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2. Bathymetry
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1. Introduction

Urmia lake is located in a closed basin between 37° 04’ N and 38° 17’ N latitude and 45° E and 46° E
longitude in the northwest of Iran and the second extremely-largest saline lake in the world (Sima and Tajrishy,
2013). It has been recently much regarded due mainly to its dramatic area shrinkage and desiccation. The lake,
because of its unique natural and ecological importance, has been considering as a National Park (Abbaspour
and Nazaridoust, 2007), Ramsar Site (https://rsis.ramsar.org) and UNESCO Biosphere Reserve
(http://www.unesco.org). Following the continuous drying process of Urmia Lake as well as considering its
geographical and political location, livelihood, identity and historical dependency of the regional people to it,
its restoration and prevention from drying up have become highlighted so far. According to several universal
experiences connected with partial restoration approach and rehabilitation of the lakes coping with dryness
(e.g. Micklin, 2007), Urmia Lake partial restoration is also discussed among Urmia Lake Restoration Program
(http://ulrp.sharif.ir) experts. To this end, this study aims at investigating the partial restoration-related
scenarios arisen through ULRP specialists using a 2D MOHID Water hydrodynamic system.

2. Methodology
2.1. Scenarios

In this study, tested scenarios, proposed by Urmia Lake Restoration Program Committee, include:
Preservation of current lake status (no intervention), complete closing of Shahid Kalantari causeway, dyke
construction in the southern part of Lake Urmia,

2.2. Data requirement and acquisition

To assess numerically any water body’s condition and parameters, having a highly accurate bathymetry is
very helpful and recommended. In this study, Urmia Lake bathymetry taken in 2013 was provided from Iran
Water Research Organization which had an acceptable accuracy. Daily discharges of 18 rivers inflowing Urmia
Lake were provided and daily pan evaporation and precipitation data of Bonab station, as well as monthly
meteorological data of Bonab synoptic station (wind speed, wind direction, sun hours, and air temperature)
were inputted to model. Additionally, daily recorded water level data of the Urmia Lake were used as initial
condition and model calibration.

* Corresponding Author
E-mail addresses: h.hamidi@modares.ac.ir (Hassan Hamidi Razi), m.mazaheri@modares.ac.ir (Mehdi Mazahari),
samani_j@modares.ac.ir (Jamal Mohammad Vali Samani), marcos.carvajalino@gmail.com (Marcos Carvajalino Fernandez).
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2.3. Model

MOHID-2D is a water modelling system developed at the Marine Technology Research Centre (MARETEC)
at Instituto Superior Técnico (IST), which belongs to Technical University of Lisbon (UTL) in Portugal
(www.mohid.com). Its temporal discretization is based on the semi-implicit scheme and the spatial
discretization on the finite volume approach, which ensures the conservation of mass of the simulated
properties and flexibility on grid definition (Janeiro et al., 2008). The model solves the three-dimensional
incompressible primitive equations. Hydrostatic equilibrium is assumed as well as the Boussinesq
approximation.

2.3.1. MOHID-2D water set up for Urmia Lake and calibration

The model’s grid size and time step of 500m*500m and 300s were respectively selected by optimizing the
model execution time. All the required data were inputted to the model and observed water level was used to
calibrate the model. To do this, 4 variables involving two factors relating to the buffer zones, manning and
wind coefficients were calibrated. Regarding the buffer zones, the first one related to the reduction of rivers
discharge as they flow the distance between hydrometric stations until reaching into the lake using shoreline
by Qinput=F*Qstation Wwhich  was obtained 0.32 by calibrating the model. The second one covered the loss of water
undergone by evaporating from lake saline water body. Since evaporating from saline water is less than pan
evaporation (not saline water) (Harbeck, 1955), therefore in the relation of Elake=a*Epan, a was acquired 0.55
by the calibration. Additionally, manning and wind coefficients were achieved respectively 0.025 and 0.0015
by model sensitivity analysis for Urmia Lake. Because the turbulence and flow velocity within Urmia Lake is
very slow, eddy viscosity amount was assumed zero.

3. Results and discussion

3.1. Calibration result

Fig. 1 shows the best fitted graph between observed versus modeled water level for the Urmia Lake. As
illustrated, the resulting graph has been obtained with correlation coefficient and RMSE of 0.943 and 0.173, in
order.

€ 1276 Observed water level
< 1275 R2=0.943 RMSE=0.173
e
:’ 1274
3
© 1273 | s et el N
=
T 1272
— > 3 9 < o > <
Time (Year)

Fig. 1. Observed versus modelled water level data
3.2. Result of S1, S2 and S3 scenarios

[t worth mentioning that all analyses and predictions in this paper are being performed based on the 8-year
statistical data from 2000 to 2008 and it is assumed that all conditions in the future years will be the same with
the current conditions. As previously mentioned, scenarios S1 and S2 and S3 relate to the continuation of lake
current status, completely closing Shahid Kalantari Causeway and intersecting the lake from the location of
islands.

Fig. 2 shows the comparison of Urmia lake water level for S1, S2 and S3 scenarios. As illustrated, the
response of the lake water level is altering according to the essence of each scenario. By looking at the status
of water level graphs, water level of the lake’s southern part in S2 experiences the highest level than others. So
that, it hits sometimes the ecological level (1274.1m) of the lake and maintains lake’s biodiversity and
ecological condition. In contrast, the northern part of the lake experiences the most critical condition as the
amount of water in this part is limited by implementing S2. By conducting scenario S3, the southern part of the
lake becomes much confined, while its water level gets higher value than northern part and S1. In either S1 or
S3, the lake never reaches its ecological level (1274.1m) and always copes with the critical condition.
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Table 1 presents the summarized results of simulations for each of the scenarios. According to this table,
the most notable properties of the lake including water level, area, water volume and the loss undergone by
evaporation have been computed by model and given. As you can see, lake’s southern part in closing Shahid
Kalantari causeway scenario has much more improved condition than other scenarios.
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Fig. 2. Urmia Lake water level comparison for S1, S2 and S3 scenarios

Table 1. Results of scenarios in terms of water level, area, water volume and evaporation loss

. Max. Water Min. Water Max. Min. Max. Volume Min. Volume Max. Evp.
Scenario level (m) level (m) Area Area (106 m?) (106 m?) Loss
(km?) (km?) (105 m3)
S1 1273.38 1270.94 4139 2500 11539 3299 130
S2_South part 1274.5 1271.83 2802 1855 8684 2388 88
S2_North part 1269.52 1267.67 910 194 984 24 23
S3_South part 1273.64 1271.18 1318 624 2837 404 40.84
S3_North part 1273.3 1270.98 2804 2009 8751 3121.5 88.8

4., Conclusions

The goal of this research was to investigate the effectiveness of restoration scenarios arisen through the
URLP. By conducting the research we concluded that in the state of closing Shahid Kalantari Causeway, the
southern part of the lake experiences somewhat the most improved and rehabilitated condition, whereas other
scenarios gives the lake rise to no desired condition and the lake always remains at the critical condition. There
are a few suggestions derived from the results of the research to increase the efficiency of inflows flowing into
the lake in order to prevent the Urmia Lake condition from getting dried up:

1. Given that the rivers’ flows scatter before reaching to the lake water body in the second buffer zone
susceptible to the evaporation due to small depths, it is proposed to construct canals along the flowing path of
the rivers to let flows enter into lake water body with less evaporation losses.

2. Due to high distance between rivers’ hydrometric stations, and lake, it is suggested to install hydrometric
station at the junction of the rivers around the lake on the border of second buffer zone to measure the exact
volume of water entering to the lake.

3. Since a significant portion of the rivers’ flows are being lost at a distance of hydrometric stations to the
lake entrance (first buffer zone), It is recommended to monitor and control more associated with illegal
withdrawals, preventing the diversion of river flow for agricultural purposes and constructing water supply
dam.
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