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Wind erosion plays an essential role in the production of sediment for dust storms
and occurs when strong and continuous wind interacts with dry, fine-grained and
loose soil. Identifying dust production centers is the first step in prioritizing
different areas for executive operations to reduce dust and determine its control
methods. Jazmurian area is one of the areas where the intensity and frequency of
dust events have increased in recent years and caused a lot of damage. The
purpose of this research is to determine the areas prone to dust production and
sensitive to wind erosion using the ILSWE model in the Jazmurian wetland basin.
This model is based on five effective factors of climate erosivity, soil erodibility,
soil crust, vegetation cover, and surface roughness. Maps of temperature,
precipitation, wind speed, percentage of sand, silt, clay, calcium carbonate, EVI
and land use were used to calculate these factors. After calculating each factor,
ILSWE index was calculated by multiplying them. Finally, sensitive areas were
identified by classifying this index in Arc GIS software. The ILSWE
classification map showed that 46.72% of the studied area is in very low
sensitivity class, 16.56% in low class, 13.67% in medium class, 12.41% in severe
class and 10.64% in class Very severe sensitive to wind erosion. Severe and very
severe sensitivity class was considered as the center of dust generation. The
results showed that the southern (wetland area and its surroundings), west,
southwest, east and southeast areas of the Jazmurian wetland basin are prone to
dust production and wind erosion. These areas are mostly located in areas without
vegetation (barren areas), salt marshes and sand dunes; which shows the
importance of vegetation in reducing producing dust. On the other hand, the
topography, the presence of wind and the characteristics of the soil in these areas
help to produce dust. In general, the results of this research showed that the
ILSWE model has a suitable efficiency for determining areas prone to wind
erosion and dust production.
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1. Introduction

The phenomenon of dust is one of the atmospheric processes that occur because of strong
winds blowing on erodible soil, which impress adverse environmental effects and
consequences and is considered one of the most important environmental challenges recently
(Boloorani et al., 2020).

Wind erosion plays an essential role in the production of sediment for dust storms and
occurs when there is strong and continuous wind with dry, fine-grained and loose soil
(Yigiterhan et al., 2018). Therefore, recognizing wind erosion as a dynamic and changing
phenomenon in measuring soil erosion is very important (Kheirabadi et al., 2018).

Low rainfall, dryness and depletion wetlands and water catchments, not growing desert
plants, and as a result, the intensity of the wind causes a 20-30% increase in dust in
susceptible areas. Therefore, soil erosion is a widespread environmental problem that
threatens the sustainability of the environment (Jiang et al., 2019).

Deaking with the dust phenomenon requires multilateral methods consisting of politics,
ecosystem management, economics and capacity building; therefore, the true identification of
dust centers is one of the first steps in the management and control of the dust phenomenon.
On the other hand, the identification of dust production centers is the first step in prioritizing
different areas for executive operations to reduce dust and determine its control methods
(Hojjati et al., 2021).

Traditional measurement by field methods cannot be useful alone for monitoring dust
centers due to limited temporal and spatial coverage (Rayegani et al., 2017). The most
advanced field models are very complex to obtain the appropriate result, and when the goal is
to determine dust centers on a regional and larger scale, practically doing this method faces
many problems (Fenta et al., 2020).

On large scales, such as the regional scale, by using remote sensing and geographic
information system and modeling factors effective in wind erosion and dust, susceptible
centers are identified (Feuerstein et al., 2019).

Considering that wind erosion and dust are complex geomorphological processes that are
affected by Several factors, modeling all the influencing factors makes it difficult to evaluate
at regional and larger scales (Funk et al., 2006). Therefore, studies on this scale resort to a
method of reducing complexity by maintaining the key factors affecting wind erosion.

So far, many studies have been done with different methods to determine dust centers on a
large scale inside and outside the country. Among these research, we can mention the research
by (Effati et al., 2019) The application of remote sensing to estimate the dust emission in
Urmia lake area was investigated and a new framework was developed to determine the dust
source areas and estimate the probability of dust occurrence based on the features of the land
surface (soil moisture and vegetation), soil texture, wind speed and dust frequencies measured
using remote sensing and satellite images were introduced.

(Rayegani et al., 2020) investigated the identification of sand and dust storm sources with
the approach of remote sensing and ecological indicators. For this purpose, OLI Landsat 8
data were used during the years 2012 to 2014 to prepare maps of vegetation, soil moisture and
sensitivity of land cover to wind erosion. These maps were combined with geology and
roughness by multi-criteria evaluation method to obtain a map of potential sand source areas,
and finally, based on a stratified random sampling plan and using the MCE (WLC) method,
the locations prone to sand sources and dust were detected.

Feuerstein and Schepansk (2018) identified dust sources in a desert dust epicenter and
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implemented it with a dust diffusion model and concluded that the presented approach to
describe dust sources can be applied in other Model studies implemented regionally, or even
globally, and thus can help to obtain a more accurate picture of the dust source distribution
and a more realistic estimate of the atmospheric dust load.

(Soleimani Sardo et al., 2022) predicted the movement path of dust particles using
HYSPLIT and WRF-chem models in the Jazmurian basin and their results showed that the
management of the Jazmurian basin in times of drought or in conditions where the surface
moisture of the soil is reduced It is very important and can be identified as the center of dust
collection in the southeast of the country.

(Saeedifar et al., 2019) identified dust-prone areas and investigated its synspecies in the
Jazmurian basin using the NMMB/BSC-Dust model in a three-year period (2014-2016). The
results of their research showed that the central part of Jazmurian area; in which Jazmurian
lagoon is located, it has the highest concentration of dust in these years.

One of the regional models that can be used on a large scale is the Land Susceptibility
Index to Wind Erosion (ILSWE) developed by the European Soil Data Center (ESDAC). In
recent years, this model has been used to determine sensitive areas to wind erosion and center
of dust storm by (Fenta et al., 2020) in East Africa and (Borrelli et al., 2015 and 2016)
respectively in 36 countries across the Mediterranean Sea and 34 European countries.

The vast extent of dry areas and the frequency of occurrence of dust phenomenon in Iran
have caused the precise identification of dust centers to be one of the main goals of wind
erosion research. Therefore, the main goal of this research is to determine the centers of wind
erosion and dust in the Jazmurian basin using the ILSWE model.

Jazmurian basin is one of the areas where the intensity and frequency of dust occurrence
have increased in recent years and caused a lot of damage. The dust arising from this region
affects a large part of the south and southeast regions of Iran. The existence of areas without
vegetation in this region and the recent droughts have caused the creation of internal centers
of dust and intensified their activity (Soleimani Sardoo et al., 2022).

Therefore, accurate identification of the areas prone to wind erosion and dust in this area is
necessary for future control actions and prioritization of dust control activities to reduce the
damages caused by this phenomenon.

2. Materials and methods

2.1. Study Area

Jazmorian wetland basin is one of the important wetlands of the country in the southeast of
Iran; which is located between Makran and Shahsavaran mountains, that is, between
Jabalbarez mountain range in the north and Beshagard mountain range in the south. Among
the general public, the dominant vegetation of the region is known as "jaz" and its abundance
and abundance is known as "termites". For this reason, this wetland is known as Jazmurian.
This wetland is located between Kerman and Sistan and Baluchistan provinces with latitude
coordinates of 26° 33" to 29° 36" North and longitude of 56° 16 to 61° 26" East and with an
area of 69374 km? between the provinces of Kerman and Sistan and Baluchistan, which is
approximately 300 kilometers long from east to west. It has spread from north to south to a
width of 100 kilometers (Fig 1). The catchment area of this seasonal lake is 69,000 km? and
its height is 300 meters above sea level. The total catchment area of the lake is 3,300 square
kilometers when the water is full and 2,500 km? when the water is low. Bampur River in
Sistan and Baluchistan and Halilroud River, which originates from the central highlands of



266 DESERT, 28-2, 2024

Kerman province, are the main feeding channels of this Hamoon. The topographical
physiography of this area includes mountainous and plain parts. Its northern and southern
parts are mainly mountains and hills and its plain parts are located in the center. The average
annual rainfall of this area is about 172 mm and the average temperature is 27.5°C. Therefore,
the existence of Jazmurian wetland and its environmental effects on the neighboring
provinces emphasize the importance of this area even more (Ahmadi et al., 2019).
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Fig. 1. Location of the study area in Iran

2.2. Methodology
In this research, the ILSWE model was used to determine areas prone to dust production.

The basis of this model is based on the concept that wind erosion occurs when there are
three conditions including sufficient wind power, susceptible soil and lack of protection for
the surface of the wind (Borrelli et al., 2016). This index is presented with the aim of reducing
the complexity of wind erosion modeling at the regional scale (Borrelli et al., 2016).

The model consists of five factors: Climate Erosivity (CE), Soil Erodibility (SE), Soil
Crust (SC), Vegetation Cover (VC) and Surface Roughness (SR). The overall process of this
study is shown in Fig (2).

2.2.1. Climate Erosivity Factor (CE)
This factor shows the potential and aptitude of the climate of the studied area to produce
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conditions that lead to wind erosion (Fenta et al., 2020). In the present study, equation (1)
developed by FAO (FAO. 1979); was used to calculate the climate erosivity factor.

T

CE = —x 2w % {h"’_?’] X d, (1)

100 ) PET

In this equation; ui is the average monthly wind speed (m/s) at a height of two meters in the
month of i, PET; is the potential for evaporation and transpiration in the month of i, Pj is the
amount of precipitation in the month of i and di is the number of days in the month of i.
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Fig. 2. The flowchart of the research methodology

To calculate this factor; monthly data of average wind speed, temperature and sum
precipitation of 12 stations in the Jazmurian basin and its surrounding areas were collected for
a period of 20 years (2000-2020). Then, using the Torrent-White method (Eg. 2) and
temperature data, the monthly evaporation and transpiration potential of each station was
calculated.

ETP = 16.2(—)"
)

In this equation, Tj is the average monthly temperature, a is the coefficient obtained based
on T and I is the number of the month. According to the latitude of the stations, the average
hours of sunshine were calculated and then by multiplying it by the ratio of the number of
days of each month to the total number of the year, a correction factor was obtained and using
it, ETP¢ was calculated.

Finally, for all three components used in the 12 months of the year, the monthly zoning
map was prepared using the Inverse Distance Weighting (IDW) interpolation method in Arc
GIS software and the CE factor was calculated using the Eq. 1.

2.2.2. Soil Erodibility Factor (SE)

The soil erodibility factor shows the level of soil resistance against wind power. In fact, this
factor expresses the relationship between soil erosion by wind and soil characteristics (Fenta
et al., 2020).
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Eq. 3 shows how to calculate SE using the multiple regression relationship presented by
(Fryrear et al., 1994) based on soil texture and chemical properties.

. . Say .
29D9+LD31K5A?+L&1?x5ﬂ+{ﬂ33xE€ —(Z.59%0M)— (035 Caldy)

100 (3)

In this equation, SA is the percentage of sand, Sl is the percentage of silt, CL is the
percentage of clay, OM is the percentage of organic matter, and CaCO3 is the percentage of
calcium carbonate of the soil.

In this research, the data of ISRIC Soil Grids database with a spatial resolution of 250
meters was used to calculate the percentage of sand, silt, clay, soil calcium carbonate and
surface soil organic matter (0-5 cm) (Hengl et al., 2017).

The percentage of sand, silt and clay is available in this database; but the percentage of soil
calcium carbonate and soil organic matter were calculated respectively using pH and soil
organic carbon of ISRIC Soil Grids database, based on Eqg. 4 and Eq. 5.

SE=

CaC03 = (—”*"::?'zm yLL.0023

(4)

OM = 0C X 1.724
()
Eq.4 is obtained based on the research of (Liu et al., 2002) and in it; the amount of calcium
carbonate is obtained in percent.
In Eg.5, OC and OM are soil organic carbon and soil organic matter percentage
respectively (Mirzashahi, 2016).
Finally, Soil Erodibility factor (SE) was calculated by Eq.3.

2.2.3. Soil Crust Factor (SC)
The SC factor is used to estimate the effect of soil crust on soil erodibility (Borrelli et al.,
2015). In general, the relatively thin and integrated layer created on the soil surface and is
more compact and mechanically stable than the its subsoil layer is called soil crust (Zobeck.
1991). The sensitivity of this layer to wind erosion is less than the underside soil layers
(Fryrear et al., 2000).

In arid and semi-arid regions, where; wind erosion is more overcoming than water erosion,
it performs an important role in soil protection (Zhang et al., 2004).

In this research, the SC factor was calculated using the Eq. 6 provided by (Fryrear et al., 1998).

1

5C= - >
1+{o.00exci?)+ (021 =o0m?)

(6)
In this equation; CL is the clay percentage and OM is the soil organic matter percentage.
As mentioned above; the data of these two components were obtained from the ISRIC Soil
Grids database with a spatial resolution of 250 m.

2.2.4. Vegetation Cover Factor (VC)
The effect of vegetation on wind erosion can be expressed using the percentage of the surface
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covered by plant material (Borrelli et al., 2016).

In the present study, the index of the fractional vegetation cover component (Fcover)
obtained from the EVI vegetation cover index, was used to evaluate the VVC factor.

The annual maximum map of the EVI was calculated by MODIS images in the years 2000
to 2020 for Jazmurian basin.

Then; Feover Was calculated by Eq.7

__ EVI-EVIg

F =
power EVIy—EVig

()

In this equation; EVI is the annual maximum map obtained from the previous step, EVIs is
the index value in barren soil and EVIy is the index value in dense vegetation.

After calculating Fcover, the VC factor was obtained by inverting Fcover. The reason for
doing this is that; wherever the coverage is more, it is less susceptible to wind erosion.

2.2.5. Surface Roughness Factor (SR)

The surface roughness increases the friction of the earth's surface and it reduces the wind
energy and wind speed near the land surface; consequently, surface roughness reduces wind
erosion (Wever. 2012).

When land surface roughness data are not available, land use and land cover classes are
very useful for estimating surface roughness length (Hansen. 1993).

In various studies, such as (Borrelli et al., 2016); (Fenta et al., 2020), which have been
carried out on a regional scale, special tables have been used to determine the surface
roughness factor based on land use and land cover.

In this study; the surface roughness factor was determined based on land use and land
cover by using the table of (Floors et al., 2018).

This table shows the average roughness length in different land use and land cover classes
(table 1).

Table 1. Average roughness length in land use and cover classes (Floors et al., 2018)

Row land use and land cover Zo
1 Salty lands, vegetation without lands, moving sands, sand dunes, wetlands 0.01
2 Rangelands, poor natural grassland, marshy and swampy lands, aquifer area 0.02
3 Fallow lands, flaggy 0.05
4 Combination of irrigated and rainfed crops 0.10
5 Woodland and bushland, watery agriculture, rangeland with moderate to high canopy 0.20
6 Rangeland with low canopy, hand-planted forest 0.40
7 Garden lands, forest lands, rangeland with very high canopy 0.50
8 Rock outcrop 0.60
9 Fish breeding pond, salt lake, lake, dam and water reservoir 0.00
10 Urban regions 1.00

Land use and land cover map of Jazmurian basin was extracted from the land use map of
Iran prepared by Natural Resources and Watershed Management Organization. Then, it was
reviewed and corrected by using Google Earth Pro software.
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2.3. Calculation of ILSWE
Equations (8) and (9) were used to fuzzy and standardize ILSWE index factors.

F= Xz' _sz'u

an.r _Xmi:lz (8)
F= X:lmt.r _sz':lz

an.r _Xmi:lz

©9)

Equation (8) was used for climate erosivity factors and soil erodibility, which have a direct
effect on wind erosion, and equation (7) was used for soil crust and vegetation factors, which
have an inverse effect on wind erosion. It is worth mentioning that the surface roughness
factor does not need fuzzification because this factor itself is between zero and one.

After calculating the five factors related to the ILSWE model, the fuzzy membership
function of the factors was calculated. With this, the factors were places between zero
(minimum sensitivity) and one (maximum sensitivity).

Then; ILSWE was calculated by using the Eg. 10.

ILSWE = CE X EF X 5C XVC X SR
(10)

After calculating ILSWE, it was classified in Arc GIS software. Then, the Jazmurian
wetland basin was classified into five sensitivity classes with Natural breaks (Jenks) method:
very low, low, moderate, high and very high; in terms of sensitivity to wind erosion and dust.

In order to evaluate the accuracy of the ILSWE index in zoning the hazard of wind erosion,
the map of dust source point in the study area was used.

The map of dust source point has been prepared by the Natural Resources and Watershed
Management Organization and watershed. ILSWE map and dust source map were overlayed
and evaluate the ILSWE accuracy.

3. Results

Fig (3) shows the fuzzy membership map of climate erosivity factor. According to the fuzzy
membership map of climate erosivity (CE), the eastern and central regions have the highest
potential for creating wind erosion by climate compared to other regions. The lowest amount
of climate erosivity is related to the western areas of Jazmurian wetland; that is the highlands.



Assessing Land Sensitivity to Determine Areas Prone to .../ Jabalbarezi et al. 271

a7e000 540000 £10000 660000 750000 820000 850000 960000
2 STUNE SEN0E 50500 S0°00"E 61°00"E 2
: g
S N
/
V- E
z
gz le
i z e
| k]
- - o ~
~
=3 =3
§ §
o "
e
g =
2| 2
s g
ki High : 1
= z =3
§ z = §
=3 := =1 =
3 = - b
E
Low: 0
% 30 15 0 30 I)Ii( -
§| . Km §
B STUDE SSUE SPV0E HOP00E GIUE H
470000 560000 10000 660000 750000 820000 852000 960000

Fig. 3. Fuzzy membership map of climate erosivity factor (CE)

Fig (4) shows the fuzzy membership map of soil erodibility factor (SE). In general,
according to the soil erodibility map, from the eastern to the western parts of the region, the
soil erodibility increases relative to the wind. Of course, a decreasing trend for erodibility can
be observed in the northern and southern parts of the Jazmurian basin where agricultural lands
are located.
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Fig. 4. Fuzzy membership map of soil erodibility factor (SE)

Fig (5) shows the fuzzy membership map of the soil crust factor (SC). According to this
map, the eastern and southern parts have the most amount and the northern and western parts
have the least amount of soil crust.

Fig (6) shows the fuzzy membership map of vegetation cover factor (VC). According to
this map, the middle belt and the northern and western regions have the lowest probability of
wind erosion due to the presence of vegetation, and other areas have the highest probability of
wind erosion in terms of vegetation.

As mentioned before, land use map was used to calculate the surface roughness factor
(SR). (Fig .7).

Fig (8) shows the fuzzy membership map of surface roughness factor (SR). According to
this map, parts of the west, south, and east of the region are the most prone to wind erosion
and dust in terms of surface roughness. Most of the central and northern regions of the
wetland have the least ability to cause wind erosion and dust.

4.1. Calculation results of the ILSWE model
After preparing the fuzzy membership map of the five factors mentioned in the previous
steps; the ILSWE model was calculated by Eq. 8.
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Fig. 8. Fuzzy membership map of surface roughness factor (SR)



276 DESERT, 28-2, 2024

Fig. 9 shows classified map of Jazmurian wetland basin to wind erosion and dust
production provided in Arc GIS software It was classified into five classes from very low to
very high sensitivity by using the natural break method. The very low, low, medium, high and
very high sensitivity class cover 46.72%, 16.56%, 13.67%, 12.41% and 10.64% area of
Jazmurian basin, respectively.

Most of the areas with very low and low sensitivity to wind erosion and dust production
are located in the northern, northwestern, and northeastern parts of study area. While most of
area with high and very high sensitivity are located in the southern, western, southwestern,
eastern and southeastern parts of Jazmurian wetland. The central strip and small parts of the
north and south of the region are in the medium sensitivity class to wind erosion and dust
production.

Fig. 10 extracted from the ILSWE map (Fig. 9) shows regions prone to wind erosion and
dust production in the Jazmurian wetland basin. Most of the regions prone to dust production
are lands without vegetation, salty lands and sand dunes in the study area.

At the end, to evaluate the ILSWE index, the overlap of the final ILSWE map with the
map of dust sources was used. The map of dust source in the study area is given in Figure 11.
By comparing this figure with figures 9 and 10, it can be concluded that the ILSWE index has
the property of high efficiency in zoning the hazard of wind erosion.
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Fig. 9. Classified map of the ILSWE model in Jazmurian wetland basin
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Fig. 11. Map of dust source point production in the Jazmurian wetland basin
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4. Discussion

Combating the dust phenomenon requires multilateral methods consisting of politics,
ecosystem management, economics and capacity building. therefore, the correct identification
of dust centers is one of the first steps in the management and control of the dust
phenomenon. The aim of this research is to identify areas susceptible to dust production and
wind erosion using the ILSWE index in the Jazmurian watershed.

This index is calculated based on five factors: climate erosivity factor, soil erodibility
factor, Soil Crust Factor, vegetation cover factor, and surface roughness. The results of this
research indicated that around 23% of study area located in the southern, central, and eastern
regions of Jazmurian are susceptible to dust production and wind erosion. These areas are
classified as high (12.41%) and very high (10.64%) land susceptibility to wind erosion

These areas are predominantly located in barren lands, highlighting the importance of
vegetation cover in preventing dust generation. However, the topographic conditions, wind
presence (the presence of 120-days winds in Sistan and Baluchestan), and soil characteristics
in these regions also significantly contribute to the occurrence of dust and erosion (Soleimani
Sardoo et al., 2022).

(Gholami et al., 2020) using six machine learning algorithms to evaluate and classify the
hazard of wind erosion in the Jazmurian basin reached similar results to this research. Most of
the areas identified by them as high-risk zones for dust production were also identified as
susceptible areas in this study. This finding indicates that the index used in this research is
effective in determining areas prone to dust production.

The results of this study demonstrated that the dry bed of Lake Jazmourian, barren lands
without vegetation cover, and sandy dunes are the areas with the highest potential for dust
production in the Jazmurian watershed. It appears that surface materials with fine particle size
distribution are not considered as limiting factors for the dispersion of fine dust. Instead, wind
and aridity seem to be more influential determining factors.

Lake Jazmourian and its surrounding areas are highly dependent on surface water supply
from the mountains and the Halil River. Changes in land use practices and human activities
have had a negative impact on vegetation in these dry landscapes. The reduction in river
runoff due to the construction of dams in Jiroft and Bampour has significantly decreased
seasonal inflows into the lake. The drying of a significant portion of the lake bed in recent
decades has intensified the effects of dust dispersion in this region.

To evaluate the results of this research and assess the effectiveness of the ILSWE index, an
overlap analysis was conducted with the map of active dust sources prepared by the Natural
Resources and Watershed Management Organization of Iran. This overlap analysis
demonstrated that the ILSWE index has a high accuracy in identifying areas with significant
wind erosion.

Based on the results of this research and comparing them with previous studies, it can be
concluded that the ILSWE index, as a suitable regional model, is effective in determining
areas susceptible to dust production and erosion hotspots. Considering the limitations of time,
extensive coverage, and cost in projects related to identifying dust and erosion hotspots in
Iran, the ILSWE index can be utilized effectively. This finding is consistent with the results of
studies conducted by (Borelli et al., 2016) and (Raeghani et al., 2017).

5. Conclusion


https://esdac.jrc.ec.europa.eu/themes/land-susceptibility-wind-erosion
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In general, the results of this research showed that barren lands, salt marshes, sand dunes and
flowing sands play an important role in the production of dust in the Jazmurian wetland basin.

Therefore, it is possible to increase the soil surface coverage and stabilize the soil by using
revitalization plans such as planting, seeding, and mulching, ultimately reducing the
sensitivity of land to wind erosion and dust production.

To enhance the accuracy of the ILSWE index results, it is recommended to utilize ground
data for measuring soil properties used in this index. By incorporating ground data related to
soil characteristics such as sand, silt and clay percent, organic matter and etc., a higher level
of accuracy can be achieved in identifying areas prone to wind erosion at a local scale. This
approach can significantly improve the precision and assess ability of the index in a local
context. Furthermore, regarding the calculation of the Surface roughness (SR) factor in the EF
equation, which requires a scoring table for land use and land cover, it is necessary to
anticipate and modify this table based on the specific conditions and characteristics of Iran.

Also, according to the results obtained from this research, it can be said that the ILSWE
model is a suitable regional model for determining dust-sensitive areas. Therefore,
considering the limitations of time, large area and cost, it can be used well in the plans to
determine the centers of dust and wind erosion in Iran. Of course, it should be noted that more
studies are needed for a better evaluation of this model in Iran.
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