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ABSTRACT

In this study we estimate agricultural water footprint and its components from consumption perspective in arid and
semi-arid region like Iran. This study is based on blue water consumption in irrigated land. Iran has imported net virtual
water about 11.64 billion cubic meters (bcm) as international crop trade in 2005-2006. Therefore, Iran has depended on
virtual water imports. By conserving about 60% irrigation efficiency, the total water requirement to produce imported
crops in Iran is nearly 20.78 billion cubic meters. It is nearly 9 percent of renewable water resources and 12.65% agri-
cultural appropriated water which has added to internal water resources. Agricultural virtual water budget is about
112.78 Gm/yr. Agricultural water footprint is 110.2 Gm®/yr. About 12.83% of agricultural water footprint of Iran is
related to external water resources on the country boundaries. It means external water footprint. Water dependency,
water self-sufficiency and water scarcity indexes in agricultural sector of Iran, are estimated 10.1%, 89.9% and 70.8%,

respectively.
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1. Introduction

Water is an essential factor for producing goods and ser-
vices. By increasing population, water resources have
become scarce to sufficient production of food. Since the
largest share of water consumption is used for food pro-
duction, the relation between food and water is closed.
Per person consumes about 4 liter water in different form,
whereas for producing daily food per capita it needs
about 2000 liter water [1]. It has estimated that popula-
tion of Iran will increase to 100 million people in 2030
and we will need about 150 billion cubic meter of water
per year to supply food security based on 2600 K Calo-
ries energy per capita [2]. Hoekstra and Hung discussed
that water should be considered as an economic good. So,
they defined three different levels at which decisions can
be made and improvements be achieved; local water use
efficiency, water allocation efficiency and global water
use efficiency [3] and [4]. In addition, Allan introduced
“virtual water” in relation to water, food and their trades
as the total volume of water used in the production proc-
ess of commaodity [5-7].
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There are some studies about virtual water trade that
show water is a key factor to produce water-intensive
products and countries can save their water resources due
to using virtual water trade. Consequently, they will al-
locate water in other sections by virtual water import.
This view can reform some water consumption pattern in
future. Falkenmark [8], Savenije [9], Ringersma [10] and
Obuobie et al. [11] mentioned green, blue and gray water
distinction. Yang et al. [12] comprised green and blue
water features. In addition, in 2002, Water footprint con-
cept was introduced in order to have a consumption
based indicator of water use that could provide useful
information instead of the traditional production-sector-
based indicators of water use [3]. The water footprint of a
country is the volume of water needed for the production
of the goods and services consumed by the inhabitants of
the country. The water footprint of a nation is related to
consumption pattern of nation [3] and [4]. Water foot-
print presents a wider perspective on how a consumer or
producer relates to the use of water resources [13]. Hoek-
stra and Chapagain [14] defined water footprint compo-
nents, internal water foot print and external water foot
print. Van oel et al. [15] and Hoekstra et al. [16] classi-
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fied water footprint to green, blue and gray.

In this research, we estimate Water footprint index on
agricultural sector of Iran from the user perspective in
2006-2007 based on international virtual water flows
related to crop product trades. Therefore, we subtract the
virtual water export and add the virtual water import to
total national water withdrawal to assess water footprint
of Iran. In this study, we conserve irrigation efficiency re-
lated to international crop trade from consumption per-
spective. In Iran an agricultural sector annually uses over
93 percent of total renewable water resources (Table 1).
The agricultural sector contributes about 27% to the Gross
National product (GNP), 23% to employment and more
than 80 % to food security of country.

Iran, with an area of 165 million hectares (Mha), is lo-
cated in semi-arid region of the Middle East. Distribution
of precipitation is uneven. The average amount of pre-
cipitation over the country is 252 mm/year, which is less
than one-third of the world average [2]. Table 1 shows
water allocation and use in different categories in Iran.

2. Methods

In this study, virtual water of 31 important agricultural
products (m*/ton) is estimated based on crop water re-
quirements and yields according to Hoekstra and Hung
[3] These products are categorized in different groups
such as cereals, fruits, industrial crops, oil seeds, summer
crops, selected fodder crops. The selected crops which
have more share in international trade. We have divided
the whole irrigated area to 629 agricultural plains that
have specific crop pattern (Figure 1). The computations
of net water requirement per crop have been done based
on the FAO Penman-Monteith equation in non standard
condition. In addition, crop coefficient variation as a
function of the plant growth stage was calculated [17].
We have considered typical irrigation methods and irri-
gation efficiency to calculate irrigation need per each
crop. For water footprint calculation, the methodology
described Hoekstra and Hung [3] and Van Oel et al. [15]
have been used. In this approach, to assess water foot-
print (Top-Down method), we subtract virtual water ex-
port and add virtual water import to total national water
withdrawal. National water scarcity, water dependency
on foreign water resources and sustainability of national
consumption (water self-sufficiency) index had calcu-
lated to explain relation between water scarcity and vir-
tual water import of country according to Hoekstra and
Hung [3].

The object of this study has been only focused on the
consumption of agricultural products. Since based on
Power ministry report, agricultural water allocation is
about 94.25% of water resources (Table 1). The focus of
this study will be on irrigated crops that is mentioned
blue water use. In Iran more than 90% of agricultural
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Table 1. Water availability and use in Iran, [2].

Component Volume (bcm) Percent of Total
Precipitation 413 100
Evaporation 283 70
Renewable water 130 30
Surface water 105
Groundwater 25
Total water use 87.5 100
Agriculture 82.0 94.25
Domestic 4.7 4.75
Industry (etc.) 0.8 1

|WFP(m*/cap/yt)
| J600-800
| £1800-1000
\£1000-1200
?1200-1300
" 11300-1500
"11500-1800
1800-2100
.lzloo-zsoo

No Data

Figure 1. Agricultural plain distribution in lran (source:
Hoekstra and Chapagain, 2007; Agricultural ministry of
Iran).

products have harvested from irrigated land due to cli-
mate condition. The blue water use is equal to the irriga-
tion water requirement multiplied by the fraction of the
total area of a crop that is irrigated [18]. Water saving due to
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agricultural virtual water trade by considering irrigation
efficiency has estimated in 2006-2007.

Some information about crop pattern, crop productiveity,
water resources and soil properties in each region of the
country is derived from Power and Agricultural ministry
[19]. Climatic data have been taken from Organization
weather of Iran [20]. Climatic database have classified
daily for 30-year period. In 2005 to 2006, total irrigated
land was over 8.425 million hectares. Figure 2 shows the
proportion of major agricultural crops and garden pro-
ducts (fruits) from irrigated land area. Also total raw and
dry agricultural products were about 77,411 million tons
(statistics of agricultural ministry, 2006). Cereals such as
wheat (10 million tons), barely (2 million tons), rice (2.5
million tons) were the great product category.

2.1. Calculation of International Virtual Water
Trade

Virtual water content of product import is the amount of
water that would have been required to produce the product
at the place where the product is needed. This definition
is particularly relevant how much water Iran needs to
supply its agricultural water needs for food security. In-
ternational crop trade statistics has derived from FAO
[21]. The net virtual water import of a country is equal to
the gross virtual water import minus the gross virtual
water export as described [3]. This study is based on blue
water resources (ground and surface water [10,11] as
total volume of water resources consumed in agricultural
sector in Iran [22,23].

2.2. Calculation of Agricultural Water Footprint

Calculating the water footprint of a nation requires quan-
tifying the flows of virtual water leaving and entering the
country. The sum of domestic water use and net virtual

ET AL.

water import can be seen as a kind of “water footprint” of
a country, [3,15]. The difference of import and export
virtual water is the net virtual water content of a country.
We have calculated weight average of irrigation effi-
ciency in 629 agricultural plains. So, the real saving wa-
ter due to the net virtual water import has predicted.

3. Results

Figure 3 shows virtual water content of different crops in
Iran in 2005-2006. Virtual water content of each crop has
been affected from water requirement and water produc-
tivity which are variable in each place. In Iran, some
crops such as pistachio, almond, walnut and sunflower
have high virtual water. In addition, agricultural water
productivity is variable between 0.132 to 8.852 kg-m™ in
different crops without considering irrigation efficiency.
In this way we need nearly 40 bcm to produce about 62
million tons of agricultural products. While, by consid-
ering irrigation efficiency about 60 %, water productivity
average has decreased to 0.67 kg-m™ at irrigated land.
Water productivity for each crop varies due to agricul-
tural practices and water management in each region.
Figure 4 represents the average of virtual water content
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Figure 2. The share of major agricultural crops from irri-
gated land area in 2005-2006.
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Figure 3. The average of virtual water content of agricultural crops in Iran (2006).
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(m*-ton™) in separated categories of agricultural products
in 2005-2006. Date palm, grains, cotton and oil seeds
have virtual water content more than the virtual water
standard limit as 1000 (m*-ton™). So, they are included
water-intensive products. Virtual water content of each
type of crop depends on crop water requirements, climate
conditions, crop productivity and irrigation efficiency.
For instant, Wheat has variable virtual water content in
some provinces. Figure 5 illustrates virtual water content
of wheat in different provinces of Iran in 2005-2006. Due
to arid and semi-arid climate, it is found that northeastern
and eastern provinces need more water to produce agri-
cultural crops. It is noticeable that in Northern provinces
like Gilan over than 94 percent of wheat production
consumes green water resources, Consequently, blue
water resources has consumed for crop production. In
addition, in western provinces virtual water content of
wheat is as weight average of virtual water in Iran (638
m?>-ton™). Since difference between virtual water content
is related to climate condition, in this region, effective
rainfall reduce irrigation water requirement. Rainfall
amount in western provinces is variable between 300 to
900 mm per year, while it is about 225 mm per year in
eastern provinces. So we can say virtual water content is
affected on effective rainfall. Table 2 presents the blue
water footprint proportion of wheat production in each
province in 2005-2006. The greatest share of blue water
footprint is related to Fars, Great Khorasan and Khuzes-
tan which is about 21.8, 17.6 and 11.4 percent. The total
blue water footprint of wheat production is 9135 m*/year
that is about 10 percent of total blue water footprint per
year.

Agricultural product import and export content are pre-
sented in Figure 6. The greater import product volumes
are related in oil seeds (soybean), industrial crops (sugar)
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and cereals [21]. Iran has imported about 7.80 x 10° tons
soybeans and 7.5 x 10% raw soybean oil, so we trans-
ferred secondary products to primary products to calcu-
late the volume of import and export products. The larg-
est share of production export is related to fruits, espe-
cially pistachio and apple. On the other hand, Figures 7
and 8 show the virtual water trade related to agricultural
crop trade in import and export groups respectively. The
production trade causes virtual water flow which im-
port/export water in virtual form to/from nation. It is
found the largest volume of products which are shared in
import and export in 2006-2007.

Figure 9 presents net virtual water content in relation
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Figure 4. The average of virtual water content (m®-ton™) in
different groups of agricultural products in 2005-2006.
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Figure 5. Virtual water content of wheat in different provinces of Iran in 2006.
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Table 2. Proportion of provinces in blue water footprint of wheat production in Iran (2006-2007).

Blue water footprint of Blue water footprint

provinces of Iran Yield (kg/ha) production (ton) Area (ha) production (mem/year) proportion (%)
Tehran 5359 370931.17 69217.5 290.35 3.2
Kermanshah 5342 517566.85 96886.5 213.03 2.3
Esfahan 5064 572628.27 113,088 489.37 5.4
Qazvin 4620 344936.21 74,667 234.72 2.6
Fars 4467 2044409.17 457,695 1989.13 21.8
Qom 4385 52158.33 11,894 28.76 0.3
Markazi 4326 317229.1 73,324 230.99 2.5
Kurdistan 4187 161441.85 38,554 102.51 11
Hormozgan 4179 56661.4 13,560 36.09 0.4
Ardabil 4014 305414.59 76,093 188.69 21
Semnan 3977 134622 33,853 92.52 1.0
Chaharmahal and Bakhtiari 3905 129458.86 33,156 126.19 14
Zanjan 3877 94406.95 24,348 92.21 1.0
llam 3813 154869.07 40,618 85.60 0.9
Hamedan 3641 381316.98 104,719 303.95 3.3
East Azarbaijan 3569 363356.56 101,809 380.82 4.2
Yazd 3413 89202.92 26,138 167.32 1.8
Khuzestan 3404 1260262.04 370,229 1040.12 114
Kerman 3394 219047.75 64544.6 340.03 3.7
West Azarbaijan 3211 372171.1 115,912 282.62 3.1
Golestan 3141 491029.78 156,335 169.08 1.9
Kohkiluyeh and Buyer Ahmad 3089 93987.78 30426 93.24 1.0
Lorestan 2967 303611.42 102,322 313.86 3.4
Great Khorasan 2863 1033284.83 360,945 1609.09 17.6
Mazandaran 2860 9336.03 3264 4.03 0.0
Bushehr 2706 55303 20,437 45.25 0.5
Sistan and Balouchistan 1872 99149.27 52,968 184.83 2.0
Gilan 1717 161.38 94 0.32 0.0

Source: agricultural ministry of Iran (2008).
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Figure 6. The import and export of agricultural products of
Iran in 2006 [21].
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Figure 7. The largest categories proportion included in vir-
tual water import in 2006-2007.
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Figure 8. The share of the largest categories included in
virtual water export in 2006-2007.

to import and export products. The positive amounts
mean that these groups are more import than export vir-
tual water and the negative amounts mean that these
groups are more export than import virtual water. This
graph shows Iran imported net virtual water about 13.3
becm due to importing agricultural products and exported
1.6 bcm water in virtual form. The net virtual water of
Iran in 2006 was about 11.64 billion cubic meters (bcm).
Soybean and pistachio trade were the most important
factor to import and export virtual water respectively.
Figure 10 shows the share of different categories of
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Figure 9. The net virtual water import (mcm) of different
agricultural products in 2006.

agricultural products in agricultural water footprint based
on virtual water and production of crops in 2005-2006.
Cereals has the largest proportion on agricultural water
footprint about 42%, then relates 14% to oil seeds such
as soybeans and sunflower seeds, 13% to fodder crops,
11% to industrial crops such as sugar cane, sugar beet,
cotton and tobacco and 11% to fruits.

The total volume of water used for crop production is
110.2 Gm®lyr or 1563.2 m*/yr/cap. By considering Fig-
ure 11, adding net virtual water import to internal water
use results virtual water budget [14,24]. If we produced
production import from internal water resources, because
internal water uses consist of gross water need for crops,
we should conserve irrigation efficiency in production
process. So the real virtual water import and total agri-
cultural water footprint are about 20.78 and 110.2 bcm
respectively.

This means that agricultural virtual water budget is
about 112.78 Gm®/yr. Hoekstra and Hung [3] estimated
water foot print of Iran in period 1995 to 1999. Results
are comparable in two researches. In that research, coun-
try population had predicted about 62,762,116 capita,
gross virtual water export (import) were 803.41 x 10°
(6623.1 x 10°) m3/yr respectively. So, net virtual water
import had estimated about 5819.7 x 10° m®/yr and agri-
cultural water footprint was near 1457 m®/yr/capita.

It is noted that water needs are affected not only on
production volume but also their virtual water content.
For instance, cereals include more than 50 percent of
irrigated land in 2006, but due to their virtual water con-
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Figure 10. The proportion of agricultural crops groups in
WF of Iran in 2005-2006.
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Figure 11. The budget of virtual water in Iran (2005-2006).

tent, they consume about 42% of water resource appro-
priation in agricultural sector. Therefore, fruits, summer
crops and grains have fewer shares in WF in comparison
to appropriated land; however industrial crops and oil
seeds due to high virtual water content consume more
water as intensive water crops.

4. Conclusions

Virtual water is total water used to produce goods or
services. Virtual water content of each crop varies in
regions due to differences in climate condition and water
productivity. For instant, in arid and semi arid regions of
the country, high evaporative demand causes low water
productivity to crop production. Sustainable cropping
pattern can increase water use productivity, thus decrease
virtual water content. Improving irrigation practices
promote water use productivity. So, we can increase
more irrigated land by significant appropriated water or
decline pressure on water resources by saving water.
Agricultural water footprint of Iran in 2005-2006 has
estimated to be about 103.641 bcm or 1470 m®/yr/cap.
By conserving irrigation efficiency, this rose up to 110.2
GmPlyr or 1563.2 m*/yr/cap. Iran has supplied about 87%
of agricultural water footprint from national water re-
sources and reminded water requirement by virtual water
import as international agricultural production trade.
Therefore Iran has saved about 20.78 bcm of internal
water resources in 2005-2006. Although net agricultural
water import was about 11.64 bcm, this is not consisting
irrigation efficiency. In this research water footprint es-
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timation has based only on agricultural crops consump-
tion and total water footprint index includes comprehen-
sive consumption pattern. Obviously water footprint of
the whole goods and services is greater than agricultural
water footprint. Since production process of each com-
modity requires water. Although industrial and with-
drawal sectors consume less water than agricultural sec-
tor, their appropriation would be considered.
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