J. Agric. Econom. and Social Sci., Mansoura Univ., Vol.2 (12): 1569 - 1595, 2011

EXPLORING EGYPT'S VIRTUAL WATER TRADE IN
AGRICULTURAL PRODUCTS: IS THERE A NEED FOR
RETHINKING?

El-Kholei, A.
Dept. Agric. Economics, Fac. Agric., University of Menofia, Egypt.

ABSTRACT

Virtual water trade as a mean to balance the national and global water budget
has recently received much attention. Building upon the knowledge of virtual water
accounting in the literature, this study quantitatively assess the virtual water flows in
Egypt’s agricultural trade (i.e., the embodied water used) from the perspectives of
exports and imports at the country level. The investigation reveals that Egypt has
exported an average of 6.69 billion m3/yr and imported 27.5 billion m3/yr with a net
import of 20.9 billion m3/yr of virtual water related to crop and livestock products
throughout the period 2003-2009 (on average). Thus, Egypt is to be considered a net
importer of virtual water, and in such case, the country saves this amount of its
national water resources. Of which, it saves about 5.7 billion m3/yr and 3.2 billion
m3/yr of its wheat and maize imports respectively.

INTRODUCTION

Owing to (Yang et al., 2006), the global total water withdrawal for
usage is estimated at about 80%, this is mainly due to the continuous
population growth and related developments. As a result, water resources
have become increasingly scarce. However, food production is directly
affected by water scarcity (Cosgrove and Rijsberman, 2000; Rosegrant et al.,
2002). In many water scarce countries, an increasing amount of food is being
imported to meet the domestic food demand.

Dabo and Hubacek (2007) argued that, the idea of virtual water was
derived from the concept of ‘embedded water’ applied to agriculture in Israel
by Gideon and Shuval (1994). Their research concluded that exporting Israel
water embedded in water intensive-crops was not sustainable. The term
‘virtual water’ was first developed in 1994 by J. Anthony Allan (Allan 1994).
Allan defines virtual water as the water used to produce food crops that are
traded internationally. He found that a few countries characterized as water-
scarce have secured their food supply by importing water intensive food
products, rather than producing all of their food supply with inadequate water
resources. Limited water resources should be used efficiently by not
allocating the majority of the water resources to the production of water-
intensive products (e.g. crops, paper etc.) but rather water should be made
available for other economic purposes that can contribute more to regional
value added by consuming less water (Allan 1998; 2002).

Most of the studies on virtual water flows have been conducted in
drought areas such as the Middle East and North Africa and have
emphasized the amount of water embedded in different agricultural products
related to food security, with agriculture being the largest water consumer.



El-Kholei, A.

In recent years, the concept of virtual water has been extended to
refer to the water that is required for the production of agricultural
commodities as well as industrial goods (Hoekstra and Hung, 2003).
Nevertheless, discussions on virtual water issues have so far focused
primarily on food commodities due to their large share in total water use. With
the continuous intensification of water scarcity in many areas of the world, the
role of virtual water trade in balancing local water budget is expected to
increase (Yang et al., 2003).

Water scarcity, food security and virtual water trade topics have been
interesting research materials for many researchers. These efforts have
remarkably enriched the understanding of water and food challenges and
provided significant information for formulating national and international
policies to deal with them. Since the development of virtual water concept, it
has been widely used by academics and international organizations (Food
and Agriculture Organization'and World Water Council) in a wide range of
applications across developing and developed countries such as ( Hoekstra
2003; Hoekstra and Hung 2002, 2003, 2005; Chapagain and Hoekstra 2003;
Yang et al., 2003, 2006; Renault 2003; Oki et al., 2003; Zimmer and Renault
2003; De Fraiture et al., 2004; Oki and Kanae 2004; Wichelns 2004). The
obtained results from these studies vary to some extent, this is presumably
due to the different coverage in geographical scales and the food
commodities in the calculation. The variations also reflect the complexity of
site-specific conditions in different regions and countries.

The paper is structured as follows. The next section is devoted to
illustrate the aim of the paper. Data collection is the subject of part three of
this paper. Section four briefly offers an overview for water resources and
usage in Egypt. The fifth section investigates the tends in Egypt’s agricultural
trade. Section six discusses the employed methodology. The seventh and
last section is devoted to conclusion.

Aim of the Paper

The aim of this paper is twofold. First, it attempts to estimate the
volumes of virtual water embodied in Egypt's main agricultural trade. Thus,
enabling the estimation of what could be called ‘Egypt’'s water trade balance’.
Second, suggesting other options for achieving water security.

Data

Data was mainly obtained from Food and Agriculture Organization on
line statistical database (FAO), World Bank, and Ministry of Agriculture and
Land Reclamation published data.

Water Resources and Uses in Egypt.
Water Bodies and Nile River

' Related research work could be available via FAO website at the following

URL:
http://www.fao.org/about/en/?search=&cx=014355652153930272035%3Aoyu
gpnjadfs&cof=FORID%3A10&qg=virtual+water+trade&x=6&y=9#1056
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FIGURE (1): RIVERS, WATER BODIES AND IRRIGATION ZONES IN EGYPT
Source: FAO-AQUASTAT, online database.

The maijority of Egypt’s area (about 1 million Km2) is desert. Most of
the cultivated land is located close to the banks of the Nile River, its main
branches and canals, and the Nile Delta. Rangeland is restricted to a narrow
strip, only a few kilometers wide, along the Mediterranean coast and its
bearing capacity is quite low. The total cultivated area (arable land plus
permanent crops) is 3.3 million ha (2008), or about 3% of the total area of the
country. Arable land is about 2.8 million ha, or 85 percent of the total
cultivated area, and permanent crops occupy the remaining 0.5 million ha.
Moreover, in 2008, the irrigated cropland area was estimated at about 99.8%.

The River Nile (see Figure 1) is the main source of water for Egypt,
with an annual flow of 55.5 km®/Yr (stated by the Nile Waters Agreement of
1959). In addition to, agricultural sewage recycling water and internal
renewable groundwater resources in the Valley and Delta estimated at 11.1
km®/Yr and 8.6 km®/Yr respectively. For sewage recycling water and floods &
rains (1.8 km®Yr each) and only 0.1 km*/Yr for sea desalination water.

River Basins and Water Usage

Figures (1) and (2) shows that the Egyptian territory comprises four
main river basins. The Northern Interior Basin, (constituting 52% of the total
area of the country in the east and southeast of the country). The Nile Basin,
(accounting 33% in the central part of the country in the form of a broad
north-south strip). The Mediterranean Coast Basin, (about 6%), and the
Northeast Coast Basin, a narrow strip along the coast of the Red Sea
(covering 8%).
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Figure (2): Egypt’s Water Resources by Source during the period (2007-

2009) on average
Source: CAMPS

Figure (3): River Basins In Egypt FIGURE (4): PERCENTAGE
DISTRIBUTION OF WATER
USeEs (2007-2009 ON
AVERAGE)

Source: Centre of AMPS

Moreover, total water withdrawal in Egypt is estimated at about 78.9
km® (2008-2009 on average). Of which, nearly 78% is devoted for agriculture;
whereas about 14% and 8% are devoted for industry and domestic use (see
Figure 3).
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Egypt’s Agricultural Trade

In 2009, Egypt's GDP was estimated at about US$188.4 billion with
an annual growth rate of 4.6%. The value added of the agricultural sector
accounted for 14% of GDP, employing about 31% of the labor force.
Moreover, the aggregate exports and imports of goods and services reached
25% and 32% of GDP respectively. However, the agricultural exports and
imports were estimated at US$1.4 billion and US$5.5 billion respectively
throughout the period 2005-2009 (on average), representing about 12.5%
and 17% of total exports respectively during the same period.

The agricultural trade deficit grew from US$1.7 billion in 1974-85 to
US$2.5 and further to US$ 2.7 billion and US$3.2 billion in 1986-89, 1990-
2000 and 2001-2009 respectively. However, Figure 4 shows that, the
agricultural imports are about four times that of exports throughout the last
decade.
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FIGURE (5): EGYPT’S AGRICULTURAL TRADE THROUGHOUT THE PERIOD (1997-
2008)

This agricultural trade deficit is a direct result of the dramatic growth
in food imports, particularly wheat and wheat flour imports. This is
presumably in part due to the rapid increase in population (2.8% annual
growth) which was well in excess of the 2% growth in agricultural output. This
means that the domestic production of major crops, especially wheat, failed
to meet the growing demand for food. Consequently, imports increased and
the rate of self- sufficiency rapidly declined.

The paper assumes that agricultural exports Y; may be described by

a simple linear trend model Y;= o + BT + u ; where the slope is given by B,

T is a time trend and L, is a random variable of zero mean and constant

variance. Consequently we can recover the underlying trend by regressing
the variable (exports) on the time trend (7).
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Table (--) shows the modelling of the regression analyses for
agricultural exports and imports. The results depicts that all of the series
appear to be trending over time. Results from the t test results (at 1% level of
significant), depicts an evidence of statistical significance in both slope and
intercept coefficients for all investigated variables. Exports and imports are
significantly confirming the gradual increase in their trend. These results were
also confirmed by F test results (at 1% level of significant) see Table 1.

TABLE (1): ESTIMATED COEFFICIENTS FOR AGRICULTURAL EXPORTS AND

IMPORTS
- T P F
Coefficients SE ratio value (Calculated)
a 0.20 0.10 2.02 | 0.0711 N
Exports B 011 | 001 | 826 | 0.0000 68.26
R’ 0.87
v 2.32 0.82 2.84 | 0.0176
Imports Q 0.27 0.11 2.40 | 0.0373 5.76°
R? 0.67

Source: Author calculation.

Tables (1 & 2) and Figures (5 & 6) portrait a detailed picture for top
agricultural exports and imports, in addition to, their destination flows during
the periods 2003-2008 and 2006-2008. For exports, Table 1 depicts that,
main exports are ranked according to their value relative share throughout
the period 2008-2008 (on average) as follows; cotton lint (24.8%), milled rice
(23.5%), oranges (9.8%), potatoes (8.9%), molasses (4.3%), grapes (3.4%),
dry onions and dehydrated vegetables (3.3%) each and frozen vegetables
(2.9%). Whereas, imports (during the same period), included 5.6 million tones
of wheat, 3.9 million tones of maize, 0.15 million tones of beef and veal, 0.6
million tones of palm oil, 0.7 million tones of soybeans and 0.4 million tones
of sugar.

Figures 5 and 6 reveals that, the European Union (EU) and the
United States (US) are Egypt's largest trading partners accounting for about
52% of Egypt's foreign trade (2006-2008 on average). Almost 54% of all
Egyptian imports originate from these two sources. Relations with Europe
dominate Egypt's trade policy. The (EU) accounts for about 38% of Egypt's
foreign trade. The EU accounted for 39% of exports and some 33% of
imports in 2008. Germany, lItaly, The Netherlands and France are the most
important trading partners. In 2008, Egypt imported more than three times as
much (in value terms) from the EU as it exported to the EU?.

% In 2008, Egyptian imports from the EU accounted for 4.4 billion US$ while
exports to the EU were estimated at 1.1 billion USS$.
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FIGURE (5): EGYPTIAN EXPORT FLOWS TO WORLD COUNTRIES FOR MAIN AGRI-
PRODUCTS DURING THE PERIOD 2006-2008 (ON AVERAGE)

Source: FAO online database.
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FIGURE (6): THE SHARE OF WORLD COUNTRIES IN EGYPT’S MAIN IMPRTS DURING

THE PERIOD 2006-2008 (ON AVERAGE)
Source: FAO online database.

Virtual Water: Concept and Methodology.
Concept

Owing to Kumar and Sharad (2007), virtual water content of a
product depends upon the technology and conditions of production.
Considerable saving of water is possible if water-efficient technology is
employed to produce the product. Further, water consumed in a production
process also depends upon climate; more water is needed to produce each
unit of a crop in arid climates compared to that in humid areas. The virtual
water content of various primary and processed crop products, livestock
products and industrial products for different countries was estimated by
Chapagain and Hoekstra (2004). While computing the virtual water content of
products, a distinction is made between primary products (e.g. vegetables),
processed products (e.g. sugar), and transformed products (e.g. cheese).
Some processes may yield multiple products and in this case, total quantity of
water used is allocated amongst these.
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Further, not all products require water and for such items, virtual water
content is nil. The virtual water content of a crop in a country is calculated as
the ratio of total water used for the production of the crop to the total volume
of the crop produced in that country. Crop water use is assumed to be equal
to the crop water requirement, which is calculated by accumulation of data on
daily crop evapotranspiration over the complete growing period. Crop water
requirements for different crops have been calculated10 using the
CROPWAT model of the Food and Agriculture Organization (FAQO), United
Nations.
Methodology
Estimation of Virtual Water and Virtual Water Trade Balance

Per crop type, average specific water demand has been calculated
separately for each relevant nation on the basis of FAO data on crop water
requirements and crop yields:

CWR .,

CY

SWD |, =

Where,
SWD = denotes the specific water demand (m®ton™) of crop ¢
CWR = crop water requirement (m>feddan™)

CY = crop yield

However, Virtual water flows between have been calculated by
multiplying the crop trade flows by their associated virtual water content. The
latter depends on the specific water demand of the crop. Virtual water trade is
thus calculated by:

VW) =CT .y xSWD,
.................................................................. 2)

Where,

VWT= denotes the virtual water trade (m’ton™) in year t as a result of trade in
crop ¢

CT = represents the crop trade (ton yr™") in year t for crop ¢
SWD = denotes the specific water demand (m®ton™) of crop ¢

Thus, the gross virtual water imported to Egypt is the sum of all
imports that could be represented as follows:

GVWIL =D VWL oo 3)

Similarly, the gross virtual water exported from Egypt is the sum of all
exports that could be represented as follows:

GVWE([) = Z VWQ,,) ................................................. (4)
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Then, the net virtual water import of Egypt is equal to the gross virtual
water import minus the gross virtual water export. The virtual water balance
of for year t can thus be written as

NVWI,  =GVWI  —GVWE, . oo (5)

In which, NVWI stands for the net virtual water import (m°yr”) to the
country. Net virtual water import to a country has either a positive or a
negative sign. The latter indicates that there is net virtual water export from
the country.

In practice, the first step to estimate Egypt’s agricultural virtual water
trade is to calculate its agricultural virtual water exports. To achieve this goal,
it is necessary to estimate the specific water demands for main agric-exports
by the aid of area, production, yield and crop water requirement per feddan
data. Table (4) shows that crops are differing widely in their water use, for
example, producing one ton of raw cotton requires about 4337 m?®, while it
accounts for sunflower, lentils and soybean about 2853 m® (on average). Next
come rice (1931 m?), dry beans (31469 m?®), oranges and apples (1372 m*on
average3), broad beans (1001 m~), green beans, grapes, maize and wheat
(900 m” on average), vegetables, dry onion and potatoes (286 m® on
average) and lastly sugarcane (191 m®).

Estimation of Water Scarcity, Dependency and Self-sufficiency.

Countries with high water scarcity is seeking profit from net virtual
water import, while others with excess water resources could make profits by
exporting water in virtual form. In order to check this hypothesis, we need
indices of both water scarcity and virtual water import dependency. A proper
indicator of ‘virtual water import dependency’ or ‘water dependency’ should
reflect the level to which a nation relies on foreign water resources (through
import of water in virtual form). However, the study adopted the way
employed by (Hoekstra and Hung, 2005) to calculate water dependency WD
and water self-sufficiency WSS, which could be estimated as follows:

NI oo
WU + NVWI

Where, WU is the total water use in the country. However, the value
of the water dependency WD is expected to range between 0% and 100%. A
value of zero means that gross virtual water import and export are in balance
or that there is net virtual water export. If on the other extreme the water
dependency of a nation approaches hundred percent, the nation nearly
completely relies on virtual water import.

As a counterpart of water dependency (WD), water self-sufficiency
(WSS) indicates the national capability of supplying the water needed for the
production of the domestic demand for goods and services. Self-sufficiency is
100% if all the water needed is available and indeed taken from within the
country. Water self-sufficiency approaches zero if a country heavily relies on
virtual water imports. However, it could be estimated as follows:
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WSS = — Y 100 @)
WU + NVWI
Or, in other words

WSS =100 —=WD ..o (8)

TABLE (4): AREA, PRODUCTION, YIELD, CROP WATER REQUIREMENT AND
SPECIFIC WATER DEMAND FOR MAIN AGRICULTURAL CRPOS IN
EGYPT THROUGHOUT THE PERIOD 2003-2009 (ON AVERAGE)

ltem Area Production Yield Rig:.l’?r‘(levr::aer:t*
(000 Fed) (000 ton) (ton/Fed) (m/Fed)

Cotton 520.3 545.8 1.0 4337 4337
Rice 1623.8 6744.3 4.2 8109 1931
Oranges 453.4 2060.4 4.5 5733 1274
Potatoes 100.0 1194.5 11.9 3200 269
Sugar cane 324.8 16614.3 51.2 9789 191

Grapes 317.3 1478.0 4.7 4305 916
Onions, dry 98.3 1460.8 14.9 4104 275
\Vegetables 857.6 8950.4 10.8 3375 313
Beans, dry 58.5 72.3 1.2 1763 1469
Beans, green 218.5 429.3 2.0 1986 993
Wheat 2961.8 8038.3 2.7 2260 837
Maize 1401.3 5817.3 4.2 3591 855
Soybeans 19.5 26.0 1.3 3620 2785
Sunflower 33.7 33.9 1.0 2922 2922
Broad beans 192.3 274.0 1.4 1402 1001
Lentils 1.8 1.3 0.7 1996 2851
IApples 122.4 555.8 4.5 5200 1156

Source: Complied and calculated from FAO online database.
Data for this column is mainly obtained from Central Agency for Public Mobilization and
Statistics (CAMPS).

RESULTS

Main Findings

Relying on specific water requirements per ton (previously estimated
in Table 4), the study could estimate virtual water trade for main agric-
products. Tables (5 and 6) depicts that the total virtual water embodied in
main agric-exports and imports during the period 2003-2008 (on average)
are estimated at about 6.69 billion m*> and 27.5 billion m® (on average).

Table 5 shows that, rice export is ranked the first in its virtual
embodied water that accounts for about 2119 million m®. Next come
molasses and cotton lint (1833 million m® on average), oranges §350 million
m3), broken rice and cheese of whole cow milk (142 million m~), potatoes
(100 million m?), dry onions (68 million m®), dry beans
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The average quantity values for imports and exports may differ from that
listed in Tables (1 and 2), that is because they have been adjusted to be
equivalent to exported or imported parity quantities. For example, one ton of
raw cotton needs about 12047 M® of water to be produced, but Egypt exports
lint cotton not raw cotton. However, one ton of raw cotton yields about 31.8%
of lint, i.e, 0.318 ton of lint. In other words, the average exported quantity of
cotton lint during the period (2003-2009 on average) accounted about 126
thousand ton (see Table 1), this quantity needs a production of 396.2
thousand ton of raw cotton or a requirement of 1718x10° M2,

! Sugar cane have a high water content, accounting for about 75
percent of the total weight of the plant. The sugar content of sugar cane
ranges from 10 to 15 percent of the total weight. The yield of molasses per
ton of sugarcane varies from 3.5 to 4.5 percent (for more detail, see
Gonsalves, 2006).

2 0il and protein content account for about 60% of dry soybeans by
weight; protein at 40% and oil at 20%. The remainder consists of 35%
carbohydrate and about 5% ash. Soybean cultivars comprise approximately
8% seed coat or hull, 90% cotyledons and 2% hypocotyl axis or germ (Qil
World, 2008)

® Average oil content of the seed: 40-50% (Entire fruit), 50-60%
(kernel only).

* Modern high-yielding varieties developed by breeding programs,
under ideal climatic conditions and good management, are capable of
producing in excess of 20 tonnes of bunches/halyr, with palm oil in bunch
content of 25 percent. This is equivalent to a yield of 5 tones oil/halyr
(excluding the palm kernel oil), which far outstrips any other source of edible
oil (41 million m3g, grapes (27 million m®), green beans and frozen vegetables
(14.5 million m® on average) and finally 6 milion m® for de-hydrated
vegetables.

Whereas, Table (6) shows that imports of palm oil constitutes about
35.2% in its imported virtual water during the same period. Whereas, wheat
and maize account for 20.5% and 12% respectively. Next come beef and veal
and soybean (6.9% on average), soybean oil and cotton lint (4.9% on
average), sunflower oil (2.9%), raw sugar (2%), lentils and soybean (1.2% on
average) and finally refined sugar, apples and potatoes (0.6% on average)

Moreover, Figure (7) illustrates the trend of imported and exported
virtual water throughout the period 2003-2008. For imports, it shows a
gradual increase in virtual imported water from 2003 to 2005, this increment
may be explained by the gradual rise in Egyptian agric-imports throughout
this period. Then, a significant fall in 2007 that could be explained by the
dramatic fall in palm oil imports by about 65%. Finally, a dramatic rise in 2008
that presumably due to the significant rise in wheat, palm oil and soybean oil
imports (see table 6).
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FIGURE (7): VIRTUAL WATER EMBODIED IN AGRICULTURAL EXPORTS AND
IMPORTS DURING 2003-2008
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For agric-exports, it is obvious that they could be characterised by
relatively stable trend till 2005, then it shows a slight fall in 2006 that could be
explained by the fall in cotton lint exports. However, the trend returned back
to its level in 2007 and then sharply fell in 2008 due to the significant fall in
milled rice and molasses exports (see Table 5)

Table (7) shows that Egypt enjoys a water self sufficiency estimated
by about 77% (on average) during the period 2003-2008. However, it varies
from year to year relying on the associated volumes of imports and exports.
Moreover, this result mirrors the obtained results in Figure (7).

TABLE (7): WATER DEPENDENCY AND SELF-SUFFICIENCY IN EGYPT DURING 2003-
2008

I 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | Average
Water Dependency (WD) B 19 28 28 19 32 23
Water Self-Sufficiency (WSS) | 91 81 72 72 81 68 77

Source: Author calculation

Consistency/Inconsistency of Results Estimated by This Study and
Other Studies.

A number of studies have estimated the virtual water trade and/or
content for Egypt in about the last two decades. Table (8) shows the results
obtained from previous studies compared to this study. Despite the
differences in the selected agric-products and the methodology of the
obtained results, they reveal two main findings.

First, the study results are consistent with the results estimated by
other researchers during the periods of study. For example, the exported
virtual water (during the period 2003-2009) for livestock products in this study
is estimated at 141 (106m®), where as the average for the same measure in
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previous studies is about 148 (106m>) and 221 (106m®) during the periods
2003 and (1997-2001) respectively.

Second, the estimated imported virtual water during the periods
1995-2001 (that were estimated by earlier studies) are significantly different
from those estimated by this study during the period 2003-2009, which is
consistent with the gradual increase in Egypt's imports (see Table 3 which
shows an annual growth rate of imports by about 21.9%). The same outcome
is observed when the estimates of imported virtual water for livestock
products in this study are compared with those from other studies.

TABLE (8): EGYPT’S VIRTUAL WATER TRADE RESULTS DURING 1995-2009

Hokestra and Hung, (2002)

Hokestra and Hung, (2003). 902 16937
Crop Products 16036
1995-1999 (Chapagain and Hokestra, _ Livestock 2374
(average) ((2003). Products
Total 18410
Average 902 17674
Zimmer and Renault,
1999 (2003). 1000 22000
Crop Products 1755 |Crop Products 11445
1997-2001 Livestock Livestock
(average) Products 221 Products 1466
Total 1976 |Total 12911
Chapagain and Hokestra, Qrop Products - Qrop Products -
(2003). Livestock 148 Livestock B
Products Products

Crop Products 6549 |Crop Products 25627

2003-2009 . Livestock Livestock
(average) This Study Products 141 Products 1920
Total 6690 |Total 27547

Source: Author calculations.

Is There a Need for Rethinking on Egypt’s National Food and Water
Security?
Irrigation Water Rationalization

Regardless all expenditures paid for the new irrigation systems in
new land, a considerable number of farmers tend to ignore the existence of
these systems and use surface irrigation instead. They do not know much
about crop water requirements to restrict themselves to fulfilling their crops’
actual requirements. Thus, all components - knowledge, beliefs, or
experience - should be changed by the implementation of an effective
scientific approach that affects their practices. However, this should go hand
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in hand with other changes needed in the water distribution system to ensure
a fair, timely, and sufficient distribution process. Rational practices of water
use and the high economic value of water were found closely related to the
farmer’s educational status and the type of irrigation system applied. The
correct knowledge is a prerequisite for positive attitudes and rational
practices of water use: the awareness campaigns about water value should
be undertaken to impose national use of water on all users, whether in the
agricultural, industrial, or other sectors (MWRI, 2002).

Gad and Ramadan (2009) argued that, the government has imposed
modern irrigation methods in the new lands, however the relatively high
maintenance costs caused the farmers to remove drippers or sprays and thus
convert modern irrigation methods into surface ones. The government is
planning to switch the orchards and other fruits farms into drip irrigation to
save about 0.75 BCM/year. The main obstacle that faces this program was
providing the funds needed for modernization. Farmers have no significant
incentive to share the cost, as long as the government provides their water
requirements free of charge. The crops of high water requirements are mainly
sugarcane, banana and rice. Sugarcane is cultivated in Upper Egypt with a
total area of about 325 thousand feddan. However, one Feddan of sugarcane
consumes triple the amount of water required for one Feddan of sugar beets,
it is too difficult to divert sugarcane agriculture into sugar beets. Firstly,
because most of the existing sugar mills are sugarcane mills. Secondly,
sugar beet is a winter crop and may not be suitable for the relatively hot
climate of Upper Egypt. Therefore, the alternative may be the improvement of
the irrigation methods for sugarcane to decrease the losses. The same argue
could be seen in the case of rice. In which, it became one of the most
important lucrative crops for farmers and one of the most important Egyptian
exportable crop in the agricultural sector. lts cropped area has gradually
increased from about 0.97 million feddan throughout the 80’s to about 1.3
million feddan during the 90’s and further to 1.6 million feddan during 2003-
2009 (on average).

Reducing Food Wastage

Vama and De Fraiture (2009) noted that, the increasing consumption
of meat and shift to diets based on meat from grain-fed cattle has increased
the demand for water significantly. A vegetarian diet requires 2000 litres of
water a day to produce, whereas a non-vegetarian diet requires 5000 litres,
more than twice the amount (Renault and Wallender 2000). The potential to
reduce the demand for water through policies that affect food consumption
patterns exists, however it is very difficult to influence or change food habits.
At present, most efforts to reduce water use are focused on food producers
rather than food consumers. One other option to reduce water use in food
production is to limit the wastage of food. It is estimated that about 40% to
50% of agricultural produce is lost at different stages during the chain from
cultivation of the crop to its consumption. At field scale, pathogens and pests
can result in between 20%-40% of the harvest being lost. Transportation of
the product and processing can result in about 10% and 15% of loss
respectively, although at this stage the losses could reduce the economic
value of the food product between 25%-50%. At the retail and consumption
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stage, considerable losses also occur as perishable, unused food is
discarded. The quantities of food lost at this stage vary greatly between
countries; in the US, about 25% of fresh food and vegetables is not
consumed, while in developing countries it is about 10%. Although the
estimates for the quantity of food wasted vary, there is still great potential to
reduce wastage and thus save water.

Conclusion

In the early 1990s, Tony Allan introduced concept of ‘virtual water’ as
a tool to describe the ‘virtual’ water flows exported from a region as a result of
export of water-intensive commodities. The aim of this paper is to
quantitatively assess the virtual water flows in Egypt’s agricultural trade.

In line with Zimmer and Renault (2003), the water consumed in the
production process of an agricultural or industrial product has been called the
'virtual water' contained in the product (Allan, 1998). If one country exports a
water intensive product to another country, it exports water in virtual form. In
this way, some countries support other countries in their water needs. For
water-scarce countries, it could be attractive to achieve water security by
importing water-intensive products instead of producing all water demanding
products domestically. In contrast, water-rich countries could profit from their
abundance of water resources by producing water-intensive products for
export. Trade of real water between water-rich and water-poor regions is
generally impossible due to the large distances and associated costs, but
trade in water-intensive products (virtual water trade) is realistic (Hoekstra
and Hung, 2002). Virtual water trade between nations and even continents
could thus ideally be used as an instrument to improve global water use
efficiency, to achieve water security in water-poor regions of the world and to
alleviate the constraints on environment by using best suited production sites
(Turton, 2000).

Virtual water trade is an interesting concept which is getting more
attention from researchers and practitioners regardless not being considered
in decision- making. However, there are countries that suffer from water
shortage and still involved in production processes that consume large
quantities of water. Nevertheless, it is a useful concept, which is likely to gain
more attention and wide applications in future. In other words, it may play a
role in making agricultural choices and deciding the country’s trade of what to
export or import. Moreover, it may be useful in evolving water management
policies by being integrated with other aspects such as engineering, financial,
social, food and energy security, as policies that has been evolved on virtual
water consideration only might not be optimal and acceptable.

The results suggest that Egypt has exported an average of 6.7
109m3/yr and imported about 27.5 10 m3/yr with a net import of 20.9 109m3/yr
of virtual water related to crop and livestock products throughout the period of
study 2003-2009. Thus, Egypt is to be considered a net importer of virtual
water.
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