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One of the main factors contributing to air pollution is the phenomenon
of dust, which causes significant damage to various economic, social,
and human resources. Dust events occur in different parts of the world,
especially in arid and semi-arid regions, and are driven by both natural
and human factors. This research aimed to identify the origin of dust in
llam city using the spatio-temporal tensor of aerosol optical depth
(AOD) derived from MODIS sensor data during the period March—June
2022. First, dusty days were extracted from meteorological data, and the
spatio-temporal tensor of aerosol optical depth was generated. The
reason for using the tensor was to examine large volumes of data across
both spatial and temporal dimensions simultaneously. The results of
comparing the tensor with corresponding meteorological data showed
that whenever the aerosol optical depth exceeded 0.5, dust events
occurred. The spatio-temporal dust tensor analysis revealed that dust
levels are directly related to wind speed, and that dust events occur when
wind speed exceeds 15 m/s. Finally, by identifying the spatial variations
in AOD, four dust sources were detected in the study area (Beld,
Mesopotamia, Misan, and Wasit), with Mesopotamia recognized as a
major potential source. The analysis of the temporal pattern of AOD
indicated an increasing trend in May. The highest AOD value, 3.85 in
May, reflected the intensity of dust. Examining the correlation between
Ilam dust and the identified sources showed that the regression model
for llam city was most strongly associated with the Wasit region, with a
correlation coefficient of 82.96%.
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Extended Abstract

Introduction

Dust storms are among the most significant atmospheric hazards in arid and semi-arid regions, often
causing substantial environmental and socio-economic damage. This phenomenon is particularly prevalent
along the global dust belt, stretching from the western coasts of North Africa to the Middle East. Dust
particles suspended in the atmosphere may originate from natural sources such as soil erosion and volcanic
activity, as well as from anthropogenic pollutants. In western Iran, especially in Ilam Province, dust storms
primarily originate in neighboring Iraq. Due to the region’s climatic conditions and lack of adequate
infrastructure, llam is highly vulnerable to frequent and intense dust storm events. Recent research has
demonstrated the growing application of remote sensing data and geospatial information systems (GIS) for
monitoring and analyzing dust phenomena across Iran. In this context, several studies have focused on the
spatial and temporal analysis of dust events in various parts of the country. The present study specifically
investigates the spatiotemporal variability of dust storms in Ilam County. Utilizing MODIS satellite
imagery and tensor analysis tools within the Google Earth Engine (GEE) platform, this research aims to
assess dust distribution patterns over time and space. The findings identify primary dust sources and
characterize the temporal evolution and spatial extent of dust activity in the region, resulting in the
development of detailed spatiotemporal dust distribution maps for llam. This section outlines the study
area, datasets, proposed methods, and data preprocessing steps undertaken for the analysis. llam County is
located in the northwest of Ilam Province, Iran. It is bordered by Eyvan County to the north, Sirvan to the
east, Mehran to the south, and Iraq to the west. The region features a temperate mountainous climate, with
an average annual precipitation of approximately 619 millimeters and absolute temperature extremes
ranging from -13°C to 41°C. Geographically, Ilam County holds strategic significance due to its shared
border with Iraq, a primary contributor to dust generation in the Middle East. Given the transboundary
nature of dust transport in this region, the spatial extent of the study area was expanded to include zones
adjacent to the Iragi border. This allowed for a more comprehensive analysis of the spatiotemporal
distribution of dust storms affecting llam.

Material and Methods

Satellite Data and Processing Workflow

This study used satellite data acquired from the Moderate Resolution Imaging Spectroradiometer
(MODIS) sensor, which is mounted on NASA's Terra and Aqua satellites for global atmospheric
monitoring. MODIS features 36 spectral bands with varying spatial resolutions. For the retrieval of dust-
related parameters, the Deep Blue (DB) algorithm was employed to extract the Aerosol Optical Depth
(AOD) index, which quantifies the concentration of airborne particulate matter. The primary dataset used
in this research is the MCD19A2 daily AOD product, originally provided at a spatial resolution of 1
kilometer. For analytical purposes, the data were resampled to a 2-kilometer resolution to optimize
computational efficiency. Dust storm days were identified and extracted within the Google Earth Engine
(GEE) platform, and further processing and visualization were conducted using MATLAB software.

Google Earth Engine

Google Earth Engine (GEE) is a web-based cloud processing platform launched by Google in 2010,
providing free and rapid access to remote sensing data. As one of the largest platforms for spatial data
analysis, GEE is widely used in climate studies, meteorology, and remote sensing applications. Its use
provides significant time, cost, and human resource savings, as well as enhanced accuracy in studies due to
access to up-to-date and comprehensive data repositories.

Tensor Analysis
To simultaneously analyze spatial and temporal phenomena, multidimensional structures are required,
which are provided by tensor analysis. In this study, a third-order (three-dimensional) tensor was employed
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in the MATLAB environment to model and analyze the data based on geographic latitude, longitude, and
time. Unlike traditional statistical methods, the use of tensors enables the examination of complex
spatiotemporal phenomena with greater precision and differentiation. Dust storms are not only a nuisance
but also have profound environmental and human consequences. ldentifying the origins of this
phenomenon, particularly in the border regions of western Iran, such as llam County, is of critical
importance. The majority of these dust storms originate from the deserts of Iraq, Saudi Arabia, and Syria,
where poor water management practices and hydraulic construction projects have contributed to land
degradation, making it more susceptible to dust production. In this study, we used remote sensing
technology and the Google Earth Engine platform to investigate daily dust storm variations during the
spring of 2022. Unlike previous studies that primarily focused on periodic or seasonal analyses, we
employed daily MODIS satellite data in conjunction with tensor analysis to provide a more precise and
visual representation of dust storm events. The tensor-based plots for March revealed two significant dust
waves on the 4th and 6th of March, originating from the Wasit region of Iraq, which impacted Ilam County
and the Maysan region. The intensity of the first wave was such that horizontal visibility in llam dropped
to just 800 meters. The second wave, although less intense, was still notably impactful. In April, three
distinct dust waves affected llam, originating from the Balad and Mesopotamian regions. These storms
occasionally reduced horizontal visibility to as low as 500 meters. However, the most severe dust events
occurred in May, with five consecutive waves originating from the Al Anbar, Wasit, and Maysan regions.
On May 23, visibility in Ilam dropped to zero, marking the worst conditions during the study period. June
also saw two waves originating from Balad and Maysan, with visibility in llam reduced to 2000 meters.
The analysis showed that May recorded the highest Aerosol Optical Depth (AOD) values, indicating the
greatest dust density.

Validation of Results

To validate our findings, the AOD data were cross-verified with ground station measurements from the
source regions and Ilam. Specifically, a strong correlation was found between AOD variations in the Wasit
region of Iraq and llam County. Regression modeling confirmed this correlation, indicating that whenever
dust storms occur in the Wasit region, llam County is likely to be affected as well.

Conclusion

This study, utilizing spatiotemporal tensor analysis, successfully identified the origin and daily pattern
of dust storms in Ilam County from March to June 2022. The data used in this research were extracted from
the MODIS sensor (MCD19A2 product), and dust storm days were selected based on reports from the
Meteorological Organization. A key advantage of applying tensor analysis in this study is its ability to
simultaneously represent spatial and temporal variations of dust storms in a three-dimensional space, a
feature not available in traditional two-dimensional methods, such as satellite imagery. This approach
allowed for a precise examination of the dust storm origins on a daily basis, marking an innovative step in
atmospheric monitoring. The results of the analysis revealed that the dust storm situation in the study area
was critical. Four major regions were identified as the primary sources of dust: Balad, Mesopotamia,
Maysan, and Wasit. Among these sources, the Mesopotamian region played a dominant role, particularly
in May, with an AOD index of 3.85, indicating the highest frequency and intensity of dust storms.

Furthermore, correlation matrix analysis showed the most direct and significant relationship between
dust storms in Ilam County and the Wasit region of Irag. This study demonstrated that tensor analysis is a
powerful tool for monitoring and forecasting dust storm behavior, offering valuable support for
environmental policymakers and disaster management authorities in making informed, scientific decisions.
It is recommended that future studies incorporate additional variables such as temperature, vegetation cover,
wind patterns, and climate change to develop more comprehensive models for dust storm monitoring.
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EXTENDED ABSTRACT

Introduction

Landslide hazards and slope instabilities rank among the most devastating geomorphological natural
hazards, inflicting significant human, economic, and environmental losses on a global scale each year. Iran,
situated within the tectonically active Alpine-Himalayan belt, is especially prone to these hazards due to its
rugged mountainous terrain, seasonal heavy rainfall, and complex geological framework. This study
focuses on the Shahrchay River Basin in Urmia, northwestern Iran, a region characterized by intense
tectonic activity and diverse geomorphological features that amplify the risk of slope failures. The historical
backdrop reveals that landslides in Iran, particularly in mountainous zones such as the Zagros, Alborz, and
Binalud ranges, are driven by a complex interplay of natural factors—including geological composition,
topographic steepness, climatic variability, and hydrological dynamics—and human-induced activities such
as land-use alterations, road construction, and vegetation clearance. Previous research, including works by
Hemmati and Mokhtari (2017) and Baharvand and Sori (2015), has underscored the pivotal role of tectonic
processes, notably faulting and the resultant increase in shear stress, in initiating landslides. The Shahrchay
Basin, located near active fault systems like the Urmia Lake Fault, North and South Salmas Faults, Ashnoye
Fault, and Kuh-e-Shahidan Fault, exemplifies this vulnerability, with notable seismic events such as the 5.7
magnitude Silvaneh earthquake in April 2015, the 7.9 magnitude earthquake in October 1965, and the
aftershocks following the 1982 Ahar-Varzeqan earthquake highlighting the region’s seismic susceptibility.
The primary objective of this research is to explore the detailed relationship between morphotectonic
indices, drainage network patterns, and slope instability risks, tackling the core question of how active
tectonic processes reshape drainage structures and predispose the area to landslides. This study addresses a
significant knowledge gap, as integrated analyses combining tectonic, geomorphological, and
anthropogenic factors in the Shahrchay Basin remain scarce, despite the urgent need for enhanced risk
management, hazard zoning, and sustainable development strategies. The research is directed toward
environmental scientists, geologists, urban planners, policymakers, and disaster management professionals,
employing a multidisciplinary approach that integrates geomorphological assessments with advanced
statistical modeling to deliver practical insights for land-use planning and disaster mitigation. The
methodological design is grounded in its ability to construct a theoretical framework for understanding
tectonic influences on slope stability while providing actionable applications for hazard reduction in
comparable mountainous regions. The literature review, drawing on studies by Khazri et al. (2006), Nikjoo
et al. (2016), and Rofii et al. (2014), highlights ongoing debates regarding the relative impacts of tectonic
versus human factors, leading to the hypothesis that tectonic activity, when compounded by human
disturbances, is a primary driver of landslide occurrences in the basin. This framing sets expectations for a
comprehensive analysis that bridges theoretical geomorphology with practical policy implications,
addressing both the scientific community’s need for deeper understanding and the public’s demand for
safety measures.

Material and Methods

This investigation adopts a multi-stage, integrated methodology to evaluate the contributions of
geomorphological and tectonic factors to slope instabilities in the Shahrchay River Basin. The approach
encompasses data collection, spatial processing using Geographic Information Systems (GIS), extraction
of geomorphic indices, statistical modeling, and thorough validation of findings. Data were compiled from
diverse sources: satellite imagery from Landsat-9 (2023, 30-meter resolution) and Sentinel-2 (10-meter
resolution) supplied land cover and Digital Elevation Model (DEM) data, obtained from the USGS, while
geological maps (1:100,000 scale) and topographic maps (1:50,000 scale) were sourced from the Geological
Survey of Iran and the National Cartographic Center, respectively. Field surveys augmented these datasets
with detailed records of landslide locations, types, and characteristics, ensuring a robust empirical base. In
the GIS environment, topographic layers-such as slope, aspect, and elevation classes—were generated from
the DEM, and landslide distribution was mapped using Band 6 of Landsat-9 imagery, correlated with nine
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critical variables: elevation, slope, aspect, distance from faults, rivers, roads, lithology, vegetation cover,
and land use. Each variable was assigned a sensitivity score ranging from 1 to 5, with 5 indicating the
highest risk, following established geohazard assessment protocols. Key geomorphic indices, including
hierarchical anomaly (Aa), anomaly density (ga), bifurcation ratio (Rb), asymmetry factor (AF), and basin
shape ratio, were calculated using standardized formulas within GIS, building on methodologies outlined
by Nikjoo et al. (2016) and Burbank and Anderson (2011). The logistic regression model was applied to
predict landslide probability, utilizing a nonlinear S-shaped curve to link independent variables (e.g.,
distance from faults) with a binary dependent variable (landslide occurrence or non-occurrence).
Calibration involved assigning 1 to unstable areas and O to stable ones, with data processed in IDRISI
software. Validation was performed by comparing zoning maps with field observations, employing Chi-
Square tests (95% confidence level), Receiver Operating Characteristic (ROC) curves (target value >0.7),
and Pseudo Rz (>0.2) to assess model accuracy, fit, and predictive power. This methodology ensures
replicability and complies with ethical standards by relying on secondary data and non-invasive field
techniques, with no direct involvement of human or animal subjects, thus negating the need for specific
consent procedures. The approach’s descriptive and interpretive nature aligns with the study’s objectives
of elucidating tectonic impacts and informing practical interventions.

Results and Discussion

Analysis reveals a multifaceted interaction between tectonic processes and geomorphological dynamics
in driving slope instabilities throughout the Shahrchay Basin. The hierarchical anomaly index (Aa) of 1.34
indicates a lower-than-expected ratio of higher-order to first-order streams, suggesting potential tectonic
disruption or geomorphic adjustments, a pattern supported by regional studies from Khazri et al. (2006).
The anomaly density (ga) of 1.33 anomalies per square kilometer reflects significant tectonic activity, while
the bifurcation ratio (Rb) of 1.75, below the global average of 3-5, may suggest lithological or climatic
modulation rather than dominant tectonic control, consistent with insights from Burbank and Anderson
(2011). The asymmetry factor (AF) of 54.39 indicates a leftward stream shift, likely attributable to lateral
fault movements, and a basin shape ratio of 5.62 suggests tectonic elongation aligned with fault orientations.
Spatial analysis of landslide distribution, derived from 2023 Landsat imagery, identified 42.4 square
kilometers (0.61% of the basin) as unstable, with a pronounced concentration in lower elevations (1268-
2000 meters) where human activities such as agriculture, road construction, and urbanization are prevalent,
resulting in reduced vegetation cover and diminished soil cohesion. Slope analysis indicated peak instability
at 5-20% gradients, linked to human disturbances and unstable lithologies like marls, shales, and loose
alluvial deposits, while southern and southeastern aspects exhibited higher risks due to increased solar
exposure and soil desiccation.

This study employed a logistic regression model (ROC = 0.922) to analyze the key factors influencing
slope instability. The results indicated that elevation, slope, distance to faults and rivers, and vegetation
cover type exerted the most significant influence, respectively. The findings revealed that 87.25% of
instability events occurred within 3 km of rivers, 90% occurred within 2 km of roads in areas of sparse
vegetation, and 43.13% occurred in moderate to resistant lithological units within 1 km of active faults.
Spatial analyses further showed that hazard hotspots were primarily located at elevations of 1268-2000 m,
on gentle to moderate slopes (5-20%), and on southern and southeastern aspects. Moreover, over 87% of
instability events occurred within 3000 meters of watercourses. The results underscore the determining
tripartite influence of active tectonics (faults), topography (elevation/slope), and anthropogenic activities
(road construction/vegetation reduction) in exacerbating geohazards.
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Conclusion

This research illuminates the dominant role of tectonic activities, particularly active faulting, in shaping
slope instability hazards within the Shahrchay Basin, with morphotectonic indices providing crucial
insights into drainage network disruptions and landslide triggers. The findings reaffirm the importance of
the research problem, as landslides in tectonically active regions like Iran continue to endanger human lives,
infrastructure, and ecosystems, a concern echoed by Hemmati and Mokhtari (2017), Ngarash et al. (2013),
and Baharvand and Sori (2015). Theoretically, the study enriches geomorphological models by integrating
tectonic and anthropogenic influences, offering a foundation for future research into hazard dynamics and
landscape evolution. Practically, the results provide critical guidance for land-use policies, advocating for
restricted development in high-risk zones, prioritized reforestation to enhance slope stability, and improved
water management to mitigate erosion. The high ROC value (0.9223) and field validation indicate that the
logistic regression model accurately predicts landslide susceptibility, potentially explaining real-world
phenomena such as seasonal landslide reactivation during heavy rains, as observed by Baharvand and Sori
(2015), and offering a basis for modeling similar geohazards elsewhere. Applications are justified,
particularly in zoning for controlled construction, implementing watershed management projects, and
developing early warning systems, yet unresolved challenges persist, including accounting for long-term
climatic variability, adapting to urban expansion pressures, and refining models with advanced technologies
like LIDAR and real-time monitoring. The study’s contribution justifies attention from both specialists and
policymakers, offering a replicable framework for hazard management, which can be extended to other
tectonically active basins in Iran, addressing broader environmental resilience, disaster preparedness, and
sustainable development issues. Future research could focus on longitudinal studies to track tectonic and
climatic interactions, enhancing predictive models and supporting adaptive management strategies in the
face of evolving environmental conditions.
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Actual number of 1st-order streams (Guarnieri & Pirrotta, 2008).
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ga= Hierarchical Anomaly Density Index, Ha, = Total count of hierarchical anomalies

for the entire basin, A= Basin Area (Ciccacci et al, 1987).
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.(Guarnieri & Pirrotta, 2008)

Rb = Bifurcation Ratio Index,Nu = Number of streams of a given order,

Nu + 1 = Number of streams of the next higher order (Guarnieri & Pirrotta, 200).
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(Baroni et al, 2005) sYL 45, slaaal plolaas =Nu + 1
Rbd = Direct Bifurcation Ratio Index,Ndu = Number of streams of a given order draining
directly into the next higher order,Nu + 1 = Number of streams of the next higher order
(Baroni et al, 2005).
R = Rb — Rbd
Guarnieri & ) cblais! pedivs Cams =RDU ass> Sblezsl cos =Rb cobleiil 23Ls =R
.(Pirrotta, 2008

R = Anastomosis Index, Rb = Bifurcation Ratio of the basin, Rbd = Direct Bifurcation
Ratio ( Guarnieri & Pirrotta, 2008).
AF AR 100
= — %
AT

abg> IS Coluw =AT ( Lol ailsg, 155 o Sl =AR g ) lEpae aoys ol =AF

(Clement & Brook, 2008) a; ye yieskS 4
AF= Percent Basin Asymmetry Index, AR = Area of the larger side of the main river, AT

= Total basin area (km?) (Clement & Brook, 2008).
BL
BS = Bw
g =BW s (25,5 b O oo 052l 5l 409> Jsbo o3l =BL s> IS jasli =BS
(Burbank & Anderson, 2001) Ceud oy 5 5o ads>
BS = Basin Shape Ratio Index, BL = Basin length (from the farthest divide to the outlet),
Bw = Basin width at its widest point (Burbank & Anderson, 2001).

YL1
LN1 ===
N

azy0 anlpl slawi = N o) ax 0 anlyl Jsb ggame= DL ¢V ax 0 anlpl Jsb Sl el =LN1
(Zuchiewicz, 1998)\

LN1 = Mean Length of 1st-Order Streams Index, L1Y = Total length of all 1st-order
streams, N = Number of 1st-order streams (Zuchiewicz, 1998).
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Independent Variables Coefficients
Xo ol soe -9/5400
Constant Number
X1 S 5l alsls 0/23819
Distance to fault
X2 ool 5l alols 0/524297
Distance to road
X3 alsag, 5l alols -0/188468
Distance to river
Xa gl -0/161814
Lithology
Xs ALS sy 0/141
Vegetation
Xs s -0/398539
Slope
X7 ed S 0/505626
Slope Direction
Xs W)l clib -0/008911
Elevation classes
Xo RS- -0/036615
land cover

)

logit(Land slide) =-9.5400+(0.237819* X1 )+ (0.524297* X2 )+ (-0.188468* X3 )+ (-0.161814* X4 )+ (0.141* X5

)+ (-0.398539* X6 )+ (0.505626* X7 )+ (-0.008911* X8 )+ (-0.036615* X9 )

Pseudo ) (ywei o podds (Chi-Square) goslS (ee;l Jolis 8 lailiwl 5 ,Lel sla a5l oolaul b Jow o,Slee b))
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Table 3 — Validation Indicators of the Logistic Regression Statistical Model
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Observed Value Standard Value Indicator
10930/4795 >14/1 Chi Square
0/3133 >0/2 Pseudo R Square

0/9223 1>0/5 ROC
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Fig.2. Landslide Susceptibility Zoning Map Using the Logistic Regression Method
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Landslides are natural hazards that pose significant risks to human lives
and the environment. Landslide susceptibility maps are vital tools for
planning, management, and risk-reduction strategies. Various methods
exist for generating these maps, but their effectiveness varies across
studies. This research aimed to develop a landslide susceptibility map
for the Shahid Abbaspour Dam watershed using an Artificial Neural
Network (ANN). Landslide data points were randomly split into a 70%
training and 30% testing dataset. Fifteen influencing factors were
selected as model inputs, including elevation, slope, aspect, curvature,
Stream Power Index (SPI), Topographic Wetness Index (TWI), distance
to roads and rivers, geology, soil texture, land use, and precipitation.
Model validation was performed using accuracy metrics and statistical
indices (RMSE, Cohen’s Kappa, MAE, and R?»). The ANN model
demonstrated strong predictive performance, achieving an accuracy of
0.8543. The study identified rivers as the most critical factor influencing
landslide susceptibility in the area, followed by slope and geological
formations. The highest susceptibility zones were found in the southwest
and in a small northern section of the watershed. The resulting map
provides valuable support for land-use planning and sustainable
development strategies aimed at mitigating landslide risks in the region.
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Extended Abstract

Introduction

Landslides rank among the most destructive natural hazards, endangering human lives, infrastructure,
and the natural environment across the globe. In Iran, the northeastern part of Khuzestan Province,
including the Shahid Abbaspour Dam watershed, is especially prone to landslides due to its mountainous
topography, diverse geological formations, and seasonal rainfall patterns. Landslide susceptibility maps,
which estimate the likelihood of occurrence based on local terrain and environmental conditions, are critical
tools for planners, engineers, and policymakers. These maps guide land-use decisions, infrastructure
development, and disaster preparedness, thereby reducing potential impacts on communities and
ecosystems. Various methods, ranging from statistical models to machine learning techniques, have been
employed to create such maps, each with varying degrees of accuracy and applicability. However, few
studies have applied advanced machine learning approaches, such as Artificial Neural Networks (ANNS),
in the Shahid Abbaspour Dam watershed, a critical area within the Greater Karun watershed. This research
fills this gap by modeling landslide susceptibility in the region using an ANN, a method known for its
ability to handle complex, non-linear relationships among multiple variables. The objective of this study is
to produce a reliable susceptibility map to support risk mitigation, land-use planning, and sustainable
development in this environmentally sensitive area. By leveraging the ANN’s predictive power, this study
offers a robust, scientifically grounded approach to addressing a pressing regional challenge, contributing
to the broader field of geohazard assessment.

Material and Methods

The study focuses on the Shahid Abbaspour Dam watershed, located in northeastern Khuzestan. This
area, part of the Greater Karun watershed, features rugged terrain, diverse geology, and a history of
landslide activity, making it ideal for susceptibility analysis. Our methodology was conducted in five
comprehensive stages to assess the probability of landslides based on local conditions. First, we conducted
an extensive literature review to identify relevant factors and gathered data from multiple sources. Second,
we selected and prepared 15 influencing factors as spatial layers: elevation, slope gradient, slope aspect,
curvature, Stream Power Index (SPI), Topographic Wetness Index (TWI), distance from roads, distance
from rivers, proximity to faults, geological formations, soil texture, land-use patterns, precipitation,
Normalized Difference Vegetation Index (NDVI), and seismic activity. These datasets were derived from
1:50,000-scale topographic maps, 1:100,000-scale geological maps, and a 30-meter resolution Digital
Elevation Model (DEM) from ASTER satellite imagery. In the third stage, we implemented an Atrtificial
Neural Network (ANN) in the R programming environment using the nnet package. This machine learning
approach excels at capturing non-linear patterns among variables, making it suitable for landslide
prediction. The ANN was configured with a single hidden layer of 10 neurons, trained with 70% of the
dataset, and tested with the remaining 30%. The fourth stage involved generating a landslide susceptibility
map, classifying the area into zones of varying risk. Finally, we validated the model using a suite of
performance metrics: accuracy, Root Mean Square Error (RMSE), Kappa coefficient, Mean Absolute Error
(MAE), R-squared value, sensitivity, specificity, Positive Predictive Value (PPV), and Negative Predictive
Value (NPV). These metrics ensured a robust evaluation of the model’s predictive accuracy and reliability,
in line with best practices in geohazard modeling.

Results and Discussion

The Artificial Neural Network (ANN) model demonstrated strong predictive performance, achieving an
accuracy of 0.8543, RMSE of 0.123, Kappa coefficient of 0.79, MAE of 0.098, and R-squared value of
0.9916. These metrics confirm the model’s reliability in mapping landslide susceptibility across the Shahid
Abbaspour Dam watershed. Analysis revealed three primary factors driving landslide risk in the area.
Proximity to rivers emerged as the most influential, likely due to mechanisms such as bank erosion,
increased soil moisture, and fluctuating groundwater levels. This finding aligns with Zakerinejad and
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Amoshahi (2022), who noted heightened risk within 100 meters of watercourses in similar regions. Slope
gradient ranked as the second key factor, with steep slopes, particularly in the southwestern Dezful region,
amplifying instability. Geological formations, especially the erosion-prone Gachsaran Formation and
Quaternary alluvial deposits rich in marl, ranked third, underscoring their role in susceptibility. This
observation echoes Mohammadi et al. (2022), who studied the Izeh and Deh Sheikh (Abbaspour Dam)
basins. In contrast, elevation and slope curvature showed limited influence, differing from Selamat et al.
(2022), where elevation was a primary factor, possibly due to the unique topographic and geologic traits of
our study area. Other factors, such as NDVI and seismic activity, had moderate to minor roles, likely
reflecting stable vegetation cover and low seismicity. The susceptibility map classified 31.3% of the area
(75.37 km?) as high-risk zones, concentrated in the southwest and a small northern section. Sensitivity
analysis across susceptibility classes showed consistent performance, with values ranging from 0.8060 for
the lowest class to 0.8717 for the high-susceptibility class. These results highlight the ANN’s effectiveness
and its alignment with regional patterns, offering a reliable tool for understanding landslide dynamics in
the watershed.

Conclusion

This study successfully developed a landslide susceptibility map for the Shahid Abbaspour Dam
watershed using an Artificial Neural Network, identifying key factors and high-risk zones. Proximity to
rivers, slope gradient, and geological formations, particularly the Gachsaran Formation and Quaternary
alluvium, emerged as the primary drivers of landslide risk. High-susceptibility zones, covering 31.3% of
the area, were predominantly located in the southwestern and northern parts, providing critical insights for
targeted interventions. The ANN model performed robustly, with an accuracy of 0.8543, RMSE of 0.123,
Kappa of 0.79, MAE of 0.098, and R-squared of 0.9916, validating its predictive power. These metrics
underscore the model’s reliability and its potential for application in similar watersheds prone to landslides.
By quantifying the influence of environmental and terrain factors, this research offers a scientific foundation
for land-use planning, infrastructure design, and disaster risk management in northeastern Khuzestan. The
findings can guide policymakers and planners in prioritizing mitigation efforts, such as stabilizing slopes
near rivers, regulating development on steep terrain, and monitoring vulnerable geological units. Future
studies could refine this model by incorporating real-time data, such as rainfall forecasts or seismic
monitoring, to enhance predictive accuracy and adaptability.
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