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Obijective: This study aims to examine the wind and emerging patterns of dust storms in
the Ardabil plain over a 19-year period from 2000 to 2018. It focuses on conducting a
statistical analysis, pinpointing local hotspots that contribute to the occurrence of these
events, and offering practical solutions to mitigate their impacts.

Methods: This study utilized three-hour wind direction and speed data from the Ardabil
synoptic station, along with current condition codes (06, 07, 08, 09, 30, 31, 32, 33, 34, and
35). In combination with the Dust Column Mass Density (DCMD) index, analysis of
variance, and LSD tests, the research aimed to assess the influence of the local hotspot on
the occurrence and intensification of dust events.

Findings: The analysis reveals that the annual dominant wind direction in the Ardabil
plain is easterly, with a frequency of 12%, and an average wind speed of 3.8 m/s when
calm conditions are included, rising to 6.3 m/s when calm periods are excluded. The peak
wind speed was recorded in January. Trends in dust events indicate a notable increase in
frequency over recent years, with the highest occurrences observed in 2011 and 2013,
totaling 25 days. The greatest monthly average, 1.2 days, was recorded in March. Based
on the dust storm rose, the annual pattern of dust entry into the Ardabil plain varies by
season, originating from the southwest throughout the year, shifting to northeast during the
warmer months of June through August, dual directions (southwest and northeast) in
September, and remaining southwest for the rest of the year.

Conclusion: The findings highlighted the predominance of storms originating locally, as
evidenced by the high frequency of code 07 occurrences (239 cases compared to 61 cases
for code 06), elevated DCMD values in Ardabil relative to surrounding areas such as
Sarein, Sarab, Mianeh, Meshkinshahr, Nir, and Khalkhal, and statistically significant
analyses. The Aghbulaghe-Mustafa-Khan region was identified as the critical local
epicenter. This area demonstrated a pivotal influence during the warmer months in
particular. Proposed measures include managing the local center, establishing both natural
and artificial windbreaks, implementing continuous air quality monitoring, and
emphasizing the importance of regional collaboration.
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Introduction

The Ardabil Plain in northwest Iran has increasingly encountered the issue of dust storms in recent
years. With a notable rise in their frequency and intensity over the past two decades, it has become
essential to carry out an in-depth statistical evaluation of this phenomenon. Identifying key local
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sources contributing to its occurrence and developing practical measures to mitigate its impact are
vital steps toward addressing the problem effectively.

Method

The study employs a descriptive-analytical approach, analyzing three-hour wind direction and speed
data from the Ardabil meteorological station alongside current condition codes related to dust
phenomena over a 19-year statistical period (2000-2018). Dust Column Mass Density (DCMD) data
were sourced from the MERRA database, supplemented by an evaluation of data from neighboring
stations. To visualize and interpret the findings, storm-rose and wind-rose diagrams were created using
WR plot software. Statistical analyses included T-tests and ANOVA, while differences between
stations were assessed using the LSD mean comparison method. Graphs were generated and
interpreted with the help of GraphPad Prism software.

Results

The analysis of annual dust storm frequency in the Ardabil plain indicates that the highest number of
dust events occurred in 2011 and 2013. The DCMD index revealed that dust concentrations in Ardabil
are notably higher compared to surrounding regions. This disparity is mainly linked to the influence of
the local dust source in the Aghbulagh-Mustafa-Khan desert area, situated east of Ardabil. During the
warmer months (June through August), wind directions shift toward the northeast, contributing to
increased dust activity. Statistical tests further confirmed a significant difference in wind speed
between normal and dusty days, with a P-value of less than 0.05. The findings emphasize that
Ardabil’s elevated dust levels primarily originate from a local source—a dry desert zone spanning
approximately 6,880 hectares, located about 11 kilometers east of Ardabil city, near Ardabil Airport
and Industrial Park No. 2.

Conclusions

The findings indicate that dust storms in the Ardabil plain largely originate from local sources. The
primary hotspot for this activity is the Aghbolagh Mustafa Khan region, situated approximately 11
kilometers east of Ardabil. Evidence supporting this includes the identification of 239 local dust
incidents categorized under code 07, the alignment between the direction of dust inflow during
warmer months and the location of this local hotspot, a notable rise in dust levels in Ardabil compared
to nearby stations, and the results of statistical analyses, all of which underscore the significance of the
local source in driving these events. To address this issue, it is recommended to manage local dust
centers by stabilizing quicksand and cultivating resilient plant species, while establishing both natural
and artificial windbreaks around active areas. Additionally, regular air quality monitoring should be
conducted, complemented by the development of an early warning system. Programs focused on
sustainable land and water management should also be introduced, alongside initiatives to foster
regional and international collaboration aimed at controlling cross-border dust sources.
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