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Figure 1- Geographical location of the Lake Urmia northern part.
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|The collection of MODIS satellite data
from 2001 to 2024.

Data mining and
preprocessing

Applyingthe MAIAC algorithm for
data processing.

| Extraction of dust pollution—related
indices (AOD).

Identification of duststorm days
based on the indices.

[Calculation of the annual frequency of

Data analysis

dust storm days.

Compilation and analysis of dust

storm day frequency data.

| Estimation of the spatial extent of
dust frequency classes using ArcMap.

|Transfer of the classified data to SPSS
software.

Classification of the data into four

Clustering and
interpretation

dust frequency categories.

|Application of the K-Means clustering

algorithmin SPSS.

JAnalysis and interpretation of clustering
results and spatio-temporal patterns.

Result validation

Evaluation of the results using
meteorological station data.
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Figure 2 - Flowchart of the present study.
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Table 1- Parameters and methods used in the long-term analysis of dust Storm frequency (2001-2024).

Parameter

Value

Description
Time Period 2001 — 2024 Long-term trend analysis of dust storm frequency
Data Type Dust storm frequency Includes number of days and aerosol optical depth
Atmospheric MAIAC Multi-angle atmospheric correction algorithm for improved
Correction Algorithm accuracy
Spatial Analysis  ArcMap Creating maps of distribution and frequency of dust storm
Software days

Clustering Method

K-Means test

Data structure analysis using SPSS version 26

Dust Storm
Frequency
Classification

Low: 0 — 50 days

Medium:50 — 100 days
High: 100 — 150 days
Very High: X > 150 days

Classification based on number of dust storm days

ool sl Sk 99,5 Slglh Slib soaiiys ol 5575 51,55 Y Jpur

Table 2- Iteration history of final cluster centers for dust frequency categories.

Iteration

Cluster 1

Cluster 2

Cluster 3 Cluster 4 Cluster 5

1 8770.939 4444559 11037.749 8371.606 7067.004

2

0 0 0 0

0
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Figure 3- Map of spatio-temporal dust storm frequency over the Lake Urmia northern part (2001-2024).
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Figure 4- The relative proportion of area in each dust frequency class (2001 to 2024).

5 Tlsls 5l ool slasSll Sililes Sy o 4§

9 ol St o (e JLd 93,5 ST

oBass 3l calizee slo Jlow (gaindisgs o 4l

KR W) PN )JLQ_A.A 03; =L )L.‘-é 9 Q; @‘5‘)‘9



T

Sl sladele plajpn b 5l 50 ades
(Lo 5 o, ollvwg aile) a8l &l sy Jolis
ezl i ol o (libie; sl (S
0dlS () (65,5 s aiile Sl sl
AT s i i L e jgbods da Jale
2ol sl s ,ld 59,5 STy 5 Jl wdy
e Sl s onl b syl sl 5t ddlaie
slassl o Ladale ol 51 o 5o mo 5 25 B30
slaiagh soul jo aS el 5L wa_boanlie
ozl g aldl  ao slaosls Ly sasls
plodl jolatoa o oran 0 d bl LSS
gl daal o 0 lba_bg> L (ANOVA)
aS ol ol bl pbxil e g 0,5 slaslas,
85l g Jolime (g lal oFaus 5l Lo yiie slacglas
a8l plog o/-0 5l xS (Sig. 0.05>) &, lolse
oln s B 5L 552y 5 3850 S5 S

55 slasla, 5 i s Loy o
aib) o)l 4P 0 K00 o 5l o9 s
o808 51 L puicio sLansslis (o s (gl
azdl ol JJo «(Si0.20.624) 545 Jlobae s,k
Wil ol 3 (P YYY o YE) L Sy L ib o52g
aw o Fojlel ol slaoslail ¢ puizman .ol Jilgl 8
loass Lo loline Sglis p sanli (ol adg>
azgi Jol Aol ol jon 4 S (ol bl oo sl
U Lel 5 s saimoplis daddiys ST e

(O Jgaz) dg2 condplonl ganabios 5.8

ey daogyl azly o Jlads jLE 90,5 slaolas ) (Slglyd Juloxd

w5 A ings oo baallls 0350 s wlitiSLs
ol 7y cpl 4y (gaiualies

CYOYE Jla g Yo r ATV F sla Lo o) adigs sl
Yevy

SRV SEVE PEL R PRV PN I PRI
ARAVR PRGN PRY R DAY PN I PUR e
YeVyY-Y VY g VeV)-Y-VY

ST NN Yo Yo ) Yo oA gla i of oS o
YeV-Y-Y)

YoAA-Y 1R g VeV V-T VA ol ) s 0
Sy slais; 3579 ;Nle Gaualss mls SSas
2 ke 505 aSTn s Sleld e lolee S s
25 ol 5l vs ol sla Lo o snbaalllas dibaie
Sy sladig; Jlod sl ol Glea Gl o
ol g S e dy gladpaly (b g e
Gyt 555 osliil JLé g 0,5 5 5l (slao, bl
ST Jpxr mls 5l alss o b Thy e
5l eolatwl ol bades ol 5. Sk
oS (Sl il (Sl i bl Julow
aS o5 ol Sl adly (ol o pgd adigs 4y gy e
Gow 3l el 15 (g0le slroygs Jle g 0,8 53l
OS50k (Sl Akl (e Sihee (n i S0
4 bope o5 5 bawgie (Jlilp slaail (S0l
Loglaglo @ bgye a8l cpl g p)lezr ady>
or ees Sl ad ke g 08 Syl
alols o i ol olid loasss 5S1e le alols
e Ol e boades 5 ¥V ades 4 by
odsdy Db g Cadle (o (sloo S slacglay o8 F
Jooz 3 3500 ey als> 93 (nl Gl b 9 35
laciglis ol o] o)l laddigs 3ST,0 alols ¥
DAL g Gep 0 axg bl Gl ey Sk
Sl dligz g0 ol jo JLé 50,5 ouny



uﬂz"‘.f‘;i‘k;}

o el JLé 935 gl b link sbadss ol ST Y Jgu
Table 3- Final Cluster Centers of Dust Frequency Classes.

Cluster/class Class 1 Class2 Class3  Class 4
1 344950 20996 13872 837.51
2 299244 54728 29491 0
3 330201 44448 8320.8 0
4 373620 4572.3  244.37 0
5 305488 63260 14710 0

3530 plse Joled aily 5Ll 99,5 Jlglpd Olib jo baaliss kel () p —F Jou
Table 4- Analysis of cluster differentiation in dust frequency classes based on inter-Centroid

Distances.

Cluster Pair Distane
Cluster 1 & 2 58919.601
Cluster 1 & 3 28266.807
Cluster 1 & 4 35750.896
Cluster 1 & 5 57833.996
Cluster 2 & 3 38887.492
Cluster2 & 4 94354.365
Cluster 2 & 5 18173.027
Cluster 3 & 4 59501.763
Cluster 3 & 5 31708.456
Cluster 4 & 5 91078.677

K-means ;go;1 3l soel cawsds saiigs 1o JLl 90,5 Slglyd il duwslio gl (ANOVA) oSy Judxs gl -0 Jgao
Table 5- Analysis of variance (ANOVA) for comparing mean dust frequencies in the clusters obtained by the
K-Means test.

Cluster Error F Sig.
Mean Square Df Mean Square df
classl 3881104225 4 46035871.8 18 84.306 0
class2 2514575767 4 37029665 18 67.907 0
class3 434790229 4 38109253.7 18 11.409 0
class4 777655.984 4 1169025.34 18 0.665 0.624
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Figure 5— Comparison of the number of recorded dust events per year (meteorological code 5 at Shabestar
station) with the area of high-frequency class pixels in remote sensing data.
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Figure 6— Comparison of the number of recorded dust events per year (meteorological codes 6 & 8 at
Shabestar station) with the area of high-frequency class pixels in remote sensing data.
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Extended Abstract

Introduction and Goal

Dust storms, as one of the major environmental hazards, have widespread impacts on human
health, agriculture, and ecosystem sustainability. In recent years, the incidence of this
phenomenon has increased significantly in the areas surrounding Lake Urmia, particularly in the
northern parts. This trend is due to numerous factors, the most important of which is the
widespread drying of the bed of Lake Urmia following a severe reduction in water resources
and climate change. The decrease in the amount of water entering the lake and the increase in
evaporation duo to climatic change have caused the water level to drop and a large portion of
the lake bed to become visible. Today, this dried bed serves as a source of dust particles in the
region, with many claims being made about the dust it causes to the surrounding environment.
Therefore, accurate monitoring and spatiotemporal trends of dust storm on the northern margin
of Lake Urmia is a great importance for adopting management measures and environmental
policies. Given the importance of accurate monitoring of this phenomenon, the use of remote
sensing technologies and atmospheric correction algorithms such as MAIAC allows for more
accurate and up-to-date analyses. In this regard, the main objective of this research was to
analyze the temporal and spatial patterns trends in the frequency of dust day on the northern
Lake Urmia during the period 2001 to 2024 using MAIAC-corrected dust algorithm data. Using
the results of this research, understanding of the processes affecting dust generation and
transport has been improved and appropriate management strategies can be provided to reduce
its negative effects.

Materials and Methods

In this study, moderate resolution MODIS satellite images were collected between 2001 and
2024 for the northern margin of Lake Urmia. By utilizing the high capability of the Multi-Angle
Implementation of Atmospheric Correction (MAIAC) in accurately separating airborne
particles, dusty days were identified.
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The extracted data were analyzed using Google Earth Engine (GEE) platform and ArcMap
software (version 10.8) and divided into four frequency classes based on the number of dust
days: low (0-50 dusty days per year) (class 1), moderate (50-100 dusty days per year) (class 2),
high (100-150 dusty days per year) (class 3), and very high (more than 150 dusty days per year)
(class 4). Subsequently, spatial and temporal distribution maps of each class were carefully
prepared. Also, in order to identify and categorize years with similar patterns in terms of the
frequency of dust day, the K-Means clustering method was used in SPSS software (version 30).
Using this analysis, years were well separated into cluster groups based on similar frequencies.
Results and Discussion

The results of this study showed that changes in the spatial distribution and intensity of dust
events were significant between 2001 and 2024. In the early years of the study (2001-2008), the
frequency of dust occurrence on the floor was low, but from 2012 onwards, the area of floors
with medium and high frequency increased significantly. Although in some years, such as 2019
and 2020, the abundance of dust decreased relatively, in previous years the trend of this
phenomenon was increasing. The results of cluster analysis using SPSS software (version 30)
showed that the highest frequency of dusty days in 2014-2015 and 2015-2016 belonged to
cluster group 2. Also, the lowest frequency of dusty days in the years 2001-2002 to 2007-2008,
2019-2020, and 2020-2021 was related to cluster 4. Also, validation result using data from the
Shabestar synoptic station, (the nearest station to the northern margin of Lake Urmia), indicated
that the relationship between station observations (codes 5, 6, and 8) and the area of pixels with
high dust storm frequency in remote sensing image was weak and not statistically insignificant.
These findings indicated that dust particles rising from the dried lake bed are unable to be
transported over long distances and settle very close to their point of origin.

Conclusion and Suggestions

The result of the study of the spatial and temporal frequency of dust storm events from 2001 to
2024 on the northern margin of Lake Urmia showed that the annual changes in the frequency of
dusty days in the mentioned region were significant. Therefore, the role of climatic, geological,
soil and environmental factors is important. The results of this study indicate the need for
continuous monitoring and updating of data in the mentioned region so that the damaging trend
of dust events in the region can be identified and managed in a timely manner. Therefore, it is
suggested that the results of this research be used to design management strategies and reduce
environmental risks in the region so that favorable decisions can be made at the local and
regional levels. It is also suggested that data updates be carried out continuously on the northern
shore of Lake Urmia to identify harmful trends in a timely manner and to make local and
regional decisions with more accuracy and effectiveness. On the other hand, by integrating
climatic, geological, and soil information, it is possible to help develop early warning systems
and preventive management and minimize the negative effects of this phenomenon on the
environment and local communities.

Keywords: Dust storm frequency, K-Means clustering, Lake Urmia, MAIAC algorithm, remote
sensing
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