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Objective: “Atmospheric dust, as a climatic phenomenon with environmental and
human consequences, is of particular importance, especially in arid regions such as Iran.
This study was conducted with the aim of performing a climatological analysis of dust
storms in Kerman Province over the statistical period 2000-2023.

Methods:Data from 11 synoptic stations were examined, focusing on meteorological
codes related to dust (6-9, 30-35, and 98) and parameters such as horizontal visibility
and wind speed.For trend analysis, the Mann-Kendall test and Sen’s slope were used.
Results: The results showed that the highest frequency of dust storm days was associated
with internal (63%) and external (37 %) sources, occurring in March (501 days) and
May (382 days), respectively. The seasonal distribution indicates that the province is
more affected by dust events in spring (38%) and summer (29%) than in other seasons.
The hourly pattern also revealed peaks at 15:30 and 12:30 local time (24/4% and 20/8%,
respectively), attributed to surface heating. Spatial dispersion further indicated an
increase in days with external sources in the southeast (43%) and a decrease in the
northwest (32%).

Trend analysis using the Mann-Kendall test revealed a significant decrease at the Bam
and Shahrebabak stations (with a 99% confidence level) and a significant increase at the
Sirjan and Rafsanjan stations (with a 95% confidence level).

Conclusions:These findings underscore the necessity for effective local resource
management and enhanced cross-border cooperation to mitigate the impact of this

phenomenon in Iran’s arid regions.
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Introduction

Atmospheric dust is a meteorological phenomenon with negative environmental consequences that significantly
impact human life and societies (Reed & Nugent, 2018). Due to its arid and semi-arid climate, sparse
vegetation—particularly in its central regions—and the presence of vast deserts such as the Lut Desert and the
Kavir Desert, Iran is highly prone to the occurrence of dust storms (Middleton, 2019).

Materials and Methods

This study aimed to analyze the climatology of dust storms in Kerman Province, focusing on their long-term
spatial and temporal distribution patterns. For this purpose, data from 11 synoptic meteorological stations during
the period 2000 to 2023 were utilized. Dust events were identified based on weather codes 06 to 09, 30 to 35,
and 98.

The following climatic and statistical parameters were examined:
e Mean frequency of dusty days
¢ Monthly and seasonal distribution of dust occurrences
¢ Interannual and seasonal fluctuations in the number of dusty days
e Hourly frequency of dust events
e  Seasonal distribution of dust-related weather codes
e Horizontal visibility across the region
¢ Temporal trends and rates of change in dust frequency
Results

The monthly frequency of locally-sourced dust events (codes 07-09, 3035, and 98) revealed that March and
May had the highest number of occurrences, while November recorded the lowest. In the case of externally-
sourced dust events, the highest frequencies occurred in May and July, and the lowest in November and October.
Overall, May had the highest and November the lowest total number of dust events. Importantly, no month in
Kerman Province was entirely free of dust activity throughout the study period.

Seasonally, spring recorded the highest and autumn the lowest number of local dust events. For external
sources, dust events were most frequent in spring and summer, while autumn again had the lowest frequency.
Hence, spring had the highest and autumn the lowest overall dust occurrence for both sources combined.

At Bam and Jiroft stations, external sources predominated, whereas in other stations, local sources were more
dominant. The highest contribution from internal sources was observed at Shahr-e Babak, followed by Shahdad.
On average, 63% of dust events originated from local sources, and 37% from external sources.

Hourly analysis showed that dust events occurred most frequently at 12:30 and 15:30 local time, and least
frequently at 03:30 AM—Ilikely due to the effects of surface heating and thermal convection in the afternoon
hours. The most frequent codes were 07 to 09, indicating the lifting of dust or sand from the vicinity of the
station. These were followed by code 06, representing dust transported from distant sources. Codes 30 to 35,
related to mild to severe dust storms occurring at the station itself, accounted for about 1.5% of all events. The
least frequent code was 98 (thunderstorms accompanied by dust), comprising 0.2% of occurrences, and was
recorded only once in some stations during the study period.

From a spatial perspective, externally-sourced dust events increased from the northwest to the southeast,
while locally-sourced events showed a decreasing pattern along the same axis.

Trend analysis using the Mann—Kendall test revealed a decreasing trend in dust frequency at the Bam, Shahr-
e Babak, Zarand, and Jiroft stations, while an increasing trend was observed in the remaining stations. The
negative trends in Bam (—2.93) and Shahr-e Babak (—2.87) were statistically significant at the 99% confidence
level, indicating persistent climatic trends. The reductions at Zarand and Jiroft, however, were attributed to short-
term climatic fluctuations. Based on Sen’s slope estimator, the annual decrease in dusty days was 3.2 days per
year in Bam and 0.5 days per year in Shahr-e Babak.
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Conversely, statistically significant positive trends were identified in Sirjan (2.98 at the 99% level) and
Rafsanjan (2.42 at the 95% level), indicating persistent increases in dust events. The highest rate of increase
occurred in Rafsanjan (0.71 days/year), while the lowest rate was observed in Shahdad (0.001 days/year).

Conclusion

This study investigated the climatology of dust storms in Kerman Province during the period 2000-2023. Data
from 11 synoptic weather stations, along with relevant weather codes (06—-09, 30-35, 98), visibility data, and
wind speed, were analyzed. The Mann-Kendall test and Sen’s slope estimator were applied to examine temporal
trends.

Key findings include:

o 63% of dust events were locally sourced, while 37% originated from external sources.

e  The peak dust months were March (501 days, internal) and May (382 days, external).

e  Spring (38%) and summer (29%) showed the highest seasonal dust activity.

e The highest hourly frequencies were observed at 12:30 and 15:30, primarily due to surface heating.

e Spatial analysis revealed a southeastward increase in external dust and a decline in internal dust in the
same direction.

e Significant decreasing trends were found at Bam and Shahr-e Babak, while significant increasing trends
were observed in Sirjan and Rafsanjan.

These findings emphasize the need for local resource management and regional and transboundary
cooperation to mitigate the impacts of dust storms in Iran’s arid regions.

Keywords: Climatology, Dust Storms, Kerman, Mann-Kendall.
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Monthly Dust Occurrence Analysis - IN

A) Monthly Heatmap B) Monthly Stacked Bar Chart
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Monthly Dust Occurrence Analysis - OUT

A) Monthly Heatmap B) Monthly Stacked Bar Chart
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A) Seasonal Heatmap B) Seasonal Stacked Bar Chart
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Yearly Dust Distribution by Station
A) IN and OUT Contribution per Station (100% Total) B) Total Yearly Dust Count per Station
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Hourly Dust Occurrence Analysis - synop

A) Hourly Heatmap B) Hourly Stacked Bar Chart
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