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This report provides a comparative analysis of virtual water (VW) flows and water footprints (WF)
in Egypt and Morocco, with a specific focus on cereals: wheat, maize, barley, and rice and
competing sectors such as horticulture, animal feed, and cotton. Using recent empirical data and
literature, it evaluates how both countries manage water scarcity through production choices, trade
strategies, and policy frameworks that balance food security, economic productivity, and
sustainable resource management.

This study addresses the research question of how different agricultural products compare in
terms of their water footprint. By examining these comparative dimensions, the analysis
contributes to the broader STAPLES project objective of promoting resource-efficient and
sustainable production systems in water-scarce Mediterranean regions.

Egypt and Morocco face chronic water scarcity, yet their agricultural structures and policy
responses differ substantially. Egypt's agriculture is almost entirely irrigation-based, drawing
nearly all its water from the Nile River, while Morocco relies predominantly on rainfed (green-
water) agriculture supplemented by irrigation (blue-water) for high-value export crops. Egypt’s total
agricultural withdrawals exceed 61 km?® annually, accounting for 86% of national use, whereas
Morocco’s agriculture consumes over 87% of withdrawals, with per capita renewable water
availability at approximately 650 m? per year.

In Egypt, cereals dominate agricultural production, with wheat, maize, and rice forming the core
of national food security. Despite high yields and efficient irrigation systems, domestic production
cannot meet rising consumption demands, resulting in massive virtual water imports—estimated
at 26.9 billion m® annually, primarily from wheat. These imports effectively compensate for
Egypt’s limited freshwater endowment and act as a crucial water-saving mechanism. Cotton,
when the cornerstone of Egyptian exports, remains a water-intensive crop, but its relative share
in water use has declined as land has been redirected toward cereals and horticulture.
Horticultural crops, particularly citrus and vegetables, now generate higher economic returns per
cubic meter of water but also contribute to growing virtual water outflows.

Morocco’s agricultural model is more variable due to rainfall dependence. Cereal yields fluctuate
widely, from 3 to 10 million tons annually, resulting in an average virtual water content several
times higher than Egypt’s irrigated equivalents, as this high variability leads to much lower yields
specially in dry years. Between 2000 and 2017, Morocco’s cumulative net virtual water deficit
reached 595.7 billion m3, with cereals accounting for 98.4% of virtual water imports. While Morocco
remains a major importer of virtual water embedded in cereals, it is simultaneously a net exporter
of blue-water-intensive horticultural products such as tomatoes, olives, and citrus, which
collectively account for more than 70% of the country’s virtual water exports. This dual strategy,
importing water through food and exporting it through high-value crops, illustrates a trade-off
between short-term economic gains and long-term water sustainability.

Cross-country comparisons underscore complementary but contrasting strategies: Egypt
leverages virtual water imports to preserve its Nile water for domestic and industrial needs, while
Morocco allocates scarce irrigation resources to export crops that yield higher economic value
per drop. Egypt’s approach emphasizes food security, whereas Morocco’s prioritizes export-led
growth and rural income diversification. Both models face vulnerabilities: Egypt’s dependence on
global grain markets and fixed water allocations heightens exposure to external shocks, while
Morocco’s reliance on rainfed systems and groundwater for export production amplifies climate
and resource risks.

This analysis of high relevance as policymakers in water stressed areas face a difficult dilemma
shaped by competing and often conflicting objectives. They are required to optimise the use of
scarce natural resources (and in particularly water) while simultaneously pursuing economic
growth through the export of high value-added agricultural products. At the same time,
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governments must ensure national food security and limit dependence on international markets
for strategic staples. These goals do not naturally align: water-efficient strategies may undermine
export revenues, while export-oriented agriculture can intensify resource depletion and weaken
food sovereignty, forcing policymakers into complex trade-offs rather than clear-cut solutions.

One should note that, the comparative findings presented here are preliminary and should be
interpreted cautiously. They highlight differing policy pathways for Egypt and Morocco but do not
imply prescriptive recommendations. Future stages of the STAPLES analysis will refine these
insights by integrating both economic and food security perspectives.
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Egypt and Morocco, two countries straddling the arid zones of North Africa, are faced with the
perpetual challenge of water scarcity. This requires them to strategically manage their limited
water resources to support various sectors, including agriculture. This document focuses on the
competition between the development of domestic production of cereals and other key sectors
such as animal feed, horticulture for export, and cotton, employing a virtual water analysis
approach. Virtual water represents the water embedded in products during their production,
offering a crucial lens to understand how water is allocated among these industries and the
implications for water-scarce regions.

The central research question guiding this study is the comparative assessment of key agricultural
products with respect to their water use efficiency, virtual water trade flows, and environmental
impacts in Egypt and Morocco. This focus aligns with the overarching goals of the STAPLES
project to integrate scientific evidence and to raise awareness and provide scientific insights on
resource management, supporting informed decision-making.

Both countries are experiencing a significant transformation in agricultural demands, driven by
both domestic needs and international market trends. After early 2000s, there is a notable shift
towards the cultivation of high-value crops, particularly in the horticultural sector, aimed at
satisfying export markets. This transition is crucial as it offers farmers the opportunity to enhance
their income and economic stability, but it also poses competition for traditional products like
cereals. The cultivation of crops such as fruits and vegetables not only caters to the growing
consumer preferences for fresh produce but also aligns with global market demands. Within this
context, the agricultural sector plays a vital role in the overall economy. It is a significant contributor
to employment, livelihoods, and food security, particularly in rural areas. The emphasis on high-
value crops can bolster economic resilience, but this shift requires careful management and
support from policymakers to ensure that traditional farming practices and food security are not
compromised. However, this agricultural pivot occurs against a backdrop of critical water stress,
particularly evident in countries like Morocco and Egypt. The scarcity of water resources presents
an urgent challenge, necessitating a re-evaluation of water use in agricultural practices. As water
availability declines due to climate change, over-extraction, and competing demands from urban
and industrial sectors, it becomes imperative for agricultural planning to integrate sustainable
water management strategies (Varela Ortega, 2013). This is essential to optimize water use
efficiency in farming, promote climate-resilient agricultural systems, and ensure the sustainability
of food production in the region. Addressing these water-related challenges effectively will be
pivotal in achieving both agricultural growth and economic stability in the MENA region.

In Egypt, the production of cereals is of paramount importance due to the country's substantial
reliance on wheat as a staple food. The extensive irrigation systems of the Nile Delta play a crucial
role in supporting this sector. However, the animal feed industry, which heavily relies on imported
grains, poses significant competition for domestic cereal production. Virtual water analysis reveals
that a considerable amount of water is imported or exported in Egypt through these grain imports,
allowing the country to conserve its own freshwater resources for other purposes.

Conversely, Morocco faces its challenges in balancing cereal production with other economic
sectors. The horticultural industry, primarily geared towards export, demands vast amounts of
water. Moroccan tomatoes and citrus fruits are coveted in European markets, and their production
requires substantial irrigation. Virtual water assessments indicate that exporting these crops
essentially equates to exporting water, a practice that can strain domestic water resources.
Nonetheless, this sector generates significant revenue, crucial for the country's economy, creating
a complex balancing act between agricultural exports and water conservation.

Cotton industry, in Egypt is a traditional yet water-intensive sector and historically been
synonymous with high-quality cotton, the water-intensive nature of cotton cultivation competes
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with the need to produce cereals domestically. In contrast, Morocco’s cotton production, is
negligible, redirecting water use to more economically viable crops, such as those in the
horticultural sector.

The analysis of production, irrigation areas, net trade, and virtual water flow highlights the trade-
offs inherent in water allocation decisions. Both countries face intricate decisions in optimizing
water use to support diverse sectors, bearing in mind economic viability and sustainability.

Ultimately, the virtual water analysis of Egypt and Morocco underscores the delicate equilibrium
between sustaining essential cereal production and nurturing other competing sectors. By
exploring these dynamics, policymakers can better navigate water scarcity challenges, ensuring
a more sustainable future for agriculture and other vital industries.

This report aims to examine the dynamics of virtual water flows in Egypt and Morocco, focusing
on the comparative analysis of cereals and competing agricultural sectors such as horticulture,
animal feed, and cotton. Its primary goal is to assess how virtual water trade influences national
strategies for food security, economic productivity, and sustainable water management under
conditions of scarcity.

The report is structured into seven main sections. The Introduction outlines the water scarcity
context and agricultural challenges in both countries. The Conceptual Framework and
Methodology present the theoretical underpinnings of virtual water and water footprint analysis.
Subsequent sections detail country-specific analyses for Egypt and Morocco, followed by cross-
country comparisons using quantitative data on production, trade, and water use. The literature
review consolidates existing evidence on virtual water trade, while the Key Findings summarize
major insights on the trade-offs between food security and water efficiency. The report concludes
with policy recommendations that identify pathways to balance economic growth, agricultural
productivity, and sustainable water management in the MENA region.

The virtual water (VW) concept, initially proposed by Allan (1998), refers to the volume of
freshwater required to produce a specific commodity or service. This measurement depends
heavily on the production conditions, including the efficiency of water use, the time, and the
location of production (Boudhar et al., 2023). Allan introduced this concept to address water
scarcity issues in water scarce regions such as Middle East (EI-Marsafawy et al., 2025; Shehata
et al., 2023).

The VW concept is closely tied to the water footprint (WF), with the difference that WF provides a
comprehensive, multidimensional indicator of freshwater appropriation (Hoekstra et al., 2011).
The WF is the global standard for water footprint assessment, developed and maintained by the
Water Footprint Network (Hoekstra et al., 2011). Water footprint accounting typically
disaggregates water use into three color-coded components (Mekonnen & Hoekstra, 2011):

1. Blue water footprint: Represents the consumption of surface water and groundwater,
typically used for irrigation

2. Green water footprint: Represents the consumption of rainwater that is stored in the soil
as soil moisture

3. Grey water footprint: Represents the volume of freshwater required to assimilate the load
of pollutants (such as nitrogen fertilizer runoff) to meet water quality standards

When agricultural commodities, such as cereals, are traded internationally, the virtual water used
in their production is implicitly transferred, a process known as Virtual Water Trade (VWT)
(Boudhar et al., 2023). Understanding VWT is critical for water resource management as it links
local water use decisions to global economic dynamics. Specially in the Middle East and North
Africa (MENA) region, where renewable water resources are far below the global average. Figure
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1 presents the level of water stress as freshwater withdrawal as a proportion of available
freshwater resources in Morocco and Egypt indication high levels of water stress in both country.
The situation is even more severe in Egypt with an increasing level of water stress and levels
above 100, given this context virtual water trade plays a pivotal role in balancing food security with
water scarcity (FAO, 2021).

Figure 1. Level of water stress as freshwater withdrawal as a proportion of available freshwater resources
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Source: World Development Indicators by World Bank

Note: The level of water stress: freshwater withdrawal as a proportion of available freshwater resources is the ratio
between total freshwater withdrawn by all major sectors and total renewable freshwater resources, after taking into
account environmental water requirements. Main sectors, as defined by ISIC standards, include agriculture; forestry
and fishing; manufacturing; electricity industry; and services. This indicator is also known as water withdrawal intensity.
Water withdrawal as a percentage of water resources is a good indicator of pressure on limited water resources, one of
the most important natural resources. However, it only partially addresses the issues related to sustainable water
management. (https://data.worldbank.org/indicator/ER.H20.FWST.ZS?locations=MA-EG)

Various studies have examined how to calculate the virtual water content (VWC) of a crop,
exploring how water resources are embodied in agricultural production consumption, and
international trade. These studies apply a wide range of methodological approaches, reflecting
the complexity of evaluating water use across sectors and borders.

One method, presented in The Water Footprint Assessment Manual: Setting the Global Standard
(Earthscan, 2011) provides the foundational framework. The manual defines the core concepts
regarding water footprint.

The VWC of a crop is calculated using the green, blue and grey water footprint components
expressed per unit of harvested product. To determine it, first the green and blue crop water use
are estimated by calculating daily crop evapotranspiration over the entire growing period using
climatic data and crop coefficients. Then, daily green and blue evapotranspiration values are
summed across the season and converted from millimetres to cubic metres per hectare. Each
component is then divided by the crop yield (ton/ha) to obtain green and blue water footprint in
m3/ton. The grey component is calculated by dividing the pollutant load reaching water bodies by
the product of the permissible concentration difference and crop yield.

10
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This method is widely used in the literature (Mekonnen & Hoekstra, 2011; Hoekstra et al., 2011;
Mohy et al., 2023) to calculate the virtual water content of a crop which is equivalent to the crop's
water footprint (WF.) - is calculated by dividing the crop water use (CWUc) over the growing
season by the crop’s yield (Y.):

WE,. = % (in m3/ton)

This methodology disaggregates water use into three components of Blue Water Footprint
(WFbiwe), Green Water Footprint (WFgeen) and Grey Water Footprint (WF grey).

Total Water Productivity: To estimate water requirements and VWC, researchers utilize models
like the CROPWAT model' and the FAO-Penman-Monteith equation? to calculate reference
evapotranspiration (ETo) and crop water use.

Virtual Water deficit: when the total virtual water incorporated in imported products is lower than
the country's virtual demanded water, leading to a net loss or overuse of domestic water
resources.

Adding the three components of blue, green and grey water gives the total water footprint per ton,
which is the crop’s virtual water content. This method ensures that the VWC reflects all water
consumed and polluted in production, standardised per unit of output. Once the water footprint of
each crop is calculated, the calculation of virtual-water trade begins with the water footprint of
each crop in the producing region, expressed in cubic meters per ton. This unit water footprint is
then combined with the international trade volume of the crop to quantify the virtual water
embodied in trade. For a crop p imported into country i from an exporting country e, the virtual-
water import is defined as:

VWi<—e,p = WFe,p X Ti<—e,p

where Ti—ep represents the mass of the imported crop.
Conversely, the virtual-water export from country e is calculated as:
VWe—>i,p = WFe,p X Te—)i,p

These expressions provide the fundamental methodology for linking crop water footprints with
international trade, allowing the assessment of both virtual-water imports and exports associated
with crop flows.

Second method, presented by Mekonnen and Hoekstra (2011) use a detailed model that
simulated how much water crops use and how much water evaporates for every 10x10-km square
on Earth, every day, to estimate green, blue, and grey water footprints accurately, in cubic metres
of water per ton of product. By doing this, they extended the principles outlined in the Water
Footprint Assessment Manual to a global scale, applying this detailed model to quantify crop water
footprints with spatial and temporal precision. Then to estimate the virtual water contained in
imports and exports the water-intensity coefficients are multiplied by bilateral trade volumes for
each commodity.

Such approach appears also in the analyses by Fracasso, Sartori & Schiavo (2016). They
computed virtual-water flows by multiplying trade volumes by country-specific water-footprint
values before using these flows within a gravity model. By combining trade theory through gravity
model, with water footprint data, they can disentangle how economic factors and water-resource

1 https://www.fao.org/land-water/databases-and-software/cropwat/en/

2 https://www.fao.org/4/x0490e/x0490e06.htm
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factors jointly influence virtual-water trade. Finally, Sartori and Schiavo (2014) constructed a
directed network in which countries are linked by virtual-water transfers and investigated how the
resulting network structure affected exposure to shocks. This methodology consists of calculating
embedded water in trade and interpreting it through network metrics rather than through
econometric or gravity-based approaches.

All these studies adopt a product-based approach in which the water used to produce goods is
traced through supply chains and translated into virtual-water flows.

The problem of these approaches is the fact that they rely on model assumptions and average
coefficients, overlook local variability, assuming fixed water content in trade. They reveal patterns
but not causality, in addition they often ignore water scarcity and governance, as a consequence
identical water volumes can have different local impacts.)

Third method of calculating VW, consists of quantifying the indirect water embedded in agricultural
supply chains is the Input-Output (10) and Multi-Regional Input-Output (MRIO) framework. These
models extend the concept of virtual water beyond the direct water consumption of crops to include
the water embedded in the production, processing, and trade across regions. |0 and MRIO models
enable a consumption-based assessment of water footprints, providing insights into how trade
and consumption patterns influence the distribution of water resources and the externalization of
water use impacts (Hoekstra & Chapagain, 2011; Lenzen et al., 2013). These methods have the
possibility to distinguish between different water types, providing more accurate and
comprehensive estimates of water use (M. Antonelli et al., 2012). In the study by Achraf and Said
(2021) a multi-region input—output framework is used to quantify sector-level water footprints in
Morocco. By combining this with a structural decomposition analysis, they disentangle the
influences of technological improvements, shifts in consumption demand and variations in water
intensity on the country’s evolving water footprint. Similarly, Wahba et al. (2018) apply a water-
extended interregional Input-Output model linking Egypt with the global economy to compute its
national water footprint and net virtual water exports across 57 sectors, while also connecting
Input-Output results to household consumption patterns.

Despite these advantages, these approaches also have some limitations including high data
requirements, complexity in model construction, and reliance on accurate sectoral water use data.
These can limit their applicability in regions with incomplete or outdated economic and water-use
information.

The fourth group of studies integrates virtual-water accounting into models that capture physical
or agro-hydrological processes. These models can account for changes in climate, population,
and policy over time, allowing assessment of whether the amount of virtual water used or
transferred will increase or decrease under different future scenarios. For example, EI-Gafy (2014)
tracks how crops are produced and consumed, how climate conditions influence water supply and
demand, and how these factors interact to shape the country’s overall water balance, enabling
predictions of virtual water use under varying scenarios. Similarly, Abdelkader et al. (2018) run a
National Water—Food systems model in parallel with an international virtual-water-trade module,
allowing both retrospective and prospective projections of real and virtual water flows under
different demographic and scarcity conditions. These process-based approaches offer several
advantages. They provide physically realistic estimates of water use, capturing endogenous
changes in water footprints in response to climate, land-use shifts, or technological adaptation.
Additionally, these are able to capture the interactions between climate, crop production, and
virtual water trade. However, these models also have notable limitations. They require highly
detailed spatial and temporal data, which may be unavailable or inconsistent. Coupling multiple
modules increases the potential for propagating errors, while economic and trade behavior is often
oversimplified. Furthermore, scale mismatches between hydrological models and trade data, as
well as the difficulty of representing institutional and governance factors in a dynamic way, can
introduce uncertainties into projections.
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The fifth group is the Life Cycle Assessment (LCA), which is another approach for evaluating the
virtual water content of crops. LCA provides a comprehensive framework for evaluating water use
and water-related impacts over the full life cycle of a product, by integrating water use into a
broader environmental impact assessment. In this context, the LCA approach can distinguish
between different types of water use and it also has the possibility of assessing the potential
environmental consequences, such as water scarcity or ecosystem stress. A widely accepted
method within this framework is the AWARE characterization model, developed by the working
group WULCA, which estimates a water scarcity footprint by quantifying the relative “available
water remaining” per area once human and ecosystem demands have been met. Among its main
advantages, the LCA-based approach offers a holistic, system-wide assessment of water use,
allows for spatial differentiation of impacts through specific characterization factors, and supports
context-sensitive evaluation of environmental water risk and water scarcity. Ridoutt and Pfister
(2010) used a life-cycle—based water-stress index to assess the water footprint of food products
in Australia, demonstrating how LCA enables more meaningful comparisons between regions with
differing levels of water scarcity. More recently, Boulay et al. (2018) applied the AWARE model
across multiple product systems showing how LCA approaches can capture context-specific
environmental risks associated with freshwater depletion. However, the main limitation of this
approach is that it requires extensive and detailed data across all life-cycle stages. Additionally,
translating LCA water-impact indicators into clear, actionable information can be challenging
because of the methodological and interpretive complexity involved, especially for policy,
stakeholders, or consumers.

Finally, several studies do not calculate virtual water directly but provide the methodological
context for understanding the drivers behind virtual-water patterns. Belmahi et al. (2023) collect
long-term historical data on cereal area, yields and production, combining these with FAO food-
security metrics such as the Import Dependency Ratio and Self-Sufficiency Ratio. This helps show
how shifts in cereal production and growing import reliance shape a country’s overall water
dependence, offering useful context for virtual-water. Likewhise, El Ansari et al. (2023) develop
an inter-temporal household model to simulate how different cereal-legume intensification
strategies can affect resource use, production decisions and sustainability outcomes at the
household scale.

Egypt, recognized as one of the world's most arid countries, faces chronic and pronounced water
scarcity, making it fundamentally reliant on the inflow of VW embedded in imported goods to
sustain its growing population and secure its food supply (Abdelkader et al., 2018; Shehata et al.,
2023; Wichelns, 2001). The nation's water resource system is severely constrained; approximately
97% of its freshwater is sourced from the Nile River (Abdelkader, 2023; Abdelkader et al., 2018;
FAO, 2016). This fixed and external water dependency, coupled with a high annual population
growth rate of about 2% (Abdelkader, 2023; CAPMS, 2017), results in continually expanding water
and food gaps (Wichelns, 2001; Abdelkader, 2023).

Egypt runs a massive virtual water deficit, signaling that international trade is an indispensable
strategy for resource management (Shehata et al., 2023; Abdelkader, 2023). El-Marsafawy et al.,
(2025) examined 25 crops and found that Egypt’s total virtual water imports reached approximately
26.9 Gm? (billion cubic meters), vastly exceeding the total virtual water embedded in its exports,
which amounted to only 231 Million m3. This net virtual water addition of about 27 Gm?is critical
for maintaining water and food security (El-Marsafawy et al., 2025; Abdelkader, 2023).
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The National Water, Food, and Trade (NWFT) modelling framework, is a framework that has been
applied in multiple studies to assess the interactions between water resources, agricultural
production, and virtual water trade. It provides a comprehensive tool for evaluating a country’s
water and food security. Projections using this framework indicate that the deficit is likely to worsen
as Egypt’'s food imports, converted to virtual water units, are projected to increase by an average
of 200% by the year 2050 compared to 2021 values (Abdelkader, 2023). The NWFT framework
simulates future virtual water imports possibly ranging from 76 to 135 Gm?® by 2050 under various
global scenarios (Abdelkader, 2023).

Crop-specific water footprints provide the essential data needed for frameworks like NWFT to
estimate virtual water trade and future water deficits. Figure 2 illustrates Egypt’s water footprint
per ton of crop from 1996 to 2005 distinguishing between blue, green, and grey water components.
The analysis considers five crops: wheat, rice paddy, barley, maize, and seed cotton. All crops
show a high dependence on blue water indicating Egyptian crops’ strong dependence on irrigation.
Seed cotton is the crop that exhibits the highest total water footprint, exceeding 4,000 m? per ton.

Barley also shows a considerable footprint, surpassing 2,500 m?® per ton, with the highest
contribution from both green and grey water, in comparison to other crops. It reflects not so much
excessive water consumption, but rather the environmental inefficiency cultivation.

In contrast, wheat, rice paddy, and maize exhibit moderate footprints, all below 2,000 m? per ton.
Overall, the figure highlights Egypt’s reliance on irrigation-based agriculture across major crops,
with seed cotton being particularly water-intensive, highlighting the unsustainable pressure that
cotton farming can place on Egypt’'s limited water reserves. The University of Twente has also
released water footprint data for major staple crops covering a different time period, which yield
comparable results and are documented in Appendix B (Mialyk et al., 2024).

Figure 2. Egypt’s Water Footprint per ton of crop (m"3 /ton) (1996-2005)
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Source: Mekonnen, M.M. and Hoekstra, A.Y. (2010) The green, blue and grey water footprint of crops and derived crop
products, Value of Water Research Report Series No. 47, UNESCO-IHE, Delft, the Netherlands.

Figure 3 shows the evolution of Egypt’s self-sufficiency ratio (SSR) for five key crops (wheat, rice,
barley, maize and seed cotton) between 1990 and 2022, highlighting contrasting structural
patterns across crops.

14
Deliverable 3.3 - Virtual Water Trade of Cereals Vis a Vis Key Competing Crops and Sectors in Egypt and Morocco
STAPLES - GA No. 2333 [PU]

This project is part of the PRIMA /‘ ) 4
programme supported by the ‘ l'
European Union. Under grant hd Ve l



STAPLES

Rice stands out as the most stable crop, with an SSR consistently close to or slightly above 1,
indicating that domestic production has broadly matched national consumption over the entire
period. This reflects long-standing policy support and relatively high productivity, although it also
implies sustained pressure on water resources given rice’s high-water intensity.

Barley also remains close to self-sufficiency, fluctuating around unity with moderate declines after
2010, suggesting relative balance but limited strategic importance in the food system.

In contrast, wheat and maize exhibit persistently low self-sufficiency ratios, generally between 0.4
and 0.6, with no sustained upward trend. This indicates a structural dependence on imports for
Egypt’s most critical staple and feed crops, reinforcing exposure to international market volatility
and external shocks. The modest improvements observed in some years are temporary and
insufficient to alter this dependence.

Cotton displays a markedly different and highly volatile trajectory, with SSR values well above 1
during the 1990s and early 2000s, reflecting strong export orientation rather than national
consumption considerations. The sharp decline after 2010, falling below unity and reaching very
low levels in the late 2010s, signals a contraction of the sector and a loss of export surplus.

Overall, the graph illustrates that Egypt has maintained self-sufficiency in some water-intensive or
non-staple crops, while remaining structurally dependent on imports for essential food grains. This
pattern underscores the trade-offs between water allocation, export strategies, and food security
objectives, and highlights the limits of past agricultural policies in reconciling these competing
priorities.

Figure 3. Self-Sufficiency Ratio (FSSR) in Egypt

2.5

1.5

0.5 -— ’\/\/_\M i

0
SO " N N F 1N OIS0 OO 4+ AN N FT 1N O N0 OO 4 N OO F 10 O N 0 O O = N
O O O O OO O O O ©O © © ©O © O © © O O ™ ™ ™ ™ " = = = —+ = N N
S OO O OO OOV OV OO ©O O O O O O O O O O O O O o o o o o o o o o
oA A Al A1 AT A A1 1 = AN AN AN AN AN AN AN AN AN AN AN AN NN N NN
= Barley Cotton lint, ginned ====Maize (corn) Rice Wheat
Source: FAO

Note: Self-sufficiency ratio (SSR), is defined as the percentage of food consumed that is produced domestically. The
SSR is measured using the following equation with respect to food production and trade: Production x 100/ (Production
+ Imports — Exports)

According to the papers estimating VW in Egypt, the necessity for importing VW is most
pronounced in the cereals sector, which comprises staples for human consumption and animal
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feed. Cereals, along with oilseeds and dry faba beans, are the crop groups exhibiting the highest
dependence on external virtual water to meet national demand (El-Marsafawy et al., 2025).

Wheat production, as the primary staple food, exhibits the highest external virtual water
dependence (with high imports) among major cereals, registering 55% (El-Marsafawy et al., 2025).
Egypt is the world's largest importer of wheat, with imports covering approximately 40% to 50% of
its consumption (Abdelkader et al., 2018; FAO, 2021). Wheat imports alone contributed an
estimated 54.5 Gm?3to the virtual water deficit annually (Shehata et al., 2023). Furthermore, wheat
contributes significantly to the national water burden, having a water footprint per capita of 130 m3
per capita per year (El-Marsafawy et al., 2025). The need to maintain or increase domestic wheat
cultivation is recognized as vital for national self-sufficiency, despite the high water demand it
entails (Abdelkader, 2023).

Maize is equally critical for the Egyptian economy, primarily serving as a major component of
concentrated animal feeds (Abdelkader et al., 2018; El-Marsafawy et al., 2025). Maize registers
the highest per capita water footprint among the studied crops at 163 m3per capita per year (El-
Marsafawy et al., 2025). Its external virtual water dependence is substantial at 54% (El-Marsafawy
et al., 2025). Maize imports also contributed a small, but notable, deficit of 0.0134 Gm?3 to the
national virtual water trade balance (Shehata et al., 2023).

In contrast, barley production demonstrates a robust level of national self-sufficiency, with a very
low dependence on external virtual water of only 4.2% (El-Marsafawy et al., 2025). This suggests
that domestic production largely covers its consumption, which is mainly utilized in animal feed or
human consumption in subsistence areas (Mohy et al., 2023; El-Marsafawy et al., 2025).

Although historically a significant export, rice also contributes to the VW import deficit. Rice imports
were responsible for a virtual water deficit of 0.245 Gm?®over the 2010-2020 average (Shehata et
al., 2023). However, rice cultivation plays a crucial role domestically in the Nile Delta, because the
practice of flooded paddies helps maintain groundwater levels, which reduces seawater intrusion,
and continuous irrigation dilutes soil salts, thereby preventing salinization and maintaining soil
fertility (Abdelkader, 2023; Khalil et al., 2015).

Cotton, as a water-intensive cash crops, is one of Egypt’s major driver of virtual water outflows to
the EU (Mohy et al., 2023). During the period 2001-2007, exports of rice and cotton combined
accounted for approximately 88% (or 281.98 million m® of the total virtual water exported to the
EU (Mohy et al., 2023). Cotton exports alone were responsible for 94.23 million m?3 during this
period (Mohy et al., 2023).

Morocco, situated in an arid region, is perpetually subject to severe water scarcity, which has
critically impacted the sustainability of its large agricultural sector, the country’s main water
consumer (Boudhar et al., 2023). The country features a significant "climate divide” The northwest
is relatively water-rich (rainfall greater than 800 mm), while the southern territory, located in the
Sahara Desert, receives less than 200 mm of annual rainfall and faces serious water constraints
(Haddad, Mengoub, & Vale, 2018). Consequently, Morocco must utilize international trade as a
strategic mechanism, or Virtual Water Trade, to supplement its domestic food supply and thereby
alleviate pressure on its finite internal water resources (Hoekstra & Chapagain, 2007). Morocco
maintains a substantial and consistent status as a net virtual water importer, meaning the volume
of virtual water embedded in its imports far exceeds the volume embedded in its exports (Hoekstra
& Chapagain, 2007).

Figure 3 illustrates Morocco’s water footprint per ton of crop from 1996 to 2005. Overall, the data
indicate that Moroccan crop production relies heavily on green water, suggesting that rainfall plays

16
Deliverable 3.3 - Virtual Water Trade of Cereals Vis a Vis Key Competing Crops and Sectors in Egypt and Morocco
STAPLES — GA No. 2333 [PU]



This project is part of the PRIMA /‘ ) 4
programme supported by the J
European Union. Under grant hd Ve l _J

uropean Union. Un:
agreement n°2333

a dominant role in sustaining agricultural production, especially for barley, wheat, and maize.
Among these, maize stands out with the largest total water footprint, exceeding 7,000 m? per ton.
The combination of substantial green and blue water use for maize highlights the crop’s sensitivity
to water availability and the need for irrigation during dry periods. Blue water scarcity manifests
itself in specific months of the year. The average monthly water scarcity indicates severe water
scarcity, more severe than annual (total) values suggest. In all basins, the total blue water footprint
exceeds natural runoff during a significant period of the year. In the months June, July and August,
severe water scarcity occurs in all river basins (Schyns & Hoekstra, 2014).

In contrast, wheat and barley show lower total water footprints, dominated by green water with
very limited blue water use, suggesting that they are more dependent on rainfall and less irrigated.
Rice paddy, although irrigated, presents a comparatively smaller total water footprint, possibly due
to higher yields and more efficient water management in paddy systems. Seed cotton displays a
balanced contribution of blue and green water, indicating that it requires both rainfall and irrigation
for optimal growth. University of Twente also publishes the data on WF of key corps for the period
of 1990-2019, only for green and blue water, showing similar results and reported in Appendix B
(Mialyk et al. , 2024).

Figure 4. Morocco’s Water Footprint per ton of crop (m”3 /ton) (1996-2005)
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Source: Mekonnen, M.M. and Hoekstra, A.Y. (2010) The green, blue and grey water footprint of crops and derived crop
products, Value of Water Research Report Series No. 47, UNESCO-IHE, Delft, the Netherlands

Across all crops, the grey water footprint remains minimal especially in comparison to the Egyptian
one. However, the dominance of green water across most crops highlights Morocco’s vulnerability
to rainfall variability and drought, which could strongly affect agricultural productivity and water
resource sustainability.

Figure 5 represents the evolution of Morocco’s self-sufficiency ratio (SSR) for five major crops
from 1990 to 2022 and reveals a markedly different structure from that observed in Egypt, with
stronger contrasts between staple crops and export-oriented commodities.

Rice exhibits a remarkably stable SSR, consistently close to 1 throughout the entire period. This
indicates near-balance between domestic production and consumption, reflecting Morocco’s rice
production volumes being aligned with domestic demand rather than export ambitions.
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Barley shows relatively high but volatile self-sufficiency, generally ranging between 0.6 and 1 in
the 1990s and early 2000s, followed by a gradual decline after 2012. This pattern reflects barley’s
strong dependence on rainfall and climatic variability, as well as its role as a buffer crop in drought
years.

Wheat displays persistent instability and a long-term downward trend. Although SSR occasionally
approaches 0.7-0.8 in favourable years, it frequently falls well below this level and deteriorates
after 2015. This confirms Morocco’s structural dependence on wheat imports and the high
sensitivity of cereal self-sufficiency to rainfall variability, reinforcing exposure to global price and
supply shocks.

Maize has a consistently low SSR, mostly below 0.2 and declining further after 2010, indicating
near-total reliance on imports. This reflects the prioritization of other crops in domestic agriculture
and the role of maize mainly as imported feed for the livestock and poultry sectors. This
prioritisation is not surprising given Maize’s high WF (Figure 3).

Cotton is marginal in Morocco’s agricultural system, with SSR values close to zero throughout the
period. This confirms that cotton is not a strategic production in the Morocco.

Figure 5. Self-Sufficiency Ratio (FSSR) in Morocco
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Note: Self-sufficiency ratio (SSR), is defined as the percentage of food consumed that is produced domestically. The
SSR is measured using the following equation with respect to food production and trade: Production x 100 / (Production
+ Imports — Exports)

According to Boudhar et al. (2023), Morocco’s total virtual water balance reveals a substantial
dependence on external water resources. Between 2000 and 2017, accumulated virtual water
imports embedded in crop products alone reached 690.77 Gm?3, while over the same period the
country’s net imported virtual water deficit amounted to 595.74 Gm?3.

The magnitude of this reliance is demonstrated by the fact that the country’s net virtual water
imports in 2017 (18.8 Gm? accounted for 178% of Morocco's physical freshwater withdrawals
(Boudhar et al., 2023). Despite the total volume of imports being high, the annual net deficit
actually showed a sharp decline between 2000 and 2017, falling from 149.86 Gm?®in 2000 to 18.8
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Gm?3in 2017, a shift driven partly by rising virtual water exports alongside declining imports
(Boudhar et al., 2023).

Cereals constitute the overwhelming majority of agricultural virtual water inflows, representing
approximately 98.4% (679.68 Gm?3) of the total virtual water imported in crop products between
2000 and 2017 (Boudhar et al., 2023). This dependence is essential for national food security,
given that Morocco’s average per capita wheat consumption (255 kg/year or 700gr/day) is nearly
four times the global average (Boudhar et al., 2023).

This massive reliance on cereal imports ensures consumption stability but exposes the nation to
heightened vulnerability to climatic fluctuations, as virtual water imports tend to increase
significantly during dry years to offset shortfalls in domestic rainfed production. Morocco’s water
management policies have been driven by persistent scarcity (Varela-Ortega et al., 2013). While
Morocco's agricultural policies promote the export of agricultural goods, the actual water intensity
of these traded crops is assessed using "crop water requirements" estimated according to climatic
and soil conditions, rather than actual consumption data (Boudhar et al., 2023). One example of
such policies is the Green Morocco Plan® (Plan Maroc Vert), launched in 2008, was Morocco’s
flagship agricultural strategy to modernize the sector, increase productivity, and attract private
investment while integrating smallholder farmers into value chains.

In Egypt cereal crops (wheat, maize, rice, barley, and recently minor quinoa trials) dominate staple
production. In fact, since the 1980s Egypt expanded cereal area (especially wheat, maize, rice) at
the expense of cotton and fodder crops to boost food self-sufficiency. This policy led to improved
cereal yields. Egypt now ranks among the highest-yield producers of wheat, maize, and rice
globally. Egypt maintains high crop yield performance globally for rice (9.0 t/ha), maize (7.2 t/ha),
and wheat (6.5 t/ha), which are higher than global averages. However, the average national CWP
for maize (0.95 kg/m?) is significantly lower than the global average (2.25 kg/m?3), indicating
optimization potential (Ayyad, Karimi, Ribbe, & Becker, 2024).

Figure 4 illustrates Egypt’s cereal production in tonnes from 2000 to 2023, showing relatively high
and generally stable output for wheat and maize, smaller but consistent production of rice, and
very low levels of barley. Over the two decades, Egypt's yields tend to fluctuate within a
manageable range, reflecting the country’s heavy reliance on irrigation rather than rainfall, as well
as long-standing investment in agricultural infrastructure. The overall trend for wheat and maize
is upward, suggesting progressive improvements in productivity. The drop that all crops have
experienced in 2018 reflects a combination of factors: there was a sharp drop in rice output, driven
by a reduced planted area under new water-saving policies. In addition, this period was
characterized by high temperatures and a shift by farmers to more profitable crops like cotton and
maize further cut yields (FAO, 2025).

3 The Achievements of the plan are listed by ADA (Agence de Development Agricole): https://www.ada.gov.ma/en/main-
achievements-green-morocco-plan
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Figure 6. Egypt's cereal production in tonnes (2000-2023)
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Source: FAOSTAT database. https://www.fao.org/faostat/en/#data

According to FAO Stats, by 2023, total cereal output reached about 22.5 million tonnes (wheat 9.7
Mt, maize 7.1 Mt, rice 5.6 Mt), a few percent above the recent average, even if barley and quinoa
remain very minor.

High yields mean Egyptian cereals have a relatively low water footprint per ton (e.g. 1,000 to 1,300
m?3/ton for wheat under full irrigation). Egypt’s agriculture withdraws about 61.3 km?* of water per
year (86% of national withdrawals). Major water-consuming crops include wheat and berseem
clover (a winter fodder for livestock) as well as rice and maize. For example, berseem and wheat
together account for a large portion of irrigation water in the winter season, whereas rice and
maize (and cotton) use most of the summer irrigation. Cotton, once a dominant crop, now occupies
a smaller area and thus a smaller share of water use than in the past.

Cotton was historically Egypt’s key cash crop but has declined. In the early 1990s cotton still made
up 60% of Egypt’s agricultural export value, but by the late 1990s its share fell to 27 to 30% as
other crops (e.g. rice, potatoes, oranges) rose (Mohy et al., 2023; Shehata et al., 2023) . Cotton
production (mainly long-staple cotton) is fully irrigated and water-intensive, requiring over 2,600
m? of water per ton (Mohy et al., 2023; Shehata et al., 2023), more than double the global average
water use for cotton (Mekonnen & Hoekstra, 2011). Which is mainly due to intense
evapotranspiration driven by its arid, high-temperature climate and the extended irrigation period
required. This is further amplified by the additional water often used for soil-salt leaching and the
relatively higher field and canal-conveyance losses associated with surface irrigation systems.
Much of this water is used for export-bound cotton fiber, effectively exporting water (It's estimated
around 44% of water used in Egyptian cotton farming goes into exported fiber/products). Reduced
cotton area can potentially free up land and water for cereals and horticulture. In 2017, the
Egyptian government took control of the production and distribution of cottonseed, which was
previously handled by the private sector. This intervention was necessary because the quality and
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reputation of Egyptian cotton had deteriorated due to a lack of effective quality assurance systems
leading to inferior, mixed variety output. A major factor driving changes in the cotton sector is the
surge in prices. International cotton prices rose significantly, from $1.03/libra in early 2021 to
$2.27/libra currently. This surge in demand and prices has incentivized farmers to increase
planting (Shaza, 2022).

Horticultural crops (vegetables and fruits) are significant in Egypt’s crop mix. They are grown year-
round in the Nile Valley and newly reclaimed desert lands. Major products include tomatoes,
potatoes, onions, citrus (oranges), grapes, and others (Shehata et al., 2023; FAO, 2016). These
crops can have high economic returns per water unit. Egypt has “excellent potential for
horticultural crops” especially in new lands, and yields are high under irrigation. For instance,
Egypt’'s orange yields and quality have made it a top orange exporter in recent years (Shehata et
al., 2023; FAO, 2016). Vegetable production mostly supplies the domestic market, but some (e.g.
potatoes, onions) are exported regionally/seasonally (El-Marsafawy et al., 2025; Mohy et al.,
2023). In general, horticulture tends to have higher water productivity (value per m3) than cereals.
Egyptian studies show that net economic return per cubic meter of water for winter vegetables
and field crops is about 10.25 Egyptian pounds/m?3, whereas for summer field crops (incl. rice,
maize, cotton) it averages 5.23 LE/m?® (El-Marsafawy et al., 2025). (Converted to USD, roughly
$0.6 and $0.3 per m® respectively, at 2020 exchange rates.) This highlights that fruits/vegetables
generate more income per water used than staples like rice or maize.

In Morocco, cereals (notably wheat and barley, plus some maize and sorghum) are the staple
crops occupying the largest area. Unlike Egypt, Moroccan cereal yields are low and highly variable
with rainfall. Good rainfall years can see total cereal production on the order of 7 to 10 million
tonnes, while drought years drop to only 3 to 5 million tonnes. For example, 2023 saw about 5.6
Mt of cereals (a recovery after a severe drought in 2022).

Figure 8, represents Morocco’s cereal production from 2000 to 2023. Wheat and barley, swing
between high-production years and dramatic collapses. Maize and rice remain at much lower
levels, but the instability is visible across all grains. This pronounced volatility stems mainly from
the country’s heavy dependence on rainfall in a climate increasingly characterized by droughts,
irregular precipitation, and rising temperatures. Unlike Egypt, Morocco does not have an extensive
irrigation network capable of buffering cereal production from climatic shocks. As a result, dry
years translate directly into poor harvests, while wetter years allow for temporary rebounds.
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Figure 7. Morocco's cereal production in tonnes (2000-2023)
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Source: FAOSTAT database. https://www.fao.org/faostat/en/#data

Most cereals (particularly barley and wheat) are grown under rainfed conditions in winter, relying
on green water. Consequently, Morocco’s cereal water footprint per ton is very high. Low yields
and high evaporative demand mean water productivity is poor: e.g. maize in Morocco has an
average virtual water content of 12,600 m3ton, versus only 410 m®ton in the Netherlands’
temperate climate (Hoekstra & Chapagain, 2007). Similarly, a tonne of Moroccan wheat or barley
can “cost” several thousand cubic meters of water (mostly rainfall), far above the water per ton in
irrigated systems. These stark differences underline Morocco’s challenge: its climate and farming
practices cause crops to consume much more water per output than global norms.

Morocco’s irrigated land (about 1.6 million ha) is used for high-value crops, notably fruits,
vegetables, olives, and sugar crops, as well as some supplemental irrigation for cereals (Varela-
Ortega et al., 2013). Horticultural crops are prominent in Morocco’s agricultural strategy. Under
the Green Morocco Plan (2008-2020), the country expanded cultivation of water-intensive export
crops like citrus (oranges, mandarins), olives, almonds, tomatoes, and other vegetables. These
are mostly grown with irrigation (drip irrigation has expanded) in order to achieve quality and
reliability for export. Blue water use in Morocco (for agriculture) is thus concentrated in these
export-oriented farms and a few staples (like irrigated wheat or fodder in some areas). Total
renewable water resources per capita have declined to 650 m3/year, so water is a binding
constraint. Within that, irrigated farming uses on the order of 10-12 km?*® of surface and
groundwater per year (rough estimate), while rainfed farming consumes an even larger volume of
“in-situ” rainwater (green water). Schyns & Hoekstra (2014) in the early 2000s estimated that
Morocco’s total agricultural water footprint at 42.1 km? per year (including rainwater), with only 3
to 4 km?® of that from irrigation and the rest from rainfall. This highlights that green water (rain) is
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the main source for Morocco’s staple crop production, whereas blue water is reserved for certain
crops and areas.

Cotton is not a major crop in Morocco. Historically, cotton was grown in very limited areas and is
not significant today (Morocco primarily imports textiles rather than growing cotton). Thus, unlike
Egypt, cotton does not factor much into Morocco’s water or trade profile, we can consider its role
negligible.

Cereal feeds for animals in Morocco come from both rainfed fodder (barley stubble, pasture, etc.)
and imported feed grains (Belmahi et al., 2023; Boudhar et al., 2023). Morocco’s livestock sector
(especially cattle for dairy, and sheep) relies partially on rainfed forage and crop residues, and in
drought years heavily on feed imports (barley is often imported and subsidized as animal feed in
droughts). There are also some irrigated fodder crops (e.g. alfalfa) in oasis and perimeter irrigation
schemes, but cereals (barley/maize) and hay are the main feeds. The water used for domestic
feed crops is thus either rain (for pasture and barley) or irrigation water that could have grown
other crops (Schyns & Hoekstra, 2014; Varela-Ortega et al., 2013).

Importantly, Morocco’s crop choice has shifted: area under wheat remains high (for food security),
but the Green Morocco Plan promoted shifting some land to fruit tree orchards and horticulture for
export (Boudhar et al., 2023). By 2019, olive orchards expanded ~40% (over 1 million ha of olives),
and other fruit areas grew, while cereal area fluctuates with rain. This policy is somewhat at odds
with the “virtual water” recommendation, which would suggest a water-scarce nation focus on less
water-intensive crops. Instead, Morocco chose to invest its blue water in high-value crops to boost
rural incomes and export earnings, accepting the water trade-off.

From a water productivity standpoint, these export crops yield much more revenue per drop than
cereals. Though exact figures vary, Moroccan fruits/vegetables can generate far more income per
m? than wheat or barley (Schyns & Hoekstra, 2014). For example, export citrus or vegetables can
earn foreign currency that far exceeds the value of an equivalent water use on grain. Thus,
economically, water productivity (US$ per m3 is higher in horticulture, and Morocco’s strategy
leverages that, despite the increased stress on water resources.

Ridaoui et al., (2025) show that certain export-oriented fruits and vegetables from Morocco
generate substantially higher income per cubic meter of virtual water than cereals (e.g., tomatoes
yield 19.80 USD/m?)

Regarding the water resource context, both Egypt and Morocco are water-scarce, but their
hydrological baselines and policy levers differ, shaping how attractive and “sticky” their demand
for imported cereals looks to European exporters.

Egypt, has a treaty-defined Nile allocation (1959 agreement) that anchors a tight but predictable
blue-water budget for agriculture; the system relies on year-round irrigation, extensive canal
control, and significant reuse (drainage and return flows), which stabilizes output but cannot meet
population-driven cereal demand on its own (Mohy et al., 2023). This structural gap is a durable
pull factor for imports. (Mohy et al., 2023).

Morocco, on the other hand faces highly variable rainfall and modest, unevenly distributed river
flows; per-capita renewable water has fallen to 650 m?3, lower than Egypt’s, with agriculture
absorbing 87% of withdrawals. Production remains a mix of rainfed (large green-water share) and
irrigated systems—highly exposed to drought shocks (Boudhar et al., 2023). From an exporter’'s
standpoint, this keeps cereal demand volatile but persistent. (Boudhar et al., 2023).
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Concerning, production and self-sufficiency, Egypt extensive irrigated area supports high output
yet wheat and maize imports remain essential and Egypt consistently ranks among the world’s
top cereal importers in volume terms (Mohy et al., 2023). As for Morocco, cereal output fluctuates
widely with rainfall; per-capita wheat consumption is exceptionally high (255 kg/year), magnifying
import needs in bad years (Belmahi et al., 2023).

Cotton is material in Egypt’s cropping system (water-intensive, export plus domestic textile uses),
whereas it is marginal in Morocco (Mohy et al., 2023; Boudhar et al., 2023). Feed dynamics
diverge too: Egypt grows substantial irrigated berseem (blue-water feed) alongside imported
maize; Morocco leans more on rainfed forages in normal years and imports barley/maize under
drought—another form of “imported (virtual) water” buffering (Boudhar et al., 2023).

If we focus on trade and virtual water, both countries are standard cases of virtual water users but
with different profiles. Egypt is rather import-dominant, with virtual water inflows via cereals are
massive; multiple studies show Egypt’s food trade embodies tens of km?® of water annually. For
selected crop groups alone, virtual water imports were approximately 27 km?3/year in recent
assessments (El-Marsafawy et al., 2025), underscoring scale (and suggesting higher totals across
all foods). Morocco, on the other hand, could be regarded as a net importer with sizable export
outflows. Estimates between 2000-2017 show a net virtual water deficit of 596 km? over 18 years
(~33 km?/year). Notably, exported virtual water is concentrated in high-value horticulture;
vegetables alone accounted for 69 km?® of exported virtual water across the period (Boudhar et al.,
2023).

Looking at water footprint and efficiency, Egypt’s intensive, irrigated systems often achieve lower
water footprints (m3ton) for cereals than Morocco’s rainfed cereals, because higher yields
compress the denominator. Even though Egypt relies mainly on blue water (Mohy et al., 2023;
Schyns & Hoekstra, 2014).

As a general rule, using scarce blue water on high-value crops generally raises returns per m?3.
Morocco’s policy mix (notably under the 2009—-2020 agricultural strategy) tilted irrigation toward
export horticulture, increasing economic value from each cubic meter, meanwhile, aggravating
basin-level blue-water stress in some zones (Boudhar et al., 2023; Schyns & Hoekstra, 2014).
Both countries exhibit low economic water productivity in cereals relative to horticulture; primarily
due to the lower market value and higher water intensity of cereal crops; yet Egypt keeps
substantial water on cereals for food security, while Morocco allocates more irrigated water to
high-value exports and lets cereals swing with unpredictable rain flows.

Table 1. Cross-country comparison of key indicators of production, trade, and water use for Egypt and Morocco

Major Total cereal production has nearly Total cereal production has doubled,
cereal tripled over 30 years, reaching 23 reaching 10 million tonnes in 2013.
output million  tonnes (Food and (Food and Agriculture Organization, 2015)
Agriculture Organization, 2015)
Cereal Around 20 million tons : Approximately 8.8 million tons per vyear,
imports wheat 11 to 12 Mt, maize 4 to5 Mt, falling within the stated average value from
(annual) others, estimated imports between 2000 to 2017
July 2018 and June 2019 (Boudhar, Abdeslam, Oudgou, & Ibourk,
(U.S. Department of Commerce, 2023)
International Trade

Administration)
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=
Dominant Blue Water source of the Nile Green Water availability is highly uneven,
water (approximately 61.5 km?® with mean annual rainfall ranging from less
source consumed), negligible contribution than 100 mm in Saharan southern and
from Green Water, and mandatory interior areas to more than 800 mm in humid
intensive reuse of drainage water zones; Blue Water withdrawals are
(about 12 km?® from agricultural dominated by agriculture, which consumes
sources) to meet rising demand. over 87% of total national Blue Water
(Nikiel & Eltahir, 2021) resources. (FAO, 2015)
Main Egypt's major agricultural exports Morocco’s main exported virtual water
export include potatoes, cotton, Rice (if (2000-2017) is embedded largely in
crops surplus), vegetable products (tomatoes, olives, and
and fresh fruits, especially citrus. argan oil) which account for about 72.47% of
(FAO, 2025) total exported virtual water; fruits such as
citrus, grapes, and melons make up the
remaining 27.12%
(Boudhar, Abdeslam, Oudgou, & Ibourk,
2023)
Net virtual Net =40 km?3/year (mostly via Net =33 km?3year (20002017 avg). 98% of
water grain) in 2010s. Imports are critical imported VW is cereals. Virtual water import
imports ~10% of total water needs. Saves ~14% of total water footprint. Critical in
national water (e.g. +5.8 km?® droughts (virtual water “imports” make up for
saved by maize imports in 2000). rain shortfall).
(Nikiel & Eltahir, 2021) (Boudhar, Abdeslam, Oudgou, & Ibourk,
2023)
Water Import-dependent: Uses global Dual strategy: Imports cheap grain to save
trade water for food. Policy emphasizes water and aggressively exports high-value,
strategy self-sufficiency in some crops water-intensive crops for profit. Essentially

(wheat) despite water cost, but still
heavily relies on grain imports.
Export of water-intensive goods is
limited (focus on value, e.g. high-
quality cotton)

trades domestic water for economic gain,
then buys food grown with foreign water.
Raises concern if water depletion worsens.
(Boudhar, Abdeslam, Oudgou, & Ibourk,
2023)

(Boudhar, Abdeslam, Oudgou, &
Ibourk, 2023)

Source: Author’s elaboration based on the literature.

A systematic comparison of cereals and competing agricultural sectors, as summarized in Tables
2 and 3, highlights pronounced differences in water use efficiency, economic productivity, and
trade orientation in both Egypt and Morocco.

Key cereals (wheat, maize, barley, and rice) constitute the backbone of food security strategies in
both countries but exhibit low economic water productivity, generally below 0.2 USD per m? of
water consumed (El-Marsafawy & Mohamed, 2021; Schyns & Hoekstra, 2014). Despite their low
value per unit of water, cereals account for more than 90 percent of total virtual water imports,
illustrating their pivotal yet resource-intensive role in national food systems (Boudhar et al., 2023;
El-Marsafawy et al., 2025).

By contrast, horticultural crops such as fruits, vegetables, and olives display significantly higher
water productivity. In Egypt, irrigated citrus and vegetable production yields on average three to
six times more economic return per cubic meter of water than cereal cultivation (El-Marsafawy &
Mohamed, 2021), whereas in Morocco, export-oriented crops such as tomatoes, mandarins, and
olives achieve returns approaching 1 USD per m?® of water used (Schyns & Hoekstra, 2014;
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Boudhar et al., 2023). These figures underscore the comparative advantage of high-value
horticulture in generating income and foreign exchange. However, this specialization intensifies
blue-water stress in major irrigated zones such as the Souss-Massa basin, where groundwater
overdraft and declining aquifer levels are now widely documented (Rosa et al., 2019; Belmahi et
al., 2023).

Cotton and animal feed production introduce further complexity into national water allocation
patterns. In Egypt, cotton remains a culturally and economically significant crop, yet its water
footprint—ranging between 3,300 and 4,000 m? per ton—is more than twice that of most cereals
(Mohy et al., 2023). Although exports of long-staple cotton contribute to foreign earnings, they do
so at a high hydrological cost. In both countries, feed crops such as maize, barley, and alfalfa
similarly compete with cereals for irrigation water or shift this burden abroad through the
importation of virtual water embedded in feed grains (Boudhar et al., 2023; Shehata et al., 2023).

Taken together, the comparative evidence indicates that Egypt and Morocco pursue distinct but
complementary strategies for managing the water—food—trade nexus. Egypt’s model emphasizes
virtual-water savings through import substitution, relying on international markets to offset
domestic resource constraints while preserving Nile water for other sectors (Abdelkader, 2023; El-
Marsafawy et al., 2025). Morocco, conversely, focuses on economic value creation through export
diversification, channeling scarce irrigation resources toward high-value crops to sustain rural
livelihoods and export revenues (Boudhar et al., 2023; Hoekstra & Chapagain, 2007). These
contrasting approaches reveal a broader structural tension between food security and water
sustainability that characterizes Mediterranean agricultural economies under conditions of chronic
scarcity.

Figure 8 shows trends in cereal yield (kg per hectare and without considering the water
consumption) in Egypt and Morocco from 1980 to 2022, based on World Bank data.

Egypt exhibits a consistently high and steadily improving yield over the period. Yields rise from
around 4,000 kg/ha in the early 1980s to above 7,000 kg/ha from the early 2000s onwards, with
some fluctuations. Notable temporary declines occur around 2009-2010 and 2018-2019, but
yields recover quickly, remaining among the highest levels by 2022.

In contrast, Morocco’s cereal yields are substantially lower and far more volatile. Starting below
1,000 kg/ha in 1980, yields fluctuate widely over time, reflecting strong interannual variability.
Although there is a gradual upward trend, with peaks exceeding 2,000 kg/ha in some years after
2010 sharp drops persist, underscoring the sector’s vulnerability, likely linked to rainfall variability
and climatic conditions.

Overall, the graph highlights a structural yield gap between the two countries, with Egypt achieving
higher and more stable productivity, while Morocco faces lower yields and greater exposure to
climatic and environmental shocks.
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Note: Cereal yield, measured as kilograms per hectare of harvested land, includes wheat, rice, maize, barley, oats, rye,
millet, sorghum, buckwheat, and mixed grains. Production data on cereals relate to crops harvested for dry grain only.
Cereal crops harvested for hay or harvested green for food, feed, or silage and those used for grazing are excluded.
The FAO allocates production data to the calendar year in which the bulk of the harvest took place. Most of a crop
harvested near the end of a year will be used in the following year.

Figure 9, shows a steady long-term improvement in water productivity in both Egypt and Morocco,
measured as GDP generated per cubic meter of freshwater withdrawn. Morocco consistently
outperforms Egypt, with a markedly sharper increase after the mid-2000s, indicating a stronger
decoupling of economic growth from water use. This suggests a structural shift towards higher
value-added, less water-intensive activities and more efficient water allocation. Egypt also
improves over time, but at a slower pace and with greater volatility, reflecting persistent
dependence on water-intensive sectors—particularly irrigated agriculture—and more limited gains
in water-use efficiency. Overall, the divergence highlights how economic structure and policy
choices shape the ability to convert scarce water resources into economic value.
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Source: World Bank Data

Note: Water productivity is calculated as GDP in constant prices divided by annual total water withdrawal.
A common perception is that most of the available freshwater resources are visible (on the surfaces of lakes, reservoirs
and rivers). However, this visible water represents only a tiny fraction of global freshwater resources, as most of it is
stored in aquifers, with the largest stocks stored in solid form in the Antarctic and in Greenland's ice cap. The data on
freshwater resources are based on estimates of runoff into rivers and recharge of groundwater. These estimates are
based on different sources and refer to different years, so cross-country comparisons should be made with caution.
Because the data are collected intermittently, they may hide significant variations in total renewable water resources
from year to year. The data also fail to distinguish between seasonal and geographic variations in water availability
within countries. https://data.worldbank.org/indicator/ER.GDP.FWTL.M3.KD

This section reviews the literature on virtual water in trade, with a particular focus on agricultural
production and trade patterns in Morocco and Egypt. Given the centrality of cereals in both
countries’ food systems, the analysis examines key crops: wheat, maize, barley, and corn in terms
of their water intensity and productivity.

Egypt’s limited domestic production capacity has resulted in a substantial agricultural trade deficit,
making the country heavily reliant on food imports (Shehata et al., 2023). The most critical
component of this trade imbalance is grain imports, which represented approximately 89% of the
total quantity of fresh agricultural imports, on average, between 2010 and 2021 (Shehata et al.,
2023). This reliance on foreign agricultural products, and consequently on imported virtual water,
is a core component of any strategy for achieving national food security (Abdelkader et al., 2018;
El-Marsafawy et al., 2025).

The high per capita water footprint values for maize and wheat underscore their huge contribution
to the national water deficit, demonstrating that while domestic production efficiency might be good
(low WF per ton compared to global averages), the sheer volume required for consumption
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necessitates extensive virtual water imports (El-Marsafawy et al., 2025). The low external
dependence of barley (4.2%) suggests its production is currently more aligned with self-sufficiency
goals than maize or wheat (El-Marsafawy et al., 2025).

Egypt's reliance on imported VW to meet its food deficit is substantial. The total virtual water
imports for the 25 studied crops by El-Marsafawy et al. (2025) reached approximately 27 billion
Gm?3resulting in a massive net trade deficit compared to the total exports of only 231 million m?3.
The largest commodity contributor to the VW deficit is wheat, with an annual imported virtual water
deficit of 54.5 Gm?® (Shehata et al., 2023). Rice imports contributed a deficit of 0.245 Gm3 (Shehata
et al., 2023). Maize imports contributed a deficit of 0.0134 Gm?® (Shehata et al., 2023). Despite the
import deficit, Egypt remains an exporter of agricultural goods, embedding domestic water
resources in foreign trade.

Table 2 presents the average VW balance associated with the production, import, and export of
key cereals in Egypt over the period 1996—2005. For each cereal (rice, wheat, maize, and barley),
the table reports average production, import, and export quantities, along with their corresponding
green and blue water footprints expressed in cubic meters per ton. These components are
aggregated into a total water footprint per ton, which is then used to estimate the total virtual water
embedded in domestic production, exports, and imports.

Figure 10 shows the interaction between production and consumption-based water footprints by
comparing the average magnitudes across crops (wheat, barley, maize, and cotton lint) in Egypt
between 2000 and 2016 in cubic meter per ton. The unit water footprint of production (UWFp)
refers specifically to the water used at the producer scale that is, locally grown crops and it
depends on actual crop water use (evapotranspiration) and crop yield in the producing region and
it is driven by local climatic and agricultural conditions. The unit water footprint of consumption
(UWFc) reflects the water embedded in the crop at the consumer or supply scale, considering not
just local production but also the mix of imports and local output that make up the domestic supply.
It represents the average water requirement associated with the amount of crop that is actually
consumed or supplied within a country, including international trade effects.

Looking at the figure for wheat, barley, and maize, the differences between uWFp and uWFc are
relatively small, suggesting that Egypt’s consumption of these cereals largely reflects its own
production system, which is dominated by irrigated agriculture along the Nile with relatively stable
and controlled water use. Where consumption values slightly exceed production, as in the case of
wheat, this points to imports that embody similar or somewhat higher water footprints, reinforcing
the dependence on external water resources to satisfy domestic demand.

Cotton lint shows both production and consumption with very large water footprints. This confirms
cotton’s inherently water-intensive nature and highlights the significant pressure it places on
Egypt’s limited freshwater resources. The fact that production and consumption footprints are
close for cotton suggests that Egypt mainly relies on its own water resources to meet cotton
demand, rather than offsetting water use through imports. Overall, the similar behavior of
production and consumption water footprints across crops indicates that Egypt’s food supply is
tightly linked to its domestic agricultural system. This means that changes in cropping patterns or
productivity directly affect national water use.
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Table 2. Virtual water import and export of key Cereals in Egypt (average 1996-2005)

Cereal Avg. of Avg. of Avg. of Green Blue Total Prod._WF = Export of Import of WF
production import export WF WF WF avg. of WF = Total = Total WF*

(ton) quantity quantity (m3/ton) (m3/ton) (m3/ton) production * WF * Avg. Avg. of

(ton) (ton) Total WF of export import

(m3/ton) quantity quantity

m3/ton

Rice 5,665,305 224 682 59 1,003 1,062 6,016,554,229 724,284 237,357
Wheat | 6,563,131 5,157,752 | 431,401 215 904 1,119 7,344,143,030 | 482,737,719 | 5,771,524,936
Maize 6,230,232 | 3,901,619 1,499 141 1,078 1,219 7,594,652,442 1,827,525 4,756,073,195
Barley 127,312 7,871,356 48 619 1,695 2,314 294,599,505 110,841 18,214,318,784

Source: Mekonnen, M. M., & Hoekstra, A. Y. (2010). The green, blue and grey water footprint of crops and derived crop
products. Volume 1: Main Report (Value of Water Research Report Series No. 47). UNESCO-IHE Institute for Water
Education and https:/www.fao.org/faostat/en/#data/QCL

Figure 10 Average Unitary water footprint of crop of production and consumption in Egypt (m3/ton)
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Source: Water To Food. (2021). Download - CWASI Database- Average between 2000 to 2016
https.//www.watertofood.org/download/

4.1 Import and Export of Virtual Water in Morocco

Agriculture is foundational to Morocco's socioeconomic stability, contributing an average of 12.5%
of GDP between 2000 and 2020 and employing approximately 73.7% of the rural workforce
(Belmahi et al., 2023). However, the sector’s high dependence on climate, summed up by the
saying, "Governing is raining," makes national stability precarious. This vulnerability is
underscored by Morocco’s high exposure to climate risks, including extended droughts, which are
predicted to worsen (Weko & Lahn, 2024).

The agricultural sector absorbs more than 87% of total water withdrawal, indicating immense
pressure on the country's limited water resources (Boudhar et al., 2023). Morocco’s water stress
is confirmed by a freshwater withdrawal rate that reached 50.75% of available freshwater
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resources in 2020 (Figure 4). This scarcity has forced the country to move away from self-
sufficiency toward increasing dependence on international food imports (Belmabhi et al., 2023).

Cereal production, encompassing wheat, barley, and corn, is central to Morocco's food security,
but it is highly unstable due to rainfall volatility, with a production coefficient of variation reaching
46% (Belmahi et al., 2023). This high consumption of wheat in Morocco drives substantial import
demand, making soft wheat the most imported cereal by quantity, averaging 20.8 million quintals
per year between 1973 and 2021 (Belmahi et al., 2023).

Barley is considered a key food security crop, particularly for animal feed (Belmahi et al., 2023).
In subsistence farming areas, which represent over 80% of the cultivated barley area, it is sown
for animal feed, hay production, and human consumption, especially during drought years. Barley
imports average 2.8 million quintals per year (1973—-2021) (Belmahi et al., 2023).

Maize is significant both in imports and exports. As an imported commodity, maize contributes
substantially to virtual water imports, helping satisfy demand for food and animal feed (Boudhar
et al., 2023).

The production of food exports contributes to more than 30% of unsustainable irrigation practices
in Morocco (Rosa et al., 2019). Water resources are mainly used to produce crops with relatively
low economic water productivity, such as cereals, olives, and almonds (Schyns & Hoekstra, 2014;
Belmahi et al., 2023). For instance, tomatoes yield 22 times more value per drop than wheat
production (Schyns & Hoekstra, 2014). However, Moroccan agricultural policies, notably the
Green Morocco Plan (GMP, 2008-2020), focused on increasing the production and export of high-
value crops like vegetables and fruits, which are intrinsically water-intensive, thereby intensifying
water stress in violation of VW theory (Boudhar et al., 2023).

Morocco’s trade strategy is characterized by a high volume of virtual water imports concentrated
in strategic food crops, contrasting with exports that deplete domestic water resources. Morocco
was a net VW importer between 2000 and 2017, recording a total deficit of 595.74 Gm?® (Boudhar
et al., 2023). This deficit, which added about 275 Gm? (the figure cited in the previous turn and
consistent with the source data), or 595.74 Gm? (Boudhar et al., 2023), to Morocco’s water budget,
is essential for food security. Cereals are the highest net importer crop category. Imports tend to
increase significantly during dry years to offset domestic production failures (Boudhar et al., 2023).

Boudhar et al.(2023) analyzes the composition of Cereal VW Imports in the period of 2000 to
2017. According to this analysis barley is the largest contributor, at approximately 304.95 Gm3.
Maize accounted for 191.34 Gm?3. Wheat: accounted for 82.70 Gm3.

As for the VW Exports (outflows), their analysis reveals that Morocco’s export structure, focuses
on high-value, water-intensive crops, leading to water exports that contradict the needs of a water-
scarce nation. Virtual water outflows with total 95.03 Gm? from 2000-2017 are dominated by
vegetables (72.47%) and fruits (27.12%). Additionally, Boudhar et al., (2023) argue that Morocco
is a net exporter of products that intensively use water, such as olives (the largest exporter at
61.20 Gm?®) mandarin and clementine (19.82 Gm?®) and tomatoes (5.13 Gm3). This practice uses
irrigated land for high-value export crops, exacerbating the reliance on imported cereals to meet
national food needs and increasing water dependency.

Table 3 summarizes the average virtual water (VW) embedded in the production, import, and
export of key cereals in Morocco over the period 1996-2005. It reports average production, import,
and export quantities for wheat, barley, maize, and rice, together with their green and blue water
footprints. The table shows that Morocco’s cereal sector is characterized by high water footprints
per ton, particularly for barley and maize, and a strong reliance on virtual water imports, especially
for wheat and maize.

Figure 11 shows the interaction between production and consumption-based water footprints by
comparing the average magnitudes across crops (wheat, barley, maize, and cotton lint) in
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Morocco between 2000 and 2016 in cubic meter per ton. For wheat, barley, and maize, the
production-based water footprint is higher than the consumption-based water footprint. This
indicates that more water is used in domestic production than is embodied in national
consumption, reflecting inefficiencies in water use that are consistent with the predominance of
extensive, water-intensive and largely rain-fed agriculture in Morocco. In contrast, cotton lint
exhibits the opposite pattern, with WFc exceeding WFp, suggesting that consumption relies more
heavily on external water resources through trade rather than domestic water use.

Table 3. Virtual water import and export of key Cereals in Morocco (average 1996-2005)

Avg. of Avg. of Avg. of Green Blue Total Production Export Import WF
production  import export WF WF WF WF (m3/ton) WF (m3/ton) =
quantity quantity (m3/ton) (m3/ton) (m3/ton) =avg. of (m3/ton)= Total WF*
(ton) production * Total Avg. of
(ton) (ton) Total WF WF* Avg. import
of export  quantity
quantity
Wheat 3,654,982 | 2,724,323 683 2,758 245 3,003 10,975,910,946 | 2,051,349 | 8,181,141,368
Barley 1,837,324 502,255 25 3,692 0 3,692 6,783,400,208 92,300 1,854,323,614
Maize 170,670 955,514 33 3,541 3,183 6,724 1,147,585,080 223,237 6,424,878,826
Rice 32,062 1,071 0 293 1,278 1,571 50,369,402 0 1,682,070

Source: Mekonnen, M. M., & Hoekstra, A. Y. (2010). The green, blue and grey water footprint of crops and derived crop
products. Volume 1: Main Report (Value of Water Research Report Series No. 47). UNESCO-IHE Institute for Water
Education and https://www.fao.org/faostat/en/#data/QCL

Figure 11 Average Unitary water footprint of crop of production and consumption in Morocco (m3/ton)
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Source: Water To Food. (2021). Download - CWASI Database- Average between 2000 to 2016
https://www.watertofood.org/download/
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The analysis of virtual water (VW) dynamics in Egypt and Morocco underscores the centrality of
cereals, particularly wheat, maize, rice and barley, in shaping both food security and water
resource strategies. Egypt’s irrigation-dominated system, reliant almost entirely on the Nile, has
achieved relatively high yields and low water footprints per ton, yet still faces structural deficits
due to the sheer volume of domestic demand. This necessitates massive virtual water imports,
especially of wheat, which alone contributes more than half of the country’s VW imports. Barley,
by contrast, remains largely self-sufficient, highlighting the differentiated roles of cereals in
balancing water and food objectives.

In Morocco, the reliance on rainfed production results in high water footprints per ton, low
productivity, and pronounced vulnerability to climatic variability. Here, cereals account for more
than 98% of VW imports, with barley and maize dominating inflows. While irrigation is strategically
allocated to high-value horticultural exports, this practice exacerbates water stress by embedding
scarce blue water into global trade.

Both countries thus face a structural trade-off, Egypt prioritizes food security through grain imports,
while Morocco leverages export-oriented horticulture to sustain rural incomes, even at the cost of
increasing dependency on imported virtual water.

Despite their differing strategies, Egypt and Morocco face persistent challenges in reconciling food
security with water sustainability. For Egypt, the main challenge lies in the escalating dependence
on external VW imports amid rapid population growth and fixed Nile water allocations. This
dependence exposes the country to global market volatility, trade disruptions, and geopolitical
risks, while at the same time constraining flexibility in domestic water use.

Morocco, by contrast, grapples with the volatility of rainfed cereal yields, which are highly sensitive
to drought cycles, and with the water stress induced by its export-oriented horticultural strategy.
Allocating scarce irrigation water to high-value crops may deliver economic gains, but it risks
undermining long-term sustainability by depleting groundwater reserves and aggravating rural
inequalities in access to water.

Both countries must therefore navigate a complex policy landscape where climate variability,
demographic pressures, and global market dynamics converge, demanding more adaptive,
resilient, and water-efficient agricultural systems.

Policymakers in water-stressed contexts are increasingly face structural dilemmas in which key
national objectives do not easily align. The sustainable management of finite natural resources,
most critically water, requires limiting overexploitation, maintaining ecological resilience, and
securing long-term availability in the face of growing climatic pressures. At the same time,
economic development strategies frequently emphasize GDP growth through the expansion of
high value-added, export-oriented sectors, many of which are inherently water-intensive and rely,
often implicitly, on the externalization of environmental costs. Governments are also expected to
safeguard food security and food sovereignty, particularly for staple crops, by reducing reliance
on volatile international markets and limiting dependence on imports.

These goals inevitably generate tensions. Directing scarce water resources toward export crops
may deliver foreign exchange earnings and short-term economic gains, but it can weaken
domestic food production and increase exposure to external shocks. Conversely, prioritizing self-
sufficiency in staple foods may constrain economic returns and reduce participation in global value
chains. In this context, policy choices in water-scarce economies are less about maximizing a
single objective and more about managing difficult trade-offs between resource sustainability,
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economic competitiveness, and food system resilience under conditions of heightened
uncertainty.

This report provides preliminary insights into how Egypt and Morocco manage water scarcity
through virtual water trade and agricultural policy. The recommendations presented bellow are
derived from the existing body of literature reviewed throughout the report. Given the current scope
and data constraints, these recommendations should be regarded as indicative hypotheses rather
than prescriptive policy guidance. They aim to stimulate reflection on alternative strategies for
reconciling water efficiency, food security, and economic development within the broader
STAPLES research framework. These recommendations will be further refined and redrafted in
the next version of this document, following the detailed virtual water analysis to be carried out
specifically for the project at a later stage.

Our review of the literature on most relevant policies for better water management in Egypt and
Morocco highlight several policy recommendations from the literature:

o Optimize cropping patterns in agricultural practices (use Virtual Water Strategy) :
Allocate arable land to crops with the best value-per-water. For Egypt, this may mean
continuing to import wheat and maize while expanding exportable horticulture, but ensuring
self-sufficiency not compromised. Egypt might redirect some irrigation from cotton or rice
(very high-water crops) to vegetables and fruits, which return more economic benefit per
m? (Mohy et al., 2023). For Morocco, water-poor rainfed lands could focus on drought-
tolerant cereals or forage, while intensive irrigation is used sparingly for niche high-value
exports (Olives, citrus, berries) that earn greater foreign exchange per drop. Quantitatively,
this means targeting sub-national efficiency: e.g. planting rice only in Egypt’'s most water-
rich Delta areas and expanding flour milling/export so wheat imports become a form of
imported water (relieving Nile usage).

¢ Increase irrigation efficiency and diversification: Both countries should continue
modernizing irrigation (drip systems, lining canals) to reduce conveyance losses. Egypt’s
massive ongoing irrigation upgrade (potentially with EU support) is vital. Morocco should
restrict expanding irrigation to higher-net-value crops (the “second pillar” of the Green
Morocco Plan) but under strict water budgets. At the farm level, promote water-saving
practices and crops (e.g. no-till, mulching, alternate wetting in rice). Research on crop
varieties (drought-tolerant cereals, short-season maize) can stretch the water supply.
Investment in recycling drainage water and modest desalination for high-value uses may
also supplement scarce blue water.

¢ Reform water and crop policies. Adjust subsidies and pricing to reflect water costs.
Egypt and Morocco heavily subsidize bread/wheat. Gradually phasing reform in favour of
local water costs could encourage farmers to allocate land wisely. For instance, Egypt
could reduce guaranteed procurement of low-yield wheat (if sustainability demands) and
instead guarantee high yields for crops like maize or sorghum that use less Nile water per
calorie. Morocco might use import-export policies: reducing import tariffs on cereals in
good harvest years (to save storage water) and subsidizing drought insurance for farmers
(to manage production risk). In both countries, providing extension and credit to encourage
horticultural exports should be tied to water use audits, ensuring these sectors truly benefit
the national balance (not simply deplete groundwater).

e Harness Virtual Water Trade: Explicitly incorporate virtual water into trade strategy.
Policymakers should recognize that importing 1 ton of wheat (with 1,500 m?) saves that
volume of Nile water (Mohy et al., 2023; El-Marsafawy et al. ,2025). National planning
models (like Egypt's NWFT framework)* can simulate scenarios: e.g. What water is saved

4 https://www.watertofood.org/publications/national-water-food-and-trade-modeling-framework-the-case-of-egypt/
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by importing additional grain vs growing it. Strategic reserves and flexible trade
agreements (diverse suppliers) can buffer against shocks. At the regional level,
collaboration on shared water resources (e.g. Nile Basin) and trade (subsidy
harmonization) can also stabilize virtual-water flows.

o Balance food Self-Sufficiency and Water-Savings: Food security requires a minimum
cereal availability. Neither country can accept 100% import-dependence on wheat
(politically or economically). Policies should seek an optimal trade-off: maintain perhaps
50-60% cereal self-sufficiency (through yield and some area) while importing the rest. This
approach follows FAO advice: diversify imports (to avoid single-source risks) and invest in
irrigation-smart production for the share retained. Local stakeholder workshops, as
planned with the STAPLES project, are essential to ground-truth these models and ensure
farmers’ buy-in.

¢ Data monitoring and adaptive management. Continually update statistics on crop water
footprints, trade flows and resource availability. Both countries should strengthen data
collection (e.g. on irrigation withdrawals by crop, actual yields, farmer water use) and use
tools like FAO’s CCBS and Earth Observation. Improved transparency in water accounting
will help calibrate virtual-water analyses. Periodic reviews of agricultural and trade policies
(e.g. every 5 years) should be mandated, evaluating whether water-food goals are being
met.

Egypt and Morocco are both among water stressed regions meanwhile exemplify contrasting
strategies in managing water scarcity through virtual water trade. Egypt secures food security by
importing cereals, effectively conserving Nile resources, while Morocco maximizes economic
returns by exporting high-value horticultural products despite water pressures. Both strategies
reveal the potential and limits of virtual water as a tool for balancing scarce resources,
underscoring the need for adaptive, nexus-based policy reforms.

Regarding the water resource context, Egypt has a guaranteed, though limited, water supply from
the Nile. Morocco relies on highly variable rainfall and modest river flows. Egypt’s agriculture is
thus irrigation-dominant, whereas Morocco’s is a mix of rainfed and irrigation.

Consequently, Egypt’s crop water use is overwhelmingly blue water, and tightly controlled through
canals and on-farm management. Morocco’s crop water use includes a huge green water
component (rainfall) that is uncontrolled and prone to inefficiency and fluctuations reflecting the
climate change (e.g., unused rain in drought years yields no crop).

In term of production and self-sufficiency, Egypt produces larger absolute quantities of cereals
(due to irrigation and a bigger population), yet still depends on imports for roughly 40-50% of its
cereal needs. Morocco’s cereal production is smaller and fluctuates widely; in a good year it might
be 50-70% self-sufficient, and in a bad year under 20%. Thus, both countries rely on global
markets.

Cotton is significant in Egypt (for export and local textile use) but marginal in Morocco. Egypt’s
long-staple cotton uses substantial water but earns foreign exchange; Morocco essentially avoids
this water-intensive crop.

Both countries are classic cases of virtual water trade in action, but in different ways. Egypt is one
of the world’s top virtual water importers via food, especially wheat. By importing tens of millions
of tons of grain, Egypt “imports” tens of cubic kilometers of water yearly. This strategy allows Egypt
to reallocate Nile water to other uses (or simply acknowledges the Nile alone can’t grow all the
food for the country’s large population). Morocco also imports significant virtual water in grain.
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In terms of water footprint per crop, Egypt generally achieves more crop per drop (lower m3/ton)
for major crops due to intensive irrigation and high yields. Morocco’s rainfed cereals have a very
high m*/ton footprint (low yield). This means growing a ton of wheat in Egypt uses less water than
in Morocco, albeit mostly blue water. However, on an economic efficiency basis (value per drop),
Morocco’s strategy can yield higher returns by using its limited blue water on valuable exports.
Both countries show low economic water productivity in cereal cultivation and higher productivity
in horticulture, but Egypt continues to allocate a large share of water to cereals for food security,
while Morocco has reallocated more water to high-value crops.

In summary, Egypt and Morocco illustrate two facets of the water-food trade nexus: Egypt
maximizes internal production with irrigation but still must import virtual water on a huge scale to
balance its water resources, whereas Morocco relies on rainfall for much of its food and uses its
limited irrigation water to earn export revenue, thereby trading water for cash and importing water
back in grain form. Both are walking a tightrope to achieve food security and economic gains
without running their aquifers and rivers dry. Sustainable management will require both countries
to keep prioritizing crop water productivity improvements, consider the virtual water implications of
their agricultural policies, and adapt as climate change further stresses water availability in North
Africa.

Nevertheless, these results should be interpreted with caution. The study remains exploratory and
is based primarily on secondary data and aggregated indicators. The patterns identified here
constitute a conceptual foundation for further empirical investigation, not definitive policy evidence.
Subsequent stages of the STAPLES project will extend this analysis through detailed crop-level
modelling, economic and nutritional water productivity metrics, and stakeholder consultations.

Finally, while some findings appear to favor horticultural expansion, this does not contradict the
project’'s working hypothesis that virtual water accounting could justify increased investment in
sustainable domestic cereal production. Instead, it highlights the need for more granular, crop-
specific, and multi-scenario modelling to determine under which conditions virtual water efficiency
and national food security objectives can converge. Further work within the STAPLES project will
aim to integrate both perspectives through scenario modelling and multi-criteria analysis to capture
the trade-offs between economic efficiency and food security outcomes.

This document constitutes the first stage of Deliverable D3.3 of the STAPLES project. It lays the
groundwork for the subsequent phase, which will involve conducting a comprehensive virtual
water analysis combined with policy scenario assessment. The final stage will translate the
analytical findings into a set of evidence-based policy recommendations tailored to key
stakeholders in Egypt, Morocco, and the European Union.
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Appendices

Appendix A- Water Footprint of Key Cereals

In this appendix, Figures 12 & 13 compile and present the University of Twente’s water footprint
data for key crops, using a graphical representation consistent with Figures 2 and 3. Although the
WF estimation is for a different time period represented (in Figures 2 & 3 the time period is between
1996 to 2005) and that now grey unit water footprint is not reported by University of Twente. The
Figures in the Appendix show Egyptian crop production is highly irrigation-dependent, reflecting
the country’s arid climate and limited rainfall. Blue water dominates total water use, with green
water playing a smaller role.

Moroccan agriculture benefits more from rainfed conditions, especially for cereals like wheat and
barley. While irrigation is still important for high-demand crops like cotton and rice, the green water
fraction is notably higher than in Egypt.

Figure 12. Egypt: unit's water composition (cubic meters per ton per year)
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Source: Mialyk, O., van Oel, P.R., Hoekstra, A.Y., & Mekonnen, M.M. (2024). Data underlying the publication: Water
footprints and crop water use of 175 individual crops for 1990-2019 simulated with a global crop model.

https://doi.org/10.4121/uuid:7b45bcc6-686b-404d-a910-13c87156716a
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Figure 13. Morocco: unit's water composition (cubic meters per ton per year)
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Source: Mialyk, O., van Oel, P.R., Hoekstra, A.Y., & Mekonnen, M.M. (2024). Data underlying the publication: Water
footprints and crop water use of 175 individual crops for 1990-2019 simulated with a global crop model.

https.//doi.org/10.4121/uuid:7b45bcc6-686b-404d-a910-13c87156716a
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In Appendix B, Figure 14 illustrates the cereal production in Morocco and Egypt and marks
differences in the level and volatility of cereal production in the two countries over the period 2000-
2023, reflecting their distinct agro-ecological and water constraints. Egypt’s cereal production
remains consistently high, underpinned by irrigated agriculture along the Nile and a strong reliance
on controlled water supply. In contrast, Morocco’s cereal production is substantially lower and far
more volatile, with sharp year-to-year swings that closely mirror rainfall variability and recurrent
droughts in a predominantly rain-fed system.

From a trade perspective, this structural volatility reinforces Morocco’s dependence on cereal
imports in poor harvest years, while Egypt, despite higher and more stable production, also
remains a major importer due to strong population growth and rising demand. Overall, the figure
highlights how water endowments and production stability critically shape cereal trade exposure
and food security strategies in both countries.

Figure 14. Cereal production (metric tons)
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Source: World Bank data

Note: Production data on cereals relate to crops harvested for dry grain only. Cereal crops harvested for hay or
harvested green for food, feed, or silage and those used for grazing are excluded.
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Figure 15 & 17 show the Water Footprint of consumption (UWFc) for wheat, maize, barley, and
cotton lint in Egypt and Morocco between 2000 and 2016. These largely mirrors production
dynamics in both countries. In Egypt, the decline in cotton production after 2012 is reflected in a
sharp reduction in its consumption-related water footprint, confirming the close linkage between
domestic production and consumption patterns. Conversely, Morocco’s uWFc shows greater
variability and weaker alignment with domestic production, suggesting a stronger role of trade and
imports in buffering consumption against fluctuations in local agricultural output.

Figure 16 & 18 show the Water Footprint of production (UWFp) for wheat, maize, barley, and cotton
lint in Egypt and Morocco between 2000 and 2016. This indicator refers to locally-produced crops
whose water footprint depends on the crop actual evapotranspiration and crop yield, with values
which are here estimated annually. In Egypt, cotton lint consistently shows the highest uWF,
reflecting its high evapotranspiration requirements and full dependence on irrigation, while wheat,
barley, and maize display lower and relatively stable values, indicating a highly managed and
controlled agricultural system. A marked decline in cotton’s uWF production after 2012 coincides
with a long-term reduction in cotton cultivation and production due to shrinking cultivated areas
and reduced government support: policies and market conditions that made cotton less profitable
and led farmers to shift away from this crop, lowering its overall water footprint over time. In
contrast, Morocco exhibits strong interannual variability in uWF across all crops, particularly wheat
and maize, driven by reliance on rainfed agriculture and sensitivity to climatic fluctuations.

Figure 15. Egypt's water footprint of consumption
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Source: Water To Food. (2021). Download — CWASI Database

https://www.watertofood.org/download/
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Figure 16. Egypt's water footprint of production
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Note: The Unit Water Foot Print of Production (UWFp) refers to locally-produced crops whose water footprint depends
on the crop actual evapotranspiration and crop yield

Figure 17. Morocco's water footprint of consumption
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Source: Water To Food. (2021). Download — CWASI Database

https://www.watertofood.org/download/
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Figure 18.Morocco's water footprint of production
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