriculture. It is the main source of
food and significant raw materials for industrial development. With only 3% arable
land, agriculture is the most critical component of the Egyptian economy, providing
livelihoods for 55% of the population (IFAD 2012), directly employing about 30%
of the labor force and provides employment opportunties to 45% of all women in
the workforce (USAID 2017). It also contributes 17-19% towards export earnings
(CAPMAS 2016). Agriculture-related industries such as input supplies, processing
and marketing of agri products account for a further 20% of GDP (IFAD 2012).
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Despite its significant contribution, for the last two decades, its contributions to
GDP have declined and has not been able to maintain its production momentum.
Levels due to the issues and constraints like water shortages, poverty, climate
change, malnutrition food insecurity, change in rural fabric and ineffective exten-
sion service. Population and poverty in the country are increasing and more people
have experienced food insecure. In an estimate about 17% of the population (13.7
million) faces food insecurity (IFPRI-WFP 2013). According to WB statistics in
2015, the the share of agriculture towards GDP was 3.92% at the global level,
whereas in Egypt it was esimated around 11.2%. In addition, about 70 million
Egyptians (out of a total population of 92 million) avail the benefits of food subsidy
system by using smart cards. The citizens who used be well-off in the past are now
struggling to suvive in the collapsing economy of the country. Food Banks are feed-
ing the Middle-class families, thay have now fallen into the poverty (FAO 2017).
Today agriculture in Egypt faces many new and complex challenges. Newly emerg-
ing changes make agriculture quite competitive, comparative and demanding. In
addition, agricultural development in Egypt is gradually becoming more driven by
commercialization, urbanization, and markets rather than by production of agricul-
tural commodities. This is increasingly dominating the national agenda.

Food requirements in the country are increasing due to a growth in population,
putting more pressures on present production systems. Good agricultural lands are
being swallowed by the construction of new houses, settlements and water resources
are under severe stress. Vella (2012) maintains that shrinking cultivated area and
limited water resources has increased the risk of food insecurity in Egypt. The area
under crops is decreasing everyday due to extreme land deterioration, loss of vege-
tation and soil moisture. Desertification is prevalent on both sides of the Nile River,
a leading agricultural zone, as the Eastern and Western Deserts intrude inwards.
Additionally, ongoing rise in temperatures and increasing evaporation rates are pre-
senting different challenges for food production (Vella 2012).

In this situation, it seems imperative to critically analyse the changing scienario,
identify the constraints, and outline the strategies to addrees the issues faced by the
agricultural sector. Agricultural extension has great potential to create awareness on
innovations, help address the issues faced by the farmers in order to realize sustain-
ability and ensure food security. The chapter provides information on the sustain-
able use of natural and agricultural resources of the country. It also discusses that
improvement measures adopted to increase land and water productivity would in
turn enhance crop yields and help achieving achieving food security, elevating liv-
ing standards and reducing the poverty among the rural inhabitants.

5.2 An Overview of Agriculture Sector in Egypt

Agricultural growth is not only important to enhance national incomes and food
security, it is also vital to create employment opportunities and combat poverty
in Egypt. The country has also been able to export its high value horticulture
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and livestock products, herbs and medicinal plants due to its favorable agro-
climatic conditions, counter-seasonal production capabilities, and physical
proximity to important markets. There is scope and potential for agricultural
growth and food security can be enhanced through the sub-sectors of agricul-
ture. In addition, the non-farm sector can absorb landless labor and youth, cre-
ate opportunities for women and help reducing poverty and maintaining gender
equity (IFAD 2012).

For the last many decades, agriculture has been able to support and strengthen
the economy. Although industrialization received greater attention in the recent
years, the country continues to depend largely on agricultural production. The
agricultural sector absorbs about 31% of labor and it contributes almost 15%
towards the GDP (EI-Din 2007; Shalaby et al. 2011). The country is making con-
certed efforts to increase its agricultural production by adding more areas through
reclamation of new lands. This practice would not only increase cultivated areas
but would also attract an influx of population, meet the food requirements of grow-
ing population, and create jobs for young graduates, especially when the per capita
cultivated area has decreased. In addition, the country plans to enhance vertical
expansion by raising the average production per acre to narrow a constantly
increasing food gap. Since farmers are either not buying or are unable to buy fertil-
izers, most of the production is organic and is directed to export markets. The
country’s main crops include cotton, wheat, rice, sugarcane, beet, fodders, clover,
vegetables, peanut, sesame, sunflower, lentils, beans and onion, and fruits such as
citrus and dates (Ministry of Agriculture 2011). The country produces many agri-
cultural crops, appreciable quantities of vegetables and fruits such as tomatoes,
melons, citrus, guava, and date palm (Ministry of Agriculture 2011; Shalaby et al.
2011) both for the consumption of its citizens and for export as well. Alfalfa,
onions, beans, wheat, barley, sugarcane are the most important winter crops,
whereas rice, sugar beet, cotton and maize are the most important summer crops.
Though the country produces a variety of agricultural crops, vegetables and fruits
yet its 40% food requirements are met through the imports of agricultural com-
modities. Cereal yields, area harvested and total productions were on the increase
until 2006. After 2012, they seem stagnant as depicted in Fig. 5.1. Cereal produc-
tion in Egypt and their imports from 2011 to 2016 are shown in Fig. 5.2. It clearly
shows that Egypt still heavily depends on imports to meet the cereal requirements
of the citizens.

While yields in the “old lands” are among the highest in the world for several
staple crops, such as wheat, rice and sugar beet, yield improvements have slowed
down markedly in recent years. However, yields for non-traditional high-value
crops are still much below than their potential due to several reasons like traditional
non-scientific farming practices, small and fragmented land-holdings etc. Experts
explain the slow growth to slow adoption and reduced risk taking. An account of
important agricultural crops is presented in the following sub-sections:
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Fig. 5.1 Cereal production, area harvested and total production from 1961 to 2015 (Source:
FAOSTAT Jan 03, 2017)
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Fig. 5.2 Cereal production in Egypt and their imports from 2011 to 2017. (Source: http://www.
fao.org/giews/countrybrief/country.jsp?code=EGY &lang=en)

5.2.1 Wheat

Egypt is the largest wheat importer in the world (Al-Ahram Weekly 2016). Among
the strategic agricultural crops, wheat ranks number one for its highest consumption
(Global Arab Network 2009; Shalaby et al. 2011) in the country. Many farmers
chose to plant wheat due to the price hike. The cultivated area increased by 7.5%,
spreading over about 2.9 million feddans. However, area under wheat cultivation
within the country also decreases whenever the prices for wheat drop in interna-
tional market. Al-Ahram Weekly (2016) witnessed low productions because it is not
grown on large-scale farms. Egypt produces about 4.5 million tons of wheat a year
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whereas its annual consumption is higher than 12 million tons. In the scenario, the
shortfall is met through imports. Though the government buys wheat from the farm-
ers even at the prices much higher than the international market (Shalaby et al.
2011) yet, farmers consider these prices are not high enough to cover their produc-
tion costs. Being discouraged, they start growing other crops that could generate
more profits, forcing the country to rely on imports (Global Arab Network 2009;
Shalaby et al. 2011).

5.2.2 Rice

Ranked number 2, rice is another major staple food in Egypt and the most profitable
export crop of summer season. The country in 2008 reported the total production
6.9 million tons. The cultivation of rice is increasing and it could be due to a hike on
international markets. Its cultivation increases pressure on water resources since
rice cultivation is exceptionally water intensive (Global Arab Network 2009;
Shalaby et al. 2011). For enhancing the incomes of farmers, Abdelhakam (2005)
suggested to practice aquaculture in rice fields as it has proved a successful practice
in Nasr Lake and other areas of the country. At occasions, due to water management
policy, the government has put ban on rice cultivation but policy proved ineffective.
Therefore, the government placed an export ban in order to reduce its price in the
domestic market. Rice export enables farmers to realize high prices for their crop
and higher profits as compared to other traditional summer crops (Global Arab
Network 2009; Shalaby et al. 2011).

5.2.3 Cotton Enjoys an Excellent Reputation

In the past Egyptian cotton enjoyed a very good reputation and the prestigious posi-
tion worldwide due to its high quality. Although the cotton industry is well devel-
oped and quite productive, it still faces many constraints. Areas under cotton crop
are decreasing and consequently the production has been declined. Farmers are
increasingly losing interest in cotton production because of high input costs and it
is also affected due to the international linkages with the textile industry. Realizing
the gravity of the problem, the government has launched the farmer friendly policy
to enhance cotton cultivation and to support the textile industry, and has started buy-
ing yarn produced from the Egyptian cotton at the higher prices (Global Arab
Network 2009; Shalaby et al. 2011).

guido.minucci@gmail.com



108 M. B. Baig et al.
5.2.4 Sugar Crops

With its production of 16.8 million tons, Sugarcane is another strategic crop. Egypt
produces 1.5 million tons of sugar, and the crop takes up 47.7% of the total farmed
area nationwide at 325,700 feddans. Per capita consumption of sugar in Egypt is
quite high and an increase in population is further enhancing its demand. Though
sugar beet production has been contributing to sugar industry yet recently area
under its cultivation is declining resulting lower sugar production. The government
supports the sugarcane farmers by buying their crop and in order to reduce depen-
dency on imports and imposing duties on imports. Realizing the importance of the
crop, the country has decided to invest in the sector in the years to come (Global
Arab Network 2009; Shalaby et al. 2011).

An overview of agricultural sector presented here clearly indicates that most of
the strategic crops are under stress and the agricultural sector needs to bring certain
changes and make adjustments in the production systems. The government needs to
formulate and implement farmers’ friendly policies; and the concepts, principles
and practices of sustainable agriculture to the farmers at their farms through a suit-
able strategy (Ministry of Agriculture 2008; Shalaby et al. 2011).

5.3 Challenges and Constraints for a Sustainable Agriculture

Egypt faces a wide range of constraints towards practicing sustainable agriculture;
however the shortage of natural resources such as land, water and fertile soil are of
prime importance (Seada et al. 2016).

5.3.1 Heavy Migration of Rural Population

About 57% of the population lives in rural areas and their livelihood depends
upon the agricultural sector (FAOSTAT 2017), as revealed in Fig. 5.3. Though it
is important to maintain a fair balance between rural and urban population, the
division of rural and urban population from 1990 to 2015 is increasing, as shown
in Fig. 5.4.

Due to continued migration from rural areas, the country faces a severe short-
age of trained, skilled and qualified labor in the rural areas making the food
producers/farmers the net consumers. However, an increased migration from
rural areas to urban areas could consequently result many social issues like
urban violence (Shalaby et al. 2010). According to El-Laithy (2007) some 29%
of the labor force is engaged in agriculture and 43% of the labor force work in
the rural areas. About 58% rural population is engaged in agricultural activities.
To make rural areas more attractive and to halt migration from the rural areas,
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Fig. 5.4 Rural and Urban population 1990-2015. (Source: http://www.fao.org/faostat/
en/#country/59). (Source: FAOSTAT (Jan 03, 2017))

there is a need to focus on producing more valuable crops that could generate a
livable wage in the suburbs and reduce and prevent urbanization (Shalaby et al.
2010).

5.3.2 Land Degradation

Out of total land area of 995,560 Km? (384,388 mi?), only 3% of the total land area,
roughly about 3.61 million ha (8.6 million feddans) is brought under cultivation.
Lands covering an area of about an area of 2.73 million ha (6.5 million feddan) in
the Nile Valley and Delta (old lands) and 0.88 million ha (2.1 million feddans) on
the fringes of these regions in new lands reclaimed from the desert are brought
under agricultural crops (FAO 2011; ICARDA 2011). Rainfed agriculture is
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Fig. 5.6 Land use — area under agriculture and other uses. (Source: FAOSTAT 2017. Available at:
http://www.fao.org/faostat/en/#country/59). (Source: FAOSTAT (Jan 03, 2017))

practiced on an area of 2.8 mha (6.7 million feddan). Area under agriculture and
arable lands are shown in the Figs. 5.5 and 5.6. There is also an extreme shortage of
fertile lands and increasing fragmentation of landholdings limit the productive
areas. Also, high quality arable land is being lost each year due to desertification,
soil deterioration, and increased salinity (Goldfond 2015). An area of about
10,000 ha (22,000 feddan) is being lost due to urbanization annually (MWRI 2005)
and the cultivated lands continuously face declining fertility levels (Seada et al.
2016). About 35% agricultural lands are affected by the salinity (ICARDA 2011).
Based on these facts, Worldometers (2017) reports that Egypt has the poorest land-
per-person ratios in the world with the population density of 96 per Km? (248 peo-
ple per mi?).
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5.3.3 Small Farms and Fragmented Landholdings

The agriculture sector in Egypt is dominated by small farms and fragmented land-
holdings. Farms are predominantly small, some 58% of all farms are less than one
feddan and about 81% farms with an area less than 3 feddan cover total of or 38%
of the country’s entire cultivated area. Only 23% farmers own farms with an area
between 1 and 3 feddan. Farmers with small landholdings are unable to maintain an
average family of five members. Obviously, farmers with less than one feddan, agri-
cultural land could only generate small incomes, preventing small farms to have
access to credit and to good marketing mechanisms further exacerbating this situa-
tion (IFAD 2012). Also, it is not possible to practice mechanized farming or farm
operations on mass-scale on small and fragmented farms. Small farmers are more
worried about feeding their families, therefore they are least interested on interna-
tionally recognized standards. They may employ old traditional practices, overuse
or misuse agricultural chemicals, adopt outdated technologies; and use tools with
low efficiency for land preparation, irrigation, and harvesting. Such practices results
increased production costs, reduced yields, low soil fertility and limited marketing
opportunities. Being susbsistence farmers, they may have little interest in having the
facilities like cold storage infrastructure, transportation systems and market
information.

5.3.4 Water Resources Under Stress

Egypt — the home of the River Nile is an arid country with no significant rainfall
except in a narrow strip along the north coast. The Nile River is the main and almost
exclusive source of surface water for Egypt, providing 77% of agriculture’s annual
water supply (MALR 2009). Scarcity of water is a key constraint on agricultural
growth in the country. At present, the average consumption of water for agriculture
is about 58 billion m*year (ICARDA 2011). Irrigated agriculture of the country
primarily depends on Nile River water — although groundwater resources may have
minor contributions (ICARDA 2011). Irrigation in the new lands also depends on
groundwater and wells (Shalaby et al. 2011). Despite the presence of the Nile River,
the country faces an acute shortage of irrigation water. The country is unable to
meet its water demands due to the increasing population and the related industrial
and agricultural activities (IFAD 2007). Agriculture uses the highest volume of
water (86.4%) followed by the domestic consumers (7.8%) as reported by FAO
2011 (Fig. 5.7). Only rice crop consumes more than 10 billion cubic meters of water
annually, or more than one-sixth of Egypt’s share of Nile water (El-Sayed 2017).
On the other hand, water efficiency is low due to high water losses. Water con-
veyance efficiency is estimated at 70%, and the mean efficiency of field irrigation
systems is estimated at only 50% as reported by the Ministry of Agriculture and
Land Reclamation (MALR 2009). Water distribution and management systems
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Fig. 5.7 Water use
(percentage) by various
sectors. (Source:
AquaSTAT, FAO of the
UN, Accessed on
September 29, 2011. http://
www.fao.org/nr/water/
aquastat/main/index.stm)
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have been partially and ineffectively decentralized. The situation is not likely to
improve as climate change and population growth combine to raise the risks of
inadequate water supplies and conflict over the available supplies — and further pres-
sure is expected from the exploration of Nile River resources by other members of
the Nile Basin Commission.

5.3.5 Climate Change and Its Adverse Effects on Agriculture

Most of agriculture in Egypt is being practiced in the Nile Delta. Due to its low
elevation, Nile delta region is very sensitive and vulnerable to climate change and
related Sea Level Rise (SLR). Egypt is listed among the top five countries to be
affected with a 1 m sea level rise due to global warming. Egypt ranks fifth in the
world that may have an impact of the climate on its urban areas. The production
of livestock and the productive potential of many agricultural zones could be
reduced due to climate change. A rise in sea levels would have a negative effect on
coastal areas, tourism in the Nile Delta region. The natural resources such as
coastal zone, water resources, water quality, agricultural land, livestock and fish-
eries could be vulnerable. In addition to have its impact on GDP, the country could
also face environmental crises such as shore erosion, salt-water intrusion, and soil
salinity (Batisha 2012). The marginal agricultural areas would be negatively
affected and resultantly with increased desertification. High temperatures would
increase evaporation and water consumption resulting further stress on the limited
water resources of the country. Presently the country faces an annual shortfall of

guido.minucci@gmail.com


http://www.fao.org/nr/water/aquastat/main/index.stm
http://www.fao.org/nr/water/aquastat/main/index.stm
http://www.fao.org/nr/water/aquastat/main/index.stm

5 Sustainable Agriculture and Food Security in Egypt: Implications for Innovations... 113

7 billion cubic meters of water; however the situation could be worse if the rising
levels of the Mediterranean Sea cause flood the northern lakes. This in turn would
choke off fresh water sources and destroy its fish hatcheries (Batisha 2012;
Shaltout et al. 2015).

Scientists believe that the expected rise in temperature would lead to up to 20%
decreases in productivity for wheat, barley and maize by 2050 (MALR 2009).
Unusual high temperatures and the resultant heat cause dehydration and many
deaths, adversely affecting the yields of agricultural crops as well. Scientists
believe that a Sea Level Rise (SLR) of 0.5 m in Alexandria might affect 43 port
cities in the region, displace more than two million citizens, and cause the financial
losses of at least USD 35 billion. It is expected that sea levels in the Nile Delta
could rise between 50 and 200 cm by the year 2100. Egypt is also one of the highly
vulnerable countries that could experience a significant impact as the Sea Level
Rise (SLR) due to climate change. The scientists warn that a 1 m SLR might impact
six million people, making Egypt roughly to lose 12—15% of agricultural land in
the Nile Delta region. Parts of Alexandria, Behaira, Port Said, Damietta and the
Suez governorate are highly vulnerable areas. If the country experiences SLR of
0.5 m and no improvement measures are employed or a business-as-usual scenario
prevails, the agriculture sector would be severely and negatively affected (Batisha
2012; Shaltout et al. 2015).

Several initiatives were undertaken in this context, including the Climate Change
Risk Management in the country. However, in the situation, Batisha (2012) suggests
to formulate policies that could help minimizing the risks through actionable mea-
sures. The author considers adaptation to climate change as an emerging prime
issue from the perspectives of water resources development, food production, and
rural population stabilization. He believes that the country needs to adapt a vulner-
ability index to identify the most vulnerable regions. He also proposes an adaptation
strategy that is based on multi-criterion analysis in order to make the implementable
decisions (Table 5.1).

5.4 Strategies to Realize Sustainable Agriculture and Ensure
Food Security

Keeping abreast of modern and advanced techniques that support the economic effi-
ciency of agricultural production would result in sustainable agriculture. Following
sections discuss measures that if adopted and made the part of farming business,
tangible results can be achieved.
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Table 5.1 Threats and challenges faced by agricultural sector in Egypt

Agriculture

Due to fragmentation of lands and small landholdings; and adoption of the old traditional
cultivation methods yields of many agricultural are low;

High value crops have not received due attention; farmers are unable to maintain a fair balance
between the cultivation of high value crops and strategic crops (cotton-wheat-rice-maize);

Farmers don’t use new and more efficient irrigation technologies to improve the water-use-
efficiency and crop yields;

The government needs to make adjustments in agricultural and rural development policies;

Exporters do not buy about 80% of the crops, produced in the country for not meeting the
standards set by the export markets, forcing the farmers to sale them in the local markets;

Natural resources environmental problems

Deterioration of natural resources like lands, water and environment result lower production;

The natural resource constraints include a fragile land base, declining soil fertility, limited water
resources, and frequent climatic shocks;

The natural resources base is deteriorating due to burgeoning population pressure, inappropriate
agricultural practices, overstocking, deforestation and consequent upon the soil erosion,
destruction of habitats for wild fauna;

Biodiversity is vanishing since environment is under severe stress;

Deterioration of land resources due to natural and anthropogenic activities;

Environmental and natural resources degradation; contamination of irrigation water with
pollutants and they in turn effect the land qualities adversely;

Land issues

Since an over-whelming majority are the subsistence farmers and about 80% of farmers’ own
less than or equal to 5 feddan, therefore are not interested in innovative agriculture;

Civil construction and sprawling is swallowing good fertile agricultural lands;

Inadequate access to productive resources, particularly agricultural land;

Land degradation, particularly in the rain-fed and irrigated areas;

Land issues like salinization on irrigated areas; water logging and wind and water erosion
hamper crop yields;

Bringing new lands under cultivation through reclamation is difficult and expansive;
Land fragmentation limits the mechanized farming;
The water shortage and drought

Agriculture is the greatest consumer of water in the country, significant loss of water during the
irrigation of crops;

In Egypt, there are some areas that receive enough water to practice modern agriculture and
some areas suffer from drought and water shortage;

Farmers need to shift to crops that require less water such as wheat and cotton;

Lack of farming systems that could cope with drought and water shortage;

Lack of enough farming technologies to adjust the cropping systems/patterns of various zones
according to the availability and supply of water;

Poverty

Some 10.7 million poor live in Egypt. Poverty is predominantly a rural phenomenon as 70%
poor live in rural areas;

The poverty rate in rural area is higher than that in urban areas;

(continued)
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Table 5.1 (continued)

Poverty varies significantly among rural and urban areas and from region to region. Rural poor
people typically include: tenant farmers, small scale farmers, landless laborers, unemployed
youth and women;

Need to address issues, evolve farming practices and technologies that could increase
agricultural production to combat poverty;

Labor force

Productive labor-force is vital for agriculture and it is not available because the sector can no
longer gainfully employ more youth;

Due to increased migration from rural areas, the food producers/farmers themselves have
become net consumers.

Lack of trained, skilled and qualified labor;

Increased migration from rural areas to urban satellites, consequently social disruption and
increased urban violence are being witnessed;

Employment opportunities

On-farm (agribusiness) and non-farm entrepreneurship/self-employment opportunities are
limited and becoming more scarce day-by-day due to lack of intensification and diversification
of agriculture sector;

Agricultural activities have declined in the rural areas and are unable to absorb skilled workers,
forcing them to move to the urban areas;

Due to non-availability of safety-nets, social dislocations and distortions are widespread;
Women farmers, children and youth

Women in poor families and in rural areas, account for 70% of the total poor in Egypt. They are
forced to live inferior lives, facing double discrimination due to poverty and being women;

Gender inequality prevails in the social and economic systems even today being the male
dominated society;

Women - the active labor force in the rural areas experience poor nutrition, poor health, high
birth-rates and are viewed as unacknowledged labor due to their illiteracy;

Women have limited economic options and less access to social services;

Due to rural poverty, the children leave their homes to seek employment and in cases become
the victim to child labor;

Insufficient facilities for the youth to engage themselves in the healthy hobbies.

Inadequate support services

Lack of support system for the resource-poor farmers to get farm inputs like seeds, fertilizers,
credit etc.

Farmers are using old primitive cultivation practices and low-level farming technologies;

Small and subsistence landowners have Inadequate access to basic farm services such extension
services and technology transfer;

Poor organization and empowerment of extension services at the national level;

Poor policy framework and Institutional constraints

Unequal land distribution and insecurity of land tenure, low public sector investment in physical
and social infrastructure in rural areas;

Farmers do not consider agriculture and rural development policies as friendly;

Poor marketing and buying policies and low market prices for some strategic crops;

Lack of organizational and institutional coordination;

(continued)
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Table 5.1 (continued)

Institutions and organizations may have conflicts on maintaining gender balance and eradicating
poverty etc.;

Few grass-roots and civil society organizations are engaged for the betterment of rural people;

Lack of information on the standards set for exporting agricultural products and commodities
and needs of exportable markets;

Need to make adjustments in agricultural, environmental and economic policies; and

Low private sector participation in the developmental plans, policies and projects;
Source: Modified after Shalaby and Baig (2010a); Shalaby et al. (2012)

5.4.1 Improvement Strategies

In order to enhance the shelf-life of the perishable commdities, it is important to
pack them appropriately at the pack-houses and ship them in the refrigrated trucks
to markets, airports, and warehouses. Such arrangements and steps can bring the
higher prices for commodities, crops, produce and products to the farmers and
traders.

The countries intending to import require disease free premium quality agricul-
tural commodities from Egypt. Therefore Egypt needs to adopt the screening and
grading process to select the commodities with the appropriate sizes and shapes. In
addition, efforts should be made to develop new varieties, resistant to diseases and
viral attacks. For example, tomatoes should resistant to yellow leaf curl virus, potato
varieties should be resistant to brown rot, and fine green bean varieties capable of
resulting higher yields. Innovative methods for screening, grading and developing
new varieties that address market demand would help increasing exports of horticul-
tural produce (IFAD 2007).

In order to grow more and improve production, it is important for Egypt to
enhance its water-use-efficiency. Drip irrigation systems are known to reduce
water consumption by up to 50% and, at the same time, increase yields by 30-50%.
Therefore these systems must be tested, modified and adopted to cater to the needs
of small farmers owning 1/2-1 feddan for horticultural and other crops. In
addition to their technical evaluation, they also require financial and economic
analysis for their adoption by the smallholders. If they prove technically better
and economically viable, then small farmers would upgrade their irrigation
systems (IFAD 2007).

5.4.2 Transporting Products to Market

Transporting food commodities and products to the targeted markets remains a
challenging task due to the lack of cold storage infrastructure in Upper Egypt.
Farmers need to haul their products to the different cities and in temperatures often
reaching above 4 °C. To improve the quality of shipments, farmers require
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small-scale pack houses closer to their farms so that their products are not perished
during the travel. Refrigerated trucks should be made available to the qualified veg-
etable producer organizations to facilitate the transportation of products from farm
to pack houses, and from pack houses to the markets, airports, and warehouses. In
this way, farmers can maintain the freshness of their produce to receive higher
prices for their crops, commoditities and products.

Potential measures and practices that can help realizing sustainable agriculture
include:

Using of compost can help reclaiming lands and thus more areas can be brought under
cultivation;

Rationalize irrigation water to reclaim and its application on the reclaimed lands;
Organic agricultural products receive higher prices and can help promoting exports;

Low use of chemical fertilizers and pesticides would result cleaner production and environment;

Establishing quality standards for agricultural products would help protecting the environment
from pollution;

By employing modern information and communication techniques, Extensionists can reach the
bigger segment of the society to make the agricultural sector sound and productive;

Develop marketing facilities, services and agricultural markets to accommodate the small
farmers;

Appropriate pre- and post-harvest technologies help improving the quality of agricultural
products and commodities;

Establish a special unit for managing agricultural risks by employing modern techniques to
monitor, analyze and forecast natural, technical and marketing risks;

Link the farmers, particularly small farmers, with the markets, including the development of
marketing systems and channels;

Activate and strengthen the role of the government in exercising supervision on quality
standards of both inputs and outputs, banning monopoly and adulteration, and consumer
protection;

Strengthen the institutional and organizational mechanisms that support the linkages between
local and external marketing;

Take all possible measures to reduce losses throughout the value chain;

Conduct more research horticultural crops due to their greater export potential.

Develop resistant varieties to pests; tolerant to environmental stress and more water use
efficient;

Conduct more research in genetics and biotechnology to improve crop varieties with desirable
traits;

Launch research field trials though the involvement of Egypt’s national research institutions,
including the Agricultural Research Center (ARC) and the National Water Research Center
(NWRC); and

Make markets and marketing facilities strong as a weak agriculture supply system prevails in
the country failing the market demand for high value crops, such as tomatoes and green beans.

Source: Handoussa (2010), MEAS (2011) and Lewis (2012)
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5.5 Extension Service in Egypt

Egypt public agricultural extension system as a government service was initiated in
1953. As a ministry-based system, it undertakes its activities at both the ministry
(national) and the governorates-districts-villages. At the ministry level, the Central
Administration for Agricultural Extension Services (CAAES), one of the seven sec-
tors of the Ministry of Agriculture and Land Reclamation (MALR) is the key agri-
cultural extension organization at the national level, providing technical supervision
to extension staff. Shalaby et al. 2010 believe that at present, agricultural extension
service is primarily involved in transferring the knowledge, where farmers were
viewed as the recipients not participants.

The public sector extension tends to serve the vast majority of small farmers
while the private sector, (suppliers of inputs and other services) prefers to take care
of the big land owners and corporate farmers. However, if the private and public
sector undertake extension activities in partnership, the greater number of farmers
could realize more benefits (USAID 2011).

The public extension system has not been sucsessful due to poor wages, lack of
continuing education to remain technologically updated, overlapping of functions
and competition between research and extension units and among ministerial insti-
tutions. The formal extension system has continued to degrade and extension per-
sonnel feel marginalized for not having access to the resources. Such limitataions do
not enable them contribute much (MEAS 2011).

Universities are an important source of extension advice and guidance. They play
an important role in evolving technologies and handing them down to the extension
staff for the use of the end users through extension trainings of the extensionists. The
colleges of agriculture are engaged in training students to be extension educators
(either in the private or public sector). Universities have an essential role in continu-
ing education of extension personnel. With their critical position in linking research
to the farmers’ needs through the field-based research programs (MEAS 2011).

5.5.1 Benefits of Private Extension

According to MEAS (2011) among all the service providers, the private sector per-
forms better due to the avaialability of the resources, trained professionals and the
capacity to implement extention programs in furnishing information to the farmers
on agriculture from production to processing and handling. The role of government
extension system in Egypt has significantly diminished and mostly it is becoming
ineffective, especially for the small farmers who have now moved in agro-export
products. However, outreach units of private sector companies have partially filled
this gap. Exporters, seed companies, and suppliers have hired extension staff to
work with farmers on the introduction of new varieties, cultivation practices, and
inputs to address the particular issues. Extension agents hired by the private compa-
nies (buyers/traders, wholesalers, exporters or processors) are often extremely
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skilled, well qualified and competent. Based on their expertise, they successfully
predict future yields, identify diseases, pests and adverse conditions; and provide
accurate product-specific advice. Since these extension agents are often very active
possessing all the qualities needed to be an effective extension agents, therefore they
prove very useful for the the buyers/traders, wholesalers, exporters or processors.
They accurately estimate the future yields, and identify the pests and diseases while
providing an appropriate product-specific advice. With the only limitation, they
have selfish sales goals, they do not provide impartial advice to the farmers about
the costs and benefits of a particular innovation. Nevertheless, they clearly have a
role in the emerging agricultural system, but cannot provide the solutions to all
problems faced by Egyptian farming communities.

5.5.2 Problems Associated with Agricultural Extension
in Egypt

The National Agricultural Extension Service (NAES) through its working system
had been playing a very significant role in enhancing agricultural production in the
country. At present, the replacement of old practices with the new modern scientific
farming technologies poses the prime challenge for extension. Despite, its good
performance on occasions, it is constrained by several issues and problems, limiting
its efficiency and effectiveness. The prime issues include problems in Extension
Services and organizations, difficulties in bringing behavioral change of the farmers
to adopt modern farming technologies capable of enhancing crop yields. The exten-
sion workers lack proper education, technical skills and appropriate qualifications
to undertake extension activities effectively and efficiently. In order to enhance the
efficiency of the extension staff, it is extremly important to equip the extension
workers with modern scietific and and technical knowledge and elevate their com-
munication skills to enable them to help farmers elevating their farming capacities
to enhance crop yields without harming the natural resources.

National Agricultural Extension Service (NAES) faces shortage of skilled staff,
particularly not enough qualified extenionists are available to make impact in the
remote areas (Abdelhakam 2005). Extension workers with no transport facilities,
low incomes and uncomfortable working conditions are asked to work in the harsh
environment. Such poor working conditions cerntainly lower the motivational level
of many extension workers. Therefore, they desderve better facilities, suitable
rewards, achievable targets and increased budgets especially in the remote rural
areas. Shalaby et al. (2010) note that farmers are not provided with sufficient sup-
port services regarding the availability of farm inputs like seeds, fertilizers, credit
and basic farm services such as the extension services and technology transfer.
Farmers are provided with low-level technologies making not much difference to
farming. NAES due to its poor organization in the country remains ineffective to
make a significant impact on the crop production, farming and the community
(Table 5.2).
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Table 5.2 Major challenges and prime issues faced by extension service in Egypt

Extension organization experiences a wide communication gap between the top and lower
extension staff;

NAES faces difficulties in bringing behavioral change among the farmers to adopt modern
farming technologies;

Often extension workers lack essential modern technical knowledge and communication skills
to do the extension wok effectively;

Extension workers are hired on low salaries; they are not provided with basic facilities needed to
carry out extension work like transport, office equipment;

They lack motivation due to poor working conditions;

They do not feel pride in their work and most often, the change agents deliver extension
messages without inculcating missionary spirit.

Extension personnel feel marginalized in the absence of the resources or system, preventing
them to contribute and do their job with satisfaction.

Extension agents and staff have computers but no access to Information and Communication
Technologies (ICT) and internet connectivity;

Linkages among the farmers, educators, researchers, extension agents, agribusinesses and
farmers associations are weak and in cases absent;

Universities produce extension personnel bearing low the ability to meet the technical needs of
their potential clients due to poor curriculum and weak courses, hampered by resource
constraints, among other issues. These constraints impede both class-room and field based
learning.

At the universities, professors primarily focus on class-room teaching and pay low attention on
field research realted to extension — that in-turn limits the potential for organizing field based
course work.

5.6 Strategies to Improve the Working of National
Agricultural Extension Service (NAES)

5.6.1 Adopt Participatory Approach

Participatory approach has proved quite effective in evolving new innovative farm-
ing technologies through the participation of the famers and making them popular-
ize among the farming community. NAES can train the local professionals to
enable them assisting to the extension workers regarding the development of inno-
vative agriculture through the participatory approaches (Shalaby et al. 2010, 2011).
Participatory approach endorsed and advocated by many international organiza-
tions like the World Bank, Asian Development Bank, has been well received in
both the developed and the underdeveloped countries due to its promising benefits
and Egypt is not an exception. In addition, communication skills of extension
workers to communicate technical information to the farmers are to be enhaced
(Shalaby et al. 2010, 2011). Preferably, by mixing typical instructing techniques
with the newly acquired participatory methods, extension workers can help the
farmers effectively. A group of able professionals can provide assistance to train

guido.minucci@gmail.com



5 Sustainable Agriculture and Food Security in Egypt: Implications for Innovations... 121

the extension workers on the implementation of participatory approach. The criti-
cal review of the projects on infrastructure launched with the help of the commu-
nity by adopting participatory approach have ensured sustainability and created the
sense of ownerships as noted by the project designers and managers (Soliman
2007). Extension department needs assistance in how to organize training courses
for the extension workers on the implementation of participatory approaches.

5.6.2 Capacity Building Programs

Capacity building programs must be launched frequently and on the regular basis
to improve their technical and communication for the extension agents, commu-
nity leaders and progressive farmers. Extension workers are to be educated regu-
larly on the innovations in agriculture. Capacity building programs are also
needed for the private sector, all the groups intended to work with farmers like
laborers, pack house managers and buyers. In the past, such initiatives have been
able to increase both the quality and quantity of vegetable production in Upper
Egypt. Universities must link the students with the commercial farms and facto-
ries for internships. In order to improve the quality of education, it is also impor-
tant to establish stronger linkages among the agriculture technical schools,
universities, and research institutions and the National Agricultural Extension
Service (NAES).

5.6.3 Capacity Building Through Farmers Fields Schools
(FFS)

Among the extension educational initiatives, Farmer Field Schools (FFS) have suc-
ceesfully equipped smallholders to learn farming techniques on the farms by pro-
viding them with the oppertunties to actively participate in the entire crop
production season. The phrase ‘from seed to seed’ seems to have relevance here, as
learning through FFS enables them to have direct interaction and communication
with the agricultural extension service providers. It is, therefore, appropriate to
promote the idea of field schools and their adoption, especially for the essential
crops (ENID 2014). Present productivity levels in Egypt are below than the pro-
ductive capacity of the varieties under cultivation, however, there are great possi-
bilities to enhance them by 25-50%, by improving agricultural practices and farm
management. This could be only achieved through improving the extension ser-
vices and introducing FFS.
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5.6.4 Role of ICT and the Innovative Extension Education
Programs

The delivery of information to the small farmers through telecommunications tech-
nology seems very promising and worth considering. In modern Egypt, almost all
the farmers use cell phones. Some farmers and their family members have more
than one cell phone. Some associations were providing marketing information to
the members but more could be done to exploit this reality. On the other hand, the
use and availability of computers was highly variable and so is the case on the use
of the internet to access information. Extension workers do have the computers, but
no internet connectivity in their field offices. Therefore, they should be facilitated by
proving wired internet connectivity in their offices (because wired will be both the
fastest and the cheapest connectivity) and also they must have access to wireless
cellular data service in the rural areas where they work to improve their working.
New ICT tools have the potential to overcome the ineffective nature of the formal
extension system and give assistance to associations that have the interest to take
advantage of this new technology (MEAS 2011). It seems imperative to improve
and upgrade the extension workers’ technical and communication skills to enhance
their efficiencies and make them familiarize with the applications of ICT, Geographic
Information Systems (GIS), Computers and Remote sensing etc. Though Internet
facility is avaialable to the National Agricultural Extension Service yet its potential
benefits have not been fully realized.

5.6.5 Use of Electronic Media

At the moment, Agricultural TV broadcasts two programs: “Secret of the Land” and
“Our Green Land”. Both the programs of 30 min duration are aired twice a week
and are designedto enhance the technical skills of the farmers and provide informa-
tion on the new innovations. However, such programs sould be aired on daily basis
and more in number. The Department of Agricultural Extension organizes the field
meetings with specialists and farmers to provide information on various aspects of
new innovations. Through effective extension programs by employing an appropri-
ate mix of electronic media, fears and doubts of the famers regarding the new inno-
vations can be addressed (Shalaby et al. 2010, 2011).

5.6.6 Launching of Agricultural Websites to Address Issues

The country has also launched the websites VERCON and RADCON. “The Virtual
Extension and Research Communication Network (VERCON)” is successfully dis-
seminating information on various aspects of agriculture to benefit the rural
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communities. The prime objective of this network is to help farmers solveing their
problems, establishing professional links with the extension and research organiza-
tions. Another website serving the rural community, Rural and Agricultural
Development Communication Network (RADCON) focuses mainly on the overall
farming process and rural development. It helps addressing all the issues associated
with agriculture and problems faced by the society. The network facilitates the com-
munication process among extension, research, private and public sectors and insti-
tutions involved in rural and agricultural development for the uplift of farmers and
agri-businesses at rural and village level (Rafea 2010). Extension Service has started
employing ICT tools by providing modern scientific and technical agricultural
information and disemminating recommendations on all the valuable major crops
on CDs (Shalaby et al. 2010).

5.6.7 Mobile Vans: An Effective Source of Delivering
Extension Messages in Remote Areas

Shalaby et al. (2010) reported that the agricultural etension country is successfully
disseminating the innovations to the farmers and rural people by using the mobile
vans. The extension service using mobile vehicles equipped with TV, video and
microphones to create awareness and educate farmers on farming in the villages.
Videos on various crops, farming practices, crop diseases and insect-pest issues,
information on innovations are prepared in the plain and simple language and pro-
vide ample information. They also disemminate and make avaialable the various
recommendations made for each crop.

5.6.8 Print Media: For Educated Farmers

National Agricultural Extension Service (NAES) in Egypt uses many and multiple
channels for disseminating agricultural information and play an important role in
educating the fatmers and tranferring technologies (Baig and Aldosari 2013; Sani
et al. 2014; Kassem et al. 2017). In order to exchange large volume of information
to realize agricultural improvement and development, mass media channels have
proved very valuable tools (Ariyo et al. 2013; Uzezi 2015). In Egypt, Specialized
Research Centers and National Agricultural Extension Service (NAES) disseminate
technical information on innovations to the litrate farmers in the form of publica-
tions and pamphlets for creating awareness as reported by EL-Gamal 2015. Although
many agricultural extension pamphlets have been developed and disseminated in
the Egypt,the evaluation of their effectiveness has not been conducted in a system-
atic manner so far. Therefore, Kassem et al. (2017) conducted a study to evaluate the
readability and usefulness of agricultural extension pamphlets focusing on
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small-scale litrate farmers. In addition, National Agricultural Extension Service
(NAES) in Egypt also publishes a bi-monthly Agricultural Extension Magazine,
providing information on agricultural practices and associated innovations. Another
magazine named “The New Land” is also published specially to help farmers on
new reclaimed lands with the information on various aspects of farming like: the
cultivation of new crops, the recommended farming technologies, irrigation systems
(sprinkler and drip irrigation) and other farm operations (Shalaby et al. 2010, 2011).

5.6.9 Reorganization and Reinvigoration of Government
Extension Service

The national Agricultural Extension Service can help in realizing higher yields and
sustainable farming communities. However, of all the extension services and infor-
mation providers, farmers rated the government extension system as the least use-
ful. Today, extension activities are offered in one-direction, the transfer of knowledge
practice. In this model, farmers are considered recipients not participants. However,
in order to be more useful, the Agricultural Extension Services will have to move
from supply-led information to information customized to cater the actual needs of
the rural communities. For example, to realize sustainable cotton production, the
extension workers and farmers need join hands in a way that meets the needs of the
famers and the objectives of the extension service. The country needs to reorganize
the public extension and outreach programs to be more responsive to farmers’
needs. However, to ensure the sustainability of information delivery, public, private
and volunteer associations must work together to meet the challeneges faced the
agricultural sector (MEAS 2011).

5.6.10 Development of Extension Staff and Their Professional
Growth

Delivery of efective delivery of extension advice depends upon the technical and
communication skills of the extension workers. Therefore it seems imperative to
launch the capacity building program to improve their technical knowledge and
enhancing their communication skills.

5.6.11 Extension Staff Needs to Have Job Description

Extension staff usually perform multiple tasks other than extension activities. With
the clear job description for every extension professional, it would be easy to hold
responsible him for his actions. Sometimes they are involved in the non-professional
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activities that are not desired by their organization. Such activities carry them away
from their professional assignments of addressing the real issues of farmers, result-
ing in the loss of time, money, resources and effectiveness. Clear description of the
tasks required from an extension worker would help him improving his working
efficiency (Shalaby et al. 2010, 2011).

5.6.12 Extension Services for Women and Youth

Though women actively participate in all the farming activities starting from sowing
to the harvesting yet they face poor nutrition, poor health, high birth-rates and are
recognized as the unacknowledged labour. Despite their signficant contribution,
NES does not accord due importance to the capacity building programs for women
Extension Agents, even though women’s empowerment is extremely essential to
ensure the sustainability of the improvement measures (Shalaby et al. 2010, 2011)

5.7 Conclusions and Recommendations

Agriculture contributes to the economy and development of Egypt significantly.
However, the existing set of issues, challenges, limitations like: smallholdings, land
fragmentation, labor intensive cultivation, old farming methods, severe shortage of
irrigation water and practice of traditional wasteful water irrigation methods, popu-
lation growth, continued migration of farmers from the rural areas disrupting the
rural fabric etc. place the current small scale in severe stress.

Egypt sustains 10.7 million poor while 70% of them residing in rural areas. The
country needs to design and adopt the policies for the development of agriculture
must also focus on poverty reduction in rural areas. Whereas the scientists need to
address issues and evolve innovative farming practices and technologies to increase
agricultural production to combat poverty. To implement sustainable development,
a workable strategy must have the following steps to consider:

e Make farming areas more attractive, capable of producing more valuable crops
that could generate jobs to reduce and prevent urbanization.

e Enable small farmers to cultivate high-value crops to realize higher economic
returns.

e Water — an essential put to practice agriculture is becoming a scarce input in the
country, therefore, its quality and quantity needs wise management and
consumption. In order to realize the sustainable management of water resources,
it is important to control water pollution.

e Strengthen rural organizations to address the poverty issues and to enhance
rural income generations — both within and outside agriculture sectors. Non-
farm income generation sources need to be explored and made the part of rural
culture.
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* Government needs to provide and promote agro-processing facilities in the rural
areas. Small-scale projects can enhance the economic value of agricultural prod-
ucts. Obviously value-added products fetch higher prices.

* High value crops deserve more attention as they can bring more economic returns
to the farmers.

* Technical and financial assistance improve the quality and production levels of
the crops, create more export opportunities while at the same time can protect the
environment.

* Due to extensive migration of young farmers to the cities and the gulf countries,
the farmers have become the consumers of their own agricultural commodities;
they are losing their status of producers and suppliers of basic food items.
Therefore, there is a need to convert villages as producers and to enable them to
meet the food requirements of the cities by launching small-scale projects to
make their farming economically viable and productive to attract them back to
their villages and farming business.

» For realizing sustainable agriculture, it is imperative to formulate and launch
vibrant agricultural, economic, environmental and rural development policies.
Above all, there is a need to better coordination, cooperation and accommodate
policies framed towards sustainable development.

* Egypt needs to adjust the cropping systems/patterns in various zones depending
upon the availability of water. Crops with low water requirements such as wheat
and cotton should receive preference.

* Rice farmers to adopt aquaculture in their rice fields in order to strengthen food
security programs particularly in Nasr Lake and other areas of the country.

* Capacity building programs are needed for both the male and female extension
agents to improve their technical knowledge and enhance their communication
skills.

» Extension services should also launch programs for the women farmers as they
participate from sowing to harvesting.

e Through the introduction of extension education, the technical skills and organi-
zational capacity of both the poor rural men and women needs to be elevated,
upgraded and strengthened to take advantage of rural on- and off-farm economic
opportunities.

e Greater focused efforts are needed to initiate small enterprises to create more
employment opportunities in rural areas. This could be achieved mainly through
the provision of vocational training and availability of better financial services.

» Stronger public-private (farmers’ organizations, farmer marketing associations,
water users’ organizations and community development associations)
partnerships are needed to benefit the rural households and bring sustainability in
the delivery of information.
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5.8 In Closing

A robust agriculture that could help developing sustainable agriculture based on
scientific concepts and principles would ensure continued supplies of food com-
modities and the improved economic livelihoods for rural dwellers. Focused efforts
are needed to increase the availability of water, rehabilitate primitive and traditional
agricultural facilities, adopt improved farming techniques, and develop new market
opportunities for world-class Egyptian products (i.e. honey, cotton, fruits and veg-
etables) that will increase small-scale farmer income, create employment opportu-
nities and improve food security. Along with the increase in sustainable agriculture,
the country requires a vibrant extension system and an efficient national service.
Better facilities these goals, setting suitable rewards, achievable targets and
increased budgets would help improve the working and strengthen the organization
of agricultural extension. Together, the agriculture sector and extension service have
a significant and positive role in achieving sustainable agriculture. Hence, we con-
clude that innovative crop production combined with the corrective measures would
make agriculture sustainable leading to ensure food security in the country.
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Chapter 6

Dynamics of Food Security in India:
Declining Per Capita Availability Despite
Increasing Production

Pooja Pal, Himangana Gupta, Raj Kumar Gupta, and Tilak Raj

6.1 Introduction

Concern for food security can be traced back, in addition to the world food crisis of
1972-1974, to the Universal Declaration of Human Rights in 1948 (United
Nations 1949), which recognized the right to food as a core element of an adequate
level of living. Food security as a concept emerged at the World Food Conference of
the Food and Agriculture Organisation (FAO) in 1974 (United Nations 1975). It is
centered on two sub-concepts: food availability which refers to the supply of food
available at local, national or international levels; and food entitlement which refers
to the capability of individuals and households to obtain food. It suggests that peo-
ple do not usually starve because of an insufficient supply of food but because they
have insufficient resources, including money, to acquire it (Sen 1981).

The World Bank, FAO, and the US Agency for International Development
(USAID) define food security as “access by all people at all times to sufficient food
to meet dietary needs for a productive and healthy life” (USAID 1992). According
to the World Food Summit (1996) “Food security exists when all people, at all
times, have physical and economic access to sufficient safe and nutritious food that
meets their dietary needs and food preferences for an active and healthy life”.
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Soaring food prices can dramatically impact poor households, exacerbating food
insecurity and creating social tensions. According to the latest World Bank data,
safety nets are insufficient or non-existent in many developing countries. At least
60% of people in developing countries — and nearly 80% in the world’s poorest
countries — lack effective safety net coverage. Stamoulis and Zezza (2003) list safety
nets as: (i) targeted direct feeding programs including school meals, feeding of
expectant and nursing mothers as well as children under five through primary health
centers, soup kitchens and special canteens; (ii) food-for-work programs for provid-
ing support to households while developing useful infrastructure such as small-
scale irrigation, rural roads, buildings for rural health centers and schools; and (iii)
income-transfer programs, including food stamps, subsidized rations and other tar-
geted measures for poor households.

India has emerged as the country facing some of the greatest challenges pertain-
ing to food security based on a range of relevant indicators, including food avail-
ability, prevalence of undernourishment, and poor anthropometric indicators of
child malnutrition (Sharma and Gulati 2012). Therefore, expanding and strengthen-
ing the system of delivery of subsidized food should be a matter of high priority for
state policy. However, consumer food subsidies and the Public Distribution System
(PDS) came under attack in the policy pronouncements of the government of India
in the post-1991 regime of structural adjustment (Swaminathan 1996).

In this chapter, we study the state of declining per capita foodgrain availability
and access in India despite record agricultural production and rising food subsidy.
We review the present government policies and resolutions for food management
and the reasons as to why the present policies have not been able to address the food
availability problem in the country. The data were taken from the government
records in the Economic Survey of India and the Annual Reports of the Food
Corporation of India (FCI). We find that in the last decade, the availability was less
than the average for eight out of 10 years. This happened in the years of record
agricultural production. When people had less to eat, the food subsidy bill was ris-
ing consistently and the government foodgrain stocks swelled to unmanageable
level. In 2011 and 2012, the stocks with the FCI were double the buffer norm meant
to smooth out the fluctuations in agricultural production. Interestingly, the correla-
tion coefficient of per capita net availability with subsidy was low at 0.19 but the
correlation of subsidy with agricultural production was high at 0.91.

6.2 Progress in Global Food Security

The four dimensions of food security — availability, access, utilization, and stabil-
ity — are better understood when presented through a suite of indicators which
makes it a complex condition (FAO et al. 2013). During the World Summit on Food
Security in 2009, it was agreed “to undertake all necessary actions required at
national, regional, and global levels and by all states and governments to halt imme-
diately the increase in — and to significantly reduce — the number of people suffering
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from hunger, malnutrition and food insecurity” (FAO 2009). A shortage of quality
food and poor feeding practices have contributed to making underweight prevalence
among children the highest in the world in Southern Asia. It will be difficult to meet
the hunger-reduction target in many regions of the developing world due to eco-
nomic crises and rising food prices. The disconnect between poverty reduction and
the persistence of hunger has brought renewed attention to the mechanisms govern-
ing access to food in the developing world (United Nations 2011). The proportion
of undernourished people—those individuals not being able to obtain enough food
regularly to conduct an active and healthy life—decreased from 23.3% in 1990-
1992 to 12.9% in 2015. About 795 million people are estimated to be suffering from
chronic hunger who are not getting enough food to conduct an active life. This fig-
ure is 216 million less than in 1990-1992, a reduction of 21.4%, despite the world
population having increased by 1.9 billion (FAO et al. 2015).

The Millennium Development Goal 1 (MDG) was to ‘halve, between 1990 and
2015, the proportion of people whose income is less than $1.25 a day, achieve full
and productive employment and decent work for all, including women and young
people and halve the proportion of people who suffer from hunger. The hunger tar-
get condition has been almost met at the global level. As many as 72 of the 129
countries monitored for progress have halved the hunger rate (FAO et al. 2015). The
global poverty rate of $1.25 a day fell in 2010 to less than half the 1990 rate (United
Nations 2014). Several organizations have worked together to achieve lower pov-
erty rates globally. The World Food Programme (WFP), which was born in 1961,
supports national, local and regional food security and nutrition plans. One of the
goals of the WFP is to assist governments and communities to establish or rebuild
livelihoods, connect to markets and manage food systems. WFP also seeks to reduce
undernutrition levels and mortality due to undernutrition where urgent action is
required to save lives and avoid irreparable harm to health, including through provi-
sion and distribution of specialized nutritious foods (WFP 2013).

6.3 Materials and Methods

The historical data for net foodgrain availability and PDS offtake were obtained
from the 2016 Economic Survey of India. The data on carrying cost, food subsidies
were taken from the Annual reports of the FCI. The Economic Survey of India gives
the per capita net foodgrain availability in grams per day. For the data to make more
sense, it was converted to kg per year by multiplying the figures with 365 and divid-
ing it by 1000. The subsidy figures were found to be at the current prices. Therefore,
these figures were brought to the constant 2004—2005 prices using the index num-
bers of Wholesale Price Index (WPI) from the Economic Survey of India.

WPI of 2004 —2005

Adjusted Value = Current Price *
WPI of Current Year
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For simplicity, and also because different sources treated the years differently, all
data for a financial year were shown under the ending year. This means that the data
from the 2002 to 2003 financial year has been treated as the data for the year 2003.
Maximum, minimum, average and standard deviation were calculated on data
obtained in this way. Correlation coefficients were calculated for the pairs of net
availability vs. carrying cost, net availability vs. total food subsidy, and food sub-
sidy vs. PDS offtake.

6.4 Food Availability, Climate Change, and Biodiversity

Food security is inherently interlinked with other current global challenges related
to economy and climate change. The uncertainty surrounding food production and
distribution systems due to the adverse effects of climate change would result in
added pressure on food security, nutrition, and livelihoods of entire communities
(Kattumuri 2011). Climate impacts on the poor’s food security are particularly
harsh because the majority of them depend on agriculture as a source of food and
income (Braun 2008). Climate change has the potential to affect all food security
dimensions, food production and distribution channels, human health, livelihood
assets, as well as change purchasing power and market flows. Extreme climatic
events can damage or destroy transport and distribution infrastructure and adversely
affect other non-agricultural parts of the food system (FAO 2008).

Agricultural yields are likely to decrease with even a slight climate change where
crops are near their maximum temperature tolerance and where dry-land and non-
irrigated agriculture predominates. Even without the effects of climate change on
crop yields, but with the present levels of population growth and economic growth,
world cereal production is estimated at 3286 million tons (mt) in 2060 compared
with 1795 mt in 1990 (Parry et al. 2005).

Climate change carries with it increasing uncertainty in the form of seasonality
of food scarcity and hunger with millions in South Asia facing recurring food inse-
curity each year. There is more uncertainty in the seasonal events such as rains,
draughts and floods, and their duration and intensity. In the rural areas, the fine edge
between survival and destitution hinges on the advent of the monsoons. Failure of a
monsoon can lead to starvation at the household level, and deplete buffer stocks at
the country level. Despite increasing urbanisation, millions of people remain depen-
dent on agriculture for food as well as wage income. Seasonality impacts not only
food production, but also the availability of wage income from farm or off-farm jobs
(Ramachandran 2011).

Biodiversity is the key to future food security as the majority of today’s modern
crop and livestock varieties are derived from their wild relatives (Sunderland 2011).
About 7000 species of plants have been cultivated or collected for consumption in
human history. Presently, only about 30 crops provide 95% of human food energy
needs, with 5 cereal crops (rice, wheat, maize, millet and sorghum) providing 60%
of the energy intake of the world’s population (Secretariat of CBD 2013).
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6.5 Food Security Issues in India

The last major famine in India was the Great Bengal Famine which occurred in
1943 when the country was under the British rule and claimed between 1.5 and 4
million lives. Later studies on the phenomenon showed that it was not as much the
shortage of food but access to it that caused the problem. Because of the crop failure
in 1942, a majority of population, comprising subsistence farmers, had neither food
for own consumption nor money to buy food in the market. According to the theory
proposed by Indian Nobel Laureate Amartya Sen (1981) “famines often take place
in situations of moderate to good food availability, without any significant decline
of food supply per head”. His study focused on “people’s ability to command food
through legal means available in the society (including the use of production pos-
sibilities, trade opportunities, entitlements vis-a-vis the state, etc.)”.

There has been no major famine in India since 1943 (Devereux 2006) and Sen
attributes this trend of decline or disappearance of famines after independence to a
democratic system of governance and a free press — not to increased food produc-
tion (Igbal and You 2001). However, there are sporadic reports of starvation deaths
from some pockets of the country, especially Kalahandi region of Odisha. On a visit
to India in 2003 amid reports of starvation deaths, Sen remarked that “we must dis-
tinguish between the role of democracy in preventing famine and the comparative
ineffectiveness of democracy in preventing regular undernourishment” (New York
Times 2003).

Though India has left the story of famines behind, per capita net availability of
foodgrains has been declining since its peak in 1991 (Table 6.1). On the other
hand, the per capita demand for foodgrains is growing due to changing consump-
tion patterns. The combination of rising demand and declining availability is a
food crisis, which is manifested in rising price of cereals and pulses in the market
(Kumar et al. 2012). The declining foodgrain availability is happening despite the
rising food subsidy bill. The figures, however, do not catch the seriousness of the
problem. In their book Hunger and Public Action, Dréze and Sen (1989) note that
“nearly four million people die prematurely in India every year from malnutrition
and related problems. That’s more than the number who perished during the entire
Bengal famine”.

Despite the Green Revolution of the mid-1960s and White Revolution in later
years — which make India the first in the world in milk production, second in rice,
wheat, sugarcane, groundnut, vegetables, fruits, livestock, fisheries and poultry —
food security is still a sensitive issue in India. The Green Revolution of mid-1960s,
saved the nation from the ‘drought of the century’ in 1987. Surplus stocks procured
and stored in earlier years were used instead of resorting to large-scale imports.
Efforts towards ensuring food security to millions of poor households intensified in
the 1990s. Under the global hunger index (GHI), India comes at the 97th rank with
the prevalence of undernourishment, child wasting, child stunting, and child mortal-
ity at 28.5% of total population hungry (IFPRI 2012) with over 43% of children
under five underweight (IIPS and Macro International 2007).
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Table 6.1 Per capita net availability of foodgrains, production, PDS offtake, carrying cost of
stocks, and food subsidy

Per Caput Production ‘PDS Offtake | Carrying cost | Subsidy

Year | Gm/day |kg/year |(Million tons) (INR million at 2004-2005 prices)
1991 | 510.10 186.19
1992 | 468.80 171.11
1993 1 464.10 169.40
1994 1 471.20 171.99
1995 495.40 180.82
1996 475.20 173.45
1997 |503.10 183.63
1998 | 447.00 163.16
1999 1 465.70 169.98
2000 | 454.40 165.86 | 171.8
2001 | 416.20 15191 1625
2002 | 494.10 180.35 | 1745

2003 | 437.60 159.72 | 143.2 23.20 51647.7 119113.6
2004 1 462.70 168.89 | 173.5 28.30 27209.2 226809.4
2005 | 422.40 154.18 | 162.1 31.00 8123.8 207543.3
2006 | 445.30 162.53 | 170.8 31.80 4103.0 204136.9
2007 | 442.80 161.62 | 177.7 32.80 5469.5 215465.0
2008 | 436.00 159.14 1972 34.70 6357.8 257731.6
2009 | 444.00 162.06 | 1924 41.30 28507.9 276091.0
2010 | 437.10 159.54 | 178.0 43.70 45066.9 327776.1
2011 | 453.60 165.56 | 198.2 47.90 44217.6 393541.0
2012 | 450.30 16436 | 211.9 44.90 42531.1 440083.7
2013 | 401.40 146.51 | 208.9 44.50 50247.7 480687.2
2014 | 491.40 179.36 | 215.1 43.50 56137.8 503897.2

Source: Ministry of Finance 2016 and FCI (Annual Reports)

Average = 167.14. Standard deviation = 10.10. Maximum = 186.19 Minimum = 146.51
(in kg/year)

Correlation coefficient of per capita availability and carrying cost = 0.20

Correlation coefficient of per capita availability and subsidy = 0.19

Correlation coefficient of total subsidy and PDS offtake = 0.88

Correlation coefficient of total subsidy and foodgrain production = 0.91

6.6 Government Policies to Manage the Food Security
Challenge

India has moved a long way from the critical food shortages of the 1950s that trig-
gered massive food aid imports under the US law P.L. 480, also known as “food for
peace”. In order to enhance the access to food, several policies on price and market
regulation were introduced in 1965. Two new institutions were created: the
Agricultural Prices Commission, a government agency to determine the level of
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support prices for various crops and several other administrative controls; and the
FCI, with the responsibility for purchase, storage, movement and distribution of
food through the PDS, as well as acting as the main handling agent for imported
grain and its distribution. The Targeted Public Distribution System (TPDS) and the
Mid-Day Meal Scheme (approximately 120 million children are signed up) are two
large government food distribution schemes in India.

TPDS was introduced in 1997 to benefit the poor and to keep the budgetary food
subsidies under control to the desired extent following failure of the earlier PDS system
(GoI 2005). Under the scheme, special cards were issued to families below poverty line
(BPL) and foodgrains were distributed at a lower price for these families compared to
those above the poverty line. The entire population was divided into three categories —
BPL (Below Poverty Line), APL (Above Poverty Line) and AAY (Antyodaya Anna
Yojana). The BPL families were given 35 kg of foodgrains per month at subsidized
price. AAY were provided a monthly provision of 35 kg of foodgrains at specially
subsidized rates of INR 2 per kg for wheat and INR 3 for rice (Dev and Sharma 2010).

India now has many government programs such as TPDS including AAY, nutri-
tion programs like mid-day meals, Integrated Child Development Services (ICDS),
etc. to improve food and nutrition security. In addition, workfare programs, like
National Rural Employment Guarantee Scheme (NREGS), and self-employment
programs, including Employment Assurance Programme, have been also adopted
with the objective to guarantee 100 days of work for poor households in rural India.
Under the 2009 Food Entitlements Act, all Antodaya cardholders shall be entitled to
a monthly quota of at least 50 kg of foodgrains per family at a price not exceeding
INR 1/kg under the PDS. Coarse grains shall be made available through the PDS at
subsidized rates, wherever people prefer these, such that the total of all foodgrains,
including coarse grains provided is at least 50 kg per month per family. Under the
Act, every household and those covered by the AAY Scheme, shall be entitled to
and provided a Food Entitlements Card (FEC). All FEC holders shall be entitled to
a monthly quota of at least 50 kg of foodgrains per family at a price not exceeding
INR 3/kg for rice and INR 2/kg for wheat, under the PDS. About 25 million poorest
of the poor people are covered under the scheme.

In 2011, the Government had passed a National Food Security Bill in the
Parliament which had raised more questions than it had proposed to answer.
Government’s own Commission for Agricultural Costs and Prices (CACP) prepared
a discussion paper (Gulati et al. 2012) which raised questions over several provi-
sions of the Bill. One of the contentious issues was the Force Majeure clause (Clause
52) which said that “the Central Government, or the State Governments, shall not be
liable for any claim by persons belonging to the priority households or general
households or other groups entitled under this Act for loss/damage/compensation,
arising out of failure of supply of foodgrains or meals when such failure of supply
is due to conditions such as war, flood, drought, fire, cyclone, earthquake or any act
of God” (Gol 2011). But, the CACP report pointed out that it is precisely in these
times and conditions that a failure of market forces, volatility in prices and resultant
distress occur. It is at times like this that the poor and vulnerable would depend on
the Government to ensure their food security (Gulati et al. 2012).
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The other issue with the bill was the eventual plan to move to cash transfer
system. If the right to food security moves to the cash transfer system where
those entitled to food subsidy will have to buy rice and wheat directly from the
market, at the market price, and the subsidy will be directly paid into their bank
accounts, then what will happen to the elaborate PDS put in place by the
Government? If half a million PDS outlets are closed, there is going to be a large-
scale unemployment. And what will happen to the food procurement system by
the FCI that provides price support to farmers? Will farmers be thrown to the
mercy of market forces?

However, the National Food Security Act was passed in 2013 under which every
person belonging to priority households (identified under section 10 of the Act),
shall be entitled to receive 5 kg of foodgrains per person per month at subsidized
prices. Regarding the Force Majeure clause, the Act mentions that the Central
Government, or the State Government, shall be liable for a claim by any person
entitled under this Act, except in the case of war, flood, drought, fire, cyclone or
earthquake affecting the regular supply of foodgrains or meals to such person under
this Act. Provided that in such a case, the Central Government may declare whether
or not any such situation affecting the regular supply of foodgrains or meals to such
person has arisen or exists (Gol 2013).

6.7 Problems with Food Management and Present Food
Scenario

Today, the problem of food management system faced by the country is not the
foodgrain shortage but consists of finding ways and means of managing the accu-
mulated surplus (Virmani and Rajeev 2002). Economic survey of India (Ministry
of Finance 2013) has called for an urgent attention to efficient food stocks man-
agement, timely off-loading of stocks, and a stable and predictable trade policy. A
recent analysis showed that, on an average, the costs of maintaining buffer stocks
of rice and wheat are higher than procurement costs in domestic or international
markets (Dorosh 2008). So, the need to off-load them has become more of an
immediate concern than poverty relief, and off-loading stocks has a fiscal cost.
Heavy input subsidies and technological change, coupled with farm price support
policies, have led to heavy accumulation of foodgrain stocks with the government,
and the internal carry-over costs have increased, while at the same time the hard
core poor continued to suffer from food insecurity (Rao 1994). A study by the
International Food Policy Research Institute (IFPRI) finds that the government
spent $3.40 to transfer $1.00 to the poor (Coady 2004). In spite of the present
government schemes of distribution, the number of undernourished people in
India remains to be 194 million, 15.2% of the total undernourished in the world
with a GHI of 28.5 (Table 6.2).
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Table 6.2 Present food World | India

woenario In India and the Food produced (million tons 2016)*" 2577|252
Undernourished (millions 2015)¢ 795 194
Proportion of undernourished people (%)° | 10.9 15.2
Global Hunger Index? - 28.5
Total cereals exports (millions tons 2015)¢ | 39,622 | 12.42
Total cereals imports (millions tons 2015)° | — 0.72

Sources of data:

“FAO Cereal Supply and Demand Brief

®Annual Report (2015-2016), Ministry of Agriculture
“The State of Food Insecurity in the World 2015
dGlobal Hunger Index 2016

¢Agricultural Market Information System

6.8 Results and Analysis

The long-term trend of net foodgrain availability from 1991 to 2014 shows fluctua-
tions from year to year (Table 6.1). The availability ranges from 186.19 to 146.51 kg
per person per year, the average being 167.14 kg per person with a standard devia-
tion of 10.10. The decline was over 34 kg per person in a year. In the first decade
and a half of the twenty-first century, the foodgrain availability was below the long-
term average in 11 out of 14 years. During this period, the GDP grew at an average
historic high rate of over 7% (Table 6.3).

The value declined consistently from its peak of 186.19 kg per person in 1991 to
the bottom of 146.51 in 2013 (Table 6.1). This difference becomes starker when one
considers that an average family of five had 198.4 kg of foodgrain less to eat in 2013
than in 1991. This happened in the years of record agricultural production. When
people had less to eat, the food subsidy bill was rising consistently and the
Government foodgrain stocks swelled to unmanageable level. Interestingly, the cor-
relation coefficient of per capita net availability with subsidy was low of 0.19 but
the correlation of subsidy with agricultural production was high at 0.91.

The food subsidy ballooned nearly four times (at inflation-adjusted constant
prices) from INR 119.113 billion ($1.75 billion at current exchange rate) in 2003 to
INR 503.897 billion ($7.4 billion) in 2014. That means that when the people got less
to eat, the Government was running up huge subsidy bill (Fig. 6.1). This is because
FCI was stocking up on grains and running huge carrying costs. In 2011 and 2012,
the stocks with the FCI were double the buffer norm meant to smooth out the fluctua-
tions in agricultural production. The carrying cost of foodgrain stocks fluctuated
wildly during the decade. It dropped to a low of inflation-adjusted INR 4.103 billion
in 2006 and shot 13-fold to reach INR 56.138 billion in 2014 (Table 6.1). At the same
time, the correlation coefficient of per capita foodgrain availability with carrying cost
was 0.20. The correlation of availability with total subsidy was 0.19. However, the
correlation coefficient of food subsidy vs. PDS offtake is as high as 0.88 (Fig. 6.2).

guido.minucci@gmail.com



142 P. Pal et al.

Table 6.3 GDP growth at Year GDP Growth

2004-2005 prices 2001 3.6
2002 5.0
2003 3.9
2004 7.9
2005 7.9
2006 9.3
2007 9.2
2008 10.2
2009 3.7
2010 8.5
2011 9.8
2012 6.9
2013 53
2014 6.6
2015 73
2016 7.5

Source: Data derived from Economic
Survey of India 2015-2016
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Fig. 6.1 Foodgrain availability, carrying cost and Subsidy

This stands to reason since food subsidy is obtained by adding the consumer
subsidy to the carrying cost. The consumer subsidy is the difference between the
economic cost and the price at which the Government issues the foodgrain to the
public or central issue price (CIP). The economic cost consists of procurement
price, storage, transportation, carrying cost and administrative costs of the

guido.minucci@gmail.com



6 Dynamics of Food Security in India: Declining Per Capita Availability Despite... 143

600 50
500 45
w
5 400 40 g
= [=]
5 300 35 %
x 2
= 200 30 8
100 25
0 20

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

e SUDSIly == Offtake

Fig. 6.2 Food subsidy and food offtake from PDS. (Source: Economic Survey (2015-2016) and
Annual Reports of FCI)

FCI. When the carrying cost increases, it also adds to the economic cost of
foodgrains. Therefore, the subsidy increases when the offtake increases.

Consumer Subsidy = Economic Cost — Central issue Price (CIP)

Carrying cost is influenced by the size of the stocks, expenses on storage and
handling, interest on capital, freight, and storage loss. Interest accounts for the
major share of the carrying cost and the storage charges come next (Sharma 2012).
The difference between the economic cost and CIP is the consumer subsidy which
is reimbursed by the Central Government to the FCI. The economic cost of
foodgrains has been increasing during the last 10 years whereas the issue prices
have remained unchanged since July 2000 for BPL families, December 2000 for
AAY households, and since July 2002 for APL families. In real terms, the current
issue prices are around 55% of the original CIPs implying that rice and wheat are
available at almost half the price through the PDS (Gulati et al. 2012).

The main reasons for the increase in food subsidy include rise in minimum sup-
port prices, accumulation of stocks, rising economic costs of foodgrains, high off-
take and constant CIP. Table 6.1 shows that the subsidy bill, apart from a dip in the
years 2005 and 2006, increased constantly while the foodgrains available in the
country decreased or remained low in the years of bumper crops. In the year 2008,
there was a record production (Table 6.4). Out of this, 14.4 million tons were
exported and 17 million tons were added to the government stocks. In 2009, another
11.5 million tons went to the Government stocks. This reduced the availability for
domestic consumption, while the subsidy increased. It is not surprising that the total
food subsidy has a high correlation of 0.91 with agricultural production.

Against the buffer norm of 31.9 million tons of rice and wheat (on Ist July of
each year), total Central Pool stocks were more than double at 80.5 million tons in
2012 while the FCI has a total storage capacity of only 62 million tons. The rest of
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Table 6.4 Production, net imports, change in Government stocks, and net availability of cereals

Net availability of cereals (million tons)

1 2 3 4 5

2000 171.8 -1.4 13.9 156.6
2001 162.5 -4.5 12.3 145.6
2002 174.5 -8.5 -9.9 175.9
2003 143.2 -7.1 -23.2 159.3
2004 173.5 =7.7 -3.3 169.1
2005 162.1 -7.2 -2.4 157.3
2006 170.8 -3.8 -1.8 168.8
2007 177.7 -7.0 1.7 169.0
2008 197.2 —14.4 17.0 165.9
2009 192.4 -7.2 11.5 173.7
2010 178.0 —4.7 -0.5 173.8
2011 198.2 -9.6 8.3 180.1
2012 211.9 -19.8 11.2 181.0
2013 208.9 -71.9 -23.6 160.6
2014 215.1 -19.4 -6.0 201.6

Source: Annual reports of Food Corporation of India
Year, Production, *Net Imports, “Change in Government Stocks, *Net availability (2 + 3 + 4)

the stocks is either lying in the open or kept in hired warehouses. Overstocking has
fiscal implications, apart from distorting the free functioning of foodgrain market
(Gulati et al. 2012).

6.8.1 Reasons for Excessive Food Stocks

The main reasons for excessive food stocks in the FCI godowns is the shift in the
consumption pattern of the population in favor of superior food items like milk,
vegetables, fruits, and animal foods. Thus, the growth of aggregate demand for cere-
als in the country is slowing down because of deceleration in the pace of population
growth and a shift in consumer preference towards non-cereals (Virmani and Rajeev
2002). The other main factor that has contributed to excess stocks is high procure-
ment price. The fact that in recent years there has been a tendency among successive
governments to fix Minimum Support Prices (MSP) for paddy and wheat in excess
of the levels prescribed by the CACP. While this increases farmers’ incentive to
produce more, it has raised the market prices and has reduced the demand for cere-
als (Virmani and Rajeev 2002).

The buffer stock policy, but, has served more purposes than it has caused prob-
lems. The main objective of buffer stock policy was to stabilize the availability and
prices of foodgrains, and, thereby, to achieve national food security (FCI). The policy
is used by the government to support/stabilize the market price for both the producer
and the consumer (Sutopo et al. 2010). Buffer stocks have guaranteed the availability
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of foodgrains in drought years so that famines can be avoided. It helps at the time of
shortages, avoiding external pressure and prevents sudden flight of foreign exchange
to finance imports (Gulati et al. 1996).

However, maintaining buffer stocks is not the only, or necessarily the best,
method to stabilize foodgrain prices and availability. As too low buffer stocks will
jeopardize food security, carrying too high stocks is costly and inflationary.
Therefore, exporting foodgrains in the years of surplus production and importing
them in the years of short crops may regulate stocks, but the decision whether to
store or trade should be based on the comparison of the cost of storage with the
gains from exporting now and importing later (Gulati et al. 1996).

6.8.2 Reasons for Decreasing Food Availability: Past, Present
and Future

Though the subsidy is the price a country of predominantly poor people pays for
food security, the phenomenon peculiar to India is that the subsidy goes up along
with the reduction in foodgrain availability to the people. India uses an extensive
variety of instruments which include in-kind transfers and public works program to
tackle food security albeit with disappointing outcomes (Sharma and Gulati 2012).
According to Tyagi (1990), government policies were not considered as particularly
successful in protecting the interests of the vulnerable sections of society, either
producers or consumers. As with the increasing role of the government in the mar-
keting of foodgrains, not only did the subsidy bill rose, but it adversely affected the
efficiency of the marketing system.

Though, PDS has helped to manage droughts and improve the overall availability
of foodgrains, the availability of subsidized foodgrains varied across states. In some
states, foodgrains distributed through PDS form a substantial portion of the per capita
foodgrain consumption. Unfortunately, the distribution of foodgrains had not been
targeted to states with high poverty levels (Gulati et al. 1996). Also, as far as the
coverage and performance of the Indian PDS was concerned, leakages into the free
market was a serious problem, as was the weak targeting in the program (Ahluwalia
1993) due to which TPDS was introduced. In spite of rising subsidy, food availability
remained an issue of concern because in partial subsidy schemes, the welfare of
agents (both producers and consumers) depend not only on the price at which the
government buys and sells food but also on the market price of food. Therefore, the
impact of a food subsidy scheme depends on how the market price of food varies with
the subsidy (Ramaswami and Balakrishnan 2002). Also, governments in poor coun-
tries are often under pressure, from international creditors, to trim subsidies. Such
measures encounter political resistance especially when organized interests capture
subsidies. Food subsidies, thus, are badly targeted and many of the poor receive
insignificant amounts of subsidy and depend on the market to access supplies. In
spite of this, a reduction in the food subsidy is not in their interest as the reduction in
subsidy increases the market price of food (Ramaswami and Balakrishnan 2002).
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6.9 Conclusion

The long-term trend of net foodgrain availability shows fluctuations from year to
year. The availability ranges from 186.19 to 146.51 kg per person per year, the aver-
age being 167.14 kg per person with a standard deviation of 10.10. It declined con-
sistently from its peak of 186.19 kg per person in 1991 to the bottom of 146.51 kg
per person in 2013. The decline was nearly 40 kg per person in a year. This differ-
ence becomes starker when one considers that an average family of five had 198 kg
of foodgrain less to eat in 2013 than in 1991. In the last decade and a half, the avail-
ability was less than the average for 11 out of 14 years. This happened in the years
of record agricultural production. When people had less to eat, the food subsidy bill
was rising consistently and the government foodgrain stocks swelled to unmanage-
able level. In 2011 and 2012, the stocks with the FCI were double the buffer norm
meant to smooth out the fluctuations in agricultural production. The result was that
for managing the food security, the government has to spend a lot of money in terms
of carrying cost. By conserving the stock, government reduces the actual supply of
food that further leads to less consumption in the country. For resolving the issue,
government needs to reduce the total stock with FCI which will actually help in
increasing the supply of food in the country and also reduce the food subsidy by less
cost of buffer stock.
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Chapter 7

The European Union as a Player
in the Global Food Security

Szilard Podruzsik and Olaf Pollmann

7.1 Hunger and Poverty

The current living conditions on our planet with an entire population of approximately
7.5 billion people (2017) cannot be guaranteed as about one ninth of the world popu-
lation (795 million) cannot be provided with enough food. Ninety-eight percent of the
world’s undernourished people live in developing countries e.g. Asia (526 million),
Sub-Saharan Africa (214 million), Latin America and the Caribbean (37 million).
Countries such as Bangladesh, Benin, Burkina Faso, Ethiopia, India, Ghana, Malawi,
Mexico, Mozambique, Peru, Senegal and Uganda suffer most of all from hunger.

In terms of gender, 60% of people suffering from hunger and the shortage of
food are women and 50% of pregnant women in developing countries lack proper
maternal care, resulting in approximately 300 thousand maternal deaths annually
from childbirth. One sixth of infants in developing countries are born with a low
birth weight and almost every 10 s a child dies from hunger-related diseases. Nearly
half of all deaths of children under 5 are attributable to under-nutrition. With these
environmental conditions especially women, children and elderly people are trapped
in the circle of poverty and malnutrition (Fig. 7.1).

In addition to malnutrition, approximately 37 million people, 50% of whom are
women, live with HIV/AIDS.

About 896 million people in developing countries, i.e. nearly 10% of the entire
world population, live on USD 1.90 (at purchasing power in 2012) a day or less
(World Bank Group 2016).
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Fig. 7.1 Trapped in the cycle of hunger, generation after generation. (Source: Biesalski 2013)

The agricultural sector plays an important role in fighting poverty, as it is the back-
bone of economy in developing countries. About 70% of the world’s poorest people
live in rural areas and depend on agriculture and related activities for their livelihood.
The burgeoning population pressure in developing countries has stressed the resources
required for agriculture, which has also impacted on the quality of soil. Soil quality
has decreased over time because of changing environmental conditions, such as cli-
mate change, worsening access to water, the increasing volume of cash crops farming.
As a result of these facts about 50% of hungry people live in farming families. About
663 million people lack access to clean water and about 2.4 billion people did not have
adequate sanitation in 2015. This situation even contradicts fundamental human rights.

Overall, hunger and poverty are related to various aspects of disadvantages, like
the lack of adequate provision of necessary goods, water and food — a situation
which needs to be remedied immediately.

As Ann Wigmore, a Lithuanian holistic health practitioner, nutritionist and health
educator mentioned: “The food you eat can be either the safest and most powerful
form of medicine or the slowest form of poison.” Science has to bring equity in the
provision of basic standards to the population worldwide and has to find solutions
of how to support the world equally with all necessities to a satisfying and healthy
life (Biesalski 2013).

7.2 Sustainable Development Goals (SDGs)

Based on the Millennium Development Goals (MDGs) adopted by 189 member
states of the United Nations (UN) and expired in 2015, the member states of the
United Nations accepted and signed an action plan, Sustainable Development Goals
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(Fig. 7.2) to transform the present state of the world. MDGs served as guidelines for
governments to strengthen the political will to work out their national polices and
contribute to raising public awareness and allocate national resources for the pur-
pose of poverty eradication. Although MDGs produced remarkable results such as
stronger cooperation with the private sector and a radical decrease in poverty, new
and complex challenges required innovative approaches during a broad consultation
process to tackle them effectively. There are also additional tasks to enhance devel-
opment, such as to lessen the differences between rural and urban areas, the differ-
ences in the availability of resources in developing and developed countries or
climate change.

The tasks set out in the new plan 2030 Agenda for Sustainable Development are
to contribute and strengthen the responsibilities of the actors towards sustainable
development for the next 15 years. The plan came into force in January 2016 and
puts an outstanding emphasis on global poverty as the greatest challenge on the
planet. All aims announced in the plan focus on peoples’ living standards directly
and indirectly.

The most ambitious part of the plan is to reduce poverty and end hunger by 2030.
As one of the elements of food security, the reduction of malnutrition is also a prior-
ity in the plan. Focusing on the allocation of financial and natural resources in devel-
oping countries, the essential tools need to improve nutrition and promote sustainable
agriculture. The partnership and participation of international organisations in the
accomplishment of the objectives are crucial for final results.

Relating to food security, nutrition and sustainable agriculture, Goal No 2 in the
plan formulates the achievement of food security and the necessity to end hunger, to
improve nutrition and to promote sustainable agriculture. These sub-goals target the
agricultural sector and different groups of people that are the most vulnerable in
terms of food insecurity. The goal encompasses the protection of infants under five,
women, and older generations by increasing the availability of sufficient food sup-
ply, improving agricultural productivity, and supporting small agricultural produc-
ers, as well as by preventing environmental degradation and strengthening resilience
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to the changing environment. It promotes investment into technology, rural infra-
structure and research done through international cooperation.

The criticism of the plan focuses on its number of goals and their sub-goals.
Arising costs are also a huge burden on countries to build social safety nets to elimi-
nate poverty and invest into infrastructure development in agriculture, water man-
agement or transport (UN 2015).

7.3 Food Security Policy in the EU

The growing demand for food safety and safe food poses crucial challenges for the
European Union. Beside the increasing population and global food demand, eco-
nomic growth and urbanisation are also key drivers affecting food security due to
dietary changes. These challenges require a strategic response to the question: how
to satisfy and secure the changing demand in a more coordinated and coherent food
system. Since the competition for land is getting stronger, and the availability of
land is limited, key solutions lie in the transformation of the agricultural system, in
the prevention and maintenance of rural environment, and in retaining the balance
between food consumption and production at different levels of the food supply
chain. It is most desirable to maintain a demand-driven food system and an attitude
of responsible consumption (Fig. 7.3).

From the aspect of the environmental challenge, water scarcity or soil degradation
play an important role in food security, which in turn determine food availability. As
climate change has a serious impact on productivity determining food prices, poor
people, both producers and customers, are the most vulnerable (Maggio et al. 2015).

In its initial response the European Union set up new objectives for the Common
Agricultural Policy to manage the challenges relating to rural society, the aging

Global Food Security Vision 2030

A world where food security is guaranteed for all on a sustainable base via:

&

-
The significant transfor- The maintenance of A food system where pro- A largely demand-driven
mation of agriculture an adequate enabling duction and consumption food system where
production systems environment in all are balanced between responsible consumer
(through investments, rural areas (rural local, regional and global behaviour shapes
research and training); development); levels (markets and trade); sustainable objectives.

Fig. 7.3 Global food security vision 2030. (Source: Maggio et al. 2015:11)
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population, land management and migration. In the focus of these objectives were
food and environment security and rural areas.

The EU adopted and adjusted its strategy to upcoming challenges. In its policy
papers, such as the Food Security Regulation, Advancing the Food Security Agenda
to Achieve MDGs or Thematic Strategic Paper 2007-2010 formulated the goals
aiming at food security and expressed its commitment to achieving them.

These strategic documents emphasize the national, regional and more impor-
tantly the global dimension of food security to decrease poverty and hunger and to
protect the most vulnerable population including children under 5 years of age and
women.

In relation to development goals, food and nutrition security policy covers four
areas in the EU. The aim of this policy is to fulfil development goals and present a
multi-dimensional approach incorporating nutrition, health care and water avail-
ability. They take the key challenges relating to food availability into consideration.
These are inadequate policies, land degradation, water scarcity and low productiv-
ity. The adjusted policies intend to generate positive effects on productivity, food
availability for poor people in developing countries.

Access to food is determined by physical, economic and social elements. The
EU’s strategy highlights the importance of food quality and the appropriate utilisa-
tion of food as these have considerable effects on poor peoples’ diets and malnutri-
tion. Price and production, food stocks and early warning systems reflect the
importance of food security.

The outstanding importance of the elimination of hunger is reflected in invest-
ment into food production facilities and projects that address nutrition and safety
measures. The EU focuses on creating awareness on the consequences of malnutri-
tion. The strategic priorities relate to a stronger mobilisation and political commit-
ment, interventions on nutrition, and investment into applied research and
information systems that are relevant at both national and international levels.

The solution of nutrition problems also requires treatment on a global scale and
a stronger cooperation among countries through various initiatives and measures.
The EU’s contribution to the development is significant. A good example is the
European Commission’s initiatives in Sahel (Supporting Horn of African Resilience)
to reduce hunger and poverty in one of the poorest regions of the world. The strategy
for the resilience initiative mainly focuses on Mauritania, Mali and Niger, and
regions that have close relations with these countries, all of which have strong
effects on EU citizens. Sahel supports the resilience of the Horn of Africa in response
to the crises caused by drought. The EU participates in global alliance with donor
countries and other African States. The humanitarian and development actions sup-
port the coordination and assistance in the targeted countries (EC 2014).

Access to food is also an important element of the EU food security policy. The
main barrier in terms of food affordability is the lack of income generating activities
to enable people to have access to food. Employment opportunities and income
generating activities would make food more affordable for poor people in rural and
urban areas. The global food crises highlighted the importance of social transfers in
reducing vulnerability, hunger and poverty. These social transfers, such as cash,
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food-for-work or vouchers ensure the access to food in short term. Protective and
productive social transfers are the potential solutions to food insecurity.

A new communication policy comprising ten steps supports the design of
national strategies for resilience, disaster management and warning systems. Beside
the realisation of its policy, the EU is also committed to the monitoring and mea-
surement of the impact of its actions.

7.4 The Contribution of the EU to the Improvement of Food
Security

The European community takes part in and is committed to a worldwide develop-
ment on the basis of solidarity. The Treaty of Rome launched the European
Development Fund (EDF) in 1957. The Fund started to operate in 1959. The aim of
this European instrument is to provide aid to African, Caribbean and Pacific coun-
tries (ACP), overseas countries and territories (OCTs). Although the EDF is
financed by the member states, its budget is separated from the EU’s budget. The
11th EDF as an intergovernmental agreement was signed in 2013. It covers eco-
nomic development, social and human development, regional cooperation and inte-
gration and supports a more flexible and prompt reaction to unexpected events in
the period of 2014-2020.

The EU is an active player in actions reacting to the challenges of hunger and
malnutrition. The aim of the Food Security Thematic Programme (FSTP) is to sup-
port poor people and reduce the malnutrition of the most vulnerable population.

Regarding food security, national activities involve bilateral discussions at not
only regional but also at continental and international levels in cooperation with the
private sector. The cooperation with G8 resulted in a New Alliance with an aim to
lift 50 million people out of poverty in 10 years. The EU is in the forefront of this
initiative. The aim of this cooperation with partner governments on the basis of the
EU policy framework is to eliminate undernutrition. At the same time, the move-
ment called Scaling Up Nutrition (SUN) reacts to the problem of increasing under-
nutrition in partnership with governments, civil society, private companies, research
institutions, the UN organisations and the World Bank (EC 2017).

The EU actively collaborates with the Food and Agriculture Organisation (FAO),
and the International Fund For Agricultural Development (IFAD), too. The ever-
stronger cooperation between the EU and FAO also aims to reduce hunger and pov-
erty. Knowledge transfer between the two organisations and rural areas plays an
important part in the process.

The EU emphasized that its activity on food security should be in line with inter-
national governance to ensure its efficiency. New challenges require the coordinated
response of the EU, that is why the measures are adjusted to the development goals
and they ensure the allocation and efficient use of available resources. To ensure
food security, the EU invests into technology development, supports farmers, aids
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national and regional food security strategies and assists the harmonisation of the
international systems of governance.

On the basis of the agreement between the EU and the FAO the minimum num-
ber of target countries participating in the FAO-EU partnership is set to 35 with the
aim to improve and develop food security, nutrition, sustainable agriculture and
resilience. The need of countries and demand-driven measures are supported with a
budget of EUR 73.5 million allocated by the two organisations. In line with the
SDGs, the technological and political cooperation and coordination target the reduc-
tion of poverty and hunger with two strings of the 5-year programme: Food and
Nutrition Security Impact, Resilience, Sustainability and Transformation (FIRST)
which provides policy assistance and capacity assistance to support local govern-
ments and administrations; and Information for Nutrition Food Security and
Resilience for Decision Making (INFORMED) that relates to resilience measures
and provides up-to-date information to policy as well as decision makers to with-
stand the food crisis.

The EU budget dedicated to the Development and Cooperation Instruments con-
tributes to the financial basis of the initiatives in the framework of the Global Public
Goods and Challenge (GPGC) program. The EU Trust Fund for Africa was launched
with a budget of EUR 66.5 million to address climatic phenomena, e.g. El Nino is to
eliminate the results of floods and droughts. The EU focuses on countries with the
most severe food insecurity, such as: Ethiopia, Somalia, South Sudan and the Trust
Fund supports the fast and collective responses to emergencies in the world. All these
specific tools are to counter the negative impacts of climate change (FAO 2015). The
priorities of the Trust Fund relate to economic programmes, resilience, migration
management, stability and governance. The budget of the Trust Fund is secured by
the European Commission and it is supplemented with new resources such as the
Development Cooperation Instrument (DCI). The aims of the actions under the pri-
orities are to improve employment by creating new jobs in local communities, pro-
viding services to the most vulnerable groups, assisting migration management by
the contribution to the national and regional strategies which last but not least play
and important role in supporting overall governance in target areas (EC 2015).

7.5 The Institutional Framework of Development Policy

Decision making is a complex process globally and especially in the European
Union. The initiatives of the European Commission are pre-evaluated. After the
assessment of the impacts on the economy, society and the environment, the possi-
ble policy is formulated in consultation with a wide range of interested groups to
ensure the reduction of bureaucracy and the approval by the interested groups.

The Council of the European Union composed of national ministers of member
states has the right to review the EC’s initiative and make suggestions for improve-
ments. The European Parliament, the co-decision making organization assist on
matters related to legislation and the budgetary process and scrutinises the imple-
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mentation of the EU policy. In case of disagreement with the initiative, the European
Parliament has its own right to refuse it.

The strategic guidance arrives from the heads of state and government who con-
stitute the European Council, without formal legislative actions.

The European External Action Service (EEAS) collaborates with the EU, as well
as with international institutions such as the United Nations. The EEAS is respon-
sible for the coherence of the EU actions in line with the development objectives, in
cooperation with international collaborators.

The European Investment Bank being the financial institution for the EU remains
the largest financial player in the common market, entrusted with the mandate to
provide financial instruments for sound and sustainable investment projects in
developing countries.

The EU policies and finances are audited by the European Court of Auditors. Its
role is to evaluate the expenditures made and revenues generated from the European
budget in different areas including development cooperation (Fig. 7.4).
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Fig. 7.4 Decision making process. (Source: Seeks development 2012)
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7.6 Responsibilities of Affected Regions and Countries

During the past centuries, most of the countries supported focused mainly on the
donor-taker-mentality. This relationship needs to be changed. Nowadays, it is more
than important to support less-developed and developing countries in terms of dona-
tion, consultation or even manpower. However, equally important is that the coun-
tries receiving funds take over the responsibility and take their own initiatives.
These countries know their most urgent demands best and are better aware of their
immediate obstacles and circumstances.

The Federal Ministry for Economic Cooperation and Development (BMZ) in the
Federal Republic of Germany published the document “Marshall plan with Africa”
(2001/2017) with the aim of partnering Africa and Europe for development and
peace. With this plan, Europe and especially Germany will tackle the problems of
peace, poverty and climate change in order to support Africa to become autonomous
and self responsible.

Africa was reckoned as the continent of resources. Africa has 15% of global oil
reserves, 40% of global gold reserves and 80% of global platinum reserves (Fig. 7.5).
These facts clearly show a main focus on export within economically strong
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Fig. 7.5 Natural resources in Africa. (Source: CIA Factbook 2016)
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countries and Europe. To support and make Africa sustainable, it would have been
more substantial to invest in knowledge, develop capacity building programs and
create employment opportunities. For the continent of 54 countries with an average
age of 18, and the likelihood of the population having doubled by 2050, it would be
more appropriate to invest into people and the economy to prevent migration and
escape.

Investing into the education of young people would ensure the future of a coun-
try. With the support of Europe to gain brain on the continent, issues like climate
change, food security, global economic growth will become manageable or even
successful highlights of a well-functioning capacity development. If the support
was only the transfer of funding with the possibility given to beneficiaries to make
investment decisions themselves, the resulting development would be different
from what international donors expect — because of the different understanding of
successful and effective support and demand. The problems and possible solutions
need to be discussed before financial support will be provided by Europe and other
donors.

7.7 The Collaboration of Economic Unions

The strategy of the EU to be the global player in food security and main fighter
against poverty through funding has not yielded the expected success so far. To
sustain international funding, the involvement of economic unions and/or other
funding agencies seems to be essential for success. Especially in Africa, economic
unions are strong partners on the way of economic growth and eradicating poverty.
Trade cooperation is implemented in the framework of either the Arab Maghreb
Union (UMA) as the Common Market for Eastern and Southern Africa (COMESA)
or the Community of Sahel-Saharan States (CEN-SAD) as the East African
Community (EAC). In addition to intergovernmental organisations such as the
Southern African Development Community (SADC), some regional cooperation
exists to raise the living standard of people in the region, such as the Economic
Community of Central African States (ECCAS) and the Economic Community of
West African States (ECOWAS).

Several of the Regional Economic Communities (RECs) overlap in terms of their
membership: for example, East Africa, Kenya and Uganda are members of both the
EAC and COMESA, whereas Tanzania, also a member of the EAC, left COMESA
and joined SADC in 2001. This multiple and confusing membership creates dupli-
cation and sometimes competition in activities, while placing an additional burden
on the already overburdened staff responsible for foreign affairs to attend all the
various summits and other meetings.

Even by recognising the overlap within these economic communities, the overall
benefit for supporting poor countries outweigh the disadvantage. With a strong
community network and economic support, large-scale educational insufficiencies
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can be overcome. Within this network capacity development, knowledge and scien-
tific research can be supported and uplifted onto an internationally recognised level.

7.8 Conclusion

Among global challenges, food security and nutrition appear as priority areas that
require solutions to save vulnerable population on the Earth. It would not be possi-
ble to come up with feasible solutions in the absence of strong and concrete deci-
sions and without the support and cooperation of developed countries. The
elimination of poverty and combating hunger are not just development issues, they
are also humanitarian issues.

From the outset, among other development initiatives and development aims,
food security has been the topmost priority of the EU. The European Union takes
the responsibility to provide support to vulnerable societies through its institutional
and financial framework. The EU cooperates with international organisations such
as the United Nations and takes part in alliances to work out programmes that con-
tribute to increasing the availability of food and its affordability in efficient ways.
Alongside different development goals, the allocation of financial resources depends
on the needs of people and is considered as an investment to improve living condi-
tions and living standards in developing countries. The European Union is among
the most important donors worldwide.

However, the nations receiving support from the EU must also fulfil their respon-
sibilities to initiate and continue the collaboration with other developing countries
and make efforts to achieve food security through implementing relevant policies
and identifying specific gaps where finances could be particularly required. This
would also help streamline available financial resources.
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Chapter 8
Climate Change Impacts on Water Supply

System of the Middle Draa Valley in South
Morocco

Check for
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Ahmed Karmaoui, Guido Minucci, Mohammed Messouli,
Mohammed Yacoubi Khebiza, Issam Ifaadassan, and Abdelaziz Babqiqi

8.1 Introduction

Climate change presents a risk for water resource in the developing countries in
Africa where agriculture is the main economic activity (Diao et al. 2010). Global
climate models suggest that temperatures are expected to increase by 2—6 °C by the
end of this century (IPCC 2014). In fact, basins under water stress are located in
North Africa in the Mediterranean region (Bates et al. 2008) and the Draa basin in
the south of the High Atlas Mountains (Morocco). In 2014, the demand for water
exceeded the available supply by more than 25% (Karmaoui et al. 2015a). Fresh
water sustains inland water ecosystems (rivers, lakes, and wetlands), providing cul-
tural, regulatory, and supporting services that contribute directly and indirectly to
human well-being through recreation, scenic values, and maintenance of fisheries
(Aylward et al. 2005). In fact, it is the basis of other ecosystem services, maintains
ecological balance and aids socio-economic development.

The paper explores the incidence of socio-economic impacts and climate change
on water demand. First, the analysis is carried out using Statistical downscaling
models (SDSM software), to draw future projections of two meteorological
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quantities (precipitation and temperature); and the second, Water Evaluation and
Planning System (WEAP) is used for the management of water resources. The out-
puts of these analyses could be helpful to support decision-making in matters related
to eventual climate change and anthropogenic impacts on water resources, for future
urban, agricultural, and environmental uses. The outputs can support decision mak-
ing on:

* How can future projections be used into water resources planning at local scale?
* How can decision-making tools be used to quantify the eventual impacts of cli-
mate change on water resource in the Middle Draa Valley (MDV)?

The main objective of this paper is to examine how climatic and anthropogenic
factors impact water supply; focusing on projections from 2010 to 2099.

8.2 A Brief Introduction to the Study Area

The MDV is an oasean region located in the middle part of Draa Basin. It was
declared a Biosphere Reserve by UNESCO in 2000. The region is characterized by
low population density (17,5 inhabitants / km?) and a heterogeneous spatial distribu-
tion. Census data for 2014 in the province of Zagora (MDV) reported a population
of 307,306 inhabitants, where 256,558 were located in the rural area. Most com-
munes of the Middle Draa Valley recorded a growth rate, but in some communes the
population change has recorded negative values as M’Hamid commune in the
downstream of the valley. This is due to migration to urban centers and abroad
(Karmaoui et al. 2015b).

Surface water resources in the Middle Draa Valley consist of the Draa Wadi fed
by Mansour Eddahbi Dam. In the MDYV, the oases occupy about 26,000 ha in six
palm groves, dominated by the date palm promoting micro-hot and humid climate
conducive to diversified agricultural production (Karmaoui et al. 2014a). This
region is highly vulnerable to drought events, which are frequent and severe and
have devastating impacts on population and economy.

8.3 Materials and Methods

The methodology used in this paper is based on the use of two tools:

e The SDSM model to develop climate scenarios that will be used for the WEAP
software;

* The WEAP model to assess the water vulnerability used in Upper Draa Valley
(Karmaoui et al. 2014b).

Data (water demand) was collected from the ONEE (Office national d’Electricité et
d’Eau potable), the ORMVAO (Office régionale de mise en valeur agricole
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Table 8.1 Demand sites of MDV

Demand sites Sites of supply
Urban sites Agricultural sites Groundwater Water surface
Ouarzazate Mezguita Mezguita Draa Wadi
Zagora Tinzouline Tinzouline Mansour Eddahbi
Agdez Ternata Ternata Dam

Fezouata Fezouata

Ktaoua and M’hamid Ktaoua and M’hamid
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Fig. 8.1 The Middle Draa Valley location

d’Ouarzazate) and ABHO (Agence du basin hydraulique d’Ouarzazate) for climatic
data and the dam outflow and inflow.

The adopted modeling process aims at exploring the vulnerability scenarios
using the meteorological quantities of precipitation and temperatures in the two
climate change scenarios A2 and B2. Table 8.1, Figs. 8.1 and 8.2 show the selected
demand and supply sites for this study. Three urban centers derive their water sup-
ply from the Draa valley groundwater. Four agricultural sites derive water both from
the six-groundwater sites and from the two water surface sites (Draa Wadi and
Mansour Eddahbi Dam).

WEAP can be used for urban and agricultural systems. Figure 8.1 shows the
study area and the approximate location of the nine demand sites (all demand and
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Fig. 8.2 Diagram of the WEAP model including the Middle Draa valley and all demand and sup-
ply sites, south east of Morocco

supply sites in Middle Draa Valley) simulated using WEAP. Ouarzazate urban cen-
tre (near the Mansour Eddahbi Dam) is also shown in Fig. 8.2 although it is not a
part of the Middle Draa Valley, because it shares the reserves of this dam (the main
source of water of the Middle Draa Valley). The model schematic (Fig. 8.2) shows
WEAP node-network and the GIS layer of the Middle Draa Valley. Water demand
is aggregated into three urban demand sites (Ouarzazate, Zagora and Agdez) and six
agricultural demand sites (Mezguita, Tinzouline, Ternata, Fezouata, Ktaoua and
M’Hamid), see also Fig. 8.1. These demand sites are supplied water from both
groundwater and surface water.

8.3.1 Elaboration of Climate Change Scenarios A2 and B2
at Local Scale Using SDSM

The Model of statistical downscaling (SDSM) is a tool conceived to assess the
impact of local climate change. These vulnerability scenarios were generated by
using the meteorological quantities of rainfall and mean temperatures in the two
climate change scenarios A2 and B2. To project the climate change scenario, we
have used the SDSM. This software allows predicting the mean temperature and
precipitation for the selected period of 2010-2080 based on climatic data of the
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period 1961-2000. For calibration and validation of data, we calculated the Root
Mean Square Error (RMSE) between the monthly mean temperature observed and
modeled between January 1981 and December 2000 for the parameter of average
temperature, and compared between monthly total rainfall (mm) observed and that
calculated by SDSM during the same period, based on data prepared by Babqiqi
(2014).

8.3.2 Elaboration of Socio-economic Scenarios for the WEAP
Model ‘Water Evaluation and Planning System’

WEAP is a software that integrates physical hydrology with priority-driven water
resources allocation, and is specifically built to support policy and planning (Mehta
et al. 2013). The object-oriented approach and all equations are detailed in Yates
et al. (2005). Using WEAP, scenarios can be built and then compared to assess their
impacts; all scenarios start from a common year, for which the model Current
Accounts data are established (Sieber et al. 2005).

Two principal scenarios are used, which are: firstly, the reference scenario is with
population growth at a rate of three in urban area (RGPH 2004). The Reference
scenario is the scenario in which the current situation (2010) is extended to the
future (2011-2080). The current situation for the reference scenario was set at 2010
since a complete set of data is only available for this year, whereas for the years
2011-2015, data are not available or are only partially available. However, it is
worth noting that no major changes are imposed in this scenario and that slight
changes occurred only in the cropping pattern during these years (2011-2015).
Besides the reference scenario, one other scenario is analyzed. This represents the
high rate of population growth that we estimated at 4%. This value is the maximum
value recorded in the part that encompasses the valley. In fact, urbanization has a
phenomenal dimension with an average (annual) growth rate of 5.75% in 44 years
(regional) compared to 3.06% for national urban (the Moroccan country) during the
same period (RBOSM 2008).

8.4 Results

8.4.1 Elaboration of Climate Change Scenarios in the Draa
Valley

For the case of Middle Draa, the SDSM program reproduces the average tempera-
ture with a degree of precision that remains sufficient to assess the impact of climate
change on water demand (Figs. 8.2 and 8.3). The RMSE is in the order of 0.31 for
the mean temperature. Similarly, the accuracy of the modeled seasonal mean
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Fig. 8.3 Scatter plot with the RMSE between monthly mean temperatures observed and modeled
between the period January 1981 and December 2000

temperatures is 0.37, 0.25, 0.19 and 0.18 °C respectively for spring, summer,
autumn and winter.

RMSE values were taken into account to use climate change scenarios developed
by the SDSM on WEAP, adjusting the values predicted by SDSM, and by shifting
slightly the SDSM near RMSE values. According to Fig. 8.3, there is a strong cor-
relation between past and predicted values by SDSM; this correlation is perfect with
a correlation coefficient of 1.

Figure 8.4 shows a comparison between the average monthly precipitation
observed and reproduced from the technical downscaling SDSM over the 1981—
2000 periods. There is a general agreement between these two types of data. The
maximum difference is 8.3 mm and occurs during the autumn season (September,
October, and November) when the SDSM underestimates the amount of rainfall
actually observed.

Also, Fig. 8.3 shows that while downscaled values have the same trend as the
observed values, the actual values are different. The observed values are higher than
the downscaled values during most of the months of the year (from November to
May). In the months of June to September, the downscaled values are higher than the
observed values. Overall, SDSM reproduces the annual rainfall with an RMS error of
4.6 mm. So as in the case of temperature, the accuracy of the SDSM technique is
acceptable for most studies assessing the impact of climate change on water resources.

During the period 2001-2080, and under the A2 climate change scenario
(Figs. 8.5 and 8.6), in winter for example, the SDSM model predict an increase in
mean temperature from 1 to 3 °C, and a decrease of rainfall from 0% to 19%. In
autumn, during the same period, we see an increase from 0.5 to 4 °C and a decrease
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from 5% to 20% in rainfall. Under B2, and in winter season, the mean temperature
will increase from 0.5 to 2.3 °C, the precipitation will decrease from 12% to 20%.
In autumn, the mean temperature may increase from 0.6 to 3.2 °C, and the precipita-
tion may decrease from 5% to 7%.

The calculation of future climate anomalies (2011-2040, 2041-2070 and 2071
2099) relative to the current climate (1961-2000) for mean temperature and precipi-
tation shows increased temperatures and decreased precipitation for the mentioned
periods. In fact, the results predict an increase in mean temperatures. Temperatures
could rise from 1.4 to 3 °C between 2011 and 2070 in scenario A2 and from 1.6 to
2.7 °C in B2. The decrease in precipitation is estimated to be up to approximately
5.1-15% in A2 and 3.9-8.9% in B2.

The changes in precipitation and temperature resulting from climate change are
expected to reduce the agricultural and urban water supply and impact water demand
significantly. The trends observed under the two scenarios were used in the WEAP
software to predict the water supply and demand in the Middle Draa Valley.

8.4.2 Water Model in the Middle Draa Valley

The data on water resources in MDYV consisting of three urban cities (Agdez, Zagora
and Ouarzazate) and six separated palm groves was compiled and subsequently
incorporated into WEAP.

Regarding the water demand for the three urban centers of Ouarzazate, Zagora
and Agdez, the model predicts (Fig. 8.7) an increase in water demand in Agdez city

- Agdez_city D Zagora_city - Quarzazate_city
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Fig. 8.7 Water demand of the tree cities (Ouarzazate, Zagora and Agdez), under reference
scenario
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from 0.3 Million Cubic Meters (MM?) in 2010 to 0.6 MM? in 2030 (two times the
water demand in 2030 and in Zagora city from 1.4 MM? (2010) to 2.5 MM? (2030)
and in Ouarzazate city from 2.3 MM? in 2010 to 4.1 MM? in 2030.

For water demand for the three urban centers together (Fig. 8.8) under the three
selected scenarios (Reference scenario and two climate change scenarios A2 and
B2), the WEAP model predicts an increase in demand from 0.3 MM? in 2010 to
2 MM in 2030 to 27 MM? in 2060. The B2 scenario indicates that total water
demand will increase from 0.3 MM? in base year 2010 to 1.2 MM? in 2030 and
8.3 MM in 2060. However, under reference scenarios, the demand will increase
from 0.3 MM? in 2010 to 0.7 MM? in 2030 and 2.5 MM? in 2060.

Figure 8.9 shows the water demand of the six palm groves (Mazguita, Tinzouline,
Ternata, Fezouata, Tagounite and M’Hamid) classified by water availability and

B Reference(Seenario) [l B2ccc scenario) [ A 2(cc scenario)

Million Cubic Meter

L
W00 2017 A0 0% M8 000 0N NN A0S 208 000 NI NN N6 00 240 20A7 20N 204 2dB S0 MM XS4 20% 200 2060 MK 264 086 26} 2000 N MU XS 2T 2080

2010 Years from 2010 to 2080 2080

Fig. 8.8 Water demand of all urban sites (the tree cities: Ouarzazate, Zagora and Agdez), under
three scenarios (CC: Climate Change A2 and B2 and reference scenario) in Million Cubic Meter
(MM?)
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Fig. 8.9 Water demand (not including loss and reuse) for the six palm groves under 4 scenarios
(Climate change A2 and B2, High rate of population growth and the reference scenario) for the
year 2020
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agricultural land. Under the reference scenario, as a result of reduced losses, the
water volume delivered to consumers would increase in Tinzouline palm grove for
example from 52.4 MM? in 2010 to 77.9 MM? in 2020 (Fig. 8.9). The increase is
about 30% in the six palm groves by 2020. Demand coverage to all these palm
groves would increase under Climate change A2 scenario following B2 and the high
rate population growth compared to reference model.

The region is hilly and is crossed by nearby Wadis flowing north-west into the
Iriki Lake (the extreme downstream). Although much of Draa is classified as a
water-scarce region. Water is supplied to the urban area and surrounding rural areas
by groundwater sites. The urban population increases by about 3% (RGPH 2004),
which potentially swells water usage. Water demand would steadily rise as a result
of population increasing at 4% annually from 2010.

The waterworks system infrastructure and operational capacity is the primary
challenge in this region. The utility has several plans under way to increase water
production. These include: increased water abstraction from groundwater sites;
sourcing secondary abstraction sites; extension of the waterworks system network;
groundwater abstraction to supply a few local institutions; and hydropower genera-
tion to reduce electricity costs. The climate change can affect the land class inflows
and outflows (runoff area, precipitation, irrigation, increase of soil moisture, ground-
water flow, evapotranspiration and soil moisture decrease) (Fig. 8.9). This impact is
a threat to water supply, and food (land productivity) security in this vulnerable
region. The changes in land class inflows and outflows starts to be visible from
2050 in the Reference scenario (Fig. 8.10a). However, this unbalance is visible from
the year 2015 under climate change B2 scenario for example (Fig. 8.10b); the situ-
ation will be serious under climate change B2 scenario. We can also find that the
sum of the outflow and the inflow for the reference scenario appears higher than
inflow and outflow under climate change scenario.

8.5 Discussion

The A2 and B2 scenarios were used because they are closest to the trajectory of the
evolution of Moroccan society and changes associated with climate indicators
(Gommes et al. 2008). The models developed in this paper highlight key findings
for each demand site (in agricultural and urban sectors). The agricultural sector is
the biggest consumer of water resources (Karmaoui et al. 2015a; Heidecke and
Thomas 2010). For the distribution of water resources in the different users (sec-
tors), and from the total amount of exploitable water resources; 96.66% is used for
agriculture, 2.70% for domestic, 0.28% for tourism, and 0.36% for economic activi-
ties (SADAM 2003).

Four scenarios were designed to investigate the effectiveness of policy options in
the area (Climate change A2 and B2, reference scenario and the high rate of popula-
tion growth scenario).
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Based on the climatic model developed in this paper, an increase in temperature
by 4.6 °C in summer (A2), 3.5 °C (B2) and 3 °C (A2), 2.2 (B2) in 2080. The rainfall
in winter, will decrease by 19% under the A2 scenario and by 21% under B2 sce-
nario by the end of 2080. The water resources are becoming scarce due to decrease
in precipitation and temperature increase (Fig. 8.10). The coverage rate for water
irrigation in Middle Draa valley was 91% in 2004; this coverage became 74% in
2014 (Karmaoui et al. 2015a).

Under climate scenarios, water availability continues to be insufficient because
of the repeated droughts. According to Karmaoui et al. (2015a), the Middle Draa
Valley will suffer an increase in dry years in the 2010-2099 period. The results of
the two models show that under the A2 climate change scenario, there will be more
dry years during this period than under B2 scenarios. In addition to drought, this
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region experiences a high rate of evaporation, which impacts the soil moisture and
then the soil productivity and the decrease of vegetation cover. The anthropogenic
pressure is the second aspect of degradation in the area. This starts by a traditional
irrigation (submersion irrigation) that aggravates the water availability, an increased
population growth affecting the water resource (water surface and groundwater). In
short- and long-term, climate change and population growth place additional
impacts on water resources. Since the construction of Mansour Eddahbi Dam in
1972, the number of motor pumps has increased steadily. It is estimated that in
1977, the six oases had about 2000 pumps, and in 1985 this number had doubled; in
2005, the number of motor pumps had increased to nearly 7000 (CMV 2005) for the
whole MDV and more than 10,000 in 2011 (Chelleri et al. 2014). Extraction of
water exceeds the natural recharge of aquifers, this poses an important challenge.

Water is scarce in arid and semi-arid regions as in the case of the Middle Draa
Valley. Drought and population pressure in this area are impacting this resource.
Groundwater is constantly declining for the last 30 years (Fig. 8.11), for the six
palm groves of the MDV.

The rapid and continuous decline in groundwater level of M’Hamid is due to the
growth of the use of water and the degradation of favorable conditions for ground-
water recharge. The deterioration of vegetation cover limits the possibilities of infil-
tration and consequently, groundwater recharge is reduced (Zainabi 2003).

In this valley, the river system is fed by releases from the Mansour Eddahbi Dam.
In parallel with the impact of drought, this dam is subjected to the phenomenon of
siltation. Indeed, the capacity of the dam was reduced by approximately 25% in
1998 (Diekkruger et al. 2010). This trend will undoubtedly impact the production of
hydraulic energy of this dam.

Another aspect of water shortage is the orientation of farmers to more profitable
crops but it would be harmful in the long run, especially the cultivation of watermel-

100
90 -
o L=~
T 2 b ﬁ-___.___thﬁ*-\\ PR
0l N 4 N - / o AN ™™
Q | \'qf-"\ ™ 7 \.\\\ "'I-- ~
~
£ so PG P J A\ , £ P
z R TRl B T \ =
-_F-J dO-\ Fd ~ ’ b ':.".A- N
3 ~ Y TN " N e Ny
g 30— ; GEEe s el - N Y
Q 2 "-—\,___J .
20 - ~
- N
N
10 == Mezguita == Tinzouline == Ternata == Fezouata == Ktaoua == Mhamid N
T B e X, W S g R P R R, W S O
RO R R GG R g AR U R R

Fig. 8.11 Level of groundwater resources in the MDV (Source: IMPETUS project)
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Fig. 8.12 Evolution of watermelon area in the same zone (Feija): raw satellite imagery from
U.S. Geological Survey (USGS): www.landsatlook.usgs.gov/. Cloud: 20%. Sensors: TM, ETM+,
OLI, Transparency Visible. Spatial resolution: 2 km. (Source: Karmaoui et al. 2014a)

ons, which dramatizes the demand for water (Karmaoui et al. 2014a). In fact, from
Fig. 8.12, the watermelon area is constantly increasing. This evolution can be clearly
seen in Fig. 8.5 processed by Karmaoui et al. (2014a)

This type of exploitation and all above-mentioned aspects of resource and aquatic
ecosystems degradation have increased food insecurity due to which people are
migrating to big urban centers and poverty is increasing. This will certainly lead to
conflicts and overexploitation of ecosystems and subsequently widespread deserti-
fication. Recognizing this situation, we must consider several options including:
remove mud from dams; monitor the water quantity and quality; re-use of
wastewater; desalination; rainwater aggregation; economic irrigation; and water
management.

The importance of such options is being recognized through initiatives such as
Moroccan green plan or “Plan Maroc vert”, the national program of water irrigation
economy (called PAPNEEI in Morocco), and the provisioning drinkable water
Program of rural population (called PAGER in Morocco).

Under the expected climate scenario, water availability continues to be non-
sufficient at current water capacity. Ouarzazate represents the most challenging of
the three urban sites. The need for major infrastructure to collect water and better
water management at farm scale level are most urgent in Draa. Mehta et al. (2013)
reported that governments continue to rely on donor support for major infrastructure
investments in the water and sanitation sector. In addition, the international donors
have sponsored small-scale projects re-establishing both traditional techniques such
as rainwater harvesting or financing the development of modern drip-irrigation
technologies (Jobbins et al. 2015).

MDYV is facing water constraints as to how to use the available water to meet
urban and agricultural demands. Policies should integrate the supply and demands
to address water stress issues. This paper anticipates hydrologic change in order to
choice the management decisions to answer the water scarcity problem in this
region. All four scenarios show an increasing trend in water requirements with time.
The A2 climate change scenario exhibits the most pronounced increase. These
increasing supply requirements are due to increasing summer temperatures for each
of the two climate change scenarios. Most notably, these models provide useful
indications of the timing of major investment in infrastructure improvements and
expansion, and the size of the expansion required.
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8.6 Conclusion

This paper presents an impact study of climate change scenarios on the water supply
system of the Middle Draa Valley, combining downscaled climate scenarios with a
numerical model of water supply system developed through the WEAP software.

Based on the climate change scenarios, the Middle Draa Valley will face pro-
longed drought from 2014 to 2080. For all scenarios, the increase in crop water
demands meant that irrigation districts would not be able to meet their irrigation
demands. Climate change will affect the storage levels in both Mansour Eddahbi
Dam in upstream and the groundwater reservoir in downstream. The results predict
increases in mean temperatures by 1.4-3 °C in scenario A2 and by 1.6-2.7 °C in
scenario B2 from 2011 to 2070; and a decrease in precipitation by approximately
5.1-15% in A2 scenario and by 3.9-8.9% in B2 scenario. These conditions will
result in increased water demand throughout the region. Irrigation efficiency and
shifts in cropping patterns can reduce the demand in the agricultural sector for other
sectors like tourism.

For the use of these decision support tools, we must take into account the degree
of certainty of the tested scenarios (climate and socio-economic changes) and the
complexity of water issues.
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Chapter 9
Determination of Date Palm Water
Requirements in Saudi Arabia

Abdulrasoul Al-Omran, Fahad Alshammari, Samir Eid,
and Mahmoud Nadeem

9.1 Introduction

Date palm, Phoenix dactylifera L., is one of the oldest fruit trees in the world. The
number of date palms is about 120 million worldwide, of which 70 million palms
can be found in the Arab world (Zaid 2002). The place of origin of the date palm is
uncertain. Some researchers claim that the date palm first originated in Babel, Iraq,
while others believe that it originated in Dareen or Hofuf, Saudi Arabia (Fig. 9.1).
The date palm is a perennial, the females of which normally begin to bear dates
within an average of five years from the time of planting of the offshoot. The date
palm reaches an age of about 150 years.

In Saudi Arabia oases, date palm trees stand tall with their branches outstretched
towards heaven and their roots anchored deep into the earth. These dense green
groves have been a treasured part of the Saudi landscape for generations, both for
their beauty and their utility. Since ancient times, the date palm has been a source of
food for the inhabitants of the Arabian Peninsula, and its branches have granted
shade from the strong desert sun (Figs. 9.2 and 9.3).

The Government of the Kingdom of Saudi Arabia represented by the Ministry of
Water, Environment and Agriculture has exerted incessant efforts to develop the agri-
cultural sector. Continuous support and care was allocated to the date palm produc-
tion sector in particular, due to the important role of this blessed tree in the realization
of food security and its historical relation to the Saudi population. Several farmers
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Fig. 9.1 Location of date palm fields in eight different regions of Saudi Arabia. (Source:
Al-Shemeri 2016)

Fig. 9.2 Date palm production in Saudi Arabia
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Fig. 9.3 Drip irrigation for Date palm production in Saudi Arabia

with the support of the government, have started cultivating high quality varieties of
date palms. Concern regarding the problems of marketing and processing of dates
has increased as investment in these fields was encouraged. The Saudi farmers’ con-
cern with agriculture has increased, and date palm orchards were established on
appropriate modern scientific basis avoiding traditional methods of cultivation.
Numerous modern projects for date palm plantation and production were established
in many parts of the Kingdom. Table 9.1 shows the estimated number of date Palm
trees of different regions in the Kingdom of Saudi Arabia for the years from 1999 up
to 2015, while Figs. 9.4 and 9.5 show the estimated area and dates palm production
(General Authority for Statistics 2015).

The Kingdom of Saudi Arabia is considered as one of the pioneer countries in
date palm cultivation and dates production. The current date production (for the
year 2015) is estimated by over than million tons with an increase of about 45% in
the last twenty years. The cultivated areas of date palm have also increased and
reached about 140 thousand hectares in the year 2004 with an increase of 57% dur-
ing the same period. The number of date palms in the Kingdom are estimated to be
28 million and about 400 different date varieties are found in different agricultural
areas of the Kingdom. Each area in the Kingdom is characterized by certain date
palm varieties.
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Table 9.1 Estimated number of date palm trees by region for the years 1999 to 2015

Region 1999 2002 2003 2004 2005 2015

Riyadh 4160565 4493410 | 4702830 4941944 | 4972529 7030731
Makkah 1781466 1923983 1890100 1773830 | 2027431 1237568
Madina 2299666 2483639 2701372 2810870 | 2843902 | 4619640
Qasseim 3120558 3370203 3188705 3790032 | 3922561 6979753
Eastern Province | 2579856 2786244 2907115 2919608 | 2544652 3731759
Assir 2289709 2472886 1698691 1900168 1829933 1027431
Tabuk 627595 677803 895940 899863 870023 834358
Hail 1315040 1420243 1988091 1780201 1696804 1773442
Northan Frontier 1751 1891 1942 1826 2047 23089
Jizan 7746 8366 11172 8738 7360 8581
Najiran 437512 472513 387136 443709 608488 385623
Albaha 102956 111192 88952 124894 145177 70612
Jouf 580768 627229 862065 892174 | 1155076 848217
Total 19305188 20849602 | 21324111 | 22287857 |22625983 | 28572819
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Fig. 9.4 The estimated areas of dates palm production in Saudi Arabia. (Source: General Authority
for Statistics 2015)

9.2 Location and Climate

The Kingdom of Saudi Arabia is situated in southwest Asia between latitude 16-32
North and longitude 35-65 East. The total area of the Kingdom is about 2.25 mil-
lion square kilometers which represents about 80% of the area of the Arabian
Peninsula. The Kingdom’s area extends from the Red Sea in the West to the Arabian
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Fig. 9.5 The estimated of dates production in Saudi Arabia. (Source: General Authority for
Statistics 2015)

Gulf in the East. The vast area of the Kingdom together with its geographic location
led to diversity in its terrain and geological formation which had brought about rela-
tive advantages to certain parts of the Kingdom. Most of the regions in the Kingdom
fall within the dry tropical zone for west continents. The climate of the Kingdom is
characterized by hot, dry and long summer where temperatures in certain areas
sometimes reach more than 45° C during the months of June, July and August, gen-
erally with an average temperature of around 35° C during the summer. On the other
hand, the winter season falls during the months of December, January and February
when temperatures in certain areas often drop to less than zero degree. Levels of
humidity rise during summer season and range between 35 and 85%, whereas dur-
ing the winter season, it ranges between 35 and 70%. The levels of humidity are
generally considered high during the summer months in the western coastal areas
compared to the eastern coast area. In the middle inland areas, levels of humidity are
relatively low ranging between 15 and 35% during summer months, and rising a
little during winter season, ranging between 20 and 70% (Al-Omran et al. 2002).
Despite the Kingdom, spreads over more than two million square kilometers,
most its areas are considered the driest in the world. The average annual rainfall
is about 100 mm, most of which occurs between December and March. Sometimes,
the average annual rainfall in some areas of the southern region of the Kingdom
reaches 400 mm. The Kingdom is exposed to north, northeasterly or north-west-
erly dry winds during most of the year, while the western winds coming from the
Mediterranean during winter and the seasonal southwestern winds during summer
cause the rainfall in different areas of the Kingdom. Rates of evaporation in the
Kingdom are high due to high air temperatures, scarcity of rainfall and drought.
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9.2.1 Water Resources

Water used for irrigation purposes is counted as one of the most important factors
affecting the agricultural sector. The most important sources of water are under-
ground water, rainwater, and treated wastewater. The Ministry of Agriculture being
aware of the importance of water conservation and the rationalization of water con-
sumption in date palm plantation.. The Ministry further encouraged the farmers and
agricultural companies to adopt appropriate irrigation methods and follow the con-
cept ‘More Crop per Less Drop’ which means more crop production by using less
quantities of water instead of the concept of ‘More Crop per Drop’ which means
more crop production by using the same quantity of water. In this context, the
Ministry is striving hard to create awareness for the use modern irrigation systems
such as Drip irrigation or the use of Pivot Sprinklers and avoidance of traditional
methods such as flood irrigation. The ministry provides agricultural licenses only in
the precondition of use of modern irrigation systems.

9.2.2 Soil Salinity and Date Palm

Date palm growth is influenced by soil salinity, which results in loss of productivity.
The soluble salts present in soil are mainly: Na, Ca, Mg, Cl, and SO,. Richards
(1954) defines saline soils as soils that have an electrical conductivity (ECe) higher
than 4 dsm™ at 25°C, with a sodium absorption ratio (SAR) of less than 15 and pH
generally less than 8.5. In the Saudi Arabia, most of the soils are suitable for date
palm plantation since these soils have lower values of ECe, usually less than 4 and
are well aerated (Heakal and AlAwajy 1989). However, Saudi Arabia’s date palm
can also be grown in saline soil where ECe reaches up to 16-20 dsm™! (Bashour
et al. 1983) in some areas of central region, and between 2—8 dsm in Al-Hasa oasis
(Al-Barrak 1990), and more than 20 dsm™' in coastal soils of Al-Hasa (Al-Barrak
1997). The electrical conductivity of main aquifers in Saudi Arabia ranged between
2 and 5 dsm (Al-Omran et al. 2005). According to Ayers and Westcot (1985), date
palm can tolerate an ECe of 4.0 dsm™! with an ECw of 2.7 dsm! without losing any
yield (Maas and Hoffman 1977).

9.2.3 Date Palm Spacing

The spacing between date palms differs worldwide. The recommendation for date
palm spacing for the farmers in Saudi Arabia is 10 m x 10 m i.e. 100 offshoot/ha
(Ministry of Agriculture 2000). This spacing allows a sufficient sunlight even after
the plants grow tall in 7-10 years, and allow sufficient working space within the
field. In some regions, the spacing is smaller than recommended which is 7 m x 7 m,
about 204 trees /ha. In some other old oasis such as Al-Hasa, it is common to grow
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some other crop with the date palms. Vegetables crops are grown while the date
palms are still young, and after the date palms grow tall enough to allow cultivation
under them, the planting of fruit trees such as citrus among them is advisable. In
other areas such as on the edges of the basin, the date palm is grown with alfalfa and
citrus, figs and pomegranate as associated crops. Some private farmers also use dif-
ferent spacing such as, 8 x 8 m. However, narrower spacing is not advisable.

9.2.4 Irrigation Methods

Irrigation is the timely application of water to a crop when it is really in need of any
water applied when not necessary, is a waste of a precious commodity. Irrigation
must take place where the roots of the plant can easily reach it. It is of no use to the
plant if water is applied where the roots cannot reach it. For a date palm tree, if the
soil is divided into four layers of equal depth from top to bottom, 40% of all roots
can be found in the top layer, 30% in the second layer, 20% in the third layer and the
remaining 10% in the last layer. The same percentages apply in concentric rings
around the plant. The same percentage of water will also be extracted from the soil
in the different layers due to the presence of the roots in these respective layers.

Different irrigation techniques are available, but not all of them are suitable for
date palm irrigation. The flood irrigation method is the oldest method known, and is
also the method most widely used at the old date palm farms in all regions of Saudi
Arabia. Recently the new irrigation systems like drip irrigation (surface drip irriga-
tion and subsurface drip irrigation) and bubbler have been introduced and are in use
on the modern farms.

9.2.5 Irrigation Water Quality

Many researchers have reported on the evaluation of irrigation water quality in dif-
ferent regions of Saudi Arabia, including Riyadh region, Al-Hasa oasis, Al-Qassium,
Al-Kharj, and some selected regions (Hamza et al. 1975; Mee 1983; Al-Omran
et al. 2005; Al-Jaloud and Hussain 1992; MAW 1985; Jahangir et al. 1987). The
water composition for 16 different aquifers is reported in Water Atlas of Saudi
Arabia (MAW 1985). The details of different aquifers are given in Table 9.2. The
groundwater from the aquifers were analyzed and sodium adsorption ratio (SAR),
adjusted sodium adsorption ratio (adj RNa), adjusted sodium adsorption ratio (adj
SAR) exchangeable sodium percentage (ESP), calcium/magnesium ratio (Ca™/
Mg*"), and chloride/sulfate ratio (C1/SO,~) were calculated from analytical data.
The chemical composition of the water samples of Riyadh region is presented
by plotting on a Piper trilinear diagram (Piper 1944) (Fig. 9.6). The Piper diagram
provides a convenient method to classify groundwater types, based on the ionic
composition of different water samples. This diagram shows the main minerals
present in water, calculated on the basis of the major concentrations of ions in
Riyadh region which is rich in calcium - magnesium sulphate - chloride water type.
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Table 9.2 Most important features of different aquifers
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Aquifers Water Depth (m) | Discharge (Ls!) | Location (Region of Saudi Arabia)
Al-Saq 150-1500 100 Central — North
Wajid 150-900 40-80 Southern
Tabuk 60-2500 1520 Central — North
Minjur 1200-2000 60-120 Central
Dhruma 100 60-120 Central
Biyadh 30-200 25-50 Northern
Wasia 100-800 85-110 Central — East
Umm-ER-Radhuma | 160-200 50-100 Eastern
Dammam 50-100 7-22 Eastern
Neogene NA 50-100 Eastern
Jilh NA 10-18 West — Riyadh
Khuff NA 7-23 East — El-Qawayh
Aruma NA 30-32 Central — East
Jubalia NA NA Central
Basalt NA NA Western
Aluuvial NA 50 Western - Costal
NA data not available
Source: MAW (1985)

&

2+
Ca

CATIONS

ANIONS

Fig. 9.6 Piper — tri-linear diagram showing the major ionic composition of Riyadh region ground-
water. (Source: Al-Omran et al. 2005)
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Table 9.3 Yield potential of date palm with varying soil salinity (EC,) and irrigation water salinity
(ECy)

Yield Potential

100% 90% 75% 50% maximum EC,
EC, (dSm™! 4 6.8 10.9 17.9 32
EC, (dSm™) 2.7 4.5 7.3 12.0 -

Source: Ayers and Westcot (1985)

9.2.6 Salinity and Date Palm Production

Mass and Hoffman (1977) provide an extensive list of salinity coefficients for a
number of field, vegetable, forage and fruit crops. These coefficients consist of a
threshold and the rate yield declines with increasing salinity (slope). The salinity
threshold (a) is the maximum average soil salinity (ECe) the crop can tolerate in
root zone without the decline in yield. Using these coefficients, the yield potential
(% yield) can be estimated from the following equation:

Y =100-b(EC, —a) 9.1
Where

Y =relative yield

b = the rate yield declines with increasing salinity.
a = threshold salinity value for date palm (4 dsm™)
EC. = electrical conductivity of root zone

Table 9.3 shows the yield reduction of date palm at different values of soil salinity
(ECe) and irrigation water salinity (ECw) as reported by Mass and Hoffman (1977).
Although, the date palm is a fruit plant, it is one of the most resistant (tolerant)
plants to salinity where ECe can be 4 dsm™! without losing any yield. The table pro-
vides irrigation water salinity (ECw) that, if used continuously to achieve LF of
15-20% (Ayers and Westcot 1985), would result in yield potential of 100, 90, 75,
and 50%. The ECw values at 100% yield potential for date palm are 2.7 dsm'! which
represent the poorest water quality that, if used continuously, will produce and ECe
level of 4.0 dsm™! which is equal to salinity threshold value. If the average values of
ECe at the root zone throughout the season was 10.9 dsm’!, or ECw with leaching
fraction of 15-20% is 7.3 dsm!, then the yield potential of date palm is 75%.

9.2.7 Estimation Evapotranspiration
9.2.7.1 Estimating Crop ET
Since long, different methods were employed to estimate the water requirements of

different crops. As a result, numerous methods have been developed and adopted for
different crops. Some of these methods are more accurate than others and some
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more convenient to use than others, because of the availability of information of
metrological data for the date palm trees. Since the direct measurement of crop
evapotranspiration (ET,) is expensive, time consuming and laborious, it is usually
estimated from more easily available climatic data. This approach involves the esti-
mation of a meteorological related reference evapotranspiration (ET,) and a set of
ET crop coefficients (K.) to determine crop water requirement.

Various procedures have been used to obtain the necessary reference ET, data and
several types of crop coefficients curves have been published (Wright and Jensen
1972). However, all the existing methods of estimating crop ET from climatic data
involve some empirical relationships and assumptions, hence local or regional veri-
fication or calibration is necessary to gain higher reliability in obtaining practical
utility of ET equation. The recent development of computerized weather stations
provides hourly-integrated measurement of meteorological variables and a means to
estimate ET on short-term basis and with more accuracy.

9.2.7.2 Estimating Reference Evapotranspiration (ET,)

The equations for estimating ET, may be broadly classified as those based on com-
bination theory, humidity data, radiation data and miscellaneous methods that
involve multiple correlation for ET and various climatic data. The Technical
Committee on Irrigation Water Requirements presents comprehensive details of
these methods, American Society of Civil Engineers (Jensen et al., 1990). The most
commonly used procedures to estimate....are the Penman, Jensen- Haise, Blaney-
Criddle, Thornthwaite and pan evaporation methods. These methods were cali-
brated under local conditions by measuring the evapotranspiration for two years
from alfalfa grown in lysimeters and obtaining the climatic data from weather sta-
tion in the area (Al-Omran et al. 2004).

9.2.7.3 Crop Coefficients

Many evapotranspiration estimating methods result in an ET estimate for a refer-
ence surface of water or reference crop of grass or alfalfa. Extensive research has
been conducted on reference ET methods and crop coefficients because of their use
in irrigation scheduling and water resources allocation, management, and planning.
The available methods for estimating reference ET when properly used with reliable
crop coefficients permit furnish crop ET within the accuracy of most field-irrigation
systems to deliver water (Jensen and Wright 1978). Various procedures have been
used during the past three decades to obtain the experimental crop and reference
data needed to develop ET crop coefficient. Several sets of curves derived from
these data have been published (Wright and Jensen 1978). Although crop coeffi-
cients have been suggested for the arid and semiarid climates yet haven’t been tested
under severe hot and arid climate of Saudi Arabia.
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9.3 A Case Study of Date Palm Water Requirement

The aim of present study was to determine the date palm water requirements of
eight regions of Saudi Arabia taking into consideration the shaded area of the tree
and irrigation water quality and to compare it with the actual water added by farm-
ers in each region of Saudi Arabia.

The agricultural sector consumed more than 85% of water consumption which
reached to more than 23 billion m? in 2012 (Ministry of Electricity and Water 2014).
As the demand of water increases, an effective and accurate evaluation of crop water
requirement (CWR) is essential for planning, designing, operating, managing farm
irrigation systems. The efficient use of water resources for irrigation can be done
through estimation of CWR. Evapotranspiration (ET) plays a major role in irriga-
tion water management. Allen et al. (1998) reported that many factors may play a
role in limiting crop development, which are: water availability, soil salinity, poor
land fertility, poor soil and water management, plant density and soil water con-
tents. In Saudi Arabia, the limiting factor in agricultural development is water avail-
ability to irrigate the increasing number of date palm trees. Based on the recent
statistical reports (General Authority for Statistics 2015), the total number of date
palm trees are 28.5 million on 54000 ha drip irrigation and 53200 ha surface irriga-
tion fields.

In Saudi Arabia, estimation of water requirement of date palm has been reported
by many researchers. These estimates differ between 6200-55000 m3/ha. Alazba
(2001) estimates water requirement to be between 15000-55000 m?/ha, depending
upon irrigation system or leaching requirement. Al-Ghobari (2000) has estimated
the total annual amount of water required by one date palm tree as 136 m* in Najran
of south western region. Kassem (2007) monitored water requirements in Qassem
region. Using soil water balance method, he determined the annual water use with
drip irrigation as 16400 m?/ha, with a density of 100 tree/ha. Al-Amoud et al. (2012)
estimated the actual water use in the range between 21360-28290 m?/ha, for density
of 100 tree/ha. A study conducted by Ismail et al. (2014) in the western part of Saudi
Arabia calculated water requirement based on Penman-Montieth equation for ET,,
Kc ranged from 0.8—-1.0, and the evapotranspiration area (23 m?/tree), to be 7300 m*/
ha, for density of 100 tree/ha. Recently, Dewidar et al. (2015) estimated water
requirement of date palm using non-weighing lysimeter. They reported that volu-
metric palm water requirement per day fell between 87-297 L/day, with daily aver-
age of 182 L and crop coefficient ranged from 0.74 to 0.91. In Kuwait, the date palm
water requirement using drainage type lysimeters through water balance budget was
ranged between 23392-27251 m*ha (Bhat et al. 2012). In Algeria, Mihoub et al.
(2015) reported that the annual water requirement is 17411 m3/ha, for a density of
120 tree/ha by drip irrigation compared to 26117 m3/ha by surface irrigation. In
Jordan, Jordan valley, Mazahrih et al. (2012) reported that the amount of applied
irrigation water per date palm tree were 27, 40, 53 and 67 m? for the irrigation treat-
ments 50, 75, 100 and 125% ET. respectively.

guido.minucci@gmail.com



190 A. Al-Omran et al.
9.3.1 Experimental Sites

This study was conducted on eight different regions of Saudi Arabia to estimate
monthly and annual irrigation water requirements of date palm (Phoenix dactylifera
L.) of Klayas variety. Field measurements and determination of ET, were taken dur-
ing one year starting Oct. 2013—Sept. 2014 on complete grown tree (more than 10
years old). Fields that have been selected are located in regions of the Medina (Al
Ula), Tabuk (Teimaa), Makkah (Al Jumum), Al Jouf (Sakakah), Riyadh (Sodos),
Qassim (Riyad Al Khabra, Hail (AL Kaedh), East Region (Al Ahsa) (Fig. 9.1). The
characterization of the soil and irrigation water are shown in Tables 9.4 and 9.5
(Al-Shemeri 2016).

9.3.2 Meteorological Data

Small weather stations were installed at each site of the study to monitor the changes in
meteorological parameters during the study period. The meteorological data recorded
were: net radiation (MJ/ m?day), wind speed (m/hr), air temperature (°C), relative
humidity (%) and rainfall (mm). The air water vapour pressure deficit (kPa) was calcu-
lated using daily and hourly average temperatures and relative humidity. Finally, the
reference evapotranspiration (ET,, mm/day) was calculated according to the Penman-
Monteith (PM) equation as specified by the FAO protocol (Allen et al. 1998).

Table 9.4 The physical and mechanical analyses of the soil

Mechanical analysis Soil constants Ca Hydraulic
Sand |Silt | Clay | Soil WP |EC Sp CO; | O.M | conductivity
Sites % % % Texture | % % %o %o Yo cm/h

Medina |889 | 5 6.1 | Sandy 5.08 |10.15 |203 | 382 0.1 |65

Tabuk 81.4 7.5 | 11.1 | Sandy 7.5 15 30 6.34 10.72 |5
Loam

Makkah |71.4 | 17.5 | 11.1 |Loam 8 16 32 3.56 | 1.78 | 3.1
Sandy

AlJouf |90.7 | 5 4.3 | Sandy 5.8 11.6 232 | 23 |0.11 |6.25

Riyadh |65.7 | 17.5 |16.8 |Loam 695 139 |27.8 [369 058 29
Sandy

Qassim |47.1 |30 229 |Loam 8.9 178 356 | 7.93 288 |22
Hail 839 | 7.5 | 8.6 | Sandy 7.7 154 308 | 2.7 |0.15 |3.55

Loam
East 675 175 |15 Sandy 8.3 166 332 |14.1 |1.88 |42
Region Loam
Max 90.7 130 229 |- 8.9 178 356 369 2.88 |6.25
Min 47.1 5 43 |- 5.08 | 10.15 |20.3 23 (01 |22
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Table 9.5 The analyses of the irrigation water

Cation

(meq/L) Anion, meq/l

TDS EC

Sites (mg/L) |SAR pH |(dS/m) Mg*™ Na* | K* |CO;= HCO; |CI' |SOs
Medina | 544 3.35 |7.63/0.85 1.1 48 10150 1.6 50 |25
Tabuk 390 223 |7.6 0.61 1.9 3.11/0.12|0 1.5 3.0 |25
Makkah | 1004 331 |75 [1.57 29 6.62 10210 2.0 75 16.0
AlJouf | 960 415 (74 |15 2.6 7.810.15|0 2.0 8.1 |52
Riyadh | 646 3.42 |7.611.01 1.98 54 10.18|0 2.1 5.1 |48
Qassim | 1536 8.44 |78 |24 3.0 16.99 10.30 | 0 276 16.88|5.12
Hail 601 345 |7.6 1094 1.0 50 10200 2.1 5.1 |26
East 998 3.66 7.5 |1.56 3.0 75 1025/0 2.6 70 165
Region

9.3.3 Estimation Method of ET

9.3.3.1 Penman Montieth Method

Using the Penman Monteith equations (9.2, 9.3, 9.4, 9.5 and 9.6) based on climate
data on the farm as part of the national project of the rationalization of the irrigating
water in agriculture (RIWA), Ministry of Environment, Water, Agriculture to esti-
mate the water needs. Then, calculate the total irrigation water requirements based
on the quality of irrigation water and soil salinity, taking into account the values of
crop coefficient Kc for each month, irrigation efficiency and shaded area of date
palm. The combined FAO Penman-Monteith method was used to calculate ET,
through the following equation:

Where:

ET, = Reference evapotranspiration (mm/day)

ET,

0.408A(Rn—G)+y (

900
T+273

)qu—g)

o

A+y(1+0.34U,)

Rn = Net radiation at the crop surface (MJ/m? per day)
G = Soil heat flux density (MJ/m? per day)
T = Mean daily air temperature at 2 m height (°C)
U, = Wind speed at 2 m height (m/sec)

e, = Saturation vapour pressure (kPa)

e, = Actual vapour pressure (kPa)

e, — €, = Saturation vapour pressure deficit (kPa)

A = Slope of saturation vapour pressure curve at temperature T (kPa/°C)
y = Psychrometric constant (kPa/°C)
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As crop evapotranspiration ETc can be calculated as:

ET, =K_xET, 9.3)

Where

K. = crop coefficient ranged from 0.8 — 1.0 depend on the month of year as noted in
(Allen et al. 1998)

ET, = ET, = Reference crop evapotranspiration (mm/day)

ET. = Crop evapotranspiration (mm/day)

The percentage of evapotranspiration area (S.) was calculated from actual shaded
are at noon in June to the actual area to each tree from the following equation as
described by Hellman (2010) for grape:

2
g - Shaded area per tree +100= " R

e

= 9.4)
Actual area 10m x10m

Where

S. = The percentage of evapotranspiration area.
R =radius of tree (m).
Shaded area = Area of the shade of one tree measured at noon.

Leaching requirements were calculated using the following equation (Doorenbos
and Pruitt 1977).

EC
R - _EC 1 9.5)
2MaxEC,  Eff

Where

LR = The fraction of the water to be applied that passes through the entire root zone
depth and percolates below

EC;, = Electrical conductivity of irrigation water (dsm™)

EC, = Electrical conductivity of the soil saturation extract for a given crop appropri-
ate to the tolerable degree of yield reduction (dsm™).

Max EC, = Maximum tolerable electrical conductivity of the soil saturation extract
for a given crop (dsm™).

Eff = Leaching efficiency (90% for sandy and loamy sands).

Calculating the Grass Water Requirements (GWR)

ET,
GWR = # (9.6)
(1-LR)x Effir
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Where

GWR= Gross Water Requirement (m*/ha).

ET. = Crop Evapotranspiration (m*/ha).

Effir = Efficiency (%), 90%.

LR = Leaching Requirements.

S, = The percentage of evapotranspiration area.

9.3.3.2 Water Balance Method

Water balance method by difference of soil moisture contents between two irriga-
tions period by measuring changes in moisture contents after and before irrigation
at the root zone using a device to measure moisture (Terra Sen Dacom Sensor) at
depths of 10 — 120 cm all year. After verifying the accuracy of moisture sensitive,
calibrated sensors with direct method (gravimetric laboratory method) with data
from the sensors for a period of two months for three sites. The total amount of
irrigation for one year calculated by the following equation:

ET=P+I1-Dr+AS 9.7)

Where

ET = Consumptive use (in mm)

P = Precipitation (in mm)

I = Irrigation added (in mm)

Dr = Drinage (in mm) and

AS = change in soil water content (in mm)

9.3.3.3 The Amount of Applied Irrigation Water

a) The study site: The amount of applied irrigation water throughout the year by
readings of flow meter (actually added) in the field experiment using soil mois-
ture and data of meteorological stations.

b) Farmers fields: The amount of applied irrigation water throughout the year by
flow meter added by farmers (actually added to the fields by farmers adjacent to
the field of study).

9.3.4 Results and Discussions
9.3.4.1 Climatic Conditions at the Experimental Sites
The observed average values of the climatic variables at the eight sites are presented

in Table 9.6. The data revealed that the highest maximum temperature during the
year in the Makkah and East Region were 49.9 and 47.5 °C, while the lowest
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minimum temperature during the year in the Tabouk and Hail were —3.3 and —2.4
°C. The highest maximum net radiation during the year in the Madinah and Al-Jouf
were 11.22 and 10.89 MJ/m? while the lowest minimum net radiation during the
year in the Al-Jouf and Hail were 0.46 and 0.76 MJ/m?. The highest maximum rela-
tive humidity during the year in the Hail and Al-Jouf were 95 and 92 % while the
lowest minimum relative humidity during the year in the Al-Jouf wase 4 %. The
highest maximum wind speed during the year in the Al-Jouf and Madinah were 6.5
and 5.1 m/s while the lowest minimum wind speed during the year in the Tabouk
and Madinah were 0.2 and 0.4 m/s. The results of the study showed that the crop
evapotranspiration, ETc (mm/year) of the sites in, Medina, Tabuk, Makkah, Al Jouf,
Riyadh, Qassim, Hail, East Region were 2418.75, 1940.51, 1837.76, 2259.03,
2139.23, 2207.41, 2032.09, 2144.87 mm/year, respectively. These results indicate
that the estimation of ETc at the different sites of Saudi Arabia is affected by weather
conditions. The highest value of ETc was in Medina field site, which could be attrib-
uted to the highest net radiation and temperatures.

9.3.4.2 Date Palm Water Requirement in the Experimental Sites

a) Using the Penman Monteith equation (56) based on climate data

The results of the study in Table 9.8 showed that the irrigation water requirements
(m’/ha) after taking into account the proportion of cultivated area for each tree of the
sites in Medina, Tabuk, Makkah, Al Jouf, Riyadh, Qassim, Hail, East Region were
9495.24, 7340.18, 7298.93, 8913.59, 8614.96, 8568.68, 7996.99, 8510.72 m* ha,
respectively, with the 100 Palm trees/ha. The total annual irrigation water require-
ments (m3/tree) in these sites were: 95, 73.4, 73, 89, 86, 85.7, 80, 85 m?, respectively,
as the radius of shaded area per tree is 3.5 m with effective diameter of 90%, and the
rate of leaching were: 12, 8, 13, 12, 14, 11, 13, 13%, respectively. With an irrigation
efficiency of 90%, it was found that the on an average, overall irrigation water
requirements at all the sites was 8342.41 m3/ha/year with 100 (trees/ha). These val-
ues of ETc and CRW are attributed to the metrological conditions of each site.
However, the reduction in the estimated CWR to an average of 8342 m?*ha com-
pared to overall average of 20000 m*/ha as reported by many researchers (Al-Amoud
et al. 2012; Ismail et al. 2014; Mihoub et al. 2015; Dewidar et al. 2015) is mainly
attributed to the percentage of vegetative cover or shaded area (Se) of the tree. As we
calculated the Se values as (0.33) of the actual area of the tree. Therefore, the prac-
tice distance of 10 m x 10 m between trees on the farms of Saudi Arabia does not
seem appropriate at all the sites. This area of 100m? for each tree is an overestimate
of the crop water requirements and therefore, it must be change to 7 m x 7 m in order
to have a higher vegetative cover on the date palm farms.

b) Water balance method

The results of water balance method indicate the linear relationship with r2 = 0.90 —
0.93 between the data of Terra Sen Dacom sensors and direct method (Gravimetric
Method) as depicted in Fig. 9.7) for a period of two months on the three sites. The
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Fig. 9.7 Relationship between gravimetric soil moisture contents and the measured soil moisture
contents (Terra Sen Dacom sensors)

results presented in Table 9.4 show that the volume of water consumed was 3604.31,
3515.25 m’/ha/year for Qassim and Al Jouf, respectively. The amount of rainfall
for Qassim and Al Jouf during the season were 92.85, 434.99 m?/ha/year, respec-
tively. The water balance methods showed that the water consumption for the two
sites were very low as compared to ETc estimation by P-M or water added to field.
This reduction in total amount of water consumption is mainly due to short depth
of the sensor installed in the site (120 cm). It seems that about 50% of water added
to date palm trees goes to waste and is being lost through percolation.

¢) The amount of applied irrigation water in study sites

Table 9.7 shows that the amount of irrigation water actually added by a flow meter
of all study sites, of the Medina, Tabuk, Makkah, Al Jouf, Riyadh, Qassim, Hail,
East Region were 11305.0, 9463.9, 9692.0, 11252.75, 1007.4, 10035.0, 10272.5,
10082.8 m?/ha/year, respectively. While these volumes added by the farmers in
adjacent, farms were: 13717, 12277, 12220, 13340, 12050, 12880, 12620,
12610 m*/ha/year, respectively. The increases of the amount of irrigation in adja-
cent farms by the farmers are mainly due to poor knowledge on irrigation require-
ments. Before installing the irrigation water monitoring system on the study sites,
the farmers used to add three times higher than this volume and that could reach to
35000 m*ha.
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Table 9.7 Compared the amount water applied in the different methods sites and increase water
ratio (%) compared to Penman-Monteith Method

Water Requirements of Different Methods (m?/ha/

year) The Increase Water Ratio, (%)
Applied Irrigation Compared to Penman-

Penman- Water Water Monteith Method

Monteith balance Field Farmer Farmer
Sites method method Study Adjacent | Field Study Adjacent
Medina | 9495.24 - 11305.0 | 13717.00 | 16.0 30.8
Tabuk 7340.18 - 9463.9 | 12277.00 |22.4 40.2
Makkah | 7298.93 - 9692.0 | 12220.00 |24.7 40.3
Al Jouf |8913.59 3515.25 11252.8 | 13340.00 |20.8 332
Riyadh | 8614.96 - 10007.4 | 12050.00 |13.9 28.5
Qassim | 8568.68 3604.31 10035.0 | 12880.00 |14.6 335
Hail 7996.99 - 10272.5 |12620.00 |21.2 36.6
East 8510.72 - 10082.8 | 12610.00 | 15.6 32.5

Region

Table 9.8 Water use efficiency Kg/m?, Yield Kg/ha and water saving, % in the field study as
compared to the adjacent farmer’s field

Field Study Farmer Adjacent
Water Water | Water Water | Water
applied, Yield, |use, applied, Yield, |use, Saving Yield

Sites m’/ha/year | Kg/ha | Kg/m*® | m’/ha/year | Kg/ha | Kg/m? | (%) EC. | %

Medina | 11305.00 |7482 |0.66 13717.00 | 7374 0.54 |17.58 1.000 | 100.00
Tabuk 9463.90 6240 | 0.66 12277.00 |6170 |0.50 |2291 0.935 | 100.00
Makkah | 9692.00 |5406 |0.56 12220.00 |5324 |0.44 | 20.69 4.600 | 97.84
Al Jouf | 1125275 |6215 0.55 13340.00 |6150 |0.46 | 15.65 4.840 | 96.98
Riyadh | 10007.40 |7620 | 0.76 12050.00 |7520 |0.62 |16.95 2.050 | 100.00
Qassim | 10035.00 | 6742 |0.67 12880.00 |6531 |0.51 |22.09 10.950| 74.98
Hail 10272.50 | 6908 | 0.67 12620.00 | 6708 |0.53 18.60 2.600 | 100.00

East 10082.80 | 8400 |0.83 12610.00 8520 |0.68 |20.04 6.030 | 92.69
Region

9.3.5 Water Use Efficiency Kg/m’, Yield Kg/ha and Water
Saving

Table 9.8 shows that the productivity per hectare ranged between 5406 kg.ha'! in
Makkah and 8400 kg.ha! Al Ahasa. Water use efficiency (WUE) of palm in Medina,
Tabuk, Makkah, Al Jouf, Riyadh, Qassim, Hail and East region in study sites were:
0.66, 0.66, 0.56, 0.55, 0.76, 0.67, 0.67, 0.83 kg.m™, respectively, while in the neigh-
boring fields, these values were: 0.54, 0.50, 0.44, 0.46, 0.62, 0.51, 0.53, 0.68 kg/m?,
respectively. The water savings were: 17.58, 22.91, 20.69, 15.65, 16.95, 22.09,
18.60, 20.04 %, respectively.
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Based on the equation given by Mass and Hoffman (1977) (Yield % = 100 — b
(EC. - a), on the reduction of yield using saline water on all sites of the study. For
the date palm trees, the threshold salinity values (a) are 4.0 dsm™ and (b) as 3.6%.
As revealed by Table 9.8 the date palm production was affected by salinity in
Al-Qassim site with a reduction 25% followed by East Region farm at 7.31%. The
rest areas were not affected by salinity.

9.4 Summary and Conclusions

For the improvement of date palm cultivation in the Kingdom of Saudi Arabia, new
innovative solutions are needed that in addition to the irrigation water issues could
also address constraints like: pest and diseases control, draught, water shortage, soil
and water salinization, water quality production, and socio economic and institu-
tional constraints. Integrated efforts by irrigation researches, technicians, managers,
and the farmers have to be put together in order to conserve water used in date palm
cultivation. No single technology can solve all the water quantity and quality prob-
lems confronting irrigation of date palm and other crops. Many technologies, such
as irrigation scheduling, advanced irrigation systems, limited irrigation methods,
soil moisture management, wastewater irrigation, can be used to use less water for
date palm irrigation. An Improved water management is required at all levels of
irrigation including planning and design, project implementation, and operation and
maintenance. These management improvements require comprehensive changes in
institutions and organizations, water policy and law, rehabilitation or introduction of
new irrigation systems, education and training of the farmers and extension work-
ers, and researchers and development priorities.

The determination of annual evapotranspiration and water requirements of eight
different regions of Saudi Arabia is an offer to improve irrigation water manage-
ment of date palm. Regions that have been selected for the study include: Medina
(Al Ula), Tabuk (Teimaa), Makkah (Al Jumum), Al Jouf (Sakakah), Riyadh (Sodos),
Qassim (Riyad Al Khabra, Hail (Al Kaedh), East Region (Al Ahsa). The results of
the study showed that the crop evapotranspiration, ETc (mm/year) without taking
shaded area per tree, in the regions of Medina, Tabuk, Al Jouf, Riyadh, Qassim,
Hail, Al Ahsa were 2418.75, 1940.51, 1837.76, 2259.03, 2139.23, 2207.41, 2032.09,
2144.87 mm/year, respectively. Irrigation water requirements (m‘/ha) after taking
into account the proportion of cultivated area for each year are 9495.24, 7340.18,
7298.93, 8913.59, 8614.96, 8568.68, 7996.99, 8510.72 m?/ha, respectively, for the
100 Palm/ha. The annual total irrigation water requirements in these regions were
found to be 95, 73.4, 73, 89, 86, 85.7, 80, 85 m¥tree' respectively as the radius of
shaded area per tree is 3.5 m. The decrease of the CRW in all sites of study to around
8000 m*ha is mainly attributed to percentage of shaded area of date palm tree. The
study suggests maintaining the tree-to-tree distance of 7 m x 7 m, instead of practic-
ing 10 m x 10 m in order to reduce the estimation of CRW of date palm trees. The
water balance methods showed that water consumption for the two sites were very
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low compare to ETc estimation by P-M or water added to field. This reduction in
total amount of water consumption is mainly due to short depth of the sensor
installed in the site (120 cm). It seems that 50% of water added to date palm tree
goes to waste as leaching water.
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Chapter 10 “®)
The Contribution of CSR to Water
Protection in the Maghreb Region:
Engineering a New Approach to Assure
Water Security

Check for
updates

Abdelhafid Aimar

10.1 Introduction

The Maghreb is a region which is currently facing many challenges in the environ-
mental sphere and in the exploitation of natural resources. Today, the threats of
water scarcity and insecurity are imminent in the region. Population growth, urban-
ization, climate change, poor water management, and soil contamination are
severely affecting water supplies and endangering community livelihoods. Water is
an essential natural resource, it is vital for economic and social development, as well
as for sustained environmental management. Growing demand for water and the
increasing scarcity and deterioration of water quality mean that its use and manage-
ment have become of central interests to governments and businesses in the region
and elsewhere.

Environmental degradation in the Maghreb region is essentially of natural ori-
gins, but has been accelerated by human activities during the last decades. While it
is caused by soil degradation, desertification, droughts, floods, and water scarcity
(Tabet-Aoul 2011), it has been aggravated by agricultural runoffs and domestic and
industrial discharges. Indeed, pollution is presently deteriorating the quality of
water and reducing freshwater availability in the region. The engineering of a new
water approach appears to be crucial to reduce social vulnerabilities, secure safe
water supplies, and ensure water security in the region. But this does not seem to be
solely the job of governments. In an already ecologically fragile Maghreb region, a
collaborative action is urgently required to address water scarcity and contamina-
tion risks. Any action to protect water resources in the region seems to necessitate
the involvement of both private and public businesses as they are using about 10%
of water resources and are partly responsible for water contamination.
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Although the industrial business sector use less water compared to the agricul-
tural sector, the impact of their externalities on the environment is far-reaching. It
contaminates surface and groundwater, causes serious damages to soil and air, and
affects both biodiversity and human health. Industrial businesses in the region need
to redirect their action to strike a balance between business development on the one
hand, and water protection and risk reduction on the other. Indeed, the risks emanat-
ing from industrial activities can be devastating. Corporate social responsibility
(CSR) is about risk management. It deals with various industrial risks with the pur-
pose of minimizing or eliminating the negative impact of industrial operations on
both community and environment. This paper illustrates the water risks with which
the Maghreb region is concerned and draws attention to the contribution of CSR to
water conservation and pollution risk reduction. It examines whether the involve-
ment of business sector can abate the threats of water deterioration in the region. It
further seeks to know how CSR could allocate resources to positively and effec-
tively impact the use of valuable water resources, control water contamination risks
and sustain water resource management. The aim of this paper is to formulate a new
approach capable of combating water scarcity and degradation, containing future
water risks, and ensuring water security for the region’s populations.

10.2 The State of Water in the Region

The Maghreb is one of the driest and ecologically vulnerable regions in the world.
More than 70% of the land is dry, desertification is increasing, rainfall is dropping and
water resources are scarce and unevenly distributed. Reports — such as the 2009 United
Nations Development Program (UNDP) and 2010 Arab Forum for Environment and
Development (AFED) reports — are warning that countries in the region are under
severe water scarcity (in some areas less than 500 cubic meters per capita per year),
which is far below the global average in terms of water availability, estimated at 6000 m?
(El-Ashry et al. 2010; UNDP 2011). This dangerous situation is forecast to deteriorate
further in the foreseeable future because of many factors such as the fast population
growth, the increasing economic growth, climate change, pollution, and low water use
efficiency. Moreover, the region suffers from a weak water governance structure. Water
institutions are less efficient and lacking adequate technical capabilities and coordina-
tion (Chatila 2010). Moreover, large public sectors subsidies and deficient water poli-
cies have limited participation and created irresponsible practices (El-Ashry et al.
2010). This has led to unequal distribution of water resources, water wastage, increas-
ing pollution, lack of transparency, and inefficient water services throughout the
Maghreb region. This water scarcity constitutes a serious challenge to the region’s
human security (mainly food and human health security and development).

In addition to the hard ecological conditions, agricultural production in the
region is deteriorating the imbalance between water demand and supply as it con-
sumes more than 80% of total water withdrawals compared to an average of 14%
and 6% for domestic and industry use respectively. But the share of agriculture in
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Table 10.1 Water availability and use in the Maghreb region

Natural Per capita renewable | Annual water usage | % use by sector

renewable | availability (cubic

resource meters) Bn As a % of

(bn cubic cubic | total water
Country | meters) 2006 | 2015*|2025* | meters | resources | Agric. | Domestic | Indust.
Algeria | 11.50 350 620 | 558 459 140 60 25 15
Morocco | 20.00 940 297 261 |16.84 |84 95 - 05
Tunisia | 03.35 450 405 373 253 |72 84 12 04
Source: Barghouti (2010)
*Projections

Morocco is much higher, about 95 as indicated in Table 10.1. Besides, irrigated
agriculture is expanding in the region to boost food production and reduce imports,
especially after the last global food crisis. For example, the irrigated area in Algeria
was reported to have increased to 1.6 million hectares in 2014 against 1.1 million in
2012 (Ruitenburg 2012). This is likely to raise the agriculture’s share of water use
in the long run. This imbalance in water use between different sectors is exacerbat-
ing the problem of water shortages. For example, in Tunisia it is estimated that the
quantity of water consumed daily by an irrigated area of 1000 ha is equal to the
amount of water used by a city with one million people (Molle 2011). Thus, a real-
location of water resources between different users is vital. Water transfers should
be done from agriculture to urban and industrial areas.

Furthermore, the Maghreb region suffers from water overuse, wastage and inef-
ficiency. This is particularly driven by low prices and the low levels of people’s
consciousness. According to some statistics, the price of water could be as much as
35% of the cost of production, and this percentage is only 10% for desalinated water
(El-Ashry et al. 2010). In this respect, it is important to note that more than 50% of
the quantities of water used in agriculture are wasted because of old irrigation sys-
tems (EI-Ashry et al. 2010). Undoubtedly, agricultural production could be raised
significantly with less water and millions of cubic meters could be saved to be real-
located to other socio-economic activities.

10.3 Water Deterioration in the Maghreb Region

Many global reports on water resources (such as WPP 2011) have made it blatantly
clear that countries worldwide will not be able to meet their most pressing goals in
the areas of human development (sanitation, access to water supply), food security
(agricultural water management), energy security (hydropower, cooling water), and
urban development (protection from droughts and floods) without a major shift in
the way they manage their water resources. In the Maghreb region, water resources
are scarce and are being undermined by changes in rainfall and temperature, as well
as by anthropogenic activities. The region is projected to witness more impacts in
the foreseeable future (Ben Abdelfadel and Driouech 2008).
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Today, water deterioration has become a serious global threat as it is a principal
cause and a basic component of environmental degradation. Water deterioration is
the depletion of freshwater resources through overexploitation and misuse (Wisler
2014). Overexploitation and pollution worldwide have been affecting the environ-
ment negatively over the last few centuries (Patterson n.d.). But today, the overuse
and pollution of water resources have been exacerbated by population growth,
increased urbanization, higher standards of living, and climate change (Climate
Institute 2007-2010). In the Maghreb region, water deterioration has been reducing
freshwater availability and impacting soils, ecosystems and human health. If this
trend continues, economic and social development in the region will likely be
obstructed and human health will be in serious danger in the decades to come.

10.3.1 Water Pollution

Pollution is one of the biggest problems in the world today. It is not just the result of
natural phenomena, such as floods and droughts; rather it is also caused by human
activities. It occurs at different levels and it affects all the elements of an ecosystem,
including air, water, and soil. It impacts immensely all species, including mankind,
and destroys wildlife and natural habitats. Pollution equally reduces freshwater
availability and causes illnesses and deaths. While efforts are being made to prevent
a global environmental disaster, pollution remains a serious threat to life on the
planet. According to some estimates, over 80% of used water worldwide is not col-
lected or treated (Corcoran et al. 2010). In developing countries, up to 90% of
wastewater flow untreated into rivers, lakes and highly productive coastal zones,
threatening health, food security, and access to safe drinking water (UNwater 2013).

There are several sources of water pollution ranging from sewage and fertilizers
to soil erosion. It is primarily due to:

e Agricultural practices related to the use of high levels of agro-chemicals. Chemical
fertilizers, insecticides and herbicides used to increase production actually pollute
the air, soil and water (Patterson n.d.). Fertilizers enter both human and livestock
waste streams that eventually enter groundwater, while nitrogen, phosphorus, and
other chemicals from fertilizer can acidify both soils and water (Tilman et al.
2001). Likewise, irrigation increases salt and nutrient content in soils and dam-
ages streams and rivers from damming and removal of water (Tilman et al. 2001).

* Increasing inflows of domestic and industrial chemicals and toxic waste into water
bodies. Different kinds of industries discharge chemicals daily which pollute
streams and rivers and damage fragile ecosystems. All pollutants have a negative,
often devastating, impact on vegetation and aquatic ecosystems (Painter n.d.).

e Acid rain can also have negative impacts on water, soil, and the whole environ-
ment. It occurs when carbon monoxide and sulfur dioxide from industrial plant
emissions combines with moisture present in the air. A chemical reaction creates
this acid precipitation. Acid rain can acidify and pollute lakes and streams. It can
acidify the water or soil to a point where no life can be sustained (Skye n.d.-a).
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* The lack of clean sanitation. It is estimated that about 1 billion people worldwide
still lack access to sanitation services and some 2.4 billion people remain without
access to improved sanitation facilities. In rural areas, only 51% are using
improved sanitation compared to 82% in urban areas (UNICEF 2015).

e Desalination of seawater. Brine effluents are discharged back into the sea mak-
ing seawater increasingly saltier and marine life difficult.

In the Maghreb region, urbanization and industrial activities, as well as irrigation,
are expanding fast, generating increasing volumes of harmful waste. Domestic sew-
age, industrial chemicals, fertilizers, pesticides and other various contaminants are
being discharged daily into waterways. It is estimated that the MENA countries
generate a total of about 10 km? of wastewater per year, of which 5.7 km? is treated
(El-Ashry et al. 2010). In Tunisia alone, the World Bank recorded more than 750
sources of water pollution and 155 million cubic meters of waste every year
(Croitoru and Sarraf 2010). These increasing wastes deteriorate the quality of water
and pose serious threats to public health in the whole region. As the figures indicate
in Table 10.2, the discharge of water pollutants in the region is increasing immensely,
and Algeria is by large the most generator of organic water pollutants because of
accelerated industrialization and urbanization. Pollution reduces the availability and
safety of freshwater resources in the region which are already scarce.

More importantly, contaminated water has drastically negative impacts on veg-
etation, aquatic ecosystems and humans. Pollutants raise the temperature of the
water and increase the rate of algal blooms, forcing fish to leave to much cooler
places or causing massive fish die-offs (Skye n.d.-b). Furthermore, polluted water is
a contributor to a wide range of health problems and illnesses. It causes typhoid,
diarrhea, cholera and other potential toxins which are great in numbers. A case in
point of water pollution in the region caused by industrial chemicals is the privately-
owned leather treatment plant located at El-Milia region in eastern Algeria. This
plant pumps the water it uses into its leather treatment processes from Oued El
Kebir valley and releases huge quantities of toxic chemicals, such as chromium, into
the water stream without proper treatment. Undoubtedly, the leather industrial efflu-
ents are extremely harmful to surface water bodies and pose serious threats to
human health and the environment (Chowdhury et al. 2013). Moreover, such
irresponsible practices reduce freshwater availability in the region and impact dras-
tically the whole environment.

Table 10.2 Water pollution levels from organic pollutants in the Maghreb region (1990-2003)

Emission of organic
water pollutants
(metric tons daily in

Emission of organic
water pollutants
(metric tons daily in

Emission of organic
water pollutants (kg
per worker daily

Emission of organic
water pollutants (kg
per worker daily

Country | 1990) 2003) 1990) 2003)
Algeria | 107.0 - 0.25 -
Morocco | 41.7 72.1 0.14 0.16
Tunisia 44.6 55.8 0.18 0.14

Source: Constructed from World Bank (2007)
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Moreover, over-extraction of groundwater in the Maghreb region is exposing
groundwater aquifers to saline water, particularly in coastal areas. According to
some estimates, Algeria, Morocco and Tunisia are extracting renewable groundwa-
ter resources at a rate ranging from 20 to 60%. In some regions, like the Souss-
Massa plain in Morocco, aquifers are being overexploited at notorious rates (Molle
2011). Likewise, the central areas in Tunisia suffer a serious drop in the level of
groundwater and an increase in water salinity (Elloumi 2011). Thus, over-extraction
depletes aquifer reserves in the region, affects the quality of water, raises salinity in
the soil and causes water supply irregularities, particularly in dry seasons. In addi-
tion, over-extraction affects forests, pastoral resources and ecosystems which are
already exposed to sand movement from the south and rising temperature.

10.3.2 Fast Population Growth and Urban Development

The population in the Maghreb region is growing fast. Table 10.3 clearly indicates
that the total population in Algeria, Morocco, and Tunisia rose to nearly 78 millions
people in 2010 compared to about 35 millions in 1980. The population in the region
has grown to 85 millions in 2015 and is projected to further grow to about 100 mil-
lions by 2050 (World Bank 2016). This growth will lead to further increases in
withdrawals from the water supply for agricultural, domestic, and industrial uses.
This is expected to further pressurize the region’s scarce water resources, something
which will likely exacerbate environmental degradation and water deterioration.

Moreover, the urban population in the Maghreb region is forecast to increase to
more than 60% of the total population in the years to come (UNDESA 2014). This
will concentrate the demand for water in urban areas, and puts stress on the fresh
water supply from industrial and human contaminants (Climate Institute 2007—
2010). Urbanization causes overcrowding and increases unsanitary living condi-
tions, which will in turn expose a growing number of people to illnesses (Abdul
Rahman and Suppian 2010). Besides, a large percentage of the population in the
region still lacks access to sanitary water and sewer systems. This will continue
causing diseases and deaths from contaminated water in the future.

Indeed, total water withdrawals in the Maghreb region are increasing fast because
of population growth and urbanization. Table 10.4 clearly shows that water withdraw-
als in the region have increased by nearly 26% in 15 years. But in Algeria, this figure

Table 10.3 Estimated and projected population growth in the Maghreb region 1950-2050 (mn)

Country 1950 1980 2010 2020 2025 2050

Algeria 8.753 18.811 35.468 40.180 42.043 46.522
Morocco 8.953 19.567 31.951 35.078 36.406 39.200
Tunisia 3.530 6.457 10.481 11.518 11.921 12.649
Total 21.236 34.835 77.900 86.776 90.370 98.371

Source: Zeitoon (2012)
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Table 10.4 Increases in the Maghreb region’s water demand

209

Population Population Total water withdrawals | Total water withdrawals
Country | 1985 (mn) 2000 (mn) 1985 (10 m%) 2000 (10 m?)
Algeria |21.86 30.46 3.50 6.07
Morocco | 22.10 27.84 11.00 12.61
Tunisia | 7.10 9.56 2.48 2.70
Total 51.06 67.86 16.98 21.38
32.90% increase in population | 25.91% increase in water use

Source: Barghouti (2010)

has nearly doubled over the same period. Thus, population growth and associated
demand for water have accelerated the use of water resources; a situation which exac-
erbates the groundwater depletion and, therefore, further environmental degradation.

Thus, fast population growth in the Maghreb region is projected to make exces-
sive demands on water, agriculture and livestock and other natural resources. This
will likely result in drastic impacts such as, inter alia (Patterson n.d.):

e The use of chemical fertilizers, insecticides and herbicides to increase agricul-
tural production pollutes the air, soil and water with toxic chemicals. Fertilizer
run-offs cause toxic algal blooms that kill aquatic animals.

* Removing trees and other plants to increase areas of cultivation causes habitat
loss and threatens the survival of numerous species of animals and plants.

*  Monoculture keeps cost of production low, but it reduces biodiversity and nega-
tively impacts the soil.

» Large-scale farming of animals increases their susceptibility to diseases. Waste
generated in the farms and meat-processing plants can affect the water quality in
the area.

* The greater distance food items have to travel to reach the consumer, the greater
the transportation’s impact is on the environment (carbon emissions, atmospheric
pollution, food waste, etc.).

10.3.3 Climate Change

Increased climate variability is posing new challenges to water resource manage-
ment at an international scale because the climate and hydrological cycle are
strongly linked (World Bank 2009). Climate change is particularly affecting pre-
cipitation patterns, river flows, groundwater, land temperature, and soil humidity.
Extreme climate variations are causing floods, droughts, desertification, major
storms, and wild fires. Droughts and floods are expected to become frequent in dif-
ferent areas at various times. Rises in temperature will change rainfall patterns and
increase the rate of evaporation. These intensified climate events are degrading the
environment worldwide and deeply affecting economies, food crops, human health,
livelihoods, and livestock. Poor and arid countries are the most vulnerable.
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Although Maghreb countries are not responsible for global warming (e.g.,
Morocco and Algeria’s share in global emissions of greenhouse gases is only 0,8%
and 0.36% respectively) (Abdelbari 2015), climate change variations are forecast
to exacerbate the water scarcity in the region. According to leading Global Climate
Models (GCMs), temperature is expected to rise by an average of 2 °C, evaporation
rates by 25%, and rainfall is likely to drop by 25% by the turn of this century
(Assaf 2010). These projected climatic changes will affect the amount of water
available to replenish groundwater and surface water, including dam levels.
Moreover, the increase in temperature will cause a sea-level rise, which may affect
the fresh water supply of coastal areas as well. The intrusion of saltwater under-
ground results in an increase of salinity in reservoirs and aquifers. An increase in
water temperature can also affect ecosystems greatly in the region because of spe-
cies’ sensitivity to temperature.

Thus, the aridity of the Maghreb region is expected to intensify and water avail-
ability will likely decrease drastically in the decades to come. The region will be
exposed to recurrent and extended droughts, crop failures, and livestock losses.
Table 10.5 clearly shows that millions of people in the region will be suffering from
water shortages in the coming decades. Rain-fed agriculture is also projected to
drop by as much as 40% in Algeria and Morocco by the end of this century
(Barghouti 2010).

From this perspective, the cost of adaptation to the effects of climate change
could be astronomical in the region. According to the World Bank report (2010),
the adapting global cost to a 2 °C global increase in temperature could reach as far
as US$ 100 billions per annum between 2020 and 2050. Thus, the Maghreb
region’s governments are urgently required to raise preparedness to face the seri-
ous threats and uncertainty of climate change. This can particularly be done
through investing largely in water infrastructures and their staff, as well as raising
water use efficiency. If achieved properly, such efforts could mitigate the impact of
climate change in the region.

Table 10.5 Future scenarios of climate change impacts on water in the Maghreb region and
elsewhere

Type of change Effects on human security Affected area

1 °C rise in earth Reduced water runoff in Morocco

temperature Ouergha watershed by 10%

2 °C rise in earth 1-1.6 billion people will be Africa, MENA countries, Southern

temperature affected by water shortages Europe, parts of South and Central
America

3 °Crrise in earth Increased water stress for North Africa

temperature additional 155-600 millions

people

Source: Constructed from UNDP (2009)
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10.3.4 Water Wastage

Deficient water management causes wastage in water use and contributes to water
shortages. This happens because of misallocation of water supplies, insufficient law
enforcement and/or leaky water pipes. Agriculture can be a major source of water
wastage when old irrigation systems are used. In the Maghreb region, agricultural
production is consuming more than 80% of total water withdrawals. Undoubtedly,
this percentage can be reduced considerably to save millions of cubic meters yearly
if modern irrigation systems, such as sprinkler or dripping systems, are widely
adopted by farmers in the region.

Likewise, weak law enforcement in the region often leads to illegal drilling into
groundwater aquifers. This contributes to overexploitation of water resources in the
region. For instance, farmers in Algeria pump large amounts of water from water
wells or streams in the summer season to flood melon and water melon fields with-
out much control, monitoring or care. Such practices contribute to the depletion of
the region’s water resources and cause further soil and water deterioration.

Moreover, water leaks are common in the Maghreb region, similarly to other
Arab countries. These are due to aging pipe infrastructure and inefficient distribu-
tion networks. The region loses millions of cubic meters due to this problem every
year. According to some estimates, water leaks in the Arab region are as much as
30% of water consumption as compared to 5% in Europe (Bishara 2014). Water
leaks are expected to increase in the future because water pipelines will continue
aging, and hence existing water supply infrastructure will be unable to support the
growing burden of population growth and industry in the region (Water Academy
2004). So, unless tackled seriously, water leakages will likely exacerbate the prob-
lem of water scarcity in the Maghreb region.

10.4 Business Organization, the Environment and Society

Business organizations are part of the community in which they operate. They use
the community’s human and material resources (inputs) to generate products (out-
puts) which the community needs. While doing so, they search to maximize the
economic earnings in order to enhance their competitiveness and ensure their per-
manent existence. However, while carrying out their operations, business organiza-
tions may negatively affect the environment and workers’ health and safety. More
significantly, they generate numerous negative impacts on both environment and
society (air and water pollution, soil degradation, violations of human rights at
work, and generating harms to surrounding communities...).

Therefore, it is vital for business organizations to cooperate with public authori-
ties, scientific community, and people to mitigate the negative effects of their activi-
ties. Their management strategies need to embrace the environmental and social
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dimension and share both the social return and cost with the community. Thus,
environmental and social responsibility of business organizations is a matter of self-
preservation, and an integral part of sound resource management practices (Skye
n.d.-a). In this sense, the contribution to the protection of the environment is benefi-
cial to businesses as it enables them to face the criticism and pressures emanating
from the community (Chauveau and Rosé€ 2003) and respond to stakeholders’ inter-
ests (individuals or groups whose interests could be affected by the decisions and
activities of the organization).

10.4.1 Corporate Social Responsibility (CSR): Meaning
and Aspects

There is no clear-cut definition of CSR. It still derives its strength, acceptance and
deployment of the voluntary nature. CSR depends very much on market, the scope
and forms of the business activity, and the human and financial capabilities of the
corporation. The World Bank views CSR as “the commitment of business to contrib-
ute to sustainable economic development, working with employees, their families,
the local community and society at large to improve quality of life, in ways that are
both good for business and good for development” (Petkoski and Twose 2003). The
World Business Council dor Sustainable Development (WBCSD) also defines CSR
as “the continuing commitment by business to behave ethically and contribute to
economic development while improving the quality of life of the workforce and their
families, as well as of the local community and society at large” (WBCSD 1998). The
European Commission further views CSR as “a concept whereby companies inte-
grate social and environmental concerns in their business operations and in their inter-
action with their stakeholders on a voluntary basis” (European Commission 2002).
Although they differ, CSR definitions have some common elements:

e Commitment to contribute to sustainable development.

* Voluntary character of social responsibility, social responsibility becomes part of
the organizational culture and it is not subject to legal or contractual
obligations.

e Consensus on the important role that could be played by the business organiza-
tion in the community, being one of its components.

¢ Commitment by the business organization to make social responsibility one of
the pillars of its strategy.

e Transparency in information gathering and diffusion inside and outside the busi-
ness organization, allowing authentication and demarcation of the good practices
of the business organization and keep track of the progress taking place.

* Ability to involve other parties in the operations of the business organization and
to have relations with many members of the community in which it operates
(such as civil society organizations, medias, labor unions, local authorities, etc.).
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In fact, CSR is more than philanthropy giving and volunteering. Since the early
1950s, calls have constantly emerged regarding the necessity of business organiza-
tions’ commitment to the community in which it operates instead of focusing only
on making the maximum possible profits. Today, businesses play a basic develop-
mental role, and philanthropy giving for development has become an integral part
of their activities. The business management became responsible not only for the
economic efficiency of corporate’s activities expressed by profitability index, but
also for what it should play towards environmental and social concerns arising from
the performance of those activities. In other words, companies have become obliged
to assume the environmental and social responsibility, together with the economic
responsibility. The aim is to help achieve sustainable development. Table 10.6
clearly illustrates the economic responsibilities model on the one hand, and the
environmental and social responsibilities model on the other hand.

Protecting the environment from the negative impact of operations is a core
responsibility. Besides their legal obligations, which differ according to region and
country, companies are seen to have a broad responsibility to protect the physical
environment throughout their supply chains. They should commit to continuous
improvements in eco-efficiency (doing more with less), and managing the full life-
cycle of their products. In this respect, the WBCSD (1998) noted in its dialogue
session that companies should be: proactive on the environment and seek solutions
that can lead to competitive advantage; and responsible and leading companies pave
the way for others to follow suit.

10.4.2 CSR-Associated Concepts

The concept of CSR is connected to a set of concepts and issues. They all related to
environmental issues, such as resource use and preservation. This section focuses on five
basic terms: sustainability, triple bottom line, ISO 26000, eco-efficiency, and ISO 14046.

Table 10.6 Economic and social models of enterprises

Economic responsibility model Social responsibility model

Production Quality of life

Exploitation of natural resources Conservation of natural resources

Increase of production Increase of productivity and efficiency

Internal decisions based on market Decisions based on market conditions under the
conditions community’s control

Economic return (profit) Balance between economic returns and social returns
Interest of the organization or the Interest of the enterprise and the community
manager or owners

A limited role for the government An active role for the government
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10.4.2.1 Sustainability

CSR is tightly linked to sustainability which essentially relates to human use and
protection of natural resources. Sustainability has been given a wide range of defini-
tions but most of them focus on two basic aspects: the aspect of time and the aspect
of human activity (Zwahlen 1995). Such definitions have been put forward by a num-
ber of scholars in the 1980s and 1990s like Allen (1980), Pearce (1988), Maler (1991),
Pearce and Atkinson (1993), and Titilola (1994). In their views, sustainability is the
use of resources either for a very long time or forever. Viederman (1993) discussed
‘sustainable society’ rather than ‘sustainable use’, without excluding the aspects of
time and human activities in his definition of sustainability. Jowsey and kellett (1995)
further raised the ‘ratio of demand to resource base’ and ‘environmental impact’.
From his side, Zwahlen (1995) spoke strictly of the ‘sustainability of the use of
resources’ rather than the ‘sustainability of a resource’. Thus, the aspect of ‘resource
use’ is a basic element in the definitions which have been given to sustainability.

Sustainability has also been advanced as improving the quality of life without
increasing the use of natural resources in order to sustain Earth’s capacities for
regeneration and waste absorption. In this context, Elkington (1997) noted that a
sustainable society needs to meet three conditions: its rates of use of renewable
resources should not exceed their rates of regeneration; its rates of use of non-
renewable resources should not exceed the rate at which sustainable renewable sub-
stitutes are developed; and its rates of pollution of emission should not exceed the
assimilative capacity of the environment. Hart and Milstein (2003) further defined
sustainability as the expectations of improving the social and environmental perfor-
mance of the present generation without comprising the ability of future generations
to meet their social and environmental needs. Thus, the notion of sustainability
raises the problem of human over-exploitation of resources, and stresses the need
for the protection of natural resources and ecosystems.

Later on, the concept of ‘sustainability’ became attached to further environmen-
tal aspects in the wider range of human activities, such as energy production, flood
control, irrigation, land reclamation, urbanization, and industrialization. The con-
cepts ‘reduce, reuse and recycle’ become the basis of sustainability. ‘Reduce’ means
reducing the use of resources by providing energy efficient systems and water con-
servation measures. ‘Reuse’ signifies reusing resources in order to restrict demand
on Earth’s resources. ‘Recycle’ is the use of recycled materials with the purpose of
decreasing new resource demand and protecting the environment (UNCRD 2011).

10.4.2.2 Triple Bottom Line

The triple bottom line (TBL) is a concept composed of three Ps (profit, people and
planet). People relates to fair labor practices, to the community and region where the
business operates. Planet refers to sustainable environmental practices. Profit is the
economic value generated by the business organization while carrying out its opera-
tions (Kanj and Chopra 2010). This concept was first put forward by John Elkington
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in 1994 (Elkington 1994, 2004). It essentially aims to measure the financial, social,
and environmental performance of the business organization over a period of time
(Alhaddi 2015). In fact, TBL seeks to measure the overall cost of the performance
of the business organization and its success through the use of the economic, social,
and environmental aspects. Thus, TBL seeks to evaluate CSR. The more a business
organization measures social and environmental impact the more it becomes respon-
sible towards the community and the environment in which it operates.

However, it should be noted that the three ‘Ps’ do not have the same measures.
While it is easy to measure the bottom line and the flows of money (profit), it is dif-
ficult to measure the ‘planet’ and ‘people’ in terms of cash. So, environmental vari-
ables (planet) can be better measured by natural resources and their sustainability
(e.g., energy consumption, water consumption, air quality and land use). As to the
social dimensions of TBL (people), a number of measurements can be used, such as
education, equity, access to social resources, health and well-being, quality of life,
and social capital (Slaper and Hall 2011). Today, TBL is common practice in non-
profit and for-profit organizations, as well as in governmental institutions. The aim
is to evaluate their performance and impact on both the community and the environ-
ment. Nestl€ is a case in point. It is not only interested in the creation of value for its
shareholder, but also in the creation of value for society. It believes that healthy and
sustainable economic activity creates jobs. Nestlé equally focuses on water as it is
particularly important in its production and marketing activities (supplies of agri-
cultural raw materials and manufacturing processes, as well as for consumers to
prepare its products) (Bulcke 2012).

10.4.2.3 1SO 26000:2010

ISO 26000 has been introduced in 2010 and today it is viewed as the international
standard of CSR. It explains the meaning and application of CSR at the level of
business organization and introduces its seven principles. These are (ISO 2010):

e Accountability: an organization should be accountable for its impacts on soci-
ety, the economy and the environment.

e Transparency: an organization should be transparent in its decisions and activi-
ties that impact on society and the environment.

* Ethical behaviour: an organization should behave ethically. In other words,
behaviour should be based on the values of honesty, equity, and integrity.

* Respect for stakeholders’ interests: an organization should respect, consider
and respond to the interests of its stakeholders.

* Respect for the rule of law: an organization should accept that respect for the
rule of law is mandatory.

* Respect for international norms of behaviour: an organization should respect
international norms of behaviour, while adhering to the principle of respect for
the rule of law.
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* Respect for human rights: an organization should respect human rights and
recognize both their importance and their universality.

* While addressing the seven principles of CSR, ISO 26000 further puts forward
four principal clauses (ISO 2014):

* The environment: prevention of pollution, sustainable resource use, climate
change mitigation and adaptation, protection of the environment, biodiversity,
and restoration of natural habitats.

* Fair operating practices: promoting social responsibility in the value chain.

e Consumer issues: protecting consumers’ health and safety, and sustainable
consumption.

e Community involvement and development.

Therefore, the aim of ISO 26000 is to assist organizations to carry out operations in
a socially responsible manner. In so doing, business organizations contribute to the
spreading of the benefits of CSR and the promotion of sustainable development.

10.4.2.4 Eco-efficiency

The concept of eco-efficiency was first put forward in 1990 by Schaltegger and
Sturm as a “business link to sustainable development” (ESCAP 2009). It was seen
as a practical tool to change the way humans produce and consume resources. As far
as business organizations are concerned, eco-efficiency was intended to be a basic
approach to promote economic and environmental benefits and to contribute to sus-
tainable development. This can be achieved through more efficient uses of resources
and lower pollution (ESCAP 2009). In this context, the WBCSD recommends for
business organization to adopt this approach to be able to reduce consumption and
impacts on the natural environment, as well as to increase the value of products.
Thus, the aim of eco-efficiency is to reduce the use of resources to achieve both
economic and environmental benefits. However, this aim can be reached only if this
approach is adopted at both the micro and macro levels.

With the purpose of promoting the use of this approach, the United Nations
Economic and Social Commission for Asia and the Pacific (ESCAP) developed a
set of eco-efficiency indicators to measure the progress of eco-efficiency in a coun-
try’s economy. These eco-efficiency indicators are intended to respond to the differ-
ent challenges of sustainability. These challenges include (ESCAP 2009):

e Impacts of economic activity on the environment (e.g. resource consumption,
pollution emissions, waste).

o Effects of resource productivity on the economy (e.g. economic efficiency).

e Impacts of environmental degradation on economic productivity (e.g. reduction
in absorptive capacity, loss of forest cover).

e Effects of environmental improvement on society (e.g. congestion costs,
improvement in wellbeing, social costs).
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Thus, the concept of eco-efficiency correlates economic benefits and environmental
performance. It particularly seeks to reduce both the use of resources and the release
of toxic materials. It aims to enhance the quality and value of products and to reduce
their environmental impact.

10.4.2.5 1ISO 14046:2014

Established in 2014 by the International Organization for Standardization, ISO
14046 is the new corporate water footprint. It can be defined as “the total volume of
freshwater that is used directly and indirectly to run the business” (Hoekstra et al.
2011). It specifies the principles, requirements and guidelines of assessing and
reporting water footprints (Humbert 2009). It further seeks to provide consistent
assessment techniques for calculating and reporting a water footprint as a stand-
alone assessment (only water related impacts). It is expected to benefit organiza-
tions, governments and interested parties worldwide by providing transparency,
consistency and credibility to the task of assessing water footprint and reporting the
water footprint results of products, processes or organizations (ISO 2013). Water
footprint assessment identifies potential environmental impacts related to water. It
also identifies the quantity of water used and the changes in water quality.
Therefore, ISO 14046 presents a number of benefits (ISO 2013):

e Assess and prepare for the future risks of water use;

 Identify ways to reduce the environmental impacts of water use;

» Improve efficiency at product, process and organizational levels;

* Share knowledge and best practice with industry and government; and
* Meet customer expectations of increased environmental responsibility.

10.5 How Can CSR Contribute to Water Protection
in the Maghreb Region?

The business organization’s contribution to the protection of water resources
involves a set of processes. In most cases, environmental contributions are often
compulsory because the related legislations and directives define the pollution
norms and objectives, taking into account the absorptive capacity of the environ-
ment. Failure to comply with existing laws and directives, the business organization
may cause serious damages to the environmental resources and ecosystems’ bal-
ance and, therefore, to the community. When the business organization abides by
the defined pollution norms and objectives, this is called compulsory contribution or
‘legal social responsibility’. When the business organization achieves better pollu-
tion norms and objectives, then the additional costs borne by the organization are
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called voluntary environmental and social contribution. In both cases, the environ-
mental contributions made by the business organization are considered positive. But
when the business organization fails to respect the pollution norms, then its contri-
bution is negative. This can be the result of:

* A lack of pollution’s monitoring by the business organization;

e A partial control of pollution;

e The location of business, for instance in an industrial area, where pollutants
accumulate in quantities higher than the defined standards;

* Non-respect or partial respect of the standards and specifications for the quality
or safety of the products.

The mainstreaming of CSR approach in business operations is still very weak in the
Maghreb region despite the governments and civil society’s efforts to promote the
protection of water resources and the environment. Indeed, business organizations
in the region are extracting and using the volumes of water and other natural
resources which their operations require without much control, monitoring or care.
They only pay for the cost of the water they use, and some of them use the water
they need for free, and they do not usually care much for it. Operating responsibly
is by no means a shared practice at the organizational level. Therefore, the Maghreb
region is lagging behind in terms of CSR, and is required to find means and ways to
encourage business organizations to mainstream CSR principles and guidelines in
their management strategies in order to reduce the water they use in their production
processes and to release less waste. This is vital to conserve the ecosystems and
achieve environmental and social sustainability.

10.5.1 Measures to Enhance Water Protection and Efficiency

Concerned public institutions in the Maghreb region, particularly water authorities,
are required to enhance water protection and restore water quality in order to
enhance water security. This operation can be achieved through:

» Adopting strict and effective regulations to curb the levels of water pollution and
to reduce effluents at the source (Chatila 2010). Businesses should be monitored
to know what they do and how they do it.

* Imposing pollution charges to drive businesses to reduce industrial waste.

* Obliging businesses to disclose information on the discharge of industrial pollu-
tion to the public. This enables the community to compare businesses in terms of
social and environmental responsibility before making any choices.

» Elaborating and enforcing discharge wastewater quality guidelines, standards
and norms to minimize industrial pollution and its impact on the environment,
public health, and water availability.

* Ensuring compliance with water use regulations in the business sector. Concerned
institutions should insist on the separation of toxic pollutants.
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* Introducing efficient water pricing systems to rationalize the use of water by
business organizations. This will help reduce water wastage.

* Controlling mining runoff that is harmful to water resources with the purpose of
reducing it.

e Setting product quality standards to reduce industrial waste and debris.

e Upgrading environmental, health, safety, and labor standards.

» Forcing suppliers of manufacturing requirements to the business sector to abide by
the required environmental specifications and standards included in the business con-
tracts. Businesses should also cooperate with their suppliers to preserve and reduce
the water used in producing the inputs needed for their manufacturing processes.

* Empowering workers in the business sector to become tools for water protection
inside and outside their workplace. They should be encouraged and sponsored to
carry out activities geared to environmental protection.

» Taking bold steps to reduce the environmental impact of the products and ser-
vices. Business organizations should analyze the complete lifecycle of their
products to reduce pollution. Colossal quantities of water in the region could be
saved annually if such practices are adopted.! Moreover, businesses should be
committed with external stakeholders to reduce impacts of materials and con-
sumer use of products, including the amounts of water and energy they use
throughout the product cycle and, therefore, the impact on climate change.

» Conducting research to gather more information about the environmental impact
of their products. Business organizations should aim in their manufacturing pro-
cesses at reducing greenhouse gases through maximizing energy efficiency and
shifting to renewable energy. Governments in the Maghreb region should elabo-
rate climate policies and laws to help businesses develop energy transition and
foster energy efficiency.

 Identifying practical, low-cost and cost-saving opportunities. The aim is to raise
operational efficiencies, while using less materials, water and energy, as well as
releasing less waste and emissions.

10.5.2 Incentives to Promote CSR

To promote CSR strategies at the organizational level, governments in the region are
required to provide a set of incentives to the business sector. In this regard, the fol-
lowing measures can be effective:

* Economic incentives (such as tax reduction) to businesses mainstreaming social
and environmental sustainability, and saving energy and water in their manage-
ment strategies and processes.

't was reported that, through innovating its apparel making process, Levi Strauss & Co in the USA
managed to reduce the amount of water it uses in some of its processes by 96%, thus saving more
than 1 billion liters of water in manufacturing since 2011(Levistrauss 2015).
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» Substantial financial support to less pollutant manufacturers to help reduce their
social and environmental costs.

e Community participation to enhance water protection. Consumers should be
committed to assist socially responsible corporations by purchasing and consum-
ing their products.

* Governmental financial support to business organizations to reduce waste loads
to cut down waste treatment costs. This could encourage businesses to produce
and supply quality products and services in the most sustainable way. They
should shift as much as possible to the production of recyclable products.

* Encouraging business organizations provide grants to environmental associa-
tions where workers can volunteer in their spare time.

* Encouraging private businesses to engage in recycling and reuse of unwanted
items, such as bottles, cans, paper and textiles in their production processes.
Organizations should encourage consumers to collect and not to throw away
used material. The aim is to put to a new use what has been used and to reduce
industrial and consumer discharge.

e Stimulating businesses to invest in water recycling to be reused in their processes
or allocated to other uses. Using recycled water instead of freshwater in indus-
trial processes should be promoted in the region.?

e Granting SCR awards for best quality and eco-friendly products and services, as
well as for businesses using less water, energy and chemicals, and producing less
waste. They should be encouraged to achieve zero discharge of toxic chemicals.
The aim is to reduce their overall potential impact on workers, consumers and the
environment.

* Providing assistance in the development, implementation and disclosure of water
sustainability policies and practices. Businesses must be assisted to adopt inte-
grated water management systems.

e Promoting eco-friendly knowledge and ethical business practices in the manu-
facturing sector. Collaboration between business organizations operating in the
same sector of activity with the purpose of achieving zero discharge in manufac-
turing processes.

Collaboration between business organizations and research bodies should be con-
solidated to induce technological innovation and promote the use of clean produc-
tion processes. This can help the Maghreb region to reduce the industrial waste and
emissions, cut the energy and water costs, protect the scarce water resources, and
ultimately sustain the business organizations in the region.

2In this respect, the project Tenorio in San Luis Potosi (Mexico), which uses water it buys from a
nearby wastewater treatment plant for cooling towers, could be a good example to follow. It should
be noted that this project enabled the area of San Luis Potosi to reduce groundwater extraction of
at least 48 million cubic meters and increased aquifer sustainability. Moreover, by using recycled
water instead of freshwater the plant managed to cut water costs by 33% (Rex and Foster 2014).
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10.6 Conclusion

The Maghreb region is projected to become drier and face serious water problems
in the decades to come. Fast population growth, urbanization, pollution, climate
change, and climate change are undermining the scarce water resources and posing
serious threats to the region’s economic, social and human development. More
attention to the water sector is desperately needed. Non-conventional water
resources and sustainable practices appear to be vital to help the region deal with
future water challenges.

The Maghreb region should consider the use of water and other resources in the
future with much care. The Maghreb region needs to promote sustainable practices
in all activities, including the private ones. If the region continues to use the dwin-
dling scarce water resources inefficiently and fails to protect them, it will experience
severe water shortages in the foreseeable future. This will likely make governments
and business organizations in the region unable to sustain industrial production and
to foster development.

Although the business organizations in the Maghreb region are using about 10%
of total water withdrawals, they are discharging tonnes of toxic chemicals daily into
water bodies, often without proper treatment. It is estimated that the Maghreb region
with the other MENA countries generate a total of about 10 km? of wastewater per
year, of which 5.7 km? is treated. This is increasing water pollution, reducing fresh-
water availability and threatening the safety of the region’s populations. Private cor-
porations should be aware that wasting and polluting the scarce water resources
directly impact the environment, and consequently affect the community in which
they operate. On the contrary, when they cooperate to protect the environment and
conserve the scare water resources for the populations of the region, they, in fact,
conserve this precious resource to sustain their production and secure their existence.
Through the adoption of CSR practices and operate responsibly, the business sector
effectively contribute to water, health, and environmental security in the region.
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