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1- Optimize water efficiency
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Table 1- Total water footprint of selected crops in Iran’s provinces (m®/ha)

PRV P Slaily o,
&b Wheat Barley Maize
Province PL] < 20 ! !
Rainfed Irrigated Rainfed Irrigated Irrigated
e QL?""L')°‘ . 123866 1102113  1067.94  10124.17 15798.3
Azarbayejan Sharghi
o U_l"fl”’ ) 1186.75 10953 1154.6 9963 15060
Azarbayejan Gharbi
Jﬁ”'_ 1020.9 10907.5 922.7 9885 16100
Ardabil
oledc! 866.36 1243647 83561  11605.29 19630
Esfahan
|
e 2753.2 12533.75 2737.15 11433.75 21184
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Due to the lack of access to statistics and information in the provinces of Khorasan Razavi, Khorasan Jonoubi and Khorasan Shomali,
gathered Information of the three provinces has been used as the province of Khorasan.
suis sbaaisl, 15l

Source: Research findings
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Table 2- Iranian per capita consumption of wheat, barley and maize (Kilogram - per capita)
XV Fes slaily o,
Wheat Barley Maize

B e e VY ST 85.47
Iranian per capita consumption

300 shassl sisle
Source: Research findings
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Table 3- Wheat virtual water trade in Iran provinces

Ol w43 a8 & uao J32) bl 43 oS s Ol =13yl b &l o 5 5lme o o

e A oy e R
ol (_u" 2 32) _ (_u-’ (¢ )_r"’) (o o yaakeo)
Province Provincial wheat Provincial wheat Export or import of :
. . . Virtual water
consumption (Thousand production (Thousand province (Thousand trade (Million m?)
tons) tons) tons)
B ol
Azarbayejan 800.78 863.17 62.39 133.21
Sharghi
@ bl
Azarbayejan 668.78 738.53 69.74 252.63
Gharbi
Je)l
. 260.21 715.67 455.47 1458.59
Ardabil
olee! 1048.85 280.07 -768.78 -2897.40
Esfahan
!
118.83 308.80 189.97 705.96
llam
A2 238.29 131.71 -106.58 -356.76
Boushehr
ol 2717.48 219.28 -2498.20 -8962.93
Tehran
e 9 JL’“)L@?
Charmahal va 194.12 117.24 -76.88 -453.47
Bakhtiari
ol 1652.19 1195.41 -456.78 -2241.48
Khorasan
obwjs 964.81 1860.01 895.20 2923.40
Khozestan
o) 216.59 405.65 189.06 771.32
Zanjan
gl 143.86 111.45 -32.41 -88.32
Semnan
Ozl g b
Sistan va 568.38 160.00 -408.38 -1785.70
Balouchestan
o 993.64 1173.85 180.21 1151.02
Fars
"*”}E_ 260.89 317.37 56.48 222.00
Ghazvin
~ 264.69 26.08 -238.60 -757.76

Qom
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ol 328.33
Kordestan
ol 648.20
Kerman
— 399.90
Kermanshah
danly g 5 4slSeS
Kohgilouyeh va 146.05
Boyerahmad
olds 382.77
Golestan
oS 518.34
Gilan
ol 360.62
Lorestan
olsits 672.54
Mazandaran
3% _ 292.79
Markazi
o5 363.85
Hormozgan
gl 356.03
Hamedan
o 233.19
Yazd

984.16 655.83 2846.60
175.20 -473.00 -1805.52
968.03 568.14 2155.12
145.10 -0.95 -9.40
1510.30 1127.52 2795.59
-496.77 -1902. 29
563.54 202.92 946.06
183.69 -488.85 -1343.43
430.14 137.35 560.32
-306.25 -696.29
679.27 323.25 1387.84
-193.70 -772.48

Al e (gile Ol g Jgame Slpslo oaimd lis cute dlael g (ilre T 5 Jguamo cilbl)ly odimdlis die dlach
* Negative numbers represent products and virtual water import and positive numbers represent product and virtual water export.
(o asl ) (\Y’“\A) Lg)'”l.i‘.f RPES Q)|j5 sl
Source: Ministry of Agriculture Jihad (2016) and Research findings
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Table 5- Barley virtual water trade in Iran provinces

Sl o 43 95 e bl 513 ,lg b O 3o

5 1 (05 J132) Q! 15 2 M5 iy #5jleme O Ol
Ol (_""_’ ) Provincial barley e ,.,a,) (caSo pio (y9ale)
Province Provincial barley production (Thousand Export or import of ;
. . Virtual water
consumption (Thousand tons) province (Thousand - 3
trade (Million m3)
tons) tons)
S byl
Azarbayejan 252.65 138.29 -114.36 -521.90
Sharghi
@ ol
Azarbayejan 211.00 105.25 -105.75 -432.69
Gharbi
Je)l
. 82.10 190.03 107.93 451.49
Ardabil
olede! 330.92 189.40 14152 46775
Esfahan
!
37.49 56.27 18.77 113.33
llam
Rebse 75.18 9.19 -65.99 -275.81
Boushehr
ol 857.38 147.81 -709.57 -2398.43
Tehran
)k 9 JL’“)L@?
Charmahal va 61.25 43.30 -17.95 -105.86
Bakhtiari
ol 521.27 599.17 77.89 489.73
Khorasan
b 304.40 141.15 -163.25 -741.38
Khozestan
obs;
. 68.33 55.25 -13.08 -51.66
Zanjan
Qo 4539 58.69 13.30 42.39
Semnan
Ol gh g (b
Sistan va 179.33 25.67 -153.66 -778.32
Balouchestan
o 313.50 240.59 -72.91 -478. 26
Fars
93 82.31 125.05 42.74 180.66
Ghazvin
o 83.51 76.85 -6.66 -17.43
Qom
Ok 103.59 38.52 -65.07 -407.02
Kordestan
ol
204.51 65.60 -138.91 -609.91

Kerman
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126.17
Kermanshah
Senlygr g koS
Kohgilouyeh va 46.08
Boyerahmad
obds 120.77
Golestan
oS 163.54
Gilan
e 113.78
Lorestan
ohsle
212.19
Mazandaran
S _ 92.37
Markazi
e 114.79
Hormozgan
glien 112.33
Hamedan
> 7357
Yazd

369.78 243.61 690.20
-1.13 -10.60
264.48 143.71 439.99
-155.25 -1099.53
184.93 71.16 415.83
-149.50 -625.94
167.43 75.05 333.71
-111.15 -435.73
258.29 145.97 666.89
-65.27 -274.03

* Negative numbers represent products and virtual water import and positive numbers represent product and virtual water export.
345 gloasly 5 (VYA) ()0l oo )ljg 15 Lo
Source: Ministry of Agriculture Jihad (2016) and Research findings
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Table 7- Maize virtual water trade in lIran provinces

T 5> glaild &3 & ao obwl 43 glaily &3 adgs Ol *ila,le b Ol jale s om0 o o5
ol (o7 J152) Glw! (o 513) (o J152) (o yio y9nkes)
Province Provincial barley Provincial barley Export or import of - "
. . . Virtual water
consumption (Thousand production (Thousand province (Thousand - 3
trade (Million m3)
tons) tons) tons)
B olml)l
Azarbayejan 334.14 2.92 -331.23 -972.22
Sharghi
@ ol
Azarbayejan 279.07 40.23 -238.84 -464.60
Gharbi
Je)l
. 108.58 57.73 -50.84 -139.31
Ardabil
oledee! 437.66 8.46 -429.20 -953.71
Esfahan
!
49.58 55.60 6.02 20.97
llam
Rebs: 99.43 0.00 -99.43 0.00
Boushehr
ol 1133.94 0.00 -1133.94 0.00
Tehran
)k 9 Jbeo )l
Charmahal va 81.00 0.00 -81.00 0.00
Bakhtiari
ol 689.42 0.57 -688.84 -2756.01
Khorasan
e 402.59 351.24 -51.35 -139.49
Khozestan
Qb’f"} 90.38 0.00 -90.38 0.00
Zanjan
e 60.03 0.00 -60.03 0.00
Semnan
Ol ol 5 jlunpas
Balouchestan
ol 414.62 122.77 -291.86 -710.14
Fars
295 108.86 65.77 -43.09 -82.38
Ghazvin
i 110.45 0.00 -110.45 0.00
Qom
Ok 137.00 7.20 -129.80 -484.13
Kordestan
ol 270.48 96.07 -174.41 -504.78
Kerman
obidles 166.87 152.58 -14.29 -28.96
Kermanshah
Lonlpg g 4 gkSeS
Kohgilouyeh va 60.94 18.93 -42.02 -147.23
Boyerahmad
bl 159.72 1.79 -157.94 -408.66

Golestan
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oS 216.29
Gilan
e 150.48
Lorestan
olile 280.64
Mazandaran
3 3 _ 122.17
Markazi
oBsen 151.82
Hormozgan
pler 14856
Hamedan
> 97.31
Yazd

0.25

7.35

2.60

1.05

23.97

17.66

15.79

-216.04 -157.44
-143.12 -125.71
-278.03 -144.46
-121.12 -132.87
-127.85 -432.03
-130.90 -297.96
-81.52 -191.26

Ao gile Ol g Jgame sl oaimd lis cute dluel g (5lre T g Jguame cbbl)ly oaimdylis die dlael s
* Negative numbers represent products and virtual water import and positive numbers represent product and virtual water export.
o cladidly g (IYA0) (55y5liS dlex @lig it
Source: Ministry of Agriculture Jihad (2016) and Research findings
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Table 8- Maize transfer network from exporting provinces to importing provinces in the country (Thousand tons)

8AKS 3,1y ¢yl
Importing province
o.\.:.;S)alm um‘ Jud) ool 3 Oliows Cr9s8 oliilo S oS Ol S Olden
Exporting province Ardabil Khorasan Semnan Ghazvin Kermanshah Golestan Lorestan Markazi Hamedan
Pt 99.50
Ilam

suis slaassl, 18l
Source: Research findings
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Introduction: freshwater resources which are essential for human life, sustainable livelihood, food security
and conservation of ecosystem appear to be under increasing pressure from population growth, socio-economic
development and climate changes. The largest consumer of water is agricultural sector. Hence improving
productivity in agricultural sector and reducing agricultural water use hold the key to tacking water scarcity. But
over the past decades, it has been argued that international trade of agricultural crops from wet-countries to arid
and semi-arid countries is one possible path to mitigate water shortage. The trade of commodities, which water
has been used in their production, is generally referred to as virtual water trade. Often the terms "virtual water"”
and "water footprint" are usually used synonymously, while there are significant differences. The water footprint
concept, however, has a wider application. In fact, the water footprint of a product is an empirical indicator of
how much water is consumed, when and where, measured over the whole supply chain of the product. In other
words, the water footprint is a multidimensional indicator, showing volumes but also making explicit the type of
water use and the location and timing of water use. For products containing virtual water, trade is a means of
transferring water resources between regions and also this virtual water trade network among provinces has a
large share of domestic trade. in current study, in order to determine the inter-provincial virtual water trade
network of the country, water footprint of wheat, barley and maize and also the amount of excess supply and
excess demand of selected products has been calculated using data over 1395 in each province. Therefore virtual
water trade network of each product has been obtained in different provinces of the country. Then, using the
transportation model, exporting provinces has been specified and the amount of exports of different products for
minimizing shipping costs has been identified

Materials and Methods: In order to determine the excess supply and excess demand of the selected products
in each province, firstly water footprint of each product was calculated for each province, then virtual water trade
network of each product was identified and by using the transportation model, export route was determined.

The green, blue, gray and white water footprints of studied crops were estimated following the calculation
frameworks of Hoekstra and Chapagain (2008) and Hoekstra et al. (2009), and modifications proposed by
Ababaei and Ramezani Etedali (2014). By calculating water footprint components for different plains, their
mean values were obtained for each province and then the obtained water footprint components in both irrigated
and dryland were aggregated together for each product.

In this part of the study, due to lack of access to information and statistics of the amount of exports and
imports between Iranlsl provinces, at first per capita consumption of each Iranian person was obtained for each
product. Then, total consumption of each province was obtained from the province's population by per capita
consumption of each product. In order to calculate the excess demand or excess supply of each province, the
total production of each province was deducted from the total consumption of each province. Finally, virtual
water trade of each product in each province was acquired from water footprint in excess supply or demand.

Finally, the purpose of current study is to provide a minimum cost model for a virtual trade network from
production centers to consumer centers. In the transportation model used here, the objective function is to
minimize the total transportation costs between all selected agricultural production centers and consumption
centers. The constraint (1) indicates that the amount of exchangeable product in each province is more than or
equal to the product demanded by the province. Constraint (2) ensures that the product delivered between two
centers is less than or equal to the capacity of the center. In constraint (3), the total demand for products is
considered to be equal to the total amount of exchanged product. Constraint (4) provides for the positive value of
exchanged items between supply and demand centers.

Results and Discussion: Based on the results of this study, the provinces of Azarbaijan sharghi, Azarbaijan
gharbi, Ardebil, Ilam, Khuzestan, Zanjan, Fars, Qazvin, Kurdistan, Kermanshah, Golestan, Lorestan, Markazi
and Hamedan are the wheat suppliers and so are the exporter. The provinces of Isfahan, Bushehr, Tehran,
Chaharmahal and Bakhtiari, Khorasan, Semnan, Sistan and Baluchestan, Qom, Kerman, Kohgiluyeh and Boyer

1 and 2- Ph.D Student and Professor of Agricultural Economics, Agricultural Economics Department, College of
Agriculture, Shiraz University, Shiraz
(*- Corresponding Author Email: nilo.ashktorab@gmail.com)


mailto:nilo.ashktorab@gmail.com

WAA g o) o lois FF ol (g5 y9LisS anuwgi g Sbaidl 4z V¥

Ahmad, Gilan, Mazandaran, Hormozgan and Yazd have exceeded demand for wheat thus they are importer.
Among all provinces of the country, Tehran has the highest wheat consumption, due to the fact that the
population of this province is about 13 million (Iran's capital of history, 1395). Kayani (2018) has shown that
Tehran province is the largest importer of agricultural products and virtual water in the country. According to the
results of the study, after ten years, mentioned province remains the importer. Among the provinces where
surplus wheat has been supplied, Golestan province has the largest wheat exports up to 1.1 million tons, and by
exporting this product about 2846.6 million cubic meters of water has been exported. Based on the results,
Tehran province is the destination of export of Azarbaijan sharghi, Azarbaijan gharbi, Ardebil, Ilam, Zanjan,
Qazvin, Kurdistan, Kermanshah, Markazi and Hamedan provinces. In addition to the province of Tehran,
Ardebil, llam and Markazi provinces have to export 492, 188 and 182 thousand tons of wheat to the provinces of
Gilan, Isfahan and Qom, in order to minimize transportation costs.

Following the results, Ardebil, llam, Khorasan, Semnan, Qazvin, Kermanshah, Golestan, Lorestan, Markazi
and Hamedan provinces have excess supply of barley in the country, while the provinces of Azarbaijan sharghi,
Azarbaijan gharbi, Isfahan, Bushehr, Tehran, Chaharmahal va Bakhtiari, Khuzestan, Zanjan, Sistan va
Baluchestan, Fars, Qom, Kurdistan, Kerman, Kohgiluyeh va Boyer Ahmad, Gilan, Mazandaran, Hormozgan and
Yazd have excess demand for barley in the country. Kermanshah and Hamedan provinces are the largest
exporters of barley, which export about 690 and 666 million cubic meters of virtual water through exports of
barley to other provinces and foreign countries. The rainfall of these two provinces is about 475 and 334
millimeters and footprint of water production in both provinces is 2833 and 4568 m 3 / ton. Barley import of
Tehran province has taken place from Semnan, Qazvin, and Kermanshah, Golestan, Lorestan, Markazi and
Hamedan provinces with a mean distance of 324 kilometers. Considering that Tehran is the largest importer of
barley in the country, it is justifiable that all provinces that are located near that province are the export bases..

The province of Tehran is the largest consumer and importer of maize in the country and since Tehran is not
maize producer, it is not possible to calculate the water footprint. On the other hand, the province of llam is the
smallest consumer of maize and is the sole exporter of this product which exports 21 million cubic meters of
virtual water along with this product. The provinces of Khuzestan, Kermanshah and Fars are the largest maize
producers in Iran, which respectively produce 351, 152, 123 thousand tons in 2016. The province of llam export
to the provinces of Tehran and Khorasan, respectively, 634 and 99 thousand tons of maize, the cost of maize
supplies is minimized. Excess demand from other provinces of the country has also been provided from imports
of other countries.

Conclusion: Comparison of the results of this study, based on the statistics of 2016, and the Kayani study
(2018), which was carried out in 2006, showed no significant changes in water resources management.
Modifying the agricultural cropping pattern and correcting the pattern of consumption in line with the water
footprint of agricultural products can be useful in improving the situation of the country's water resources in the
long run. Determining the pattern of agricultural trade based on water footprint production of these products and
the volume of virtual exports and imports of each product in each province could have a significant effect on
reducing water losses in provinces of Iran.

Keywords: Barley, Maize, Province, Transportation model, Virtual water tade network, Water footprint,
Wheat



