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ABSTRACT
Ground water scarcity is a main socio-ecological challenge in the Middle East. While ground water 
reserves seem vast, the impacts of over-exploitation and inadequate control over water consumption 
may threaten the sustainability of aquifers. The signs of aquifer depletion and its influence on water 
accessibility have become apparent in recent years. Using the case of Rafsanjan Township, Iran, this 
study aims to understand the socio-ecological factors and their inter-relationships in driving and exacer-
bating the water crisis situation, the ongoing policy responses and the possible consequences of current 
trends. The Drivers, Pressures, State, Impacts and Responses (DPSIR) framework, developed by the 
European Environmental Agency in 1999, is used to analyze the components of the socio-ecological 
system. Inputs are generated through a time series analysis of Landsat images, extracted spatial data-
sets, secondary literature and government reports. 

This study illustrates the conflict between rapid economic development policies that have simulated 
the expansion of pistachio orchards on the one hand and sustainable water resource management on the 
other. Some responses based on a long-term socio-ecological resilient planning approach may provide 
a more sustainable perspective, but will require a substantial rethinking of current policies, improved 
water management practices, and additional research.
Keywords: DPSIR, socio-ecological system, water resource management, water scarcity.

1 INTRODUCTION
Rafsanjan Township, with a population of more than 280,000 people can be seen as a highly 
stressed socio-ecological system in which diminishing water resources are a decisive factor. 
This paper examines the socio-ecological variables of environmental changes due to the 
water crisis in Rafsanjan, and possible policy consequences.

The current water scarcity in Rafsanjan is derived from long term ecological and social 
challenges. Rafsanjan is located in one of the world’s drought-prone areas, with an average 
annual precipitation of 137 mm, equivalent to one-sixth of the world average precipitation 
[1]. Besides the periodic droughts and the effects of climate change, Rafsanjan, like many 
other parts of Iran, has been under the pressure of socio-economic shocks after the oil indus-
try growth, white revolution and 1979 revolution of the country [2, 3]. Rapid population 
growth and economic instability after the revolution and the oil price change persuaded the 
Iranian government to implement economic development plans, supporting the industrial and 
agricultural sectors, to satisfy growing demand in the country and to make the country more 
self-sufficient [4–6]. However, the thirst for rapid economic development has largely ignored 
the negative impacts on natural resources by excessive concentrations of population and land 
uses throughout the potentially agricultural and industrial areas. 

Rafsanjan as the main center of pistachio production and export in Iran has witnessed the 
accelerating expansion of agriculture derived by the economic development strategies. How-
ever, the long-term negative impacts of former development plans and their incompatibility 
with the available water resources are now being revealed. To illustrate the scale of the problem 
and the importance of a better integration between development policies and environmental 
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resource management, this paper presents a detailed descriptive analysis of the changing socio-
ecological system in Rafsanjan Township and particularly the increasing water scarcity. 

The European Environment Agency’s Driver-Pressure-State-Impact-Response (DPSIR) 
framework [7] is used to review the complex and causal relationships between key factors that 
contribute to water scarcity in Rafsanjan Township. Driving forces here are the socio-eco-
nomic development and changes in society resultant changes in governing system and also 
peoples’ lifestyles. Agro-economic development, oil-reliant economic development, popula-
tion growth and change of water laws and legislations are among the main drivers examined 
in this paper. These driving forces lead to direct or indirect pressures that disturb the normal 
state of the environment. Agricultural expansion, unregulated groundwater exploitation and 
well construction, and change of lifestyle are described as the main pressures. These pressures 
in turn affect the state of the environment that is described by trends and the current situation. 
The state variables in this paper are declining groundwater levels, agricultural production 
reduction, land use change, and land subsidence. Changes in a state may generate social and 
ecological vulnerabilities which are defined as impacts. The impacts of water crisis in Rafsan-
jan are explained in three aspects of critical ecology of Rafsanjan Plain, land subsidence and 
vulnerable farmers’ community. And finally, the responses are the actions taken by society or 
policy makers to improve the situation. The responses might be toward any part of the chain 
between driving forces and impact. The responses to combat the water crisis in Rafsanjan are 
described from water supply and demand control perspectives. Secondary data used in the 
analysis were collected from literature, government reports and official data and primary data 
were derived by using remote sensing image analysis (Landsat images of 28 years in time 
series of 1986, 1998, 2009 and 2014) as well as several informal interviews in October 2014 
with key informants from the private sector, NGOs and the governmental water authority. 

2 CASE STUDY
Rafsanjan Township consists of four districts, five urban areas, 14 dehestan (above village 
level) and 305 villages occupying 8288 km2 or 4.5% of the Kerman Province (Fig. 1). The 
city of Rafsanjan, located at 30°30N and 55°40E, with a population of 151,000 (Census 

Figure 1: Location map of Rafsanjan Township in province and country, derived from Landsat 8.
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2011), is the township’s largest city. Rafsanjan Township and Kerman Province are the main 
producers and exporters of pistachio in the world. Pistachio, termed the green gold of the 
country, is the main identity of this region. Almost 96% of agricultural lands in the township 
is allocated to the pistachio crop [8]. However, the growing concern with water scarcity is 
threatening the economic base of the region, its identity and its sustainability.

3 DRIVERS

3.1 Agro-economic development planning

Agriculture has always been prioritized by the Iranian government as the main engine of 
national economic development [9]. After the 1978 Revolution, the new Islamic Republic 
government used the term “Agriculture Jihad” (holy war), to satisfy the dramatically increas-
ing food demand and also to improve the self-reliance of country [10]. Subsidizing of water 
and energy for the agricultural sector and importing higher technology of pumping wells 
were among the supportive actions of government to encourage agricultural expansion with-
out considering the available natural resources of the country [3, 9]. 

Another decisive factor in agro-economic change in Iran was the rapid increase of oil rev-
enue which is known as the “Dutch disease”. This term is used when a country discovers a 
valuable natural resource deposit and begins large-scale exploitation of it and its revenues. As 
a result, the country’s currency gains value [11], making the import of foreigner production 
more profitable. Over-dependency on a single export product makes the economy of a coun-
try highly vulnerable to that product’s price fluctuation. In Iran, to overcome the economic 
shocks of oil price changes, the government adapted the dual exchange rate and put subsidies 
on water and energy for farmers [12]. Therefore, the large exchange rate difference in con-
junction with cheap energy encouraged the farmers of Rafsanjan to import more pumping 
wells in order to expand pistachio production. The pump technology that was formerly una-
vailable and unaffordable became more beneficial and gradually replaced the traditional 
Qanat system for exploiting groundwater for irrigation [13]. Moreover, together with water 
and energy subsidies the high exchange rate for exporting pistachio made the pistachio pro-
duction highly lucrative for the farmers in Rafsanjan [14]. 

3.2 Population growth and urban expansion

In the 20 years after the 1978 Islamic Revolution, due to the government’s policy to stimulate 
Islamic population growth and to ban birth control, the country’s population increased from 34 
million to 63 million [15]. This “baby boom” contributed to a dramatic increase in water demand 
and so a reduced supply of renewable fresh water per capita [3]. Increased food demands and 
employment stimulated the government to further develop the agricultural sector.

The population data from the Statistical Centre of Iran [16] show that Rafsanjan Township 
experienced a high population growth after the Islamic Revolution too, with an annual growth 
rate of 2.5% between 1986 and 2006. This process is ongoing and based on 2009 census data it 
is estimated that by 2024 the urban population of Rafsanjan will have increased with 38% [17].

3.3 Changes of water rights and their implementation

Water laws and their enforcement have also played an important role in excessive agricultural 
water use in Rafsanjan. Traditionally, the farmers were used to invest in drilling wells for the 
operation and management of ground water. The utilization of water resources was governed 
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by shari’a law (complex body of Islamic rules) and customs [18]. By the enactment of the 
Nationalization of Water Resources Act (NWRA) the underground water resources were con-
sidered as national property and their utilization and management were charged to the 
Ministry of Energy. In spite of many potential advantages of changing water governance from 
private to public goods, the water nationalization laws reduced the water users’ participation. 
Since the rights of water users were not clearly defined by the NRWA, farmers perceived the 
new centralized water governance as an ownership loss and gradually lost their incentives to 
consider the aftereffects of their water over-extraction [14]. 

Another important water law that came into effect after the revolution was the Equitable 
Water Distribution Act (EWDA). As part of this law the definition of “prohibited plain” was 
identified based on judgments of two experts of the water authority [14]. Earlier, the prohib-
ited plains were defined according to the water balance of aquifers, meaning the aquifers with 
a negative balance of ground water inflow and outflow would be called “prohibited plain” 
where well drilling and well discharge were forbidden. However, after EWDA many plains 
could get the discharge licence despite their negative aquifer imbalance based on these 
experts’ judgements. In the rather chaotic situation after the revolution, populistic action of 
the policy makers and the corruption in governmental sectors exacerbated the over exploita-
tion of groundwater in Rafsanjan. Apparently both small-holder famers and large landlords 
could highly benefit from this situation but only by depreciating critical communal ground 
water resources. 

Moreover the misinterpretation of Islamic jurisprudence caused easier justification of 
excessive ground water exploitation. As an example, according to the Islamic water law the 
digger of a well, whether on his land or on unoccupied land, becomes the owner of the well 
water as soon as digging is completed [19]. After the revolution, many wells’ discharges were 
licenced based on Islamic water laws and populistic actions of revolutionary politicians [14]. 

However, the vague water laws and legislations and their weak implementation and super-
vision, facilitated the violations, law breaking and water theft in Rafsanjan. According to the 
FAO Water description [20], for most local water users, water scarcity is not only about 
drought or wells drying up but above all it is about their fair and safe access to water. It is 
about how governments guarantee the equity, transparency and monitoring of law enforce-
ment which has already been ignored through weak ground water governance in Rafsanjan. 

4 PRESSURES

4.1 Agricultural land expansion (pressure on ecology)

Excessive agricultural area expansion is a direct pressure inflicted by the socio-economic 
drivers of development planning and population growth. To explore agricultural land expan-
sion within the Rafsanjan Township, we prepared the NDVI images derived from Landsat 
satellite images over a 28 year period between 1998 and 2014 [13]. NDVI images are exten-
sively used in determining water stress levels on vegetation and assessing drought impact 
[21–24]. Higher values of NDVI indicate healthier vegetation while unhealthy or sparse veg-
etation shows a lower value. These data show that the pistachio land area within the Rafsanjan 
Township has grown dramatically over recent decades. Around 35,000 ha were added to the 
vegetated area over this period which is almost one third of current planted area. Most agri-
cultural expansion (52%) occurred between 1998 and 2009, despite the drought that had 
started from 1999. Most of the agricultural expansion is located around Rafsanjan City in the 
south and the Noogh region in the east (Fig. 2). 
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4.2 Unregulated groundwater exploitation and well construction (pressure on ecology)

From 1970 till 2006, the number of wells in Rafsanjan township increased from 590 to 1392 
[1]. Data indicate a striking increase of well drilling between 1971 and 1983 which is after 
the water nationalization, land reform and boom of oil trade in Iran. However, these data refer 
to legal wells while, according to local knowledge, the number of illegal wells drilled over 
the last 30 years even exceeds the number of legal wells.

The rapid increase of deep wells further reinforced the high pressure on groundwater 
exploitation creating a water imbalance in the aquifer. In 1974 Rafsanjan Plain, for the first 
time, was declared as “prohibited plain” due to a 20% overexploitation of groundwater [17] 
with an annual well discharge of 334 million m3. Nevertheless, the statistics of groundwater 
discharge in Rafsanjan plain (Fig. 3) show that water extraction reached 780 million m3 in 
1993, more than twice the amount of 1974. According to the most recent hydro-geological 
report [25], Rafsanjan’s aquifer had 37% overexploitation of the groundwater balance and 
22% overexploitation of its permissible level. The government has set the permissible annual 

Figure 2: Vegetation increase in Rafsanjan Township between 1986 and 2014 [13].

Figure 3: Total wells discharge in different sampling years [1].
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extraction of 559 million m3 for this aquifer, while its actual annual extraction is recorded as 
685 million m3 [8]. In 2009, the groundwater balance of Rafsanjan was –215 million m3 [17]. 
It is estimated that Rafsanjan has already used most of its groundwater resources and its 
aquifer has been classified as a “critical prohibited plain” by the government since 2006; 
implying that further well drilling in the region is not allowed and that groundwater with-
drawal from licensed wells should be strictly controlled within specific limits set by the 
government.

4.3 Change of life style (social pressure)

Economic development has caused lifestyle changes accompanied with a growing water con-
sumption culture. Although the urban water use accounts for only 3.5% of water consumption 
of Rafsanjan region, still the growth of population and water consumption per capita have 
created problems for a sustainable urban water balance in this region. The average domestic 
water consumption of Rafsanjan basin in 1994 was 155 litres per day per capita, while by 
2007 this number increased to 175 litres per day per capita [17]. Currently the city of 
Rafsanjan’s available urban water is 14% less than the actual consumption, with a shortfall of 
–2.2 million m3 [17]. It is one of the highest urban water shortages in the province and it is 
expected to worsen. 

Moreover, the boom of precious pistachio production gave rise to a socio-economic pres-
sure on the farmers’ life styles. The high value of pistachio attracted people and economic 
activity to the centers of pistachio production, and thereby created a mono-cultural regional 
economy. Nowadays, in spite of the existence of copper mines and a cotton production tradi-
tion in this region, pistachio production has become the first economy and expertise of 
Rafsanjan. Currently, the majority of Rafsanjan’s inhabitants are active in the production, 
trade and distribution of pistachios [16]. Therefore, the mono-cultural regional economy with 
its high dependency on pistachio production has made this region severely vulnerable to 
water scarcity. 

5 STATE

5.1 Decline of groundwater level (ecological state)

The rapid rise in the number of pumped wells has led to large scale groundwater withdrawal 
and consequently depletion of the groundwater level in Rafsanjan. The hydrograph for the 
Rafsanjan plain in Fig. 4 shows a dramatic and continuous drop in the groundwater level, in 
particular after 1992. During the period 1983–2013, the depth of Rafsanjan plain aquifer has 
fallen by 20 m. The sharp drop of the groundwater table (0.75 m per year) demonstrates viv-
idly the extent of over-use of non-renewable portion of groundwater.

5.2 Land use change (vegetation area decrease)

The spatial impact of drought and water scarcity in Rafsanjan can be observed by evaluating 
the vegetation changes in time series. Here again, the NDVI time series data detect the 
changes of vegetation caused by drought. The vegetation transformation of the Rafsanjan 
Township shows major changes in the 28 years between 1986 and 2014 (Fig. 5). Although 
there was widespread expansion of the planted area between 1986 and 2009, around 40% of 
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these planted areas lost their vegetation after 1998. The level of vegetation in around 30% of 
Rafsanjan planted area has decreased. Reduction of vegetation value is because of either 
change of land use around the four cities (specifically around Rafsanjan city), or drought 
related decrease of green vegetation. From 2009 to 2014, there has been only a decrease of 
vegetation value without any gain, unlike the previous period when both increases and 
decreases could be observed. 

The change detection map shows that, most of the loss of vegetation occurred around Raf-
sanjan City. The previous studies of wells’ depths and groundwater levels in Rafsanjan 
Township [13] indicate that the city of Rafsanjan has the lowest groundwater level in the 

Figure 4: Ground water Hydrograph of Rafsanjan Plain from 1983 to 2013. Source: wrs.arm.ir.

Figure 5: Vegetation change detection in Rafsanjan Township between 1986 and 2014 [13].
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aquifer. Most of the dry wells, with zero or very low discharge rate, are also concentrated 
around Rafsanjan City. While water accessibility is a critical issue throughout Rafsanjan 
Township, the impact of agricultural lands drying up seems different in various parts of this 
region. Some regions like north and east of Rafsanjan city and also the areas around Anar 
have witnessed more orchards drying up while the orchards between Rafsanjan and Bayaz 
and also the ones in the east of Township appear to be in better condition.

5.3 Agricultural production and export decrease (economic state)

Pistachios are Iran’s biggest non-petroleum export item and, until 2007, the Islamic Republic 
was the world’s top exporter of this crop. After saffron, pistachio is the most expensive agri-
cultural crop in Iran.

In 2004, 44% of world pistachio production and 60% of global exports were from Iran and 
16.6% of the world production belongs to Rafsanjan. In the same year, USA was the second 
with a production and export share of 13% and 8.9% respectively [26]. While the production 
and export of pistachio have long been a matter of national pride, in 2012 and 2013 Iran has 
been overtaken as the top pistachio exporter by the United States of America [27]. In the year 
2012, the pistachio production of Iran decreased from an annual average of 280 thousand to 
150 thousand tons [28]. 

6 IMPACTS

6.1 Critical ecology of Rafsanjan Plain (ecological impact)

Severe ground water depletion in Rafsanjan has caused a malfunction of the wells. Most well 
throughputs are less than their licence limits which implies that the permissible discharge 
level of the Rafsanjan plain exceeds the availability of ground water. In some areas, the deep-
est wells with 400 m depth do not have access to ground water as mentioned in reports [1]. 
Moreover, the large scale ground water depletion resulted in increased salinity and a mix of 
fresh water with saline water. If the current trend of ground water depletion in Rafsanjan 
continues further conversion of the pistachio orchards into the desert can be expected. 
Desertification is the consequent impact in case of a business as usual scenario which is con-
sidered an irreversible situation socially and economically [17].

6.2 Land subsidence (environmental impact)

Excessive groundwater withdrawal in Rafsanjan has also led to new hydro-stress of land 
subsidence in the region [29–33]. The first acute land subsidence in Iran was observed in 
Rafsanjan since 1980. The 20 meter depletion in ground water level in the past 20 years is 
associated with a rate of subsidence of about 5–15 cm each year [29]. 

Land subsidence leads to fissures, increase of groundwater salinity, well damages (e.g. well 
casings rise above the surface) and cracks in buildings and roads [30]. The depth of measured 
fissures in Rafsanjan plain is up to six meters. Comparing InSAR-derived subsidence maps 
[31] and satellite images reveals that many of the agricultural and settlement areas are adja-
cent to dramatically shrinking ground water resources, where land subsidence is very 
probable. Most of land subsidence of 6–11 m, likewise, occurs in areas with wells of 145–
380 m depth (Fig. 6).
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6.3 Vulnerable farmers and economy of the region (socio-economic impact)

The mono-culture economy of Rafsanjan has made the individual and regional economy of 
this township highly vulnerable to water scarcity. Water crises have inflicted costly adaptive 
activities of farmers like well deepening, expensive wells repairing, relocation of wells and 
purchasing of water from other wells. In some parts of Rafsanjan a new unofficial water mar-
ket is emerging in which well water is traded amongst farmers at very expensive rates [1]. 
Adding to the diminishing production returns, farming activity in Rafsanjan is losing its 
economic profitability. Many farmers, especially the smallholders, have found their well 
water trade more beneficial than using water for agricultural production. Poverty and immi-
gration are the social and economic impacts of water scarcity which is severely threatening 
Rafsanjan region [1]. 

7 RESPONSES
The above mentioned issues have led to a series of responses from government each of which 
is described below.

7.1 Water supply management

Large-scale water transfer projects are a supply-oriented management strategy prescribed by 
Iranian government in Rafsanjan and other basins confronting water scarcity. Currently the 
inter-basin water transfer projects from adjacent basins and also from the Persian Gulf are 
among the main responsive policies to protect agriculture of the region against acute water 
scarcity. Aside inter-basin conflicts over water and the high cost of water transfer projects, 
previous experiences have shown that these projects actually further stimulate demand and 
water shortages in the region [3]. Gohari et al. [33] identifies the water transfer projects as “a 
fix that backfire”, in which side effects of further development and population growth result 
in higher water consumption, although they solve the problem temporarily. Therefore, sup-
plying more water to the basin without considering the main driving forces of water shortage 
would only temporarily address the symptoms of the problem and not deal with the funda-
mental structural issues that should be addressed. 

Figure 6: a. Wells Depth b. Ground displacement in areas of major land subsidence [31].
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7.2 Water use control

Groundwater pricing policies, well exploitation control and irrigation systems modification 
are among the main responses of the government to lessen the water demand in Rafsanjan. 
Due to the free access to groundwater the major costs in well water withdrawal are the energy 
costs to pump water which is reasonably cheap in Iran. Hence, there is no incentive for the 
farmers to reduce their agricultural water use or optimize their irrigation system. As an exam-
ple only less than 5% of the farmed area in Rafsanjan is under pressured irrigation [1], despite 
the efficiency gains it offers in reduced water consumption per ha.

Water pricing in Rafsanjan, and generally in Iran, has been suggested and is under develop-
ment but not yet implemented. In recent years, the government has slightly raised energy 
prices [3] and has also begun to install smart groundwater monitoring devices [34] to control 
energy and water use. Nevertheless the effectiveness of these actions is not yet determined. 
To implement water and energy pricing, all the wells need to be registered and metered to 
record water use. To be effective and equitable, such measures need to be applied to all wells, 
both legal and illegal and the latter should also be either registered or shutdown. 

Water and energy pricing is a general and responsive alternative to the driving force of 
weak groundwater management, and is aiming to provide incentives to save water consump-
tion although it might also impose a certain extend of income losses to farmers [35] which 
may create public dissatisfaction and anger. Although raising water and energy costs may 
reduce wasting in many cases [36] the implementation of pricing mechanisms in China [37] 
and Spain [35] indicates that pricing water and energy alone and without serious efforts of 
water authorities and farmers to conserve water may even lead to the intensification of ground 
water over-exploitation. Varela-Ortega et al. [35] explains in the case of Spain that adaptation 
of water conservation strategies depends largely on agro-economic conditions, institutional 
and structural factors and financial situations of farmers more than water pricing. However, 
an effective water and energy pricing needs to be created first to ensure that equity and public 
goods issues are adequately covered [38] and second be intertwined with other interrelated 
strategies of water conservation. 

8 CONCLUSION
The above historical analysis of water-related challenges in Rafsanjan reveals that the seven-
year drought considered and perceived by experts and local farmers, is not the only reason 
of water crisis in this region. A rapid but perhaps ill-conceived economic development accel-
erated by the weak groundwater governance has also had a most destructive impact on water 
resources. Iran’s development plans for this region have mostly focused on economic devel-
opment, self-sufficiency and self-reliance regardless the potential long-term environmental 
costs. Besides, the historical analysis of water management and governance in Rafsanjan 
reveals an increasing exclusion of water users from water governance. This has been driven 
by nationalization of water and later reinforced by inadequate laws and their unequal enforce-
ment. Unlike the successful collective water management of the traditional Qanat system, 
the new “Water as a common pool” strategy has reduced peoples’ participation and their role 
in water resource management which has led to the current groundwater over-exploitation. 

While until very recently the government ignored the water crisis the current undesirable 
socio-ecological state of Rafsanjan shows the symptoms of the former approaches resulting 
in severe water scarcity. Studying the current state of groundwater balance indicates that 
 Rafsanjan has already consumed most of its groundwater supplies. Due to the recent aquifer 
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damage through subsidence, even if there would be a return to the past precipitation levels, the 
negative impact is irreversible. Satellite image analysis indicates that around 30 percent of the 
approximately 110,000 ha of pistachio lands in Rafsanjan has lost their vegetation. Moreover, 
local farmers’ perceptions are that 50 percent of pistachio lands has lost its productivity.

Migration and desertification are the current and future impacts of the water crisis. Based 
on Iranian standards, Rafsanjan plain is earmarked as a “critical prohibited plain” meaning 
that stabilization of the aquifer’s decline is the main goal. Moreover, local farmers are losing 
their incentive of keeping their pistachio lands. Massive transfers of pistachio lands to other 
plains is now occurring but this will likely export the water crisis to other regions too.

The inter-basin water transfer projects to pistachio farms is one government policy to 
respond to the water crisis and pistachio production problem. Aside the high costs of water 
transfer, this action needs careful consideration given the threat of inter basin conflicts as well 
as an expected further expansion of agricultural land in the region. The other water use con-
trol policies and actions from government like water pricing, wells control and irrigation 
system modification may not effectively respond to the problem if they are not considering 
effective participation of all stakeholders in water conservation practices. Moreover, a “one 
size fits all” solution to the water crisis is not possible. The spatial differences of water acces-
sibility and quality, and their various socio-ecological impacts in Rafsanjan requires different 
but inter-related approaches in decision making. 

The current analysis based on the DPSIR framework provides a holistic environmental 
overview over Rafsanjan’s water crisis based on literature, government reports and quantita-
tive analysis. However, further studies are required to explore the different stakeholder’s 
perceptions and experiences of the water crisis in various parts of Rafsanjan and the impact 
of current policies on water use and accessibility. Future scenarios and decision making in 
Rafsanjan need to consider the involvement of both water users and policy makers at different 
levels and the socio-economic and ecological differences in various parts of Rafsanjan to 
enable a sustainable perspective for this very complex socio-ecological problem. 
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