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ArticleInfo ABSTRACT

Climate change is an important factor that incredke risks of wind erosion and
) dust storms. To study the frequency and intendityy® dust phenomenon in the
Research Article eastern half of the country, the Dust Storm Indeswsed between 2002 and
2023. Based on the DSI, profiles of the frequenuy imtensity of dust storms in
. . the study area were calculated using the geo#tatishterpolation methods of
Articlehistory: Inverse distance weighted interpolation. In genetta time series of the dust
Received: 29 April 2024 storm index during the 2002-2023 statistical perisitowed a significant
. increasing trend in the Razavi Khorasan, South Ksem, and North Khorasan. In
Revised: 04 December 2024 Sistan and Baluchestan, we observed more irregaldation and no significant
Accepted: 12 January 2025 trends. The Zabol and Sarkhs stations had the siighanber of dust storms. The
results showed that the monthly average variatiothe DSI in the first eight
] months of the year generally increased. The DSlredmed in the months
Keywords: following December. In terms of geographical dmmition, the DSI showed
DSI, Dust, Eastern half of Iran, higher values in the eastern and southeasternd)ane the lowest values in the
Zoning. northeastern regions. Analyzing the trend of vaoret of this index in the half-
east, north-east, and south-east of the countrgddition to the south-east parts
of the country, in recent years the eastern pdriRazavi Khorasan have also
been involved in this phenomenon. The formationl@f pressure in the
southwest of Afghanistan, northwest Pakistan, aast ef Iran, simultaneously
with the establishment of high pressure in themoftAfghanistan and northeast
of Iran, causes the creation of an intensive presgradient and relatively strong
surface winds. These conditions activated inteamal transboundary sources of
dust in the study area, leading to the spreadramdfer of dust to the eastern half
of Iran.
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INTRODUCTION

Dust storms are one of the most important atmosphegartls that alter many aspects of human life
and cause economic and human losses in communitient&®eensing data has several advantages in
dust storm monitoring and identification of active mms (Albarakat & Lakshmi, 2019; Li et al.,
2021; Rayegani et al., 2020); while another useful pretise approach to determine wind erosion
with daily data for long terms is DSI calculation (O'Laigh et al, 2014).

Ebrahimi Khosofi et al. (2021) detected some of the mnstial parameters for the DSI prediction,
such as wind speed in winter, vegetation cover imgpind the Maximum wind speed in summer
and autumn. The analysis of DSI, dust event frequemay,harizontal visibility of the West Asian
region revealed that most of the Middle Eastern coungigfer under it; however, the eastern halves
and southwestern parts of Iran are affected by ti@ra-dust events, too (Rahnama et al., 1400).
Also, the maximum DSI values of the Sistan region during0ZliD4 belonged to the maximum
averages of wind speed along with the minimum precipitahumidity, vegetation, and water cover
(Miri et al., 2021). It is essential to mention that thentioned study was conducted for the first time
in the framework of a new statistical period for thieoke eastern part of Iran. Besides zoning and
evaluation of long-term trends of DSI, the mentioned pgaee two examples of synoptic pattern
analysis, satellite images of different sensors, armsakoptical depth.

DATA & METHODS

The study area of this research encompasses the pswvuicNorth Khorasan, Razavi Khorasan,
South Khorasan, and Sistan and Baluchestan (Fig. 1).
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Figure 1: Study area and spatial distribution of synoptic stations. (Reference: Authors)

In the present research, the DSI is calculated by udisgrvational data of the current weather codes
(07 to 09, 30 to 35, and 98 to 35) of some synoétians over the studied region. The study period
in this paper embraces the years 2002-2023, in whielD®I has been calculated and investigated
annually, seasonally, and monthly during the periodeursiudy. Data from the AIRS sensor and
MODIS sensor products onboard the AQUA satellite @exitto monitor dust events of case studies,
i.e., July 19 and August 5, 2023. Data used for themymanalysis of dust events emanated from the
ERAGS dataset (reanalyzed data) extracted from the ECM&¥&bdse (CDS: 2017) with 0.25-degree
resolutions, over the geographical extent of 45-702F=45° N. The analysis variables are mean sea
level pressure, 10-meter wind, geopotential height @teBsl 500 hPa, and wind at 850, 500, and 200
hPa. To analyze the frequency and intensity of dusttey®SI was utilized (McTinesh and Tews,
2007). This method has been successful in large-staeitoring of wind erosion by using
observational data and computing an index showindréggiency and intensity of dust storms within
the area (Vali et al., 2017; O'Loingsigh et al., 201dintegrates three different indices, LDE, MDS,
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and SDS days. They are derived by the frequency ofdedodust phenomenon codes at synoptic
stations (Eq. 1).

n
1) DSI = Z [(5 X SDS) + MDS + (0.05 X LDE)]

i=1
The synoptic conditions associated with two dust eventsroeg on July 19 and August 5, 2023,
were analyzed.

RESULT

The annual trend of DSI variation in North Khorasan &wlkavi provinces is increasing and
significant. The variation tendency of DSI in South Kisara Province and during the whole studied
area has been in an increased long-term trend (see2fidhough this increase has not been
statistically significant. There was no significant trend $istan and Baluchestan within this period.
However, the values of DSI in Sistan and Baluchestan igheer than in other provinces.

study Area y =0.0027x + 0.3664
e R?=0.0065
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Figure 2: Average DSl variation trend throughout the study area from 2002 to 2023 (Reference: Authors).

The DSI follows a seasonal pattern, with its trend shguhat the Dust Storm Index is always highest
for the summer season rather than other seasone pé#n (Fig. 3).
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Figure 3:Seasonal spatial distribution of DS| throughout the study area: a) winter, b) spring, ¢) summer,
d) autumn from 2002 to 2023 (Reference: Authors).

A low-pressure system over southwestern Afghanisdgantheastern Iran, and parts of central Iran,
which is connected with the more general low-pressurersyever Pakistan and usually develops in
the hot season over South Asia (Rashki et al., 2012; K¥ost al., 2016), together with the penerate
of a high-pressure system from northeastern Iran, inwthilee of a high-pressure core over the
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southeastern Caspian Sea and Turkmenistan (Mafidi anthZ2012), has resulted in an extremely
steep pressure gradient over the Iran-Afghanistanebofdie northern airstreams penetrate Iran from
the northeast, deflected westward over southern pérhorasan Razavi because of topography.
They are then channelized and deflected eastward,thétimorthwesterly blowing as a low-level jet

stream over the Sistan region.

The enhancement of surface winds in the boundary regibriran and Afghanistan has triggered

source activation of dust in these regions, leading to amissid transport. Indeed, this result was in
concert with the findings from the studies conductedKayami et al. (2021) and Kaskautis et al.

(2015).

(d) ® ()

Figure 4: Real-time Dust RGB image from M eteosat Zer o Degr ees satellite for a) 19 July at UTCO06:00
and d) 5 August 2023 at UTC15:00, pink areasindicate dust presence (Reference:
https://view.eumetsat.int/). Pattern of mean sea level pressure and 10-meter wind vectorson b) 19 and €) 5
August 2023 at UTC12:00. Pattern of geopotential height (black lines), temper ature (colored areas), and
wind vector (blue vectors) at 850 hPafor c) 19 July and f) 5 August 2023 at UTC12: 00 (Reference:
Authors).

CONCLUSION

The result of this study showed that DSI was highettiereastern and southeastern parts of Iran and
lowest in the northeast. Similarly, in summer and sprnmgximum values of DSI are seen in the
northern parts of the Sistan and Baluchestan provifidescomputed value within the research area
was higher in autumn compared to winter. Trend analgbithis index also indicated that this
phenomenon took place not only in the southeastern gfatie country but also in the eastern parts of
the Khorasan Razavi province in recent years.

A pressure gradient over those regions is created bfptheation of low pressure over southwestern
Afghanistan, northwest Pakistan, and eastern Iranthenihtrusion of high pressure over northeastern
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Iran. It, therefore, results in a further increatéhe relatively strong northerly and northeasterinds
along the border between Iran and Afghanistan. Bszaf the topographic and geological features of
this region, this flow is divided into two branch@&@ne of them blows in a westerly direction, crogsi
the eastern parts of the country, reaching Khord&aravi and the southern provinces. The other
blows eastward and enters Sistan in the form afvalével jet stream. These surface winds of a
sufficiently high magnitude flow over the suscef@ibegions of the study area such as the arid basin
of Lake Hamoon, activating the source of dust. &btial emission and transportation of dust to the
nearby cities is thus caused. The results of tlesgmt study can be helpful in decisions regarding
strategies and preparedness plans against dusisstor
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