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Objective: Dust storms rank among the most significant natural hazards in the world’s
arid and semi-arid regions, inflicting irreparable damage across multiple sectors each year.
Given the rising frequency of dust storms in Kerman Province and other desert and arid
areas of Iran, it is imperative to undertake a study aimed at identifying the synoptic
patterns that precipitate dust events and at determining their source regions as well as their
transport and dispersion pathways.

Methods: In this research, the conditions and origins of dust storm formation over the
2000-2023 period were examined using synoptic and remote-sensing methods. The
HYSPLIT model was applied to track airflow trajectories, and factor analysis together
with cluster analysis were used to identify the synoptic patterns responsible for dust
generation. Finally, the principal source regions of dust were delineated.

Results: The results revealed that 63% of the province’s dust storms originate from
domestic sources, whereas 37% originate from other areas. Three main atmospheric
patterns were identified as drivers of dust activity in Kerman Province:

1. The co-advection of simultaneous low-pressure and high-pressure systems;

2. A lower-tropospheric cutoff low pressure in conjunction with the Siberian high;

3. A pressure-gradient regime featuring a core of elevated wind speeds.

Modeling of transport and dispersion pathways indicated that 60% of externally sourced
dust is advected from the Arabian Peninsula, while 55% of dust emitted disperses
southward, impacting the Makran coast and the Sea of Oman.

Conclusions: Analysis of source regions further showed that the desert areas of Saudi
Arabia, Iraqg, Syria, and Jordan, as well as those of North Africa, together with internal
sources such as the dried Jazmourian wetland, the Lut Desert, the Hamun region, and the
Tabas Desert, contribute most substantially to the dust events observed in Kerman
Province.
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EXTENDED ABSTRACT

Introduction

In recent decades, the increasing frequency and intensity of dust storms have raised serious
concerns regarding their impacts on human health, agriculture, and the economy of various
regions. Areas with arid and semi-arid climates are particularly vulnerable to dust storms;
multiple factors, including atmospheric circulation patterns, ground surface conditions, and
climate change, contribute to the occurrence and intensity of these events. Understanding the
synoptic causes and tracking dust storms is essential for predicting and mitigating their
consequences.

Based on studies conducted in Iran and worldwide, dust storms occur under specific synoptic
conditions. By recognizing the patterns governing the arrangement of weather systems, one can
discern the regularity in their occurrence, frequency, and intensity, thereby predicting the
likelihood of such events and identifying the sources of dust generation to address the issue.
The study area is Kerman province, located in the southeastern part of the Iranian plateau,
covering over 11% of the country’s area, making it the largest province in Iran.

Methods

In this research, satellite images, synoptic maps, and data from 11 synoptic stations with a long
statistical period (2000—2023) were utilized. From the hourly and daily data of synoptic stations
in Kerman province, 30 widespread dust storm events during the statistical period of 2000
2023 were selected. Subsequently, synoptic and satellite analysis was conducted using
NCEP/NCAR reanalysis data, which includes:

Sea-level pressure (SLP),

Geopotential height at 500 and 850 hPa levels,

Wind direction and speed at those levels.

After collecting and organizing the necessary data, statistical methods such as factor analysis
and hierarchical clustering were employed to classify the synoptic patterns leading to dust
storms in Kerman province. These patterns were then interpreted synoptically. To verify the
accuracy of meteorological station reports, examine the spatial dimensions of areas affected by
dust storms in Kerman province, track the transfer paths, and identify the locations where dust
storms form, images from Terra and Aqua satellites equipped with the MODIS sensor were
used. For modeling the transfer paths of dust and the height of emission, the HYSPLIT model
was applied.

Results
Based on factor and cluster analysis, three dominant synoptic patterns for days with dust storms
in Kerman province were identified:

1. First Pattern: Co-flow in low-pressure and high-pressure systems.

2. Second Pattern: Cut-off low, Siberian high.

3. Third Pattern: Pressure gradient, wind speed core.
Examination of the transfer paths of dust using the HYSPLIT model revealed that dust in the
study area originates from desert regions of countries to the west and southwest, as well as
North Africa. The largest share of dust transfer comes from the southwest, specifically the
Arabian Peninsula, followed by deserts in Iraq, Syria, Jordan, and North Africa (Egypt, Libya,
and Algeria).
Investigation of the emission height of dust transferred to the study area showed that most of
this dust arrives at altitudes between 1,000 and 5,000 meters, with some cases exceeding 5,000
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meters. The transfer paths of dust entering the region align with general atmospheric circulation
patterns and regional winds. The classification of dust transfer sources to Kerman province by
percentage is as follows:
¢ 60% from the Arabian Peninsula,
e 25% from desert areas in Irag, Syria, and Jordan,
¢ 15% from North African deserts (Egypt, Libya, and Algeria).
To examine the emission paths of dust storms in Kerman province, the HYSPLIT model was
used forward in time intervals of 24 to 72 hours during the studied statistical period. The results
showed that dust storms spread in various directions, with the most frequent emission paths
being to the south and then to the southeast, aligning with regional winds, particularly the 120-
day winds. According to the cumulative percentage chart from the HYSPLIT model output:
e 55% of dust emission is in the southern path, affecting the Makran coast and the Sea of
Oman,

¢ 25% in the southeastern paths, carrying dust to Sistan and Baluchestan, Pakistan, and even
India,

¢ 12% in the southwestern paths, affecting Bandar Abbas, Yemen, Oman, the United Arab
Emirates, and the Arabian Peninsula,

e 8% in the eastern path, mostly affecting Sistan and Baluchestan and parts of Afghanistan.
After monitoring satellite images and the transfer and emission paths of dust in Kerman
province, a general map of potential dust-producing sources was prepared. Statistical
examinations showed that:

e 37% of dust events have internal origins,

¢ 63% have external origins.

External sources include desert areas in Saudi Arabia, Irag, Syria, Jordan, and North African
deserts. Internal sources with the highest frequency are the dried Jazmurian wetland, Lut Desert,
Hamoun area, and Tabas Desert. Reasons for this include unfavorable climatic conditions such
as high temperature, evaporation, and wind speed, as well as low and degraded vegetation
cover, low soil moisture, and the expansion of desert areas sensitive to wind erosion. These
areas, covered with clay, sand, lakebed sediments, and dried riverbeds, have a high potential
for dust production in the southern and southeastern parts of the country.

Conclusion

This research, utilizing synoptic analysis, MODIS sensor satellite images, and the HYSPLIT
model, comprehensively examined the synoptic patterns, transfer and emission paths, and
origins of dust storms in Kerman province during 2000-2023. The results identified three main
synoptic patterns—namely, co-flow of low-pressure and high-pressure systems, cut-off low and
Siberian high, and pressure gradient with wind speed core—as key drivers of dust storm
occurrence. The primary external sources of dust are:

Arabian Peninsula (60%),

Irag, Syria, and Jordan (25%),

North African deserts (15%),

while dominant internal sources include the dried Jazmurian wetland, Lut Desert, Hamoun area,
and Tabas Desert. Dust emission predominantly occurs to the south (55%), affecting the
Makran coast and the Sea of Oman, followed by the southeast (25%), southwest (12%), and
east (8%).

These findings, consistent with studies by )Rostami & Hosseini ,2018; Yarmoradi ,2019),
provide a deeper understanding of dust dynamics in Iran’s arid and semi-arid regions and offer
a scientific basis for managing this environmental hazard. Limitations of the study include the
average spatial resolution of reanalysis data (2.5%2.5 degrees) and uncertainties in the
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HYSPLIT model. Recommendations to mitigate dust effects include reviving the Jazmurian
wetland, developing vegetation cover, and fostering regional cooperation with neighboring
countries. Future research could utilize ERA5 data and advanced forecasting models to
investigate the impact of climate change and long-term dust trends.

Keywords: Cluster Analysis, Factor Analysis, Kerman, Dust, Synoptic Analysis.
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