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integrated water-economy- environment index on the economic
growth of Iranian provinces.

Methods: After determining the integrated regional water-
economy-environment index based on the recent theoretical and
empirical literature, the integrated regional index was estimated for
water resource allocations in 31 Iranian provinces using fuzzy
comprehensive evaluation method and improved entropy approach.
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n eg:ﬁ € mt €%, econfomlc Provincial and National Statistical Yearbooks, Statistical Centre of
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Yearbook, Agricultural Technical Research Institute. Finally, the
effect of regional water resource allocations in water-economy-
environment index on economic growth of Iranian provinces was
estimated during the period from 2012 to 2018 using Generalized
Method of Moments (GMM) approach.

Findings: Estimation of the total index with 5 main components
revealed that Gilan, Mazandaran, Chaharmahaal & Bakhtiari and
Khuzestan provinces can be suggested as the most suitable provinces
to implement domestic virtual water strategy. The final results
proved that policy making for implementation of virtual water
strategy should be conducted regionally and individually based on
the status of each province in water-economy-environment
components of regional integrated index. Finally, the results of the
study indicated that integrated regional water-economy-
environment index had a positive and significant effect on economic
growth of Iranian provinces.
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Introduction

Water is considered as an essential resource
for food and industrial productions,
environmental protection and a Kkey
irreplaceable prerequisite to economic
growth and sustainable development. But
this essential production input is usually
ignored by policymakers in allocation of
resources. Iran is suffering from a socio-
economic drought which is usually known as
water bankruptcy in the literature. Despite
the consensus among all experts and policy
makers that water bankruptcy will be the
main growth and development challenge in
Iran in the coming decades which can threat
Iran's regional development and food
security; there is still no integrated water-
economy-environment system for regional
allocation of water resources in Iranian
provinces. Reviewing of the history of water
policy-making and allocation of water
resources proves that water bankruptcy in
Iran is a multidimensional complex socio-
economic and environmental phenomenon
which is the consequence of improper
governance as the result of
misunderstanding sustainable development
and integration concepts. A review of studies
conducted in Iran indicates that there is still
no quantitative and analytical criteria for
evaluation of the situation and decision-
making in the form of an integrated water-
economy-environment system for the
allocation of water resources. Moreover,
many studies argue that sustainable
economic growth of Iranian provinces
requires regional sustainable water
resource allocation which takes into account
the capability and capacity of water
resources in each province and the socio-
economic, agricultural, technology,
transportation and environment as well. The
purpose of this study was to investigate the
effects of regional water resource allocation
in the integrated  water-economy-
environment index on sustainable economic
growth of Iranian provinces during the period
from 2012 to 2018.

Materials and Methods
This study seeks to investigate the effects of

the integrated water-economy-environment
index for water regional policy-making on
economic growth of Iranian provinces using
a comprehensive fuzzy evaluation Method,
Shannon entropy weighting and Generalized
Method on Moments (GMM) approaches in
Iranian provinces. After determining the
water-economy- environment index based
on the latest theoretical and empirical
literature, the integrated water-economy-
environment index was estimated for 31
Iranian provinces. The integrated water-
economy- environment index includes 5
main components comprising water
resources, technology and transportation,
economy, society, and environment,
respectively. Finally, the calculated index
was used for the estimation of sustainable
economic model during the period from
2012-2018 using Generalized Method of
Moments (GMM) econometric approach.

Findings

The results of the study showed that taking
into account water resources, economic,
social, technology, transportation and
environmental  components in  the
framework of integrated water-economy-
environment policy making is a key
requirement to achieve sustainable
economic growth in Iranian provinces. Thus,
water policy making in Iranian provinces
should be implemented regionally and
individually based on the status of the
corresponding province in water-economy-
environment index. Also, results of the study
indicated that Ardabil, Kerman, South
Khorasan, Semnan, Sistan and Baluchestan,
Fars, Qazvin, Markazi and Yazd had slightly
poor status in water resource component.
Moreover, from the social perspective of
virtual water index South Khorasan, Zanjan,
Hormozgan were classified as slightly poor
and North Khorasan, Kermanshah and
Lorestan as poor provinces. On the other
hand, most of the Iranian provinces had
slightly poor and average situations in
economic component of regional integrated
water-economy-environment index. Besides
[lam and Kohgiluyeh and Boyer Ahmad were
identified as slightly poor in technology and
transportation component while South
Khorasan, Sistan and Baluchestan, Qazvin,
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Kermanshah and Kohgiluyeh and Boyer
Ahmad were classified as slightly poor
provinces in environment component of the
integrated water-economy-environment
index. In addition, based on the results of the
total virtual water index, Gilan, Mazandaran,
Chaharmahaal & Bakhtiari and Khuzestan
provinces can be suggested as the most
suitable provinces to implement the virtual
water strategy. In other provinces of the
country, depending on the situation of the
main components and sub-indicators in each
of the dimensions of integrated water
economy-environment index, a special
policy should be applied to achieve
sustainable economic growth. Finally, the
results of the study proved that integrated
regional water-economy-environment index
had a positive and significant effect on
economic growth of Iranian provinces. Also,
the positive and significant effects of human
capital, capital formation, and life
expectancy on economic growth were
confirmed.

Discussion

One of the solutions to water shortages that
is introduced by Allan (1998) in the Middle
East region was virtual water strategy which
is usually known as "virtual water trade" in
the literature. The virtual water trade is
originally rooted in Heckscher- Ohlin-
Samuelson relative advantage theory. This
strategy suggests the import of grain from
water abundant regions instead of growing
grain regionally. Although the idea of virtual
water trading is inherently an economic
concept; many economist have criticized the
virtual water strategy as a more or less
fallacious theory failing to take socio-
economic, environmental sustainability into
account. In response to the critics many
studies argue that there is an urgent need for
an integrated water-economy-environment
index system which comprises various
aspects of sustainability in water resource
allocation for economic growth. This
evaluation index system takes into account
the  co-relationship among  various
components of economy, society, resources,
technology and transportation and
environment as well. Based on the results of
the study the integrated virtual water index

can be suggested as an effective instrument
for allocation of water resources in Iranian
provinces. Virtual water strategy in
provinces with scarce water resources can
be considered as a potential alternative for
facing regional water scarcity in Iranian
provinces. Due to the scarcity of water
resources and budget constraints as well as
various situations in Iranian provinces the
virtual ~water strategy should be
implemented regionally taking into account
the weakness or strength of each province in
water resources, economic, social,
technology and environment components.
Also, weak provinces in water-economy-
environment index in Iran should prohibit
water intensive activities and try to import
water intensive agricultural and industrial
products form water abundent provinces.

Conclusion

Finally, it is recommended to planners and
policymakers to  consider  regional
integrated virtual water index based on
regional components and provincial
capacities in the long run periods to obtain
more detailed information about water
resources in Iranian provinces in making
economic growth related decisions.
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