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Accepted: 2020/12/13 saline dust emission from its dry bed has become an environmental
crisis in the northwest of Iran. The main purpose of this study is the
modeling of the deposition rate, transport pathway and emission
height of saline dust over Urmia Lake based on near surface winds.
Methods: In this regard, observed severe winds around the lake
were analyzed. Subsequently, by matching of strong winds with
MODIS satellite AOD products, a number of dust storms generated
over Urmia Lake were selected and then storm generation date and
location determined. In next step the HYSPLIT model was run in
forward mode for 18 hours. To assess the model results, its outputs
were compared with synoptic maps.

Findings: Results showed that although strong winds are possible
from all directions, but the prevailing directions are from the south,
southwest and north respectively. Modeling results showed that
saline dust diffusion is possible in all directions, and also
transporting pathway, deposition rate and mixed layer height of
saline dust can be different in terms of surface winds characteristics
and especially upper levels atmospheric currents. Based on the
results the emission path of the salt dust is more in line with upper
levels winds, and raising particles may be emitted a distance of ~200
kilometers in 18 hours. Eventually, raising top height of saline
particles could up to 4000 meters according to the intensity of
ascending fluxes.
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Extended Abstract

Introduction

Saline dust storms are formed by wind
erosion in salt-rich sediments in deserts.
Previous researches showed that the saline
dust storms severely salt the surrounding
soils and seriously endanger the marginal
areas. In recent two decades, drying of Lake
Urmia formed a vast salt flat in the dry bed
of the lake, which is known as "salt playa".
Saline playa of Lake Urmia has exposed
billions of tons of saline sediments under
wind erosion process, which can easily emit
by the wind in different directions. This issue
can be the origin of many environmental
disasters in the surrounding area of Lake
Urmia. Due to the great importance of salt
particle diffusion, in this study, an attempt
was made to study the deposition rate,
emission pathways and saline particles
mixing layer height for some storms
originated in Urmia Lake bed through
HYSPLIT model.

Materials and Methods

To carry out this study of observational
severe winds in the meteorological stations
along Lake Urmia, were screened out and
then, winds slower than 8 meters per second
were removed. Severe winds wind rose were
drawn for each station using screened wind
data. In the next step, the dates of strong
winds that reported in more than one station
at the same time were selected. The
occurrence of dust storm on the mentioned
dates was checked through MODIS images.
Aerosol Optical Depth (AOD) index in the
spectral band of 550 nm was used to detect
dust storm over Urmia Lake. Finally, the
HYSPLIT model was run to simulate height
of mixing layer, dust emission pathway, and
transport distance from the Urmia lake bed.
In this study, atmospheric currents on the
sea level (SLP) and near surface levels were
drawn to evaluate the outputs of the
HYSPLIT model. Reanalysis data required
for the preparation of synoptic maps were
obtained from European Centre for Medium-
Range Weather Forecasts (ECMWF)
including: Sea Level Pressure (SLP), 10-
meter wind, Geo-potential height, Uwnd,
Vwnd at 1000 to 100 hPa levels.

Findings

current study, it was found that the direction
of strong winds on the northern and
southern shores of Lake Urmia is from the
south, and in the west of the lake, they often
blow from the southwest, which is in line
with  the synoptic climatology of
northwestern Iran. But on the eastern side of
the lake, strong winds often blow from the
north. On the 04th of July 2013, a severe dust
storm was detected in the southern half of
Lake Urmia. The HYSPLIT output showed
that the saline particles spread in two
opposite directions. Most of the dust
particles were deposited in the first 100 km
from the source and insignificant amounts
were spread in a distance of about 150 km.
On October 11, 2013, a specific dust storm
was detected in the middle and eastern parts
of Lake Urmia. Model results showed that
saline dust particles emitted toward
southwest and deposits in a distance of 200
km at 18-hour time period. Evaluation of
surface level stream lines showed that the
direction of wind is northeast to the
southwest, which transport pathway of dust
particles is coordinated with this current. A
cut-of-low atmospheric system is present at
750 hPa level and anti-clockwise rotation of
this system caused the unusual emission of
saline dust particles. On July 13, 2014, there
was a wide spread dust storm over Lake
Urmia, especially the southern half of the
Lake bed. Dust concentration in the southern
parts of the lake was higher than in other
areas based on the MODIS satellite AOD
index. Model output showed that the
particulate matter of Lake Urmia has spread
to the northwest towards the cities of Maku
and Chaldaran. The dust particles of this
storm have been transported toward
northwest up to a distance of 250 km. Due to
upward atmospheric currents on this day, it
was possible to release particles up to a
height of > 4000 meters, but most of
particles of are located between 2000 and
4000 meters above sea level.

Conclusion

The results of the study showed that
according to the prevailing climatic
conditions in the study area, there is a
possibility of strong winds blowing from all
directions, but in the northern, southern and
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western parts of the lake, the prevailing
direction of strong winds is from the south
and southwest, and on the eastern parts
north winds prevail. An important issue that
was obtained from the outputs of HYSPLIT
model is that there is a significant difference
between transport pathways of dust
particles and surface winds direction, and in
this respect, they are more consistent with
wind flows on the upper atmospheric levels.
In this study, it was determined that if dust
storms are generated by local scale surface
winds and stable air in the upper levels, the
dust and salt particles emitted at a relatively
smaller distance by near surface winds.
These conditions mainly prevail in the
summer season. Under Stable atmosphere of
this season, the dust particles rarely
penetrate to a height of ~2000 m. a. s. L
However, spreading particles to a height up
to 4000 meter is also possible if the dust
storm is accompanied by an unstable
atmospheric system which are prevail at fall,
winter, and spring seasons.
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