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ABSTRACT

Today, following the drying up of Lake Urmia, new centers for wind erosion activity
have been formed in the northwest of the country, and these centers have become the
source of dangerous dust production. In the southeastern part of Lake Urmia, the
formation of wind erosion centers can lead to irreparable damages from the point of
view of nature and human health. In this study, in order to identify wind erosion centers,
changes in the water level of Lake Urmia based on the fluctuation pattern of climatic
parameters using data The long-term effects of the existing stations in the Urmia Lake
watershed were investigated. In order to identify the origin areas of fine walnut
production and track dust storms in the studied area, horizontal visibility data below
1000 meters of meteorological data and Lagrangian HYSPLIT model in retrograde
mode were used at different stations and at different levels of the atmosphere. It was
used regularly and also the highest amount of dust containing 26 pressure tsars (100-
1000 hectopascals) and available with a time step of 12 hours. At the same time as the
first dust entered the study area, the wind direction was investigated for 24 hours before
that. In the studied area (Banab and Malekan cities), the focus of wind erosion was
investigated using AOD data from MACC database with a spatial accuracy of 0.125 x
0.125 geographic degrees and a daily time scale. In this study, MODIS Terra and Aqua
satellites with a wavelength of 550 nm were used to generate AOD data. Day-by-day
review of MODIS satellite images and the implementation of the fine dust
characterization index revealed the occurrence of specific dust storms over Urmia Lake
and southeast of the lake on different days. Investigations showed that extensive salt
dust spreads in all parts of Lake Urmia, including the southeast of the lake in the limits
of Bonab city, and the dust in this part is spread in the bed of atmaospheric currents to
the east and southeast for a distance of more than 140 km. In the northeast direction,
they spread over 150 km in 12 hours.

*
Corresponding Author: Maryam Bayati Khatibi E-mail: m_bayati@tabrizu.ac.ir

How cite to this article: (2024). Identifying the centers at risk of wind erosion
around Lake Urmia,Case study: Bonab and Malekan cities,

Hydrogeomorphology, 11(39): 122 —

DOI:10.22034/HYD.2024.60434.1728

143.

hca‘m; Copyright:©2024 by the authors. Publisher: University of Tabriz

122


http://childmentalhealth.ir/page/133/Open-Access-Policy
http://dx.doi.org/10.29252/jcmh.7.4.19
https://hyd.tabrizu.ac.ir/article_17860.html

Identifying the centers at risk of wind ... Maryam Bayati Khatibil, Behrooz Sari Sarraf

The formation of dust production centers over time is a complex process that is influenced by climatic and
environmental conditions such as the interaction of atmospheric systems and high wind speed, dry and
uncovered soil or with little surface cover and dry air. Dust can affect climate change and cause serious
damage to people. In addition to the effect that changes in precipitation patterns, temperature rise and climate
anomalies have had on the drying up of water resources in Iran and the world, in two decades recently, there
has been a huge wave in the implementation of dam projects by the ministries of energy and agriculture in the
country, during which thousands of small and large dams have been built in the country. The lack of
implementation of scientific and expert strategy in the implementation of these projects has caused the
hydrological and natural balance of the country to be disrupted and at the same time as the effect of climate
change causes the drying up of lakes and rivers; as a result, it has brought environmental crises such as sand
and salt storms. Following the sharp decrease in the amount of precipitation in the West Asian region and the
drying up of wetlands, the reduction of the area under cultivation, the disproportionate management of water
and land with drought conditions, has led to the intensification of the occurrence of dust storms in neighboring
countries and Iran. In most parts of the country, in terms of the occurrence of environmental changes by man
and nature, new wind erosion centers have been formed or are being formed, and their identification can lead
to timely and principled measures. Today, in the west of the country, following the drying of Lake Urmia,
new centers of wind erosion have formed and these sites have become the source of dangerous dust
production. In this area of the west of the country, due to the population density, the formation of wind erosion
centers can lead to irreparable damages in terms of air, water, soil pollution and human health. Wind erosion
and the place of production of fine dust should be identified and the influencing factors on favoring the
substrate for the creation of such centers should be investigated.

Methodology

In this study, in order to identify wind erosion centers, changes in the water level of Lake Urmia were
investigated based on the fluctuation pattern of climatic parameters, and in this study, the long-term data of
the stations in the watershed of Lake Urmia from the average climatic data of Urmia stations, Miandoab,
Khoy, Tabriz and Sanandaj were used. To achieve the goal; The average temperature and precipitation of
Urmia, Miandoab, Khoi, Tabriz, and Sanandaj stations were extracted decade by decade. In order to
investigate the changes in the lake, the data of the water level of Urmia Lake were used. To identify the origin
areas and track dust storms in the studied area, the data of horizontal visibility below 1000 meters,
meteorological data, 3-hour synoptic and Lagrangian model HYSPLIT retrograde mode, different stations of
particles in different levels of the atmosphere were used, considering that wind erosion is possible by tracking
fine particles, in this research, retrograde mode The HYSPLIT model was used. REANALYSIS data was
chosen to track a 5-year period due to regular daily data recording and also the highest amount of dust in this
period. These data were used with one-by-one (1 x 1) degree horizontal resolution, for 26 available pressure
tsars of 100-1000 hectopascals and with a time step of 12 hours. As the wind path entered the study area at
the same time as the first dust arrived. It was checked for 24 hours before that. In the study area (Banab and
Malekan cities) and using AOD data from MACC database with a spatial accuracy of 0.125 x 0.125
geographic degrees and a daily time scale, the focus of wind erosion was investigated. MODIS with a
wavelength of 550 nm was used to generate AOD data. The time of pollutant emission was equal to the time
of the entire simulation period. In order to provide a map of the potential of fine dust emission from the
southeastern regions of Lake Urmia, an effort was made by identifying more than 30 cases of fine dust storms.
by satellite images with HYSPLIT model to be implemented for each case. Then the results obtained from
them were transferred to the geographic information system (GIS) environment and using the software
capabilities of this system, the information obtained from the model was combined and the different
distribution zones of the particles were extracted from the southeast of Lake Urmia.

Results and Discussion
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Examining the soil samples of the studied area shows that the sediments of Benab and Malkan plains up to a
depth of about 40 meters from the subsurface belong to fine silty clay and coarse silty sand sediments.The
fineness of these sediments is an important factor in their easy harvesting by Also, in the eastern and central
parts of the plain, most of the subsurface sediments of the soil up to a depth of 10-15 meters are fine-grained
clay and silty, but in the southern edges of the plain, most of the micro-surface texture is mainly coarse-
grained silty sand and clay. Nowadays, due to drying Lake Urmia, the formations of the unprotected lake bed
are exposed to the wind, with the drying of the lake, its shores have turned into a salt desert, and if the drying
process of the lake continues, over time, a larger part of the lake bed will become a center of fine dust
production. The electrical conductivity of the samples taken from the studied area shows that the fluctuation
of EC indicates the presence of soils with low salinity to highly saline soils. This amount is more than 170 in
one of the samples.Wind plays a primary role in creating dust storms and removing small materials from the

dry bed of Lake Urmia. Analysis of 87,636 meteorological reports from Maragheh meteorological station
indicates that 38.5% of the winds in this station were reported as calm winds (no gusts of wind). However,
most of our winds have a speed between 7 and 21 meters per second, which in most cases blow from the east
side (from the heights of Sahand Mountain) towards this station. Considering the location of Bonab station in
Paikoh Sahand and its lower height above the open sea level, the frequency of strong winds in this station is
significantly different from that in Maragheh station. Winds with a speed of 8 meters per second and more in
this station are also dominated by easterly winds. (46.32% of the total strong winds) in this region. However,
it should be noted that in this region, like other meteorological stations, the possibility of winds blowing from
different directions, such as southwest and even west, is possible. The release of lake salt to this area. From
the examination and comparison of the wind conditions at Bonab and Maragheh stations, it can be concluded
that Bonab station and generally the areas located in the southeastern plains of Lake Urmia are more affected
by synoptic and extra-local winds than Maragheh station. The implementation of the HYSPLIT model from
the southeast location of the lake shows that the fine dust of this section has spread to the east and southeast
in atmospheric currents and has spread to a distance of more than 140 km in 12 hours. As another example,
the use of images A satellite showed the occurrence of a dust storm in the middle, south and southeast of Lake
Urmia on September 30, 2014, and the atmospheric currents on this day moved the dust to the northeast and
spread to more than 150 km. The important point in this case is that most of the densely populated cities
located on the western slopes of Sahand Mountain, including the metropolis of Tabriz, were on the path of
the release of fine dust on this day. On the second day of March 2015, a relatively small dust storm was
identified in the southeast of Lake Urmia. The execution of the model showed that on this day the atmospheric
currents caused the dispersion of fine dust to the east for more than 120 km in half a day. According to the
final map, it can be said that the most fine dust is in the western half of Benab city, southwest of Ajab. Shir
and the old area of the lake are in the southeast. The main paths of the emission of fine dust will often be in
two different directions. East and northeast and the other south and southwest. More than 16 cities of East
Azarbaijan province (including Tabriz city) and 5 cities of West Azarbaijan province will be affected by fine
dust rising from the southeast of Lake Urmia. The distance of the dispersion of fine dust towards the east and
northeast is greater compared to the southern directions, and it is possible to spread fine dust up to 150 km
under extreme atmospheric conditions

Conclusions

Day-by-day review of MODIS satellite images and the implementation of the fine dust identification index
during storms over Lake Urmia and also in the southeast of the lake on different days showed that salt fine
dust is widespread in all parts of Lake Urmia, including the southeast of the lake and in the area of Bonab city
is considerable. The fine particles of this part are usually spread in the bed of atmospheric currents to the east
and southeast and spread to a distance of more than 140 km in 12 hours. There are other atmospheric currents
that have transported fine dust to the northeast and spread it to more than 150 km. The important point in this
case is that most of the densely populated cities located on the western slopes of Sahand Mountain, including
the metropolis of Tabriz, were on the path of the release of fine dust on this day. Moody's satellite image
proved the occurrence of a specific micro dust storm in the eastern half of Lake Urmia. Surveys in the
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southeast area of Lake Urmia show that the fine dust has spread to the south on this day in relatively wider
dimensions. These fine particles have the ability to spread over a distance of about 80 km. The models used
showed that the atmospheric currents have caused the fine particles to spread to the east for more than 120

km in half a day.
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Fig (1): Map of the geographical location of Bonab and Malkan cities in East Azarbaijan province and Iran
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Fig (3): The surface and subsurface formations of the lake bed that are exposed to wind erosion when the lake dries up.
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Fig(4): a) EC value in the collected samples and b) very salty soils and fine texture of the dried bed of Urmia lake and c) texture of the

soil samples collected from the study site
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Fig (5): Fluctuations of precipitation in Urmia lake basin during 5 decades(1355-1402)
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Fig(6): Rainfall and temperature changes from decade to decade in the catchment area of Lake Urmia(1340-1402)
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Fig (7):Golbad weather station Maragheh (right side) and Bonab (right side) of all recorded winds(1360-1395)
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Fig(8):Diagram of the direction of strong winds(speed 8 meters per second and more) of Bonab station(1360-1395)
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Fig(9): a) Fluctuations in the wind speed of the strongest monthly winds and b) Fluctuations in the wind speed of the strongest
monthly winds in the spring season at Bonab station(1360-1395)
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The Figl10: a) Detecting the occurrence of a dust storm in the southeast of Lake Urmia using the AOD index on April 7, 2013. (b):
result of the HYSPLIT model implementation in simulating the path and distance of dust particles on April 7, 2013.
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Fig(11):a) Detecting the occurrence of a dust storm in the southeast of Lake Urmia using the AOD index on September 23,2014.
Web:The result of the HYSPLIT model implementation in simulating the path and distance of dust particles on September 23, 2014.
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Fig(12): A) Detecting the occurrence of a dust storm in the southeast of Lake Urmia using the AOD index on September 30, 2014. b)
The result of the HYSPLIT model implementation in simulating the path and distance of dust particles on September 30, 2014.
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Fig(13): A) Detecting the occurrence of a dust storm in the southeast of Lake Urmia using the AOD index on February 23, 2014. Web:
the result of the HYSPLIT model implementation in simulating the path and distance of the dust particles on February 23, 2014.
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