d“f. The Journal of Geographical Research on Desert Areas
Ui, ‘. Volume 11, Issue 2, Fall and Winter 2024, pp.165 - 182
d?%fg—,{ Home page: http://grd.yazd.ac.ir/
’ P-ISSN: 2345-332X  E-ISSN: 2588-7009 Yazd University

Original Research Atrticle

Analyzing the role of thermal and dynamic cyclone in dust
storms in western Iran

Azar Beyranvand'", Ghasem Azizi?, Omid Alizadeh?

' PhD of synoptic climatology, Department of Natural Geography, University of Tehran, Tehran, Iran.
2 Professor, Department of Natural Geography, University of Tehran, Tehran, Iran.
3 Associate Professor, Department of Space Physics, Institute of Geophysics, University of Tehran, Tehran, Iran.

d 10.22034/GRD.2024.21230.1609
Received:
February 6, 2024 Abstract
ﬁ;e;tz%:z 4 In this research, dust storms in the west of Iran have been investigated, which include days

when the dust suspension brings the horizontal visibility to less than or equal to one kilometer
in at least three meteorological stations. In order to extract synoptic patterns, the data were
obtained on sea level pressure, geopotential height, temperature, zonal (u) and meridional (v)
components of wind at different levels of the atmosphere related to ERA-Interim. Using the
visual analysis of the maps, the maps were categorized based on the similarity between the
pressure patterns. The analysis of synoptic patterns showed that the dynamic and thermal

Keywords: cyclone patterns are the most important patterns of the dust cycle in Iran. In the storms caused
Iran, Horizontal visibility, by a dynamic cyclone, according to the location of the cyclone in the region, the most dust rise
Frontogensis, Cut-off low was found to be from the western and southwestern cyclone in Irag, so about 40% of these

storms came from the central lakes and especially from Lake Tharthar. The storms caused by
thermal cyclones in the region have lower intensity than those caused by dynamic cyclones.
The sources located in the southern half of Irag, northern Arabia, Kuwait and southwestern
Iran have been more effective in the occurrence of dust than the other parts in the region.
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Extended Abstract

1. Introduction

The connection between interannual changes in atmospheric circulation patterns and the dust cycle is undeniable.
One of the most important atmospheric patterns in the dust cycle, especially in the early stages of dust storms,
is the activity of cyclones. In the Middle East and the Mediterranean region, studies indicate the effects of
climatic variables (such as wind, pressure, temperature, cloudiness, precipitation, thunderstorms, floods, waves,
dust storms, and avalanches) on the formation and passage of cyclones and their disturbances. The studies on
cyclogenesis in the Mediterranean region date back to the middle of the 20th century. There have been
discussions on the affectability of Syria, Irag, Iran and other countries in the region from the cyclones of
Mediterranean. In case there is not enough moisture to cause precipitation, the cyclone mechanism acts as a
determining factor in collecting and transporting dust from susceptible areas. Sometimes they create big and
historic storms that, depending on their path, can severely affect areas even far away from the dust sources.

2. Research Methodology

In order to identify dust storms, in this study, the data related to horizontal visibility and the code of phenomena
in the current weather for the time period of 1987-2022 were used in 33 synoptic stations in Iran. The data were
taken from Iran Meteorological Organization. An event of dust storm is considered a dusty day if at least once a
day the horizontal visibility at a station becomes less than or equal to 1 km due to dust in suspension (the synoptic
code 06 represents dust in suspension). Then, considering the conditions in the last three decades (1987-2022),
a total of 229 dust storm events (391 dust storm days) were identified. In order to achieve the circulation patterns
of the identified days, the sea level pressure maps at 00, 06, 12, and 18 hours of global coordination, as well as
the geopotential height map at the level of 500 hpa, were drawn and analyzed.

3. Results and discussion

Among all the investigated events, 47 events were caused by dynamic cyclones that occurred in all seasons. Of
them, 18 occurrences were the result of the formation of thermal cyclones in all seasons, although with a very
low frequency in autumn. Analysis of the dynamic cyclones indicated that, in terms of the time of occurrence in
a year, only seven cases occurred in the hot season, six in the cold season, and the rest in spring and autumn. So,
about 70% of the events related to dynamic cyclones occurred from March to June, of which half were related
to April.

Out of the 47 cases of storms caused by dynamic cyclones, about 45% were one-day events, which covered less
than 10 stations in the west and southwest of Iran. Almost 40% of the incidents lasted for two days, and four
storms in 2010-2012 reached a significant extent. In 10% of the cases, the duration of the dust storm was three
days, and two three-day storms in 2009 and 2012 covered a larger area of Iran. Storms with longer durations
were observed only once in the studied period. Most of the dynamic whirlwinds occurred in 1994, 2007, 2008
and 2010.

In the thermal cyclone, the maximum frequency was for 2008. In nearly 60% of the cases, the thermal cyclones
formed in the southeast of Iraq, southwest of Iran, Kuwait, northeast of Arabia and the north of the Persian Gulf.
In the other cases, a thermal cyclone appeared on the border between Iragq and Saudi Arabia. The storms caused
by thermal cyclones in the region have lower intensity than those caused by dynamic cyclones. The centers
located in the southern half of Irag, northern Saudi Arabia, Kuwait and southwestern Iran have been more
effective in the occurrence of dust than the other parts in the region.
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4. Conclusion

The most occurrences of dynamic cyclone were in 1994, 2007, 2008 and 2010. In half of the cases, the cyclones
created in the central areas of Irag, especially the central lakes of Tharthar, Rezazah and Habaniyya, caused dust
storms in the region. In 25% of the storms, the cyclones formed in northwestern Irag-northeastern Syria were
the main cause of dust. In about 17% of the cases, the cyclones formed in the southeast of Iraq, southwest of
Iran, and Kuwait caused dust storms. In the remaining 7%, dynamic cyclones in northern Iraq or northern Arabia
caused dust storms. In the storms caused by the occurrence of dynamic cyclones in the region, the most dust rose
from the western and southwestern centers in Irag. Around the central lakes and especially Lake Tharthar, 40%
of the dust storms were under this effect. In addition to the important role of the pattern of the upper levels on
the strengthening of surface cyclones, the mechanism of dust rising in the surface swirl facilitates the entry of
dust to the upper levels, results in more dust transfer through these levels.

In the thermal cycle, the maximum frequency was in 2008. In nearly 60% of the cases, the thermal cyclones
formed in the southeast of Iraq, southwest of Iran, Kuwait, northeast of Arabia and the north of the Persian Gulf.
The storms caused by the thermal cyclones in the region have lower intensity compared to the storms caused by
dynamic cyclones. The sources located in the southern half of Irag, northern Arabia, Kuwait, and southwestern
Iran have been more effective in raising dust than in other regions.

Analyzing the role of thermal and dynamic cyclone in dust storms in western lran
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