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Abstract The groundwater depletion in Iran is becoming an irreversible catastrophic challenge, calling for an 

integrative approach combining socioeconomic, technological, and political factors. This study investigates the effect 

of conservation policy on Iran’s groundwater depletion. The adopted spatial panel model includes economic and envi-

ronmental variables as well as spatial externalities. The results indicated that the gradual removal of energy subsidies 

for agricultural activities is an effective policy to mitigate water depletion. However, in Iran where water depletion is 

a serious challenge, a small increase in energy price through the removal of energy subsidies would not lead to a 

significant reverse in the water depletion. Also, the results demonstrated that irrigation technology subsidies have an 

undesired effect on water depletion. Taking advantage of these technologies to gain more profit, farmers expand their 

cultivated area and thus extract more water. Finally, it was found that there is a spatial correlation in the groundwater 

depletion in different provinces. These correlations should be taken into consideration for adequate policy design. Sev-

eral policy recommendations were concluded from the results, including restriction of agricultural land in plains with 

the critical groundwater situation, conductivity of smart water monitoring system in the land equipped with modern 

irrigation technologies, the codification of drought rehabilitation program, management of agricultural commodity 

prices in the short run, an increase in energy prices for agricultural activities concerning the inflation rate and water 

utilization based on a mutual agreement between neighbor beneficiaries in provincial borders with the common aqui-

fers. 
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Introduction 
Natural resources are considered as one of the main input 

factors in the development process, among which water plays a 

primordial role. The Gross Domestic Product (GDP) growth rate 

in many countries highly depends on water resources develop-

ment (zahid and Uddin Ahmed 2006). Water has a great and 

complex effects on economic activities (Ghorbani et al. 2014). 

Especially in arid areas such as Iran, some parts of India, and 

China's extensive extraction of water plays an important role in 

agricultural activities (Hornbeck and Keskin 2014). However, 

the massive consumption and increased pollution of water re-

courses lead to a natural resource degradation and deduction of 

human welfare. 

Irrigated agriculture is a predominant consumer of water re-

sources in the world, with about 60 % of water resources allo-

cated to agricultural needs (Lin Lawell 2016). In some countries, 

in the arid and semiarid areas, the share of agricultural water con-

sumption reaches 90 %. In these areas, groundwater recourse ex-

traction cover a huge share of agricultural water demand because 

of the changes in precipitation pattern and occurrence of consec-

utive and severe drought, which lead to the scarcity of surface 

water (Kiptum and Sang 2017). Quality, reliability, and accessi-

bility are considered as advantages of groundwater resources, 

which can play an important role in the sustainability of food se-

curity, sanitation improvement, and poverty reduction (Khair et 

al. 2015), especially in a rural area in arid regions. Similarly, 

other features of groundwater resources such as low investment 

cost for exploitation, vicinity to the consumption area, the insig-

nificant short-term effect of drought, availability in a suitable 

time for the crop, and suitable for any kind of irrigation technol-

ogy make them a popular input between farmers (Ojo et al. 2012). 

Over-extraction of groundwater resources is an important 

concern in most of the agricultural region of Asia such as India, 

North of China, Pakistan, and Iran. Food production in these re-

gions are at risk because of water scarcity (Aw-Hassan et al. 

2014). In these countries, the energy subsidies policy imple-

mented to support poor farmers in rural areas, accelerate agricul-

tural production, and reduce rural poverty through low-cost 

pumping technologies (Shah et al. 2008). Hence, over-exploita-

tion of groundwater can continue beyond the economic viability, 

and environmental sustainability and energy subsidies becomes 

one of the most important accelerators of groundwater depletion 

(Shah et al. 2012). In recent years, government gradually reduce 

the energy subsides and investment in water conservation poli-

cies such as irrigation technology subsidies, subsidies for water 

conservation crops to prolong the aquifer in these regions (Wang 

et al. 2015). Between these conservation policies, the govern-

ment looks to irrigated agriculture as a solution for the conserva-

tion of groundwater, because they believed these technologies 

improve irrigation efficiency and could reduce agricultural water 
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demand. Therefore, in many developing countries, the govern-

ment allocates a considerable amount of irrigation technology 

subsidies to preserve the aquifers (Wang et al. 2015). 

In the last decades, Iran's water resources have fallen. The 

average surface runoff between 1994 and 2014 has decreased by 

42 % compared to the long-run average. On the other hand, the 

groundwater table has fallen due to over-extraction, and the 

cumulative groundwater deficit has reached 109 billion cubic 

meters (Khaki et al. 2018). Population growth since the 1980s, 

inefficient agriculture, farm subsidy programs, focusing on food 

self-sufficiency, mismanagement, and thirst for rapid 

development are considered as main elements of water scarcity 

in Iran (Madani 2014). Because of the limited availability of 

surface water in the country, most water consumptive activities 

depend on the groundwater recourses, and Iran is known as a top 

miner of these resources in the world (Döll et al. 2014). 

Agriculture is considered as the main water consumer in 

Iran, so that the water consumption in this sector has reached to 

86 billion cubic meters and experienced 200 % of growth since 

1961 and about 93 % of Iran's renewable water has been 

allocated to agricultural activities (Moridi 2017). From a 

groundwater perspective, agricultural activities are responsible 

for 87 % of groundwater consumption and 78 % of depletion 

(Madani et al. 2016). Despite considerable water consumption, 

outdated farming technology leads to very low efficiency in 

irrigation and production. Moreover, an inefficient agricultural 

sector alongside the self-sufficiency program caused the 

expansion of cultivated areas and over-extraction of groundwater 

resources (Madani et al. 2016). In such conditions, the fall of the 

water table causes a water salinity and sudden collapse in the sur-

face (Arfanuzzaman and Atiq Rahman 2017), which affect 

agricultural production and farmers' welfare negatively. Since 

many agricultural plains are suffering this circumstance, 

implementing water conservation policies that mitigate the water 

depletion and preserve the resources is obliging to prevent 

catastrophic consequences. 

Insufficient water supply conditions, alongside the over-

extraction of water resources, ratified the need to use economics, 

policy, technology, and other management tools to regulate the 

behavior of human resources utilization (Xia et al. 2011). The 

effect of water conservation policy has not investigated on the 

agricultural sector through a comprehensive study in Iran.  

Therefore, the main purpose of this study is to survey the 

effect of energy subsidies reduction and irrigation technology 

subsidies alongside the other economic, environmental, and tech-

nological variables on the groundwater depletion. Moreover, 

spatial externality caused by the provincial water management 

unit is not taken into consideration. Therefore, this paper tried to 

investigate the effect of this matter for the first time in Iran. 

Based on the results of econometrics estimation, policy implica-

tions for mitigation of the groundwater depletion will be 

presented.  

In recent years, many studies focused on investigating the 

effect of different conservation policies on mitigation of ground-

water depletion. Between these policies, modification of energy 

price and implementation of modern irrigation programs gain 

considerable attention in the literature (Fishman 2018; Konikow 

2015). Most of the studies indicate that increasing energy prices 

can limit the water depletion because the energy expenditure in-

creases for pumping the same amount of water and it might de-

cline a water depletion (Konikow 2015). Therefore, an increase 

in energy prices through the removal of price subsidies might be-

come a policy measure for water conservation. In Iran, a gradual 

liberalization of energy prices can be considered as a water con-

servation policy. Up to 2010, huge energy subsidies hidden in 

energy prices, created an economic incentive for groundwater 

abstraction by farmers. However, in 2010, implementation of tar-

geting subsidies by the Iranian government reduced the energy 

price subsidies in all the economic sectors, and energy prices 

drastically increased (Guillaume et al. 2011), and it might have a 

decreasing effect on groundwater extraction. Irrigation technol-

ogy subsidies are the other policy employed by the Iranian gov-

ernment to increase irrigation efficiency and preserve the water 

resources. Most of the cultivated area were equipped with pres-

surized irrigation systems through government financial subsi-

dies. However, studies showed that the effect of these technolo-

gies on groundwater depletion is ambiguous. Ghorbani et al. 

(2014), and Fishman (2018) showed that irrigation moderniza-

tion can be effective conservation measure if the surplus water 

remains in the aquifers compared with the traditional technology. 

On the other hand, if the saved water is used for expansion of 

cultivation area and changing the crop pattern to more water-

intensive crop, then implementation of subsidizing irrigation 

modernization leads to an over-extraction of groundwater 

(Fishman et al. 2015; Li and Zhao 2016).  

Besides, water conservation policy, different socio-eco-

nomic and environmental variables affect water depletion, and 

many studies have been conducted to identify them from 

different perspectives. Because of the considerable share of agri-

culture activities in water consumption, they are the most influ-

ential determinants of groundwater depletion. Investigations 

revealed that intensive irrigation, expansion of the cultivated area, 

and agricultural development for increasing food production 

cause a rapid groundwater depletion (Leduc et al. 2017). Some 

other studies indicate that change in agricultural commodity 

prices may motivate the farmers to change their groundwater 

consumption patterns. In other words, an increase in prices can 

raise the marginal revenue of groundwater pumping, which may 

lead to the over-extraction of the aquifers (Lin Lawell 2016). 

Moreover, providing food for a growing population and their ex-

tra water demand for drinking and sanitation put an additional 

burden on the groundwater resources (Pei et al. 2015). Also, the 

density of well in a region has a strong effect on the groundwater 

extraction; however, the amplitude of various exploitation meth-

ods on water depletion is different, and this matter should be 

taken into consideration (Massuel et al. 2017). In Iran, three dif-

ferent groundwater extraction methods are used for water ab-

straction, including the shallow tube well, deep tube well, and 

qanat. The shallow tube well usually is used in the shallow water 
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table area, and its depth is not over 40 meters; therefore, these 

wells only affect the shallow aquifer, and their effect on ground-

water depletion is not significant (World Bank 2013). Deep tube 

well installed at a suitable aquifer after penetrating at least one 

impervious layer, and its depth is usually over 40 meters; so, the 

effect of these wells on groundwater depletion could be more sig-

nificant than the shallow wells(World Bank 2013). Finally, qanat 

consists of a series of vertical shafts in the sloping ground, inter-

connected at the bottom by a tunnel that conveys water from an 

aquifer or a water source to less elevated fields. Water extraction 

in qanat depends on climate condition and in dry year water ex-

traction reduce and in the wet year water flow increase; because 

of this characteristic, groundwater extraction n this method is 

more sustainable than the other technologies (Hamidian et al. 

2015). Sharing the aquifer by the farmers and issue of common-

pool resources create spatial externalities and exacerbate the 

groundwater depletion especially across the political boundaries; 

however, the intangibility of the externalities create a difficult 

condition for researchers to investigate its effect (Sears et al. 

2017). Finally, climate change such as the increasing trend in 

temperature, decreasing trend in rainfall, and increasing the oc-

currence of drought make the agricultural production more de-

pendent on irrigation. In this condition, the surface water be-

comes limited, and pressure on groundwater extraction increases; 

therefore, depletion of groundwater resources will intensify 

(Bhargava 2018; Li and Zhao 2016). 

 

Material and Methods 

1. Data  
To determine, in this study, secondary data used to investi-

gate the effect of conservation policies and other economic and 

environmental factors on groundwater depletion. Agricultural 

variables, such as the area equipped with modern irrigation sys-

tems and cultivation area, were collected from the agricultural 

census (Minestry of Agriculter 2016). Groundwater depletion, 

energy price for agricultural activities, number of deep and shal-

low wells, and aqueduct obtained from the ministry of energy 

and Iran’s water resources management company(Iran Water 

Resources Management 2017). Other variables such as popula-

tion, precipitation, agricultural commodity price index, and tem-

perature in different years have been collected from the statistical 

center of Iran (Statistical Center of Iran 2016). Considering the 

advantage of both cross-sectional and time-series, a panel data 

set is constructed based on all the available data in 31 provinces 

from 2010 to 2016. The description of these variables, along with 

the sample mean values, are presented in table 1. 

According to Figure 1 in arid provinces with extensive ag-

ricultural activities and limited access to surface water flow such 

as Fars, Kerman, Esfehan, Khorasan Razavi, and Markazi, level 

of groundwater depletion is significantly high. On the other hand, 

provinces with higher access to surface water flow such as Gilan, 

Mazandaran, and Khuzestan or those with less developed agri-

cultural sectors such as Bushehr, Ilam, and South Khorasan have 

a lower rate of groundwater depletion. 

 
 

Table 1 Variables used in the analysis 

Variables 
(Abbreviations) 

Description Data Source Mean 
Standard 
deviation

Depletion of groundwater 
(GD) 

Difference between the yearly water extraction and the 
water recharge (MCM per year) 

Iran water resources 
company 

2020.7 1878.8 

Number of shallow wells 
(NSW) 

Number of shallow well in each province (number) 
Iran water resources 

company 
18784.3 24271.9

Number of deep wells 
(NDW) 

Number of deep well in each province (number) 
Iran water resources 

company 
6367.9 6711 

Number of qanats 
(NQ) 

Number of qanats well in each province (number) 
Iran water resources 

company 
1327.7 1753.5 

Agricultural cultivated area 
(ACA) 

Cultivated area in each province (hec) 
Ministry of 
agriculture 

273326 227355.5

Area under modern Irrigation 
(MIS) 

Area under pressurized irrigation in each province (hec) 
Ministry of 
agriculture 

46192.4 39593 

Precipitation 
(PR) 

Mean of Precipitation in each province (mm per year) 
Statistical center of 

Iran 
221.5 199.4 

Temperature 
(TEM) 

Mean of Temperature in each province (°C per year) 
Statistical center of 

Iran 
28.7 146.1 

Population 
(POP) 

Population in each province (1000 person) 
Statistical center of 

Iran 
2515.6 2376.1 

Drought Index 
(DI) 

Percent of Normal Index in each province (%) own calculation 90.6 24.1 

Agricultural Price Index 
(API) 

Agricultural Price Index in each province (%) 
Statistical center of 

Iran 
199.7 27.6 

Cost of Electricity 
(CE) 

Cost of electricity for groundwater extraction in each 
province (Million rials) 

Iran ministry of 
energy 

17912.6 4943.5 
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Fig.1 Map of groundwater depletion in Iran in 2016 

2. Spatial panel model 
Since in Iran, water management is not implemented based 

on basin territories, and provincial institutes are responsible for 

water management (Moridi 2017), spatial externalities are im-

portant and should be considered in the estimation. A spatial 

panel model was used in this study to investigate the effect of 

spatial externalities. The estimation of the spatial panel model 

follows a four-step procedure. First, the panel unit root test 

should be done; however, in this study, because of the short time 

period, this step can be eliminated (Siedenburg, 2010). After that, 

a spatial dependence test should be conducted. For this purpose, 

three statistically significant tests had been introduced; these 

tests were Moran’s I, Geary’s GC and, Getis and Ord’s GO, 

which spatial autocorrelation can be examined through them 

(Mathur 2015). Estimation of the different specifications and 

choosing the best-estimated model considered as the third and 

fourth steps. 

In recent years, a combination of spatial econometrics meth-

ods with the panel data gains considerable attention. The devel-

opment of these models provides a remarkable opportunity for 

researchers to take advantage of panel data specification and in-

vestigate the spatial dependence between data at the same time 

(Elhorst 2010). 

Spatial econometrics method expanded based on three dif-

ferent spatial interactions: (i) endogenous interaction effect, 

which specifies a decision of one spatial unit depends on the oth-

ers units: (ii) exogenous interaction effect, where a decision of a 

spatial unit depends on the independent explanatory variables; 

and finally (iii) correlated effect, where a similar phenomenon 

results in the same behavior (Anselin et al. 2008; Elhorst 2010). 

In spatial econometrics, endogenous interaction effect captured 

by adding a spatially weighted independent variable in the model 

specification, the exogenous interaction effect captured by add-

ing spatially weighted dependent variables in the model specifi-

cation and finally, a spatially weighted error term should add to 

model specification to capture the correlated effect (Elhorst 

2010). Therefore, the expanded spatial model presented in equa-

tion (1). 

1 1
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where itY  is the dependent variable; itX  is a vector of 

independent variables; ijW  is a positive N N  contiguity 

matrix which in this study a binary contiguity matrix used to cal-

culate the spatially weighted variables; ij jtW Y  denotes the en-

dogenous interaction effect; ij jtW X indicates the exogenous ef-

fect; ij jtW u indicates a correlated effect;   is a spatial auto-

regressive coefficient;   is a spatial autocorrelation coefficient; 

  and   are the vectors of unknown parameters, c is a con-

stant, i , j  , t  and N  are the indices of provinces, year and 

number of neighbors respectively If 0   and , 0    the 

model specification is a spatial autoregressive (SAR); if the 

, 0   and 0  the model specification is spatial error 

model (SEM) and if , 0    the model specification is spatial 

autocorrelation model (SAC), and finally if , , 0     the 

model specification is spatial Durbin model (SDM) (Kang et al. 

2016). 

A variety of identification tests are designed to choose be-

tween different spatial model specifications. Besides, the usual 

criteria of goodness of fit such as the adjusted 2R and logarith-

mic value of likelihood function, the Lagrange Multiplier (LM) 

test (LM Lag and LM Error), and their robust values should be 

considered to select the best spatial model. Moreover, for deter-

mining the best spatial model specification, LR and Wald should 

be taken into consideration (Kang et al. 2016). 
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Results and Discussion 
First, the existence of the spatial autocorrelation between 

water depletion in the different spatial areas should be examined; 
for this matter, various statistical tests applied. The results for 
Moran’s I, Geary’s GC and, Getis and Ord’s GO statistically sig-
nificant tests were presented in Table 2. Based on the result of 
the spatial autocorrelation test confirmed the existence of the 
spatial autocorrelation. 

Neglecting spatial correlation in a model specification can 
lead to biased estimates. Therefore, various spatial panel models 

estimated to overcome the problem. In these models, spatially 
weighted variables are added to regression specifications. Based 
on the model specification, weighted variables include the 
weighted dependent and independent variables, weighted error 
term, or a combination of them. In this study, a binary contiguity 
matrix used to calculate the spatially weighted variables, then 
different spatial model specifications such as SAR, SEM, SAC, 
and SDM estimated. However, the SDM specification did not 
show an appropriate result; thus, only the result of SAR, SEM, 
and SAC specification presented in Table 3. 

 
Table 2 The result of Moran’s I, Geary’s GC and, Getis and Ord’s GO tests 

Statistical significant test Statistic value P-value 

Moran’s I 0.06 0.08 

Geary’s GC 0.85 0.03 

Getis and Ord’s GO -0.28 0.08 
 

 
Table 3 Results of Spatial Panel Model Estimation 

Variables SAR Coefficients SEM Coefficients SAC Coefficients 

Number of Shallow Well -0.009** -0.01** -0.01*** 

Number of Deep Well 0.129** 0.14** 0.13*** 

Number of qanats 0.23** 0.25** 0.24*** 

Agricultural Cultivated Area 0.001** 0.0001** 0.001*** 

Area under modern Irrigation 0.015** 0.014** 0.015*** 

Precipitation 0.4Ns 0.18Ns 0.51Ns 

Temperature -0.18Ns -0.16Ns -0.17Ns 

Population 0.02Ns -0.002Ns 0.02Ns 

Drought Index 0.34* 35.6Ns 40.5** 

Agricultural Price Index 13.6Ns 14Ns 16.72** 

Cost of Electricity -0.156Ns -0.16Ns -0.18** 

Constant -3398Ns -3004Ns -3941.3** 

  0.021* - 0.03** 

  - 0.012Ns 0.017* 

LM  17.59*** 1.15Ns 6742.6*** 

LM Robust 6741.4*** 6725*** - 

F-test 73.79*** 79.65*** 82.7*** 

R Square 0.85 0.85 0.86 

Adjusted R Square 0.79 0.8 0.81 

Log of Likelihood Function -1229.7 -1230.9 -1227.8 

Akaike Information Criterion 613316.4 574473 556260 

Schwarz Criterion 776270.4 727106.6 704055.6 

*°, ** and *** present the level of significance in 5, 1 and 0.1 Percent and Ns shows the non-significant coefficients. 
 

Before looking at the estimated parameters, first, the best-

estimated model should choose. To choose between these models, 

first, LM and robust LM for each model should compare with 

each other. Since the result of LM and robust LM for SEM are 

not statistically significant, the comparison showed that SAR and 

SAC are superior to SEM. Since the LM and robust LM are both 

significant for the remaining model, other diagnostic tests such 

as F-Test, Log of Likelihood Function, Akaike Information, and 

Schwarz Criterion and R and adjusted R- square should take into 

consideration. Based on these Criterions SAC is superior to SAR. 

Therefore, the parameter interpretation presented based on the 

result of SAC estimation. 

According to the results from SAC, the number of the shal-
low wells and cost of electricity for water extraction have a neg-
ative and significant effect on the groundwater depletion. On the 
other hand, some factors such as the number of deep wells and 
aqueducts, agricultural-cultivated area, the agricultural land 
equipped with modern irrigation systems, drought index, and ag-
ricultural price index have a positive and significant effect on the 
independent variable. Moreover, coefficients of annual rainfall, 
temperature, and population in a specific area do not have a sig-
nificant influence on groundwater depletion. Annual rainfall, 
temperature, and population usually have a significant impact on 
water depletion in the long run. However, in this study, because 
of the short period of investigation (7 years), these variables do 
not vary significantly during this period. 
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Table 4 Spatial Spillover Effect of Dependent Varia-

bles 

Variable 
Total  

Elasticity 
Direct  

Elasticity 
Indirect 

Elasticity

Number of Shallow Well -0.0884 -0.0756 -0.0127 

Number of Deep Well 0.4272 0.3657 0.0615 

Number of qanats 0.1573 0.1346 0.0226 

Agricultural Cultivated Area 0.1422 0.1217 0.0205 

Area under Modern Irrigation 0.3533 0.3024 0.0509 

Precipitation 0.0815 0.0698 0.0117 

Temperature -0.0025 -0.0021 -0.0004 

Population 0.0292 0.0250 0.0042 

Drought Index 1.8076 1.5474 0.2602 

Agricultural Price Index 1.6453 1.4084 0.2368 

Cost of Electricity -1.6282 -1.3939 -0.2344 
 

 

The total, direct, and indirect elasticity of dependent varia-

bles on groundwater depletion were presented in Table 4. In this 

table, the direct elasticity shows the effect of a change of a par-

ticular explanatory variable in one unit on the dependent variable 

of that unit and indirect effects are interpreted as spillover effects 

from changes in the exogenous variables in one particular unit to 

the dependent variable in other units. Finally, total elasticity 

shows the total effect of a change in the explanatory variable on 

the dependent variable. 

Effect of different groundwater exploitation technology in-

dicated that 1 % increase in the number of deep well and qanats 

in a specific province increase the water depletion for 0.37 % and 

0.13 %; moreover, 1 % increase in the number of these variables 

in neighbor provinces cause a 0.06 % and 0.02 % increase in 

groundwater depletion (Table 4). Moreover, 1 % increase in sev-

eral shallow wells in an area can mitigate the groundwater deple-

tion by 0.08 %, and 1 % increase in this variable in neighbor ar-

eas decreases the water depletion by 0.01  %. Since in many re-

gions of Iran shallow aquifers dried, it seems that the role of shal-

low wells changed, and they become an instrument for charging 

the aquifers. Based on the results, qanat seems to be a better-

suited technology for groundwater extraction in Iran's condition 

because it has a less negative effect on groundwater resources. 

Besides, since deep wells accelerate the degradation of ground-

water resources, policymakers should design a taxation program 

in order to increase the extraction costs and reduce the motivation 

of the beneficiaries to drill new deep wells in all the provinces. 

The results showed that the extension of agricultural-culti-

vated area for 1 % could increase the groundwater depletion by 

0.12 %; besides, the spatial spillover of this extension on the 

neighbor provinces is 0.02 % (Table 4). Since the development 

of the cultivated area can accelerate the depletion of aquifers, it 

seems that restriction on the development of the cultivated area 

should be considered in plains with the restricted groundwater 

availability (Kong et al. 2016). Based on these strategy policy-

makers should indicate that the development of cultivated in the 

region with a critical groundwater situation is impermissible. 

Moreover, implementation of land surface zoning based on the 

groundwater restriction should consider as policy measures. 

The development of a modern irrigation system would ex-

acerbate the groundwater depletion; the direct effect of a 1 % in-

crease in an area under a modern irrigation system would result 

in a 0.30 % increase of depletion, and the spatial spillover effect 

is 0.05 % (Table 4). It seems that employing a modern irrigation 

system increases the ability of the beneficiaries for the extraction 

of groundwater resources; therefore, the rights and duties of a 

groundwater user should strictly monitor by authorities. Even 

though the adaptation of efficient irrigation technologies has a 

substantial potential for water conservation, however, the result 

of this study indicated that the policy outcome depends on farm-

ers' decisions. In other words, farmers take advantage of these 

technologies and expand their cultivated area to gain more profit. 

In such circumstances, the irrigation technology subsidy policy 

fail to preserve the water resources (Fishman 2018; Wang et al. 

2015); thus, using other effective measures such as soil water-

saving technology, smart water monitoring system, make full use 

of water resources such as rainwater and limiting the water ex-

traction by the farmer should be considered. Moreover, modern 

irrigation technologies only can be effective if the saved water 

does not assign for cultivation development. Therefore, the gov-

ernment should modify the law of water productivity, which al-

lows the farmers to expand their irrigated cultivation area by the 

water they saved as a result of the implementation of more effi-

cient irrigation technology. 

The direct effect of a 1 % increase in drought index is 1.54 

%, and the spatial spillover of drought is 0.26 % (Table 4). The 

severity of the drought can be considered as the most substantial 

factor of depletion. This result is in harmony with the results of 

Simon Wang et al. (2016). They indicate that groundwater de-

pletion caused by intensified drought. Therefore, the codification 

of drought rehabilitation programs similar to the program, which 

is initiated by Pakistan, is recommended to policymakers (Khair 

et al. 2015). The direct effect of 1 % increase in agricultural price 

index leads to intensified water depletion by 1.41 %, and the spa-

tial spillover of this variable is 0.24 %, and after that growth in 

the agricultural price, the index can be deliberate as the second 

effective factor. Ringler et al. (2013)discuss that in the short time 

increase in food price motivate the food production in response 

to higher demand and increase the consumption of the natural 

resources, including the groundwater. However, in the long run, 

an increase in agricultural commodity price alongside the re-

source constraint accelerate the investment in new technologies, 

promote agricultural production, and decrease the groundwater 

depletion. Therefore, the management of agricultural commodity 

prices in all the provinces should be considered by the govern-

ment to mitigate the water depletion in the short run. 

The cost of electricity, which consumed for water extraction, 

is the only variable that can maintain the groundwater depletion, 

based on the estimation results 1 % increase in an electricity cost 

would decrease the groundwater depletion for 1.39 % and the 

spatial spillover of this variable is -0.23 % (Table 4). Therefore, 

a 1 % increase in electricity cost in one province would lead to a 

0.23 % decrease in groundwater depletion in neighbor provinces. 

Therefore, increasing the cost of energy can work as an immedi-

ate strategy to maintain the groundwater depletion because; this 
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strategy not only, restricted the depletion increasing the extrac-

tion cost but also it can maintain the depletion through restricting 

the development of the cultivated area and increasing the usage 

cost of modern irrigation systems. Therefore, the gradual re-

moval of energy subsidies for agricultural activities is the most 

effective water conservation policy that maintains the water de-

pletion in Iran. Although the energy prices increased signifi-

cantly in the last five years; however, its growth rate is not in 

coordination with the agricultural commodity prices. Therefore, 

farmers are still willing to withdraw water from deep wells and 

utilize it for agricultural activities. Based on this result increase 

in energy prices in coordinate with the inflation rate is recom-

mended to policymakers (Khair et al. 2015; Shah et al. 2012). 

Plus, policymakers should notice in Iran’s condition, where wa-

ter depletion is a serious challenge, a small increase in energy 

price would not lead to a significant change in water depletion 

trend (Wang et al. 2015). 

Finally, based on the estimated coefficient for   (Table 

3) it can be indicated that water depletion in one province inten-

sifies the water depletion in neighbor provinces. According to 

this result 1 % increase in water depletion in one province inten-

sifies the water depletion for 0.03 % in neighbor provinces. 

Therefore, spatial externalities should be considered in common 

aquifer management. Pfeiffer and Lin (2012)discussed that the 

spatial externalities are a common issue in the common pool re-

sources and whether it caused by physical movement, environ-

mental reason, or other causes could be solved by the well –

though policies (Pfeiffer and Lin 2012). In Iran, spatial external-

ities can be caused by common aquifer in the provincial border-

line; in this situation, water utilization base on the mutual agree-

ment between neighbor beneficiaries in these regions is the best 

solution to decrease the effect of spatial externalities. 

 

Conclusion 
Groundwater resources are the most important production 

factor in Iran, and it plays a vital role in the sustainability of food 

security, sanitation, and social welfare improvement. In past dec-

ades, over-extraction of these resources reduces the availability 

of groundwater, and many aquifers have been depleted. This sit-

uation turns in to one of the greatest concerns of policymakers in 

Iran, and they tried to mitigate the groundwater depletion by the 

implementation of subsidizing irrigation technology schemes 

and the gradual removal of energy subsidies in the agricultural 

sector. However, fallen off the water table in most aquifer indi-

cated that these policies were not efficient.  

In this study, the effect of water conservation policies, such 

as energy subsidies reduction and irrigation technology subsidies 

alongside the other economic, environmental, and technological 

variables were investigated on groundwater depletion in Iran. 

The results indicate that different groundwater exploitation tech-

nology, development of the cultivated area, and area equipped 

with modern irrigation systems, drought index, agricultural price 

index, and the cost of energy have a significant effect on ground-

water depletion; furthermore, there is a spatial correlation in the 

groundwater depletion in different provinces. 

Based on the results from restriction on agricultural land in 

plains with the critical groundwater situation, conductivity of 

smart water monitoring system in the land equipped with modern 

irrigation technologies, the codification of drought rehabilitation 

program, management of agricultural commodity prices in the 

short run, increase in energy prices for agricultural activities in 

coordinate with the inflation rate and water utilization based on 

the mutual agreement between neighbor beneficiaries in provin-

cial borders with the common aquifers are the main policy 

measures. Consequently, it is recommended to policymakers to 

reduce the groundwater depletion in Iran. 
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