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Abstract

Background and Obijectives: Global warming can influence soil health and productivity by
accelerating the rate and intensity of erosion. Previous studies have shown that arid and semi-
arid regions are at higher risk of wind erosion than other regions due to increased soil surface
evaporation and reduced soil moisture. Temperature variations directly affect soil moisture and
crop production in plants. For example, high temperatures cause soil drying, which limits plant
growth. Drier soils with less vegetation cover are more prone to wind erosion. Furthermore,
temperature changes modify the pressure gradient in desert and arid regions, leading to strong
and persistent winds, which are among the main causes of dust storms in these areas.
Methodology: This study examined the relationship between the frequency of dust storms and
land surface temperature (LST), mean temperature, maximum temperature (Tmax), minimum
temperature (Tmin), and vegetation cover in Sistan-Baluchistan Province. These variables were
derived from MODIS satellite imagery and meteorological data over a 20-year period (2000-
2020). The DSI index was used to analyze the trend of dust storm days. A multilayer Perceptron
neural network (MLP) was employed to predict the importance of the studied variables in the
frequency of dust storm days. In designing the neural network, the input activation function was
sigmoid, while the output activation function was identity. The network was structured with one
hidden layer and five neurons. Linear regression was also used to evaluate the trends of variable
changes.

Results: The results showed that the trend of changes in the DSI index in the study area was
decreasing and statistically significant (P-value = 0.007). The highest and lowest values of this
index were 40 and 4, respectively. The LST index and Tmax were the most important variables,
while NDVI had the least importance in predicting dust storms in the study area. The highest
and lowest values of the LST index were 10°C and 6°C, respectively. The trend of this index
has decreased significantly in recent years (P-value = 0.03). Spatially, the highest LST values
were recorded at Zabol, Iranshahr, and Saravan stations, while the lowest values were observed
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at Zahedan, Khash, and Chabahar. The highest and lowest Tmax values were 32°C and 30°C,
respectively, and its trend was not statistically significant.

Conclusion: Among the temperature-related variables studied, LST and Tmax had the greatest
impact on changes in the dust storm index. In the study area, the average LST and Tmax were
measured at 8°C and 31°C, respectively, which can strongly influence other environmental
factors such as air pressure, wind, and soil moisture. In contrast, NDVI, mean temperature, and
Tmin had the least effect. The spatial variation pattern also confirmed the influence of LST and
Tmax on DSI, with the northern part of Sistan-Baluchistan Province experiencing a more
critical situation in terms of dust storm frequency. In conclusion, considering the key role of
land surface temperature in DSI changes, management and planning in Sistan-Baluchistan
should focus on appropriate land use planning and controlling land use changes to reduce
surface temperature and limit dust storm sources.

Keywords: Remote sensing, climate change, wind erosion, adaptation, multilayer perceptron
neural network
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Figure 1. Location of the study area and stations
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Table 1. Characteristics of the meteorological stations

Year Latitude Longitude Location Station
2000-2020 25.3 60.7 Chabahar 1
2000-2020 27.2 60.7 Sistan and Baluchestan Iranshahr 2
2000-2020 28.2 61.2 Khash 3
2000-2020 27.4 62.3 Saravan 4
2000-2020 31.1 61.5 Zabol 5
2000-2020 29.5 60.9 Zahedan 6

Uob) S s sle 51 YoYe B Yeen JL sl Al Y-
sl Lol s s ssbls (aidste 5o g, Jed
215 a5y ngas 50 ol gl Jsame 5ba NDVI
2ok bodly s cwd 555 V8 el Sley Aol

LST sNDVI asls amlows
Jsa> NDVI
Jyame LST Lasle ,slis aclsw <), s MOD13Q1
S ol K5 sl o)l las MOD11A2

szi.Li J%)Lia Arwk:mA LS{;


https://en.wikivoyage.org/wiki/Sistan_and_Baluchestan
https://en.wikivoyage.org/wiki/Sistan_and_Baluchestan

\YY

L S s Sl cudsdme oot 5 Sl am s DS
DSl asls alone gy o slinad J6 il i
ol S 5 il 4y slaasls 4 alites 135 ol
sl Sl plole e g Wil ol JLigs S
SaS litln leny & by e sl ol oy )
arle a6y wlge QA 5 YA-TO 8-V
+8 28 51 DSI amlos 53 k% 515 sl 3,50 DSI
o Lt oS e e 55,8 Sl 15 5o ealinud
P ICIN PRSP PN E B PO PR
Y 5 Lals, ) eslizal b oyl a o), DSI UL

(Pouyan et al., 2019) s awnls 3

DSLyontniy = 21=1[(0.05 X LDE) + MDE + (5 X SDS)]

DSlynnuar = 2%2 DSImonthly

S el nas L SL Sk gy, 4L SDS
(Pouyan et al., 2019) el suz osls Lzl

\UL@:J‘TA?‘Q\ﬂlcs\fjtglﬁ;?qbuaj@bow,ﬁfkqfﬁ

Aol B u;!\.n) A.L.é\ﬁj VJ)‘.) Aol ¥ a\.ajh 6\j LST
&\a Jai«u 9 Wosls L;)}Tcm:_- )\ EeY ] BYS) A
5.3 5 ACGIS10.2.2 i3l 5 SaS b bosls (S|

4t s ENVI

38 olish (abl alne
Ky, swop Sp DSI Lasle 5 asdlas opl 5o
O P R W S L E P - R CH e
Oas oy Gl adlas ol el gy, el
sl ol el il aeols b 5ol Sl b
OV I C S S R TR Ao S L slasy, sl S

2l sd e 03l 055 G Mg Ol el s

)
()

e LS4 Sbob by, 4l LDE Lyl s

g o4 g A eV e 8 a5 e
Lo 5L S L Sbsb by, 4l MDE s
Sadg i AA 5 FY Y Y oS Ll oS el

DSI el s sadeslinal (ulisls Sler olosle) Jliss 8 wlidlp cbaS =Y Jous

Table 2. World Meteorological Organisation (WMO) recognised 11 weather codes relating to wind erosion

Synopcode Weather description
07 Raised dust or sand
08 Well developed dust whirls (dust devils)
09 Distant or past dust storm (distant at time of obs or past station in the past hour
30 DECREASED slight or moderate sand or dust storm with visibility <1000 m but >200 m
31 STABLE slight or moderate sand or dust storm with visibility <1000 m but >200 m
32 BEGUN or INCREASING slight or moderate sand or dust storm with visibility <1000 m but >200 m
33 DECREASED severe dust storm with visibility <200 m
34 Stable severe dust storm with visibility <200 m
35 BEGUN or INCREASING severe dust storm with visibility <200 m
98 Thunderstorm with dust or sand storm
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Tabel 3. Multi-layer perceptron neural network

Network Information

Covariates
Input Layer

NDVI
LST
Tmean
Tmax
Tmin

abhwnNE

Number of Units? 5

Rescaling Method for Covariates

Number of Hidden Layers 1

Activation Function
Dependent Variables

Hidden Layer(s)

Standardized

Hyperbolic tangent
1 DSl

Number of Units 5

Output Layer

Rescaling Method for Scale Dependents

Standardized

Activation Function Identity

Error Function

Sum of Squares 0.44
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Table 4. Independent Variable Importance

Importance Normalized Importance
NDVI 0.073 26.4%
LST 0.274 100%
Tmean 0.239 87.2%
Tmax 0.267 97.3%
Tmin 0.147 51.1%
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Figure 2. DSI index annual values during the statistical period in Sistan and Baluchistan Y=-0.7 * X + 15

cand\las )40 b)}.)vL.C;«.u\ 0l Cad J\qu.u\.w Ay 69 & B \) LST ua;-Lﬂ u\j.uu JJ))Y'JS.Z
k))w\bé}w.b\.gulyébb,b\“ﬂu:\&\fwh}) J)}AALBLLA)) Y.¥.- b y..- JL—/ )\ PR &\.ﬁ)
.(P‘Value:’/"ﬂ) V/ﬂ 9 ﬂ/‘ﬂ \-’j‘j Wjéu Y-\ Y 9 YooV 6\.&JL~ BEl



cesboligh g b Slslb o oy o

\Y#

9.4

7.8

T L} A ]
2000 2002 2004 2006 2008

L) L) L] 1
2010 2012 2014 2016 2018 2020
Years

Y=-0.03*X+72.8 .A’.!Lb.ﬁé)_,.éb))é&Obﬂeﬁjawob‘JJLST PBMYLQ‘MJJJ—VJ&

Figure 3. LST index annual values during the statistical period in Sistan and Baluchistan. Y =-0.03 * X + 72.8

=0 /¥) Cd Lhbliae 5 cd a8 oo es s
.(P-value

olas 1) Slas sles Lesle ol i Ly, F S
Sl gl Les e Hlads o meS s op i B e
3‘”*/" \"J’\j wj“u Y0 9 YoV 6\.&JL~ B

31.8

Tmax (C°)
N

W
—
~

31

30.8

30.6 T T T T

2000 2002 2004 2006 2008

2000 2012 2014 2016 2018 2020
Years

Y=-0.05*X+4.8 .MJLLA 2094 ”JJ‘>&C)L:“",)L!}OL:‘“":"“ C)L’Lﬂ‘_)bf"s‘.\.’ 6LAJ AJYL&/ Q‘m&-’f u\J_})—fJg&
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Figure S. Spatial variations of the DSI index in the study area
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