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Research Topic: The exchange flow between the northern and southern basins of Lake
Urmia through the opening of the Shahid Kalantari Causeway is a key issue in the lake
management; however, the flow discharge has not been measured in the field to date. This
study aimed to determine the flow velocity and discharge through the causeway opening
between the northern and southern sections of Lake Urmia.

Methods: Hydrographic surveys were conducted at a scale of 1:200, using a scaled rod
with an accuracy of one centimeter. Flow velocity and direction were measured at the
center of the 17 spans fo the causeway at three depths (0.2, 0.5, and 0.8 meters) using a
BFM-001 Valeport current meter during the relatively high-water conditions of spring
2025.

Results: The study determined a cross-sectional area of 2383.44 m?, with maximum
exchange flow velocities of 26 cm/s and 29 cm/s recorded on 24 and 25 May 2025,
respectively. The maximum exchange flow discharge between the northern and southern
sides fo the causeway reached 2.691 md/s, equating to a total daily exchange volume of
approximately 7.59 million m3. The dominant current was observed to flow from the
southeast (N165°) and northwest (N298°) directions, often with rotational shifts following
changes in wind direction. Additionally, the average current speeds were 24.8 cm/s on the
southern side and 22 cm/s on the northern side of the causeway.

Conclusion: The study concluded that wind was the primary driver of the exchange flow
during the study period, outweighing factors such as density and temperature variations.
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Abstract

Introduction

Lake Urmia is one of the unique lakes, whose limnological, hydrological, hydrodynamic, and
physicochemical characteristics are of interest to researchers and decision-makers.

Human interventions in the watersheds and within Lake Urmia have led to dramatic changes
in the exchange flow regime between different parts of the lake. One of the major interventions
carried out in Lake Urmia was the construction of the Shahid Kalantari Causeway in 2008.
Although the causeway provides important transportation and economic benefits, it has also
produced several undesirable environmental impacts. Among these effects are an increase in
the sedimentation rate and disruption of the lake hydrodynamic regimes, resulting alterations
in the exchange flow between the northern and southern basins of the lake. Consequently,
understanding the exchange flow through the causeway opening has become an important
concern for managers, decision-makers, and researchers seeking scientific insight into the
hydrodynamic changes occurring in the lake. Studies have shown a close relationship between
river discharges, water level, and the pattern of flow exchanges in Lake Urmia (Gharibreza et
al., 2022; Hesari and Zeinalzadeh, 2019). For example, Gharibreza et al. (2022) indicated the
relationship between precipitation, Rozechay River flow, and Lake Urmia level from 1983 to
1996, with an emphasis on 1993 and 1997, when the Lake Urmia water level reached its highest
level. Further, Sofi et al. (2020) stated there was a significant correlation between the
independent variables (temperature, precipitation, river discharge, and water table) and lake
water level fluctuations, indicating the high validity and strength of the linear relationship
between water level and the degree of influence of these variables on the independent variables.
Among the rivers to the west of the lake, the Nazluchai and Shahrchay, with an annual flow of
220 to 250 million cubic meters, play a significant role in supplying the lake with water. The
Zarrineh Rud, in the south of the lake, drains 1.5 to 2 billion cubic meters of water into the lake
annually. The simulation of wind direction on flow distribution (Dadashzadeh et al. 2019)
demonstrated variable flow and salinity conditions in the surface and near-bed layers, the
prevailing wind direction over parts of Lake Urmia. The results of the WRF wind field
evaluation show that there are generally two dominant directions of wind blowing;
consequently, wave occurrence on the surface of the lake. Therefore, the direction is
north/northwest to southeast, and also the direction of southeast to northwest. The trends
indicate that southeast winds are stronger than northwest winds. Review of literature revealed
that measurements of flow discharge have not been carried out at the surface and under the
Shahid Kalantari bridge. Therefore, achieving the velocity and water discharge between the
north and south of Lake Urmia from the opening of the Shahid Kalantari Bridge span was the
goal that this study implemented to reach. The literature review found that, although the topic
is important, there has been no research or fieldwork done to directly measure the exchange of
currents and the flow of water from the opening section of the Shahid Kalantari Bridge. In other
words, while the issue is recognized as significant, it hasn't been investigated through actual
studies or measurements. The hyper-saline water, limitations on the use of current meter
instruments, and lack of experts in fieldwork contribute to this gap in research on Urmia Lake.

Method

As mentioned, the area of the opening section of the Shahid Kalantari Bridge has not measured
through field operations. Therefore, this study innovatively estimated the cross-sectional area
where conventional echo sounders are prone to serious errors due to the hypersaline nature of
Urmia Lake water. Hydrography of the opening section was carried out in a scale of 1:200 using
a scaled rod with an accuracy of one centimeter. Measurements of the velocity and direction of
flow were carried out at the center of the 17 spans of the Shahid Kalantari causeway at three
levels of 0.2h, 0.5h, and 0.8h depth using a BFM-001 Valeport model device, and in the spring
of 1404 to record the flow during relatively high-water conditions of spring 2025.
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Results

The results showed that the cross-sectional area along the 1220 m length of the surveyed section
was 2383.44 square meters. The maximum exchange flow velocity of 17 sections was obtained
on 24 and 25 May 2025 as 26 and 29 cm/s, respectively. Accordingly, the maximum exchange
flow discharge between the northern and southern sections of the lake was 691.2 m®/s, and the
daily potential exchange volume was 59.7 million m3. This study emphasizes that wind is the
most important driving force of exchange flow during the study period compared to density and
temperature changes. The dominant flows occurred from the southeast (N165°) and northwest
(N298°), respectively, during the day and part of the hours following changes in the wind
direction, with the flow becoming rotational. The average flow velocities in the southern and
northern sides of the Shahid Kalantari causeway were 24.8 and 22 cm/s, repcetively. Results
indicated that the distribution of submerged saline formations has increased considerably and
plays an important role in restricting water circulation in Lake Urmia.

Conclusion

This research revealed that the wind-driven water flow along the southeast-northwest axis of
Lake Urmia never ceases; however, the flow pattern undergoes local changes where the water
enters from the river mouths. Other driving forces for the occurrence of currents, including
differences in water salinity and density, and the effects of flood outflows entering the lake, are
of lesser importance during the study period. The conclusion emphasizes the necessity of
securing lake's environmental water allocations. Estimates of the water requirement are 3.8
billion cubic meters to compensate for evaporation losses and over four billion cubic meters to
restore the lake to its ecological level. This amount of water is about 10 percent of the country's
manageable water resources, making it highly challenging to achieve. Therefore, a practical
proposal to maintain flow on the lake surface is to create a ring or water belt to connect the river
mouths, redistribute water resources in a managed way, and prevent the increasing evaporation
during recent drought years.
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