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Abstract 
Urmia Lake in northwestern Iran has been facing critical water level shrinkage in recent years 

with serious environmental consequences. It is expected that with the current trend, the lake will 

be completely dried out in a few years from now. This study attempts to assess the impacts of 

human activities on water level fluctuations of Urmia Lake by developing a comprehensive 

hydrologic simulation model. Model development and calibration was carefully accomplished 

by utilizing effective water resources management components in the basin. An important 

contribution was accomplished by properly estimating the agricultural water demand and 

consumption in the absence of measured data. Result of long-term simulation reveals that 

excessive water consumption by inefficient and expanding irrigated agriculture is the main 

reason for Urmia Lake shrinkage. It was found that main reservoirs are only responsible for 23% 

of current situation. Whereas, 77% of the current crisis has been caused by miscellaneous 

agricultural water withdrawals in the basin. 
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1. Introduction  
Lakes are fundamental constituent of any ecosystem around the world. The lives of many 

species and habitats depend on proper functioning of these water bodies. Recent changes in the 

trend of climatic variables along with over exhausting of limited water resources through 

intensified irrigated agriculture has resulted in serious escalations in lake ecosystems around the 
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globe. Nevertheless, in some cases like the Aral Sea the consequence has been devastating 

leaving a permanent damage without any hope of reconstructing the original system. Obviously, 

the first step in solving any problem is to get a proper and sufficient knowledge of the problem 

itself.  

On the other hand, natural systems are very complicated and usually require extensive time, 

expertise, and nationwide willingness to tackle the problem. This requires having a multi-

objective prospective of the problem so that a tradeoff could be made between the expansions of, 

for example, water utilization projects and the wellbeing of the basin ecosystem. This is another 

way of setting a balance between the short term benefits from water utilization projects and the 

long term damages caused by altering the ecosystem of the basin. Through this process the 

optimum level of developments could be established. Moreover, the consequences of 

overexploitation of water resources of the basin on key components of the system can be 

determined through these investigations. Therefore, a comprehensive study should consist of 

modeling all factors that are important in shaping the future of the basin. 

Human activities have a substantial impact on the quantity and quality of water resources of a 

basin, mainly through extended irrigated agricultural practices. An ongoing population growth, 

water pollution and lack of efficient water supply system along with competitions among 

different water use sectors for maximizing their share of water consumption are main factors, 

besides the climate change, that threaten the sustainability of water resources systems around the 

world. As a result, the number of basins with water scarcity crisis and irreparable damages, like 

the Aral Sea basin, is continuously increasing. Under these circumstances, proper management 

and planning of water resources for allocating the scarce available water becomes very crucial. 

On the other hand, basin planning that considers only one aspect of water use, such as the 

agriculture, would eventually intensify the problem by neglecting the role of other sectors of the 

system. Hence, the right solution would be through adopting an integrated water resources 

management (IWRM) approach for the basin. Successful IWRM requires strong political 

supports and is essential for sustainable use of water resources through environmental 

considerations. One of the first steps in integrated water resources management is to evaluate the 

amount of water resources and the demands of the basin and go through a long term simulation 

to find out how the system behaves. This is accomplished by developing comprehensive 

simulation models. 

There are several basin wide simulation models that have been used in IWRM studies. Sulis 

and Sechi (2013) made a comparison of five generic basin-wide simulating models including 

AQUATOOL (Valencia Polytechnic University), MODSIM (Colorado State University), 

RIBASIM (DELTARES), WARGI-SIM (University of Cagliari) and WEAP (Stockholm 

Environmental Institute) [1]. There is wide range of researchers find the Water Evaluating and 

Planning system (WEAP) a powerful tool to simulate water resources and demands of river 

basins and investigate results of different development, water policy and other scenarios on 

water balance of the basin including Raskin et al. (1992), Levite et al. (2003), Bharati et al. 

(2009) and Mourad and Alshihabi (2016) [2,3,4,5]. Hashemi et al. (2010) proposed an integrated 

methodological framework to implement IWRM in Urmia Lake basin [6]. 

Urmia Lake is a terminal lake without any outflow. Thus, evaporation is the only means for 

the water loss through the Lake. Therefore, considering the large water surface area of the Lake, 

any change in the evaporation rate would directly influence the Lake Water Level (LWL). The 

only other means by which the LWL changes, is through the Lake inflow. Any change in 

precipitation and temperature not only affects the evaporation rate from the Lake surface, but 

also changes the demands for water throughout the basin and hence the inflows to the Lake. The 
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continuous development of irrigated agricultural projects throughout the basin in the past 

decades along with changes in the trend of precipitation and temperature have worked together 

to dry up nearly 90% of the Lake surface today [7]. It is also interesting to note that the long 

term mean LWL of the Lake Urmia, which was about 1276 metre (m) during 1976-1998 period, 

dropped as much as 4.9 m during 1999-2009 decade [8]. 

Other studies also point out that the climate change and irrigated agriculture are the main 

factors affecting Urmia Lake water level [e.g. 9,10,11]. A main problem with the past studies in 

this basin is the lack of water demand and consumption, mainly agricultural, that made them to 

use rough estimations. It is evident that without any reliable measured data, rough assumptions 

could lead us to erroneous results. Therefore, this paper attempts to solve this problem through 

developing a comprehensive basin-wide simulation model, which once calibrated could be used 

for the evaluation of different planning scenarios. Also, it would be used to evaluate the impacts 

of agricultural water use on the LWL by implementing different scenarios. Through this the role 

of each water use sector (especially agriculture) in causing the current critical situation of the 

Lake is determined. This information could be used for finding solutions to revive the Lake and 

also for laying out the future plan of the basin. 

1.1. Study Area 
Urmia Lake basin with an area of about 52 thousand square kilometres is located in 

northwestern Iran. Three provinces sharing the basin are west Azerbaijan, east Azerbaijan and 

Kurdistan. Main rivers discharging into the Lake are Zarrineroud, Simineroud, Ajichay, 

Shahrchay, Sufichay, Mahabadroud, Godarroud, Ghalechay, Barandouzchay, Nazloochay, 

Rozechay and Zoolachay. During recent decades various development projects were proposed in 

the basin. Some of these projects are now in operation while some others are under construction 

or feasibility study phases. In this study six main operational reservoirs are considered in the 

simulation model, including Boukan, Mahabad, Shahrchay, Alavian, Hassanlou and Nahand 

reservoirs. Figure (1) shows the location of Urmia Lake basin, main rivers and main operational 

reservoirs. 

 
Fig. 1 The location of Urmia Lake basin, main rivers and six operational reservoirs 

Average annual mean temperature and precipitation of the basin shows the climatic condition 
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during 1966-2012 period (Figure 2). As it can be seen from Figure 2, during critical decade of 

1995-2004, precipitation mostly remained below the long-term average (360 mm), while at the 

same time above average temperatures (11°C) were observed, indicating a critical condition on 

water resources of the basin. High temperatures result in increased agricultural water demand, 

whereas low precipitations limit the amount of water production in the basin. Together, they can 

cause severe drought and stressful condition as it was also observed during those years in the 

region. Year 1995 is also the period where the shrinkage in the Lake Urmia began (see Figure 5) 

and the lake level continued to fall up to now. It is also interesting to note that although after 

2004 the precipitation began to rise above the long-term average (Figure 2), the lake level 

decline did not stop and continued to fall to more sever lower levels (Figure 5), probably due to 

persistent more higher than normal temperatures resulting in higher water demands throughout 

the basin. 

 
Fig. 2 Mean annual temperature and precipitation of the basin 

Figure (3) shows total inflow to the Lake during the study period. As it can be seen from this 

Figure, during critical period of 1995-2012 the inflow to the Lake is mostly below the long-term 

average (solid line). We can divide the critical period beginning from 1995 into two distinct 

period of 1995-2004 and 2004-2012. During the first decade-long critical period, precipitation is 

considerably below average, temperature is slightly above average (Figure 2), and annual lake 

inflow has sharply dropped below average (i.e., 2904 million cubic metre (mcm)) with an 

exception in 2002 (Figure 3), probably as a result of consistent precipitation rise which began in 

1998 and relatively near normal annual temperature during this year. During the second critical 

period, temperature is even higher and well above the long-term average, but precipitation has 

also increased to above normal levels (Figure 2). However, total inflow has continued to stay in 

below average condition (Figure 3) regardless of higher precipitations, which could be attributed 

to exceptionally higher temperatures during these years. Regardless of the aforementioned trends 

and variations in the precipitation trend, the lake level has continued to drop sharply since 1995 

throughout the last year in the study period (i.e., 2012). 
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Fig. 3 Total inflow to the Lake and its long term average (solid line) 

2. Methods 

2.1. Simulating Model 
Integrated approach in studying water resources systems requires the development of a proper 

model which is capable of handling different components of the system with the needed 

precision. In this study, WEAP software was used for developing a model to simulate the 

interactions among water resources and demands on the one hand and the Urmia Lake level 

fluctuations on the other. WEAP, developed at the Stockholm Environment Institute, is a policy 

oriented simulating model which can be used for comprehensive water resources studies. It has 

an integrated approach in simulating water resources systems [12]. The model, using a linear 

programming algorithm, is capable of allocating available water among different demand sites 

with user-defined priorities. In fact, the priorities could be set for both sources (i.e., reservoirs, 

surface and groundwater) and sinks (i.e., water demand sites). 

In this research, observed data during the historical period of 1966-2012 were used for the 

development and evaluation of Urmia Lake basin model. Spatial information such as the basin 

boundary, rivers and location of operational reservoirs were first generated in a Geographic 

Information System (GIS) and then used in the WEAP model. Schematic of WEAP model for 

Urmia Lake basin is shown in Figure (4). 

Initial data required for modeling consists of surface and groundwater data, amounts of 

agricultural, municipal and industrial water demands, and information on operational reservoirs 

in the basin. The amount of agricultural water consumption, as the main water user in the basin, 

was initially assumed and then estimated through calibration process for each sub-basin. The 

initial assumption was made using the data obtained from the most recent Iranian agricultural 

census [13], which is highly imprecise and does not represent the whole irrigated agriculture in 

the basin. Moreover, the census data is available only for few specific years. Therefore, due to 

uncertainties, monthly agricultural water demand for the whole historical period was estimated 

during calibration process using a nonlinear development trend as explained in the following 

section. 
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Fig. 4 Schematic of Urmia Lake basin water resources system model in WEAP 

It should be mentioned that in most developing countries, like Iran, surveys and censuses are 

not processed regularly each year but rather they are gathered every few years. Therefore, valid 

information about the amounts and characteristics of water resources and demands, mostly for 

agricultural use, are unavailable in a regular basis and estimating methods should be applied to 

fill the gaps. Meanwhile, the surveys are very rough and mainly concentrate on large areas. 

Noting that the size of agricultural fields in Iran is mainly small and unlike many countries 

farmers own scattered small size fields, an accurate estimation of irrigated area is very 

challenging. 

2.2. Calibration Method 
Model calibration in a basin with many uncertainties that mainly arise from poor data, both 

quantitatively and qualitatively, is a tedious task and becomes even more complicated by 

realizing that there is not even a single reliable comprehensive set of data measurement during 

the whole period. Agricultural water consumption data throughout the Urmia Lake basin is only 

measured in certain limited locations with an amount which is only a fraction of the total 

irrigation water use throughout the basin. In fact, there are many unregistered wells, diversion 

canals, and even Qanats with unknown water yield in the basin which are not counted in 

censuses data gathering. Therefore, it is not possible to determine a certain figure that accounts 

for the amount of water demand and/or consumption in the area per each time period. Based on 

our knowledge from the region, we used a nonlinear trend for the agricultural water consumption 

during the study period (1966-2012) to overcome the problem. The trend was linearized by 

realizing four distinct periods in the historical data (Figure 5) as explained in the following: 
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Period 1: 1966-1976 (mean LW L: 1275.81 m) 

Period 2: 1977-1990 (mean LWL: 1275.80 m) 

Period 3: 1991-1997 (mean LWL: 1277.12 m) 

Period 4: 1998-2012 (mean LWL: 1273.14 m) 

 
Fig. 5 Linearized agricultural demand coefficients during four periods 

The first period indicates the initial stage with the least development in the basin until 1977 

when the Boukan (see Figure 1) as the first major reservoir began to operate. Period 2 includes 

the beginning of Boukan reservoir operation until 1991 when the Lake water level started to rise 

(Figure 5) due to increased precipitation (Figure 2) and increased lake inflow (Figure 3). 1977 to 

1991 was also the period of imposed Iraq war on Iran where the trend of various project 

developments including the agriculture was very slow due to the nations’ budgetary limitations. 

The third period is the era of so called “reconstruction” after the war. It also represents a 

duration of high water level in the Urmia Lake due to above normal precipitations (Figure 2), 

below normal temperatures (Figure 2), and mostly above normal inflows (Figure 3). In 1998 the 

Lake began to fall below its mean LWL of 1276.1 m by that time, a trend which has consistently 

continued up to now. Thus, the fourth period resembles the period of Lake Urmia shrinkage and 

desiccation. The calibration process determines both the level of initial agricultural water 

consumption in year 1966 and the slopes of developments during the above mentioned four 

periods as shown in Figure 5 through a trial and error process. 

Other parameters used in calibrating the model include evaporation rate from the Lake 

surface, groundwater recharge after continued drought periods, and adjustments on agricultural 

water supply by the main reservoirs. As it was explained earlier, there are uncertainties on some 

measurements because they are not available either for the period or at the location of interest. 

Lake evaporation rate from freshwater can be estimated using either evaporation pan 

measurements or through certain relationships. However, for saltwater it is not possible to 

directly use these procedures. And although we were able to establish a relationship between 

evaporation rate from fresh and salt water using limited available data, it would be only a rough 

estimate since the density of salt is also a factor in determining the actual evaporation from 

saltwater surface. On the other hand, since the area of Urmia Lake is considerable (between 4000 

to 6000 km
2
) a small change in the evaporation rate would have a substantial impact on the 
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volume of the water losses through evaporation. Therefore, the mass balance equation of the 

Lake is highly sensitive to the rate of evaporation, and in the absence of precise measurements 

and concerning the uncertainties inherent in the process, must be determined through calibration 

using the initially estimated values. 

Groundwater recharge is another important parameter in the basin water balance model which 

must be also determined through calibration process in the absence of any data. The effect of 

recharging groundwater through precipitation and surface water was included through applying 

reductions on the river flow as a function of continued droughts. Therefore, the amount of 

surface water used for recharging groundwater is assumed to be a function of both drought 

intensity and its persistence. A coefficient was defined and found by calibration to adjust the 

amount of total water used for recharging the groundwater in each sub-basin under a defined 

drought condition. Therefore, three main categories are used for accomplishing the model 

calibration where each may involve several decision variables. These include adjustments on 

agricultural water demand during each of the above mentioned periods, adjustments on 

evaporation from lake’s surface (saltwater), and finally adjustments on groundwater recharge 

rate as function of continued drought period.  

The objective of the calibration process is to minimize the sum of errors between the 

observed and simulated LWLs during the historical period (1966-2012). A trial and error method 

is used for calibrating the model. Statistical criteria used for evaluating the performance of the 

model during the calibration and test periods are coefficient of determination (Equation 1), 

Nash-Sutcliffe efficiency (Equation 2) and Root Mean Square Error (Equation 3).  

𝑅2 = (
∑ ((𝑂𝐿𝑖−𝑂𝐿̅̅ ̅̅ )(𝑆𝐿𝑖−𝑆𝐿̅̅̅̅ ))
𝑛
𝑖=1

√∑ (𝑂𝐿𝑖−𝑂𝐿̅̅ ̅̅ )
2∑ (𝑆𝐿𝑖−𝑆𝐿̅̅̅̅ )

2𝑛
𝑖=1

𝑛
𝑖=1

)

2

                 (1) 

𝑁𝑆𝐸 = 1 −
∑ (𝑂𝐿𝑖−𝑆𝐿𝑖)

2𝑛
𝑖=1

∑ (𝑂𝐿𝑖−𝑂𝐿̅̅ ̅̅ )
2𝑛

𝑖=1

                     (2) 

𝑅𝑀𝑆𝐸 = √
∑ (𝑆𝐿𝑖−𝑂𝐿𝑖)

2𝑛
𝑖=1

𝑛
                     (3) 

Where, OLi and SLi are the observed and simulated LWLs at the beginning of month i, and 

𝑂𝐿̅̅̅̅  and 𝑆𝐿̅̅ ̅ are the average of observed and simulated LWL data, respectively. Figure 6 shows 

the flowchart of the model and its calibration process. 
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Fig. 6 Flowchart showing the simulation model structure and its calibration 

Figure (7) shows the calibrated and observed LWL of Urmia Lake during the study period 

(1966-2012). A visual comparison of modeled and observed LWL indicates a good fit. 

Moreover, the performance of the calibrated model was evaluated by coefficient of 

determination (R
2
), Nash-Sutcliffe Index (NSE) and root mean square error (RMSE), where their 

corresponding values were found as 0.98, 0.97 and 0.005 respectively. 

 

 
Fig. 7 Simulated and observed LWL of Urmia Lake (1966-2012) 

Scatter plot of monthly observed and simulated water level of the Lake for the study period is 
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also shown in Figure (8) where the solid line indicates the perfect match. 

 
Fig. 8 Observed and simulated LWL of the Lake 

 
As it can be seen from Figure (8), performance of the model is very good especially for 

LWLs under 1277 m. However, for water surface elevations above this level the model shows an 

underestimation trend. It is possible that the bias for high LWLs is due to measurement errors in 

hydrometric stations during wet years where large floods occur. Another source of error during 

wet years could be due to less water consumption by crops where part of their demand is met by 

precipitation. Also, in wet years greater part of irrigation demand could be supplied through 

groundwater sources that have been replenished by plentiful precipitation. All these may 

contribute to actually more water flows into the Lake during wet years. The simulation model 

however is not able to capture such a process due to the lack of precise information. Meanwhile, 

the overall error and fitness of the model is very good and in accordance with the objectives of 

this research. The model has been able to closely catch the variations of LWL indicating that the 

proposed algorithm has been successful.  

Furthermore, a comparison of total water demand estimated by the model with few available 

census data indicates a good agreement in terms of their trend. For example, the ratio of total 

water demand estimated by the model to the census data during 1996, 2001, and 2006 is 

respectively 1.3, 1.2, and 1.4, which indicates the precision of the model. Nevertheless, as 

mentioned earlier the recorded data are expected to underestimate the true water demand of the 

basin by focusing on major water use projects. On the other hand, the model shows that the true 

water demand of the basin is about 30% more than that indicated by the recorded data.  

2.3. Scenarios 
The Lake level study in this paper was initially carried out for revealing the main causes of 

the current critical situation. These findings can then be used to determine short-term and long-

term solutions for restoring the Lake Urmia.  

After finalizing the comprehensive hydrologic model, the role of different water use sectors 

on the LWL changes is investigated. This is done by grouping different main water use activities 

including: (a) water allocations through main reservoirs, and (b) all other types of water 

withdrawals in the basin (other than that allocated by reservoirs). The existing Lake level is a 

result of all existing water use projects besides hydro-climatic conditions. Therefore, by 

eliminating each main component of the system we can assess the role of that component on 
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LWL changes through long term model simulation.  

Water use scenarios are defined as follows: 

1. No Operational Reservoirs (NoRes): Impact of operational reservoirs and their water 

demands (mainly agricultural) is evaluated in this scenario by eliminating them from the 

system according to their starting operation date.  

2. No Other Withdrawals (NoWdr): All other water withdrawals (mainly agricultural) 

are eliminated to assess their role on Lake level fluctuations.  

3. No Reservoirs and No Other Withdrawals (NoRes & Wdr): This scenario is 

implemented to show the impact of combined actions. In fact, it shows a situation where 

human related water use activities in the basin are removed and thus indicates the natural 

and intact basin condition.  

It is worthwhile to mention that in Urmia basin nearly 92% of water consumption is used by 

agriculture, 6% by municipal, and the remaining 2% by industrial sectors. Therefore, agriculture 

is the main water use sector in the area either through regulated reservoir releases or other types 

of water withdrawals from surface and groundwater sources. 

According to a study the minimum acceptable water level required for the Lake to survive 

ecologically is found to be 1274 m [14]. The Lake is home to a unique brine shrimp species, 

artemia urmiana, and supports many species of reptiles, amphibians and mammals [15]. Water 

levels less than this elevation may cause serious hazards on ecology of the Lake including the 

artemia population and the basin as well. 

 3. Results and Discussions 
The normal values are usually calculated using the whole study period, i.e., 1966-2012 in this 

case. However, noting that the lake has entered a completely drying and abnormal situation more 

than a decade ago, such a calculation would not represent the lake hydrology and the conclusions 

derived from these figures could be erroneous. For example, long-term mean LWL would be 

1275 meters using 1966-2012 period which indicates that years 1968 through 2000 (about 

consecutive 32 years) are all above normal or otherwise wet periods. The mean LWL, surface 

area and storage volume calculated using the whole period is 1275.15 m, 5076 km
2
, and 30335 

mcm, respectively. This divides the lake into two distinct period of above normal 1966-2000 and 

below normal 2001-2012. However, if only the healthy period of the lake is considered, using 

the years 1966 through 2000 mean LWL, surface area and storage would be 1276.03 m, 5405 

km
2
, and 34944 mcm, respectively. In this case, alternating above and below normal situations 

are observed. Obviously in both cases the period after year 2000 is considered as abnormally 

dry. 

The calibrated model was used to evaluate the impacts of different human activities on water 

level fluctuations of the Lake. As explained in the previous section, the role of different activities 

including reservoir constructions and other miscellaneous water withdrawals on current Lake 

crisis is investigated.  

Water levels of Urmia Lake under different water resources development scenarios are found 

by removing the corresponding activity and then simulating the system using the calibrated 

WEAP model. As it can be seen from Figure (9), the impact of NoWdr scenario is considerably 

greater than that of NoRes on Urmia Lake water level fluctuations. This is in contradiction to 

what many environmental activists in Iran had been calling for, at least during the last decade 

where the reservoir construction was blamed as the main source of Lake water shrinkage. 
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However, our investigation shows (not included in this paper) that also unlike what official 

authorities have been claiming the climate change is not to be blamed for the extent of current 

situation. The current situation is rather a direct consequence of ignoring the principles of 

sustainable development in the region. At least in the last three decades the development of 

agriculture industry with a goal of self-sufficiency has been the main objective in the country. 

Therefore, it is not surprising to see the rapidly growing demand for water and the rushing 

emergence of various water resources projects in the basin during the “reconstruction” era after 

the early 1990s when Iran-Iraq war ended. A closer look at the slope of agricultural water 

demand after 1992 (periods 3 and 4) in Figure 5 makes it clear that water consumption gained a 

rapid slope after this date. 

According to our results, by removing water consumption through “Other Withdrawals” (i.e., 

NoWdr scenario) the LWL would have risen by 5.2 meters (equivalent to 22,325 mcm in 

volumetric measures) in 2012. Whereas, for removing water consumptions through operational 

reservoirs (i.e., NoRes scenario) the rise in LWL would be only 1.9 meters (6,676 mcm of lake 

water), which indicates much less impact than the aforementioned scenario. As it can be seen 

from Figure (9), combined removal of “No Other Withdrawals” and “No Operational 

Reservoirs” scenarios would increase the LWL by about 6.4 meters (29001 mcm of water) in 

year 2012. Therefore, main reservoirs are only responsible for 23% of current situation. 

Whereas, miscellaneous agricultural water withdrawals are responsible for 77% of the current 

Lake Urmia crisis. 

 
Fig. 9 Comparison of LWL under different water resources development scenarios 

Observed and simulated LWL under different scenarios at the ending year of the four time 

stages are shown in Figure 10. As it can be seen from this Figure, in all four years the water 

withdrawal by means other than the operational reservoirs (i.e., NoWdr scenario) has the most 

considerable impact on LWL. In addition, the impact of operational reservoirs (NoRes) becomes 

more considerable as we proceed through the time as a consequence of new reservoir 

construction. For example, removing reservoirs during periods 1 and 2 has insignificant impact 

on LWL which is evident by comparing the observed and NoRes LWLs. However, the gap 

becomes wider as we move to periods 3 and 4. It should be mentioned that in the first time stage 

(1966-1976) no reservoir was yet built in the basin. Therefore, as it can be seen from Figure 10 

the LWL for NoRes option is the same as the observed level. Moreover, the impact of water use 
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by “other withdrawals” also increases with time as a result of increased water demand. While 

removing other withdrawals (i.e., NoWdr) in the first stage raises the LWL by less than 3 meters, 

in the second (1977-1990), third (1991-1997) and final stage (1998-2012) it raises the LWL by 

about 3.6, 3.5, and 5.2 meters, respectively. A review of the gap between the observed LWL and 

NoWdr scenario reveals the growing extent of miscellaneous water use projects in the basin 

during these years.  

 
Fig. 10 Comparison of LWL under water resources development scenarios at the ending year of 

four time periods 

Since Urmia is a shallow lake, small changes on the Lake level considerably affects its 

surface area. Figure 11 compares the surface area of Urmia Lake under different water resources 

development scenarios during the four periods. The observed surface area of the Lake was about 

3.4 thousand square kilometers in 2012, while it would have reached to about 6 thousand square 

kilometers if both operational reservoirs and all other withdrawals were removed from the 

system. It is noteworthy to mention that in the same year only by eliminating other withdrawals 

the Lake surface area would have reached to 5.4 thousand square kilometers, an increase of 

about 1.9 thousand square kilometers. Thus, we would have seen a normal situation in Urmia 

Lake even by having all the existing operational reservoirs but removing all other withdrawals. 

On the other hand, under the situation of NoRes, as it is shown in Figure 11, the area of the Lake 

would have increased only by 0.7 thousand square kilometers in 2012. 
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Fig. 11 Comparison of Urmia Lake surface area under different scenarios at the ending year of four 

time periods 

The results of this study reveal that the number one factor in causing the current Urmia Lake 

crisis is the miscellaneous water withdrawals throughout the basin by means other than 

reservoirs. These water withdrawals consist of legal and illegal surface and in specific 

groundwater. In the surface water, there are also small reservoirs mostly without any 

documentations and records that were constructed by local authorities mainly during the last 

three decades. Since these reservoirs are very small and numerous, and mostly without any 

documentation, we do not include them in “operational reservoirs” category which consists only 

of large reservoirs in the basin. There are also many illegally constructed wells which are 

scattered around the basin and in specific near the Lake shores. Nevertheless, the total water 

utilized through these small projects has much considerable impact on the LWL than the main 

reservoirs. These projects were made gradually through the time by local people without any 

concern on their long-term impact. People in the region highly rely on these projects which are 

twisted with their daily life. Therefore, there seems to be no short-term and quick solution to the 

problem. However, noting that the current irrigation efficiency in the area is less than 35% and 

that 92% of the total water utilization is by the agriculture, a long-term solution should aim at 

modernizing the irrigation system and freeing more water into the Lake.  

Unfortunately, the fact is that the current critical situation of the Urmia Lake is a direct 

consequence of neglecting the Lake itself in various water resources projects and agricultural 

developments in the basin during last half a century. In developing countries where private 

sector has the least role in regional and national decision makings, local and national water and 

agricultural authorities are mainly responsible for the crises created. Nevertheless, this study 

shows that unless a comprehensive and integrated approach is followed and implemented, the 

current critical condition of Urmia Lake will be even more escalated in the future considering the 

climate change. The projected LWL reveals that the existence of this water body which is very 

crucial for the whole northwestern Iran needs prompt and quick attention. The solution should 

consist of short-term and long-term comprehensive action plans and should consider all effective 

components in the region.  
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4. Conclusion 
A simulation model was developed using WEAP software to study the water resources 

system of Urmia Lake basin. A calibration procedure was proposed and carried out using the 

historical data for 1966-2012 period with NSE equal to 0.97. Further analysis showed that the 

miscellaneous water withdrawals (mainly through wells, Qanats, and river diversions) play an 

important role on the hydrology of the Lake Urmia. The operational reservoirs and their 

corresponding demand sites are the next important factor in causing the current critical situation 

of the Lake. It was found that by removing other withdrawals (i.e., NoWdr scenario) the LWL 

would have risen by 5.2 meters (equivalent to 22,325 mcm of lake storage) in 2012. Whereas, 

for removing water consumptions through operational reservoirs (i.e., NoRes scenario) the rise 

in LWL would be only 1.9 meters (equivalent to 6,676 mcm of lake storage), which indicates 

much less impact than the aforementioned scenario. Therefore, main reservoirs are only 

responsible for 23% of current situation. Whereas, miscellaneous agricultural water withdrawals 

are responsible for 77% of the current Lake Urmia crisis. 

It is suggested that the solution should consist of short-term and long-term comprehensive 

action plans and should consider all the effective components in the basin. 
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