
Water management in Iran: what is causing the looming crisis?

Kaveh Madani

# AESS 2014

Abstract Despite having a more advanced water manage-

ment system than most Middle Eastern countries, similar to

the other countries in the region, Iran is experiencing a serious

water crisis. The government blames the current crisis on the

changing climate, frequent droughts, and international sanc-

tions, believing that water shortages are periodic. However,

the dramatic water security issues of Iran are rooted in decades

of disintegrated planning and managerial myopia. Iran has

suffered from a symptom-based management paradigm,

which mainly focuses on curing the problem symptoms rather

than addressing the main causes. This paper reviews the

current status of water resources in Iran and recognizes three

major causes for the current water crisis: (1) rapid population

growth and inappropriate spatial population distribution; (2)

inefficient agriculture sector; and (3) mismanagement and

thirst for development. The country is faced with serious

challenges in the water sector, including but not limited to

rising water demand and shortage, declining groundwater

levels, deteriorating water quality, and increasing ecosystem

losses. If immediate actions are not taken to address these

issues, the situation could become more tragic in the near

future. The paper suggests some crisis exit strategies that need

to be immediately adopted to secure sustainable water re-

sources, if Iran does not want to lose its international reputa-

tion for significant success in water resources management

over thousands of years in an arid area of the world.
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Introduction

Located in West Asia, bordering the Caspian Sea in the north,

and the Persian Gulf and Sea of Oman in the south, Iran is the

second largest country in the Middle East (after Saudi Arabia)

and the 18th largest country in the world with an area of

1,648,195 km2. Iran has 5,440 km of land borders and

2,440 km of water borders with its neighbors: Afghanistan

and Pakistan in the east; Turkmenistan, Azerbaijan, and

Armenia in the north; Turkey and Iraq in the west; and the

Arab States of the Persian Gulf in the south.With an estimated

population of over 77 million, Iran is the second most popu-

lated country in the Middle East (after Egypt) and the 17th

most populated country in the world.

Iran has a diverse topography. The lowest point in the

country is on the southern coast of the Caspian Sea (28 m

below sea level) and the highest point is Mount Damavand

(5,671 m above sea level (m a.s.l.)), not very far from the

Caspian Sea coast. The mean altitude is 1,200 m a.s.l., most of

the country is above 450 m a.s.l., and one-sixth of it is over

2,000 m a.s.l. About 90 % of Iran’s land area falls within the

Iranian Plateau. One-fourth of the country comprises deserts

and almost one-fourth of it is arable. The rest is worn to

mountains and highlands.

Iran enjoys a large climatic variability, mainly affected by

the subtropical high-pressure belt. Temperatures can vary

significantly (from −20 to +50 °C) throughout the country

and during the year. January, with an average temperature

range of −6 to 21 °C, and July, with an average temperature

range of 19 to 39 °C are, respectively, the coldest and hottest

months of the year in most of the country. The annual precip-

itation is 413 billion cubic meters (bcm), but it varies greatly

across the country, ranging from less than 50 mm in central

Iran to about 1,000 mm in the Caspian coast. Average precip-

itation is about 250 mm per year, less than one-third of the

average annual precipitation at the global level. Most of the
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country receives less than 100 mm of precipitation per year,

and 75% of the country’s precipitation falls over only 25% of

the country’s area. Also, 75 % of the precipitation is off-

season, i.e., falls when not needed by the agricultural sector.

Winter is the season with the heaviest precipitation and only

few parts of the country (Caspian Sea coast, northwest, and

southeast) receive rainfall in summer. The considerable spatial

and temporal precipitation variability in Iran has been the

main motivation to construct numerous dams and large reser-

voirs to regulate water flows.

Most (65 %) of the country is considered to be arid, 20% is

semi-arid, and the rest has a humid or semi-humid climate.

There are several large rivers throughout the country. Only

one river is navigable, and the others are too steep and irreg-

ular. Streams are seasonal and variable. They normally flood

in spring (with the ability to create some damage), but have

little or no water in summer. The total renewable freshwater of

the country and the total returned water from consumption are

respectively estimated at 130 and 29 bcm annually. The an-

nual renewable water per capita in Iran is estimated to be less

than 1,700 m3, well below the global level (7,000 m3) and

slightly above the MENA (Middle-East and North Africa)

level (1,300 m3).

This paper provides an overview of the current status of

water resources in Iran. It is argued that Iran is experiencing

significant water challenges that have turned water security to

a national priority at the moment. The next section discusses

different aspects of the water crisis; “The crisis drivers”

section identifies the major causes of the crisis; and the last

section concludes with recommending effective strategies

for addressing the crisis and improving water security in

Iran.

The looming water crisis

Drying lakes and rivers, declining groundwater resources,

land subsidence, water contamination, water supply rationing

and disruptions, forced migration, agricultural losses, salt and

sand storms, and ecosystem damages are the modern water-

related issues of a nation which was once recognized as the

pioneer of sustainable water management for thousands of

years. There is no doubt that the ancient Persians proved their

determination to survive and thrive by developing innovative

methods for regulating, withdrawing, transferring, redirecting,

and distributing water in an arid area of the world where water

availability is seasonal. The Persians are still proud of their

significant contributions to hydraulic engineering by

inventing qanat—a series of well-like vertical shafts, connect-

ed by hand-dug underground tunnels—for sustainable

groundwater withdrawal and transfer (Ahmadi et al. 2010;

Beaumont 1971; Fisher 1928; Jomehpour 2009; Wulff 1968)

centuries before the Romans built their aqueducts; they

developed one of the oldest water regulation, monitoring,

and market systems in the history; and they constructed the

tallest historic arch dam of the world, large gravity dams,

flood control infrastructure, weirs, water transfer and delivery

channels, as well as water mills long before most other na-

tions. In the modern times, however, rapid socioeconomic

development has created a serious water crisis for this proud

nation.

In the west of the country, Lake Urmia—the largest lake in

the Middle East and one of the world’s largest hypersaline

lakes—has significantly shrunk as a result of frequent

droughts and aggressive upstream water use, diversion, and

storage (Fathian et al. 2014; Khatami 2013; Norouzi et al.

2013; Sima and Tajrishy 2013). Shrinkage of the lake and

constriction of a controversial causeway over the lake have

had significant implications for the lake’s valuable ecosystem

and the regional economy (Eimanifar and Mohebbi 2007;

Hassanzadeh et al. 2012; Mohebbi et al. 2011; Zeinoddini

et al. 2009, 2014). The resulting salt storms (Abbaspour

et al. 2012; Garousi et al. 2013) from the lakebed are expected

to destroy the surrounding farmlands by depositing the

lakebed material, and to have tragic health effects, with the

potential to force out-migration.

In the east, Lake Hamun is disappearing as a result of the

ever-lasting transboundary conflict with Afghanistan over the

Hirmand (Helmand) River (Ettehad 2010; Madani 2010a;

Madani and Hipel 2011; Najafi and Vatanfada 2011) as well

as water mismanagement in the Iranian portion of the water-

shed. Lack of water and frequent dust storms (Gerivani et al.

2011; Sharifikia 2013) have forced migration and devastation

of some small villages in the area.

In the center, Zayandeh-Rud River—the backbone of hu-

man development in central Iran—dries up seasonally, impos-

ing extensive pressure on the agriculture, industries, and urban

populations (Madani Larijani 2005b). Not only have the ex-

tensive water transfer policies to sustain the Zayandeh-Rud

River been ineffective, but they are also the cause of growing

demand and further water shortages in the region (Gohari et al.

2013b; Madani and Mariño 2009). There is almost no hope in

the recovery of the Gavkhouni wetland and its valuable eco-

system at the end of the river, which has always been the loser

of the unfair competition over Zayandeh-Rud’s water (Gohari

et al. 2014).

Urmia, Hamoun, and Gavkhouni are not the only drying

water bodies. Parishan (Ghazali 2012) and Shadegan (Hoor-

Al-Azim) (Davtalab et al. 2014; Kaffashi et al. 2011; Sima and

Tajrishy 2006; Zamani-Ahmadmahmoodi et al. 2010) are the

other sister lakes and wetlandswhich have lost their health due

to the anthropogenic effects of short-sighted development

projects and the low value of ecosystem service benefits in

the regulators’ view. This is despite the fact that Iran has been

committed to preserve these water bodies under the well-

known Ramsar Convention of 1971 that recognizes the

J Environ Stud Sci



wetlands’ fundamental ecological functions as well as their

economic, cultural, recreational, and scientific values.

Ironically, the country whose name is associated with the

famous “Convention on Wetlands of International

Importance” is at the forefront of damaging its valuable wet-

lands for the sake of economic development.

Similar to the enclosed water bodies, rivers have been the

victims of aggressive human developments for enhancing

regional economies. As one of the main products of the

Iranians_ hydraulic mission, dams are built one after another

to store water in reservoirs in order to support agricultural

activities, increase power generation, and secure urban water

supplies. Iran ranks third in the world with respect to the

number of dams it has under construction. Currently, the

country has 316 small and large dams, providing a storage

capacity of 43 bcm and has 132 dams under construction. In

addition, Iran is exploring the feasibility of constructing 340

new dams. However, the outcomes of this notable record for

a country that has been able to sustain development under

serious international sanctions are tragic. Different experi-

ences of serious ecosystem damages, water quality degrada-

tion, inundation of historic sites, land use changes, water

seepage, and increased downstream development under the

perception of increased water availability (AnvariFar et al.

2013; Gohari et al. 2013b; Karimi et al. 2007; Kerachian

and Karamouz 2006; Manouchehri and Mahmoodian 2002;

Mohammadi et al. 2007; Tajziehchi et al. 2013) make the

Iranian dam construction pride questionable.

The Iranian water tragedy is not limited to surface waters.

Iran is currently among the top groundwater miners in the

world (Döll et al. 2014; Gleeson et al. 2012). It is estimated

that the Iranians have already used most of their groundwater

reserves. The government has limited control over groundwa-

ter abstraction. Energy and water are highly subsidized, leav-

ing no incentives for farmers to increase the efficiency of

water use. The only limiting factors for groundwater with-

drawal are the well depth and pumping capacity. Once the

groundwater table drops, farmers dig deeper and install larger

pumps (Foltz 2002). The groundwater situation has been

reported to be extremely critical in some parts of the country

(Bagheri and Hosseini 2011; Hojjati and Boustani 2010; Izady

et al. 2012; Soltani and Saboohi 2009). The traditional sus-

tainable groundwater withdrawal through qanats is no longer

feasible. Similar to many springs, most qanats have dried up,

losing the hydraulic head battle to deep wells. The latter

became popular following the introduction of western ground-

water pumping technologies and the socioeconomic changes

resulting from the land reforms in the White Revolution of the

Shah of Iran in 1963 (Madani 2008) to abolish feudalism by

transferring land ownership from influential feudal landlords

to peasants who represented 40 % of Iran’s population at the

time. Declining groundwater tables have also caused signifi-

cant land subsidence throughout the country (Dehghani et al.

2009, 2013; Motagh et al. 2007; Mousavi et al. 2001). With

the annual land subsidence of 36 cm, it is said that the Tehran

Plain is currently experiencing more land subsidence than

anywhere else in the world.

Most Iranians have access to improved drinking water

sources and sanitation facilities both in urban and rural areas

(Cech 2010; Madani Larijani 2005a). Due to high water

treatment and quality standards, the quality of Iran’s domestic

water supply has been generally good and significantly better

than the other countries in the region. However, concerns

about the quality of tap water in urban areas are increasing

due to wide agricultural activities near urban areas as well as

lack of an appropriate sewage collection and treatment system,

which allows for gradual discharge of domestic wastewater

into groundwater. Studies show alarming levels of nitrate in

different parts of the country, especially in Tehran (Esmaeili

et al. 2014; Farhadinejad et al. 2014; Imandel et al. 2000; Jalali

2005; Joekar-Niasar and Ataie-Ashtiani 2009; Latif et al.

2005; Razmkhah et al. 2010). In some regions, people have

lost their faith in tap water quality and have turned to bottled

water, even though bottled water is not seriously regulated in

Iran (Fattahi et al. 2013; Jahed Khaniki et al. 2010; Samadi

et al. 2009). In addition to water quality problems, water

supply rationing and disruptions have been experienced and

are becoming more common in the capital and other major

metropolitan areas, during hot summer months of dry and

even normal years (Foltz 2002; Janparvar and Nairizi 2007;

Vojdani 2004). With old water distribution networks, water

losses in these major cities can exceed 30% while interest still

remains in finding new supply sources rather than retrofitting

the old systems to minimize network losses.

Limited water and increasing demand have created new

water security issues and increased tension over

transboundary water systems both regionally and internation-

ally. Inside the country, conflicts continue between provinces

over transboundary water systems such as Urmia (Madani and

Zarezadeh 2014; Najafi et al. 2013; Oloumi Zad et al. 2013),

Karkheh (Roozbahani et al. 2011), Ghezel-Ozan (Zarezadeh

et al. 2013), and Zayandeh-Rud (Madani 2007). These con-

flicts have been intensified through the reforms by the

President Ahmadinejad’s administration, which changed the

water management boundaries from the ideal watershed

boundaries to the provincial boundaries to empower the prov-

inces (Zarezadeh et al. 2013). These reforms have simply

increased the number of stakeholders and promoted the “trag-

edy of the commons” (Hardin 1968) in different watersheds.

At the international level, conflicts continue over sharing

the surface waters. Examples include the conflict over the

Hirmand River with Afghanistan in the east (Ettehad 2010;

Najafi and Vatanfada 2011) and over the ownership of the

Caspian Sea—the world’s largest enclosed body of water,

the source of more than 90 % of the world’s sturgeon, and a

major source of oil and gas in the near future—in the north
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(Madani et a l . 2014b; Mianabadi et a l . 2014;

Sheikhmohammady and Madani 2008a). Failure in reaching

an agreement over sharing the Caspian Sea with Azerbaijan,

Kazakhstan, Russia, and Turkmenistan since the collapse of

the Soviet Union (Madani et al. 2014a; Sheikhmohammady

and Madani 2008b) has resulted in an international tragedy of

the commons, associated with high level of water pollution

and ecosystem damages (Behmanesh et al. 2013; Read et al.

2014; Sheikhmohammady and Madani 2008b). The situation

is less tragic in other transboundary surface water systems in

which Iran has better access to upstreamwater sources such as

the Tigris-Euphrates system, shared with Turkey, Iraq, and

Syria; and Aras system, shared with Armenia, Azerbaijan, and

Turkey. However, Iran’s attempts to increase its use of outgoing

surface flows can increase the international tensions with the

neighbors in the future. Similarly, Iran’s aggressive ground-

water withdrawal can create some conflicts in the years to

come in the case of transboundary aquifers, including the

Sarakhs aquifer, shared with Turkmenistan; the Lenkoran/

Astara aquifer, shared with Azerbaijan; the Nakhichevan/

Larijan and Djebrail aquifer, shared with Armenia,

Azerbaijan, Georgia, Russia, and Turkey; and the Leninak-

Shiraks aquifer, shared with Armenia, Azerbaijan, and

Turkey.

The current water problems of Iran cannot be fully blamed on

the Iranians. Iran is one of the world’s most disaster-prone

countries. During the last two decades of the 20th century, 11

million Iranians per year were exposed to floods with an average

death toll of 131 people per year (DOE 2010). Drought are also

common and have become more frequent in Iran (Bari

Abarghouei et al. 2011; Golian et al. 2014; Morid et al. 2006;

Nikbakht et al. 2013; Raziei et al. 2009), having significant

impacts on agriculture, urban water supply reliability, ecosystem,

and rural communities (Abbaspour and Sabetraftar 2005;

Ardakanian 2005; Delju et al. 2013; Jahani and Reyhani 2007;

Janparvar and Nairizi 2007; Keshavarz et al. 2013; Mousavi

2005; Salami et al. 2009). Furthermore, based on the majority

of projections, climate change is expected to exert extra pressure

on Iran’s water resources by making the region hotter and drier

(Abbaspour et al. 2009; Evans 2009; Jamali et al. 2012;

Zarghami et al. 2011), having major implications for agricultural

production (Gohari et al. 2013a; Moradi et al. 2013), hydro-

electricity generation (Davtalabsabet et al. 2013; Jamali et al.

2013), and reliability of water supply and reservoir operations

(Ashofteh et al. 2013; Davtalab et al. 2014; Gohari et al. In

Press).

In addition to the climatic stressors, in the last decades, Iran

has not had a stable economy under the serious international

pressure through major economic sanctions. Generally, eco-

nomic insecurity and high inflation rates encourage short-term

benefit maximizing attitude and non-cooperative behavior in

water management (Madani and Dinar 2012b), and Iran has

not been an exception. Both users and decision makers have

been more interested in increasing immediate benefits. So, in

the absence of serious effective exogenous regulatory institu-

tions (Madani and Dinar 2013) and economic incentives for

users_ cooperation (Madani and Dinar 2012a), the status of the

country’s water resources has deteriorated over time.

In practice, the separation of “development” from “envi-

ronment” (Hjorth and Madani 2013) and aggressive short-

sighted regional development plans have resulted in unintend-

ed hydro-environmental problems whose long-term costs are

significantly higher than their short-term benefits. No matter

how advanced the Iranian water management system is in

comparison with the other countries in the Middle East, the

reviewed evidences leave no doubt that Iran is currently

experiencing a serious water crisis. But, this observation is

not new. Academics and practitioners have continuously

expressed their concern and warned about the looming water

crisis (Foltz 2002; Karbalaee 2010; Madani 2003; Madani

Larijani 2005a; Motiee et al. 2001; Yazdanpanah et al.

2013a, b), with no success in promoting any serious action

by the government.

In theory, Iran is currently experiencing the growth and

underinvestment problems (Mirchi et al. 2012, 2014) that the

West experienced in the 20th century or is experiencing today,

e.g., the ecological problems of the Great Lakes (Breffle et al.

2013; Danz et al. 2005; Mirchi and Watkins 2013) and the

Everglades (Belanger et al. 1989; Finkl 1995; Graf 2013),

California’s Sacramento-San Joaquin Delta crisis (Lund

et al. 2010; Madani and Lund 2012; Madani and Lund 2011;

Tanaka et al. 2011), the Ogallala aquifer_s overexploitation

tragedy (Sophocleous 2010; Verchick 1999; Wohlers et al.

2014), vulnerability of developed floodplains (Burby 2006;

Elledge and Madani 2012; Lugeri et al. 2006, 2010; Madani

et al. 2007), pollution of the River Rhine (Plum and Schulte-

Wülwer-Leidig 2014; van Dijk et al. 1995; Wieriks and

Schulte-Wülwer-Leidig 1997), and over-damming of the

Klamath (Gosnell and Kelly 2010; Hamilton et al. 2005;

Powers et al. 2005) and Columbia rivers (Harnish et al.

2014; Kareiva et al. 2000; Raymond 1988). These problems

are normally the products of rapid investment and growth in

one sector without considering the dynamic relationships of

the growing sector (e.g., economy, agriculture, and infrastruc-

ture) with the other sectors (e.g., water, environment, and

ecosystem) (Madani 2010b; Mirchi et al. 2010) in the absence

of an integrated view of the complex human-natural system of

systems (Hjorth and Madani 2014). As a result, growth in one

sector has caused secondary negative impacts on the other

sectors (e.g., ecosystem losses) and a long-term negative

feedback or impact on the original sector (e.g., forced migra-

tion due to increased water and air pollution). If timely regu-

latory actions are not taken in these cases, the unintended

damages can become fully irreversible.

What makes the current problems in Iran different from

similar problems in the West is the depth and extent of the
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secondary impacts of development. Rather than proactive

management to prevent water problems, Iran’s reactive man-

agement has focused on curing the symptoms, while the

causes of the problems are becoming worse over time. If

development is to be sustainable, Iranians need to replace

symptom management with problem prevention. This would

not happen in the absence of a clear understanding of the

problem production mechanisms and the key problem drivers.

This paper tries to identify the main causes of the water

crisis in Iran and provide some exit strategies with the hope in

the improvement of the current situation. The paper should

also be considered as a call for action by the Iranian decision

makers to make fundamental changes to the current water

management practices and institutions, and as a call for

research by the water practitioners to further investigate the

problem drivers and provide practical solutions.

The crisis drivers

The current water crisis in Iran has three major drivers

(Madani 2014):

Population growth and distribution

Iran has experienced a significant population increase in the

past century. Estimates suggest that the Iran’s population

remained below 10 million people throughout the 19th centu-

ry (Seyf 2009). By the time of the Islamic Revolution of 1979,

Iran’s population had passed 35 million due to the significant

socioeconomic development of the country in the 20th centu-

ry. After the Revolution, Iran’s population almost doubled

within the last two decades of the 20th century. More than

half of the current population of 77 million are under 35 years

old, reflecting the dramatic population increase after the

Islamic Revolution, which promoted different socioeconomic,

cultural and ideological changes in Iran. With the support of

the government, the population growth rate exceeded 4 %

during the Iran-Iraq war in the early 1980’s. The result of this

baby boom is a generation that accounts for 70 % of unem-

ployment and is ironically blamed by the government for

lowering the current fertility level, which has brought down

the population growth rate to 1.3 %.

The dramatic population increase in Iran has reduced per

capita renewable freshwater availability. Nevertheless, Iranians

continue to use more than 250 l of water per day per person and

their daily consumption can exceed 400 l per person in some

urban areas like Tehran. This means that Iran’s water usage is

twice the world’s standard despite its limited water availability.

To satisfy their high water demand, Iranians are currently using

more than 70 % of their renewable freshwater resources, while

usingmore than 40% of renewable freshwater resources means

entering the water stress mode.

In addition to a sudden population growth, an inappropriate

population distribution is challenging the Iranian water man-

agers. Generally, water development has played a major role

in the development of human settlements in the country (Seyf

2009). Most Iranians have preferred to live in regions with

better water availability. About 50 % of the country’s popula-

tion lives in the northern and western regions, which hold over

70 % of the country’s water resources (Madani Larijani

2005a). Nevertheless, there remains a mismatch between the

water delivery capacity and regional water demand in most

parts of the country. The urban portion of the population is

currently about 70 %, much higher than 27 % in the 1950’s

and 44 % in the 1970’s, as a result of rapid urbanization and

increased migration from rural areas to urban areas for better

living conditions. Eight Iranian cities have a population of

greater than 1 million and 76 cities have a population of

greater than 100,000 people. The population in the metropol-

itan Tehran has surpassed 14 million (18 % of the country’s

population), despite its limited access to water resources.

The inappropriate spatial distribution of population and

high population concentrations in some areas have resulted

in the implementation of major water transfer projects which

can periodically solve water shortage issues without address-

ing the main cause of the water shortage (i.e., population

growth). Gohari et al. (2013b) refer to water transfer as “a

fix that backfires”, arguing that major water transfers to the

Zayandeh-Rud river basin and the Isfahan Province have

resulted in the promotion of development and population

increase due to the perception of water availability.

Therefore, water transfers have become the cause of further

water shortage problems in the basin although they had the

ability to cure the symptom (water shortage) periodically.

To have sustainable water resources, Iran needs to control

the population growth and distribution. While Iran might have

the capacity of holding a larger population, increased popula-

tion growth can have catastrophic effects, if spatially uncon-

trolled. The uneven geographic distribution of welfare and

better living conditions in cities attract people to particular

urban areas within the country, exacting extra pressure on

water resources and creating a competition between urban

and rural areas over the limited water resources. Normally,

urban areas are the winners of such competitions, resulting in

increased water allocations to these areas, which in turn pro-

motes development and population growth. The “success to

the successful” dynamics continue and urban areas keep

growing, asking for more water, which can only be satisfied

through water transfer infrastructure due to the unavailability

of local resources.

Despite the fact that the population is one of the main

causes of Iran’s water crisis, the government of Iran is now

showing a strong interest in boosting the population. This

interest is rooted in concerns about the future age distribution

projections. The government is reverting the earlier birth

J Environ Stud Sci



control policies, which had been set to address the high

population growth in the 1980’s. Just recently, the Iranian

Parliament passed a new law that makes sterilization and

vasectomies illegal. This law is just one example of the new

policies that clearly indicate the government’s serious deter-

mination to increase the fertility level. The turn in the popu-

lation growth policies is really striking and reflects the confu-

sion about the socioeconomic effects of population growth

among the Iranian decision makers. What is clear though is

that Iran definitely lacks the required water resources and

infrastructure to satisfy the increased water demand. Without

strong population distribution adjustment and water consump-

tion reduction measures, the new population growth policies

can only have catastrophic effects.

Inefficient agriculture

Iran has always suffered from a seriously inefficient agriculture

(Katouzian 1978; Nattagh 1986) that heavily relies on irrigation

(Lambton 1938; Fitt 1953; Seyf 2006) and consumes most of the

country’s limited water resources. While only 15 % of the

country’s area is cultivated, this sector is responsible for 92 %

of the water consumption in Iran (compared to the 7 % domestic

water use and 1 % industrial water use). Since the Islamic

Revolution, the government has tried to be supportive of this

sector in order to achieve food security and increase the non-oil

production revenues. This policy was of particular importance

and turned to be helpful during the Iran-Iraq war. Nevertheless,

the economic efficiency of this sector has decreased significantly

over time. Currently, this sector only provides 23 % of the jobs,

and its contribution to GDP has decreased from over 33 % to

13 %, while Iran has also lost its leading position at the interna-

tional level in export of some high-value agricultural products like

pistachio.

To support this sector, the government has heavily subsi-

dized agricultural water and energy use. The significantly

cheap prices have not provided any motivation for increasing

the production efficiency in this sector. The average irrigation

efficiency is less than 35%, and only 5 % of the farmed area is

under pressured irrigation. The rainfed agriculture is also

unproductive, mainly due to the rainfall patterns. While the

area under rainfed and irrigated agriculture are almost equal,

the share of rainfed agriculture from the total yield is only

about 15 % (compared to the global food production shares of

the rainfed and irrigated agriculture, which are 60 and 40 %,

respectively). The crop pattern does not match the regional

water availability conditions and has remained more respon-

sive to the traditional crop choices and farming practices as

well as the guaranteed crop purchase prices set by the

government.

Due to the unavailability of sufficient surface water, the

agricultural sector also consumes a lot of groundwater, which

currently satisfies 55 % of the total water demand in Iran. The

agricultural sector is responsible for more than 90 % of the

groundwater consumption (compared to the 8 % domestic

groundwater use and 2 % industrial groundwater use). The

excess groundwater withdrawal is hard to estimate, but the

dramatic drop of groundwater table (2 m per year in some parts

of the country) reflects the extent of the consumption of the non-

renewable portion of groundwater. As a result, 277 of the 609

plains in the country are in a critical condition and the declining

groundwater table (Forootan et al. 2014; Joodaki et al. 2014) has

caused significant land subsidence in many plains throughout

the country (Dehghani et al. 2009, 2013; Motagh et al. 2007;

Mousavi et al. 2001).

Because of its oil-based economy, Iran has never been seri-

ously concerned about the economic efficiency of the agricul-

tural sector (Katouzian 1978).Without a comprehensive plan for

the empowerment of farmers and rural communities, populist

actions of the Iranian decision makers, such as substantial

subsidization of water and energy, to support farmers have failed

to increase welfare in this sector. The economic efficiency of this

sector has remained low, leading to low income levels. The rural

population have no serious job alternative other than farming

(Nattagh 1986) if they want to stay in rural areas. Therefore,

farmers have a tendency to leave farming and migrate to urban

areas which have been favored more by the government

(Katouzian 1978) and provide better living conditions.

In agricultural zones in the vicinity of urban areas, the high

land values due to rapid urbanization is the main motivation for

the farmers to quit farming by selling their lands and switching

to better-paid jobs. Those farmers who stay in business must

continuously deepen their wells to withdraw groundwater from

the declining aquifers, while the water and energy prices are not

high enough to be prohibitive. Therefore, farmers continue to

contribute to groundwater mining and the declining energy use

efficiency in the agricultural sector (Beheshti Tabar et al. 2010).

On the other hand, due to the non-linear relationship between

groundwater levels and energy use for groundwater pumping

(Moazedi et al. 2011), the government has to exponentially

increase its subsidies over time as the groundwater tables drops.

To prevent further economic and water losses, the government

has slightly raised energy prices in recent years. Also, in

different parts of the country, smart groundwater monitoring

devices (Moazedi et al. 2011; Zekri 2009) have been installed

with the potential for real-time control of energy and water use.

Nevertheless, the effectiveness of these actions are yet un-

known. What is known is that the continuation of the current

water use trends in the agricultural sector will exacerbate the

water crisis. Iran seriously needs its agriculture to be

modernized/industrialized and become economically efficient.

Mismanagement and thirst for development

More than anything, the water crisis in Iran is the result of

decades of badmanagement. Iran has gone through significant
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socioeconomic and political changes in the last century. While

the desire for rapid modernization during the Pahlavi Dynasty

had major socioeconomic benefits, the modernization process

was not free of effects on the country’s invaluable natural

resources. The Islamic Revolution and the international pres-

sure on Iran further strengthened the thirst for development

and the desire to prove independence to the world. The

Iranians were more successful than most nations of the devel-

oping world in maintaining their independence in the realm of

policy-making (Foltz 2002) and in relying on national exper-

tise under major sanctions by the West. However, rapid de-

velopment and construction of major infrastructure with min-

imal concern for their long-term non-economic impacts have

created major water and environmental problems that call this

success into question.

It is undeniable that the international sanctions have slowed

down the development process in Iran by limiting the

Iranians’ access to new technologies. But, Iran’s water prob-

lems are not due to a lack of access to technology or technical

expertise as some decision makers claim. Indeed, Iran is

suffering from disintegrated decision making and problem

solving by knowledgeable experts who act independently.

One major cause of such disintegration is the water gover-

nance structure, which involves too many stakeholders and an

undesirable hierarchy in water resources management.

Competition and conflicts increase with the number of stake-

holders. In addition, an increased level of hierarchy is associ-

ated with opportunities for corruption, which makes the

Iranian water management system more inefficient. The situ-

ation has been exacerbated by the structural reforms of

President Ahmadinejad that changed the water management

boundaries from watershed boundaries to political

(provincial) boundaries, creating competitions among the

provinces to maximize their immediate gains from the shared

water systems (Zarezadeh et al. 2013) resulting long-term

losses for all parties.

The thirst for development motivates “nature control” rath-

er than “nature management”. Interest in the latter requires

appreciating the fact that humans’ ability to put nature under

control for maximizing economic benefits is limited (Madani

et al. 2007). Overlooking the important linkage between “de-

velopment” and “environment” in coupled human-natural

systems (Hjorth and Madani 2013) results in development

projects that seriously affect the long-term welfare of both

human and natural systems. Similar to other countries in the

Middle East, the thirst for development in Iran has caused a

serious managerial myopia. The focus is on rapid develop-

ment to obtain immediate economic benefits. Given the

existing political instability and insecurity within the system,

decision makers are more interested in populist development

actions which produce immediate economic impacts. For

example, the representative of a region in the parliament can

pressure the water authorities to finance a dam construction

project to help the farmers in his region. If the project is

successful, it can boost the regional economy alongside the

legitimation of the representative. Locals would then be willing

to support the same person and send him to the parliament in

the next round. The long-term environmental impacts are not

associated with immediate economic benefits and political pop-

ularity. Thus, ecosystem preservation remains overlookedwhen

pursuing populist development agendas. Similar development

initiatives by other elected officials in the shared river basin will

eventually create significant externalities, resulting in long-term

losses for all parties. A good example of this situation is the

Lake Urmia tragedy, which is perhaps the most catastrophic

water problem, experienced by the Iranians to date. The lake

has almost dried up because of the anthropogenic effects of

selfish and uncoordinated upstream development activities by

three provinces in a competitive environment (Khatami and

Berndtsson 2013; Norouzi et al. 2013).

Disintegrated management is not limited to the authorities

within the water sector. The other causes of the water crisis

discussed above (population growth and inefficient agricul-

ture) reflect the lack of coordination among different govern-

ment sectors. While the country is suffering from an acute

water crisis, other authorities within the government are pur-

suing serious population growth and are trying to ‘protect’

farmers against water allocation policies that reduce the agri-

cultural water share for the sake of the environment. Similarly,

plans for land use, urbanization, food security, transportation,

public health, and energy security are independently devel-

oped by various government sectors without the required

coordination, resulting in major externalities that are normally

costly to address.

The situation can be partially blamed on the current gov-

ernance structure and the political instabilities in Iran. But, the

main driver of uncoordinated development in Iran as well as the

other Middle Eastern countries is the thirst for development,

which prevents a comprehensive understanding of the complex

interrelated dynamics and feedback relationship between the

different sectors. A similar situation has been observed in the

developed countries during their peak development phases, as

discussed earlier, but those countries could also develop rela-

tively effective mechanisms to cope with and to prevent the

emerging hydro-environmental problems in the aftermath of

rapid and shortsighted development. In Iran, however, water

management relies on a “crisis management paradigm.” This

means that the decision makers continue development in search

of immediate economic benefits, hoping that no serious prob-

lem would interrupt their period of administration. If water

problems arise, extra effort will be put mainly into curing the

problem’s symptoms to bring the situation back to semi-normal

conditions. Normally, the solutions are not fundamental and the

problems will reappear in some form; but, the hope is that they

do not reappear any time soon, when the decisionmakers are still

in charge. Within the crisis management paradigm, problem
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prevention is less of a concern, as it has no transparent short-term

benefits that the public would appreciate and reward the decision

makers for.

In analyzing water mismanagement in Iran, one should not

overlook the effects of some exogenous factors such as climate

variability and extreme events (floods, droughts, and heat

waves), political tensions and instability (national and interna-

tional), economic performance and stability (e.g., high inflation

and unemployment rates), and international sanctions. The

government continuously blames some of these factors, such

as climate extremes and international sanctions, as the main

causes of the current situation, claiming that problems are

periodic. However, these exogenous issues are only crisis cat-

alyzers, not the main cause of the water crisis. A resilient water

management system is expected to be capable of coping with

periodic external pressure (Hjorth and Madani 2014) such as

droughts, sanctions, or political changes. While external pres-

sure can affect the performance of the system, a resilient system

can recover and restore itself once the pressure is removed,

without a risk of collapse. The current situation in Iran and

status of different water systems in the country prove that

Iranians have failed to invest sufficiently into developing a

resilient water management system.

Exit strategies and concluding remarks

The water problems in Iran are far too many and significant to

leave any doubt about the fact that Iran is experiencing a

looming water crisis. Immediate mitigation actions are required

to address the existing water security problems throughout the

country. There are good signs that the new government of Iran

recognizes water security as a national priority at the moment

and is trying to address some of the more evident water prob-

lems immediately. However, most solution strategies are still

shortsighted and are mainly focused on problem symptoms as

opposed to problem causes. Fundamental changes in the cur-

rent Iranian water management paradigm are essential to pre-

vent the development of similar problems in the future and to

secure sustainable water resources for Iran.More than anything,

the Iranian decision makers need to appreciate the complexity

of the coupled human-natural systems to be able to develop

watermanagement solutions that have no orminimal secondary

impacts. It is true that every country in the developing world

and Middle East has the right to develop and grow as the

developed world did in the past century, but reproducing the

secondary environmental problems of development, which

have been already experienced in the West, is unnecessary

and unwise. There are free opportunities for Iran to learn from

the costly failures of water management in the West (especially

in the United States and California) to minimize the risk of

water resources development plans.

There is an urgent need for revisiting the new population

growth policy in Iran. While the current age distribution of

Iran’s population is undesirable and can have some long-term

socioeconomic impacts, the negative consequences of uncon-

trolled population growth and rapid urbanization can be much

more significant. Optimizing the spatial distribution of the

current population should be prioritized over improving the

age distribution of the population. Major urban areas in Iran

are already challengedwith satisfying the needs of the existing

population. Without major socioeconomic and political re-

forms to address the current imbalance of power and services

throughout the country migration to major metropolitans will

continue. So, the new population growth policies will just

exacerbate the situation.

The highly inefficient agricultural sector needs fundamen-

tal changes to address the current water crisis. Instead of trying

to support the farmers to continue business as usual, the

government must empower the farmers. The low economic

efficiency of farming makes the agricultural sector less attrac-

tive. Many farmers keepmigrating to the urban areas for better

socioeconomic conditions. Those who stay in business have

no incentive to change the traditional farming practices and

cannot afford adopting new technologies to improve the effi-

ciency of their activities. As a result, this sector continues to

degrade in terms of its contribution to the GDP. The current

governmental support mechanismsmake farmers economical-

ly weaker as development continues. Empowerment of the

farmers and rural communities can be done by substantial

investments in the agricultural sector in order to modernize

this sector and make it more economically efficient and at-

tractive. Wealthier farmers will be more innovative and have

stronger tendencies to maximize the economic efficiency of

farming activities and water use.

Several strategies can be pursued to improve the efficiency

of the agricultural sector. First, the inappropriate crop pattern

across the country (Faramarzi et al. 2009; Gohari et al. 2013a)

should be revised with respect to the macro-level food security

priorities as well as regional resource availability conditions.

Appropriate crops must be identified for each region based on

water/land/energy availability and economic efficiency condi-

tions. Through different economic incentives (e.g., guaranteed

purchase of particular crops in specific regions at certain prices),

the government can promote crop pattern modifications.

Second, water and energy prices should be raised mean-

ingfully to be reflective of the true cost of water and energy in

each region across the country. This, of course, can have

serious negative impacts on the socioeconomic conditions of

farmers in the short-run and is associated with a high political

cost for the government. To prevent such impacts, the gov-

ernment should finance the modernization of agricultural

practices that help farmers cut water and energy usage effec-

tively. Although, this strategy requires large initial invest-

ments, in the long-term, it is expected to cost less than the
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current government policy, which heavily subsidizes the in-

creasing water and energy use in the agricultural sector.

Third, the government needs to provide incentives for the

formation of regional cooperative agricultural management

institutions (e.g., irrigation districts, regional farming author-

ities, regional farmer co-ops). These entities can increase the

economic efficiency of farming by increasing the collective

capacity in managing the capital, operation, and maintenance

costs of farming as well as controlling crop sale prices at the

farm level (which are currently far below the market prices).

Around 78 % of the Iranian farmers have farms of less than

10 ha, which in total make up about 37 % of the cultivated

land but yield only 10 % of the total agricultural production.

On the other hand, the medium-size farms of 10 to 50 ha,

which make up for 50 % of the total cultivated area, yield

75 % of the total agricultural production. This simply shows

that due to economies of scale and other factors, farming at a

scale larger than the current scales can increase the production

efficiency.

Fourth, the government must implement an efficient water

market. Iranians are recognized for their success in regulation,

allocation, and trading water in the ancient times. Modern Iran

also requires a reliable water market to increase the economic

efficiency of water use. The implementation of a water market

requires serious regulation and monitoring of water uses as

well as creating a financial mechanism to support water trades.

To overcome the current crisis, government should also pur-

sue setting up an environmental water account (Hollinshead

and Lund 2006) and try to purchase water from farms with

low economic efficiency to recharge aquifers and recover

damaged ecosystems.

Water management in Iran should shift its mode from crisis

(reactive) management to preventive (proactive) management

to prevent serious water problems and ecosystem damages. A

proactive management paradigm recognizes the interrelated

dynamics of the water sector with the other sectors, cures the

problem causes rather than its symptoms, manages water

rather than controlling it, and benefits from effective non-

structural (soft) solutions (e.g., regulations, institutions, taxa-

tion, monitoring, population control) as much as it benefits

from structural (hard or engineering) solutions (e.g., dam

construction, water diversion, using irrigation sensors). One

of the first steps in improving water management in Iran is the

revision of the current water governance structure to remove

the unnecessary hierarchies, minimize the number of stake-

holders, and empower the Department of Environment

(DOE), which is politically weaker than the other government

sectors such as the Ministry of Energy (responsible for man-

aging water and power) and the Ministry of Jihad-Agriculture

(responsible for managing agriculture). If development is to be

sustainable, DOE must have the required authority to enforce

environmental regulations, environmental impact assess-

ments, and environmental taxation.

Although tragic, the Lake Urmia disaster can be a turning

point in the modern history of water management in Iran. The

problem has many serious (including political) dimensions,

which have enabled it to receive national attention and to

create a consensus between different sectors within the gov-

ernment on the fact that a serious solution strategy must be

developed on an urgent basis. The public finds the govern-

ment responsible and wants its immediate reaction. The sig-

nificance of this tragedy was such that President Rouhani

made promises on solving the Lake’s issues in his campaigns

before the presidential election. The Urmia Lake problems

have made the Iranian media more responsive to the environ-

mental issues and the Iranian society and youth seem to have

become more concerned about the hydro-environmental trag-

edies in different parts of the country. While this level of

attention to the Lake Urmia is a good sign, the Iranian decision

makers should not forget that this type of problem solving still

keeps them in the crisis management mode. In reality, the

Lake Urmia disaster is just one evident symptom of the

malfunctioning water management system in Iran. There are

many other terrifying symptoms that have either already ap-

peared in smaller scales or will appear soon. For example, the

hidden groundwater tragedy in Iran might be much more

catastrophic in scale and can be the next significant man-made

environmental disaster that the Iranian decision makers need

to deal with if they continue managing water resources in the

reactive mode. Thus, the government must continue its efforts

to solve the Urmia Lake problems immediately while also

increasing its efforts to prevent other problems through seri-

ous revision of the current water management framework.

Citizens, NGOs, and media can play a major role in ad-

dressing the current water crisis. While the decision makers

must take the main responsibility for the current water status

in Iran, the Iranian public must also be blamed for not valuing

ecosystem services and not demanding healthy environmental

systems from their government. Indeed, like many other de-

veloping and even developed societies, the Iranian society

does not properly value the ecosystem services and cannot

fully comprehend the trade-offs between the immediate eco-

nomic benefits of rapid shortsighted development plans and

their long-term environmental costs. This is due to the lack of

knowledge as well as the socioeconomic instabilities of the

country in the past decades, making Iranians feel insecure

about their future and become more interested in visible

immediate benefits rather than the invisible long-term bene-

fits. Environmental activists and NGOs can play a significant

role by educating the public about the value of ecosystem

services and sustainable development. Social media is a great

platform for information sharing and educating the public,

especially the Iranian youth. In fact, in recent months, follow-

ing the outbreak of different news regarding the Lake Urmia

tragedy, Iranians have become very active in the social media

(such as Facebook, Twitter, YouTube, and blogs). They use
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the social media for sharing information about the different

environmental problems around the country, as well as

forming campaigns and signing petitions to respond to various

environmental incidents around the country. On the other

hand, the Iranian news media which were not previously

environmentally active in the past, have become more respon-

sive to the environmental issues, informing the public about

the significance of water and environmental problems in Iran,

and pressuring the decision makers to take responsible actions

in order to address these problems. These activities are very

valuable, as eventually, an environmentally educated society

will not evaluate and reward the elected officials solely based

on their short-term impacts on the economy. Through bottom-

up approaches, the Iranian society can force the decision

makers to change their behavior, respond to the needs of the

society, adopt more pro-environmental development actions,

and give more power to regional water management

authorities.

Last but not least, it must be noted that while the focus

of this paper was on Iran, the problems and solutions

discussed are not unique to Iran. Indeed, despite its major

deficiencies, the water management system in Iran is

much more advanced and successful than most Middle

Eastern countries and many other countries in the devel-

oping world. Most countries in the region are behind Iran

in their development stage. So, they must anticipate

experiencing similar or even worse problems in the near

future in the absence of serious and timely preventive

actions that can be developed based on the costly experi-

ences of the Iranian water sector.
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