Journallof/Applied/Researches]in;
Geographical/Sciences

PrintISSN: 2228-7736 Online ISSN: 2588-5138

https://jgs.khu.ac.ir/

Detection and simulation of Kermanshah dust storm using HYSPLIT
and WRF-chem models

Tooba Alizadeh ! | Majid Rezaei Banafsheh 22! | Hashem Rostamzadeh 3
Gholamreza Goodarzi* | Hedar Maleki® | Hamzeh Alizadeh®

. PhD student in Meteorology, Department of Meteorology, School of Planning and Environmental
Sciences, University of Tabriz, Tabriz, Iran. E-mail: alizadehtoba@yahoo.com

. Corresponding author, Professor of Meteorology, Department of Meteorology, School of Planning and
Environmental Sciences, University of Tabriz, Tabriz, Iran. b< E-mail: mrbanafsheh@yahoo.com

. Assistant Professor of Meteorology, Department of Meteorology, School of Planning and Environmental
Sciences,University of Tabriz, Tabriz, Iran. E-mail: hrostamzadeh@gmail.com

. Assistant Professor , Air Pollution and Respiratory Diseases Research Center, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran. E-mail: rgoodarzy@gmail.com

. Environmental Engineering, School of Water Sciences Engineering, Shahid Chamran University of Ahvaz,
Ahvaz, Iran. E-mail: heydarmaleki@gmail.com

. Master student of Meteorology, Faculty of Geography, Kharazmi University, Tehran, Iran.
E-mail: Hamzeh.alizadeh72@gmail.com

Article Info ABSTRACT

[ Downloaded from jgs.khu.ac.ir on 2024-03-25 ]

[ DOR: 20.1001.1.22287736.1300.0.0.202.5 ]

Article type: The aim of this study is to identify the epicenter and co-occurrence
factors of the dust storm wave from 1 to 3 November 2017 in

Research Article Kermanshah. To investigate the synoptic conditions causing this

Avrticle history: phenomenon, data from the European Central Center Mid-term
Received Weather Forecast (ECMWF) data set with a resolution of 0.125
2020/07/10 degrees of arc, including geopotential height, omega, sea level
Received in revised pressure, orbital and meridional components, and humidity, were used.
2020/11/10 The Varangian method of the HYSPLIT model was used to determine

the source of dust particles. In this study, the dust storm WRF-chem
Accepted was simulated using a paired numerical weather forecasting model.
2020/11/30 Finally, the scope of the dust storm was determined through the
Published processing of MODIS satellite images. Examination of HYSPLIT
2020/12/04 tracking maps shows that two general paths for dust transfer to the area

can be identified: 1) the northwest-southeast route, which passes

Published online through dust cores formed in the deserts of Irag and Syria, transporting

2023/10/01 dust to the western half of Iran; 2) the southwest to west of Iran and
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Dust, Synoptic system, The source of the particles is Kuwait, northern Saudi Arabia, and part
HYSPLIT model, of Irag. The spatial distribution of the dust, interpreted by the MODIS
WRF-chem, sensor images, is consistent with the spatial distribution of the dust

Kermanshah City. concentration simulated by the WRF-chem model.
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| Extended Abstract |

Introduction

Dust storms typically occur in temperate, tropical, and subtropical dry and semi-arid regions
with an annual rainfall of 200 to 300 millimeters. In this regard, dust-laden air masses are
the main distributors in the formation of air masses worldwide and are a factor affecting the
degree of horizontal visibility. Dust storms, as one of the most important forms of air
pollution, have been the focus of attention for foreign and domestic researchers from various
perspectives, and numerous studies have been conducted in this field. The Middle East is
one of the largest sources of dust emissions in the world. The location of Iran in the warm
and dry region of the globe and its proximity to the subtropical deserts of Iraq, Syria, and
Saudi Arabia leads to the constant risk of dust storms in the western half of Iran.

Methods and Material

To identify areas prone to dust storms and their movement paths, which play a key role in
zoning areas with low visibility, satellite image data is used during the occurrence of this
phenomenon. However, one of the most widely used models for studying and determining
the main sources, emission, and transfer of dust is the HYSPLIT model. This model is used
by the National Oceanic and Atmospheric Administration (NOAA). This model is a coupled
system designed to calculate and simulate the emission, movement, and deposition of
atmospheric aerosols, especially dust particles. The WRF model (weather research and

forecasting) is a model for numerical weather prediction and atmospheric simulation that is
designed for research and operational applications. The development and expansion of this
model has become a collaborative effort to create a mesoscale forecasting model and also to
create a data assimilation system to improve the understanding and forecasting of weather
conditions and to accelerate research progress. The WRF-VAR data assimilation system can
take into account various observational data in the pursuit of optimal initial conditions, while
WRF-CHEM enables air chemistry modeling (related to physical meteorology and
pollution). The scope of application of this model is very wide and covers a range of several
meters to thousands of kilometers. To explain the causes of the occurrence and track the
source of the dust storm wave in the city of Kermanshah, the three-day period from October
10 to 12, 2017 (November 1 to 3, 2017) was studied. In this study, particles at three levels
of 200, 1000, and 1500 meters above ground level were tracked within the time interval of 6
to 48 hours before the occurrence of dust. FNL data was used to run the model. Using the
above data and drawing maps of synoptic systems and wind patterns using the GRADS
software, the wind patterns and synoptic systems effective in transporting dust to the west of
the country were redefined. The maximum PM10 concentration on the day of the dust storm
was identified as the main dust peak.

Results and Discussion

Based on the results of the analysis of synoptic maps, the main factor in the formation of the
dust storm wave during the period from November 1 to 3, 2017 in the city of Kermanshah
was, in addition to the instability caused by the surface thermal lows, the movements of the
Saudi high that caused convergence of currents to the west. The establishment of a low-
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pressure cut in the middle levels of the atmosphere is clearly evident in this event, so that
despite the instability in the middle level of the atmosphere, the lack of sufficient moisture
in the systems transferred to the west of the country, the passage of currents from the deserts
of Irag and Syria, the lack of sufficient moisture both on the surface and in the depth of the
soil in the country and in neighboring countries has led to the formation of a dust source and
its transfer to the study area. The examination of the particle path shows that these particles

were first transferred to higher levels by the low-pressure systems stationed in the region.
The soil moisture map also indicates a severe lack of moisture up to a depth of 10 centimeters
of soil, which, simultaneously with the passage of unstable systems and western currents
over the areas, the particles under the soil can easily be separated from the ground and
transferred to the study area. In this study, it was clearly shown that the use of the WRF-

chem model is a suitable technique for simulating dust storms and, in terms of scale and
temporal changes, provides a logical estimate of dust in the study area. By simulating dust

storms caused by western winds using the WRF-chem model, it showed that the main source
of dust is located in the areas located in the western and central deserts of Iraq, Syria, Kuwait,
and northern Saudi Arabia. By using the output of the WRF-chem model and MODIS

satellite images, it is possible to predict dust storms and the path of particle movement, and
timely warnings and alerts can be given about taking the necessary decisions to reduce the
damage of this phenomenon. This study provides valuable insights into the causes and

mechanisms of dust storms in the western half of Iran. The results of this study suggest that
a combination of factors, including synoptic systems, wind patterns, and land-use practices,
contribute to the formation of dust storms in this region. The use of models such as WRF-

chem can be used to improve our understanding of dust storms and to develop more effective
strategies for mitigating their impacts.

Conclusion

In this study, in addition to the aforementioned cases, the role of the deserts of Saudi Arabia
and Kuwait in the emission of dust to the study areas is also significant. Although these
issues have been proven many times in various studies, such a situation requires efforts to
solve this problem at a transregional level, not just at the level of Iran. The vastness of the

region's vast deserts, the growing desertification, the ongoing droughts, and the role of
human factors in mismanagement have turned dust events in the west and southwest of Iran
into an uncontrollable environmental crisis.

Keywords: Dust, Synoptic system, HYSPLIT model, WRF-chem, Kermanshah City.
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