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Abstract 

Water scarcity is a critical challenge in the Middle East. Historical analysis of case 
studies indicates that decades of water mismanagement and weak environmental 
planning play substantial roles in the water crisis. This paper illustrates the conflict 
between rapid development policies on the one hand and non-sustainable water 
resource management on the other in Rafsanjan Township, Iran over the period 
1986–2014. Secondary literature and government reports are used to analyze the 
general environmental changes and responsive actions of government. A time 
series analysis of Landsat images illustrates the effect of economic development 
policies that have stimulated the expansion of pistachio orchards. Some possible 
responses based on a long-term socio-ecological resilient planning approach may 
provide some solutions, but will require a substantial rethinking of current policies 
and water management practices. 
Keywords: water crisis, drought, water resource management, agro-economic 
development, socio-ecological system, spatial planning, change detection. 

1 Introduction 

Scientists warn about severe water scarcity and desertification in Middle East over 
future decades [1, 2].  Generally, population growth and rapid economic 
development have been common in most Middle Eastern countries in recent 
decades. Confronting the high pressure of rapid developments, governments 
pursued more short-term benefits of overconsumption of water resources to 
overcome economic insecurity and increasing demand for food, water, space and 
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jobs. However, the poor integration of development plans with natural resource 
management, and specifically water resource management, has caused long-term 
negative environmental impacts with an overall costs being much higher than the 
short-term benefits. 
     Iran, one of the Middle East’s largest and most populous countries, is also one 
of the world’s drought-prone areas. The average precipitation in Iran, of 252 mm 
per year, is less than one-third of the global average [3]. In addition to dry climate, 
Iran has experienced three decades of rapid population growth and urbanization 
[3, 4] and economic instability and sanctions [5] after the 1979 revolution and the 
eight years’ war with Iraq. 
     The socio-economic pressure of these changes encouraged government to 
implement economic development plans, intended to satisfy growing demand in 
the country and to make the country more self-sufficient by supporting the 
industrial and agricultural sectors [6–8]. However, the thirst for rapid economic 
development has largely ignored the negative impact on natural resources by 
unplanned concentrations of population and land used throughout the potential 
agricultural and industrial areas. Currently, with the growing concern about the 
water crisis in Iran, the long-term negative impacts of former development plans 
and their incompatibility with water resources are being revealed. To illustrate the 
scale of the problem and the importance of a better integration between 
development policies and environmental resource management, this paper 
presents an environmental profile of the Rafsanjan Township. 
     Rafsanjan Township, with a population of more than 280,000 is an extreme 
example of a human settlement that is suffering from a sharp reduction of 
groundwater tables and increasing droughts. This township consists of five urban 
areas, four districts, 14 dehestan (above the village) and 305 villages occupying 
8288 km2 or 4.5% of the Kerman Province. The city of Rafsanjan, located at  
30° 30 N latitude and 55° 40 E longitude, with a population of 151,000 (Census 
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 are allocated to the pistachio crop [9]. However, 
the growing concern with water scarcity is threatening the economic base of the 
region and its sustainability. 
     This profile presents a descriptive analysis of the changing demand and supply 
of water resources in Rafsanjan Township, reviews its current environmental 
problems, describes government responses to the challenge of water scarcity, and 
finally offers some suggestions contributing to the existing water crisis in the 
region. Several methods are used in the analysis which combines reviews of 
secondary literature and government reports supported by remote sensing (Landsat 
images of 28 years in time series of 1986, 1998, 2009 and 2014). The second and 
third sections of this paper describe the water demand and supply in Rafsanjan 
Township by analyzing changes of the main water demand drivers and comparing 
them with the historical water supply changes. The forth section discusses the 
institutional change of water resources management in the past. Next, section five 
describes the current environmental state of Rafsanjan. In section six, the recent 
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responses of government to the combat water crisis in the region are analyzed. The 
final section concludes with some recommendations for improving water security 
in Rafsanjan through a strategy of integrating spatial planning with water resource 
management. 

2 Water demand 

Agriculture is the major economic activity in Rafsanjan Township, and the main 
user of water resources: 99% of water resources in the Rafsanjan region are 
provided by ground water, out of which 96.4% is consumed for agricultural 
purposes, 3.5% for domestic use and 0.1% for industry [9]. Increasing water 
demand in Rafsanjan Township is the outcome of two major drivers (and their 
subsequent pressures and impacts), namely agro-economic development and 
demographic change. These drivers are described below. 

2.1 Agro-economic development 

Agriculture has always been prioritized by the Iranian government as the main 
engine of national economic development [10]. After the Revolution (1978), 
agriculture-based development policies received even more attention. The new 
Islamic Republic government used the “Agricultural development” to satisfy the 
dramatically increasing food demand resulting from population growth and also 
to increase non-oil production revenues [11]. With the slogan of “Economic Jihad” 
(holy war), the government encouraged farmers to expand their planting area. 
Therefore, much pasture land was transformed into arable land without the need 
for government permission [11]. Subsidizing of water and energy for agricultural 
sector, big projects of building dams one after another, carrying out irrigation 
projects and importing higher technology of pumping wells were among the 
supportive actions of government to encourage their agricultural development 
policies [5, 10]. Nevertheless, some experts believe that in spite of high investment 
on agriculture development, the sector’s performance and contribution to GDP 
growth has been significantly less than expected [5, 10]. 
     However, Rafsanjan and its main agricultural crop, pistachio, tell a somewhat 
different story. While agriculture in Iran is generally considered as an activity with 
a low income potential [5], in Rafsanjan people have profited greatly from the 
pistachio industry. The high value of pistachio attracted people and economic 
activity to the centers of pistachio production, so that the majority of Rafsanjan’s 
inhabitants are currently active in the production, trade and distribution of 
pistachios: 33% of the township’s population is active in agriculture (mainly 
production of Pistachio), 34% in service jobs (including storage, distribution and 
trade of pistachio) and 25% in industry [12]. Pistachio export earnings account for 
around 10 percent of non-petroleum exports by value of Iran [13]. In 2006, 40% 
of the world production of pistachio came from Iran and 43%, of which came from 
Rafsanjan [14]. 
     About 40% of Iran’s pistachio lands are within the Rafsanjan Township; their 
area has grown dramatically over recent decades [15]. The agricultural 

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and The Environment, Vol 199, © 2015 WIT Press

Ravage of the Planet IV  273



development and vegetation change in the Rafsanjan Township can be seen in a 
time series study of NDVI data, which show the density and health of vegetation, 
derived from Landsat satellite images [16]. NDVI images are extensively used in 
determining health and extension levels of vegetation and assessing drought 
impact [17–20]. Higher values of NDVI indicate healthier vegetation while 
unhealthy or sparse vegetation shows a lower value. The NDVI images of 
Rafsanjan Township were prepared to explore the extension of agricultural lands 
in Rafsanjan between 1986 and 2014 (Figure 1). Result show that around  
35,000 ha were added to the vegetated area (almost one third of its present planted 
area). Most agricultural expansion (52%) occurred between 1998 and 2009 (Table 
1), despite the drought that had started from 1999. Most of the agriculture 
expansion occurred around Rafsanjan City in the south and the cities of Noogh 
and Bahreman to the east (Figure 2). After 2009, there was no significant increase 
in vegetation observed in the region, perhaps indicating the impact of drought and 
poorer water accessibility. 
 

   

Figure 1: Expansion of agricultural land in Rafsanjan Township in 1986 and 
2014. 

Table 1:  Agricultural land in Rafsanjan Township (1986–2014). 

 1986 1998 2009 2014 
Agricultural 
planted area (ha) 

73,000 86,000 104,000 110,000 

 
     However the agriculture expansion planning in Rafsanjan did not consider the 
water resource capacity of this region. In spite of the relatively low water 
consumption of pistachio, still agriculture water consumption of the region 
exceeds its groundwater inflow. With the current agricultural area of 108,000 ha, 
the ground water withdrawal for agriculture is 663 million m3 or 96% of the entire 
groundwater withdrawal (by 685 million m3) [21] which is much larger than 
annual inflow of Rafsanjan’s groundwater by 470 million m3. This means that even 
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Figure 2: Vegetation increase in Rafsanjan Township between 1986 and 2014. 

if all the agriculture land in Rafsanjan were to be used for pistachio, the current 
annual inflow from this aquifer would not still be able to provide enough water for 
Rafsanjan’s agricultural areas. 

2.2 Population growth and change of lifestyle 

Population growth is often mentioned as a main driver of global water scarcity 
especially in countries undergoing rapid demographic change [22]. After the 1978 
Islamic revolution, due to the government’s policy of increasing the Islamic 
population and the lack of birth control, the country’s population increased from 
34 million to 63 million in 20 years [23]. This “baby boom” contributes to a 
dramatic increase in water demand and so a reduced supply of renewable fresh 
water per capita [5]. Increased food demands and employment stimulated the 
government to further develop the agricultural sector. 
     The population data from Statistical Centre of Iran [24] indicates that Rafsanjan 
Township, also experienced high population growth after the Islamic Revolution, 
with an annual growth rate of 2.5% between 1986 and 2006. However, the rural 
population decreased slightly after 1996 (Figure 3), following the rural-urban 
migration trend [9]. This led to increasing concentration of population in bigger 
cities, and the uneven distribution of population also puts pressure on the country’s 
water resources. Currently, 61% of Rafsanjan Township’s population lives in 
urban areas and about 52% lives in Rafsanjan city compared to just 17% in 1966. 
It is estimated that due to the growing urbanization trend of the country, the urban 
population of Rafsanjan will increase by 38% whereas its rural population will 
decrease by -28% until 2024 [21]. 
     Urban population growth is associated with the spatial urban expansion of 
Rafsanjan city. Urban land use change in Rafsanjan city and Rafsanjan Township  
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Figure 3: Population change in Rafsanjan city and Rafsanjan Township (SCI). 

has also been studied using Landsat satellite images from 1986 to 2014 (Figure 4). 
The results indicate that the rate of urban expansion in Rafsanjan Township has 
exceeded the rate of population growth. The Rafsanjan Township urban area has 
grown from 42 km2 to 110 km2 in last 28 years (1986–2014) with an average 
expansion rate of 2.4 km2 per year. Like the population growth rate, the highest 
average urban expansion rate occurred between 1986 and 1998 by 114%; much 
higher than population growth rate of 34% over the same period. The growing 
space use per capita perhaps reflects the modernization and changes of lifestyle in 
all aspects of Iranian life. Most of this expansion has taken place around the city 
of Rafsanjan, with a population growth rate of 48% and an urban expansion rate 
of 83% between 1986 and 1998. 
 

 

Figure 4: Rafsanjan City expansion from 1986 to 2014 (derived from Landsat 
images). 
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     Lifestyle changes and a growing consumer culture have also impacted domestic 
water use. 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 increased to 
175 litres per day per capita [21]. Currently the city of Rafsanjan available urban 
water is 14% less than the actual consumption, with a shortfall of -2.2 million m3 
[21]. This is one of the highest urban water shortages in the province and it is 
expected to worsen. 

3 Water supply and the growing water imbalance 

The water supply situation in Rafsanjan has worsened due to the combined effects 
of meteorological and hydrological droughts. Rafsanjan plain is highly vulnerable 
to meteorological drought due to its arid and hyper-arid climate. Rafsanjan’s 
average annual precipitation is 90 mm, which is less than one third of the country 
average and one-ninth of the world average annual precipitation, while the 
potential average annual evaporation in the region is 3200 mm [9]. Rafsanjan plain 
has suffered a meteorological drought from 1999 due to a 63% decrease in 
precipitation [9]. 
     This region is also suffering from severe hydrological drought due to the 
extreme groundwater drawdown in Rafsanjan Plain over recent decades. However, 
the symptoms of groundwater decline are not new. In 1974 Rafsanjan Plain was 
declared as “prohibited plain” due to a 20% over-exploitation of groundwater [21] 
with an annual well discharge of 334 million m3. Nevertheless, studying the 
statistics of groundwater discharge in Rafsanjan plain (Figure 5) show that water 
extraction reached 750 million m3 in 1989, which was 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% over-
exploitation of its permissible level. The government has set the permissible 
annual extraction of 559 million m3 for this aquifer, while its actual annual 
extraction is recorded as 685 million m3 [9]. In 2009 the groundwater balance of 
Rafsanjan was -215 million m3 [21]. 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 withdrawal from licensed wells 
should be strictly controlled within specific limits set by the government 

4 The current environmental condition of Rafsanjan 

Meteorological drought and ground water depletion may only have a very slow 
and long-term impact on water accessibility, making the users and policy makers 
slow to act. However in Rafsanjan, the environmental symptoms of drought and 
water crisis are already apparent. Dramatic ground water depletion, loss of 
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Figure 5: Total wells discharge in different sampling years. (Source: Iran Water 
Resource Management Company, 2012). 

vegetation and production decreases are among the main environmental problems 
caused by current water crisis in Rafsanjan. 

4.1 Depletion of groundwater 

The rapid rise in the number of pumped wells has led to excessive groundwater 
withdrawal and consequently depletion of the groundwater level in Rafsanjan area. 
The hydrograph for the Rafsanjan plain (Figure 6) shows a dramatic drop in the 
groundwater level specifically after 1992. During a period of 30 years (1983–
2013), the depth of Rafsanjan plain aquifer has fallen by 20 m. The sharp drop of 
the groundwater table (1.5 m per year) demonstrates vividly the extent of over-use 
of non-renewable portion of groundwater. 
 

 

Figure 6: Ground water hydrograph of Rafsanjan Plain from 1983 to 2013. 
Source: wrs.arm.ir. 

4.2 Vegetation 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 
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between 1986 and 2014 (Figure 7). Although there was widespread expansion of 
the planted area between 1986 and 2009, around 40% of these planted areas lost 
their vegetation after 1998. The level of vegetation in around 30% of Rafsanjan 
planted area has decreased to lower values. 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. 
 
 

 

Figure 7: Vegetation change detection in Rafsanjan Township between 1986 
and 2014. 

 
     Comparing the decreased vegetation of planted areas in Rafsanjan with the 
wells’ discharge rates, well depth and groundwater level represents the current 
groundwater status in the region (Figure 8). The change detection map shows that, 
most of the negative change or loss of vegetation has occurred around the city of 
Rafsanjan. However, the wells discharge data of 2004–2005 illustrates the same 
area around Rafsanjan city with a lower discharge rate due to the low groundwater 
level. The cities of Rafsanjan in the south of the aquifer and Noogh and Bahreman 
in the east have the lowest groundwater levels. In some parts, even the wells  
300 m deep cannot access water. Most of the dry wells, with zero or very low 
discharge rate, are also concentrated around the Rafsanjan city area. 
     The vegetation decrease has led to a reduction in pistachio production in the 
region as well. While the production and export of pistachio has long been a matter 
of national pride in Iran, for the first time ever Iran is being overtaken as the top 
pistachio exporter by the United States. Despite the large expansion of pistachio 
orchards, its agricultural production is declining over time. 
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Figure 8: (a) Well discharge rate. (b) Wells Depth in Rafsanjan Township. 

5 Governmental and institutional responses 

5.1 The evolution of the water supply system techniques and institutions 

In Rafsanjan, like many other arid cities of Middle East, groundwater has been 
withdrawn through both traditional and advanced pumped well systems. 
Traditionally, water was extracted from alluvial fans formed by seasonal streams 
at the interface of the mountains and the plains, through a system of tunnels and 
wells known as “Qanat”. The Qanat system consists of a main gently sloping 
tunnel (about 1:1000) and vertical shafts that convey water from deep aquifers in 
highlands to the surface at lower levels by gravity [26, 27]. Water withdrawal in 
the Qanat system has some ecological benefits [28–30]; (a) it minimizes water loss 
from evaporation because water transportation and storage is underground; (b) it 
exploits groundwater only when it is available in the aquifer through natural 
replenishment, without overexploitation of renewable resources. Generating more 
than ecological benefits, Qanats were also used to manage water in an effective 
collective system. They used to be constructed by local experts and wealthy 
individuals but their maintenance and constant repair required teamwork that led 
to the diffusion of ownership. Some Qanats used to have even up to 200–300 
owners at the same time [30]. The collective ownership of Qanats could 
successfully link the local communities in managing their own water resources in 
common [29]. Moreover, Qanats also had equitable water distribution systems as 
well. Every land owner took a share of water according to where his land was 
located (distance from spring and quality of the land) and the water was used only 
based on each farmers share. As a result, farmers used to cultivate the areas only 
to the extent that they could irrigate them with their share of water [31]. 
Considering these benefits, the traditional technology of Qanat has been a most 
effective and sustainable system over time in spite of the water scarcity challenges 
of the area. 
     However, the Qanat is no longer economically feasible. Pumped wells were 
introduced in Iran in the 1960s [32] as one of the socio-ecological outcomes of 
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Iranian land reform in White Revolution of 1963 [22, 29]. Consequently, most 
Qanats have dried up due to the overuse of pumped wells and depletion of 
groundwater. The technological transformation from Qanats to pumped wells, has 
generated socio-ecological and institutional changes that have transformed access 
to groundwater [33], in what has been called the “silent revolution” [34]. 
     After the land reform of 1962, all the lands were transferred from feudal 
landlords to peasants, in the process turning a large number of peasants into 
landlords and decreasing the size of the land holdings. The new land holdings were 
too small and fragmented to maintain the Qanat system [29]. Therefore, the new 
landlords, who access to water, invested in wells instead of repairing Qanats, 
because wells are more flexible and productive [34]. The pumped wells, unlike the 
Qanats, were neither owned nor managed collectively. In the new system 
individuals or small groups of farmers own and manage their wells and, as both 
energy and water are heavily subsidized by the government, water is generally a 
very cheap commodity for farmers to use [5]. Therefore, the pumped well system 
implied a shift from ground water as a “common resource” public good, to a 
private good. Consequently, the system of water resource management has 
transformed from communal management towards private ownership and 
management and the role of the state as “manager” of natural resources has been 
under significant pressure. 
     This transformation is also evident in Rafsanjan. In just four decades, from 
1963 to 2006 the number of deep wells on the Rafsanjan plain had increased from 
77 (PBO, 1995) to 1392 and the annual well discharge of groundwater increased 
about three times (from 215 to 623 million m3). The 148 currently functional 
Qanats of this region are now only responsible for 0.1% of the whole groundwater 
discharge (Jamab [9]). 

5.2 Actions to combat water crisis in Kerman region 

In 2013, the Iranian government pledged an annual 2 billion US$ fund, to address 
the country’s water crisis [35] and called for serious water conservation  
efforts, including actions at provincial level. In 2014, three main institutions of 
Kerman Province, the Kerman Regional Water Management Company, Kerman 
Agriculture Jihad, and Kerman Water and Sewage Water Company, in 
collaboration with other major stakeholders approved 16 regulations to address the 
water crisis. These regulations focus on three aspects: supply, demand and 
management. In supply, the only suggested regulation is about transferring water 
from the north and the south. A total of 27,000 km pipeline project is expected to 
be completed within 10 years to transfer water from the source to the orchards. 
However, the past experiences in Iran have shown that water transfer projects often 
worsen the situation and may cause further water crises [36]. Such projects address 
the symptoms and in doing so may attract more population and development to 
the areas that could otherwise not support them. In terms of demand, almost all of 
the suggestions concentrate on agriculture. Seven regulations are related to 
exploiting the benefit of modern technology and techniques of irrigation, efficient 
planting, educating farmers and also decreasing the agriculture lands based on the 
water availability of the regions. The management related regulations mostly focus 
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on controlling the water use from the government’s side. Six regulations concern 
identifying and blocking the illegal wells, creating accurate monthly reports of the 
water use and overcoming the technical problems of water meters and pumping 
systems, even though past attempts to do just this have largely failed. 
     Although more efficient irrigation systems, controlling the mechanisms of 
groundwater withdrawal and projects to transfer water seem effective solutions for 
short term, they are all temporary solutions. The government has always tried to 
use modern engineering techniques and control systems to decrease water 
overexploitation in recent decades but these efforts have not been effective in 
decreasing groundwater depletion. It seems that the water crisis in Rafsanjan needs 
long-term cooperation between planning and water management, coupled with an 
integrated socio-ecological view that is still missing from current government 
actions and policies. Lesson has to be learnt from the management of Qanat system 
which has been mainly a collective management carried out by all stakeholders. 

6 Discussion and conclusion 

The above historical analysis of water-related challenges in Iran, reveals that there 
has been a rapid but perhaps ill-conceived development in the country which was 
accelerated by the White revolution, the Islamic revolution and the post-war 
situation. Iran’s development plans have mostly focused on economic 
development, self-sufficiency and self-reliance regardless of the environments 
boundary conditions and the potential long-term environmental costs. The 
negative impacts of these developments on the groundwater resources of 
Rafsanjan are symptomatic of this approach. Although water scarcity is now 
threatening the whole country, the specific crisis in Rafsanjan gains attention 
because of the high value agricultural production in this region. 
     Most of the solution strategies and actions from the government are again 
focused on maintaining the production and economic benefits from pistachios 
while treating the symptoms rather than the long-term causes of the problem. 
Efficient irrigation and modern agriculture systems, controlling overexploitation 
by government and water transfer projects are only good for short-term solutions. 
However, it has been argued in this paper that even if all agriculture lands in 
Rafsanjan changes to the low water consumption pistachio orchards using high-
efficiency irrigation systems, still the required water for pistachio land cannot be 
provided by the current aquifer inflow. Overexploitation of Rafsanjan’s aquifer is 
a structural problem that threatens to undermine agricultural productivity and 
economic prosperity. In this situation it seems unlikely that engineering solutions 
or controlling systems alone will be effective. 
     This is the time for water scarce cities of Iran to adopt a long-term and 
interlinked socio-ecological perspective. The water crisis, as an integrated land 
and water management challenge, must be considered in a process of sustainable 
spatial planning. Spatial planning is a tool of government that assists in balanced 
distribution of population and land uses on different scales and in balance with 
natural and human resources. In sustainable spatial planning the relationships 
between land management and water management will have explicit attention. 
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     Currently, Rafsanjan and other similar cities in Iran require more long-term 
strategies that deepen socio-ecological system integration. In a sustainable and 
resilient socio-ecological system, the direct linkages and relations between social 
systems (planning, management, human rules and regulations) and ecological 
system (natural resources) are of paramount importance. The water crisis in 
Rafsanjan is a good example of the failure of planning to consider such linkages. 
Water, land use and population have not been managed in an integrated and 
coordinated way in Rafsanjan. An adaptive socio-ecological system management 
is required which can not only cope with the current water scarcity of the region 
but also adapt to possible future changes and emerging situations. It is possible 
that the current crisis marks a transition to a new social, ecological and economic 
situation based on the water resource capacities of this region. In this situation, the 
future development of the region must be managed through a more resilient socio-
ecological system view that considers coping, adapting and transforming to new 
situations in water crisis areas. The case of Rafsanjan indicates that natural 
resource management is not yet sufficiently considered in the spatial planning of 
this region’s development. 
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