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Original Research Abstract:

Received: Dust storms are frequent events in the southeastern parts of Iran. The rangelands play a crucial role in the
12 December 2023 socio-economic conditions of rural populations and control soil erosion in southeast Iran. Spatial-temporal
Revised:

changes in terrestrial parameters such as land surface temperature controlled dust storm activity processes.

fciﬁ;;t 2024 Therefore, gathering frequent information about the Land Surface Temperature Anomaly (LSTA) and its
13 September 2024 relationship with Dust Storm index Anomaly (DSIA) was the aim of this study. Moderate Resolution Imaging
Published online: Spectroradiometer (MODIS) products were used to monitor LSTA. The dataset was composed of MOD11A2
20 July 2025 product, which provides a value with 1000-m spatial resolution and 8-day temporal resolution from February

©2025 The Author(s). Published by and October (2000 —2020). ENVI 5.6 software was used for the image misacting and reprojection of satellite
t:i (C)gprefecs; i’ﬁ::}‘ittxzzsj images. For the determination of the DSIA, three-hour recordings (8 times a day) of the synoptic codes (07,
License, which permits use, distribu- 08, 09, 30 to 35, and 98) related to dust and visibility were used at the 8 meteorological stations. Annual mean
tion and reproduction in any medium, - THSTA values were computed in Excel 2016 software. Spatial maps of LSTA and DSIA were drawn in ArcGIS
S:&vl?;ilhe rginal worlc i prop- 10.2.2. The Pearson correlation coefficients were computed to examine the correlation between LSTA and
DSIA. Results demonstrate that the lowest annual LSTA values were observed in the years 2000, 2001, 2012,
2014, 2019, and 2020. The highest annual LSTA values were observed in 2008, 2006, 2007, 2015, and 2018.
The DSIA and LSTA time series had decreasing trends. A positive correlation between LSTA and DSIA (p
< 0.05) was observed. The results imply that positive LSTA increases dust storms in the southeastern parts
of Iran. Limited adaptive capacity, lack of information, and poor stakeholder coordination and cooperation
caused the large-scale impact of the dust storms. These results can be useful for the decision-makers in
assessing the risks of dust storm impacts and reducing their negative consequences in the southeastern

rangelands of Iran.
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Introduction dari et al., 2021). As a hazard, dust and sand storms have
detrimental effects on rangelands, livestock revenue, and
physical production in dry lands (figure 1) (Kang et al.,
2021). For many rural dryland populations of southeast
Iran, pastoralists remain the only viable livelihood (Abdol-
lahi et al., 2023). Dust particles deposited on vegetation
interrupting photosynthesis and respiration, and stomata
clogging in many ways (Zeidali et al., 2015). Therefore,
dust reduces vegetation production and economically im-

The southeastern region of Iran is one of the most active
sources of dust storms in Asia, and dust events occur in
this region almost all year round (Abbasi et al., 2018), but
their frequency is higher in summer and spring seasons,
which corresponds to the 120-day winds blowing (Rashki
et al., 2017). Dust storms are a frequent natural hazard
to the socioeconomic systems of southeastern Iran (Nam-
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Figure 1. Dust storm events in rangelands and rural areas of southeast Iran.

poses substantial losses. On the other hand, because of
livestock dependence on the rangelands to provide forage
indirectly losses of rangeland production can reduce land
productivity. High concentrations of dust may lead to weak
livestock immune systems expose livestock to infectious
diseases and bacteria and eventually cause death (Moradi
and Alamizadeh, 2012).

Land surface characteristic changes have impacts on the
frequency and intensity of wind erosion (Leys John et al.,
2022). Considering the close link between wind erosion
and dust storms, determining the major factors influencing
dust erosion is an essential phase in any effort to reduce
the frequency and intensity of dust storms. As a physical
characteristic of the earth’s surface, Land Surface Tempera-
ture (LST) is an important factor controlling the soil surface
processes (Hussain et al., 2019).

It is described as the temperature of the surface which refers
to soil surface temperature for bare soil, and canopy sur-
face temperature of vegetation for densely vegetated ground
(Darvishi Boloorani et al., 2021). LST combines the results
of energy fluxes between the atmosphere and the ground
and surface-atmosphere interactions so affects the physics
of land-surface processes (Fathizad et al., 2017).

Soil moisture by increasing the adhesion between the soil
particles increases the resistance of the soil to wind erosion
(Hashemi et al., 2022). LST has been identified as a good
indicator of moisture conditions because it is sensitive to
water changes. Increasing LST causes the enhanced evap-
otranspiration, subsequently leading to wind erosion and
the transfer of separated soil particles to the atmosphere
(Alsubhi et al., 2022). Therefore, LST has an important role
in preventing wind erosion (Damavandi et al., 2016). LST
measures the emission of thermal radiance from the land
surface where the incoming solar energy interacts with and
heats the ground (Alsubhi et al., 2022). Various methodolo-
gies have been developed to calculate LST from space-based
data. Remote-sensing indices can provide a valuable source
of data for different scales at a low cost on time. Moderate
Resolution Imaging Spectroradiometer (MODIS) is widely
used in terms of spatial and temporal evaluation of LST
(Darvishi Boloorani et al., 2021).

During the formation of dust storms, the passage of wind
currents at a speed higher than the threshold over dry and

destroyed lands causes the production of large masses of
dust particles that reduce the horizontal visibility to less
than 1 km (Hashemi et al., 2022). One of the common
methodologies for investigating the trend of spatiotemporal
variations in dust storm activity is ground-based indices.
Dust Storm Index Anomaly (DSIA) also is used to analyze
the temporal and spatial dust storm events.

Mu et al. (2013) indicated that long-term dust storms affect
livestock in Mongolia in spring. It results in mass livestock
death and economic loss.

Ahmadi et al. (2024) demonstrated that dust storms affect
pastoralists’ livelihoods in West of Iran. These effects in-
clude the decreased growth of grassland, the plant leaf pol-
lution, and the reduced grazing.

There are many studies in the background of dust storm
impacts; however, there are few studies on the DSIA, and
there is a gap that this study tries to fill. Examining the
correlations between the DSIA and the LSTA in the range-
lands of southeast Iran is the novelty and unique aspect of
this study. The objective of this study was to identify the
long-term spatiotemporal variations in the LST and DSIA
over the southeast rangelands of Iran.

Materials and methods

Study area

The present study covers the parts of the Sistan and Baluchis-
tan, Kerman, and Hormuzgan-Iran provinces (figure 2). Res-
olution Imaging Spectroradiometer (MODIS) is a sensor
onboard the two Terra and Aqua satellite platforms launched
by National Aeronautics and Space Administration (NASA)
(Hassan et al., 2018). MODIS covers Iran in 4 tiles and
the tile h 22v06 covers the southeastern part of Iran, each
tile covers an area of 2330 km. Therefore, the study area
has been selected based on the coverage boundaries of the
satellite frame in the area.

Sistan and Baluchistan province

The Sistan and Baluchistan are located in the southeast-
ern Iranian borders with Afghanistan and Pakistan. Whole
Sistan and Baluchistan which is only 180,720 Km?, lie be-
tween 30°50’N-31°28'N latitudes and 61°15'E-61°50'E lon-
gitudes. Aridity is the main characteristic of this region and
dust storms are extremely affecting Sistan and Baluchistan
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Figure 2. The location of the study area in Iran and three provinces including Sistan and Baluchistan, Kerman, and Hormuzgan provinces, Iran.

throughout the year. In this region, annual precipitation (55
mm) significantly occurs in winter (December to February),
and the mean annual temperature is 22 °C.

Kerman province

Kerman province can be characterized as an arid and semi-
arid region with a hot and dry summer, and precipitation
during winter. It is located in the southeast of Iran between
26°29'N and 31°58'N latitudes and 54°21’E and 59°34'E.
Kerman province covers an area of 183,193 km?. In this
area, precipitation is strongly seasonal (155 mm) and the
annual average temperature is 15.8 °C.

Hormuzgan province

Hormuzgan Province is situated in the southeast of Iran
and borders the northern part of the Persian Gulf facing
the United Arab Emirates and Oman. It is located between
about 52°—59° E and 25°—28° N and has 1000 km (620
miles) of coastline and covers an area of 71,193 km?2. About
54% of the Hormuzgan area is a coastal desert. The annual
average temperature and precipitation are 27 °C and 215.8
mm, respectively.

Data collection

In this study, the satellite imagery dataset was created us-
ing LST products (Mod11A2) that have been collected
from February to October (growing season) over 21 years
(2000 —2020). These products were obtained from the
national aeronautics and space administration earth observ-
ing system dataset and information system (https://ladsweb.
modaps.eosdis.nasa.gov). LST products are downloaded
from the Land Processes Distributed Active Archive Center
(LP DAAC) website using the NASA Warehouse Inven-
tory Search Tool (WIST). The downloaded data have been
then analyzed using Geographic Information System (GIS)
tools in ArcGIS software. The meteorological datasets in-
clude daily maximum dust codes and daily visibility data
provided by the Iran Meteorological Organization (IMO)
(https://irimo.ir/far/index.php) obtained from the 8 meteo-
rological stations distributed in the study areas in the same
period as satellite imagery.

Anomaly definition

Anomalies are the differences between individual months
or years and some long-term averages that are often used in
analyzing climate change. Anomalies are more important
than absolute values. Data points that are inconsistent with
the major data distribution are called anomalies. Positive
anomaly means that the observed value was more than the
baseline and negative anomaly was less than the baseline
(Ebrahimi-Khusfi et al., 2020).

Calculations of DSIA

In this study, a meteorological dataset from 8 weather sta-
tions was used to analyze long-term variations in DSIA
during the 2000 — 2020 periods.

Although there are many dust storm activity indices based
on meteorological observations, the DSI proved that is an
accurate index for monitoring dust storms. To calculate
Dust Storm Index Anomaly (DSIA), the first step is to as-
sess monthly and annual DSI values.

For this, DSI has been obtained using visibility data and
dust codes. All types of maximum dust codes of Local Dust
Events (LDE), Moderate Dust Storms (MDS), and Severe
Dust Storms (SDS) were taken into account by defining a
Dust Storm Index (DSI). According to the World Meteoro-
logical Organization (WMO), dust codes 07 — 09, 31 — 35,
and 98 can be used to calculate the DSI. Monthly and an-
nual DSI values for the stations are calculated using the
following expressions (1) and (2) (Nanzada et al., 2019):

n

DSlnonihty = 3,[(0.05 X LDE) + MDE + (5 x SDS)] (1)
i=1

9

DSlannual = ZDSImonthly 2
1

where:

LDE is defined by codes 07, 08, and 09;

MBDS is known by codes 30, 31, 32, and 98; and

SDS is specified by codes 33, 34, and 35 (Nanzada et al.,

2019).

The long-term DSI (DSIIt) was calculated using the follow-
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ing equation (3) (Nanzada et al., 2019):

21
DSI
DSl = ), —>" (3)
1

DSIA can be calculated by the following equation:

DSIannual - DSIlt
DSIA= ——F————
DSIy,

x 100 “)
We divided DSIA values into two positive and negative
categories. When the long-term mean value of DSI is less
than the annual dust storm index, DSIA is positive (DSIA >
0), and when it is higher than the annual dust storm index,
DSIA is negative (DSIA < 0).

Calculations of LSTA

Monitoring LSTA is the most suitable approach for investi-
gating the LSTA effect on the DSIA. To calculate LSTA, the
monthly LST for each year (Feb-Oct) has been first assessed
by the following expression (Nanzada et al., 2019).

LST; +LST, +...+LST,

LSTmean = (5)
n
where:
LSTmean is the mean LST values of February to October of
i year.

LST; is the first and LST,, is the last 8-days of LST values
from February to October of the year.

After computing LSTeqn during the 21 years, the long-term
values were then estimated using the following expression
(Nanzada et al., 2019):

2 LSTannual

LST =) o1
i=1

(6)

The LSTA was estimated using the following expression:
2019):

LSTannua] - LSTlt

100 7
LST), % @)

LSTanomaly =

MODIS & days composite LST from February to
October (growing season) over (2000-2020)

|

Images misacting, reprojection (by
ENVI 5.6)

l

Land surface Temperature Anomaly

(LSTA)

v

Pearson
correlation
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where:

LSTA i is the LSTA for the growing season during i year.
Correlation between LSTA and DSIA was the estimates
using Pearson correlation.

The flowchart of methodology is presented in figure 3.

Results

Temporal variations in LSTA between the years 2000 —
2020

The temporal distribution of the LST and DSI anomaly val-
ues during the period of 2000 — 2020 are plotted in figure 4.
The plots are labeled by the names of the stations. LSTA
values were reclassified into two categories, greater and
smaller than zero. The positive LST anomalies (LSTA >
0) show that the annual LST was higher than the long-term
mean value of LST, while negative LSTA (LSTA < 0) indi-
cates that the annual LST value was less than the long-term
average amount of LST. The sharp LSTA-reduction values
were observed over Bam, Iranshahr, Minab, Zahedan, and
Khash from 2015 to 2020. The LSTA-reduction trends were
slight over the Chabahar, Kahnuj, and Banndarabas stations.
The highest interannual LSTA values were observed for
Bam and Kahnuj stations in 2008, Banndarabas and Kahnuj
stations in 2007, and Chabahar, Iranshahr, and Minab in
2000 and 2001. In contrast, the lowest annual LSTA values
were observed in 2012, 2014, 2018, and 2020.

Temporal variations in DSIA between the years 2000 —
2020

Interannual variations in the DSIA values for each station
during 2000 — 2020 are shown in figure 5. The plots are
labeled by the names of the stations. DSIA values were
reclassified into two categories, greater and smaller than
zero. The positive DSIA (DSIA > 0) show that the annual
DSI was higher than the long-term mean value of LST, while
negative LSTA (DSIA < 0) indicates that the annual LST
value was less than the long-term average amount of DSI.
The negative DSIA (DSIA < 0) value was observed over

Maximum dust codes and daily visibility data (8
meteorological stations) over (2000-2020)

|

Dust Storm Index Anomaly
(DSIA)(by Excel 2010)

\_l

DSIA maps by
ArcGIS 10.2.2

!

LSTA maps by ArcGIS
1022 Spatial distribution of
¢ Determined correlate between DSIA
LSTA and DSIA
Spatial distribution of

LSTA

Temporal variations LSTA and
> DSIA Graphs (by Grapher)

Figure 3. Flowchart of methodology.
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Figure 4. Interannual variation in the LSTA values 2000 — 2020.
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Figure 5. Interannual variation in the DSIA values 2000 — 2020.
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the Bam, Banndarabas, Chabahar, Iranshahr, Khash, and
Zahedan stations from 2015 to 2020. The negative DSTA
(DSIA < 0) was slight over the Kahnuj stations. However,
the DSIA (DSIA < 0) value has been positive in Minab
station in recent years. Results demonstrate that the years
2001, 2004, 2008, 2009, 2012, and 2015 were the most
affected years by dust activity in most of the stations. In
contrast, the years 2000, 2002, 2004, 2010, 2016, 2017, and
2019 were less active.

Correlation between DSIA and LSTA

The correlation analysis indicated that LSTA was signifi-
cantly correlated with DSIA. Strong positive correlations
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were demonstrated between LSTA and DSIA (r = 0.52,
pvalue < 0.05).

DSIA mapping

In the following section, the DSIA maps have been gener-
ated (figure 6). The DSIA maps are labeled by the years
(2000 —2020). In the maps, the colors change from red to
blue meaning the highest DSIA values to the lowest DSTA
values. It can be seen that dust storm activities decline by
moving from the eastern parts of the region to the west.
DSIA values range from —95 to +265. The northeastern
region has been almost always prone to dust production. In
some years, such as 2006 to 2010, according to the values
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Figure 6. Spatial distribution of DSIA for 2000 — 2020 in the southeast of Iran.
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of DSIA > 0, the southern parts have also seen an increase
in dust storms. In some years, the intensity of dust activity
has been very high, which had caused the entire region to
be involved in the production of dust storms in 2005, 2006
and 2020. On the other hand, the areas with low values of
DSIA < 0 are marked with light color. The southern and
southwestern parts of the region are in better conditions in
terms of dust storm activities in most years of the statistical
period.

LSTA mapping

In this study, we used MODIS imagery from 2000 to 2020
to generate LSTA maps of spatial scales. The spatial distri-
bution of LSTA trend is indicated in figure 7. The maps are
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labeled by the years (2000 — 2020). In the maps, the colors
change from brown to white meaning the highest LSTA
values to the lowest LSTA values. The two major regions
with the highest LSTA value were north to central rangeland
areas. The LSTA values generally were low across north-
west to southwest. Results showed LSTA values increased
in parts of the east.

Discussion

In this study, the long-term spatiotemporal trends in the
LSTA and dust DSIA were investigated. The LSTA tem-
poral patterns showed that the lowest annual LSTA values
were observed in the years 2000, 2001, 2012, 2014, 2019,
and 2020. The highest annual LSTA values were observed

55°00"E 60°00°E 2001
N
30°00°N
30°0'0"N
= -
Legend °
o e
2500 N ST Vel =&
i 0 100 200 400 Kilometers [25°00'N
- Low:0
55°00"E 60°00"E
55”q’0"E GD"DI'D"E 2003
30°00'N
30°00°N
=
Legend °
B
—
250N STA Ve ;
00 16800 100 200 00 Kilometers [25°00"N
- Low 0
55°0'0"E 60°0'0"E
55°00"E 60°00°E 2005
30°0'0"N
30°00°N
- -
Legend ©
o
250N STA Ve 2
5115 050 0 100 200 400 Kilometers [25°00"N
il Low:0

55°0'0"E

60°0'0"E


https://doi.org/10.57647/j.jrs.2025.1503.25

Nasry et al.

55'DI'0"E SD‘OI'D'E 2006
30°0'0"N
F30°0'0"N
Legend ©
- saons
—
25°00°N vl.:‘l’Avulun
lue - "
o 1 550 100 200 400 Kilometers [25°00"N
Low:0 I S T N NN RN S
55°00"E 60°00"E
55°00°E 60°00'E 2008
30°0'0"N:
30°0'0"N
o
Legend ©
. satons
—
25°00"N LSTA value
Value 200"
i A 400 Kilometers [25°00°N
Low N T Y T T Y I |
55°0'0"E 60°0'0"E
55°0'0°E 60°0'0°"E 2010
30°0'0"N
r30°0'0"N
Legend ~
+ statons |
—
25°00°N VL:TA value )
ue - F25°0'0"N
w—High - 167333 0 100 200 400 Kilometers
Low:0
55°00'E 60°G0"E
55'Dl'ﬂ"E gg-q-[)- E 2012
N
30°0'0"N
F30°0'0"N
Legend ©
« stations .
—
25°00°N vl.:‘l’Avulun
lue - "
g P 100 200 400 Kilometers [25°00°N
Low:0
55°0'0"E 60°0'0"E

30°0'0"N

25°0'0"N

30°0'0"N

25°0'0"N

30°0'0"N

25°0'0"N

30°0'0"N

25°0'0"N

55°0'0"E

JRS15 (2025)-152525

60°0'0"E

100 200 400 Kilometers
Low:o I T Y Y |
55°0'0"E 60°0'0"E
55°00'E 60°00'E

11/14

2007

30°00"N

25°0'0"N

LSTA value

30°0'0°N

25°0°0"N

Value
[ High 167233 0 100 200 400 Kilometers
Low N TN Y T N Y |
55°0'0"E 60°0'0"E
55°0'0"E 60°0'0°E

Legend -
o smions
—
LSTA value
Value
gy i 100 200 400 Kilometers
Lona
55°00°E 60°00"E
60°00'E

55°0'0"E

-~

Legend °

. staions
—
LSTA value
Value
o : 164067 100 200 400 Kilometers

w0
55°00"E 60°00°E

2008-9996([https://doi.org/10.57647/j.jrs.2025.1503.25]

2011

25°0'0"N

2013

25°0'0"N


https://doi.org/10.57647/j.jrs.2025.1503.25

12/14  JRS15 (2025)-152525

Nasry et al.

55°00"E 60°00°E 2014 55°00"E 60°00°E 2015
30°00"N 30°0°0"N
F30°0'0"N 30°010°N
Legend - Legend -
—
250N SR Vel a5y |-STA valve
ue o Vaiue e
183000 100 200 400 Kilometers [25°00"N o 16553 100 200 400 Kilometers [25°00"N
Low 0 TR ST I SN O | Low:o N Y O N Y |
55°0'0"E 60°0'0"E 55°0'0"E 60°0'0"E
55°00°E 60°00"E 2016 55°00'E 60°00'E 2017
30°00"N 30°0°0"N
30°00°N 30°00°N
—
25°00°N 25°00°N v":l: e J
1 14 0 100 200 400 Kilometers [25°00°N i 1632 0 100 200 400 Kilometers [25°00°N
s on
55°00°E 60°00°E 55°00°E 60°00"E
55°00°E 60°00'E 2018 55°00'E 60°00°E 2019
30°0°0"N 30°00"N
F30°0'0"N 30°00°N
250N, 2 25°00°N v
102 0 100 200 400 Kilometers [25°00°N 422 0 100 200 400 Kilometers [25°00'N
towo Low:o N Y Y Y ST Y A |
55°00'E 60°0'0"E 55°00°E 60°00"E
55°00°E 60°00°E 2020
30°00"N
30°00°N
Legend - p
—
25°00"N VL:TA value
. o "
154 100 200 400 Kilometers [25°00°N
e i
55°0'0"E 60°0'0"E

Figure 7. Spatial distribution of LSTA for 2000 — 2016 in the southeast of Iran.

2008-9996([https://doi.org/10.57647/j.jrs.2025.1503.25]


https://doi.org/10.57647/j.jrs.2025.1503.25

Nasry et al.

in years in 2008, 2006, 2007, 2015, and 2018.

DSIA temporal patterns showed that the lowest annual
DSIA values were observed in the years 2002, 2014, 2017,
and 2017, and the highest annual DSIA values were ob-
served in the years 2001, 2004, 2008, 2009, 2012, and
2015. Results demonstrate that LSTA had a reduction trend.
Therefore, the land surface temperature had decreased in
recent years. The results showed the DSIA and LSTA time
series had decreasing trends. In this research, the positive
correlation between LSTA and DSIA was the main hypothe-
sis. The results indicate strong positive correlations between
LSTA and DSIA; therefore, the hypothesis was proved.
We found that in the southeastern rangelands of Iran in
recent years, LSTA and DSIA had a decreasing trend.
Ebrahimi-Khusfi and Roustaei (2018) found a significant
spatial correlation between LSTA and DSIA (P < 0.05) in
western Iran. Qiao et al. (2021) monitored Fractional Vege-
tation Coverage (FVC) and LST to determine the degree of
desertification and dust in the Horgin Sandy Land in China.
Their results demonstrate a negative correlation between the
FVC and the LST. LST by controlling soil moisture storage
can directly affect soil particle resistance and indirectly the
vegetation conditions.

The inverse relationship between LST and soil moisture
leads to LST also indirectly affecting vegetation coverage
in rangelands. Therefore, our results suggest that the de-
creased LST can stabilize rangeland vegetation conditions.
Similar to our finding, Ebrahimi-Khusfi and Soleimani Sar-
doo (2021) reported that changes in the LST were the most
important factor affecting wind erosion in the Zabol and
southeastern parts of Iran.

Vegetation coverage in rangelands protects the soil and plays
an important role in reducing wind erosion. Our results also
revealed that in the eastern and southern parts of the study
area, LSTA had significant changes coupled with higher
land surface temperature. The intensity and magnitude of
DSIA changes are positive in the northeast, eastern, and
southeast parts of the region which indicates an increasing
dust storm activity. Zeidali et al. (2015) showed that dust
reduces livestock production and has the devastating impact
on it.

Conclusion

This paper investigated the correlations between the
DSIA and LSTA in the rangelands of southeast Iran. The
results imply that positive LST anomalies increase dust
storms in southeast Iran. Limited adaptive capacity, lack
of information, and poor stakeholder coordination and
cooperation caused the large-scale impact of the dust
storms.

These results can be useful for decision-makers to assess
the risks of dust storm impacts and reduce its negative
consequences in the southeast rangelands of Iran. Future
policies for mitigating the adverse effects of dust storms
on rangeland need to be participatory while mitigating
the impacts for promoting soil erosion. Also, short-term
periods of fewer than 20 years of data in some stations, and
missing daily visibility data were the limitations in this
research. As a part of future research, an analysis of the
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potential correlation between DSIA and climate factors
could be considered.
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