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! Water Footprint-Stochastic Frontier Approach (WF-SFA)
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Table (1) The average water footprint components of wheat during the 1379-1399
Water footprint (m3/ton)(cy » case yi) of gbo,

STk s s oluls;  mwolubs, @l olels, oS T gsy /bl
(Total WF) (Grey WF) (Green WF) (Blue WF) Province/ Wheat WF

3111.47 400.57 483.50 2227.41 East Azarbaijan Sy sl
3469.61 368.23 519.43 2581.95 West Azarbaijan e ol
2435.62 451.67 389.49 1594.46 Ardebil Jeo)
3557.72 662.45 269.58 2625.69 Isfahan Oleis!
3815.83 678.88 496.25 2640.69 llam L
3406.17 529.59 332.42 2544.16 Alborz 5l
4022.45 551.15 579.52 2891.79 Bushehr g
2444.59 481.00 338.25 1625.34 Tehran o
3220.37 529.16 519.96 2171.25 Chanarmahal & e s Sl o
5054.08 814.31 397.77 3841.99 Southern Khorasan 5 el >
4290.04 683.38 449.11 3157.54 Khorasan Razavi S35 ol

3642.43 672.58 496.99 2472.87 North Khorsan e Ll
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Table (1) The average water footprint components of wheat during the 1379-1399

Water footprint (m3/ton) ¢y » waSe yie) ©f b,

Sl 5 s olgls,  molels,  oTolsbs, puiF O 5, [ bl
(Total WF) (Grey WF) (Green WF) (Blue WF) Province/ Wheat WF

2684.09 739.87 463.47 1480.75 Khuzestan LIy
3522.29 409.57 458.11 2654.61 Zanjan o
4747.20 624.92 233.60 3888.68 Semnan R
4451.38 637.30 188.26 3625.81 Sistan & Baluchestan Ozl 5 Gl
3721.17 708.21 378.05 263491 Fars 9
2901.95 575.82 387.81 1938.32 Qazvin RS
4109.92 754.74 257.86 3097.32 Qom o3
3056.46 395.69 450.05 2210.72 Kordestan s S
4419.82 795.04 307.25 3317.53 Kerman olesS
3260.42 457.28 390.55 2412.59 Kermanshah oleile S
4046.08 587.24 762.00 260684 \OPOEN&BOYEr i s ekses
2944.65 539.10 481.85 1923.70 Golestan Hbels
5576.23 704.28 687.41 4184.54 Guilan S
3855.32 445.29 550.31 2859.72 Lorestan LI
2782.60 468.28 620.92 1693.40 Mazandaran RURGIN
3351.73 498.22 420.97 243253 Markazi S
2685.71 742.79 262.91 1680.01 Hormozgan RLCSS
3617.20 486.88 420.07 2710.24 Hamedan Ol
3517.48 780.74 119.06 2617.68 Yazd 35
3647.12 594.13 428.10 2625.76 Average oeSleo
2435.62 368.23 119.06 1480.75 Min AopoS
5576.23 814.31 762.00 4184.54 Max Aoy

Source: Research Findings
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Table (2) The results of estimating the economic-environmental efficiency of
wheat production with variable efficiency model over time
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Table (3) The economic-environmental efficiency of wheat during the period 1385-1399

1399 1398 1397 1396 1395 1394 1393 1392 1391 1390 1389 1388 1387 1386 1385  Provine/year J ] e
0.69 0.76 0.57 0.60 0.76 0.82 0.84 0.88 0.85 0.78 0.79 0.78 073 0.77 0.86 East Azarbaijan JEFERNS]
0.87 0.87 0.87 0.86 0.86 0.86 0.84 0.88 0.86 0.81 0.83 0.88 0.83 0.83 0.88  West Azarbaijan i ol
0.89 0.91 0.96 0.96 0.59 0.96 0.95 0.95 0.87 0.74 0.68 0.87 0.90 0.77 0.80  Ardebil Jas)
0.85 0.52 0.85 0.84 0.84 0.85 0.82 0.78 0.82 0.80 0.87 0.79 071 0.79 086 lIsfahan g
0.90 0.90 0.90 0.89 0.89 0.89 0.87 0.88 0.86 0.90 0.90 0.87 0.79 0.90 087 llam Sl
0.89 0.89 0.89 0.88 0.88 0.88 0.87 0.87 0.70 0.77 0.85 0.85 0.75 0.83 087 Alborz S
0.85 0.86 0.85 0.86 0.83 0.84 0.84 0.77 0.73 0.72 0.78 0.83 0.67 0.80 0.85 Bushehr e
0.87 0.86 0.86 0.86 0.84 0.85 0.85 0.86 0.86 0.81 0.88 0.88 0.83 0.82 0.87 Tehran A
0.85 0.85 0.84 0.84 0.84 0.83 0.80 0.76 0.85 0.82 0.81 0.85 0.75 0.85 0.87 ggﬁﬂf{a":iaha' & Sk s Jwalez
0.80 0.80 0.79 0.79 0.78 0.77 0.83 0.89 0.89 0.86 0.86 0.84 0.67 0.80 0.87  Southern Khorasan iy
0.88 0.88 0.88 0.87 0.87 0.87 0.84 0.88 0.81 0.81 0.85 0.89 0.79 0.85 079  Khorasan Razavi RS
0.84 0.78 0.77 0.77 0.77 0.76 0.79 0.87 0.82 0.81 0.87 0.84 0.65 0.82 0.77  North Khorsan S35 ool >
0.73 0.72 0.74 0.69 0.70 0.70 0.81 0.81 0.68 0.87 0.82 0.85 0.85 0.85 0.89  Khuzestan s ol
0.86 0.86 0.85 0.85 0.84 0.84 0.80 0.89 0.67 0.67 0.90 0.85 0.80 0.80 090  Zanjan o
0.86 0.86 0.85 0.85 0.84 0.84 0.82 0.82 0.85 0.90 0.91 0.87 0.79 0.90 087  Semnan i
0.90 0.90 0.90 0.89 0.90 0.89 0.89 0.91 0.83 0.89 0.89 0.90 0.88 0.88 084 Sian& sl 5
Baluchestan
0.84 0.83 0.82 0.83 0.81 0.82 0.81 0.84 0.77 0.77 0.79 0.79 0.75 0.81 082 Fars o
0.86 0.86 0.86 0.85 0.85 0.85 0.86 0.85 0.87 0.85 0.83 0.79 0.75 0.79 0.89  Qazvin e
0.89 0.89 0.88 0.88 0.88 0.87 0.74 0.86 0.85 0.62 0.76 0.88 0.85 0.84 086 Qom o3
0.89 0.89 0.84 0.83 0.83 0.82 0.90 0.89 0.83 0.83 0.87 0.90 0.82 0.87 0.90  Kordestan s S
0.87 0.83 0.88 0.90 0.89 0.89 0.87 0.90 0.87 0.83 0.87 0.85 0.82 0.85 086 Kerman oS
0.81 0.81 0.81 0.80 0.80 0.79 0.84 0.89 0.89 0.85 0.87 0.87 0.82 0.84 086  Kermanshah oliile s
Kohgiluyeh &
|
0.90 0.90 0.89 0.88 0.88 0.88 0.87 0.89 0.89 0.85 0.80 0.84 0.82 0.85 085 Bover Ahmad Soml 151 5 skSeS
0.83 0.83 0.82 0.81 0.82 0.81 0.80 0.87 0.74 0.82 0.88 0.84 0.78 0.78 077  Golestan Slds
0.89 0.89 0.88 0.88 0.89 0.88 0.88 0.91 0.85 0.90 0.83 0.93 0.94 0.92 0.89  Guilan LS
0.79 0.83 0.54 0.72 0.79 0.88 0.86 0.91 0.86 0.84 0.80 0.79 0.86 0.79 0.80 Lorestan )
0.95 0.89 0.87 0.87 0.87 0.87 0.88 0.90 0.83 0.87 0.81 0.93 0.94 0.1 0.88  Mazandaran ke
0.59 0.54 0.86 0.86 0.86 0.86 0.87 0.89 0.86 0.82 0.89 0.90 0.86 0.87 0.87 Markazi &5y
0.92 0.91 0.87 0.87 0.86 0.87 0.86 0.83 0.77 0.77 0.87 0.89 0.78 0.90 0.86 Hormozgan en
0.90 0.90 0.90 0.90 0.89 0.89 0.88 0.90 0.83 0.83 0.84 0.86 0.72 0.80 0.83  Hamedan en
0.88 0.85 0.85 0.84 0.84 0.82 0.82 0.87 0.85 0.86 0.83 0.87 0.88 0.88 085 Yazd o3
0.83 0.81 0.84 0.84 0.83 0.85 0.85 0.87 0.82 0.81 0.84 0.86 0.80 0.84 0.85 Average Sl
0.95 0.91 0.96 0.96 0.90 0.96 0.95 0.95 0.89 0.90 0.91 0.93 0.94 0.92 090 Max i

0.59 0.52 0.54 0.60 0.59 0.70 0.74 0.76 0.67 0.62 0.68 0.78 0.65 0.77 0.77  Min Slas
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Chart (2) Annual average wheat production efficiency in the country (1385-1399)
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Table (4)Frequency distribution and percentage of economic-environmental
efficiency of wheat production in Iran

Percentas o Frequency glsl,8 Efficiency range !5 als
3.66 17 0.5< TE<0.7

85.38 397 0.7<TE<0.9

10.96 51 0.9<TE

0 TE=1

0.84 Average .Sl

0.96 Maxa oo

0.52 Minac.s
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Chart(3) The average economic-environmental efficiency of wheat production by
provinces of Iran during the period 1385-1399
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Abstract

Economic Ecological Efficiency is defined as the efficiency of using
environmental resources to meet human needs. This concept can be considered
as a suitable criterion for evaluating the sustainability of production and its
economic efficiency. Due to the fact that the production of agricultural products
Is associated with environmental effects and the highest amount of water
consumption is used to produce agricultural products on a global scale, so in this
study, in order to investigate the environmental effects of wheat production,
water index was used. For this purpose, first the traces of wheat water in the
provinces of the country during the period 2000-2011 were calculated and then
the economic- ecological efficiency of wheat production was estimated. The
results of water footprint calculation showed that the provinces of Gilan, South
Khorasan, Semnan and Sistan and Baluchestan have the average total of more
water footprint in wheat production. Also, the average water, green and gray
water footprint in the country during the study period was equal to 2625.7, 428.1
and 594.1 cubic meters per ton. The results of estimating the economic-
ecological efficiency also showed that among the studied variables,
compositional input and green water footprint have the most positive effect on
improving the production value of wheat. The results also show that the
provinces of East Azerbaijan, North Khorasan and Khorasan Razavi have the
lowest average efficiency and the provinces of Gilan, Sistan and Baluchestan,
Mazandaran and llam have the highest economic- ecological efficiency of wheat
production, respectively. The average total economic-environmental efficiency
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of wheat production was estimated to be 0.84. Also, the results of estimating the
inefficiency model showed that the economic-ecological efficiency of crop
production is higher for areas with per capita GDP and higher rainfall. Therefore,
it is suggested that in provinces with lower eco-efficiency, in order to preserve
the environment, new irrigation methods are used to reduce the blue water
footprint, and green fertilizers and low-risk chemical fertilizers are used to reduce
the gray water footprint.

Keywords: Economic-ecological efficiency, Water footprint, Wheat, Stochastic
frontier production function

Introduction

Iran is located in an arid and semi-arid region with diverse climates (hot and
humid Caspian coasts, moderate central plateau, hot and dry south and cold
mountains) (FAO, 2020). Due to the prevailing climatic diversity in Iran, wheat
cultivation is carried out in all provinces of the country. Wheat occupies about
50% of the total cultivated area of Iran's agricultural lands (more than 2 million
hectares of irrigated wheat and about 4 million hectares of dryland wheat) and
produces about 7 million tons of wheat on average annually. (Agricultural
statistics, 2019). According to the domestic demand (about 12 million tons),
about 30 to 50 percent of the domestic demand for wheat is supplied through
imports (Amarnameh Kavzuri, 2019). The provinces of Kurdistan with 530
thousand hectares, East Azerbaijan with 300 thousand hectares, Hamedan with
260 thousand hectares, Kermanshah with 147 thousand hectares and Zanjan with
245 thousand hectares have allocated the largest area under dry wheat cultivation,
and Khuzestan provinces (20%), Fars (12%), Khorasan-Razavi (7%) and
Golestan (6%) have taken the first to fourth positions respectively in terms of the
area under blue wheat cultivation (Agricultural statistics, 2019).

Since the production of agricultural products is associated with the creation of
environmental impacts, especially water and soil pollution (due to the use of
pesticides and as a result, the loss of the environmental balance) (Thanawong et
al., 2014). Therefore, there is a need for policymakers to have indicators in the
field of the effects of agricultural activities on natural resources and the
environment, in order to be able to measure the economic and environmental
effects (Robaina- Alves et al., 2015). The most common of these indicators is the



water footprint index. This index was first introduced by Hoekstra (2002) and in
recent years has been widely used by experts in different countries of the world
(Hoeksta & Chapagain, 2007, 2008; Mekonnen & Hoekstra, 2011; Hoekstra &
Mekonnen, 2012; Jaramillo & Destouni, 2015; Zhang & Anadon, 2014;
Lovarelli, et al., 2016. Zhang et al., 2016; Fathi, et al., 2020).

Methodology
Considering the importance of sustainability of water resources, in this study, by
considering the components of water footprint as input in the production
function, the efficiency estimation was done using the SFA method for wheat
production in Iran. For this purpose, the WF-SFA framework was used to analyze
the economic-environmental efficiency of wheat production in this study.
Therefore, in this study, in order to estimate the environmental effects, the water
footprint index was used and the economic-environmental efficiency of wheat
production was estimated. For this purpose, at the beginning, the water footprint
components of wheat were calculated in the provinces producing this product.
Then the economic-environmental efficiency of wheat production in the
provinces of Iran was calculated.
After calculating the water footprint components of wheat in the provinces of the
country following Battese & Coelli (1995), an SFA model was created for the
wheat production function. The economic-environmental efficiency for the i-th
province in the i-th year is defined as the ratio of the actual output to the border
output as following equation:

E. = exp (X B+ vie — wye ) = exp(—uy )

* exp (Xt B+ vir ) t

Also, the effects of production inefficiency were defined by below equation
(Song & Chen, 2019):

Uit = 80 + 81 PGit + 82 ARit + 83 ISit + 84 Tit + 8t t+ Wit
that PG gross domestic product per capita (million tomans), (this variable shows
the level of development and prosperity (Wu, 2012; Farajzadeh and Nematollahi,
2018)) of each province, and therefore its low level can be a factor of inefficiency
calculated, AR is the amount of annual rainfall, IS is the ratio of the irrigated




cultivated area to the total cultivated area of the province, T is the average annual
temperature (average annual temperature of each region in degrees Celsius). The
maximum likelihood method was used to simultaneously estimate the parameters
(parameters) of the stochastic frontier function and the inefficiency effects
model.

Results and dis

According to the results, the average of the components of this index for wheat
production in Iran is higher than the world average, which can be achieved by
creating solutions such as the expansion of modern irrigation methods, the use of
resistant and high-yielding modified cultivars, and the optimal use of chemical
fertilizers. Wheat production improved the status of water footprint index in Iran.
Also, according to the results, blue water footprint has a negative effect and green
water footprint has a positive effect on wheat production in Iran. This situation
shows that the pattern of wheat production among the provinces of the country is
not very consistent with the patterns of distribution of water conditions and
rainfall, which means that in the provinces where the amount of rainfall and green
water footprint are high, wheat production is definitely not higher; For example,
the provinces of Khuzestan, Kerman and Fars, which have the highest amount of
wheat production, have relatively low green water footprints.

Also, the results show that the provinces of East Azerbaijan, North Khorasan and
Razavi Khorasan have the lowest economic-environmental efficiency in wheat
production among the provinces of the country, which is partly due to the
relatively high-water footprint in these provinces. The provinces of Gilan,
Mazandaran and Ilam have had the highest economic-environmental efficiency
due to abundant rainfall and high green water footprint. By measuring the
economic-environmental efficiency of wheat production in different provinces,
it is possible to provide separate goals for each province.
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