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(A)Ze

Golestan Province has experienced an increasingrecce of dusty days in rece
years. This study aimed to analyze the spatiahbliﬂton and,intensity zoning of
dust events in the province using the Dust St iThree-hourly
observations from synoptic meteorological stgm sent-weather codes
and horizontal visibility, were collected W ust events were identified
based on World Meteorologmal é’\ n (WMOggent-weather codes and
classified into three amten e wealtdevents, moderate dust storms,
and severe dust st I was calculated amthiy, seasonal, and annual
temporal @a emporal trends were then assesseg the Mann—Kendall test
slope estlmator whereas abrupt changés itime series were examined

sing the Pettitt change-point test. The resultseaked pronounced spatial
heterogeneity and a multi-centered pattern of davity across Golestan Province.
The Gorgan Airport Station, with an annual mean bfS4.47, was identified as the
most persistent and prominent dust hotspot. Theb&e Kavus, Maraveh Tappeh,
and Kalaleh Airport stations were classified asséary active hotspots. In contrast,
the Bandar-e Gaz, Bandar-e Torkaman, and Alialmtibes recorded the lowest DSI
values. On a seasonal scale, dust activity peakedlyrin spring in the eastern part
of the province, whereas the central areas expsgiehigher activity during autumn
and winter. Trend analysis indicated significardr@asing trends at Gorgan Airport
and Kalaleh stations; significant decreasing treatl$sonbad-e Kavus, Maraveh
Tappeh, and Bandar-e Gaz stations; and no signific@nds at the remaining
stations. Overall, dust activity in Golestan Praginappears to result from the
combined influence of local dust sources, landaagfconditions, and transboundary
dust transport.
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EXTENDED ABSTRACT

INTRODUCTION

Dust storms are among the most significant atmo#plaad climatic hazards in arid and semiarid
regions. Increasing drought, declining soil moistwegetation degradation, land-use change, wind
erosion, and strong winds are the primary drivdrshts phenomenon. The consequences include
reduced air quality, decreased horizontal visipilitransportation disruption, public health threats
reduced agricultural yields, and impacts on radiatand climate cycles. According to the World
Meteorological Organization (WMO), a dust eventlédined as a reduction in horizontal visibility to
below 10 km, accompanied by a registered dusteglateather code. Golestan Province, despite
being influenced by Caspian systems, is also afteby internal dust sources and transboundary dust
transport from the Karakum Desert and arid regmmnBurkmenistan and Central Asia. Simple counts
of dusty days are insufficient for assessing the severity of a phenomenon because events differ i
intensity, visibility reduction, and environmentaipact. Previous studies have demonstrated that the
DSI, by simultaneously combining the frequency arténsity of dust events, is a more precise tool
than simple day counting. O’Loingsigh et al. (20tdported a correlation exceeding 93% between
this index and observational data from 110 Ausralstations, and a subsequent study (2015)
confirmed increased dust events during low-pregijh years. McTainsh and Tews (2007)
demonstrated the effectiveness of DSI in produermgl erosion maps at various temporal and spatial
scales. In Iran, Khusfi et al. (2020) found a digant relationship between summer wind speed,
winter precipitation, and DSI in central arid regsp whereas Vali and Roustaei (2017) reported a
more than threefold increase in the index overethiezent decades. Despite this body of work, most
DSl-based studies have focused on central, easiathsouthwestern Iran. Despite its exposure to
internal sources and transboundary dust transporh fthe Karakum Deser and Turkmenistan,
Golestan Province has received limited attentiorurttfermore, simultanequs analyses of
spatiotemporal dust patterns and identificatioramfupt chang pgimbsQ radss-the province’s stations
have not been conducted. Therefore, this study tirasalyze the,spatiotemporal pattern and map the
intensity of dust storms in Golestan Province ug;h%P' o})n Index (DSI).

A

\or? O
DATA AND METHODOA_(@;‘K} )
The data used A r'ee-ho{]rly synoptic olaems from Golestan Province stations over a

long-term period:Mfrom 2006 to 2025. The stationsdigd are: Gorgan Airport, Gonbad-e Kavus,
Maraveh Tappeh, Kalaleh Airport, Aliabad, BandaGaz Incheh Borun, Minudasht, Hashemabad
Gorgan, and Bandar-e Torkaman. After initial quyaliontrol, incomplete records or those with
apparent errors were identified, corrected, or needoDust events were extracted based on the WMO
standard codes (05-09, 30-35, and 98). A dustyigldgfined as one in which horizontal visibility
falls below 10 km and at least one related codedsrded during the 24 hours. DSI was applied to
simultaneously evaluate the frequency and interditgvents. The events were classified into three
categories: weak, local, suspended, or transp@wedts (LDE; codes 05-09), moderate dust storms
(MDS; codes 30—-32 and 98), and severe dust st@DS;(codes 33-35). The formula is:

(1) DSI = ¥ ,[(5 X SDS) + MDS + (0.05 X LDE)]i

The advantage of this index over simple countinghis assignment of different weights to each
category, so that severe storms contribute motkedinal index value. For temporal trend analysis,
the non-parametric Mann-Kendall test, Sen’s slggigmator, and Pettitt’s test for abrupt change-poin
detection were used. Analyses were performed ubmLSTAT add-in (version 2022.3.1) in Excel.

RESULTS AND DISCUSSION

Monthly and seasonal analyses revealed that the ghigern of the province is not uniform and
exhibits considerable spatiotemporal variabilityrgan Airport recorded high DSI values throughout
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all months of the year and displayed behavior sty different from other stations. The persisgnc
of dust during humid months was attributed to gtdbtal sources and the flat, low-roughness terrain
characteristics of the airport surroundings. MamaVvappeh showed the highest DSI values primarily
from March to May, associated with spring synoptystems and transboundary dust transport from
Turkmenistan. Gonbad-e Kavus and Kalaleh exhibiégkrmediate and transitional patterns, with a
relative increase in DSI during the warm seasofnab&ld, Bandar-e Gaz, and Bandar-e Torkaman
recorded low and relatively uniform DSI values, ghivere attributed to higher humidity, Hyrcanian
forest cover, and the moderating effect of the @@esBea (Figure 1).

Dust Storm Intensity (DSI) by Station and Month

05
Hashemabad | 0.1 0.10 0.09 0.08 0.12 0.15 0.13 0.13 0.09 0.08 0.1 0.15

Gonbad-e Kavus 047 0.18 0.15 0.15 0.14 021 0.18 0.20 0.21 0.20 0.20 0.18.

0.4
Kalaleh 0.11 011 0.16 0.1 0.16 0.13 0.17 0.12 0.09 0.11 0.16 0.13

Maraveh Tappeh | 0.10 0.09 0.21 0.38 0.30 0.23 0.22 014 | NS 0.13 0.18 0.09

e
@

Dust Storm Intensity (DS}

Aliabad | 0.00 0.05 0.06 0.00 0.00 0.08 0.05 0.05 0.00 0.05 0.00 0.08

Station Name

Bandar Torkaman | 0.06 0.06 0.06 0.10 0.07 0.05 0.06 0.08 0.05 0.06 0.06 0.08

|
I3
o

Gorgan Airport

Bandar Gaz 0.06 0.05 0.08 0.07 0.00 0.00 0.00 0.05 0.06 0.05 0.05 0.07

-01
Incheh Borun 0.05 0.06 0.09 0.10 0.10 0.15 0.13 0.06 0.07 0.07 0.05 0.05

Minudasht [ 0.07 0.09 0.11 0.10 0.11 0.12 0.11 0.15 0.09 0.09 0.08 0.09

=00
Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 1: He Wmhlyﬁaﬂaﬂonsgs c;[\r/]i?] CDeust Stonuex at synoptic stations of Golestan

Annual mean DSI revealed a heterogeneous, mulsitHpattern: Gorgan Airport (4.47) as the primary
and persistent hotspot; Gonbad-e Kavus (1.81) amdawth Tappeh (1.74) as active secondary
hotspots; and Kalaleh (1.15) as a secondary ceBgrdar-e Torkaman, Bandar-e Gaz, and Aliabad,
with values below 0.25, fell within low-dust zon@&gure 2). The trend analysis results showed a
significant increasing trend at Gorgan Airport dtaaleh stations, a significant decreasing trend at
Gonbad-e Kavus, Maraveh Tappeh, and Bandar-e Galzna significant trend at the remaining
stations (Figure 3).
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Figure 2: Annual trend of the Dust Storm Index at synoptatiens of Golestan Province
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Figure 3: Annual zoning of the Dust Storm Index in Golestaovihce

CONCLUSION

Dust activity in Golestan Province does not follawiniform pattern and result roFS the interaction

of local dust sources, land surface conditions, smisture, vegetatlg%c M erosion, local

winds, and transboundary transport from the argores of Tu kme Central Asia. Gorgan

Airport is the most important and persistent dustspot i nce, while Kalaleh, Gonbad-e

Kavus, and Maraveh Tappeh are secgndary c%éé dhstal and southwestern areas of the
province experienced lower dust i tensn? Th dings indicate that dust management must be
conducted in a zone-specific m@b ored to:ﬂmjltlons of each station.
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