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Abstract

Global warming, through its impact on precipitation and temperature, has intensified natural hazards such as
floods and droughts, leading to significant damage to fisheries, agriculture, infrastructure, and human health.
In this study, the landscape vulnerability of Khuzestan province to flood inundation and dust emission was
simultaneously analyzed using the maximum entropy method. All driving factors were prepared in raster
format, and training samples were collected separately from areas of flood and dust occurrence. These
training points were verified through land surveying. The modeling was performed using the MaxEnt GUI
software. Model validation was conducted using the ROC curve (AUC), and the importance of variables was
assessed through the jackknife approach. The results indicated that, for both dust emission and floods, the
AUC values for both training and validation were categorized as very good and good, respectively,
demonstrating high model performance. Effective factors influencing dust emission included AOD (Aerosol
Optical Depth), precipitation, elevation, population density, and NDVI. In contrast, variables such as
distance from rivers, surface coarse fragments, NDWI, surface temperature, and land use had significant
impacts on increasing vulnerability to floods. The integration of flood and dust storm maps revealed that 4%
of the province's surface exhibited high vulnerability to both hazards, primarily in the southwestern regions.
Additionally, 27% of the province was classified as having medium vulnerability. The northern half of the
province, covering an area of 42,000 km?, showed low or no vulnerability to flooding and dust storms. Given
the accuracy of the model used, the findings of this study could be useful for decision-making and
management, aiding in the organization and design of appropriate engineering and operational projects.
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Extended Abstract

Introduction

The phenomenon of global warming and its effects on the environment is a pressing global issue that
negatively impacts various systems, including water resources, agriculture, ecosystems, and
evapotranspiration, among others (8). Warmer air has a greater capacity to retain moisture, leading to
increased atmospheric humidity, which in turn results in more intense precipitation and the occurrence of
floods (1). Conversely, reduced humidity increases the albedo of the soil surface, thereby intensifying and
prolonging the warming effect (1). As a result, climate change contributes to the rise in extreme events such
as droughts and floods. Iran is situated within the global desert belt, with two-thirds of its surface covered by
arid and desert regions. In these areas, wind erosion causes dust storms, resulting in significant damage to
biological and economic resources (19). The climatic diversity in Iran leads to sharp, short-term fluctuations
in annual rainfall, which have contributed to recent flood events (14). Sustainable management of natural
resources requires the identification of vulnerable areas, which is a critical step in the protective framework.
Machine learning methods are among the primary approaches for determining these vulnerable areas, and
previous research has demonstrated the reliability of results obtained through such methods (20). The present
study aims to assess the vulnerability of Khuzestan Province to floods and dust storms by analyzing factors
that influence the occurrence of each, using Shannon's maximum entropy method for modeling. Determining
vulnerability to floods and dust storms can assist in risk management and help mitigate the associated
damages.

Material and Method

The study area in this research is Khuzestan Province, located in the southwest of Iran (Fig. 1). A significant
portion of the province is covered by wind erosion hotspots. Recent droughts have led to the degradation of
water resources and the occurrence of floods. To assess vulnerability to dust storms and floods, credible
scientific sources were reviewed, and the factors influencing the generation of dust storms and floods were
categorized into five groups: climatic factors, human factors, topo-hydrological factors, soil factors, and land
use/land cover factors (Table 1). The layers of these factors were prepared in raster format. In this study,
MaxEnt software was used for modeling. Locations of flood events and areas prone to dust storms were
compiled into separate CSV files and introduced into the software as presence point data for modeling
vulnerability to dust storms and floods. In this method, 25% of the data were used for model testing, while
75% were used for training (Table 2). Subsequently, the factor maps influencing flood and dust storm
generation were converted to ASCII format, and separate modeling was conducted to determine vulnerability
to floods and dust storms using the relevant data for each. The importance of variables was assessed using
the Jackknife method, and the model's accuracy was validated using the ROC curve. Finally, vulnerability
maps for floods and dust storms in Khuzestan Province were prepared. In the final step, the vulnerability of
various land uses to dust storms was examined using the frequency ratio index.

Result and Discussion

The results of the present study revealed that, for dust storms, the most influential factors were aerosol
optical depth (AOD), precipitation, elevation (DEM), population density, and the normalized difference
vegetation index (NDVI) (Fig. 2). For floods, the critical factors included distance from rivers, the
normalized difference water index (NDWI), land surface temperature (LST), the percentage of stones and
gravel, and land use (Fig. 3). The model's performance was evaluated using the area under the curve (AUC)
from the ROC curve. During the training phase, the prediction accuracy for dust storms and floods was
classified as "very good," with AUC values of 0.804 and 0.825, respectively (Fig. 4). In the validation phase,
the accuracy for dust storms and floods was classified as "good" (0.784) and "very good" (0.861),
respectively. According to the results, approximately 60% of the province's surface area has no dust storm
potential, while 15% exhibits low dust storm potential. About 9% of Khuzestan Province has a very high
dust storm potential. Furthermore, approximately 4.4% of the province's area demonstrates very high flood
potential, while 5% has low flood potential. The area with no flood potential accounts for 74.5% of the
province (Table 3). In general, the southern half of the province, particularly the southern and southwestern
regions, is more susceptible to dust storms compared to other areas (Fig. 5). Areas along the main rivers on
the western and southern sides of the province are at a higher risk of flooding (Fig. 6). The southwestern
areas of the province were classified as having moderate to very high vulnerability to both floods and dust
storms (Fig. 7, Table 5). Examining dust storm vulnerability across various land uses is a critical tool for
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managing risks and minimizing damages caused by dust storms. Land use significantly influences the
generation and transport of dust. The results from the frequency ratio index for dust storm vulnerability
across different land uses in the province indicated that rainfed agriculture exhibited the highest vulnerability
(Table 4). Irrigated agriculture ranked second, followed by rangelands and water bodies. In both irrigated
and rainfed agricultural systems, soil conditions and management practices can directly impact the
occurrence of dust storms. Conservation agriculture, by reducing mechanical disturbances and employing
appropriate vegetation cover, helps prevent soil displacement and mitigate wind erosion. Overall, the
vulnerability maps produced in this study can play a crucial role in environmental planning, management
strategies, and restoration efforts.

Conclusion

This study underscores the critical importance of assessing land vulnerability and sensitivity to dust storms
and floods for effective risk management and damage mitigation in Khuzestan Province. By utilizing the
Maximum Entropy Model, the research demonstrated a high level of accuracy in identifying areas
susceptible to these hazards, thereby facilitating the creation of detailed risk maps. The study identified key
factors influencing dust storm susceptibility, including aerosol optical depth (AOD), precipitation, elevation,
population density, and the normalized difference vegetation index (NDVI). The results revealed that lands
designated for agricultural use, rangelands, and dry farming exhibit the highest potential for dust storm
generation. This is primarily due to factors such as reduced vegetation cover, soil moisture loss, and wind
erosion, particularly during dry seasons. Effective land and resource management, alongside conservation
agricultural practices—such as minimizing mechanical disturbances and enhancing vegetation cover—are
essential strategies to mitigate soil erosion and reduce the impacts of dust storms in the region.
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Fig 1. Digital Elevation Model (DEM) map of study area (Khuzestan Province)
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Table 1. Factors influencing land susceptibility to floods and dust storm
Indicators Groups Selected influential indices S[:(;Jfrtrl Flood Sources of Maps
1 AOD v - MODIS Satellite Imagery
2 SPI v v Metrological Station Data
3 Climate Average annual precipitation v v Metrological Station Data
4 Minimum temperature v v Metrological Station Data
5 Average temperature v v Metrological Station Data
6 Population v v Statistical Centre of Iran
7 Human Factors Livestock v v Statistical Centre of Iran
8 immigration v v Statistical Centre of Iran
9 Education v v Statistical Centre of Iran
10 Digital Elevation Model (30*30m) v v USA Geological Survey Website
11 Flow Accumulation v v DEM Map and GIS Software
12 Topo -hydrology Distance form River v v DEM Map and GIS Software
13 TPI v v DEM Map and GIS Software
14 TWI v v DEM Map and GIS Software
15 GSI v v Landsat 8 Satellite Imagery
16 Bulk density v v Ground Data and Soil Grid Data
17 Soil Clay v v Ground Data and Soil Grid Data
18 Silt v v Ground Data and Soil Grid Data
19 Percentage of gravel v v Ground Data and Soil Grid Data
20 EVI v v MODIS Satellite Imagery
21 NDVI v v MODIS Satellite Imagery
22 Land use / land cover LST v v MODIS Satellite Imagery
23 NDWI v v MODIS Satellite Imagery
24 Land Use v v Sentinel Satellite Imagery
Table 2. Classification of AUC (4)
Classification Poor Moderate Good Very Good Excellent
AUC 05-0.6 0.6-0.7 0.7-0.8 0.8-0.9 09-1

Table 3. Spatial extent and percentage distribution of areas with potential for dust storms and floods

Susceptibility Potential > Dust Storm vi Flood
Area (km?) Area (%) Area (km?) Area (%)
No Potential 37653.669 60.95 46112.54 74.63
Low 9374.4345 15.18 3228.31 5.39
Moderate 4680.7349 7.58 6871.14 11.12
High 4502.8037 7.29 2668.40 4.48
Very High 5562.479 9.00 2709.81 4.39
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Fig 2. The results of Jackknife test for identifying the most influential parameters
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Table 4. Dimensionless frequency ration index of dust storm vulnerability across land uses
in Khuzestan Province

Land use Rangeland Irr_|gated R_alned sand  Forested Wat_er Residential Areas
Agriculture  Agriculture  Dunes areas Bodies
Dimensionless Frequency Ratio 0.18 0.19 0.35 0.03 0.01 0.16 0.15

Table 5. Spatial extent and percentage distribution of area sensitive to floods and dust storm

Classification Area (km2) Area (%)
Low 42785.60 69
Moderate 16651.84 27
High 2323.08 4
Very High 13.61 0.02
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