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Abstract Keywords:

W ater scarcity, caused by both limited access and deteriorating quality, is a = Virtual Water, Water

growing global challenge. This study investigates the dynamic relationship go?sct);?::lggdlzlsr;i?ﬁ:?;,
between macroeconomic variables and virtual water imports in Iran from 2003 to Water Resources
2022. The research employs the Vector Autoregression model for simultaneous Management.
and multivariate time-series analysis. In this model, variables such as exchange
rate, trade balance, economic growth, government income, and virtual water
imports were examined. The model results show that exchange rate fluctuations
and economic growth have a significant and positive impact on virtual water
imports. Specifically, the coefficient for the exchange rate is 0.33
(t-statistic=2.95, significance level=0.008), indicating a direct and significant
effect of exchange rate changes on water dependence. Additionally,
improvements in the trade balance and increases in government income help
reduce the country's water dependency, with the trade balance coefficient at -0.19
(t-statistic=-2.06, significance level=0.047). The Granger causality test revealed a
bidirectional relationship between exchange rate and virtual water flows.
Moreover, the results of statistical tests, including the Augmented Dickey-Fuller
unit root test, Durbin-Watson autocorrelation test (DW=1.91), and White ~
heteroskedasticity test, confirm the statistical validity of the model. The final ' @pEN
VAR model results show a high R-squared value of 0.84, indicating a good fit of st
the model. These findings indicate that Iran’s exchange rate and trade policies
play a crucial role in managing the country’s water dependency, suggesting that . Received: Apr. 8, 2025
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Investigating the parameters affecting the ...

1. Introduction

This paper examines the flow of virtual water
imported from cereals in Iran, taking into account
its financial costs. The main innovation of this
study is the combination of economic approaches
and modeling of virtual water flows, which leads
to a more detailed analysis of Iran's dependence
on external water resources. This study not only
calculates the volume of virtual water imported,
but also estimates the financial costs associated
with this import and examines its economic and
managerial implications. This comprehensive and
integrated approach distinguishes this study from
previous research and makes it usable as a
practical tool for policymakers and economic and
water planners.

2. Methodology
The opportunity cost' of allocating foreign
exchange to virtual water imports® instead of
other investments can be estimated as shown in
equation 1:
OC =VWI x (j —i) @)
Where,
VW1 is the portion of virtual water imports paid
in foreign exchange, obtained from trade data. i is
the return that could be obtained by investing
foreign exchange in Iranian government bonds,
using annual bond vyield data. j is the
counterfactual return that could have been
obtained by investing in priority sectors such as
industry, technology, or domestic agriculture. Its
value is estimated based on the expected returns
in these sectors based on past performance and
growth prospects. (j-i) represents the return or
opportunity cost foregone from allocating foreign
exchange to VWI instead of investing in
alternative sectors. This simple opportunity cost
model provides an estimate of the amount of lost
returns over the sample period from 2003-2022.
The financial cost (FCi) of importing virtual
water of product i in year t is:

FC, = ICR, - DPC, )

Where,

In DPC;; is the cost of domestic production of
product i in year t, ICP;, is the cost of importing
virtual water of product i in year t, if FC;>0, the
financial cost of importing virtual water is higher
than domestic production. If FCy<0, importing

! Opportunity Cost (OC)
2 Virtual Water Imports (VWI)
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virtual water of product i in year t leads to
financial savings. Then

DPCit = Z(Iijt x Pijt) /Yit
=1
(3)

Where,
lijt is the amount of input j to produce one unit of
product i in year t, Py; is the price of input j to
produce one unit of product i in year t, Y;; is the
yield of product i in year t:
ICP, =Q, xP,, xER, 4)
Where,
Pwit is the world price of product i in year t, ER;
is the official exchange rate in year t, and Qj is
the amount of virtual water imported in year t.
This model determines whether the increase in
the world price of products has overcome the
decrease in domestic production costs over time.
To examine the relationships between
macroeconomic variables and virtual water
import flows, the data from 2003 to 2022 were
used. The aim of this analysis was to determine
the effect of variables such as trade balance3,
government revenue4, government expenditure,
economic growth5, exchange rate® and world
food price index (P) on virtual water imports7 of
cereals in Iran. The econometric model is defined
as equation 5:

VIM, =a+ BTB, + B,GR, + B,GE, +

5
f,GDPG, + B,ER + P+ ©)

Where,
&, is the random error term and all variables are

transformed in percentage or natural logarithm to
make their stability and scale the same.

3. Discussion and results

In examining the overall flow of grain virtual
water imports, which shows Iran’s virtual water
imports broken down into green, blue, and gray
water footprints, provides a deep insight into
Iran’s patterns of dependence on external water

Trade Balance (TB)

Government Revenue (GR)

Gross Domestic Product Growth (GDPG)
Exchange Rate (ER)

3
4
5
6
" Virtual Water Imports (VWI)
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resources. Based on this data, Iran’s total virtual
water imports in the form of rice, wheat, corn,
and barley products were equivalent to
297,030.75 million cubic meters during the study
period. This figure indicates Iran’s significant
dependence on external virtual water resources,
which is mainly provided through grain imports.
Given the country’s water scarcity conditions,
this dependence is not only an economic
challenge but also a strategic issue in water
resource management in the country.

The results show that exchange rate,
government spending, and world food prices have
the most positive and significant impact on virtual
water imports; while trade balance and
government revenue have a negative impact. In
other words, in periods when the trade balance
has improved or government tax revenue has
increased, dependence on virtual water imports
has decreased. In contrast, an increase in
exchange rate and world product prices has
increased import costs and increased dependence
on foreign water resources. These findings
indicate that macroeconomic  management,
especially the government's foreign exchange and
fiscal policies, can directly affect the
sustainability of the country's water and food
security.

The findings of this study showed that the
import of virtual water for cereals in Iran has
been increasing during the years 2003 to 2022,
and corn is the most important carrier of virtual
water in the country, with a share of about 48%.
This pattern is consistent with global results;
Mekonnen et al. (2024) also reported that more
than 70% of the world's virtual water trade is
related to water-intensive crops such as wheat,
corn, and soybeans.

4. Conclusions

This study examined the flow of grain virtual
water imports in Iran during the period 2003 to
2022 and analyzed the financial costs and
management implications of this dependence
using detailed modeling. The findings showed
that, Iran is significantly dependent on grain
virtual water imports, which plays a key role in
the management of domestic water resources and
food security of the country. The total volume of
grain virtual water imports during this period was
297,030.75 million cubic meters, with the largest
share attributable to corn (48.49%), wheat
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(26.42%), barley (14.48%), and rice (10.63%).
This pattern indicates the vital role of corn in
meeting domestic needs, especially in the
livestock and feed production sectors. Water
footprint analysis showed that green water
constitutes the largest component of Iran’s virtual
water imports (58.68% of total virtual water
imports). This indicates Iran’s strong dependence
on rainwater resources in exporting countries.

In contrast, blue water and grey water play a
smaller role in these imports, with a share of
29.44% and 11.88%, respectively. This
distribution indicates that Iran’s grain imports are
largely dependent on natural resources and are
less affected by direct consumption of artificial
water resources. However, the high share of grey
water in some crops, especially rice and barley,
indicates dependence on countries whose
production has been accompanied by extensive
use of chemical inputs and pesticides. This
highlights the need to monitor and assess the
environmental impacts of virtual water imports to
Iran.

The financial costs of virtual water imports
have also increased significantly during this
period. For example, the cost of importing virtual
water for wheat has increased from 64.35 billion
rials in 2003 to 84,954.90 billion rials in 2022.
This increase is due to several factors, including
the growth in global product prices, the increase
in import volumes, and severe exchange rate
fluctuations. Comparing the cost of imports with
the cost of domestic production shows that
domestic wheat production, even with inflation-
related costs, is significantly more economical
than its import. This difference highlights the
importance of investing in domestic production
and strengthening agricultural infrastructure to
reduce dependence on imports.

The geographical analysis showed that Iran
depends on a wide range of countries to meet its
food needs. A prominent share of virtual water
imports comes from regions such as Europe
(especially Russia, Switzerland, and Germany)
and Asia (such as the United Arab Emirates,
India, and Turkey). This dependence can be
influenced by a variety of factors, including trade
policies, climate change, domestic water
constraints, and diplomatic relations. In
particular, fluctuations in virtual water imports of
barley and rice reflect changes in domestic
demand, trade policies, and global conditions.
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Table 1. Characteristics of variables used in the econometric model

q Definition and Unit of : How to calculate /
Variable Symbol explanation e Period Exact data source explain
Total volume of EAO Calculation based
Import of imported virtual - . on the sum of
cereal virtual ~ (VWI) water including m”:;]%?eigb'c 22000232_ T(rlz\(?euvgfe-l;/?lz\’/v imports x virtual
water wheat, barley, corn dataset) water coefficient
and rice of each product
The difference
between exports
- Central Bank of
and imports of Percentage of  2003- i
Trade balance (TB) goods and services GDP 2022 Iran (rch:r?)nnual
as a percentage of P
GDP
Government (GR) G(;\ézrggwr:e—?;)t(ax Percentage of  2003— SSQHSLESSE{ Real data as a
revenue revenues GDP 2022 department percentage of GDP
Total consumption The sum of current
Government (GE) and capital Percentage of  2003- Central Bank, expenditures and
expenditures expenditures of the GDP 2022 national accounts government
government investment
International
. GDP growth rate at Monetary Fund
EC?Q&T}'C (GDPG)  constant prices in Percentage 22000232_ (IMF, World -
g 2015 Economic Outlook
- Database)
eggﬂacrlge (ER) Annual average Rial to US 2003— | rgr? ngilhzﬁglg ?aft e Annual average
rates official dollar rate dollar 2022 time series official rate
. . International )
World food ®) I\?V]:?féofg'ggj ursitféd Index 2003~ monetary fund R?ﬁledba;:é li:)ﬁgg)r(ne
price index index P (2015=100) 2022 (IMF) commodity 2015
price index
Average yield ;
Product index of selected Index 2003 FAO (FAOSTAT, ~ Average yield of
return index Y) agricultural (2015=100) 2022  yield index dataset) barle ’an d ricé
products in Iran y
Ministry of
Cost of Total cost of Agricultural Jihad Real data of
. domestic - . 2003~ (office of production cost per
?g&ecstti'(;:n (DPC) production of Billion Rials 2022 agricultural hectare x
P selected cereals production cultivated area
statistics)
Annual Cost of 2003 Islamic Republic of Import value x
Import cost (IMC)  Importing Selected  Billion Rials 2022 Iran Customs, UN annual exchange
Grains Comtrade rate
The lost returns of di ff%?esr?geolgew\?een
Exchange allocation of 2003~ Calculation of the yield of
opportunity (0C) imported currency Billion Rials 2022 Formulas (1) overnr)1/1ent bonds
cost instead of domestic gn d the productive
investment P
sector
[i)nc;‘rl];(taist;[kc (INF) Consumer inflation Percentage 2003-  Statistical Center of i
. rate (CPI) g 2022 Iran / IMF
index
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1- Data collection (Central
Bank, IMF, FAQ)

2- Calculations and indicators
VW, DPC, IMC, OC
Macroeconomic

3- Preprocessing and
Normalization,

Unit Conversion,

Outlier Removal

\ S

5- Estimation with statistical tests,
Analysis and conclusion, International
comparison, Policy proposal

\
7
4- Econometric modeling,
estimation, and statistical tests
\

Fig. 1. Flowchart of the research methodology and steps for implementing the hybrid
macroeconomic-virtual water model
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Table 2. Virtual water import of cereals
(million cubic meters)

Product  Green Blue Gray Total

Rice 18,473.80 9,365.10 3,696.80 31,535.70
Wheat 46,219.20 22,572.20 9,637.80 78,429.20
Corn  84,388.20 42,756.70 16,877.60 144,022.50
Barley 25,193.70 12,764.80 5,038.70 42,997.20
Total 174,274.90 87,458.80 35,250.90 296,984.60
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Table 3. Virtual water import flow of cereals in Iran (million cubic meters)
Import of Import of Ir\?ie(tjlzg.;) i
Year  virtual water Year virtual water  Year AT
for cereals for cereals p—
2003 5,147.77 2010 8,056.90 2017 14,548.07
2004 5,927.57 2011 19,908.31 2018 16,956.24
2005 1,666.34 2012 141,312.10 2019 171,812.14
2006 5,328.88 2013 22,983.52 2020 23,135.31
2007 16,476.39 2014 16,095.09 2021 25,378.25
2008 15,632.49 2015 13,286.06 2022 24,082.52
2009 8,176.76 2016 8,056.90 2023 22,120.03
(a0 ¢ 5ken) Ol al 55 paS Sls 1y (55Lne ok st sba-Ydsue
Table 4. Water footprint and virtual water flow of wheat imports in Iran (million cubic meters)
Year Green Blue Grey Total virtual Year Green Blue Grey Total virtual
water water water water import water water water water import
2003 191.21 93.38 40.02 324.61 2013 6,388.62 3,120.03 1,337.15 10,845.80
2004 100.24 48.95 20.98 170.17 2014 2,85452 1,394.07  597.46 4,846.04
2005 376.81 184.02 78.78 639.61 2015 1,271.38 620.91 266.10 2,158.40
2006 162.97 79.50 34.07 276.54 2016 63.52 31.02 13.30 107.84
2007  5,090.74  2,486.18 1,065.50 8,642.42 2017 0.31 0.15 0.06 0.53
2008  4,352.10 2,125.44  910.90 7,388.44 2018 0.16 0.08 0.03 0.27
2009 747.47 365.04 156.45 1,268.96 2019 2,857.35 1,395.45 598.05 4,850.85
2010 242.75 118.57 50.81 412.13 2020 4,763.87 2,326.54 997.09 8,087.50
2011  5,769.60  2,817.73 1,207.60 9,794.93 2021 4,562.39  2,228.15 954.92 7,745.46
2012  3,411.78 1,666.22  714.09 5,792.09 2022 3,011.55 1,470.76 630.33 5,112.64

(7 Jsaz) cosl s S

2 Jyame g5l OF Olsl5 Y-
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Table 5. Import of virtual water for wheat into Iran by geographical region (million cubic meters)
Virtual Virtual
Region Country ‘water Region Country ‘water
import import
Europe FR“SSiQ” 15,978.90 Asia United Arab Emirates  10,741.24
ederation
Europe Switzerland 10,099.21 Asia Turkey 4,184.92
Europe Germany 8,813.60 Asia Kazakhstan 3,679.35
Europe Netherlands 4,173.27 Asia Iraq 1,377.10
Europe  United Kingdom 3,5697.93 Asia Uzbekistan 801.80
Europe Austria 844.29 Asia Turkmenistan 253.86
Europe France 286.47 Asia RAE’Z%‘;E;‘J?&%‘C 62.80
Europe Italy 270.13 Asia India 12.94
Europe Latvia 293.87 Asia Afghanistan 4.26
Europe Lithuania 1,293.54 Asia China 131.11
Europe Denmark 8.39 Asia Republic of Korea 232.72
Europe Cyprus 7.50 Asia Japan --
Europe Ireland 3.80 '\gri%dkfﬁggt Oman 17.36
Europe Serbia 0.35 '\gri%dffﬁgzt Lebanon 204.69
America Canada 3,691.10 l\;lri](éd’lb\efrl?ggt Estonia 8.61
America United States 1,709.73 '\gri]gdkfﬁgzt South Africa --
America Brazil 337.74 Free Zones Free Zones 16.29
America Argentina 417.25 Free Zones Hong Kong, China 602.75
America Mexico 0.05 Free Zones Singapore 1,977.41
Oceania Australia 1,980.52 Oceania New Zealand --
(coSasin 0 sekn) Ol 33 g sty 3l ST 0lz 5 O sbss-F Js
Table 6. Water footprint and virtual water flow of rice imports in Iran (million cubic meters)
I Green Blue Grey Total virtual N Green Blue Grey Total virtual
water water water  water import water water water  water import
2003 991 1,388.08  297.45 2,676.53 2013 1,207.34  1,690.28 362.2 3,259.82
2004 1,162.02 1,626.83 348.61 3,137.46 2014  746.19 1,044.67  223.86 2,014.72
2005  459.11 642.76 137.73 1,239.60 2015  840.91 1,177.28  252.27 2,270.46
2006 1,067.19 1,409.07 320.16 2,796.42 2016 1,293.74 1,811.23  388.12 3,493.09
2007 1,389.06 1,944.68 416.72 3,750.46 2017 1,615.19 2,261.27  484.56 4,361.02
2008 1,290.04 1,806.05 387.01 3,483.10 2018 1,680.03 2,352.04 504.01 4,536.08
2009 1,090.75 1,527.04 327.22 2,945.01 2019 1,314.22 1,839.91 394.27 3,548.40
2010 1,516.13 2,122.58 454.84 4,093.55 2020  738.62 1,034.07  221.59 1,994.28
2011 1,296.87 1,815.62  389.06 3,501.55 2021 1,791.78 2,508.49  537.53 4,837.80
2012 1,962.87 2,748.02 588.86 5,299.75 2022 1,191.57 1,688.20  357.47 3,237.24
Water and Wastewater P |
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Table 7. Results of the estimation of the econometric model of virtual water import (2003-2022)

Impact on virtual

. - Coefficient P-
Variable wat?{'/ {,r\?lp;orts at(Lag=1) Statistic value Interpret
AVWI(-1) . The effect of 0.41 308 0.004 Prewqus year's imports have a positive
insider dynamics impact on the current year
AER(-1) Exchangeirate 0.33 295 0.008 An increase in the exchange rate increases
water dependence
AP(-1) World grain price 0.26 5 a1 0.020 An increase in worlq prices increases the
cost of imports
ATB(-1)  Trade balance 019 206 0047 ‘N improvementin the irade balance
reduces virtual water imports
AGR(-1) Government 012 195 0056 A_n increase in ggvernment revenue
revenue slightly reduces import dependence
AGDPG(-1)  Economic growth 0.7 210 0041  eonomic growth increases demand for

grains and imports
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