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Abstract

This study analyzed wind direction and speed data from 2000 to 2018 to identify the high winds responsible for
dust events in the Ardabil Plain. To uncover the atmospheric patterns leading to dust formation, sea level pressure
maps were constructed for dusty days and dust trajectories were tracked using the HYSPLIT model. The
atmospheric Dust Column Mass Density (DCMD) and Aerosol Optical Depth (AOD) were employed to determine
dust column concentration in the Ardabil Plain. The findings highlighted the significant influence of surface
pressure systems, which contributed to dust storms by inducing instability in the region. The analysis indicated that
local sources heavily influenced the frequency of summer dust storms. Tracking dust particles and analyzing
synoptic patterns demonstrated that dust predominantly entered the Ardabil Plain from Iraq and Syria, as well as
border areas between Iran and Irag. The substantial pressure gradient generated by the arrival of unstable systems
exacerbated local gusts, resulting in the formation of extensive dust masses in the Ardabil Plain. Notably, the
maximum dust column density and optical depth recorded in July reached 0.43 kg/m? and 0.5, respectively.

Keywords: AOD Index, Ardabil Plain, Dust, HYSPLIT model, Sea Level Pressure.

Introduction

Dust storms are a significant environmental hazard in arid and semi-arid regions, particularly during the warmer
months of late spring and early summer. These storms have far-reaching consequences for public health, natural
resources, economy, and agriculture. Various factors contribute to dust generation, including changes in wind
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intensity driven by pressure gradients, Coriolis force, poor vegetation cover, drought, conflicts, soil texture and
composition, channelized winds, and synoptic patterns associated with strong winds. The interplay between
climate change and human activities, including settlement patterns, has exacerbated soil degradation, wind
erosion, desertification, and deterioration of soil properties, thereby intensifying dust storms. In Ardabil,
industrial and mining activities have adversely affected the photosynthesis cycle, disrupted road traffic, and
negatively impacted human and livestock health, placing additional strain on the healthcare system and incurring
significant costs. Consequently, this study aimed to identify and analyze the factors contributing to dust
formation and the atmospheric patterns responsible for dust events during warmer months in the Ardabil Plain.

Materials & Methods
This research utilized a combination of synoptic, statistical, satellite, and modeling approaches. To analyze dust
occurrence patterns during warm months over a 19-year period (2000-2018), data were extracted and examined
through an environmental lens focused on circulation. The HYSPLIT model was employed to track dust
pathways in the region.

The principal component reduction method was applied to identify the dust generation patterns in the Ardabil
Plain for each warm month. Factor analysis was then utilized to determine the key variables influencing
atmospheric circulation patterns and dust storms. Additionally, to assess the role of local sources in the
occurrence of dust storms, land use changes were analyzed using the Support Vector Machine (SVM) algorithm,
along with atmospheric Dust Column Mass Density (DCMD) and Aerosol Optical Depth (AOD) derived from
reanalyzed MERRA data. Finally, a stepwise multivariate linear regression model was employed to estimate
atmospheric dust concentration and develop a dust model for the Ardabil Plain.

Research Findings

Monthly analysis of dust-generating patterns in the Ardabil Plain revealed that local sources significantly
contributed to the occurrence of dust storms in the study area. While dust particle tracking and synoptic pattern
investigations indicated that dust primarily entered the Ardabil Plain from Irag, Syria, and areas along the Iran-
Iraq border, the large pressure gradients and shear forces created by the intrusion of unstable systems intensified
local winds in the region. In the agricultural lands east of Ardabil City—specifically, approximately 3.6
kilometers from the city center and near the southern edge of Ardabil Airport and Ardabil Industrial Park No.
2—there were areas devoid of vegetation. During the dry season, the loose surface soils in these regions became
destabilized due to moisture deficiency. As strong winds intensified, soil particles were lifted from the ground
and transported westward towards Ardabil City, resulting in local dust storms that adversely impacted the
environmental ecosystem and human health. Additionally, Ardabil Industrial Park No. 2 situated 11 kilometers
east of the city near the airport and a prominent dust source contributed to increased air pollution. The activities
of factories in this industrial zone released dust particles into the atmosphere, which further elevated the
concentration of air pollutants when combined with mineral dust from the dust center.

Discussion of Results & Conclusion

The results of monitoring land use changes in the Ardabil Plain indicated that local sources significantly
contributed to the occurrence of dust storms in the region. Over the past 20 years (2000-2019), the percentage of
dry surface soils—identified as the primary sources of dust—had increased, while vegetation cover had
diminished. This decline in vegetation had notably contributed to the rising frequency of dust storms. Vegetation
played a critical role in absorbing surface moisture and retaining it on the soil, which in turn enhanced soil
stability and raised the wind shear threshold speed required to mobilize surface soil particles. Consequently,
stable soil conditions helped mitigate dust storms. The findings of this study revealed a reduction in vegetation
cover, which had led to decreased surface soil moisture and disrupted soil balance. This instability ultimately
lowered the wind shear threshold speed, making the surface soil more susceptible to being lifted by localized
gusts, resulting in airborne dust that manifested as dust storms. Moreover, the regression analysis identified the
role of relative humidity in estimating atmospheric dust column concentration in the Ardabil Plain. It was
demonstrated that the concentration model could effectively predict dust levels based on AOD and relative
humidity variables.
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Figure 1: Geographical location of the local dust center in the Ardabil plain
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Figure 2: Monthly average wind speed on dusty days in the Ardabil Plain during the years 2000-2018
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Figure 4: Sea level pressure pattern map on a representative day of the Ardabil plain dust event in May (5/30/2015)

6L&JLC‘3_A‘)&L_~»| ul{l_ajfuj) L;L“'“;’ °JS("~'~JM‘ sl &bd@)ﬁéb%i}‘bswau
sombs slaose 5o b ol gl sl (Salis L Bl 5 il o Jasl oWl ar VL o o0 & o8



VEVE O oyl A4 ol YV dle Jasee 55800 5 5 Ll i "

e e gles (DLl s e s SOL 5 (6008 G Olg sl o ge Ol o8 Jle
OLES Yoo oY 55y 5o ddl o QW) j5b e Lo lole cpl jo  mdacs (glasLil 5 550 oo 58 DS Ll
L 2l SO S o g gl S ey o 51503 o glawbole oS 2158 Jossl s 5o )L 558
03 s LA S 58 e 93 5LS  cpl g s e g s LSS (638 e Ol 5o DL e VIV e S e
LA 555 5 S e Ol i glsm 5 Saele 2l ol S5 55 Ol o g 5 o5 o
Ol 57 slos SLideS G a5 o 3 Saele S 3 Blpe Oy (b S8 S5 3 Corgn o
SIS Dl 538 0B Jussl s 53 53,5 e 11 Olal o8 Jled jiedl JLE 538 635 ol ol wily
5 Bl L St Sl3 oS il pydpe e LSl 55 HYSPLIT Jle b JLe b obs) e 3
Slebw b sl il 53 O3 6t ol (0 JS8) Cmal s Jus )l s 355 w51 5 syl o

(U JS2) el 0T 513 (8lm 5 o 03508 5 g iale S 51 pus o eslidl Gl b5l

Source » at 38.25N 4830 E

Meters AGL

(YV0/0/¥+) o sle 53 Jus)l s Jlé 558 slusy sdslad Sy, 5o HYSPLIT Jie U (g il Glas <1y s, 0 e
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Ardabil plain dust event in May (5/30/2015)
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Figure 6: The path of dust entering the Ardabil plain on the representative day of May (5/30/2015)
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Figure 7: Sea level pressure pattern map on a representative day of the Ardabil Plain dust event in June (6/4/2015)
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Figure 8: Tracking of atmospheric suspended particles with the HYSPLIT model on the representative day of the
Ardabil plain dust event in June (6/4/2015)
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Figure 9: The path of dust entering the Ardabil plain on the representative day of June (6/4/2015)
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Figure 10: Sea level pressure pattern map on a representative day of the Ardabil plain dust event in September

(9/24/2013)
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Figure 11: Tracking of atmospheric suspended particles with the HYSPLIT model on the representative day of the

Ardabil plain dust event in September (9/24/2013)
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Figure 12: The path of dust entering the Ardabil plain on the representative day of September (6/4/2015)
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Figure 13: Box plot diagram of area and percentage of classified land uses in the target area in the Ardabil Plain
during the years 2000 to 2019
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Figure 14: Land use map of the target area in the Ardabil plain in December 2000
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Figure 15: Diagram of temporal changes in vegetation cover and agricultural land use in the target area during the
years 2000-2019
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Table 1: Percentage of land use changes in the target area during the years 2000-2019
b3k 2 St Sl b e S KR Jl

() Sl i Aoy

+) +0 +¢ AR Yool

+f -y -y +Y T

=Y +Y -\ +Y Yo v

+14 +1 . -Yo ARRR

-V +) . +0 ARREN
(U8 s 5 1p0)

Juosl cds 5o 5le 55 8 S chl w) p
53 (Home JLe 53,5 0508 5 Jwa)l 68) ool Cuds Jaaal 5 Glas Sl 53 8 005 St Chld dslows a2
s G sl 55,5 Sy chle ain (01 ISE) das e 0L JLe 55 5 L ol glass, U3 wlale ulids
5SS el s a oS (glale > As 50 e e 3 p S kS /BT S ol (Vs oo s 0T 05 (glacle
SUst Sl o own Saslds 535 b ol St i St i 5 Oty 355 (i 5 ok s

S o Sl )l Glae ) s 5 Ay (e ) s 3 elSsy b L;ﬂ;j:’);456)l.:.&’jﬁj§o}lsj‘

Dust Column Mass Density kg/ m?
0.6 - 0.6
=

0.4 - T == - 0.4
£ X a
E; 3%

0.2 - I - 0.2

0.0 - T T T E T 0.0

§F & & & L &
Time (month)

(O8 e 55 :C.:;.a) Jeasl cids 53 Jle calises slaole 53 (6 JLe 53 5 o35 s cble ( Sle N1 IS
Figure 16: Average column density of atmospheric dust mass in different months of the year in the Ardabil plain
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Figure 17: Monthly average Aerosol Optical Depth (AOD) in the Ardabil plain
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Table 2: Correlation of dust column density with atmospheric variables in the Ardabil plain
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Table 3: Correlation coefficients of the multiple linear regression model using the stepwise method

Model Summary
Model R R Square Adjusted R Std. Error of Durbin-Watson
Square the Estimate
2 0.924 0.854 0.821 0.06076 1.948

A e L 3. RUECRES "SI PR VEC LU PRE g SUPRES
Table 4: Analysis of variance table for multivariate linear regression model using stepwise method

ANOVA
Model Sum of Squares df Mean Square F Sig.
2 | Regression | 0.194 2 0.097 26.225 000
Residual 0.033 9 0.004
Total 0.227 11
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Table 5: Significance level and coefficients of predictor variables in the regression model
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