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Abstract

The article is grounded on the rapid demand growth and supply
constraints, which have imposed unprecedented pressure on water
resources in Iran. Virtual water import has been recently discussed
as a policy to tackle water scarcity and so the study calculates
(with input-output technique) virtual water flows between Iran
and European Union (EU 28) in 2011. The results show that Iran
has been a net importer of virtual water in trade with the EU28,
with net imports of about 667 million m3. The largest Virtual
Water Export from Iran to the EU28 are respectively to Germany,
Spain and ltaly, which accounted for more than 74% of the total
virtual water exports. By contrast, the Netherlands, Germany and
Austria have been the largest virtual water exporters to Iran, with
a total share of over 68.8% of the total. In any case, while Iran's
virtual water import from the EU28 is about 2 times as much as
virtual water exports, the value of Iran's imports from the EU28 is
more than 7.6 times of its exports. An indicator developed shows
that Iran's exports to the EU are high water-intensive but Iran's
imports from the European Union are low water intensive.

Highlights

e Net virtual water imports from the EU28 to Iran are positive and is about 667 million m3.
. Iran's exports to the EU relatively are high water-intensive but Iran's imports from the EU are

low water-intensive.

. In order to examine the theory of comparative advantage for water resources, it should not only
consider positive or negative net virtual water imports, but it is also necessary to evaluate this
criterion in comparison with the values of exports and imports.
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1. Introduction

According to Ricardo's comparative advantage theory, trade between
countries increases consumption and welfare in all trading countries. The idea
behind this theory is based on the difference between the opportunity cost of
resources used to produce goods and services. Riccardo believes that if the
opportunity cost of producing two products varies between countries A and B, the
existence of trade between the two countries, each of which produces low-cost
goods, will increase welfare in both countries (Widodo, 2009). Although, the
traditional model of comparative advantage theory only emphasized the
opportunity cost of the capital and labor (as factors of production), over time and
with sharp decline in natural resources such as water, these factors have also
become important in the production of various products and are important in
assessing the comparative advantage of different products in countries.

In recent years, the sharp increase in demand for water resource and the
scarcity of global water resources have led many researchers to consider the water
used to produce of different products as an important factor in measurement of
opportunity cost of those products. This is done with the help of a concept called
"virtual water”. This concept was first introduced by Allan in the early 1990s
(Allan, 1994) and refers to the volume of the water used in various steps of
produce a commodity or service (Hoekstra & Chapagain, 2007; Zhao et al., 2009).
According to Allan idea, water-scarce regions such as Middle Eastern countries
can save their water resources by importing water intensive commodities instead
of producing them internally. Although, Alan is not an economist, his idea of
virtual water trade has extensively been discussed and criticized among
economists. Many economists have tried to comment on their idea in the
framework of comparative advantage theory and Heckscher-Ohlin model.

Over the past few years, there has been a growing interest among economists
and water experts in examining virtual water trade between different countries
(Hoekstra, 2010). Accordingly, many researchers have calculated the virtual
water trades between countries and regions around the world based on Allen's
idea. These studies have evaluated the virtual water trade from the perspective of
normative economy and have provided policy recommendations. For example
Chapagain and Hoekstra (2004) calculated the water footprint of 181 countries
during the 1997-2001. Feng et al. (2012) examined the virtual water flows and
water footprints in the Yellow River Basin. Cazcarro et al. (2013) evaluated the
virtual water flows and water footprints in different regions of Spain as well as
the impact of trade in these regions (with each other and with the outside world)
on domestic water resources. Lenzen et al. (2013) assessments the global flows of
virtual water due to the concept of scarce water. Mubako et al. (2013) examine
the direct and indirect water consumption and virtual water trade in California and
Illinois. Huang et al. (2016) calculated virtual water trade between 30 provinces
of China. Lutter et al. (2016) examined the water footprint and the virtual water
trade in the European Union. Serrano et al. (2016) assessment the virtual water
flows in the European Union. Chen et al. (2017) estimates the water footprint and
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virtual water transfer between provinces of China. Liu et al. (2019) traced virtual
water trade between different regions of China. Zhang et al. (2021) calculated the
virtual water trade between the Yellow River Delta and other provinces of China.
The joint recommendation of all these studies is that trade-in products between
different regions of the world should be in a way that virtual water flows from
water-rich to water-poor regions.

On the opposite side in some studies, this issue has been examined in the
form of a comparative advantage theory from the standpoint of positive
economics. These studies have examined the comparative advantage of water
resources and have evaluated whether virtual water has been flowing from water-
abundant regions to water- scarce countries. For example, Sayan (2003) tested the
Heckscher—Ohlin theory within the context of trade patterns of 11 relatively
water-abundant and relatively water-scarce countries. Reimer (2012) tried to
place the concept of virtual water on an economic framework. Dang et al. (2016)
developed a theoretical model to considere four tradeoffs involving water-use
decision-making. Afkhami et al. (2018) examine the comparative advantage
theory in virtual water trade with respect to the relative abundance of capital. Zhao
et al. (2019) given the theory of comparative advantage tries to explain why trade
patterns often does not support the virtual water hypothesis.

Statistical evidence suggests that virtual water used in international trade is
almost equivalent to one quarter to one-third of the total volume of global water
withdrawals (Hassan et al., 2017; Mekonnen & Hoekstra, 2011; Lenzen et al.,
2013). This shows that international trade has a very high potential for the world's
redistribution of water resources. The present study deals with the review of the
trade between Iran and the EU28 in 2011! in the context of the normative
economics. However, the results refer to comparative advantage theory; these
results have been examined from the positive economics point of view. In fact,
the current paper investigates whether the pattern of trade between Iran and the
European Union is to protect Iran's scarce water resources, or this pattern has
increased the pressure on these resources. For this purpose, the output- input
model has used. In this article, for the first time, Iran's virtual water trade with a
group of countries is examined by country-sector. Furthermore, a new index is to
measure the relative water-intensity of Iran's exports and imports.

The article is organized as follows: The second section describes the some
economic and climatic characteristics of Iran and the EU28. The third section presents
the research methods and data. The fourth section provides the findings and fifth
sections describes the research limitations. Finally it concludes in section six.

2. Some Economic and Climatic Variables of Iran and the EU28 in 2011
In 2011, Iran has a population of 75.5 million, accounting for about 1.1% of
the world's population, the eighteenth largest country in the world (World Bank,

! The study period in this paper is year of 1390 in the Iranian calendar, and this year is not perfect match with 2011.
Therefore, the data provided in this article may not be fully compatible with the data in the EU28 statistical sources.
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2015). According to the World Bank data, the value of Iran's GDP in this year is
about $ 592 billion (current US $), which accounts for less than 0.82% of global
production. The EU has 28 countries in 2011, while its population comprised only
about 7.1% of the world's total population (about 505 million) in this year, but
with a GDP of about $ 18336 billion, nearly a quarter produced the entire global
product. In other words, the European population is about 6.6 times more than
Iran, while its production is about 30 times. This has led to significant difference
in the per capita GDP of these two regions.

Iran is located in dry and semi-arid region, with 65% of the country is
considered to be arid and 20% is semi-arid (Madani, 2014). The average annual
precipitation in Iran is about 250 mm; almost one-third of the global average,
while average annual evaporation rates in Iran are about three times the global
average (zakeri & momeni, 2015). The disparity between spatial and temporal
rainfall is another factor that has hit the country with adverse climatic conditions.
About 75% of the country's annual precipitation is belongs to only 25% its area,
and much of this rainfall occurs outside the agricultural season (zakeri & momeni,
2015; Madani, 2014). Iran's per capita renewable freshwater in 2012 was
estimated to be 1639 m? (less than one-third of the world average) and Iran's
renewable freshwater withdrawals in 2007 was over 72% of internal resources.

Despite the fact that water resources are under pressure in many European
countries (Serrano et al., 2016), the per capita renewable water resources in this
union is about 1.8 times of Iran (2979 m3). The EU's share of the world's total
water resources is only about 4%, which is 40% less than its share of the total
population (Serrano et al., 2016). However, in 2014, the fresh water withdrawals
in the European Union was only about 15% of the total internal resources. Table
1 shows some of the economic and climatic indicators of Iran and EU28 in 2011.

Table 1. Some economic and climatic indicators of Iran and EU28 in 2011

. gross domestic Renewable
Population product \Water Annual
Total % of  Resources freshwater
: percentage Total - withdrawals
Population the per capita
e of the total (current - (% of
(Million world US b$) total (cubic domestic)
people) world meter)
Iran 75.5 1.1 592 .81 1639 72
E%gﬁea" 504.4 71 183364 251 2979 15.2
The
world 7015 100 72923.7 100 6064

Source: https://data.worldbank.org/

According to the evidence shown in table 1, from the perspective of
normative economics, in order to reduce the pressure on scarce water resources
in Iran and to increase the productivity of global water use, the pattern of trade
between Iran and the European Union should be such that virtual water flows from
the EU to Iran. From the perspective of positive economics, if we consider water
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resources as an input, by measuring the opportunity cost of using these resources,
it can be expected that Iran as a water-poor country, in its trade with the EU, must
import high water-intensive products and export low water-intensive products.

3. Methods and Data
3.1 Methodology

Input-output model was used to calculate the virtual water embodied in the
products traded between Iran and the EU, because this model can, in addition to
direct water use, also calculate the amount of indirect water used to produce
products in each economic sector. Generally, in previous studies, to calculating
the virtual water embodied in different products, two approaches have been used,;
bottom-up and top-down approaches (Feng et al., 2011). In the bottom-up
approaches, to calculate the virtual water of a sector (or product), the whole supply
chain is not taken into account and there is a so-called truncation error. On the
other hand, there are top-down approaches refers to input-output analysis, which
consider all supply chain loops of a product for the calculation of virtual water
and avoids the truncation errors (Feng et al., 2011, 2012). In fact, each economic
sector uses a combination of different inputs to produce its products, each of
which, in turn, requires the use of a set of inputs. On the other hand, the production
of each input requires the use of water at different stages of the production
process. These interdependencies between different economic sectors, lead to that
increase in production in each sector indirectly affect water resources, through
changes in production of other sectors. The input-output model is capable of
tracing and calculating all the indirect water use from the origin to the final
destination (Duarte & Yang, 2011).

3.1.1 Input-Output Analysis Framework

Input-output is an analytical framework for modelling the inter-sectoral
transactions in an economic in specific geographic region (nation, state, county,
etc.) practices, developed by Wassily Leontief in the late 1930s (Miller & Blair,
2009). The basic idea of this model is that the output of each economic sector is
distributed among other sectors of the economy (intermediate demand) and final
consumers (final demand). This idea is described in form of linear equation
system (1):
X=Xyt Xpt -t X, +Y,

Xy =Xyt X+ X, + Y,

1)
Xn = Xn1+Xn2 +"'+Xnn + yn
n
X = z Xi +Yi 2
j=1

Where n denotes the number of economic sectors, x; represents the total gross
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output of the i-th sector, x;j is the inputs from sector i to sector j, and y; also denote
the final demand of sector i. The matrix form of the equations 1 and 2 and its
solved form are shown in the form of equations (3) and (4):

X =AX +Y 3)
X =(-A)7"Y (4)
A=[a] a; =% /X, ®)

Where X denotes the gross output vector, [A]aij is the matrix of the technical

coefficients, and Y is the final demand vector. The element a;; of the matrix A
represents the amount of input from sector i, which is required to increase one unit

output in sector j. Moreover, [1],, is the identity matrix and (I - A)ﬁ1 called the

Leontief inverse matrix. The l;; element of the inverse Leontief inverse matrix
represents the total (direct and indirect) output of sector i, which is required to
increase one unit of monetary final demand in sector j. in other words, elements
of Leontief inverse matrix representing the total production every sector must
generate to satisfy the final demand of the economy (Velazquez, 2006).

3.1.2 The Extended Water Input-Output Model

One way of extending input-output model for environmental analysis is to
add a vector of pollution output (or natural resource use) to the input-output table
(see Miller & Blair, 2009). Based on this method, the first stage of the present
study is to calculate the direct water-intensity of different sectors. This is done
using equation (6), whose matrix form is in the form of equation (7):

wj =w; /x (6)

W =W (X)™ W)

Where x; and w; represent the total output and total water consumption in the
sector j, respectively. The w;® is also direct water intensity of the sector j, and
determines how much water sector j consumes (in direct form) to produce one
unit of its output. Total direct water intensity (direct and indirect) in each sector
can be shown by Eq. (8) (Wang et al., 2009):

n
t d t
wi=wd + > way (8)
i=1
The first part of the right side of the equation 8 shows direct water intensity
while the second part shows indirect water intensity (indirect consumption of water
per unit of production) of sector j. By solving the equation 8, equation (9) obtained:

wi=w(1-A" )

Where, W9 and w! refer to direct and indirect vectors of water intensity of
economic sectors, respectively. Equation (9) calculates a vector, each element of
which indicates that if the final demand of a particular sector is increased one unit,
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how much water will be used directly and indirectly in the whole economy. In
order to show the total amount of water needed to satisfy the final demand of each
sector, equation 9 multiplies the final demand vector. Therefore, by multiplication
of the final demand changes (AY ) in the equation 9, the change in water

consumption of each sector (AW ) is obtained:
W =W -A)Y (10)

AW =W (1 - A)TAY (12)
Since exports are part of the final demand, by replacing Y with the export

vector (E), the vector of virtual water exports (the amount of virtual water

embodied in exports) is obtained:

VWE =W (1 -A)"E (12)

Where E and VWE, represent the value of exports and virtual water Export,
respectively. It can be expected that some of Iran's exports to EU countries
(especially agricultural products) will be re-exported from these countries without
being used. For example, a large volume of Iranian exports of saffron to Spain,
after packaging, will be exported again from Spain. But this does not harm the
results of the research. The focus of this study is on the export and import of
virtual water from Iran, and its results show the amount of water exported to EU
without paying attention to the issue whether it is consumed there or re-exported.

Calculation of virtual water imports is more complicated than exports,
because imported Iranian products come from different countries with different
technologies, and formulating it as a single-regional input-output model is not
possible. To solve this problem, it is assumed that the technology of production
of imported products are similar to those of domestic products. This assumption,
given the research objectives and considering Renault’s (2003) definition of
virtual water, does not detract the results of the study. Renault (2003) says that
virtual water embedded in the import of a country is not the actual amount of
water used to produce it, but the amount of water used by the country if these
products were produced inside it. This definition will make it clear exactly how
much water is saved by importing products instead of producing them inside
(Zhao et al., 2009). Nevertheless, when the scale of analysis has expanded to all
countries in the world, and the target is the global water, this method cannot be
applied, and the technological differences of various countries should to be
considered (Chen et al., 2018).

When a country (region) imports goods, it saves the amount of water needed
to produce it domestically, and the water saved is equal to the water consumption
needed to produce the goods in the importing country. Therefore, the amount of
water saved due to imports, is only related to the level of productiontechnology.
Although, this is an unrealistic assumption and the virtual water content in this
method is not the actual water consumption, but this method can better reflect the
influence of the import on the water resources in the country (Chen et al., 2018;
Cegar, 2020). For example, agricultural technology in the Netherlands is much
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more efficient than that of Iran, and the production of each unit of agricultural
production in this country needs much less water than its production in Iran.
Importing virtual water embodied in Dutch products does not mean how much
water has been used in the Netherlands to produce it, but it means that if these
products were produced in Iran rather than the Netherlands, how much water was
consumed in lIran. Some researchers do not accept the same technology
assumption and to overcome this problem, they use the multi-regional input-
output model (for example see Feng et. Al, 2012). In this paper, in accordance
with Renault's definition of virtual water imports, the assumption of the same
technology is applied

Considering the economic structure of Iran, it can be assumed that the re-
export of imported products in Iran is zero (see Banouei, 2012). Thus, with the
assumption of competitive imports, Iran's virtual water imports calculated in line
with its export using Equation (13):
VWI =W (1 - A IM (13)

Where IM is import values and VWI represents the amount of virtual water

import. Clearly, the net import of virtual water (NVWI) equals with virtual water
imports minus virtual water exports:

NVWI = IM,,, - EX,,, (14)

3.1.3 Measure the Relative Water-Intensity

In this study, a new index is defined to measure the relative water-intensity
of Iran's exports and imports from the European Union and its member countries.
This index can show the relative water-intensity of import (export) to a country
(region) compared to other countries (regions). This index difined as equations
(15) and (16):

VWE!'
u,, =# (15)
_@
Up, = % (16)
im An

Where ue and uin' are the relative water intensity of Iran's exports to and
imports from region i. If these indicators are used to compare the relative water
intensity of the Iran’s imports and exports from (to) an EU-country, compared
with the rest of the EU, the index i refers to that country, and the non-index
variables represent the whole of Europe. But if the mentioned indicators are used
to compare EU with the whole of the world, then the variables with the index i
represent the European Union and the non-index variables represent the whole
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world. If the value of this indicator for a region is greater than one, this means
water intensity of Iran's exports (or imports) to (from) the region is higher than
the other regions (EU28 or the whole world), and if this index is smaller than one,
it means that these products have relatively low water intensive.

3.2 Data

The data used in this study consists of three distinct sections as follows.
First, inter-sectoral relationships data (input-output table). The office of Statistical
Center of Iran, with a ten-year rotation, provides the input-output table of Iran.
The latest is for 2011, which includes 99 sectors. In this study, considering the
limitation of water data, these sectors were aggregated in 27 sectors.

The second data category concerns with water consumption data in different
sectors. These data was collected from various organizations. Water consumption
data in agricultural and mining sectors were extracted from Water Resources
Management Co and Statistical Center of Iran, respectively. According to the
report of Iran Water Resources Management CO, the total drinking water
consumption in Iran in 2011 was about 8826 million m3. But according to the
report of the National Water and Wastewater Eng. Co, in 2011, about 3793 million
m?® water was consumed in the household sector. Therefore, it can be said that
other drinking water consumptions (5033 million m?) has been consumed in the
service sector. Water consumption data in manufacturing sectors (sectors 3 to 23
in table 2) is collected from the reports of the Statistical Center of Iran. This data
includes two sections: industrial units with 10 or more workers and industrial units
with less than 10 workers. According to the reports of the Water Resources
Management Co, the total water consumption in the Iran’s industrial sectors has
been about 2470 million m3. This includes water consumption in all sectors of the
economy except agriculture and services.Therefore, in the present study,
according to the study of Zakeri and Momeni (2015), the difference between the
this and the total water consumption in manufacturing and mining industries, is
divided between the "construction” and “electricity, gas and water supply " in
proportion to their share of demand from water input, in the input-output table.

Finally, the third data category is concerned with Iran’s exports to and
imports from EU28 Countries. The Iranian Customs Agency publishes every
year's these statistics, but the classification of products is based on HS codes,
while, the classification of economic sectors in Iran's input-output table is based
on ISIC codes. To solve this problem, using the United Nations Statistics Division
(UNSD) guides and with Excel formulation, these codes were converted to ISIC.
It is also noteworthy that, given the nature of the crude petroleum and natural gas
sector, this sector is not included in the calculations because the products of this
sector are typically sold to multinational corporations rather than to a particular
country. In addition, in the sectors of "water, electricity, gas" and "construction”,
Iran did not have trade with Eu28. As a result, these sectors are not included in
the analysis of the results.
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4. Results

Table 2 shows the direct consumption of water, direct water intensity, total
water intensity and the value of Iran's exports to and imports from the European
Union, divided to different sectors. This table reveals that agricultural sector, with
a consumption of about 80.2 billion m3, accounts for over 91.4% of the total water
consumption in the Iranian economic system. These results confirm that,
considering the indirect use of water, there is a very different picture of water
intensity of the economic sectors. For example, although the direct consumption
of water in agriculture sector relative to other sectors is much higher, but taking
into account indirect consumption, water use in sectors of "Food, beverage and
tobacco”, "Tanning and dressing of leather” and "Manufacture of textiles™ are also
significant. In many sectors, indirect water consumption is considerably higher
than direct consumption. For example, the indirect consumption of water used to
produce one unit of product in the sectors of “food, beverage and tobacco” and
"Manufacture of textiles" is respectively 43.5 and 36.2 times higher than direct
consumption.

Table 2. Some indexes of Iran’s economic sectors
d t

X; W W: EUex
i j W, i j 9 EUim
Sector Section 1912 106 rJn s m¥10°  mP/10° Rliol 10° Rials
Rials Rial Rial als
. 80165.
1 Agriculture, 866.8 9 9249 11362 3736.6 3137.7

Mining Expect

2 crude petroleum 67.0 99.8 1.49 3.78 447 867.4
and natural gas
Food products,

3 beveragesand 4797 6698 140 6218 18791 99607
tobacco

4  Manufactureof .4 260 041 1531 24872 200.3
textiles

5  Manufacture of 78 52 066 415 1.9 61.0

wearing apparel
Tanning and

6 dressing of 8.6 52 060 1581 7256 23.4
leather

7 Wood and 169 76 045 893 108 4427

products of wood
Paper and paper

8 products 15.8 53.2 3.36 10.39 0.7 2635.4
Publishing,
9 printing and 8.9 10.7 120 297 197 J76

reproduction of
recorded media
Manufacture of
coke, refined
10 petroleum 556.2 50.2 0.09 1.36 779.7 936.5
products and
Nuclear fuel
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Table 2 (Continued). Some indexes of Iran’s economic sectors

Sector

Section

X

1012
Rials

Wi
108 m3

W]
m3/108
Rial

w
m3/108
Rial

EUex
10°
Rials

EUim
10° Rials

11

Manufacture of
chemicals and
chemical
products

396.8

386.4

0.97

3.36

5331.0

23342.3

12

Rubber and
plastics products

65.5

284

0.43

4.94

60.9

1789.3

13

Manufacture of
other non-
metallic mineral
products

153.2

115.7

0.76

2.28

82.5

1933.0

14

Basic metals

330.2

125.4

0.38

2.09

1917.7

10578.9

15

Fabricated metal
products, except
Machinery and
equipment

103.0

55.3

0.54

1.98

88.5

1566.9

16

Manufacture of
machinery and
equipment n.e.c.

97.1

76.6

0.79

2.01

272.6

51131.3

17

Manufacture of
office,
accounting and
computing
machinery

6.4

1.7

0.27

1.40

0.0

858.2

18

Manufacture of
electrical
machinery and
apparatus n.e.c.

61.4

14.0

0.23

1.59

79.2

4490.6

19

Manufacture of
radio, television
and
communication
Equipment and
apparatus

7.8

3.5

0.44

0.96

46.6

1862.0

20

Manufacture of
medical,
precision and
optical
instruments,
Watches and
clocks

12.7

9.5

0.75

2.06

27.6

7043.2

21

Manufacture of
motor vehicles,
trailers and semi-
trailers

360.2

31.7

0.09

1.74

184.5

9709.0

22

Manufacture of
other transport
equipment

18.3

6.2

0.34

1.74

12.4

1323.3
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Table 2 (Continued). Some indexes of Iran’s economic sectors

d t

X W, W EUex
. ] W, i j 9 EUim
Sector Section 1012 106 ;n3 m3106  m3/10° I:21_0' 10° Rials
Rials Rial  Rial 1als
Manufacture of
23 furniture; 745 810  1.09  3.00 12 384.2
manufacturing
n.e.c.
g4  Electiicity,gas - ,q;9  4e4 003 111 0.0 0.0
and water supply
25 Construction 821.2 114.9 0.14 1.39 0.0 0.0
26 Services 3959.9 5032.9 1.27 2.33 3.0 3.1
Extraction of
27 crude petroleum 1026.1 29.3 0.03 0.20
and natural gas
Total 10083.2 87668.4 17786.9 134658.1

In 2011, the value of Iran's exports to the EU28 was about 17786.9 billion
Rials (approximately $ 1.6 billion). While, the value of Iran's imports from this
union is more than 7.5 times its exports, almost 134658.1 billion Rials
(approximately $ 12.4 billion). In other words, Iran's exports to the EU only
account for 4.8% of its total non-oil exports. While Iran's imported products from
the EU account for about 21.5% of total imports. In this year, Latvia is the only
country in EU28 that did not have trade with Iran.

Tables A to C in appendix 1, present the Iran’s exports, imports and net
imports of virtual water to (from) the EU28 in terms of country-sector. In the last
column of tables A and B, also the Uex and Uin index for each country (and the
whole EU) are presented. These results show that the total volume of Iran’s virtual
water exports to the EU28 in 2011 was about 616 million m2. In other words, on
average, per million Rials of Iranian exports to the EU28, there were about 34.6
m? of hidden water (water intensity for export products). At the same time, in the
aggregate of all countries, the water intensity of Iran's exports is about 18 m3 per
a million Rials, which is about 52% of the water intensity of products for export
to EU. While the EU28 share of Iran's export value is only about 4.8%, Iran's
virtual water exports to the Union totaled 9.2% of total virtual water exports.
Therefore, the EU’s Ue index is about 1.9, which indicates that Iran's exports to
this union have a high level of water intensity compared to other parts of the
world. These results are shown in fig. 1. In this figure, the left and right hand side
axis show the “value” and “cumulative percentage” of Iran’s VWE to EU
countries respectively.
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Figure 1. Iran’s Virtual Water Exports to EU members- million m®

Fig.1 reveals that Germany has the largest share of Iran’s VWE to the
European Union, amounting to about 251.3 million m® (more than 40% of the
total). The red bar shows the cumulative percentage of Iran’s VWE to EU
countries. As it can be seen from the figure, three countries, Germany, Spain and
Italy, accounted for more than 74% of the total virtual water exported from Iran
to the EU28. By comparing this bar with the green bar representing the aggregate
percentage of Iran's exports value to the EU, each country's share of export value
and its share of VWE can be inferred. This can determine the countries with the
most water intensive imports from Iran. For example, Iran's exports to Germany
and Spain have a high level of water intensity, this leading the gap between the
two curves above the Spanish column to be at its maximum level. However, with
the arrival of Italy, the distance between these two curves has declined, so it is
clear that Italy's share of Iran's VWE to the EU is less than its share of export
value, and it can be said that Iran's VWE to ltaly are low water-intensive than
other EU28 countries (Uey is less than one). Tran’s exported products to Lithuania
and Slovakia have high water-intensity, with Ue being 2.98 and 2.87,
respectively. This ratio reaches 0.13 for Greece.

Fig .2 shows the import of Iranian virtual water from the EU28 countries.
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Figure 2. Iran’s Virtual Water Imports from the EU members- million m3

The total amount of virtual water imported from the EU28 to Iran is about
1,283 million m?, which is almost twice Iran's VWE to the EU. Therefore, NVWI
from the EU28 are positive and is about 667 million m3. Accordingly, if the net
virtual water import are taken into account, it seems that the theory of comparative
advantage in water resources is confirmed, because virtual water flows from
water- abundant region to water- scarce country. However, by comparing the level
of water intensity of imports with exports, quite different result will be obtained.
On average, virtual water embodied in Iran's imports is about 9.5 m?3 per million
Rials, which is about one quarter of the water intensity of exports. The Uin index
for Iran's import from the EU is about .57, which is less than one. Therefore,
unlike exports, Iran's imports from this union have relatively low water intensity.
In other words, while the value of Iran's imports from the EU is greater than 7.6
times of its exports, the volume of Iran's VWI from this union is only about two
times that of VWE. With this approach, it is clear that trade between Iran and the
European Union does not support Ricardo's comparative advantage theory, and
contrary to the recommendations of virtual water policy, the pattern of trade has
been towards the withdrawal of water from the water-scarce region (Iran) to the
water-abundant region (the European Union). Therefore, this finding suggests that
in order to examine the theory of comparative advantage for water resources, it
should not only consider positive or negative net virtual water imports, but it is
also necessary to evaluate this criterion in comparison with the trade balance of
countries.

Three countries have been the largest exporters of virtual water to Iran,
namely the Netherlands, Germany and Austria, with a total contribution of 68.8%
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. Iran's imports from the Netherlands are the most water intensive imports
compared to other EU28 countries, so that the ratio of U reaches 4.8. This ratio
reaches 0.2 for Romania, which is less than other European Union countries. Of
the 28 members of EU, 18 countries are net virtual water exporters to Iran
(positive NVWI for Iran) and 10 countries are net virtual water importers
(negative NVWI for Iran). The largest Iran's NVWI were from the Netherlands
with a volume of 370 millionm3. By contrast, Iran has the largest net virtual water
exports to Spain, 123 million m3. Fig.3 and fig.4 shows these values. The fig.3
depicts these results in numerical form and fig.4 represents them schematically.
In fig.4, the amount of NVWI from the EU countries are in accordance with the
colors of the countries (See the guide at the top of the figure).
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Figure 3. Net imports of Iran from the EU-million cubic meters
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Table c in the appendix shows in detail the net results of virtual water imports
by sector-country .Based on these results, Iran is a net importer of virtual water in
trade with the European Union. Iran's total import of virtual water from the
European Union in 2011 was about 667 million m3. To imagine the magnitude of
this amount, it is enough to pay attention to the fact that this amount was more
than 13 times the water consumption of households in Yazd province in 2011 (the
total drinking water consumption of households in Yazd province in 2011 was
about 49 million mq). Also, this amount was more than 17% of the total drinking
water consumption of Iranian households in 2011.

In fig.5, import and export of virtual water are shown for each economic
sector, the sectors number are according to table 2. Iran's largest exports to the
European Union are related to the agricultural sector, amounting to about 424.6
million m2, which is about 68.9% of the total. This sector, along with food and
textiles, accounted for more than 94% of the total VWE to the European Union.
It can be concluded that any to water save policy through trade with the European
Union should be focused on these sectors. However, the largest virtual water
import from the European Union comes from the food sector, which is about 619.9
million m3, accounting for about 48.3% of total imports. This sector, along with
"agriculture”, "Manufacture of machinery and equipment n.e.c."” and
"Manufacture of chemicals and chemical products ", account for more than 90%
of Iran's VWI from the European Union. The largest NVWI were from "food,
beverages and tobacco", "Manufacture of machinery and equipment n.e.c”, and
"Manufacture of chemicals and chemical products” (503.1, 102.3 and 60.1 m3
respectively), while the highest net virtual water exports is related to "agriculture”,
"Manufacture of textiles” and "Tanning and dressing of leather" (68, 33/6 and
11/1, respectively).
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5. Limitations

This research was faced with a limitation that should be taken into account
in using its results. The classification of economic sectors in Iran's input-output
table is based on ISIC codes, but water consumption data is not provided by any
organization in Iran with this details. Of course, this has been the limitation noted
in many similar studies, even in developed countries (for example see Mubako et
al., 2013). However, as indicated above, the data required for this research was
collected with maximum accuracy from all possible statistical sources and in some
sectors, data was estimated with some assumptions taken into account.

6. Concluding Remarks

The economical, social and demographic changes during the past decades
have led to a sharp increase in the demand for global water resources, and these
vital resources are under unprecedented pressure. In arid and semi-arid regions
such as Iran, rising demand for water has been accompanied by limitation of
supply of these resources and it is expected that due to climate change, this supply
limitation will become even more severe in the future. All of these, in addition to
the dispersion of precipitation, have encountered the Iran’s with even more
sophisticated water crisis, and therefore the proper management of water
resources is vital.

Nowadays, virtual water import strategy is suggested as a promising political
direction to get rid of water crisis, according to which countries can protect their
domestic water resources by importing virtual water. Accordingly, the study of
flows of virtual water imports and exports in a deeply water-scarce regions
country, such as Iran, can be a valuable help for policymakers in order to adopt
an optimal pattern of trade with other countries. The present study deals with the
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evaluation of virtual water trade between Iran and the European Union, broken
down by different sectors of the economy in 2011.

The results of this study show that Iran is a net importer of virtual water in
trade with the EU in 2011, so that its imports (about 1283 m?) is twice of its
exports (about 616 m? ). Consequently, it may seem that the pattern of trade
between Iran and the EU is in the interest of Iran, and that comparative advantage
theory is confirmed in this regard. However to judge correctly about the virtual
water trade pattern between these two regions, these values should be compared
with the value of exports and imports between them. This was done in the present
study with the index called U. This indicator shows that Iran's exports to the EU
are high water-intensive but Iran's imports from the EU are low water-intensive.
Therefore, contrary to what seems initially, the pattern of trade between Iran and
the EU, contrary to the policy recommendations of relevant research, is in favor
of the water-abundant regions (EU), and this result does not confirm comparative
advantage theory.

The largest VWE from Iran to the EU28 are respectively to Germany, Spain
and Italy, which accounted for more than 74% of the total virtual water exports.
By contrast, the Netherlands, Germany and Austria have been the largest virtual
water exporters to Iran, with a total share of over 68.8% of the total. The most
water intensive exports to the European Union are exported to Lithuania and
Slovakia, with Ue being 2.98 and 2.87, respectively. This is the lowest for the
Greek and is about 0.13. The most water intensive imported products are from the
Netherlands, with a U ratio of about 4.8. This ratio for Romania is about 0.2,
which is lower than other union countries. NVWI from the 18 EU countries were
positive, the largest of which is the Netherlands with a volume of 370 million m3.
On the other side, there were 10 countries that Iran’s NVWI from them were
negative, the largest of which was Spain with 123 million m?.

Among the economic sectors, Iran's largest VWE to the European Union are
related to the agricultural sector, with a volume of 424.6 m?, which is about 68.9%
of the total. This sector, along with “food, beverages and tobacco" and "textiles",
accounted for more than 94% of the total. The largest VWI from the EU comes
from the sector of "food, beverages and tobacco”, which is about 619.9 million
m?.

The results show that the pattern of trade between Iran and the EU28 is not
in favor of Iran's domestic water resources, but this pattern will lead to the flow
of scarce water resources from Iran to the water-abundant regions of European
Union. Therefore, it is suggested that in the Iranian trade policy, this pattern
should be changed and high water-intensive products must be imported instead of
the producing them in Iran. In fact, the virtual water import can be considered as
a suitable strategy to overcome the problem of water scarse in Iran. Obviously,
this proposal should be considered with regard to other economic, social and
political variables, such as employment, food security and value added.
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Appendix
Tables A to B of appendix show the export, import, and net imports of Iran’s
virtual water to (from) the EU28 countries in each of the economic sectors. The
rows of these tables refer to countries, and the columns represent sectors of the
economy. Column number is placed according to table 2. For example, in the
second row of the third column of the table A, show the Iran's virtual water exports
to Spain through exports of “food products, beverages and tobacco”. The last
column of tables A and B show the Uex and Uin index for each country (and the
whole EU).
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Table C. Iran’s Net virtual water import from EU27 by country-division-m?®
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