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Summary - The role of water in the global food challenge
Water is the basis for life and hence also the basis for food. Food can be produced without soil or
without direct sunlight, but no plant will grow without water and thus no food can be produced. The
fresh water needed for agriculture is under pressure. The availability of renewable fresh water is
decreasing both in quantity and in quality, while more food needs to be produced to meet future
demands due to population growth and dietary changes. If the current food production and
environmental trends continue, many parts of the world will face a water crisis. We need to improve
water use in agriculture to guarantee food security for all now and in the future. To be able to do so
we need to understand the role of water in the global food challenges. Therefore, the Ministry of
Agriculture, Nature and Food Quality asked the WUR to provide an overview of the role of water in the
global food challenges. This document gives an overview of the different water sources and the role
each source plays in the global food challenges. The document also provides ways to better link the
water and food systems as well as strategies to cope with water-food issues.
Rainfed vs irrigated agriculture
Agriculture can be divided in two types: Rainfed agriculture and irrigated agriculture. Most of the
agricultural area (80%) is rainfed agriculture. The choice for rainfed agriculture is usually explored first
as this is the cheapest to establish and to operate, but it also comes with the highest degree of
uncertainty as the amount of water that reaches the crops cannot be controlled. Productivity in rainfed
agriculture is usually linked to rainfall patterns and therefore relies on climate variability. Once rainfall
is considered too low or too erratic, it is preferred to irrigate the land with water from the available
water resources such as groundwater or surface water. Irrigated agriculture only accounts for less than
20% of the total cultivated area in the world, but it produces more than 40% of the crops. Irrigation
has a positive impact in rural areas, making crop yields higher, but also more stable and reliable. It also
allows farmers to increase their margin by growing more profitable crops. Irrigation makes food
production less susceptible to rainfall variability, encouraging investment, innovation and job creation,
preventing population from emigrating to urban areas and revitalising rural economies.
Water sources for irrigated agriculture
Water for irrigated agriculture can be sourced from surface water, groundwater or non-conventional
water resources. Each resource has advantages and disadvantages, but the primary concern is the
water availability in the area. Surface water (rivers and lakes) are the main source for human water
consumption and more than 60 % of the total water withdrawal is from surface water. River flows have
a large seasonal variability which rarely matches the crop water demand. Therefore, the construction
of dams to store surplus waters during wet periods is required. These dams contribute directly to 12–
16% of global food production and provide a reliable, low-priced and low-energy source of water for
farmers. However, these dams have often large negative impacts on nature and society.
Almost 40% of the global water withdrawal is from groundwater. Unlike surface water, the
exploitation of groundwater doesn’t require large infrastructures beyond the construction of a well
and the installation of a submergible pump. However, groundwater abstraction already exceed
recharge from precipitation and rivers in many parts of the world, creating a considerable decline of
the water table. The decline of the water table by over abstraction has significant negative
consequences for the future water availability.
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Non-conventional water sources are alternative water resources to replace the use of
conventional surface and groundwater resources. Non-conventional water includes saline water,
brackish water, drainage water and treated or untreated wastewater effluents. Although less than 1%
of the total water used for irrigation is considered as non-conventional water, it is becoming of great
importance in some water scarce regions, such as the Arabian Peninsula or the South East of Spain.
The share of water reuse and brackish/seawater desalinisation for irrigation is expected to grow
considerably in the next years. The use of non-conventional for agriculture has several risks among
others for human health, the soil or plant productivity. Water sourced from non-conventional sources
has to be properly treated or managed to minimize these risks.
The role of virtual water
International trade of agricultural commodities is often applied as a solution for realizing food security
when insufficient water is available to produce sufficient food in the country. The imported
commodities used however water during their production, processing and transportation, although in
another country then where they are consumed. As such, importing food essentially means that water
is imported as well, although indirectly. This water is also known as virtual water.
Virtual water trade provides clear benefits for the world but also leads to some urgent tradeoffs when compared to a situation where every country strives for food self-sufficiency. Waterintensive agricultural products should preferably be cultivated in water-rich (rainfed) regions. In such
regions, water is not a limiting factor and freely available from rainfall which makes it competitive to
sell their agricultural commodities in the global market. Conversely, from a water perspective, water
scarce countries should be careful in cultivating water intensive crops and raising animals even when
they manage to maximize production processes. In water scarce countries, the water should be
allocated to the most economically productive use which is in many cases not agriculture. The missed
benefits by not using this water in for example industry is also known as the opportunity cost of
agriculture.
Valuing water and the food system approach
Water does not only have a value as a providing service for agriculture. It also provides spiritual,
cultural and emotional values to users. In order to make water available for all its users and services,
tools are required to quantify the value of water. Valuing water means recognizing and considering all
the diverse benefits and risks provided by water, and encompassing its economic, social, and ecological
dimensions as well as its diverse cultural and religious meanings. A tool that links water valuation with
the food system is not yet available. This is however crucial for water scarce regions where water is
the most limiting factor for agricultural production. Such a tool would be useful to assess how the value
of water is affected by changes in the food system (such as dietary changes, consumer patterns,
climate change). At the same time, it would allow to identify scenarios to adjust the food system in
such a way as to maximize effective usage of scarce water resources in a region or country.
Another approach which can be used to link water and food is the food system approach. A
food systems approach is a conceptual framework aimed at identifying sustainable solutions for
sufficient supply of good quality food and is thus particularly important to policy makers with respect
to food security. A main advantage of a food system approach is that the trade-offs of sustainable
solutions can be identified at an early stage which allows to develop mitigation measures in-time. The
food system approach analyzes the drivers, activities, components and outcomes of the food system
and in each of these parts the role of water can be derived.
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WUR developed a Food-Water Valuing Framework that combines the Food System Approach
and a water system analysis. This framework is designed to describe challenges in the food system and
its implication on the water system, to identify different options to tackle the problem and to do a
benefit/trade-off analysis using valuation. This framework can serve as the basis for developing a FoodWater Valuing tool which would allow to show and rank different options through innovative policy
dialogues between public and private stakeholders.
Strategies to reduce water use in agriculture
Water use in agriculture can be limited to a bare minimum when growing crops in high-tech
greenhouse. Also at farm and field scale, there are many opportunities to reduce water consumption.
Interventions could take various shapes and can be implemented at various levels, starting from the
source of the water near the field, along its pathway to the crop, or by selecting or modifying the crop
itself. Water source related interventions are for example the use of accurate weather forecasts to
reduce irrigation needs. Examples of interventions related to the water path are modern irrigation
technologies, which can increase the water use efficiency from 50 % to more than 90 % compared to
traditional irrigation, soil management and electronic devices, such as soil moisture sensors and drones
which can be used to assess soil moisture, evapotranspiration and crop conditions. The data can be
used to optimize irrigation gifts and save water. Plant related interventions can reduce the fresh water
use by the plant itself by using other varieties of plants that use less water or tolerate salts allowing
the use of brackish water sources.
Main conclusions
Action and thinking differently are needed to improve water use in agriculture and to meet acute
freshwater challenges. Irrigation is a key factor to secure food production. However, management of
the pressurized water resources is essential to guarantee enough water for food in the future. Modern
irrigation and other strategies should be applied to increase the efficiency of the use of irrigation water.
However, even when water scarce countries manage to maximize water use efficiency, they should
still not cultivate water intensive crops in the open fields. The limited available water could better be
used for niche crops and cash crops in greenhouses creating more value per drop of water. Virtual
water trade should guarantee food security even in these water scarce countries. The development of
a water-food related decision support tool could help countries with proper water allocation, to
prevent excessive water use and to secure long term global food security.
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0. The global water challenge from the Dutch policy perspective
An increasing number of people in the world are suffering from food insecurity. Especially in subSaharan Africa and South Asia more and more people have a shortage of food due to climate change,
conflicts and economic problems. Worldwide, 821 million people are undernourished. A transition to
a healthy, fair, climate neutral and circular food system is required to provide the world with enough
nutritious food.
The 193 countries of the UN aim to transform the world to a more sustainable one using the
Sustainable Development Goals. Zero hunger (SDG2) as one of the 17 Sustainable Development Goals.
SDG2 aims to end hunger and ensure access by all people to safe, nutritious and sufficient food all year
round, to increase agricultural productivity, to ensure sustainable food production systems and to
implement resilient agricultural practices.
SDG2 is the guidance for food security policies in the countries of the UN. Also the Dutch government
has food security high on the agenda. International food security is a common policy area for the
Ministry of Foreign Affairs and the Ministry of Agriculture, Nature and Food Quality. Food security was
appointed as one of the four main focus areas of the Dutch development cooperation policy. In recent
policy notes, the Dutch government stated that hunger concentrates in conflict sensitive and ecological
vulnerable regions and that therefore the Dutch support will focus on these regions and specifically
the Sahel, Horn of Africa and MENA region.
Water is the most important resource for food. Zero hunger is impossible without access to save and
affordable access to water. The targets of SDG2 can thus not be reached without taking into
consideration the interlinkages to SDG6 on water. Clean water is a scarce resource and often limiting
the production of food. This is especially true in the focus regions of the Netherlands. Therefore, the
interlinkages between food and water are also integrated in recent Dutch policy documents. The
knowledge innovation agenda agriculture, water and food puts water in a central position and is clear
about their ambition to contribute to feeding the world, while taking into account the increasing
scarcity of fresh water. Also the Netherlands International Water Ambition (NIWA), a collaboration
between four Dutch ministries, highlights the interlinkages between water and the production of food.
The Ministry of Agriculture, Nature and Food Quality is responsible for these interlinkages while
preserving nature and biodiversity.
The NIWA aims among others at an optimized water use in agriculture for 40 million people. This
requires a paradigm shift from the current linear agricultural system to circular agriculture system in
which resources are optimally used and waste streams are reused. Circular agriculture should be the
common economic and ecological accepted way of agriculture to ensure both water and food security.
The Netherlands will focus on innovation, climate adaptation and reduction of food losses to reach
circular agriculture with the end goal of becoming the leading country in circular agriculture.
The Ministry of Agriculture, Nature and Food Quality asked WUR to provide an overview of the role of
water in the global food challenges which the ministry can use as input for the new policy cycle. This
document gives and overview of the different water sources and the role each source plays in the
global food challenges. The document also provides ways to better link the water and food systems as
well as strategies to cope with water-food issues.
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1. Linking water and food
1.1 “Water for Food, water for Life”
Water is the basis of life and hence also the basis of food. Water is, of course, not the only element on
earth required for the production of food, but the availability of water surely is a ‘condicio sine qua
non’. Food can be produced without soil or without direct sunlight, but no plant will grow without
water.
In 2007, a “Comprehensive Assessment of Water Management in Agriculture (CA)” was concluded:
“Water for Food, Water for Life”. It took five years and 700 scientists 1 from around the world to
evaluate the benefits, costs and impacts of the past 50 years of water development for agriculture and
it was organized through the CGIAR’s Systemwide Initiative on Water Management (SWIM). The SWIM
initiative was convened by the International Water Management Institute. It is remarked that involving
food and environment communities together was an important step in finding sustainable agricultural
solutions.
The CA focuses on a key question:
Is there enough land, water, and human capacity to produce food for a growing population
over the next 50 years—or will we “run out” of water?
The CA answer:
It is possible to produce the food—but it is probable that today’s food production and
environmental trends, if continued, will lead to crises in many parts of the world. Only if we act
to improve water use in agriculture will we meet the acute freshwater challenges facing
humankind over the coming 50 years.
Then, the CA recommends the following policy actions:
• Policy action 1. Change the way we think about water and agriculture.
o Thinking differently about water is
Change does not always require
essential for achieving our triple goal of governments to spend huge sums of
ensuring food security, reducing poverty,
money. Many informed investment
and conserving ecosystems. Instead of a decisions can save money.
narrow focus on rivers and groundwater,
view rain as the ultimate source of water that can be managed. Instead of blueprint
designs, craft institutions while recognizing the politically contentious nature of the
reform process. And instead of isolating agriculture as a production system, view it as
an integrated multiple-use system and as an agroecosystem, providing services and
interacting with other ecosystems.

1

Core support for the assessment process leading to the production of this book was provided by: the
governments of the Netherlands, Sweden (through the Swedish Water House), and Switzerland; the World Bank
in support of Systemwide Programs; the Consultative Group on International Agricultural Research (CGIAR)
Challenge Program on Water and Food; and donors to the International Water Management Institute. Projectspecific support was provided by the governments of Austria, Japan, and Taiwan; EU support to the Institutional
and Social Innovations in Irrigation Mediterranean Management Project; the Food and Agriculture Organization
of the United Nations; the Organization of Petroleum Exporting Countries Fund; the Rockefeller Foundation;
Oxfam Novib; and the CGIAR Gender and Diversity Program. In addition, the many individuals and organizations
involved in the assessment supplied countless hours of in-kind contributions.
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•

Policy action 2. Fight poverty by improving access to agricultural water and its use.
o Target livelihood gains of smallholder
Targeting smallholder farmers—
farmers by securing water access through
particularly in largely rainfed areas,
water rights and investments in water
but also in irrigated areas—offers
storage and delivery infrastructure where the best chance for reducing poverty
needed, improving value obtained by quickly in developing countries.
water use through pro-poor technologies, Multiple-use systems for domestic
and investing in roads and markets. use, crop production, aquaculture,
Multiple-use systems—operated for agroforestry, and livestock
effectively improve water
domestic
use,
crop
production,
productivity and reduce poverty.
aquaculture, agroforestry, and livestock—
can improve water productivity and reduce poverty.

•

Policy action 3. Manage agriculture to enhance ecosystem services.
o Good agricultural practice can enhance
Many agricultural water
other
ecosystem
services.
In management systems have evolved
agroecosystems there is scope to promote
into diverse agroecosystems, rich in
biodiversity and ecosystem services
services beyond the production of food,
fiber, and animal protein. Agricultural
production does not have to be at the expense of other services that water provides
in rivers and wetlands. But because of increased water and land use, and
intensification, some ecosystem change is unavoidable, and difficult choices are
necessary.

•

Policy action 4. Increase the productivity of water.
Many known technologies and
o Gaining more yield and value from less management practices promise
water can reduce future demand for water, considerable gains in water
limiting environmental degradation and productivity. Achieving those gains
easing competition for water. A 35% requires a policy and institutional
environment that aligns the incentives
increase in water productivity could reduce
of various users at different scales
additional crop water consumption from
80% to 20%. More food can be produced per unit of water in all types of farming
systems, with livestock systems deserving attention. But this optimism should be met
with caution because in areas of high productivity only small gains are possible. Larger
potential exists in getting more value per unit of water, especially through integrated
systems and higher value production systems and through reductions in social and
environmental costs. With careful targeting, the poor can benefit from water
productivity gains in crop, fishery, livestock, and mixed systems.

•

Policy action 5. Upgrade rainfed systems—a little water can go a long way.
o Rainfed agriculture is upgraded by
Better management of rainwater
improving soil moisture conservation and, and soil moisture is the key to
where feasible, providing supplemental helping the greatest number of poor
irrigation.
These
techniques
hold people
underexploited potential for quickly lifting
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the greatest number of people out of poverty and for increasing water productivity,
especially in Sub-Saharan Africa and parts of Asia. Mixed crop and livestock systems
hold good potential, with the increased demand for livestock products and the scope
for improving the productivity of these systems.
•

Policy action 6. Adapt yesterday’s irrigation to tomorrow’s needs.
o The era of rapid expansion of irrigated
The challenge for irrigated
agriculture is over. A major new task is agriculture in this century is to
adapting yesterday’s irrigation systems to improve equity, reduce
tomorrow’s needs. Modernization, a mix of environmental damage, increase
technological and managerial upgrading to ecosystem services, and enhance
improve responsiveness to stakeholder water and land productivity in
needs, will enable more productive and existing and new irrigated systems
sustainable irrigation. As part of the
package irrigation needs to be better integrated with agricultural production systems
to support higher value agriculture and to integrate livestock, fisheries, and forest
management.

•

Policy action 7. Reform the reform process—targeting state institutions.
o Following a realistic process to suit local
Reforms have focused on formal
needs, a major policy shift is required for irrigation or water management
water management investments important policies and organizations and have
to irrigated and rainfed agriculture. A wider ignored the many other factors that
policy and investment arena needs to be affect water use in agriculture—
opened by breaking down the divides policies in other sectors, user
between rainfed and irrigated agriculture institutions, and broader social
institutions
and by better linking fishery and livestock
practices to water management. Reform
cannot follow a blueprint. It takes time. It is specific to the local institutional and
political context. And it requires negotiation and coalition building. Civil society and
the private sector are important actors. But the state is often the critical driver, though
state water institutions are often the most in need of reform.

•

Policy action 8. Deal with trade-offs and make difficult choices.
o Because people do not adapt quickly to
The CA finds that more balanced
changing environments, bold steps are
outcomes are generally reached
needed to engage with stakeholders. when there is a mix of political space
Informed multi-stakeholder negotiations allowed by the state and active
are essential to make decisions about the organization of civil society to
use and allocation of water. Reconciling defend causes or population groups
competing demands on water requires
transparent sharing of information. Other users—fishers, smallholders without official
title, and those dependent on ecosystem services—must develop a strong collective
voice.
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The CA further remarks that only when there is action to improve water use in agriculture, it will be
possible to meet the acute freshwater challenges facing humankind over the coming 50 years. Thinking
differently about water is essential for achieving our triple goal of ensuring food security, reducing
poverty, and conserving ecosystems. The divide between rainfed and irrigated agriculture need to be
broken down in a wider policy and investment arena that will also need to look into better linking
fishery and livestock practices to water management. At the global level the potential of rainfed
agriculture is large enough to meet present and future food demand through increased productivity.
The challenge for irrigated agriculture in this century is to improve equity, reduce environmental
damage, increase ecosystem services, and enhance water and land productivity in existing and new
irrigated systems
A major reason for the diverging views on competing choices for water for food and water for
ecosystems is divergent understanding of some basic premises. Growth in agriculture has been
responsible for much of the loss of biodiversity and habitats and of regulating ecosystem services.
Better water management can mitigate many of the negative consequences. Moreover, climate
change will affect all facets of society and the environment, with strong implications for water and
agriculture now and in the future.

1.2 The role of water in the food system approach
Food systems include all element and activities related to the production, processing, distribution,
preparation and consumption of food, the market and institutional networks for their governance, and
the socio-economic and environmental outcomes of these activities. A food system goes further than
a description of agricultural value chains as it also includes all socio-economic and environmental
parameters that affect food supply. In order to understand food systems better, multiple food experts
have developed schematic overviews of food systems and their outcomes and are often referred as
food system approaches. In general, a food systems approach (FSA) is useful conceptual framework
for research and policy aimed at identifying sustainable solutions for sufficient supply of good quality
food and thus particularly important to policy makers with respect to food security. This also implies
that food system assessment requires an interdisciplinary approach with multiple sciences fields.
Multiple food system approach frameworks are presented in literature with the aim to analyze the
food systems. A framework developed by GLOPAN (2016) and adjusted by IFAD (Figure 1), explicitly
looks how diet quality outcomes (i.e. healthy & sustainable food systems) are embedded in consumer
choices and how these are influenced by the food environment (the drivers) and shaped by the food
supply system (value chain or components). Van Berkum et al. (2018) developed a framework that
shows the various elements of a food system which includes the value chain activities and socioeconomic and environmental parameters and how these are linked to outcomes (figure 2). An FSA
framework developed by Béné et al. (2019) applies the same methodology with respect to
identification of multi-level outcomes but goes further in stating that food systems should also focus
on maximizing nutrition security.
However, all frameworks have the objective to identify pathways towards healthy, sustainable and
inclusive food systems. In the search of these pathways, trade-offs will occur. A main advantage of a
FSA is that these trade-offs can be identified at an early stage which allows to develop mitigation
measures in-time.
10

Figure 1: Food system description according to IFAD (2020) and derived from Glopan (2016). Blue
dotted lines represent where the authors see a strong link between water and the food system
approach.

Figure 2: Food system approach to map the food systems and its drivers (Van Berkum et al, 2018)
As it can be shown in figure 1 and 2, a link between food and water can be derived, both for the drivers,
components and outcomes of the food system approach. The description below describes the role of
water in the elements of the IFAD food system approach, but the same can also be applied to the other
food system approaches.
Food system drivers
Biophysical and Environmental: water is usually seeing as an input from the food production
perspective, since water is essential for agriculture. However, the quantity and quality of water, when
11

it is scarce, could drive into relevant changes of the current food system. This is the case in several
water scarce countries, where the current water availability is hardly to increase, so the agricultural
sector has to contend with a future of growing water demands. And last but not least, all this
exacerbated by the uncertainty of climate change.
Technology and Infrastructure: a more efficient use of water by using modern irrigation technologies
could on the one hand reduce the water required to produce the current food by minimizing water
losses and on the other, increase the food production per unit of water by increasing yields. Technology
can also make available new sources of water, such sea water or wastewater, increasing water
availability. However, this actions, although very relevant to alleviate water scarcity at local level, rarely
has a huge impact at national scale.
Political and Economic: water is a public good to be managed. At basin level, water availability is not
only subjected to climate conditions, but also to the agreement between different users. In a scarce
context, where and for what the water is used is conditioned to the decision of policy makers.
Economic growth could also influence the type of food required by the population and therefore
strategies to allocate water resources to more demanding crops (or meat and dairy production) must
be taken into consideration.
Sociocultural: water is not always seen as a scarce resource, even in water scarce regions. Public
awareness and population engagement is key to achieve a more efficiency use of water.
Demographic: a growing population means a growing water demands, both for drinking and
agriculture. Although this could be solved by the importation of food products, the degree of
dependency aspired by a water scarce country will be mainly restricted to its capacity to allocate water
for irrigation.
Food system components
Agricultural production: water is key element for agricultural production, both in rainfed and irrigation
agriculture.
Distribution and Storage: water is less visible, although any loss of product during this step translate
into a loss of water (that cannot be used for other purpose).
Processing and Packaging: water is also needed during the process and packing of most of the food
items.
Markets, Modern Retail: as during distribution and storage, an efficient marketing of food products
will reduce the waste and therefore the water required for its production.
Food system livelihood outcomes
Diet and Health: access to safe water and sanitation is a human right, but also results into higher
economic productivity, more education, and health-care savings…
Sustainability and Resilience: remark the importance of a health water environment and long-term
vision. Need of resilience to droughts, floods and rise water level.
Inclusiveness: water access (both for drinking, sanitation and as an input for irrigation) it is usually in
hands of few stakeholder – strategies to cope with better water governance, gender (See IFAD guide
“How to Support Effective and Inclusive Irrigation Water Users’ Associations”.
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1.3 Water governance and agriculture
Water governance is the organization of water management and include (financial, legislative)
arrangements and cooperation structures between public- and private partners. It is important as
issues such as drought, water scarcity and availability, flooding, salinization and pollution cannot be
addressed by one entity only although these severely impact agricultural production. Most of these
water-related challenges transcend administrative borders of states and include a wide variety of
actors in decision making: citizens, NGO’s, scientists, business, governments, transnational
organizations. When it thus comes to agricultural water management, all stakeholder groups have a
role to play as water is seen as a common good for all people in the world. However, conflicting values
and interests between stakeholders different and competing institutional regimes and regulatory
frameworks, current and future socio-economic developments and pressures of climate change are
examples that show the complexity of water governance. In order to handle this complexity, the
following twelve water governance principles should be applied (OECD, 2015):
Principle 1: Clearly allocate and distinguish roles and responsibilities for water policymaking, policy
implementation, operational management and regulation, and foster co-ordination across these
responsible authorities.
Principle 2: Manage water at the appropriate scale(s) within integrated basin governance systems to
reflect local conditions, and foster co-ordination between the different scales.
Principle 3: Encourage policy coherence through effective cross-sectoral co-ordination, especially
between policies for water and the environment, health, energy, agriculture, industry, spatial planning
and land use
Principle 4: Adapt the level of capacity of responsible authorities to the complexity of water challenges
to be met, and to the set of competencies required to carry out their duties
Principle 5: Produce, update, and share timely, consistent, comparable and policy-relevant water and
water-related data and information, and use it to guide, assess and improve water policy
Principle 6: Ensure that governance arrangements help mobilize water finance and allocate financial
resources in an efficient, transparent and timely manner
Principle 7: Ensure that sound water management regulatory frameworks are effectively implemented
and enforced in pursuit of the public interest
Principle 8: Promote the adoption and implementation of innovative water governance practices
across responsible authorities, levels of government and relevant stakeholders
Principle 9: Mainstream integrity and transparency practices across water policies, water institutions
and water governance frameworks for greater accountability and trust in decision-making
Principle 10: Promote stakeholder engagement for informed and outcome-oriented contributions to
water policy design and implementation
13

Principle 11: Encourage water governance frameworks that help manage trade-offs across water users,
rural and urban areas, and generations
Principle 12: Promote regular monitoring and evaluation of water policy and governance where
appropriate, share the results with the public and make adjustments when needed

2. The challenge for agriculture in an uncertain future
In order to guarantee enough food for humans, agriculture will have to face several challenges in the
near future. In the already known obligation to produce more food to feed the expected growing world
population, farmers will have to cope with the effects of climate change, globalisation, urbanisation,
ageing of society, dietary changes, among other multiple drivers.
According to the United Nations (2017), the world population is expected to reach 9.8 billion in 2050,
2 million more than the population reported in 2017. It is also expected that half of the world’s
population growth will be concentrated in some hotspots, being the projections for Africa to expand
to at least double their current size. At the same time, per capita incomes from developing countries
is projected to be a multiple of today’s levels, changing the diet patterns towards a higher consumption
of meat, fruits and vegetables. In order to feed this population with the kind of food they will demand,
the overall food production would raise by some 70 percent of the current figures, with significant
increment in key commodities such as meat and dairy.
Climate change is already impacting food production globally, although its real consequences are still
unknown. In low-latitude countries, it is expected that crops yields would be negatively affected due
to the increasing variability of precipitation. In northern latitudes, the expected yield reduction could
be more limited, or even in some cases higher than the current yields, due to effect of higher
temperatures (FAO, 2018). Salinization or flooding due to the sea level rise could also affect some of
the most fertile areas of the world. What is clear is that the more often occurrence of weather extreme
events, such as droughts, flooding, unexpected frosts or hails, will increase the interannual variability
of crop yields.
The food production growth is hampered by the degradation of natural resources, the loss of
biodiversity, and the spread of transboundary pests and diseases of plants and animals, some of which
are becoming resistant to antimicrobial (FAO, 2018). To drastically increase food production in the
forthcoming years, the expansion of agriculture on suitable areas and intensification of the existing
ones is a precondition. This will lead to higher trade-offs between agriculture and nature, increasing
the pressure on land and water resources. With the same resources available, competition could
trigger into a destructive loop, where natural degradation will lead to less availability and therefore to
a higher competition of the remaining natural resources. As other natural resources, water is
indispensable for farming, either from rainfed or irrigated agriculture. More food in the future will
inevitably imply a higher water demand, but also a higher risk of pollution due to the intensive use of
agrochemicals. The widespread discharge of (un)treated effluents into water bodies is also
compromising water quality, increasing the risk due to the use of unsafe sources for irrigation. As
Pfister and colleagues state (2011), the intensification of agriculture can increase output by up to 30%,
but causing enormous water stress and pollution in many locations already under pressure. And
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despite this, this increment by itself will be not enough to cope with the required food estimations,
showing the need for the implementation of other complementary strategies.
Food waste reduction should be considered as a key strategy in the food challenge. Today’s global food
production is extremely inefficient. With a current food production enough to feed almost 10 billion
people, roughly 30 to 40% is wasted in both the developed and developing countries (Holt-Giménez et
al,. 2012). While in the first ones, food is mainly wasted during retail, catering industry or home
consumption, in developing countries the waste befalls on-farm and during the transport and
processing, mainly due to unsuitable storage and the absence of clear food-chains (Godfray et al.,
2010). A better food management if the whole chain could extremely reduce the need of food
production and therefore the pressure onto natural resources.
Thankfully, modern society is changing its perception of food consumption into a more sustainable
one. The “less meat” or “vegan” diets, becoming more and more popular between the young
generations, has a proven lower impact onto land and water resource. The introduction of more
circular approaches, with the aim to transform wastes into inputs, together with the integration of
new technologies in the whole food chain, is making food production more efficient, getting more food
with less inputs and less environmental externalities.

Box 1. Climate change and agriculture across Europe
An example of the influence of climate change is the alarming study of the EEA (2019). Adverse
impacts of climate change are already being felt across Europe. Extreme weather, including recent
heatwaves in many parts of the EU are already causing economic losses for farmers and for the EU’s
agriculture sector. Future climate change might also have some positive effects due to longer
growing seasons and more suitable crop conditions, but these effects will be outweighed by the
increase in extreme events negatively affecting the sector.
New records are being set around the world due to climate change, and the adverse effects of this
change are already affecting agricultural production in Europe, especially in the south. Despite some
progress, much more must be done to adapt by the sector itself, and especially at farm. Crop and
livestock production is projected to decrease and may even have to be abandoned in parts of
Europe’s southern and Mediterranean regions due to the increased negative impacts of climate
change. This, of course, hold as well for the Mediterranean coast of Africa.
According to projections using a high-end emission scenario, yields of non-irrigated crops like
wheat, corn and sugar beet are projected to decrease in southern Europe by up to 50 % by 2050.
This could result in a substantial drop in farm income by 2050, with large regional variations. In a
similar scenario, farmland values are projected to decrease in parts of southern Europe by more
than 80 % by 2100, which could result in land abandonment. Trade patterns are also impacted,
which in turn affects agricultural income. While food security is not under threat in the EU, increased
food demand worldwide could exert pressure on food prices in the coming decades.
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3. Need of water for food production
3.1 Introduction
Increasing the food production is a must to meet future demands as a result of population growth and
dietary changes. To do so spatial planners have the options to convert natural lands into agricultural
production systems, also called ‘horizontal expansion’, to increase the productivity of the existing
production systems, usually referred to as ‘vertical expansion’, or a combination of both. Such choices
will inter alia depend on the availability of land, water, capital, agricultural producers, a value chain to
link producers to markets, and policy decisions.
Figure 3 shows the trends in rainfed and irrigated lands between 1961 and 2008. Rainfed areas
remained rather stable over the years with lands converted into residential areas, or lost because of
deteriorating water and/or soil conditions, and new lands coming into production. Clearly the cropland
per person has been falling as a result of the world’s population growth and irrigation is on the increase
to meet the associated demand for food. However, this extra food production is rather related to an
expansion of arable lands than to a widespread yield increase.

Figure 3: Rainfed and irrigated lands between 1961 and 2008 (FAO, 2011)
Water availability will be of primary concern in the design of new agricultural systems. Water needs to
be provided reliably and in an equitable manner among producers as not to incur damage to the crops.
Depending on local conditions, it can be sourced from rainfall, surface water or groundwater. Each
source, however, has its own degree of uncertainty. The choice for rainfed systems is usually explored
first as these are the cheapest to establish and to operate, but they also come with the highest degree
of uncertainty. Once rainfall is considered too low or too erratic, the next best option would be to turn
to groundwater resources or to surface waters for irrigation.
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Box 2. The transition in water management
Over time, irrigated systems tend to exhaust their (water) resources due to further expansions or
the need for water elsewhere, thus becoming unsustainable. If demand outstrips supply several
mechanisms usually occur. Turton (1999, see Fig. 2) has shown this as a shift in paradigm where a
supply driven phase is replaced by a demand oriented one treating water as an ‘economic good’,
and finally an adaptive phase with water as a ‘scarce good’. In the end, however, agriculture has to
give way when water becomes a severely restricting factor on production. This may also impact
national development and constrains national policies. Figure 4 states that under such conditions a
national resources reconstruction is likely to take place, including an assessment of its underlying
ecological aspects.

Figure 4. The transitions in water management (van Beek, 2008, after Turton, 1999)
In this whole process, however, it is often overlooked that rainfall is the ultimate source of all water
resources. The Land-Water-Ecosystems Management (LWEM) approach as proposed by Snellen
(2011) argues that rainfall should be considered as the prime source for water. In this view land is
the processor that converts and buffers rainfall which eventually feeds the aquifers, streams, and
reservoirs. Hence, terrestrial ecosystems should not be seen as competitors for water but as
providers of fresh water resources.
LWEM first looks at the land-use at catchment scale and analyzes rainfall and evapotranspiration
patterns in a perspective of return on water resources. Such an analysis should then provide the
scope for alternatives. It postulates that before (re-)investing in irrigation schemes, the natural
infrastructure necessary for rainfed agriculture should be checked in order to reduce the uncertainty
in rainfall. Possible interventions could be to increase the buffering capacity of the terrestrial
ecosystems or to better retain moisture in agricultural soils.

3.2 Rainfed agriculture
Approximately 7,000 Km3 of water is consumed in crop production every year (de Fraiture et al., 2007).
According to FAO (2011), rainfed agriculture accounts for more than 80% of the total cropped area and
contributes with around 60% to the total crop production. Rainfed agriculture is the main source for
grains in many temperate regions, characterized by a relatively reliable rainfall and inherently
productive soils. For example, water from rainfall is by far the main component of the water embodied
in the in maize, soybean and wheat exported by the USA, Canada or Argentina (Aldaya et al., 2010).
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But rainfed agriculture is also key for the food produced in some water scarce areas of Africa or South
and East Asia. Rockström and Karlberg (2009) estimated that around 1.11 billion people live from
agriculture in water scarce areas and half of their food is produced under rainfed conditions.
Productivity in rainfed agriculture is usually linked to rainfall patterns and therefore relies on climate
variability. However, the large increment of rainfed crop yields showed in some developed countries
in the last decades is mainly related with the reduce of crop diseases through the use of pesticides or
more resistant crops varieties and the supply of additional nutrients (Hazell., 2009). For example, the
average grain yield in Europe has increased from less than 2 t/ha in the 50s to more than 5 t/ha, while
in Sub-Saharan countries it has remained relatively constant with values around 1-2 t/ha (Wani et al.,
2009).
Hence, there is still a significant potential for raised yields in rainfed agriculture in developing
countries, with gaps between farmers’ yields and achievable yields of around 20-40% in several subSaharan Africa and South Asia countries (Rockström et al., 2010). According to a World Bank study
(Ward et al., 2016) the yield per dollar invested in improved rainfed agriculture is potentially nine times
that of small-scale irrigation and six times that of large-scale irrigation and the land available is almost
limitless if it is recovered and restored from the degradation caused largely by poverty. Given the fact
that 95% of the cultivable land in Africa is rainfed and considering the expected increment of rainfall
variability and evapotranspiration due to climate change, there is an urgent necessity to maximize the
capture, storage and use of rainfall and unlock the potential of enhanced rainfed agriculture (Abrams.,
2018). This could be only achieved by a proper soil and water management, aiming to reduce the
negative effects of droughts and land degradation through the loss of organic matter, nutrient
depletion, erosion or sedimentation.

3.3 Irrigation, a way to secure food productivity
Irrigation has been used by humans for over 8,000 years as a technique to grow crops in areas or
seasons where otherwise they would be unable to do so. Nowadays, similar issues remain, so irrigation
is still a key factor to secure food production.
Irrigation has a positive impact in rural areas, making crop yields higher, but also more stable and
reliable. It also allows farmers to increase their margin by growing more profitable crops. Irrigation
makes food production less susceptible to rainfall variability, encouraging investment, innovation and
job creation, preventing population emigrating to urban areas and revitalising rural economies. But
irrigation is a water dependent activity and therefore requires suitable management to guarantee
availability, avoid conflicts between users and limit its environmental implications. For millions of
farmers worldwide, the access to water for irrigation is a thin line dividing poverty and prosperity
(Oweis, 2018).
Food production under irrigation is claimed to be less sensitive to climate variability and changes.
However, the differentiation between rainfed and irrigated lands cannot be considered as an absolute
truth, being a large spectrum of water management options that ranges from purely rainfed farms to
purely irrigated farms with several options in between, such as irrigation on only part of the field,
supplemental or deficit irrigation, water harvesting or soil water conservation techniques, etc
(Vanschoenwinkel and Van Passel, 2018).
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The demand of water for irrigation is typically linked to water scarce areas, but also to water abundant
regions in seasons where rainfall is not able to meet the water requirement of crops. Those situations
are classically related with higher temperatures, which mean that crops require more water, and with
a lower freshwater availability due to the lack of rain. But irrigation is not just to cope with crop water
requirements, but also with frost protection, chemical application, weed control, field preparation,
crop cooling, harvesting, dust suppression, and leaching salts from the root zone. In order to deal with
this, farmers derive water from rivers and lakes or pump it from aquifers. The complexity of the
infrastructure and organizational structures required would depend on the source of water but also
on other technical and socio-economic factors, such as the size of the irrigation schemes, the
technology used, the organizational and management capacity of farmers and governments, etc.

3.4 Water use in irrigation
With a total of 260 million ha, irrigated agriculture only account for less than 20% of the total cultivated
area in the world. However, it produces more than 40% of the global food production (FAO, 2016).
Small irrigation plots are spread across almost all populated parts of the world, however the large
irrigated areas are concentrated mainly in Asia (China and India), followed by America (USA) and
Europe (Italy and Spain) (Figure 5). Africa, despite its large potential, only account for around 10 million
ha, with five countries taking up more than 2/3 of the total area (Egypt, Morocco, Algeria, Sudan and
South Africa). In some areas of the world, with a year-round favourable climate for crop growth,
irrigation makes it possible to cultivate the same area more than once a year, increasing the crop
intensity up to 130% and resulting in more than 346 million ha of irrigated crops harvested in 2011
(FAO, 2016). Cereals and vegetables are the prefered crops cultivated under irrigation systems, with
rice being the world's largest irrigated cereal, covering 29% of the total irrigated area.

Figure 5: The map shows area equipped for irrigation in percentage of cell area. For the majority of
countries the base year of statistics is in the period 2000 – 2008 (Siebert et al., 2013).
According to FAO (Frenken and Gillet., 2012), the average worldwide water requirement for irrigation
is estimated at around 1,500 km3/yr, although the total water withdrawal is almost 2,700 km3/yr due
to the water losses during the storage, transport and application (Table 1). However, the figures on
the agricultural water withdrawals could vary depending on the data sources used and are estimated
to range between 2,200 to 3,800 km3/yr (Wisser et al., (2008). According to the World Water
Assessment Programme (UNESCO, 2015), irrigated water withdrawals have tripled over the last 50
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years and are expected to increase at 0.6% per year from 1998 until 2030, resulting in 36% more food
with 13% more water. Around 70% of the global freshwater withdrawals and 90% of the consumptive
water are used by agriculture.
How the water is applied by farmers determines the application efficiency and therefore the total
water to be applied to the crops. The three main methods of irrigation are surface, sprinkler and
drip/micro irrigation, with an application efficiency ranging from 50-60%, 60-85% and 80-95%
respectively. The low worldwide efficiency is driven by the fact that 85% of the irrigated area is watered
by surface technologies.
The actual water withdrawal of irrigation accounts for around 5% of the total renewable water
resources (TRWR), although there are large differences between regions (Table 1). In Western and
Central Europe, water withdrawal are supposedly less than 2% of the TRWR, while in (the drier) Central
Asia or Middle East this goes up to 40%. But if those figures are compared with the ‘‘freshwater use
planetary boundary’’2, estimated in 4,000 km3/year of blue water consume, irrigation uses more than
35% (Gleeson et al., 2020).
Table 1: .Global area irrigated and water withdrawal by source of water. Data extracted from Siebert
et al., (2013) and Frenken and Gillet (2012) for the period 2008-2012. (SW = surface water, GW =
groundwater, NCW = non-conventional water)
Actual area irrigated by source (1000 ha)

Northern Africa
Sub-Saharan
Africa
Central America
and Caribbean
Northern
America
Southern
America
Central Asia
Middle East
Southern
and
Eastern Asia
Eastern Europe
and
Russian
Federation
Western
and
Central Europe
Oceania

Total

Total
renewable
water resources
(km3)

Water withdrawal by
source (km3)
SW
GW
NCW

Total
area
irrigated
6,044
5,484

SW

GW

NCW

4,036
5,177

1,996
306

13
1

103
5,427

53
87

26
5

0.2
0.02

1,052

685

367

0

802

12

6

0

29,061

12,016

17,045

0

6,428

100

141

0

11,223

9,301

1,922

0

17,132

114

24

0

11,260
17,625
157,805

10,365
9,609
95,996

895
7,865
61,809

0
150
0

315
564
13,572

118
123
1,016

10
101
654

0
1.9
0

1,718

1,555

164

0

4,790

13

1

0

10,842

6,874

3,968

0

2,627

35

20

0.002

3,067
255,182

2,276
157,889

743
97,080

48
213

819
52,579

7
1,678

2
992

0.144
2.264

3.4.1 Surface water
Rivers and lakes constitute less than 1.2% of the total freshwater resources, although they are the main
source for human water consumption. In case of irrigation, surface water accounts for more than 60%
2

The planetary boundaries are a global environmental sustainability framework for identifying critical
transitions or tipping points in the complex Earth System, based on control and response variables. Composed
by 9 Earth-system processes, the current ‘‘freshwater use’’ planetary boundary is based on allowable human
blue water consumptive use (Gleeson et al., 2020).
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of the global water withdrawal. Since river flows usually present a marked seasonal variability highly
influenced by the rainfall patterns or snow/glacial melt which hardly match with crop water demand,
the construction of dams to store surplus waters during wet periods is required.
About 50,000 large dams are in operation worldwide with several purposes, such as generation of
hydropower, water supply, irrigation, flood control, recreation or navigation. Although the majority of
dams are multipurpose by nature, at least half of them are used for irrigation, being estimated to
contribute directly to 12–16% of the global food production (WCD, 2000). With an estimate cumulative
storage capacity in the range of 7,000 to 8,300 km3, those dams are able to storage around 20% of the
yearly surface runoff (Vörösmarty et al., 2003; Chao et al., 2008). These figures are much higher in
some water scarce countries, such as Morocco, Turkey or South Africa, where the water storage
capacity is higher than 70% of the annual river flow (FAO, 2016). However, the storage capacity is
depleting year by year due to siltation, with an estimated yearly loss rate of 0.5-1%, what can be
translated into shortfall in surface water supplies if no new storage is built in the near future, but also
if no protected measures are taken to control soil erosion upstream (White, 2001).
The necessity of dams and reservoirs for irrigation is hardly questionable, providing a reliable, lowpriced and low-energy source of water for farmers during dry periods, while reducing flooding
problems for downstream population.
One of the most ambitious responses to the water imbalance is the physical transfers of surface water
from a water abundant basin to a drier one. These huge projects, also known as water transfer, usually
involve a set of dams, reservoirs, pipes or canals to transfer large volume of water, often requiring
large amounts of energy to pump the water from one basin to another. Nowadays, there are 34
existing and 76 future (planned, proposed or under construction) Water Transfer Megaprojects, which
could add up to a total volume of water transferred of 1,910 km3 per year and a total transfer distance
of more than twice the length of the Earth's equator (Shumilova et al., 2018). Most of them are located
in North America or Asia, mainly for agricultural development or in combination with hydropower,
mining or navigation.
However, the use of large water
infrastructures induces substantial
impacts to human societies and nature.
Around 60% of the rivers are altered by
dams, causing important displacement
and resettlement of the local
population, social disruption and
increased incidence of communicable
diseases (Scudder., 2012). Dams also
reduce the connectivity of rivers, the
transport of nutrients and sediment and
the intrinsically variability of flow,
Figure 6: Environmental water stress due to flow regime
leading to numerous physical and
alterations for the period 1981-2010 (Connor, 2015)
ecological impacts on freshwater,
terrestrial, and marine ecosystems and their dependent species (Lehner et al., 2011). The flow regimes
are particularly altered in some water scarce areas of the world, such as USA, Mexico, Spain, Portugal,
the Middle East, India, and the Northeast and Northwest of China (Figure 6).
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There is a large variety of surface irrigation schemes, going from small-scale schemes of few hectares,
managed by individual farmers which derive water directly from the river to large-scale schemes of
hundreds to thousands hectares, owned, managed and operated by a public authority and which
requires large water infrastructures. According to Oweis (2018), public irrigation schemes tend to be
supply driven, being the government usually the financial sponsor and farmers subjected to its
management and control. On the contrary, the private ones are demand driven and farmers
(individuals, communities or investors) contribute to the capital costs and accept full responsibility for
control, operation and maintenance. In both cases the commitment of the end users is key for the
successful operation and maintenance.

3.4.2 Groundwater
Around 30% of the global total freshwater resources are stored in aquifers but only a small portion is
available for its exploitation (Shiklomanov, 1993). The global renewable groundwater resources range
between 11,900 to 15,200 km3/yr (Döll and Fiedler., 2008; Wada et al., 2010; FAO, 2011). However,
groundwater recharge varies greatly between regions and climates, going from less than a few mm/yr
in dry climates to a few hundred mm/yr in humid tropical areas (Margat and Van der Gun., 2013).
Recharge is mainly affected by precipitation, but also by other factors such as soil properties, geology
or land use. While in humid regions the infiltration of water mainly happens during winter periods, in
arid or semi-arid regions the recharge is irregular and occurs in periods of heavy rainfall and is usually
connected to rivers or ephemeral streams.
Groundwater is a key resource for multiple human activities, irrigation being the main user with around
70% of the total groundwater withdrawal, estimated at 600-1,100 Km3/yr (Siebert., 2010). Pumping
water from aquifers is a common and effective way to obtain water for irrigation. Thanks to the
capacity of aquifers to store infiltrated water during wet seasons, but also to the little evaporation,
groundwater is a reliable source less susceptible to periodic, seasonal or multi-annual dry periods.
Unlike surface water, the exploitation of groundwater doesn’t require large infrastructure beyond the

Box 3. Tajo-Segura Water Transfer
With almost 300 km, the inter-basin Tajo-Segura transfer connects the upper basins of Tajo and
Segura, located in the Center and the South East of Spain respectively. It was inaugurated in 1979,
although the first plans dated from the 30s. With a designed flow rate of 33 cubic meters per second,
is aiming to transfer a maximum of 650 Mm3/yr (400 Mm3/yr for irrigation), making possible the
development of a profitable intensive farming market in the water scarce areas of the South East of
Spain, widely known as the "vegetable garden of Europe”. To cope with the interannual rainfall
variability of the upper Tajo, the legislators established 4 levels, avoiding any transfer when water
resources are below a certain limit. Due to a doubtful overestimation in water availability during the
design, the yearly volume transferred is usually below 350 Mm3/yr, reaching it maximum capacity
only few times. The water transfer has a large economic benefits in the receiving area, with around
hundred thousands of jobs directly related and creating a highly specialized farming sector, able to
produce a water productivity almost three times higher than the national average. However, the
economic, social and environmental consequences in the donor area are undeniable, creating a
highly politicized conflict difficult to solve. The broken promises of a flourishing touristic
development in the reservoirs of the upper Tajo, together with the increasingly frequent picture of
an exhausted Tajo river where it passes through Toledo, are some of the deep-seated problem to
which no easy solution is envisioned.
22

construction of a well and the installation of a submergible pump. Groundwater abstraction requires
energy for pumping, resulting in the widespread use of pressurised systems with a higher application
efficiency. But the use of groundwater for irrigation is not only circumscribed to water scarce areas. In
more humid regions, where rainfed agriculture is dominant, supplementary groundwater irrigation is
increasingly used by farmers to ensure a stable production in quantity and quality but also on timing
set by the market.
Groundwater is usually exploited by individual farmers and often in an unplanned way. There is little
awareness of the cumulative implication of intensive groundwater pumping by individuals. As a result,
groundwater abstraction already exceed recharge from precipitation and rivers in many parts of the
world, creating a considerable decline of the water table. This is especially true in several intensive
irrigated regions, such as the Souss-Massa aquifer (Morocco), Central Valley of California (USA), Valley
of Mexico (Mexico) or Huang Huai Hai Plain (China), where the water withdrawal exceeds in more than
150% the yearly renewable resources (Margat and Van der Gun., 2013). The decline of the water table
by over-abstraction has significant negative consequences for farmers, increasing the energy required
to pump the water and therefore the operational cost of agriculture. Groundwater over-abstraction
also increases the risk of seawater intrusion, jeopardising the suitability of coastal aquifers for multiple
uses in many areas of the world. Nevertheless, assessing and control the amount of groundwater
abstracted is not an easy task, because of the large number of users and the variability of their
operations, especially related to wells used for supplementary irrigation.
The distinction between surface and groundwater resources, clear at local scale, is much more diffuse
when resources are assessed at basin level due to the constant flow of water between both
compartments. That’s makes water statistics more difficult to understand, ultimately resultingin
double-counting. According to FAO (2016), around 25% of the natural surface water flux comes from
groundwater and 90% of the natural groundwater recharge finally joins rivers as baseflow. The latest
is crucial to guarantee the sustainability of groundwater related ecosystems, since little groundwater
table declines (up to 2.5 m) severely affect the interaction between surface and groundwater and
therefore the water flows of the rivers (De Graaf et al., 2019).
Another strategy of groundwater use, is the exploitation of the non-renewable aquifers, also called
fossil water, characterised by a large stock but with very limited renewal capacity. These kind of
aquifers usually correspond to deep aquifers inside the sedimentary basins in the arid and semi-arid
zones, such as the Nubian Sandstone Aquifer or the North Western Sahara Aquifer with an estimated
exploitation reserves of 14,457 Km3 and 1,280 Km3 respectively (Margat and Van der Gun., 2013).
However, the long-term exploitation causes a considerable decline of the water level, which could
reach several hundred of meters after having withdrawn only a small fraction of total water volume,
making in some cases the abstraction of water unfeasible due to the high cost of pumping.
Pollution of groundwater by intensive agriculture is also a major concern with large environmental and
social implications. The leaching of nutrients due to the overapplication of nitrogen-based fertiliser
and/or livestock residues, such as pig slurry, is increasing the levels of nitrate in many aquifers around
the world. In the worst-case scenario, the nitrate levels make the water from those aquifers unhealthy
for human consumption.

3.4.3 Non-conventional sources
Non-conventional water, also called as inferior quality water, is defined as water that possesses certain
characteristics which, if not treated or properly managed, have the potential to cause problems when
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it is used for an intended purpose (Pescod., 1992). Non-conventional water includes saline water,
brackish water, drainage water and treated or untreated wastewater effluents.
Although less than 1% of the total water used for irrigation is considered as non-conventional water,
it is becoming of great importance in some water scarce regions, such as the Arabian Peninsula or the
South East of Spain, where the rate of use of conventional water sources for agriculture is more than
50% (Qadir et al., 2007). Thus, the projected capacity of municipal water reuse and brackish/seawater
desalinisation is expected to grow considerably in the next years (figure 7). It is important to note that
most of the reuse projects are intended for irrigation, while brackish and seawater desalination
projects are still mainly addressed to urban or industrial consumption.

Figure 7: New contracted capacity of municipal water reuse vs brackish/seawater desalinisation.
Source: https://smartwatermagazine.com/blogs/carlos-cosin/evolution-rates-desalination-part-i

Use of desalinated sea and brackish water
Desalinisation is the process of remove salts or minerals from the water to the point that it could be
used for human consumption or irrigation. Although there are several technologies available, mainly
based in solar, thermal or membrane processes, the use of reverse osmosis (RO) membranes is
prevailing amongst the others. Desalinisation is an energy and cost intensive process and therefore
more costly than freshwater from surface or groundwater sources. This is why, desalinated water was
mainly used for drinking and industrial purposes when other sources were hardly available. According
to Martínez-Alvarez et al., (2016), three main barriers can be identified for the use of desalinated
seawater for irrigation: (i) the high-energy requirement is still an essential issue to cope with, leading
to production costs several times higher than for other agricultural water sources; (ii), related with
this, the high greenhouse gas emissions linked and (iii) there are some important agronomic concerns
related to the lack of desalinated seawater quality standards; which can cause risks for both crop
production and the soil environment if not properly managed. Next to these three barriers, also the
management of the brine is a main barrier for sustainable use of desalinated water.
However, thanks to the recent innovations, such as the introduction of energy recovery systems, the
reduction of membranes cost and the increment of the capacity of treatment facilities, the price of
desalinated seawater has dropped to the extent that it may be economically viable for its use with
high-return crops (Beltran and Koo-Oshima., 2006). On the other hand, the use of desalinated brackish
water for agriculture has intensely increased in recent years since its cost are less than half that of
desalinated seawater costs (Barron et al., 2015). Although desalinated sea water can be seen as an
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abundant and steady source of water, use of inland brackish groundwater for desalination are in many
cases related with the exhaustion of aquifers (Martínez-Alvarez et al., 2016). In both cases, the
environmental implications related with the energy consumption and brine management should be
addressed.
Wastewater reuse
The use of treated wastewater for irrigation is an increasingly common practice, encouraged by
governments and official entities worldwide. If proper designed and managed, reuse of urban
wastewater has multiple benefits for farmers: it is a constant resource for farmers making them more
independent from seasonal drought and weather variability and able to cover peaks of water demand;
it contains nutrients that can reduce the fertiliser requirement of crops and therefore the production
costs; reduce the environmental impacts due to the direct discharge of effluents into the water bodies;
it could reduce the pressure on water bodies by reducing freshwater abstraction; reduce the overall
treatment cost of wastewater, since users would partially contribute to cover the cost.
However, the use of treated wastewater with minimal levels of potential contaminants should be a
sine qua non conditions to achieve an activity with minimal risk for farmers, consumers and the
environment. According to Rupiper and Loge (2019), the main barriers for wastewater reuse are the
absence of regulatory programs, system cost, poor access to training for regulators, and limited public
education about alternate water sources.
This is why, in order to guarantee safe reuse practices, strong regulations are required, stablishing the
minimum quality requirements for water reuse and a clear approach for how to assess the risk for
human health and environment. In line with this, and as other countries already developed (Israel,
California, Australia, and Singapore), the European Union recently approved a regulation on minimum
requirements for water reuse (2020/741), aiming to:
•
•
•
•
•

Harmonised minimum water quality requirements for the safe reuse of treated urban
wastewaters in agricultural irrigation using a “fit for purpose” approach;
Harmonised minimum monitoring requirements, notably the frequency of monitoring for each
quality parameter, and validation of monitoring requirements;
Risk management provisions to assess and address potential additional health risks and
possible environmental risks;
Permitting requirements;
Provisions on transparency, whereby key information about any water reuse project is made
available to the public.

4. The role of water in the trade of food (virtual water)
When insufficient water is available to produce sufficient food supplies for a nation, international trade
of agricultural commodities is often needed for realizing food security. The imported commodities
used however water during its production, processing and transportation although in another country
then where is it consumed. As such, importing food essentially means that water is imported as well
although indirect. This water is also known as virtual water. Figure 8 shows the role of virtual water in
the global water cycle (D’Odorico et al., 2019).
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Figure 8: Water flows and the role of virtual water
The water footprint is an indicator or measure that describes the required volume of water to produce
a product or a service (Hoekstra et al., 2011). The water footprint of a product (such as food products)
is the volume of freshwater used to produce the product, measured over the full supply chain
(Hoekstra et al., 2011). As such, it includes both direct and indirect use of water. The water footprint
provides insight into how water is appropriated for various human purposes and may feed the
discussion about sustainable and equitable water use and allocation. In this context, the indicator is
specifically interesting for water-scarce regions where water allocation questions are most prominent.
The water footprint and virtual water are linked with each other. The water footprint of a nation is
equal to the use of domestic water resources, minus the virtual water export flows, plus the virtual
water import flows (Shrinivas, 2020). The concept of virtual water has major impacts on global trade
policies as it shows options to maximize productive water use. In water-scarce countries, food security
can be achieved through imports of water intensive agricultural commodities from places where water
is not -or less- a limiting factor in food production. The domestically available scarce water resources
in dry countries can then be used for other vital services (drinking water, industrial use). This supply
and demand-oriented management of water resources thus opens up new possibilities of water
governance. It may however have negative impacts on socio-economic and environmental parameters
such as on food self-sufficiency level, employment, biodiversity and even water security.
Water footprint of agricultural commodities
Table 2 presents the global average water footprints for major agricultural commodity groups based
on Mekonnen and Hoekstra (2012). The table clearly shows the variations in water requirements for
sugar crops, vegetables, roots & tubers and fruits consuming less water compared to most other crops
and meat products. It should however be noted that actual water footprints differ significantly
between climatic zones and production systems. The FAO found that daily water needs for grass in
different climatic zone varies from 3-4 mm/day in humid zones to 7-8 mm/day in desert/arid zones
with temperatures between 15-25 degrees Celsius (Brouwer and Heibloem, 1986). These water needs
are increased with another 1-3 mm/day for regions with average temperatures above 25 degrees
Celsius. Therefore, the same crops cultivated in similar production systems consume significantly more
water in arid regions (such as MENA) compared to moderate climatic zones (such as Northern Europe).
However, major differences with respect to the water footprint of crops are also strongly related to
agricultural management practices with respect to techniques and strategies to maximize yields,
reducing non-beneficial evapotranspiration and enhancing effective use of rainfall (Mekonnen and
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Hoekstra, 2013). The barley water footprint for example may vary from 447 m3/ton to 1,029 m3/ton
depending on agricultural management practices and climatic conditions. For meat products, the
source and kind of animal feed as well as the animal production system are main elements in defining
the water footprint. A study in Spain for example shows that the water footprint of pigs vary between
3,428 m3/ton for intensive production systems to even 8,111 m3/ton for free-ranging animals (Miguel
et al., 2015).
Table 2: Global average water footprints for major agricultural commodity groups (based on Mekonnen
and Hoekstra, 2012)
Commodity
Water footprint (m3 water / ton product)
Sugar crops
197
Vegetables
322
Roots and tubers
387
Fruits
967
Cereals
1,644
Pulses
4,055
Nuts
9,063
Chicken meat
4,325
Pig meat
5,988
Sheep/goat meat
8,763
Beef
15,415
Even though climatic conditions and production systems play key roles in the water footprint of
agricultural commodities, this analysis indicates that water-intensive agricultural products should be
cultivated/grown in effective ways and in water-rich (rainfed) regions. In such regions, water is not a
limiting factor and freely available from rainfall which makes it competitive to sell their agricultural
commodities in the global market. It is partially for this reason that water-rich countries such as in
America and northwestern Europe invested into large and intensive livestock sectors and cereal
production to serve both domestic and international markets. Conversely, from a water perspective,
water scarce countries should be careful in cultivating water intensive crops and raising animals even
when they manage to maximize production processes. Moreover, those countries should carefully
examine the water allocation to agriculture as other uses (industrial, domestic) may provide higher
benefits. Bacon (2017) found that in Jordan industrial water productivity is around 66 USD/m3 higher
compared to agricultural water productivity. This is also known as the opportunity cost of agriculture.
As such, only water that cannot be used for domestic purposes and industrial functions should be
allocated to agriculture; and then only in very efficient production systems focused on sugar crops,
vegetables, root & tubers and/or fruit. Although many water-scarce regions currently have extensive
agricultural production systems focused on low water intensive crops and efficient agricultural
systems, many of those countries also simultaneously cultivate (inefficient or too many) water
intensive crops and/or have significant livestock sectors. This is mainly to maintain a certain level of
food self-sufficiency or even to expand export which is important to many countries in the world.
However, many of such economies, particularly in water-scarce regions, are not decoupled (or natural
resources and production not in-line) and this is putting severe pressure on the current and future
water availability in those countries.
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Benefits and trade-offs of virtual water
In the globalized world plentiful goods and services are traded between countries. The agricultural
sector is not an exception and the previous section already indicated that many countries produce
food specifically (or for at least a part) for international trade. This trade and the associated virtual
water provide clear benefits for the world but also leads to some urgent trade-offs when compared to
a situation where every country strives for food self-sufficiency. An overview of these benefits and
trade-offs are presented in this section.
The international trade of food is incentivizing countries to produce certain agricultural commodities
in a large and efficient way which is required to be competitive in the international markets. Moreover,
every country has distinctive environmental and/or socio-economic advantages to produce certain
agricultural commodities more efficiently compared to other countries. For some countries this results
into large-scale livestock sectors while in other regions this may be in the form of rice, fruits or
vegetable cultivation. A main and clear benefit of global food trading is increased access to a larger
variety of food (and thus more diverse dietary options) compared to a situation where there would be
limited or no international food trade. From a water perspective, global food trades are beneficial as
large and efficient agricultural production systems takes place at locations that are well-suited for
certain crops requiring less water per unit of food compared to extensive agricultural systems in places
that are not well equipped for certain crops. This is in-line with Mekonnen and Hoekstra (2011) who
found that global water savings due to virtual water trade related to agricultural products was 369
Gm3/year for the period 1996-2005. This volume is equivalent to 4% of the global water footprint
related to agricultural production. Also, the previous section presented that the water footprint of pigs
in Spain is significantly lower for intensive systems compared to extensive farming (Miguel et al., 2015).
In other words, the world requires less water to meet global food demand due to virtual water trade.
When countries are facing water scarcity issues, this can be the basis of conflicts. This is especially a
risk for water scarce regions when different countries or users within a country are trying to safeguard
access to this same vital resource (the Nile River could be a potential source of conflict). Priscoli and
Wolf (2009) state that without strategies to anticipate, address, and mediate between competing
water users, intractable water conflicts are likely to become more frequent, more intense, and more
disruptive around the world. Moreover, an analyse by Bacon (2017) reveals that various investigators
expect that water conflicts between users may potentially lead to armed conflicts. However, such
armed and extreme conflicts are in fact not occurring although there are various disputes between
countries particularly in the Middle East. This finding is confirmed by Allen (2003) who found that the
global trade of agricultural and industrial products (and thus virtual water) offers a mitigation strategy
to stabilize countries that have an excessive water footprint when measured against local water supply.
As such, another advantage related to virtual water trade is that it contributes to economic, political
and environmental stability which prevents, at least, water-related extreme and violent conflicts inand between countries.
Earlier it was mentioned that global trade of virtual water leads to efficient agricultural systems and
water savings. At the same time, globalization also incentivize to maximize production in order to boost
revenues from export. This may lead in some countries to over-exploitation of water which is not
sustainable in the long-term. In this context, the text box above presents a clear example for Jordan
where maximization of fruit cultivation contributes to excessive water use. In addition, intensive
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livestock raising in for example the Netherlands leads to excessive manure production which is difficult
to process within the country on this large scale. This is causing severe water and air quality problems
and threatening groundwater supplies used for drinking. A main trade-off associated with virtual water
is therefore that resource use may be become out of balance. Another constraint of virtual water is
that the real value of water use (economic, social and environment costs) is not factored into the price
of agricultural commodities. On the one hand, this is caused by the low price of water or the perception
(in the MENA region) that water is a perceived as free good and should be used without any cost. On
the other hand, virtual water trade creates an incentive to ignore those costs in order to be competitive
in selling agricultural commodities on the world market. This ignorance also contributes to unstainable
water use- and allocation.
In summary, virtual water trade provide clear advantages with respect to global water saving and
contribution to stabilization and prevention of extreme conflicts. However, a downside is that virtual
water trade incentivizes over-exploitation of water and other resources causing main concerns
towards sustainable development of countries. Moreover, virtual water trade does not stimulate to
factor in the full cost of water in agricultural commodity prices. The next section describes a number
of innovative solutions to address these disadvantages.
Innovative solutions of virtual water trade disadvantages
Virtual water trade externalize water use in other countries than where the goods are consumed.
However, in a globalized world that strives to more open trading systems (SDG 17), both importing and
exporting countries have shared responsibilities with respect to sustainable usage of natural resources
(SDG 12). There is therefore an urgent need for innovative informative tools that help countries to
achieve such sustainable trade. An overview of two tools that should be developed to contribute to
this objective are:
• Development of an international water supply and demand analyses tool. An open-source
tool should be developed that shows the annual water supply and demand per country. The
water supply of countries can be identified through the Total Renewable Water Resources
(TRWR) which is already presented at the FAO AQUASTAT database. The water demand of a
country can be represented by the annual water footprint of a country as it includes both
domestic water use and virtual water trade. When water demand outreaches supply in a
particular country, it should be an alarming sign for both the country itself and other countries
who are/planning to import from this country. As such, this tool would serve as a strong
awareness raising mechanism for policy makers with respect to import/export strategies and
water allocation questions.
• Development of an interactive water valuation tool. Each country should strive to decouple
its own economy. In this context it means that the domestic production and export of virtual
water should be in-line with the available fresh water supplies. Or in other words that overexploitation of water is prevented. The development of an interactive water valuation tool
which presents possible mitigating options to bridge the fresh water supply and demand gap
may provide a solution.
The interactive tool would provide insight into contribution of options towards bridging the water
supply and demand gap while presenting investment costs, annual maintenance costs and revenues
(from e.g. virtual water trade) associated with the options. As such, it would allow to identify options
that generate maximum value of water on a sustainable way. The tool should also be designed to
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present effects of options on food self-sufficiency, livelihood of farmers and the environment to
identify potential trade-offs between options. As such, it would provide a complete tool which helps
decision makers into identifying sustainable water strategies while maximizing the value of water.

5. Valuing water approach
Water, land, air, energy and nutrients are the main resources for agricultural production. In waterscarce regions such as the MENA region, water belongs to the most valuable resource as it is a limiting
factor for various agricultural value chains. Water is however more than a providing service for
agriculture and also provides spiritual, cultural and emotional values to users (HLPW, 2019). In order
to make water available for all its users and services, tools are required to quantify the value of water.
Valuing water means recognizing and considering all the diverse benefits and risks provided by water,
and encompassing its economic, social, and ecological dimensions as well as its diverse cultural and
religious meanings (HLPW, 2019). This section provides an overview of existing water valuation tools
and discuss the suitability for linking those with the food system.

5.1 Overview of Tools
Table 3 presents five representative water valuation tools. The first two tools are examples how to
value water risks in the context of businesses. There are plenty of such tools available particularly
focused on estimating cost of potential water risk on businesses. The hedonic pricing and DSS-EVIW
models are typical economic models to derive a monetary value of irrigation water. These kind of
models are commonly used to increase awareness of governments and farmers on the real price of
water (for e.g. setting water prices). In water-scarce regions such models can also be used to define
cropping patterns that maximizes the economic value of irrigation water (El-Gafy and El-Ganzori,
2012). The MOC tool follows a holistic approach as it includes full societal costs resulting from changes
in the water system which includes both benefits and trade-offs. It identifies and quantifies the effects
of changes in the water regime on the society as a whole.
Table 3: Water valuation tools
Name of Tool
The Water and Value
(WAVE) tool
Water Risk Valuation Tool
(WRVT)

Application
To better understand how water risks affect the value
of businesses
To model possible effects of water risk on revenues
and/or costs on company level. Specifically focused
on the mining sector
Hedonic pricing model for To assess implicit value of irrigation water by
valuation of irrigation water analyzing land-values. Hedonic pricing includes
assessment of factors that define the price of a
service or good (for example price of farm land)
DSS-EVIW (Decision Support The tool is applied for identifying economic value of
System for Economic Value irrigation water that is used for cultivated crops
of Irrigation Water)
Marginal Opportunity Cost Conceptualizing and measuring the effects of water
(MOC)
depletion and degradation in economic terms as it
measures full societal cost of an action or policy

Source
WWF, 2020
Park et al.,
2015
Esmaeili and
Shahsavari,
2011
El-Gafy and
El-Ganzori,
2012
Turner et al.,
2004
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Although the previous examples show a broad variety water valuation applications, a tool that links
water valuation with the food system is not yet available. This is however crucial for particularly water
scarce regions such as the MENA and Sahel regions where water is most limiting factor for agricultural
production. Such a tool would be useful to assess how the value of water is affected by changes in the
food system (such as dietary changes, consumer patterns, climate change). At the same time, it would
allow to identify scenarios to adjust the food system in such a way as to maximize effective usage of
scarce water resources in a region or country.

5.2 Food-Water Valuing Tool
WUR developed a Food-Water Valuing Framework that combines the Food System Approach and a
water system analysis. This framework is designed to describe challenges in the food system and its
implication on the water system, to identify different options to tackle the problem and to do a
benefit/trade-off analysis using valuation. This framework can serve as the basis for developing a FoodWater Valuing tool which would allow to show and rank different options through innovative policy
dialogue between public and private stakeholders. The Food-Water Valuing Framework in presented
in figure 9.

Figure 9: Food-Water valuing framework (FWVF)
In step 1, the Food-Water valuation framework (FWVF) starts with an assessment how (foreseen)
changes in socio-economic drivers (changing food consumption behaviour for instance) or in
environmental drivers (climate change for instance) of the in the food system affected water system.
Based on local condition, effects of changes in the water system (for example salinization of water
bodies) on the food system may also be a starting point for this assessment. In either case the
relationship between the food system and water system is key in this framework. This automatically
implies that the framework is specifically useful for situations and case studies where water is the
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crucial and/or a scarce resource. This can be the case on either local, regional and national scale. An
example could be shortages of irrigation water to meet local food demand under a growing population
or deterioration of water quality by industrial pollution that affects agricultural production among
other water user functions.
The second step is to identify possible options to address identified problems. These options could be
developed from a water perspective (e.g. alternative water use, non-conventional water use options)
or from a food system approach perspective (e.g. influence consumer behavior, adjusting the value
chain). As each option may have positive (benefits) and negative (costs) welfare effects on multiple
levels which have to be made clear: effects on society, economy and the environment which need to
be assessed (Step 3).
The final fourth step is to monetarize and value the benefits and costs through economic modelling
such as MOC. An option can be evaluated to facilitate trade-off analysis based on the comparison of
costs and benefits. Moreover, different options can be compared by their costs and benefits amongst
others., and this is where trade-offs between options are made. It also allows to show which options
maximize the value of water. However, benefits and costs are perceived differently by various user
groups which also need to be taken into consideration. Therefore, a Multi-Criteria-Analysis with
various stakeholders can be performed on top of a costs benefit analysis to score/rank to the various
options for different user groups. The outcome of the economic- and stakeholder analyses can then
be presented to end-users to inform them on best options to be taken from a water perspective as
well as raising awareness on defining options based on costs and benefits including valuing water from
a food system perspective (in which certain social principles as safe drinking water for the poor are
also taken into account).

6. Strategies to reduce water use for food production
At farm and field scale there are many opportunities to reduce agricultural water use depending on
the current level of water and crop management. Interventions could take various shapes and can be
implemented at various levels, starting from the source of the water near the field, along its pathway
to the crop, or by selecting or modifying the crop itself.
In this context it should also be noted that in protected agriculture, crop water use can be limited to a
bare minimum. High-tech greenhouses with fully automated climate control systems, soilless
cultivations (hydroponics), and water recycling schemes, are able to reduce water demands to a
fraction of what would be needed under outdoor conditions while providing yields close to the
theoretical limits.

6.1 Water source related interventions
Water for the field crops is supplied from either rainfall, surface water, ground water, or a combination
of these sources (conjunctive use) and could also include local storage facilities. Here, depending on
the water source, a number of technologies could improve the Water Use Efficiency (WUE). Usually,
the WUE at field level equals the field application efficiency and is presented as the amount of water
transpired by the crop divided by the amount of water supplied to the field.
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In case the crop mainly depends on rainfall (rainfed agriculture), then accurate weather forecasts could
be used in times of drought to manage crop water demand from other sources, insofar available. To
do this in a correct and timely manner is likely to improve the crop’s transpiration, reduce yield losses
or even crop failure, and thus lead to an efficient use of water.
Weather forecasts (figure 10) have become increasingly more accurate in time and space, but also in
longer ranges of up to some ten days with a reasonable accuracy depending on the stability of the
atmosphere. Access to such forecasts is no longer an issue, even for poor farmers.

Figure 10: Precipitation forecast with probability plumes
As to the other water sources, surface water needs to be available timely and in sufficient quantities
as to satisfy the crop water requirements, which usually falls under the jurisdiction of the water
manager of the irrigation scheme. Groundwater, however, is always available provided that the farmer
has access to a well of sufficient depth while the salinity of the water is acceptable for the crop to be
irrigated. In this respect in should be mentioned that well drilling is expensive and may be beyond the
reach of poor farmers.

6.2 Water path related interventions
Modern irrigation technology
Modern irrigation technology is widely used nowadays as farmers in the past were more-and-more
confronted with water shortages. The larger markets have also driven down manufacturing costs.
Compared to the traditional surface irrigation (ponding techniques with a field application efficiency
between 50 and 60%), sprinkler irrigation has an on average 75% efficiency while drip irrigation can
reach values above the 90%.

33

Figure 11: Sprinkler irrigation (left) and drip irrigation (right)
Sprinklers spray their water over the crop (figure 11, left). They equally wet the soil surface and the
leaves and stems of the crop. Water on the wetted soil may evaporate being non-beneficially for the
crop. Water on the crop will cool the tissue and could prevent direct heat damage from solar radiation
and heat generation from the photosynthesis.
Driplines emit their water by means of drippers directly onto the soil (figure 11, right). As plant roots
will seek for water, most roots will be concentrated near the drippers and the soil evaporation will be
limited to a minimum. Hence, this very localized irrigation technique explains its high efficiency.
In many countries the drive to grow more food with less water is also stimulating the development of
sub-surface irrigation technologies. Here, the field irrigation system is completely installed below the
soil surface at a depth sufficient as to not interfere with soil management. This technology fully
eliminates the soil evaporation, but comes with the necessity to install a monitoring system in order
to check possible leakages which now escapes visual detection.
With all these modern techniques the timing of the irrigation event remains crucial. Giving too much
water could induce percolation losses to the sub-soil below the root zone, while giving not enough
water may cause crop damage. The former would clearly offset some of the gains acquired with these
modern techniques.
The additional benefits of the described technologies are, in general, better crop yields and less
(competing) undergrowth. Due to a better water availability, a lower humidity, and a better aeration
of the soil, healthier conditions for plant growth are created. However, CAPEX and OPEX for the dripand sub-surface systems are usually prohibitive for all crops except the traditional cash crops, such as
vegetables, herbs, banana plants and fruit trees.
Deficit irrigation
Deficit irrigation is a technique described by English (1990). As some plants are drought-tolerant during
certain phenological stages, usually the vegetative and late-ripening, this could provide an opportunity
to limit irrigation without compromising the yield too much. In fact, deficit irrigation aims at stabilizing
yields and at obtaining maximum crop water productivity rather than maximum yields (Zhang and
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Oweis, 1999). It has been successfully applied for wheat, cotton, peanuts, fruit trees, and a number of
other crops.
Soil management
Conservation tillage can be practiced to reduce soil erosion, improve soil quality, and to reduce soil
evaporation. In this type of tillage some 30% of the crop residue is left behind on the field. It may,
however, delay seed germination as it screens the soil form warming up, but saves on labor and fuel
while reducing soil compaction.
Other ways to conserve water in crop cultivation is the use of furrows and ridges or raised beds. By
irrigating the furrows only, less soil is wetted and consequently less soil evaporation will occur (figure
12)

Figure 12: Ridges and furrows

Role of electronic devices and dedicated software
Nowadays relatively cheap devices can be purchased to
monitor soil moisture at different depths. This creates the
opportunity to optimize irrigation gifts and to prevent, or limit,
percolation losses below the root zone. These soil moisture
sensors (figure 13) can be read out in-situ, or data can locally
be stored on a device or uploaded to the internet or any other
available network. Many specialized firms provide services
interpreting such data and returning an irrigation advice to
subscribers on a daily basis. Commonly this is referred to as the
Internet-of-Things (IoT).
Apart from these sensors, frequent use is also made of drones, Figure 13: DACOM Terrasen-Pro
aerial photography and satellite images to assess
evapotranspiration and crop conditions. In case anomalies are detected, farmers can be informed in
order to take corrective measures. Further, similar instruments when linked to crop yield models are
also used to forecasts harvests (https://ec.europa.eu/jrc/en/mars).
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6.3 Plant related interventions
Interventions at plant level aim to reduce the water used by crops or to produce higher yields (more
crops per drop). As it was stated before, plants requires water for growth and tissue expansion.
However, more than 90% of the water required by terrestrial plants is not "used” in any biochemical
way but lost through transpiration (Morison., 2008). Thus, water-use efficiency (WUE) refers to the
ratio of water used in plant metabolism to water lost by the plant through transpiration (Bacon., 2009).
On other words, WUE is the amount of carbon assimilated as biomass or grain produced per unit of
water used by the crop (Hatfield and Dold., 2019). Two types of water-use efficiency can be distinguish:
•
•

photosynthetic water-use efficiency, which is defined as the ratio of the rate of carbon
assimilation (photosynthesis) to the rate of transpiration, and
water-use efficiency of productivity, which is typically defined as the ratio of biomass produced
to the rate of transpiration.

Reducing the gap between potential yields and average yields could result in dramatic increases in
water-use efficiency. Although in most of the cases this is usually achieved by agronomic practices,
breeding crops to be more efficient in the use of water is one of the most important of these strategies
(Condon et al., 2004). Strategies to increase water use efficiency at plant level are under continuous
development. Conventional crop breeding continues to release varieties that have improved yield in
water-scarce environments. According to Morison., 2008, around half of this is due to improvements
in the crop, and half due to improved agronomy and management, and the two combined facilitated
each other. Variations in water-use efficiency occur not only among different species but also among
varieties of crops and throughout their life cycle and differences in water-use efficiency exist between
different growth stages of the same crop (Bhattacharya., 2019). Therefore, crop selection, in terms of
both species and cultivars, should be based on their suitability to growing conditions. Three key
processes can be identified in breeding for high water-use efficiency includes (Bhattacharya., 2019):
1. Transferring more of the water available through the crop rather than it being lost by
evaporation or drainage beyond the root zone
2. Acquiring more biomass “in exchange for the water transpired by the crop”
3. Dividing more of the biomass that has been achieved into the harvested product
Increasing water-use efficiency through molecular genetics, instead of traditional breeding is also
becoming an important strategy. Through the manipulation of the expression of key genes related to
drought tolerance and water-use efficiency is it possible to control some of the most relevant water
related process, such as. (Bhattacharya., 2019):
• Water uptake through root architecture
• Water loss through stomatal density
• Water loss through the cuticle
• Water loss through guard cells
Concludingly, it can be stated that while many innovative techniques are available nowadays and many
more are at the horizon, costs involved are relatively high and usually out of reach for poor farmers.
That said, Wageningen University and Research propagates ‘an adaptive approach’ towards the issue.
This encompasses the implementation of a technology level that one step above the level currently in
use, which limits costs and bridges the knowledge gap for operation.
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7. Conclusions: The future of water for food production
Action and thinking differently is needed to improve water use in agriculture and to meet the acute
freshwater challenges. Only then, we can achieve our triple goal of ensuring food security, reducing
poverty and conserving ecosystems. At the global level the potential of rainfed agriculture is large
enough to meet present and future food demand through increased productivity. There is still a
significant potential for raised yields in rainfed agriculture especially in developing countries. The yield
per dollar invested in improved rainfed agriculture is potentially nine times that of small-scale irrigation
and six times that of large-scale irrigation.
Irrigation is a key factor to increase water productivity in agriculture at the national scale.
However, the water resources for irrigation are under pressure as the water quantity and quality for
irrigation is decreasing. Management of the water resources is essential to guarantee enough water
for food in the future. The water use from these sources should not exceed the renewable water
availability. Modern irrigation and other strategies should be applied to increase the efficiency of the
use of irrigation water. However, even when water scarce countries manage to maximize production
processes, they should still be careful cultivating water intensive crops. The limited available water
could better be used for other uses such as niche crops and cash crops. On top of that these crops
should be cultivated in greenhouses and not in the open field. This creates more value per drop of
water and lowers the opportunity costs. Low value crops in the dessert are thus not the solutions to
reach food security in the long term, though it can be profitable at short term.
Virtual water contributes to global food security even in the dry regions. The trade of virtual
water provides clear advantages with respect to global water saving and can contribution to
stabilization and prevention of water-related conflicts. On the other hand, trade does not stimulate to
factor in the full cost of water in agricultural commodity prices. Therefore, water governance needs to
be addressed if we want to produce sufficient food with the limited amount of water we have. The
assessment of water-food nexus issues are needed to support decision making. The development of
an integrated water-food related decision support tool like a food-water valuation tool could help
countries with proper water allocation, to prevent excessive water use and to secure long term food
security.
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