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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
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.
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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
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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 253 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 274 62.3 Saravan 4
2000-2020 31.1 61.5 Zabol 5
2000-2020 29.5 60.9 Zahedan 6
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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




ceslaolsb g B SIS om aal) s n

ol sz aY Jola Ko a4 Jate o, 4Y Xin
2! .(Najibzade et al., 2020) 53 plxl 255

iy a5l sdel 3gxs a4 Gsos dlam ) baY
Colgins 5 ool sagen 1 Jll Glaesls Sl
Joorabian ) &S . Jae |, Olulbw 25>
.(Shooshtari et al., 2019
e 0w ) &Sl gl adlas ol Lol Ul
e KaldS e S8 Jhe a4 g3, Jies
BT S P P S P | SN NPT PROWY
sslil b andlas 5,50 lo e gubaig (oized 35l
(Inverse distance weighting) L oLos,s (i, 3

One S5 Siay S8 &y adlllis 550 sl e Ol e
i Solsgme sbie cul gl s S NEH P
to,lel et U golel sl b a ol saelcanay
Coul ho ;3 0 (a5 ol b ls s ck.u R (_,j.aﬂ

.(Azarakhshi et al., 2013)

YWY

NDVI 53 3 ptorter sl el b ot )
Sl s 2 ole 5 Jilas Slas sles 5 LST
s aSs sy S el b Llés 8 sbolish
23 oI SPSS 13816 5 s os e
Mid ghiad b St £ san s eSS
Joloi b eales o) nloas a8 5 o ime i 5l oS
Jdow 1) esls gy L;Ehﬂ-‘ DLl osus sleesls
0is Jels Jol a3 aw 5l as iS2 p aS e
ol ol saz 4S8 (F) Jlas) mb 5 (Bias) el (W)
53 el 3y pamie 8SE 3 bas5 A Sl S e
ol U s W bl ras aKd (5550] a3
3503 & Do s Gln B e odel Sy
3 Ga» (Bagherabadi, 2021) &S o uds s e
ol (Bl Pl Jo Nz G55y Je b
O seas SGE 5 Boste on Bl il
Sheslial b e &SG8 slade glsl 51 S olsiea

Tabel 3. Multi-layer perceptron neural network

Network Information

Covariates
Input Layer

NDVI
LST
Tmean
Tmax
Tmin

abbowpNE

Number of Units? 5

Rescaling Method for Covariates

Number of Hidden Layers 1

Activation Function
Dependent Variables

Hidden Layer(s)

Standardized

Hyperbolic tangent
1 DSI

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
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...6“[_’5}2&}} uﬁ‘}‘}&.ﬁdﬁg‘)w}ﬁ

selin Hlpls 5 olslw oloaly (26 cbel&a)

VYA

olis |, gSlas gl JKe Ol Ky, VIS

Z Z . N
A S 5 b sle&an) j3 sSTas les Hluade o ey 83 o
,?5\.» dLob J‘.\SA C’AJ:AS J.llj.ﬁ BLEEW) saslin J@"‘:"’.‘J"‘
6(l°0.'0"E
N
30°0'0""N+ F30°0'0"N
Legend
L] Station
D Boundary
Tmax
-
28
MU LI IKilometers
02550 100 150 200
60“0"0"E

Slae slos e Ol s 235, -V JS2

Figure7. Spatial variations of the Tmax in the study area
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