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WWCH 2018 PROBLEM DESCRIPTION 

Problem Title 

Low Agricultural Water Productivity in Urmia Lake Basin 

Contact Information 

Name Hossein Dehghanisanij 

Country I.R.Iran 

Problem Description 

Iran Urmia Lake, the world second largest hyper saline lake, has been largely desiccated 

over the last two decades resulting in socio-environmental consequences similar or even 

larger than the Aral Sea disaster.  

Considering the latitude and altitude of the basin area, its general climate is very similar to 

the middle latitude, semi-high plains with cold winters and relatively temperate summers. 

Though drought is a common occurrence in Iran, since around 2000 a persistent drought 

has seriously affected the hydrological status of the UL basin. During the period 1970-

2010, the decrease in average annual precipitation in Tabriz was about 90 mm, about two 

fold of that in Urmia (50 mm) for the same period. Average annual precipitation in the 

Basin has been varying between 203 and 688 mm during the period of 1964-1992. In the 

same period, the basin-wide average annual precipitation amounts to 372 mm. Precipitation 

in the selected station over the basin during 1971-2006 indicates the range of variation in 

average annual precipitation within the stations being between 160-620 mm/yr with an 

average of 340 mm/yr. During this period the maximum annual precipitation of a single 

station was 1125 mm in Sananeh station in 2006. Considerable part of the annual 

precipitation is in the form of snow. Precipitation regime in Urmia Lake Basin follows that 

of Mediterranean one with the maximum occurring in spring and little precipitation occurs 

during summer. The annual average evaporation (class A pan) in the Urmia Lake Basin is 

1500 mm, and varies between 1000 mm and 2100 mm.  

The lake has faced extreme water loss in recent years due to overuse and mismanagement. 

Over the last thirty years the population in the lake basin has been doubled and the 

agricultural area fed by water resources of the lake basin has tripled. The mean annual 

water level is currently more than four meters below the critical level (1274 m above sea 

level) needed to sustain ecosystems. In October 2015, it reached to the lowest level and 

southern parts of the lake totally dried. A wide range of users continue to extract water 

from the basin that feeds the lake and precipitation decreases by 18 percent in Urmia Lake 

Basin (ULB) compare to its long-term record. Besides, evaporation loss rate and regional 

demand on water of different sectors, especially agriculture have increased. Therefore, 

inflows to the lake have decreased drastically and the situation has been exacerbated by 

continuous droughts, resulting in reduction of renewable water resources and the lake’s 

water levels at an alarming rate.  

Agricultural sector is the main water user in the basin. Also it is releasing significant 

chemical residues into water resources. It is estimated that close to 90% of water resources 
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are used in this sector. According to 2006 data, the volume of water used in agriculture is 

estimated at 5600 mcm/yr. This volume has been 1800 mcm/yr in 1979.  Basin-wide 

average efficiency of water use for irrigation is estimated at 30%. 

Considering the climate of the region, Urmia Lake’s basin could potentially hold about 

6800 Million cubic meters of water. Urmia Lake is supplied by direct precipitation, 17 

permanent and ephemeral rivers and 39 intermittent streams mostly discharging into the 

lake south. Groundwater also supplies a very small fraction of the water inputs to the lake. 

All these resources directly depend on precipitation over the basin. Hence, the hydrological 

condition of the lake directly reflects the climatic conditions in the basin, particularly 

precipitation, temperature and humidity. The mean annual rate of precipitation over the 

lake is about 299 mm, and the mean annual evaporation rate is 1000 to 2100 mm. The 

long-term average water discharge to the lake was estimated to be about 5000 million m3 

annually. River inflows are highest in spring as a result of snowmelt. The flow circulation 

pattern alongside the lake is counter clockwise and the north-to-south and south-to-north 

flows through the causeway opening are almost equal in most of the year, except in spring 

when a south-to-north flow dominates as a result of considerable amount of freshwater 

entering the south part. 

Urmia Lake drying process started twenty years ago and during this period has declined by 

more than eight meters. In 1995, after recording the highest level of the lake (1278.48), 

water level has annually decreased in average 40 cm within last two decades. In September 

2015, it reached to the lowest level and southern parts of the lake totally dried. Indeed, the 

Lake is a moderately shallow water body (average about 6 meter), there have been 

evidence of significant shrinkage in lake area and volume, during this period. The 

following lake long-term water balance fluctuation chart and satellite images indicates 

above mentioned. 

The studies showed that future water management plans are not robust under climate 

change in this region. Therefore, an integrated approach of future land-water use planning 

and climate change adaptation is therefore needed to improve future water security and to 

reduce the desiccating of this hyper saline lake. Since the agricultural sector is the main 

water user in the basin, any integrated activity must be based on less evapotranspiration 

(cropping pattern), improving of agricultural productivity and less agricultural area.  

The question is what is the best integrated approaches to less evapotranspiration (cropping 

pattern), improving of agricultural productivity and less agricultural area in a sustainable 

way? There is activity under title of the Conservation of Iranian Wetlands project (CIWP) 

led to the formulation and application of complementary tools and mechanisms as well as 

modeling local community participation in Lake Urmia restoration through establishment 

of sustainable agriculture practices and biodiversity conservation since 2015. However, last 

year evaluation shows that as soon as the project finalized there is no willing by different 

stockholders to follow the rolls develop by the project for Lake Urmia restoration. 

Accordingly there is no any hope for restoration of the lake in agricultural sector!! 
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1. Basic information 

1- Topography 

The Urmia Lake Basin is a generally mountainous territory containing two of the famous 

Iranian volcanic peaks (Sahand, 3707 m. and Sabalan, 4810 m.), and with several vast 

productive plains in the valleys and around the Lake. Most parts of the Basin are located at 

altitudes above 1280 m and up to 4886 m above mean sea level.  The elevation of Lake’s 

water surface is varying between above 1270 and below 1280 m (Fig. 1). 

 

Fig.1: Topographical Plan of Urmia Lake Basin 

2- Geology 

 Due to several tectonic events during different geological era, the geology of the basin is 

rather complicated. Major parts of folded sedimentary deposits were metamorphed under 

volcanic events and magmatic activities. Numerous thermal springs all over the basin 

demonstrates the extent of these volcanic activities. From a geological point of view the 

entire basin is categorized in 4 broad tectonic zones; 

1) Colored mélange zone; a very small area in the far western border of the basin consisting 

of ultra-basic, Gabro and Diorite-Radiolarite and limestone rocks. 

2) Urmia-Hamadan zone; this zone is situated west of the basin and contains a collection of 
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colored mélange and metamorphic rocks and Paleozoic platform sediments of generally 

Permian age. 

3) Central Iran zone; this zone contains metamorphic rocks and platform Paleozoic 

sediments. This zone continues to the north of Lake Urmia and is limited from north and east 

by the fault of Tabriz-Sofian-Bostanabad. 

4) Alborz-Azerbaijan zone; this zone is comprised of areas in the northeastern Azerbaijan, 

northeast of the Tabriz fault. Sabalan Volcano (4810 m), the vast extension of volcanic ash 

rocks, and salt domes in Aji Chai sub-basin are major geological features in this zone. 

3- General climatology 

Considering the latitude and altitude of the basin area, its general climate is very similar to 

the middle latitude, semi-high plains with cold winters and relatively temperate summers. 

Based on data from four example climatological stations, the most important climatic 

indicators of the LU basin are presented in table 1.  

Table 1. Mean annual climatological indicators of example stations in the Urmia Lake Basin- 

No Station Elevation Average annual daily 

temperature (ºC) 

Absolute 

temperature 

(ºC) 

Frost Relative 

humidity 

Average 

wind 

speed 

Total 

sunshine 

Haze 

m. Max Ave Min Max Min Days % Km/hr hrs Days 

1 Urmia 1313 17.0 10.8 4.7 38.4 -22.8 111.8 58 1.5 2724 4.7 

2 Tabriz 1361 17.6 12.1 16.7 42.5 -25.4 101.0 52 2.9 2743 19.3 

3 Saghez 1476 18.8 11.1 3.4 42.6 -36.0 118.1 53 1.6 2713 4.1 

4 Sarab 1800 15.1 8.2 1.3 39.5 -30.0 143.1 64 2.2 2773 0.3 

Though drought is a common occurrence in Iran, since around 2000 a persistent drought has 

seriously affected the hydrological status of the UL basin. During the period 1970-2010, the 

decrease in average annual precipitation in Tabriz was about 90 mm, about two fold of that in 

Urmia (50 mm) for the same period. 

3-1-Temperature 

The records of the average annual temperature in the basin vary between 6.4ºCand 13.2ºC. 

The ambient air temperature is recorded in more than 50 meteorological stations. The 

following general conclusion can be drawn (Fig. 2): 

At all stations, July 23-August 22 is the warmest month. However, At 20 stations, December 

22-January 20 is the coldest month, whereas in the other 29 stations January 21-February 20 

is the coldest month. The difference in average temperatures of the coldest and warmest 

months in the Basin varies -in different stations- between 25.8°C to 28.3°C. 
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Fig.2: Mean monthly temperature maps of satellite-derived daytime and nighttime WST for 

Urmia Lake from 2007 to 2010 

3-2-Precipitation 

Average annual precipitation in the Basin has been varying between 203 and 688 mm during 

the period of 1964-1992. In the same period, the basin-wide average annual precipitation 

amounts to 372 mm. Precipitation in the selected station over the basin during 1971-2006 

indicates the range of variation in average annual precipitation within the stations being 

between 160-620 mm/yr with an average of 340 mm/yr. During this period the maximum 

annual precipitation of a single station was 1125 mm in Sananeh station in 2006. 

Considerable part of the annual precipitation is in the form of snow. Precipitation regime in 

Urmia Lake Basin follows that of Mediterranean one with the maximum occurring in spring 

and little precipitation occurs during summer. The average monthly precipitation over the 

basin is presented in Table 2. 

Table 2. Monthly precipitation distribution in the Urmia Lake Basin 

Month % of annual 

precipitation 

Month % of annual 

precipitation 

Month % of annual 

precipitation 

Month % of annual 

precipitation 

October 6.4 January 16.2 April 8.6 July 1.7 

November 10.2 February 16.6 May 8.8 August 1.0 

December 9.8 March 6.6 June 12.7 September 1.4 

Autumn 26.4 Winter 39.4 Spring 30.1 Summer 4.1 
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 3-3-Evaporation 

 The annual average evaporation (class A pan) in the Urmia Lake Basin is 1500 mm, and 

varies between 1000 mm (at Areshtenab Meteorological Station-1950 m above sea level) and 

2100 mm (at Sahlan Meteorological Station-1400 m above sea level). The evaporation varies 

according to the geographical conditions (Latitude and altitude), as well as distance from the 

Lake. Closer to the Lake, evaporation is lesser which reflects the role of the lake in 

humidifying the environment. The mean annual evaporation of stations around the Lake 

varies between 1250 (Sharafkhaneh) to 2000 (Mahabad) mm/yr. The mean annual 

evaporation from the Lake surface is estimated at around 1000 mm/yr.  

3-4-Relative humidity 

Monthly relative humidity varies between 42% and 85%, whereas the average annual relative 

humidity of the station vary between 57-76%. 

3-5-Wind  

 Tabriz and Urmia synoptic stations are the closest stations to the Urmia Lake which measure 

the wind speed and direction. The maximum wind speed recorded at the Urmia station using 

the data of 1951-1985 is 60 knots (31 m/s) in January 1951 with a southwest direction, while 

the maximum wind speed recorded in Tabriz station is 52 knots (26 m/s). Statistical analysis 

of the wind data indicates that with a return period of 50 years, the strongest wind in Tabriz 

will have a speed of about 28.8 m/s with southeast direction and in Urmia will have a speed 

of 31.9 m/s with southwest direction. In the Urmia Lake Basin the maximum average 

dominant wind speed is 3.2 m/s with a south-west direction. In general, the strongest winds 

occur in the region with west and southwesterly directions. 

4-Population and Ethnic status 

Population within Urmia Lake Basin and the rate it increases is one of the main driving 

forces for increasing use of water resources and releasing contamination into the 

environment. Indeed increasing human uses of water resources is the main cause for 

decreasing inflows into the Lake and other wetlands (Table 3).The majority of the population 

within the Urmia Lake Basin is comprised of Turks. They are Shiite Muslims and speak in 

Turkish. However in the western and particularly southern parts of the Basin, higher 

proportion of the population is comprised of Kurds who usually are Sunni Muslims and 

speak in Kurdish. Kurds and Turks have their own cultural activities including music and 

dancing styles which are easily identified. Both Kurds and Turks are rich in music and 

singing arts. Dancing is an important part of the social ceremonies particularly among Kurds. 

Table 3. Trends in population growth 

Year Population Cumulative 

Rural Urban Total 

1976 1,440,731 1,223,338 2,664,069  

1986 1,565,892 1,565,892 3,131,784 17.6 

1996 1,607,845 2,750,724 4,358,569 63.6 

2002   48,000,000 80.2 

2006 1,523,201 3,390,352 4,913,553 84.4 

2010   5,900,000 121.5 
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5- Agricultural activities  

Irrigated agriculture and horticulture for long have been the main occupation in the area. 

Rain-fed cultivation of cereals and to lesser extent peas is also a common practice in all parts 

of the basin. Main winter crop in the area is cereals (including wheat and barley). Summer 

crops include alfalfa, potato, tobacco, cotton and cash crops (tomato, eggplant, cucumber, 

sugar beet, etc). Hortilcuture is also an important activity particularly in the West Azerbaijan. 

Apple and grape are the dominant garden production, while other fruits such as peaches, 

plums, berries, are also largely produced. Land use of the Urmia Lake Basin has been studied 

in several cases during the last 3 decades. The studies conducted by Yekom consultants in 

2002 was on the basis of interpretation of satellite images and produced a map which could 

show the distribution of different land uses (Table 4). 

Agricultural sector is the main water user in the basin. Also it is releasing significant 

chemical residues into water resources. It is estimated that close to 90% of water resources 

are used in this sector. According to 2006 data, the volume of water used in agriculture is 

estimated at 5600 mcm/yr. This volume has been 1800 mcm/yr in 1979.  Basin-wide average 

efficiency of water use for irrigation is estimated at 30%. 

Impacts from agriculture on the environment and the Urmia Lake (including its satellite 

wetlands) are tremendous. Not only 90% of surface and ground water resources are used in 

this sector but also considerable amount of chemicals (estimated 200,000 Tons of fertilizer 

and 4,000 Tons of pesticides and herbicides) are applied annually. Residues of these 

chemicals when transferred to the water resources seriously impact their qualify and 

ecological attributes. The traditional downslope ploughing of steep foot-hills for rainfed 

cultivation is also a very important factor for soil erosion in the farms and sedimentation in 

water resources (rivers and wetlands). 

Table 4. Land use within the Urmia Lake Basin and ecological zone (ha) 

Category LUB (1990) LUEZ (1990) LUEZ (2002) 

Irrigation farms 299,000 116,870 128,220 

Irrigated land/orchards-mixed 67,000 14,730 23,140 

Orchards/ trees 180,400 46,060 47,420 

Rain-fed farms 155,500   

Rain-fed farms/range lands 783,600 37,760 38,420 

Range lands 2,912,700  123,290 

Lake Urmia 523,940 523,940 483,300 

Forest lands 30,900   

Wetland/fishpond/reservoirs 5,150 2,470 8,880 

Salt lands 123,700 115,320 231,540 

Marsh vegetation 15,500   

Bad lands/ highly eroded lands 128,900   

Others 67,000 2,890 15,200 
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2. Water Circumstances (Optional) 

The lake has faced extreme water loss in recent years due to overuse and mismanagement. 

Over the last thirty years the population in the lake basin has been doubled and the 

agricultural area fed by water resources of the lake basin has tripled. The mean annual water 

level is currently more than four meters below the critical level (1274 m above sea level) 

needed to sustain ecosystems and In October 2015, it reached to the lowest level and 

southern parts of the lake totally dried. (Figs. 3 and 4). 

 

Fig. 3: Mean annual water level in Urmia Lake 
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Fig. 4:  land sat image of Urmia Lake 

A wide range of users continue to extract water from the basin that feeds the lake and 

precipitation decreases by 18 percent in Urmia Lake Basin (ULB) compare to its long-term 

record. Besides, evaporation loss rate and regional demand on water of different sectors, 

especially agriculture have increased. Therefore, inflows to the lake have decreased 

drastically and the situation has been exacerbated by continuous droughts, resulting in 

reduction of renewable water resources and the lake’s water levels at an alarming rate (Fig. 5 

and Table 5). 

  

Fig.5: Urmia Lake water level 

 Table. 5: Urmia Lake Level 

Date Level (meter) 

Highest Level 1278 

Lowest Level 1270.04 

1-Year-ago 1270.69 

1-Month-ago 1270.63 

Recent (8 April 2016) 1270.85 

  

3. Problem description 

Considering the climate of the region, Urmia Lake’s basin could potentially hold about 6800 

Million cubic meters of water. Urmia Lake is supplied by direct precipitation, 17 permanent 

and ephemeral rivers and 39 intermittent streams mostly discharging into the lake south. 

Groundwater also supplies a very small fraction of the water inputs to the lake. All these 

resources directly depend on precipitation over the basin. Hence, the hydrological condition 

of the lake directly reflects the climatic conditions in the basin, particularly precipitation, 

temperature and humidity. The climate of the basin is characterized by cold winters and 

relatively temperate summers. The mean annual rate of precipitation over the lake is about 

299 mm, and the mean annual evaporation rate is 1000 to 2100 mm. The long-term average 

water discharge to the lake was estimated to be about 5000 million m3 annually. River 

inflows are highest in spring as a result of snowmelt (Department of Environment, 2010). 

The flow circulation pattern alongside the lake is counter clockwise and the north- to-south 

and south-to-north flows through the causeway opening are almost equal in most of the year, 

except in spring when a south-to-north flow dominates as a result of considerable amount of 
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freshwater entering the south part. 

 Reviewing the existng data, three distinct periods are detected (Table 6):  

• The first period from 1968 to 1991, in which the average annual precipitation and inflow 

into the Lake has been 331 mm (compared with long term average of 320 mm.) and 4.2 

BCM/y respectively. During this period the average water level in the Lake was 1275.9 

(varying between 1275.4 and 1276.7), i.e. almost stable and variations are within the range of 

annual evaporation from the Lake’s water surface. 

• The second period from 1992 to 1998 was a wet period in which an average of 6.5 BCM/y 

of flow (a peak of more than 11 BCM/y) entered into the Lake. During this period the 

average annual precipitation was 351 mm. Water level reached its maxima ever recorded, i.e. 

1277.9. The average water level during this rather short period was 1277.2 m.  

• The third period started in 1999 and is continuing till now. In this period, with the exception 

of year 2003 in which river inflows was slightly above the average, in the remaining years 

the inflows were below the long term average. During this period (up to 2006) the average 

annual precipitation has been about 275 mm/y and river inflows have been around 3 BCM/yr. 

 Data of river inflows into the Lake is missing for the years (2008-2011), partly because the 

field observations need quite a lot of calculations and processing before being available as 

river flow data. However precipitation data confirms that drought has continued, and it is 

estimated that during these years, much lesser flows than 3 BCM/y has entered the Lake. As 

a consequence, water level has progressively receded since 2000.  

Table 6. Latest status of water resources (rainfall and runoff) in the basin of Urmia Lake 

Parameters analyses Total catchment Statistical period 

 

 

Precipitation mm 

385 Long-term average rainfed Year 

1994-95 

317 Recent 18-year average 

1995-96 to 2011-12 

-68 Difference 

 

Runoff station leading to 

lake Urmia MCM 

4939 Long-term average runoff Year 

1994-95 

2440 Average runoff in the past 18 years 

1995-96 to 2011-12 

-2499 Difference 

 50% reduction in runoff, 17.6% reduction in rainfall 

To sum up, Urmia Lake drying process started twenty years ago and during this period has 

declined by more than eight meters. In 1995, after recording the highest level of the lake 

(1278.48), water level has annually decreased in average 40 cm within last two decades. In 

September 2015, it reached to the lowest level and southern parts of the lake totally dried. 

Indeed, the Lake is a moderately shallow water body (average about 6 meter), there have 

been evidence of significant shrinkage in lake area and volume, during this period. The 

following lake long-term water balance fluctuation chart and satellite images indicates above 

mentioned (Fig. 6). 
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Fig. 6: Long-term water balance fluctuation 

To rescue the lake a new water management plan has been proposed, a rapid 40% decline in 

irrigation water use replacing a former plan which intended to develop reservoirs and 

irrigation. However, none of these water management plans, which have large socio-

economic impacts, have been assessed under future changes in climate and water availability. 

By adapting a method of environmental flow requirements (EFRs) for hyper saline lakes, we 

estimated annually 3.7·109 m3 water is needed to preserve Urmia Lake. Then, the Variable 

Infiltration Capacity (VIC) hydrological model was forced with bias-corrected climate model 

outputs for both the lowest (RCP2.6) and highest (RCP8.5) greenhouse-gas concentration 

scenarios to estimate future water availability and impacts of water management strategies. 

Results showed a 10% decline in future water availability in the basin under RCP2.6 and 

27% under RCP8.5. Our results showed that if future climate change is highly limited 

(RCP2.6) inflow can be just enough to meet the EFRs by implementing the reduction 

irrigation plan. However, under more rapid climate change scenario (RCP8.5) reducing 

irrigation water use will not be enough to save the lake and more drastic measures are 

needed. Our results showed that future water management plans are not robust under climate 

change in this region. Therefore, an integrated approach of land-water use planning and 

climate change adaptation is needed to improve future water security and to reduce the 

desiccating of this hyper saline lake.  

Regarding an integrated approach and considering that the agricultural sector is the main 

water user in the basin, the main activity must be based on less evapotranspiration (cropping 

pattern), improving of agricultural productivity and less agricultural area.  

What is the best integrated approach to less evapotranspiration (cropping pattern), 

improving of agricultural productivity and less agricultural area in a sustainable way? 
There is activity under title of the Conservation of Iranian Wetlands project (CIWP) led to the 

formulation and application of complementary tools and mechanisms as well as modeling local 

community participation in Lake Urmia restoration through establishment of sustainable agriculture 

practices and biodiversity conservation since 2015. However, last year evaluation shows that as 

soon as the project finalized there is no willing by different stockholders to follow the rolls 

develop by the project for Lake Urmia restoration. Accordingly there is no any hope for 

restoration of the lake in agricultural sector!! 

 


