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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).
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(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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Table 1- Evaluation criteria of landslide susceptibility classes and validation of the ANN (Wahba et al., 2024)
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Table 2- Landslide classification specifications using the artificial neural network algorithm
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Table 3- Area distribution and percentage of landslide hazard levels
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Central Iran

In the present study, the tectonics and seismicity of a part of central Iran were
investigated. The study area includes the Lakarkuh, Ravar, Kuhbanan, Nayband,
Tabas, Posht Badam, Cheshme Rostam, Bardsir, and Rafsanjan faults. In this
research, the tectonic setting and active faults of the study area were first
examined. The history of seismicity in this region, based on data from the Institute
of Geophysics, University of Tehran, was reviewed, along with records of
contemporary earthquakes from national seismic databases. These data show
clear evidence of activity along the Lakarkuh, Kuhbanan, Ravar, Tabas, and
Nayband faults. The presence of fault-displaced layers in the northern part of the
study area, as observed in Google Earth imagery, confirms ongoing tectonic
activity. Small earthquakes mostly occurred around the Tabas, Nayband,
Lakarkuh, Bardsir, Davaran, Kuhbanan, and Rafsanjan faults, while larger
earthquakes were concentrated at the Shahdad—Golbaf-Lakarkuh—Kuhbanan—
Nayband multiple-fault junction. Analysis of earthquake mechanisms, using the
first P-motion method and waveform modeling in Seisan software, revealed that
some segments of the Kuhbanan fault exhibit reverse and right-lateral strike-slip
movements. Based on potential future earthquakes, cities such as Tabas,
Kuhbanan, Zarand, and Kerman, as well as many villages, are highly vulnerable
to human and financial losses due to severe earthquakes. After compiling all
seismic data, it was concluded that the surveyed area is at risk of devastating,
high-intensity earthquakes. Therefore, seismological investigations in the eastern
part of central Iran and surface geomorphological studies in the northern part of
central Iran are crucial for understanding both the seismic and aseismic
movements of faults in the region.
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EXTENDED ABSTRACT

Introduction

The Iranian plateau, characterized by active faults, folding, volcanism, mountainous terrains, and
variable crustal thickness, has historically been the site of numerous destructive earthquakes, caused by the
convergence between the Eurasian and Arabian plates. In recent centuries, large-magnitude seismic events
have occurred regularly, with seismicity concentrated in Central and Eastern Iran (removed "the"),
particularly along orogenic belts such as the Dasht-e-Bayaz and Golbaf seismic zones. Notable events,
including the 1978 Tabas, 2005 Zarand, and 2017 Hojedk earthquakes, underscore the importance of
earthquake focal mechanism analysis in understanding crustal deformation patterns. Previous
investigations, both global and regional, have examined active structures such as the Nayband, Kuhbanan,
and Lakarkuh faults (corrected from Lekarkuh), integrating seismotectonic, geomorphic, and geological
approaches. This study focuses on the Kuhbanan Fault and adjacent structures, assessing focal mechanisms
of previously underexplored earthquakes and identifying young tectonic movements within the eastern and
western sectors of Central Iran. While the eastern sector is seismically active, the western sector exhibits
low seismicity, where geomorphological indicators become particularly valuable for detecting neotectonic
activity.

Study Area

The investigated region forms part of Central Iran, encompassing the provinces of Kerman, Yazd, and
portions of South Khorasan. This area contains numerous active faults, among which the Kuhbanan,
Lakarkuh, Nayband, Golbaf, and Tabas faults are the most prominent. Geographically, the study area is
located between longitudes 53°33'E and 57°53'E, and latitudes 29°59'N and 33°86'N (replaced "to" with
"and" for precision).

Materials and Methods

Seismic hazard assessment was initiated by compiling a comprehensive earthquake catalog,
incorporating historical events (pre-1900) from Ambraseys and Melville (2005) and instrumental records
(post-1900) from the Institute of Geophysics, University of Tehran. Focal mechanisms were determined for
nine earthquakes (2006—present) using P-wave first-motion polarity analysis, applying the double-couple
model with P- and T-axes, following the approach of Stein and Wysession (2009). While seismotectonic
analysis was prioritized in the active eastern sector of Central Iran, geomorphic and structural mapping
using Google Earth imagery was employed to investigate neotectonic features in the low-seismicity western
sector.

Discussion and Results

Approximately four-fifths of Iran is occupied by the folded mountain belts of the Zagros and Alborz
ranges, while Central Iran comprises low-lying areas with complex tectonic structures. In the low-seismicity
western sector of Central Iran, geomorphic evidence such as offsets of young strata along faults was used
to infer neotectonic activity. Examples include a 3.19 km right-lateral displacement southwest of Tabas,
likely associated with the northern branches of the Kuhbanan Fault, and a 1.09 km right-lateral offset near
the Posht-Badam Fault.

Since 2006, a total of 6,496 earthquakes have been recorded in the study area, the majority with
magnitudes below 4.0 and concentrated mainly in the eastern sector near the Kuhbanan and Lakarkuh faults.
Major events include the 1923 Bardsir (M 5.5), 1981 Golbaf (M 7.1), and 2017 Hojedk (M 6.1) earthquakes.
Focal mechanism analysis of nine well-constrained earthquakes (2006-2011) revealed a clustering of
seismicity in the eastern part of the study area, highlighting the role of the Kuhbanan and Lakarkuh faults
in accommodating active tectonic deformation.
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Conclusions

Analysis of young stratal displacements in the northern and western parts of Central Iran indicates an
active tectonic regime, with major structures such as the Kuhbanan and Lekarkuh faults playing a dominant
role. Although the region’s overall seismicity is lower than that of other tectonic provinces in Iran, most
earthquakes are concentrated in its eastern sector near these principal faults. Among recorded events, nine
moderate-magnitude earthquakes had sufficient data for focal mechanism analysis, predominantly showing
reverse and right-lateral strike-slip motion consistent with the orientation of the Kuhbanan and Lekarkuh
faults. The findings suggest a significant potential for future large and destructive earthquakes, particularly
if larger fault segments become reactivated.



BO-VY o AF+F 3ul oF o)l IF ol ISSN (Print):2322-1682  ISSN (Online):2383-3076

wols 4 pid
it Of bl g L1 i

S5 (g yaw DOI: 10.22067/GEOEH.2022.78334.1271 g o

S olnl 6y w9 Jb Jidu smdo)y g Coluimoics ) (w2

T s iy ol pels T e daze 1 2 g8l i (5 iSw!

Ol el yS (lo S ydls doged olREG1S o) Jimns (A3 09,5 5 (ol pmo)) 09 )5 (S 9SS uulh | cawlic )1 (g ganaiils’
Ol cslosS cosbo Syl dugels oIS 0 Y evme) (ligs 0955 9 (mbisdioyne ) 09,8 Skl ™
Ol 2l oS ciylo,S bl sy sl ool (o j 09,5 sLustails”

PRV Ao leMb|

sy (635 50 Olnl )l idu o)y § Lol ety (o & 9y e (s 50 allio azes b
il b i) w058 S Lo S 805505 1 45 o0l ooy Aigy el 00D
© S (o)) gaddi dgi bl 63550 olpl Gl Jud 5 (lansS g sy
Sk ailid s 0,90 ju g (BEIws Cod ()l590 5l Gy 0,0S (pl a5 0l astie VRPN 16,5050 &b
o S oo Gialad s |y winl g ek 9l (lapsS g S oo (09 Lz 51 vea vy s b
W)l 58S sloe S 65,5 4 L 655 e olnl ek (i jo (s cwlibisy,
Lol sloay ol ol ple |y Liz sla s bug (xhaw sloa¥ ol lral> iguls Slels
ooy Sy idlioe SSbl g plol Coty il b Slo oS (05 50 oud SigiSig8 5
Ol 5 e Ol SRS Supdes Aebe )il ASS Sl ead aid Sy SigSisenle
O Hlodls (59 Glamdy 9 (LadsS (lgls ¢ 095, el b slo S ) )
= OlersS — 095, = SIS — olagd sl oS allain Cugn 50 55,5 glaej) B prilie
P zge (oS Ghgy 3008 5 Woslime) oo S8 655, L alosls (g9, aal J sla LS
20558 5 lersS sl 5l (aleaSs ) g5le ey nle 515808 5 5o laolKinsl 5l onen
SloaSS )5 iy oS 035 ugSas g el JHLLLLy 56 Sl oo J e JSg5le > iy
aile ol yed o) ey (SoSTy il wlansls iom Syl red b S S5 ol
S s (oyme 13 (o slaliug) (rizmad g (HloyS b g )5 (HlapsS (b
29 50 (owlido ) slaom) il pli 285 winles 5 a3 )5 18 g0k Sl g JLe
seid dds 4 e 5 s S e olnl Jlad )3 (e cluire i s 5 655 0 Ol

2l g mten s sl Gtz (0052 05, 02 5 oS iz (09

E-mail: nematimajid_1974@uk.ac.ir Sem Same SIS 1 Jgtame odia g

VE O bl o g b

Sy



file:///C:/Users/user/AppData/Local/Temp/Rar$DIa9952.39598/nematimajid_1974@uk.ac.ir
https://orcid.org/0000-0001-6982-4110
https://orcid.org/0000-0002-4510-5493
https://doi.org/10.22067/geoeh.2022.78334.1271

24 O‘)&o& 9 @sﬂw o gs)é.’o.ﬁw‘
e 9 o Gide (g0l Ci b e ey ) (o)

doddo

Slagy Syl glaculns g (SlnsS sla ey o FLibisT Clld da S0 )55 ez diz GladuS b aS ol gy
0392 533 93l Lo 5 ol (528, s 5 LT i 5 w3 0L 1y (6ot o ee (5l005 05 g 5 Jsbo 53 o askiie
Lo ol o e i30S slagy )3 0 el liva e dio g Lwlysl dmio 0,5 e0 b g 0 ol plslos cilo ) ool
Vs G Pl GB)5 bojlimey Saol So Jlo g0 o 9 Ve 5l e 855 b oj lime) <o 28 pSicems (Lo 03 5o
SBS53,55 (e 5 (2li0ss oS )0 i g adls (SBIGSOL (SasS1y Glnl ol 9 655 70 lnl o oy Jore; ilaxsls
(Berberian, 2005) cul osls &, cilos S abol>| 1) pglie g 05, ygay caidls o s slaSsh a5 sl 5

87 g iz Jlad 50 (Bloceds 658 il (ol (S p8 w0 S 93 50 (lnl B 5 655 0 Olnl e Jis;
shls S 03ls (59, VI¥ 1,5 b e VAVA (g 05 Jimmes e Placnds 55030 8,08 (Slaws ;3 0l S wgizr )0 SLIS
WL Jloh 55 (5555 slaosS Sl b ady (g )0 05 ) cmes ol el 03 san 53l b by (SidenS JToslS AD
srely liuly S gsle 5 6 5 wsi — (65l lad sliwl, b LawsS S (Berberian, 1978) el ool (59, dinul S
395 (8le5 A mn) JS S b egmsSian 53 b oS 055 Yo+ 8L 05 csme el 0395 (50U sLo03 i oKl 3
el 001y (59, oI ol ppanl) ALl plale g 50 5 GlansS S oo i ,0 PIT (g,5liS G55 Ly 5L
Jled) Saza (oo 0 FINV FN FIY B, LYY ,welws VY [y o)) (1w aw (Walker, Jackson & Baker, 2004)
saies oLad Ll (sloos ) g 5 Woj diee; cnl ilools &5 095,80 oS gz ALY 5o Waoj Jismes cal 0l 5 (OleyS 55>
.(Nemati, Hajati, Rashidi & Hassanzadeh, 2020) sg; s 25U Jlods (g9 4 (5,55 Coiz 5l (Kund &>l

4 09 Sy sloo) Jires g 4 WojJime) @83 Woilw g (s5ue) ) A (pals wieils (SSbe ooy Sl s
69y 3l el 0y Jimey (lS 50 S Ggali Sob 90 ol (K Sl o) i) g5k )l ok slas )8
(Nemati, 2018) 0980 032 (9 (o) &gy el (S Wg) 4 juB03)) 008 S5 ) o) Jirme B g5l

,» (Jackson & McKenzie, 1984) 5586 g HanS> a5 4 lgi so (igh () Eadge diilan oals plxil sla,lS
Wosle Jo Ae 5l s s[5 j0 w0g05 o)Ll 1 o (Moradi, Hatzfeld & Tatar, 2011) ,Ken 5 (s5l50 5 oylo>
8yeS 5o aila gl )0 Lizr ST g (LS o )b g oy 850 SPo) ) eizren 5 lojlsale nolai Lol jen o)) 5
sojdo > Se5le J> b 58 (Moradi, Hatzfeld & Tatar, 2011) ), ¢ (g0l 0 .ol 00l gy LSl g a5 5 048
Olnl 5o Gl Gl 5S 0l (g 8508 W3 (g IS (nl et 09 o A S5 g g ey @y St JuS
3, (Nemati, etal,, 2020) ) Sen 5 (stons (owliio; J sla)lS & plgs oo 55 Olnl sl 5 635 50 Olnl o 0500 sl (535
Fattahi, ) o) Kas 5 >3 oxbaw Cloymn )y s 5 (ol pmn) IS s (Mw~5/+) Samxa Y+ VY (sl J oy 5 095 S0 S
Sl i 5l sidu (655 e ol pl )0 0ged o)Ll el g lomnd ) 0 53 (55, (Walker, Talebian, Sloan & Rasheedi, 2011
Nemati & ) ol wle g gond .Cawl 00l oy 5 (Beygi, Nadimi & Safaei, 2016) ), § (Ko Lawgs 5 v S lg>
W o)y opl ilodges gy |y HloyS sl la Jud @y aily Lis o lu o) 9 (owlicdcou e 55 (Abbasnejad, 2021
SVlie )3 oSl 4 az s bosd (grw gl (nl 0 xS oen 0 ) S g LY Sl (S (e cE b,
O 5l > )8 g5k (Radfar & Pourkermani, 2006) cuwl oals cwy o largS JuS b colopojcsn ) 556eS
SEES Gl Wiz rizres g Wlodd (cw) 2 00 b, 4 b oddd (o) 2 &S Ggeli Sl JuS g oS l slae; )
S0 ) B3 5l (635 50 il 50 (o) Sewd 50 00T 09d () p B39 oud aSLLS i STy (635 e OlRl Olsx
Loy (555 87 5 525030 g (65l 08 iz 3ga5 aiuatios (i 59 ,8) (595 5 6551 005 53 & i s



;. VFeF 5l ¥ o lads IF e ¢ aummo @ pblo g Ll i 4 it

(;:)5..4 P aS odls W}f Q.").al...s ‘o)b ‘505 ‘_g)..}o)).] ’)Lo‘ 5)5)"' Q‘ﬁ‘ L';)’“""L’ 3).'2....5 O ‘Lg)'.s.é-o)‘)_‘ olf..\.:.) )1 o o)’).l&
D35 oy B9y ol ST Ay Sl «($35l58 9055 (el Dl s il

axllla 3 90 dibio

)

07w (nl 3505 o 33 1) 2o Ol 5l g8 g 0n pleyS Slaplivl 5059 (535 50 Il 3l (a0l (o 80T

0 7S (0l 13,5 0,L8l g o (BLIS e oS ST LS JuS 4 Ol o0 Lol ireten 3l 45 Sl 3L 5 slaJuS sl

b asdo 09 gax,0 YA olidlas sla oie g (5 35 4880 OF g a0 OV b addo YV ax 10 OF o ol e o Job o
O U)oyl sl ot 4885 AF 5 ax 0 YV

(Al
Untitled Map
Write a description for your map. [ \ s
(@
E é
3 3 N
2 z
| LR
— g
E ;
0% W 156 200
- — —

() oo S S g 1o s L ol pa () iy sy o 8 =Y JSC&
Fig.1. The study area (a) with major cities and faults (b)



" O‘)MS@QL&“WG)W‘
e 9 o Gide (g0l Ci b e ey ) (o)

L 99,9 Slgo

IS ol 3 ey el 58 Lo Jirms SIS g5 5o ) Sl oo ool (sl slaly IS
(oMo VA1 v 5l o) (olfiws 5 (edkeo VA + 51 L) ()b sloo Jisen 5 DleMbl (5 5 JolS a5 oo ) e SeS5ILS
S w895 Ao g (AMbraseys & Melville, 2005) Jgle g (ol ol 51 s 55 a0 1y laools ol puisl asisls JLast jo s ls |,
i 48,5 e oKl

48" gy cnl yo el 05 Jime; P slags py iuda (68 IS 4 o Jia 5155k (50591 s 4 sl IS sla g 51 (S
@ g5k 8rlo 59) WojJime; P slagpy (iukad ol plyplanl 55 G55, Jolsd den g LS5 dan )3 baojJo > sl
@Rolinl b (5,Lad 8,5 90 00l (nl 59y 00,5 50 > 03 )0m05 S 93l 5 0 az Gl 3ges 5 (LS amio g0 S
| e dimes o515 gams o ilS S35l Sl 5o s (o) sl i b (A8 5,008 50 5 (5,029) WU (i
O & a8 258 00 (28 9 Sz 99 Jold 5 e o (5,1 AisTa Al (nl 50 5 S o0 LB ) abaB Sy & 50 4
by (nl it Solune (55 515 51 9 W5, 50080 S BB ) 95 Zadz 93 Ul (l 50 098 o0 4T Jolae (295 95 (595!
S el ol 5508 i S U lyfsn |y Jae ol S e (225 1, 50 5l ol jliaf o S8 25 Jo> 4o
@556 99 9 P) O3S (S 1 9y 90 &5 laigSar 0,8 (Rl (G2ES 0yS 0 P 6,la8 lajgme 5 (g lid oS 0 T
g5l remoy)) Aals Aus 3l L i ol yo (Stein & Wysession, 2009) aiil azils sl (T) slS 5l )l (s
(Dgd o8 oy 9 00D > 9SE V7 o5 )y 4 6Lt

Ol 75 00 T 5708 10 il Caslyl sdes) sloigm 2 Banele o535 0 ol gl o) 8758 o a4z 5]
ol 00l (g 58 BIUSSS Slojlgale slao Sy 62T B 4 b baY olrale 5 0 tnS colugiejcon,; 555 50

OIAS olsls G 528555 o Slooliwa] Jawgs ond cof laools jlio i )5 o Jie; Wosl (3,5) ows 4y 1
F,b 5l eads il slooyJipme; zae UK ol osls (1l 030,S oolatul cewl ool ools 1,8 duwie ol ' olu (g4, a5
@3, Zipfile JSs a5 Y-file o g0 ay lal a5 1, boosls it /v 51 28,5 8,5 LYYV ) Gy b B Yo o810V )
—Jled (@3B sliwl; a0 Wl oo o] ja ALl IS @) 00ls (i o) e o sl Bl oo G855 At Calw
2l sloj esls (g3b olass daolliwsl slawi & 4z 95 b g dass Lo 4y 0 J ) 2 Sl oo adlie ¥ 23k - 515 5 oo
6l ygins alwg 4 g Luls Jole e ;0 allos 1) oyl o 05 0 8L 0 Y-file Co )b a (Cuils punlgs o)) v
SS l58le 5 ol .(Abre Dari & Mansouri, 2009) ouS co Ceoyd bowd il H158le 5 Cwyd a4 05 Jome) o s b slods
ol 2 sz gn ol oo Jismn) 835 Sslie IS paS o o8 Laaslyy (5 0 ik sl cslaash 51 USase 305
Toe IS8 mizmen 5 (B sloj ) slasls sy ploj sl (e Sl bl jl8le 5l aisS' (o0 ) (358 (ommagitalip L)
S &3 2o (5 ko Sl 215 5 Lkl Il 3810 5l il oo 539,9 Olyiear 995 4 (ogaste Cuyd L laoj Jiress
el oo Sy S g3k S 5 (Lol o) imes (el sy 555 0]

1- http://irsc.ut.ac.ir/istn.php


http://irsc.ut.ac.ir/istn.php؟lang=fa.

$Y Vo F 1l o oloc IF alo o mo &l pblo 5 Ll i g pid

0% X6 1545 46.1 1 31.147 56.830 15.7 TES 1% 0.7 5.6LTES

5 Extar § %o quit oz
o fape hp Rake Fol: ¥ B¢ EE  Rax Exr WM RErr  BEer (A PoAdE CITEEER Un SENvimu &2

PEL el Lt B SR i 2ome the carser and saver For T
w0 sebecs yomr predesoed solusi

ol 0ol (g9, 065 S S Slbe 8T (59, 05 crny ol Yo QBN 05, e g5kt amren 555l digad S - S
Fig.2. An example of an accumulation mechanism: the mechanism of the 26/06/2009 earthquake. This earthquake
occurred on the middle segment of the Lakirkhu fault.
a0 oo IS8l 2oyl ey e Ese s Sln S o0 003 095 By Adgy o ole g Sl b L ) o) (e
slo > leis (ool &0 slaws g lallas 48,5 aieS bioj ) oy o slazge plas] 5l am g oS oo Sl oS g i )Lad
(Y Jiw) ‘«,.HS‘SA (onsd 5 |) )159)'Lu4 Eﬁ‘é ul;la 399 00)9] Cawd |) 00wl Cawd L
Sy comizman o 00y5] s 4 ¥/ VL 5155 boj)) ey A g5k w05 ) e S g3le > gy ol 605, 4 L
Ao sloosld (6,5 IS0 b aolod ol Cows @ 0,8 O o 1) laayY lbal Gl SS 65,54 L oS Jld o
3,5 )8 Con 8,0 05uS (o)) ALa A Gis l38le 5 g )l oSNy G 58435

Sy e 5 OlRl 635 0 i il S158 5,01 g o 515 Sla 50,95 e &, 1) Ol pl haw o e Egeame 5o

@Sy 5 o S iz (al 3 W) edzn 5 08,0 (S3leiees bl T 5l alaite (B a5 ead JSis
aile o5 ) 0 5 Liz (gloe S a0 sloel 51 (S ilazdl (585 Loyl oo 50 S5 sl l5Sad g Lol 457 03l g2
o (Y J...M.f Ja....oﬁl' 03D L> 4..3[? ‘_gl..m mﬁl g;\,,,.é&.o Oy J.S.w | u.?da.u: ‘SMJL.MJMPU) g_:b.:...u R ‘6}5)A U‘)‘i‘ ).:.>lJ

AR e QL""‘" 6}5)A Q‘JJ‘



oy O Ke g 2eSBlow cund (5 Sl
e 9 (Floud SiB (6 3u0) g Sl o judy 5 (o) 32

5328 57 30

SooglefEarth
iifar i

la J.....f Ja..“aj.s 0Ly |.> 4.{'.? dllb 4.,15} Ca,,:é}.c —‘“J&.&
Fig.3. Location of layers displaced by faults

L:bJ.mf o ..\3‘0.3; l>al> |) Q|5:.> sl 6LQJ-M5 O R Q‘}.?- (5wa Qob ul.m.; laasy ‘53L>c\.,l:> sy J.:J.b
oobie A U Y oo, Sy jo Sloals o.b)ji wilools > al> 9 03y L:bJ....f lawgi oS LS{L:M{Y o9 u—“ BTy Q‘}‘? %
el 00l o»b)j] ‘0)1:.; C,wa‘) 9 u.u“la 3.»;; L

) oyled) wod oo lis sl 0ols F) b o el 6B L e sy S VY a1 4Y G sloals oF S
L)L""‘b; J.wf ‘Sn.o.w LSLQ‘L’L‘*‘ .la»ags ‘_,’.\L><UL‘> L)"‘ cul.ofé.o | )Jw‘) cbjfda 9 03 '5)9])-! )Logl.os AVAR ‘_,,.,qub- U"‘ 5)‘..\;‘
el 00l plxl

ey 3554 5 009 el S V- Sloals cnl S5l (Y o lal) cunl ools &) plobcuiy, JuS Soop o b UK o
ol 00 00ls lid 508 o> LAY Gﬂ o b S oo, Sy ol jo ol



¥ VB sl o 0yl VP o  hawmo ol pblis g Ll i 4y pidd

33708 16" N
56° 537447

Untitled Map
Wirite a description for your map.
R 7

¥ USS 4 az g bS5 )leds Comdge o Y plral> PSS
Fig.4. Displacement of the layer at position number one according to Fig. 3

33708 16" N
56° 53447

Untitled Map

Write a description for your map.

32°5 N
56°17° 56" E

VO USS a4z g b g0 byleds Comdge o Y Slal> -0 S
Fig.5. Displacement of the layer at position number two according to Fig. 3

ool 7, i JuS abl 10 g 0,58 5l Jld o olals cplcwl sad ool plas £ USE 0 Y b led oloal>
ﬁu\j‘) )SL’} JLo..u S & (LS’T [°'>) ul.mf .‘a.wy C:JLA.MJ J}L QT 3 ] 00 J)si).t ):"‘91'35 Y/ar ‘5{[.?'4.’[.?- CJ'?J SJLM‘ o



0L 9 (BeSBlw s (g Sl

70
e 9 (Floud SiB (6 3u0) g Sl o judy 5 (o) 32
33°38°48”" N
54° 10’ 49” |

Untitled Map ,

Wirite a description for your map.

Google Earth

3310’ 55" N
53°12’27"E

VS @ am g baw 5yl g jo Y plale —F UKD
Fig.6. Layer displacement at position number three according to Fig. 3

S3lail el ools (g5, (ke w0l 3L (6 el S AT 0 ((F o )leld) sl ol osle HLas VISS o a5 Slal> ol
oads plosl &) U555 slalols Lol SaSa la plals pl 05510 el 009 yioghS B il o picul, &5 Llals oy

33°33'00"N
56°27° 08 I

Untitled Map

‘Write a description for your map.

Google Earth

33214337
55940°40" E

Y J.S.J) Ay dz>oJ '.g )LQ.> s)l.o...';) Ca:..&é}.‘o o Y s.&[?d..gl? —VJi.&
Fig.7. Displacement of the layer at position number four according to Fig. 3



55 1Pl o o)lod OF al (anomo Ol bl g Ll jaer 4 505

32045'51°N
56°41 47" 1

Untitled Map

VUSS @ azgi b iy 8)led Comse o ¥ plrale —A JSS
Fig.8. Layer displacement at position number five according to Fig 3

WY o alrals ool il 08,5 olrals | lacns gloaY (uf o] o 4 ams e olis |, 0 ol olale A IS
| )JCM...“) 4.’;4.» 9 009 ).».451.:5 VIYY ‘53194.\[} u.:‘ o)L.\J‘ | QLLQJ ul:.u).@w 6)515 JL@-MJ 6)3.051.‘5

S0

@ ez bl ools &) Voo F Jlo 5l (Slos 8L 53 (g2 )90 8708 50 05000y FFAF Jlad & IS5 @ 4295 b
S ) bools (g9; slwo; e jlad) Wjls S Alasly d5 )5 b baoj ) (e Slas jlads a1 gyl - S i5sS (98
2 P OO B ¥ 5,5 b by Jimmes wiias FIe 5l e 6155 b o Jires (ul fiien &5 < (oo (Coml yiin
O3l 00 Geizmed g (LesS S (595 655 0 Olnl o (i 50 o) Jiee) s ilodls 25 (g 3590 85 5l
Ol (03l € gpd 2 ¢ BLIS 058 ST il el Slo S (goly ) Siden (S50 Waoj e 0,5 losls & 055,80 JuS
losls (59, loeind; 5

O oo Joyey cnl (Sl las Sl 5 Conl o s 3 )] 5 oBiils 558655 Ao slaosls (6,08 S b ais )
o3 Jomns Sy aiilcn kS 5 LIS (005U slo S &y aily ity Ylazo baoj Jorees cnl edligo yagkS
e (b Sy 6o, S Lad) (M A1) Saza Y1V 5 (M YY) GLIS VAAY oM B/0) s 5 VAYY (slio ) e w0 s

) Gl Pei) 635 pe Olrl AL erinoe 4ld )3 &5 WS len



oy O‘)&w 9 @pw o ‘5).\.25.»;|
e 9 o Gide (g0l Ci b e ey ) (o)

u‘l'.u’l “wet H".H’\ 'J‘)'l)o‘l
£ H 5
8 £
N
@® 6-6m
: @ s-5m
27 [
5 5 - 4-4M
o 3-39
25-29
— ! sla L
] e
n R
0 30 & 120 180 240
- KM
S)"'ls'l

dage SLoodls (65 b (w2 9590 070 e SlabeS ol o a0 YO I 5 e G5 b sbvo Jiee; -8 S
VoYY Jlo b Yo s Jlo 5l ol olSasls 508955
Fig.9. Earthquakes with a magnitude greater than 2.5, along with important faults in the studied area, using data
from the Institute of Geophysics, University of Tehran, from 2006 to 2022.

ol cpmo s 950

ol 5o el Ll 5550 oo Jnens (S5 o mtes 5 0092 o3 Sy 992y Ltz Coliopay sloaiz 51 (o ol 50
J> sl ol sy 05 0es 3 G55 a5l YAV B Y- # Lo 5l leoj ) sy @lsel (3105 5 on 5 o 05
S5 madged gy 1y OIA B ¥/ o B 55 eimren 9 V51 S loany M sllas 5 A (YL slaasy Dy slaws o555l
2] g amo o Hlis el ol sl Jgd BB sac a5 00g VAT I S e ) e den AZIMUth L Sges ;]
Ol Slasine (Sl iy o) Jime) Condse C85 5 alS] (ilgy Al S 4z p0) Coul Jou8 L ojlail 4z Boj ) e
U VY I I PR TR L Y SN 00T

0 fnS &2 (59, o) i) s g5le den LL o latdls 1) W op teS 5 ) g5l (n e 5 (R 5330 o)) (o) A0

(O JS8) Cealogs ST g (liaasS JoS' (0035 50 9 (o) 3)90 8505 Hol> (A5u )3 o Jre fiion oo Wgdi oo 03ly
ol LT ey glla 525 o )i RMS
(Yool [Ve]+8) S 8 lou 0 Yoy ) 5950w

295 SreskS Vo 0 FI 68,5 b ol sz 4z 0 TTI56 Jobo 5 Yo A (oye )0 5 Yoo PIN 108 G 6,0 05 ) 0me 0]
O B g5l allise (60 gz — 3L Jled S (nl Wy, el 00ls (g5, LS S (Su03 50 5 a5 Gl e
Wb @SB Al cpl o JuS ol g el salbiuly 5657 51 0 e



#A VEoF b o 0ylocs OF al e &l yblo g Ll yio 4y 5t

i 4R gPR RL SS CF AG Jgaz ol ;0 .l ool s ay (g ool 10 sl g5k a5 oloe; ) e S ypd =) Jou
Al wsSae «(Right lateral) ool «(Strike slip) jaltl, (Causative fault) o Ju8 (AZIMuth gap) Sses;l o5 cadse
Sib o (ReVErse) .sSsxe o (Pure reverse)

Table 1 - List of earthquakes whose mechanisms were obtained in this study. In this table, AG, CF, SS, RL, PR, and
R stand for Azimuth gap, Causative fault, Strike slip, Right lateral, Pure reverse, and Reverse, respectively.

NO Date Lat (°N) Long (°E) Depth (km) Mag (Mn) RMS(Sec) AG(°) CF Mechanism

1 10/9/2006 30.8 56.8 10 4.9 0.4 131 Kuhbanan SS-RL

2 12/2/2008 324 56.4 19/9 4.5 0.5 125 - SS-RL

3 3/7/2009 30.8 56.8 8.3 4.3 0.3 129 Kuhbanan PR

4 6/26/2009 311 56.8 5 4.3 0.4 126 LakarkKuh  R-SS-RL
5 1/26/2010 30.9 57 21.2 4.3 0.4 133 LakarKuh ~ R-SS-RL
6 3/1/2010 31.2 56.9 4 4 0.4 184 LakarkKuh  R-SS-RL
7 7/31/2010 29.7 56.8 4 5.8 0.4 110 - R-SS-RL
8 9/15/2010 30.8 56.8 6.7 4.5 0.5 97 Kuhbanan  R-SS-RL
9  12/16/2011 30.8 56.8 6 4.1 0.4 92 Kuhbanan PR
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Over the past few decades, significant changes have occurred in the Mardagh
Chay watershed, primarily due to the development of agricultural lands, the
expansion of settlements, and other activities. During this period, several events
such as surface flows and river overflows have taken place, leading to flooding
in settlements and damage to infrastructure. Accordingly, the present study
examines and evaluates the impact of land use changes on flooding in the
Mardagh Chay watershed in East Azerbaijan Province. First, land use
classification was performed using an artificial neural network model, and land
use maps were generated for 2001, 2011, and 2021. Subsequently, the SWAT
model was applied to the classification results. According to the findings, over
a period of twenty years, with the exception of barren lands, all other land use
classes showed a dominant increasing trend, with the rangelands of the region
experiencing the greatest expansion. The results of the SWAT model also
revealed that the runoff trend in the Mardagh Chay basin has largely
corresponded with land use changes during this period. In particular, the growth
of pasture and built-up areas in the region has had a direct impact on the increase
in runoff in the southern areas. Considering the effect of the topography and
slope of the basin on flow trends, as well as the greater imperviousness of land
surfaces in the southern areas compared to others, the flood potential in these
areas has been determined to be significantly higher.
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Extended Abstract

Introduction

Floods are considered one of the most important and abundant geomorphic hazards in the country, which
cause a lot of damage every year. Recent events in the course of the Mordag River have indicated the
frequency and intensity of floods in the basin. However, the changes in hydrological and climatic regimes
of the basin and what causes these changes in the basin have not been well studied. During the last few
decades, significant developments have occurred in the Mordaq chai basin with the aim of developing
agricultural lands, expanding settlements and other purposes. During this period, several events have been
observed in surface flows and river flooding, including the flooding of settlements and the destruction of
infrastructure during the rainy season. The present research has evaluated the impact of land use changes
on floods in Mordaqg chai basin in East Azerbaijan province.

Material and Methods

Mordaq Chai basin is located at latitudes between 37° 16" and 37° 44" north, and at longitudes between
46° 21" and 46° 30" east. The basin area is about 332 Km2. The elevation variations of the basin range from
1567 meters at the outlet of the basin to 3693 meters in Sahand Mountain. In this study land use
classification was done using artificial neural network model and land use map was obtained in 2001, 2011
and 2021. Then, the classification results were compared, for which the LCM model was used. The SWAT
model has been implemented on the results of land use classification. In addition, the sensitivity assessment
of the results has been considered in two phases of calibration and validation, in this regard, land use in
2001 was recalibrated in the statistical period of 1985-1999 and validated in the statistical period of 2000-
2001. Also, the land use of 2011 was calibrated in the statistical period of 2002-2009 and validated in the
statistical period of 2010-2011 and the land use of 2021 was calibrated in the statistical period of 2012-
2019 and validated in the statistical period of 2020-2021.

Results and Discussion

Over the course of twenty years, with the exception of barren lands, other land use classes have shown
a predominant upward trend, and the pastures in the region have witnessed the most significant expansion
in terms of area. This shift highlights notable changes in land use patterns across the area. The increase in
pastureland could be attributed to various factors, such as changes in agricultural practices, conservation
policies, or even natural shifts in the ecosystem. This growth in pastures may have positive implications for
biodiversity conservation, soil erosion prevention, and overall environmental improvement in the region.
However, to fully understand the underlying reasons for these changes and their long-term impacts, a more
detailed analysis and further data examination are required. According to the physiography and topography
governing the basin, the situation is such that in the northern half of the region, we see more natural land
cover (including snow, water, barren and pasture) than in the southern half, where human activities (gardens
and built-up lands) dominate. The role of Mordaq Chai river in this field has also been significant and for
example, most of the gardens of the region are distributed linearly next to this river and its branches, or the
villages of the region that have the largest area of built-up land are located in the vicinity of these rivers. In
2001, wasteland, pastures, and gardens accounted for the largest share of existing land uses at 61.21%,
29.1%, and 8.01%, respectively, and snow, built-up areas, and water were next in rank at 1.59%, 0.073%,
and 0.016%, respectively. In 2021, the relative share of barren lands has decreased sharply and reached
28.21% of the entire region, and on the other hand, pastures have grown a lot and their relative share in the
region has become 54.45%.

Conclusions

The simulation outcomes generated by the SWAT model revealed certain limitations in its application
within the Mordag Chai basin. Specifically, the calibration and validation phases at the overarching basin
scale, which incorporated land use data from varying years, yielded suboptimal and unsatisfactory results.
This primary deficiency was quantitatively demonstrated by the fact that the observed runoff data points
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frequently fell outside the simulated uncertainty range predicted by the model. The root cause of this
discrepancy has been identified as a fundamental inadequacy in the model's algorithmic representation of
snowmelt-driven runoff. The SWAT model appears to systematically miscalculate the volume and timing
of runoff originating from the melting snowpack, particularly during the critical hydrological period
spanning from late winter through late spring. This improper estimation significantly compromises the
accuracy of the overall surface runoff simulation, as snowmelt is a major contributor to the basin's
hydrologic regime. Furthermore, the analysis of long-term trends established a strong correlation between
the hydrological behavior of the basin and anthropogenic changes to the landscape. The recorded trajectory
of runoff in the Mordaq Chai basin has been largely congruent with and influenced by the concurrent pattern
of land use and land cover change (LULC) over the same period. A direct causal relationship was observed:
the expansion of two specific land use classes—pastureland and built-up/urbanized areas—within the
southern regions of the watershed has acted as a primary driver for increased runoff generation. This
phenomenon is exacerbated by the underlying physiographic characteristics of the basin. The southern areas
are distinguished by a more pronounced topography and steeper slopes, which naturally accelerate flow
velocity and reduce concentration times. Coupled with this, the land surface in these southern zones has
become increasingly impervious due to urbanization and the degradation of natural vegetation cover. This
combination of factors—steeper slopes and reduced infiltration capacity—creates a synergistic effect that
drastically elevates the flood potential, making these southern areas disproportionately more vulnerable to
high-flow events and flooding compared to other parts of the basin.
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Table 1- Results of land use classification with artificial neural network model
2021 2011 2001 Year L.
RO Area el RO Area coluw RO Coluw 6 ol
Percent (Km?) Percent (Km?) Percent (Km?)Area land use classification
oSl
1.96 6.254 0.43 1.38 0.073 0.235 P
Built-up areas
olel
11.76 37.54 8.59 27.41 8.01 25.56 :
Garden
ol
0.49 1.57 0.0006 0.002 0.016 0.052 j
Water
L
28.21 90.022 61.97 197.74 61.21 195.321 =
barren land
3.12 9.96 2.21 7.065 1.59 5.058 o2
Snow
51
54.45 173.74 26.79 85.5 29.1 92.86 &
Grassland
100 319.09 100 319.09 100 319.09 &5

sum
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ARTICLE INFO ABSTRACT

This study investigates the structural evolution and regime shifts of
droughts in Iran from 1958 to 2022 using a three-dimensional (3D)
Received: 05 June 2025 clustering framework. The analysis employed high-resolution (~4 km)
Revised: 02 July 2025 climate data from the TerraClimate dataset. Drought clusters were
identified as continuous spatiotemporal events by applying thresholding
to the Self-Calibrating Palmer Drought Severity Index (scPDSI), a widely
Available Online: 05August ysed measure of drought intensity, and extracting connected components

2025 within the data cube. To refine the results, a minimum-size filter was
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applied, with the optimal value determined through a geometric
optimization method based on curvature analysis (cos C method). The
Spatiotemporal Analysis findings reveal a substantial transformation in Iran’s drought patterns,
of Drought particularly after 2000, when short, sporadic episodes gave way to more
persistent and spatially extensive drought systems. Among the five
drought thresholds tested, the moderate level (scPDSI =-2.0) provided the
most balanced trade-off between event frequency and spatial coverage. In
Self-Calibrating  Palmer parallel, a minimum cluster size of 16 voxels was identified as the
Drought Severity Index geometric filter threshold, effectively reducing noise from small, transient
(scPDSI) clusters while preserving significant drought events and enhancing
Drought Regime Shift structural coherence. Results ghow that, since 2000, d_rought clusters _have

become larger, longer-lasting, and more spatially synchronized.
Climate Variability Moreover, regions in central, western, northeastern, and northwestern
Iran-previously less affected by severe drought-have emerged as new
hotspots, experiencing marked increases in both frequency and duration.
By integrating 3D clustering with threshold optimization, this study
introduces a methodological innovation in drought research. The approach
not only advances scientific understanding of spatiotemporal drought
dynamics but also provides practical value for improving drought
monitoring, informing adaptation planning, and strengthening early
warning systems in Iran and other arid regions.
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EXTENDED ABSTRACT

Introduction

Drought is a complex environmental hazard with profound ecological, agricultural, and social impacts. In
Iran’s arid and semi-arid climates, its increasing frequency and severity have heightened risks to water and
land resources. Conventional studies often rely on indices such as the Standardized Precipitation Index
(SPI) and the Palmer Drought Severity Index (PDSI), but these approaches typically lack the spatiotemporal
continuity needed to capture drought dynamics fully.

To address this limitation, we applied a three-dimensional (3D) clustering framework to monthly Self-
Calibrating PDSI (scPDSI) data (1958-2022) from the high-resolution TerraClimate dataset. Using
connected-component labeling and geometric threshold optimization, we identified and analyzed coherent
spatiotemporal drought clusters across Iran. The objective was to evaluate structural patterns and regime
shifts in drought behavior, offering a novel contribution to both drought monitoring and adaptation
planning.

Material and Methods

We adopted a multi-step observational framework, adapted from Diaz et al. (2024), to analyze drought
events in Iran (1958-2022). The process involved: (1) 3D connected-component labeling to identify
continuous drought clusters; (2) cluster-size filtering to eliminate insignificant structures; and (3) threshold
sensitivity analysis to determine optimal drought intensity levels.

Drought severity was measured using scPDSI derived from TerraClimate (~4 km resolution gridded
climate variables). Data were processed in MATLAB by constructing a 3D data cube (latitude—longitude—
time) and classifying drought conditions with five thresholds (0.5 to —4.0). The resulting binary maps
enabled the detection, filtering, and analysis of major drought events.

Results and Discussion

Over 7,400 drought clusters were identified across Iran between 1958 and 2022. Cluster number, size,
and duration varied strongly with both scPDSI threshold and minimum-size filter. At more lenient
thresholds (e.g., —0.5), clusters were abundant but small and short-lived; at more stringent thresholds (e.g.,
—4), clusters were fewer but spatially extensive and temporally persistent.

Geometric optimization (cos C method, based on curvature analysis) identified an optimal threshold of
scPDSI = -2 with a minimum cluster size of 16 voxels. This balance retained hydrologically relevant events
while reducing noise. Temporal analysis revealed a rising trend in the percentage of land under drought
(PDA) since 2000, with increasingly frequent and spatially synchronized episodes. Moderate droughts (—2)
peaked in the late 1960s, early 1980s, and after 2000, while extreme droughts (—4) intensified post-2000.
Spatial mapping showed persistent droughts in central, western, and northeastern provinces, with newly
emerging hotspots in Golestan, Ardabil, and Razavi Khorasan.

These results suggest a regime shift in Iran’s drought behavior over the past two decades, characterized
by events that are more chronic, widespread, and synchronized. Such findings highlight the inadequacy of
short-term or localized interventions and emphasize the need for integrated, long-term adaptation strategies.

Conclusion

This study presents a comprehensive structural analysis of drought events in Iran (1958-2022) using a
novel 3D clustering framework applied to high-resolution scPDSI data. The approach captured droughts as
continuous spatiotemporal entities, independent of administrative or station-based constraints.

Findings reveal a post-2000 regime shift toward longer, more frequent, and more extensive droughts,
likely linked to climate change and large-scale ocean—atmosphere variability. Optimal detection was
achieved with scPDSI = -2.0 and a cluster-size filter of 16 voxels, which balanced event frequency and
reliability. Spatial analysis further identified newly emerging drought hotspots in central, western, and
northern provinces, underscoring the need for updated risk maps and adaptive strategies.
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The 3D clustering approach offers a transferable tool for advanced drought monitoring in arid regions
globally. Future research should integrate climate change projections and link drought clusters to
socioeconomic and ecological impacts to strengthen resilience at national and regional scales.
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Fig.2. Schematic overview of the methodology for 3-D drought cluster calculation: drought indicator

calculation (Step 1), classification of voxels in drought (Step 2), and 3-D cluster calculation (Step 3). The middle

and bottom panels provide 2-D and 3-D views at each time step (t). Note that when we refer to the 2-D space,
we use the term cell, while in the 3-D space we use voxel. (Diaz et al., 2024)
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Fig.3. Scheme of the method used to calculate the optimal cluster size filter. Angle C was calculated using
the sides a, b, and c of the triangle formed by the three subsequent points (zoomed-in view) (Diaz et al., 2024).
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Fig.5. The number of clusters (nc), duration (in months), and spatial magnitude (number of voxels) are shown

for all thresholds (0.5 to —4.0) and minimum cluster size filters (0—100 voxels). This includes clusters of all
durations and magnitudes.
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Fig.6. Filtered distribution of 3D drought clusters, excluding one-month events. Drought clusters of at least two

months in duration were presented, highlighting persistent drought structures across the range of scPDSI
thresholds and filter values. One-month clusters were removed to eliminate short-lived anomalies.
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Fig.7. Duration—magnitude structure of 3D drought clusters with durations of less than 24 months. It focuses on

short- to medium-duration drought events, visualizing clusters with durations of 2 to 24 months. Spatial
magnitude is expressed as the number of voxels, allowing for the assessment of compact yet impactful drought

episodes.
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Fig.8. Filtered 3D drought clusters with durations between 2 and 24 months were used. The final set of filtered
drought events—excluding one-month clusters and limiting the maximum duration to 24 months— emphasizes

short- to mid-term droughts likely to recur within agricultural or hydrological. cycles.
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Fig.10. Time series of Percentage Drought-Affected Area (PDA) across Iran from 1958 to 2022
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Fig.11. Monthly heatmaps of Percentage Drought-Affected Area (PDA) across Iran from 1958 to 2022
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Fig.12. (a) Centroids of 3-D drought clusters detected from 1958 to 2022, classified by cluster duration
[months]. (b) Frequency of cluster occurrence in each grid cell during the study period.
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Climate change has led to alterations in the temporal and spatial distribution of
precipitation across the globe. The present study aims to identify trends and
project future precipitation in selected cities of northern Iran. To achieve this
goal, the 30-year precipitation trend (1994-2023) for each city was first examined
using the Mann-Kendall test and Sen’s slope estimator. In the second phase,
precipitation was projected for the next 20 years (2040-2060) in the study area
using the latest version of the LARS-WG8 weather generator under two
scenarios—SSP2-4.5 and SSP5-8.5—with the ACCESS-ESM1-5 and CNRM-
CM6-1 models. The outputs of both models were then evaluated and compared
using validation indices (R?, MAPE, and RMSE) to select the most suitable
model. Trend analysis results indicated that over the past 30 years (1994-2023),
the precipitation pattern in all stations in the region changed significantly,
showing a decreasing trend at the 99% confidence level. This decrease was
greater in the cities of Qazvin, Ardabil, and Zanjan, and less in Rasht and Gorgan.
According to the projections from the two models, ACCESS-ESM1-5 and
CNRM-CMS6, over the next 20 years (2040-2060), the entire study area will face
a decrease in precipitation in most months of the year. The decrease in
precipitation in the northwest will be more than 60% in some months.
Conversely, some cities will experience an increase in precipitation during the
warm seasons, which will be more evident in low-precipitation cities such as
Semnan. Finally, the comparison of the total annual precipitation of the observed
and forecast periods confirmed a significant decrease in precipitation across the
entire study area compared to the base period. The research findings indicate
temporal and spatial anomalies in precipitation, confirm the effects of climate
change on the region, and emphasize the need to adopt efficient management
policies to optimize water resource consumption and develop strategies for
adapting to climate change.
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EXTENDED ABSTRACT

Introduction

Climate change has altered the temporal and spatial distribution of precipitation and its intensity
throughout the world. Precipitation description, analysis, and modeling are among the most challenging
issues in climate research, reflecting its complex and irregular temporal and spatial structure. In this regard,
several modeling methods have been developed to deal with this complexity (Sanchez et al., 2011). A
reduction in the number of rainy days and an increase in precipitation intensity over limited days can
increase the probability of flooding in areas such as the coastal cities of the Caspian Sea, as well as cause
soil erosion and reduce water infiltration into groundwater resources.

Material and Methods

In the present study, the trend and forecast of precipitation in selected cities in northern Iran (Ardabil,
Tabriz, Bojnourd, Mashhad, Gorgan, Semnan, Zanjan, Tehran, Urmia, Gorgan, Rasht and, Sanandaj) were
investigated. To analyzed the total annual precipitation, data from the last 30 years (1994-2023) were
obtained from the Iranian Meteorological Organization, and Sen's slope estimator, a non-parametric method
for estimating the slope of the regression line in trend analysis, was applied. This test includes the following
steps:

. Xt —Xs
Qi = t-s

,i=12,..N 1)
Where xt and xs are the data at times t > s and N= (n (n-1))/2, respectively.

Ca=2Z,_«=,/Var (A) (2)

In the above equation, Z is the quantile of the standard normal distribution (Salmi et al, 2002).
N—-Ca (3)

Where N is the number of slopes calculated in section a.

To determine the significance of the trend, the Mann-Kendall test was used. In this test, the null hypothesis
indicates randomness and the absence of a trend. In this method, first the difference between each
observation and all subsequent observations is calculated and the parameter S is obtained based on equation

(4):

S = TRT1 X s sgn K (4)
In the above equation n is the number of observations in the series Xj and Xk are the kth and jth data of the
series, respectively.

Next step, the variance s was calculated using equation (5).

n(n—1)(2n+5) 5)
18
Where n is the number of sequences in which at least one data is repeated. Finally, the z statistic was
obtained based on equation (6).
__S-1 (6)
vvar(s)

var(s) =
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Assuming two ranges of the trend test, the null hypothesis is accepted if the following condition (relation
7) holds:

121< Zay, (7

In the above relationship, Z is the significance level and Z« is the standard normal distribution statistic at
the significance level. In the present study, this test was applied at both the 99% and 95% confidence levels,
and if the Z statistic is positive, the trend of the data series is upward and if it is negative, the trend is
downward.

In order to examine the confidence limits, in equation (1), which is arranged from small to large, M1th and
M2+1th slopes are obtained. If the number zero is in the range between the two obtained slopes, the null
hypothesis is confirmed and the time series is without trend (ghorbani et al, 2012). In the next part of the
research, in order to predict future precipitation, first the base period data during the years (1980-2010)
were simulated in the LARS-WG8 microcomputer. Then, the precipitation forecast for the next 20 years
(years 2041 to 2060) was carried out using the two ACCESS-ESM1-5 and CNRM-CM®6-1 models under
the scenarios (SSP2-4.5) and (SSP5-8.5). Finally, to examine the accuracy of the two mentioned models in
predicting future precipitation of the stations, three error indicators were applied; R?, RMSE and MAPE
(relations 8 to 10):

R2 = Yi=1 AcFt (8)

n 2yn 2
t=1At t=1 Ft‘

A Z{\I=1(At_Ft)2 (9)
RMSE = ———

n |At — Ft| (10)
MAPE = = X 100
In the above equations, A is the observational data, Ft is the simulated data and N is the number of data.

Results and Discussion

According to the results of the trend analysis, during the statistical period (1994-2023), the Q statistic
(Sen’s slope estimator) and Z (Mann-Kendall test) were negative for all stations, indicating that the total
annual precipitation in all 12 cities showed a decreasing trend. The largest Q values were observed in
Qazvin (-81.8), Ardabil (-63.8), and Zanjan (-45.8). The highest negative Z values occurred in Sanandaj (-
4.62), Zanjan (-4.57), and Qazvin (-4.42), while the lowest was in Rasht (-2.98). Since the Z scores in all
cities were less than -2.58, a significant downward trend in precipitation during the past 30 years is
confirmed at the 99% confidence level.

In the second part of the study, after validating the performance of LARS-WGS in simulating base-
period precipitation (1980-2010), the ACCESS-ESM1-5 and CNRM-CM6-1 models were used to predict
future precipitation under the SSP2-4.5 and SSP5-8.5 scenarios. According to the results, Urmia is projected
to experience decreased precipitation in all months under both models. Tehran, Tabriz, Ardabil, Gorgan,
and Rasht will also face significant reductions in most months, with only slight increases (less than 20%)
under some scenarios. Zanjan, Sanandaj, Qazvin, Mashhad, Bojnourd, and Semnan are expected to
experience up to a 50% increase in precipitation in at least one late-spring or summer month. Overall,
projections from both models suggest that all 12 cities will experience a significant reduction in
precipitation compared to the long-term average during most months of the next 20 years.
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Finally, model accuracy was assessed using Rz, RMSE, and MAPE. Although both models showed
relatively high error rates, each city exhibited higher accuracy under one model. Consequently, the CNRM
model was selected for Sanandaj, Ardabil, Tehran, and Gorgan, while the ACCESS model was selected for
the remaining cities.

Conclusion

The aim of the present study was to forecast and analyze precipitation trends in selected cities of northern
Iran using GCM models, in order to reveal the extent of climate change impacts on different climatic
regions. Based on Sen’s slope estimator and Mann-Kendall tests, precipitation in all cities during the past
30 years (1994-2023) showed a significant decreasing trend at the 99% confidence level. The decrease was
most pronounced in mountainous cities in the northwest (Qazvin, Ardabil, and Zanjan) and least in humid
coastal cities (Rasht and Gorgan).

Projections from the ACCESS and CNRM models suggest that precipitation patterns in the study area
will undergo significant changes. Over the next 20 years (2041-2060), most cities will face decreasing
precipitation, with reductions exceeding 60% in some months in northwestern regions. At the same time,
some low-precipitation cities, such as Semnan, may experience increases during warm months. The largest
changes—both increases and decreases—are projected for the warm season (late spring to late summer).

A comparison of total annual precipitation during the observation and forecast periods confirmed a
significant decline in all 12 cities, with the greatest decrease expected in Rasht and the smallest in Semnan.
These results highlight temporal and spatial anomalies in precipitation, confirm the strong influence of
climate change on the region, and underscore the need for effective water resource management and
adaptation strategies.
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Table 1- Specifications of GCM models used in the research
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Jue 29 b Ao TS
Model Institution or Country Resolution
ACCESS-ESM1-5 Australia 1.875° x 1.25°, L38
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Table 2- Results of analysis of changes in total annual precipitation of stations based on Sen's slope (1994-2023)

Stations Z Significant Q Qmin99  Qmax99 B Bmin99  Bmax99
Bojnourd -385 ok -6.63 -1.10 -2.91 4.55 6.85 2.58
Mashhad -3.39 bl -6.28 -1.08 -1.19 4.35 6.65 1.83

Gorgan -3.60 bl -1.48 -2.24 -551 1.08 1.47 6.46

Semnan -3.87 bl -4.03 -6.58 -1.26 2.84 4.08 1.33

Tehran -3.91 ok -6.38 -1.09 -2.26 4.38 6.84 2.31

Rasht -2.98 * -2.50 -4.18 -3.84 2.18 2.97 1.15

Qazvin -4.42 bl -8.81 -1.42 -4.00 6.15 8.90 3.59

Zanjan -4.57 bl -8.45 -1.25 -4.88 5.83 7.98 4.11
Sanandaj -4.62 bl -1.24 -1.86 -6.86 8.32 1.14 5.62

Ardabil -3.91 b -8.63 -1.27 -4.15 5.71 8.05 3.67

Tabriz -3.53 b -6.37 -9.72 -2.56 4.66 6.12 2.72
Urmia -3.82 bl -6.80 -1.21 -3.21 5.02 7.71 4.55
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Fig. 2. Q and Z values for precipitation at the study area (1994-2023)
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Table 3- K-S and P-Values of the observed and simulated precipitation distributions of the stations (1981-2010)
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Fig.4. Comparative chart of predicted precipitation changes based on the scenarios of the two CNRM and ACCESS
models (2041-2060) and observations (1980-2010)
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ACCESS (2041-2060)
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Table 6- Accuracy measurement of the two ACCESS and CNRM models in predicting precipitation for the next 20
years (2041-2060)
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Table 7- Selected model and scenario for each station in the precipitation forecast for the next 20 years (2041-2060)
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EXTENDED ABSTRACT

Introduction

Lightning is a natural phenomenon that can be hazardous, claiming the lives of over two thousand people
globally each year. It occurs predominantly in regions with variable climates and involves the transfer and
discharge of electricity between clouds and the Earth's surface. This phenomenon has far-reaching
consequences for both the environment and human society. For instance, lightning can ignite fires, cause
financial losses, and result in fatalities when it strikes tall structures such as trees and buildings. It ranks
second among atmospheric hazards in terms of mortality.

The occurrence of lightning on Earth is closely linked to climatic conditions, particularly temporal and
spatial variations in solar radiation. The highest global frequency of lightning is found in the tropical regions
of the Americas, Africa, and the oceans. Approximately 78% of lightning events occur between latitudes
30°S and 30°N. Satellite data indicates that lightning frequency is generally higher in tropical and humid
climates. In coastal areas, lightning events account for about 70% of all oceanic lightning occurrences, with
a higher frequency observed on the eastern coasts of continents compared to the western coasts.
Consequently, the spatial distribution of lightning demonstrates considerable variability.

Lightning frequency tends to peak in the morning and afternoon, with a notable reduction during
nighttime hours. Seasonal patterns also influence lightning occurrences, with the highest frequency
generally observed in July. Studies conducted in Iran have identified diverse temporal and spatial patterns
of lightning, with the highest frequency recorded in the northern regions of Khuzestan Province and the
southern regions of Lorestan Province. In contrast, the central and flat interior areas exhibit lower lightning
frequencies.

Material and Methods

Study Area
The study area encompasses mainland Iran, which spans an area of approximately 1,648,195 km?, within

the following geographic coordinates:
N :24° 40" —39° 46
E:44°00'-63 19

Data

Lightning frequency data from 2000 to 2022 were collected from 411 active synoptic stations across
Iran. After reviewing the dataset, stations with insufficient records were excluded, leaving 382 stations with
reliable data for analysis (Figure 1). Daily lightning event records were obtained from the Iranian
Meteorological Organization (IRIMO) website (https://data.irimo.ir/withoutlogin/index.aspx)).

An examination of station altitudinal distribution (Table 1) revealed that around 56% of stations (212)
were located between 500 and 2000 meters, while only about 3% were situated in low-lying areas (—22 to
0 meters). The number of stations decreased at higher altitudes, with only one station located above 3000
meters.

This study investigates the long-term (climatic) frequency of lightning and its relationship with
geographic coordinates (longitude, latitude) and altitude. Descriptive statistics, including the annual mean
and coefficient of variation, were computed to characterize lightning events, and their spatial distribution
was mapped.



Journal of Geography and Environmental Hazards, 2025, Vol. 14, No. 3 142

Results and Discussion

General Characteristics

The highest frequency of lightning was observed in northwestern Iran. Precipitation in this region is
primarily driven by convective activity, orographic uplift, and local fronts. Additionally, temperature and
pressure contrasts induced by topography contribute to the frequency of lightning events.

In southern Iran, which has a hot and humid climate, the annual lightning frequency was found to be
similar to that in the western regions. Stations in northern regions also recorded relatively high frequencies,
consistent with their temperate and humid climate, which is conducive to lightning activity. The mean
coefficient of variation across stations was approximately 25.5%. A value below 25.5 indicates relatively
stable lightning occurrence, while higher values suggest more irregular patterns and strong year-to-year
variability.

Probability Analysis

The highest probability of lightning occurrence was observed in the high and mountainous regions of
the Zagros and Alborz mountain ranges. Factors contributing to this include the mountainous terrain, the
frequent passage of air masses, and the uneven distribution of solar radiation on slopes, which promote
atmospheric instability and convection.

The western half of Iran, especially the northwest, lies along the path of various air masses (including
westerlies, Mediterranean cyclones, and associated short waves) during the cold season, creating favorable
conditions for thunderstorms. The northern regions also experience significant lightning activity due to the
moisture from the Caspian Sea, considerable elevations, and the combined effects of migratory westerly
systems and Siberian high-pressure systems. In addition to these regions, scattered areas across the country
experience occasional lightning events.

Conclusion

Lightning is a natural phenomenon that occurs worldwide, especially in regions with variable climates
such as Iran. Analyzing data from 2000-2022 reveals that geographic coordinates and elevation have a
minimal linear effect on the distribution and frequency of lightning events. The coefficient of variation
maps highlight irregular lightning occurrences and significant annual variations across the country.

Correlation analysis indicates weak linear relationships between geographic factors and lightning
frequency. Latitude exhibits a slight positive correlation with lightning activity in the northern regions,
while longitude shows a moderate negative correlation, with lightning frequency decreasing eastward.
Overall, lightning in Iran follows a stochastic pattern, with no strong linear spatial association with
geographic coordinates or altitude.

Satellite-based monitoring, such as the Lightning Imaging Sensor (LIS) on the TRMM satellite, offers
near-real-time and accurate coverage, complementing station-based measurements. Future studies should
incorporate satellite data to more effectively capture the temporal and spatial distribution of lightning,
thereby providing a comprehensive understanding of this phenomenon across Iran's diverse climatic
regions.
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Fig.1. Study area and spatial distribution of selected stations

L gy 9 olge

Sy9laez Oyl pl i 50 (Gasden s YAY o VoYY B Ve v v laJls o Gpsoe, slaolos, JSlgl,s asdllae opl jo
Sloy alold )5 Gpgac, ailyg, laslas ) Jlold walllas cpl o ams o lis 1) Loling! cpl S mujes VIS 0l
(IRIMO: jsu5  swlisles  lojle  glai,b 510 ol YAY (6l YeYYAYYY L Yeee/oN/e)
Ol axlllas 5,50 5,90 b Woling! slass sl )53 4y p3Y .0l #l,5eul hittps://data.irimo.ir/withoutlogin/index.aspx)
() Jguz) widly

e Voo o glay)l 1o (sl YIY) ol doy0 8F sga aS sl lis (V Jgoo) olSoins! olis )] 595 (o) 52
YO« ) g oo 3ble Caamw s Jia Yoo v gl )l 5laiylo J1 3 so » B-YY oo elas )| o 2lei j0 oK) 5l oo 0 ¥ oga
bl dg2g o] S Lagd YU 4y o Ve r glas )] 5l aS (g sk 4l oo aulS ol slass 5l (e YO- - U

(22 Jled) pod &y 5o () J592) 9 oy p 56 bogy (ol )0 ol (oldliaz mjeh cm) Sz 4,935 et L
593 |y Lol wo,0 Ve 9 V) s 3 4 (B Jled) sl 5 (Brdas) el @y 9900y 00 L boolRi] opens A
WS Y L 50 (080 9) pow @y g 0y J13 a0y aw ol )0 baolSiusl aoy0 40 51 iy ngda- S woly plaisl
T I O PP A S EY L COWR IRV BPRES


https://data.irimo.ir/withoutlogin/index.aspx

VY Vo F 1l oY o locs NF o o oo &l pblio g Ll yio s pid

asdllas 5550 oKl Sl56 — Sl Slasin & p-) Jeua
Table 1- Some temporal-spatial characteristics of the studied stations
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Time distribution of the number of stations studied

o=y oy oy oy
o | Jlw o | Ju o | e o | Jl
Number  vyear Number year ~ Number Number Year
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stations stations stations stations
367 2018 345 2012 273 2006 172 2000
371 2019 349 2013 289 2007 180 2001
376 2020 347 2014 304 2008 191 2002
375 2021 351 2015 315 2009 210 2003
377 2022 361 2016 318 2010 225 2004
366 2017 328 2011 239 2005
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Altitude distribution of the studied stations
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Number of stations Distance between floors (in meters)
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55 500 - 1000
113 1000 — 1500
99 1500 — 2000
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2 2500 — 3000
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Distribution of study stations in the four quadrants of the country
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percent)
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80 . . First quadrant
21 percent E:52 00-63 19 (northeast)
20,050 N:32° 00-39° 46 (optlad) £32 2
191 . . Second quadrant
50 percent E:44 00-52 00 (northwest)
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34 . . Third quadrant
9 percent E:44 00-52 00 (southwest)
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Table 2- Codes related to the lightning phenomenon (Lashkari, 2011)

S G sy uS o5 G ouguy oS
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Code definition Phenomenon Code definition Phenomenon
code code
S B9y 0BGl o by 4o Brgoe; Uy
OLQJ » dﬁ L Ol)L" L‘ Ol)& Lﬁl‘j)i; o9 Ja“}m L RO PR A RR VR e, ‘;5‘5&;} sanlive 82
(o _ 95 Lightning was seen, but thunder was 13
Thunderstorm during watch (light or not heard.
moderate thunderstorm without hail, but
with rain or snow during watch)
S B9y 0BGl o by 4o Brgoe; Uy
(Slowss oloj 53 5 05,5 Lol yon bansgio y (A o kol o) @ g0, 08
Thunderstorm during watch (light or 96 Thunderstorm (with or without 29
moderate thunderstorm with hail, and (precipitation
(during watch
R . Yoy 4o Lol o L3 cel S Gy, g
Brgoey OB Sbows plej )0 Bpgae, (g UJ); i} L&f L AJ# ;md” ’ t ”
Ol 52 Bl Ll b olyes Lol o555 g0 cufn Pz ZC?I; ‘M :: . e
. sl edalie asge
(oo 97 Thunderstorm during the previous o1
Thunderstorm_dunng VYatCh (seyere . hour, but not observed at the time of
thunderstorm, without hail, but with rain P . ; .
or snow during watch observation (light rain at the time of
¢ g (observation of the CF cloud
oles o bl e b celes Jsb 5o Gpgae; U
oy 3ygae; o) Sbows loj 5o Grgas, by b Bt OLL) ol onii oanlin oayy Slons
(Shows oo 5o awls (g b Lé 53,5 (Sloses ou)‘_ PRI _
Thunderstorm during watch time 98 Ehundzrstormr(]juréng the previous 92
(thunderstorm accompanied by dust or b our(,j dUt not h”” Erstorm_s were d
(sandstorm during watch time observed during the o se_zrvathn perio
(moderate or heavy rain during the
(observation period
Oley o Ll o b celis Jsbo )0 3 pgae, (g5
GBrgoe; B9 Sbows ooy 55 Bpgae, (g R e N oHH L’°f““°
((Sbosss olej 10 5,55 Lol o (oS (Slowd gloj J)“_Li obls Sy -"’91-"-"
Thunderstorm during watch 99 Thunderstorm during the previous 93
(Thunderstorm, heavy, with hail during Qou_r, b”r: nobphenor_nenon 9%59{_"??
watch uring the observation perio (lig t
snow, or mixed snow and rain, or hail
(during the observation period
Oley o Ll o b el Jsbo )0 3 p9ae, (g5
b Lawgino B ) ol oais oanlin oayay Slowys
—oauo ley ; L oL Gy bl by X
(S
Thunderstorm during the previous 94

hour, but no phenomenon was
observed during the observation period
(moderate or heavy snow or mixed
snow, rain or hail during the
(observation period
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Fig. 2. Flowchart of the Present Study
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Table 3- Linear correlation matrix of annual lightning characteristics (mean and coefficient of variation) with
geographic coordinates - altitude
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Table 4- Highest average correlation between geographical factors and average annual lightning frequency and its
coefficient of variation
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EXTENDED ABSTRACT

Introduction

Earthquakes are among the most devastating natural disasters, causing significant human and financial
losses worldwide. Iran, located in the seismically active Alpine-Himalayan belt, has experienced numerous
destructive earthquakes due to its complex tectonic structure. The country's vulnerability to earthquakes is
further exacerbated by rapid urbanization, poor building standards, and a high concentration of population
in high-risk areas.

Since 1996, more than 10,000 earthquakes (magnitude > 4.0) have been recorded in Iran, with a
significant portion occurring in the Zagros, Alborz, and eastern regions. The spatial and temporal analysis
of earthquakes is essential for understanding their patterns and developing effective risk reduction
strategies. Despite extensive studies on earthquake hazards, comprehensive research integrating spatial and
temporal trends at a national scale remains scarce. This study seeks to address this gap by analyzing the
spatial distribution and temporal occurrence of earthquakes in Iran from 1996 to 2024.

The key objectives of this research include:

o ldentifying high-risk seismic zones based on historical earthquake data.

o Analyzing the relationship between seismic events and active fault lines.

o Assessing the vulnerability of urban areas to earthquake hazards.

o Providing insights for earthquake risk mitigation and urban planning policies.

Using GIS-based spatial analysis methods, this study evaluates earthquake clusters, density patterns, and
their correlation with urban centers and fault zones. The findings contribute to a better understanding of
seismic hazards in Iran and offer valuable recommendations for improving disaster preparedness and
resilience in urban areas.

Material and Methods

Earthquakes are among the most devastating natural disasters, causing significant human and financial
losses. Iran, located in the Alpine-Himalayan belt, has experienced frequent seismic activity due to its
complex tectonic structure. Since 1996, more than 10,000 earthquakes (magnitude > 4.0) have been
recorded, mostly in the Zagros, Alborz, and eastern regions. Rapid urbanization, poor building standards,
and dense populations in high-risk areas exacerbate the vulnerability. This study analyzes the spatial and
temporal distribution of earthquakes in Iran (1996-2024) to identify high-risk zones, assess urban
vulnerability, and provide insights for risk mitigation. Using GIS-based methods, we evaluate earthquake
clusters, density patterns, and their correlation with fault zones.

This research adopts a quantitative approach using spatial analysis techniques. Earthquake data
(magnitude > 4.0) were obtained from the Iranian Seismological Center and processed in ArcGIS. Fault
line maps and urban population data were integrated into a GIS framework. Spatial methods such as Kernel
Density Estimation (KDE) identified high-risk zones, Getis-Ord Gi* detected seismic clusters, and Buffer
Analysis assessed city proximity to faults. Moran’s, I measured clustering patterns. The results highlight
seismic hazard variations and provide guidance for urban planning strategies to enhance disaster resilience.

Results and Discussion

The results indicate that seismic activity is highly concentrated in western, northwestern, and
southwestern Iran, particularly along the Zagros and Alborz fault lines. Kernel Density Estimation (KDE)
revealed that the highest earthquake densities occurres in the provinces of Hormozgan, Kerman, Fars, and
Bushehr. Getis-Ord Gi* analysis identified significant seismic hot spots in these regions, confirming their
high-risk status. Buffer Analysis showed that nearly 59% of major Iranian cities are within 40 km of an
earthquake epicenter, with cities like Zarand, Khormuj, Ravar, and Kazeroon being particularly vulnerable.
Additionally, 73% of recorded earthquakes occurred at depths of less than 15 km, increasing the likelihood
of severe damage in urban areas.
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The findings align with previous studies, which highlight the active seismicity of western and southern
Iran due to major fault systems. However, some discrepancies were observed, such as the lower-than-
expected earthquake density in northeastern Iran, possibly due to variations in data collection periods and
methodologies. These results emphasize the urgent need for stricter construction regulations, seismic hazard
zoning, and the integration of GIS-based monitoring systems to enhance disaster preparedness and
resilience.

Future research should incorporate geotechnical factors, historical seismic patterns, and predictive
modeling using artificial intelligence for improved risk assessment and mitigation strategies.

Conclusion

This study analyzed the spatial and temporal distribution of earthquakes in Iran from 1996 to 2024
(Gregorian calendar) to identify high-risk zones and assess urban vulnerability. The findings revealed that
seismic activity is concentrated in western, northwestern, and southwestern regions, particularly along the
Zagros and Alborz fault lines. Approximately 59% of major Iranian cities are within 40 km of an earthquake
epicenter, increasing their risk of damage. Additionally, the majority of earthquakes occurred at shallow
depths, further intensifying their impact on urban areas.

The results underscore the necessity for stricter construction regulations, enhanced seismic hazard
zoning, and the integration of GIS-based monitoring systems to improve disaster preparedness.
Implementing early warning systems, strengthening infrastructure, and promoting public awareness
campaigns are crucial steps toward reducing earthquake risks.

Future research should focus on incorporating geotechnical assessments, historical seismic trends, and
predictive modeling using artificial intelligence to enhance earthquake hazard mitigation strategies. By
adopting a data-driven approach, policymakers and urban planners can develop more effective disaster risk
management plans, ultimately increasing the resilience of Iranian cities against seismic hazards.
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Environmental Justice

Environmental issues have become one of the major concerns of various
sciences in recent decades. Criminology, as a branch of the social
sciences, is not indifferent to these issues. Contemporary critical
criminology has introduced new topics to the field, one of which is
environmental damage and protection. The importance of these issues is
so great that it has led to the formation of a new branch in criminology,
called green criminology. In this research, using the qualitative content
analysis method, the novel After the Cloud by Babak Zamani was
analyzed based on the theory of green criminology, with an emphasis on
the environmental damage caused by dam construction. The results of this
study indicate that dam construction projects, both during construction
and afterwards, have negative environmental consequences that can result
in ecosystem destruction. Dam construction can also lead to forced
displacement due to rising water levels and the submergence of
indigenous peoples' habitats. In this context, the lack of government
support makes indigenous people the main victims of unregulated dam
construction.
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EXTENDED ABSTRACT

Introduction

The theory of green criminology was first proposed by Michael Lynch in 1990. In an article titled “The
Greening of Criminology,” he focused on environmental crimes and analyzed them with a critical eye.
Environmental crimes are a broad concept that, in addition to economic damage, also violate the right to a
healthy environment. Theorists in this field believe that because environmental crimes are often
accompanied by widespread damage and sometimes restoration to the original state is impossible, the best
solution is prevention and proactive measures.

One of the important topics in the analysis of environmental crimes is the issue of political economy,
which emphasizes two areas. First, it examines the role and activities of the state that facilitate or create
conditions for environmental destruction and damage. These issues are related to public policymaking and
the constant intervention of governments. Second, it explores the decisive role of capitalism in production
and its methods, which are in conflict with the environment. Therefore, environmental crimes are
increasingly associated with the ideology of capitalism. For this reason, green criminology has a pessimistic
view of capitalism, consumer culture, and social contradictions, reflecting its critical and Marxist nature.

The development and operation of hydroelectric power plants and large dams are often accompanied by
serious and widespread social consequences that are rarely properly identified or assessed. In many cases,
responsible institutions do not adequately address the negative impacts of these projects on the lives of local
communities. Since the 1970s, awareness of the environmental, economic, and social impacts of dams has
increased. The World Commission on Dams (WCD) warned more than two decades ago that the
construction of large dams without sufficient attention to social consequences has caused widespread
damage, including the displacement of millions of people, loss of livelihoods, and deterioration in the
quality of life. Moreover, in most cases, compensation for indigenous people has been inadequate, and
efforts to restore their living conditions have failed.

This research aims to examine and evaluate the novel After the Cloud in the light of green criminology
theory, using gqualitative content analysis. The novel, written by Babak Zamani in the style of social realism,
primarily explores the consequences of dam construction. The main research question is: How are
environmental damage and the negative consequences of dam construction represented in this realistic
novel? What roles do power and wealth groups play in the occurrence and escalation of environmental
crimes?

Material and Methods

This study employs qualitative content analysis to examine data related to critical criminology in the
novel After the Cloud. Qualitative content analysis is a suitable method for analyzing textual data in large
volumes and in specific contexts. Through this method, the most important categories of the text are
identified, and its hidden meanings are uncovered. By coding and categorizing the data, theoretical concepts
can be tested and their validity assessed. Since the success of qualitative content analysis depends on the
precise and purposeful selection of categories, which must align with the hypotheses and theoretical
framework of the research, the categories in this study were chosen to directly correspond to the concepts
and concerns of green criminology. Each category reflects one of the theoretical dimensions of this
approach in explaining environmental crimes and damage.

Results and Discussion

The research findings are presented under three categories: (1) dam construction in the light of green
criminology, (2) environmental crimes of the powerful, and (3) victimization of indigenous people,
followed by (4) the sociological harms of dam construction projects.
Dam projects clearly demonstrate human rights violations against indigenous and local communities. These
projects, ostensibly undertaken for the development and exploitation of water resources and energy
production, often violate the fundamental rights of affected populations. The loss of agricultural land,
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homes, and water resources that generations have relied on to sustain their livelihoods is just one example
of these violations. Indigenous and local communities are forcibly displaced, separated from their natural
environment, and stripped of their cultural and social identity. Furthermore, inadequate attention to their
post-displacement well-being—such as the absence of jobs, education, and social infrastructure—creates
conditions in which basic human rights are violated. In After the Cloud, dam construction is presented by
the company as a project for development, but in reality, it results in environmental destruction, mountain
explosions, and the burial of plant species and agricultural lands.

A common shortcoming of dam projects is the lack of commitment by government officials to the
resettlement of displaced people. Research shows that many villagers forcibly displaced by dam
construction emphasize the role of government officials in their loss of capital and property. The
institutional structure of these projects has a serious impact on how resettlement and other development-
related issues are addressed. In After the Cloud, one of the author’s main concerns is the lack of
accountability of companies and the government. The irreparable damage caused to the natural environment
and residents goes largely unanswered, and no institution holds companies accountable.

In green criminology, the concept of harm is also central. It goes beyond the violation of official laws
to include socially harmful practices, even if the law does not classify them as crimes. In After the Cloud,
social harms appear in various forms. The dam projects in this novel are not limited to environmental
destruction; they also reveal widespread social harms. The lives of local people, who had developed their
land and gardens for years, are suddenly submerged, and their lifelong efforts destroyed. The jobs promised
are short-term, unstable, and degrading, undermining the future of the youth in these regions. Promises of
employment and development soon give way to unemployment, poverty, forced migration, and family
collapse.

Conclusion

This novel helps readers better understand the concept of state and corporate crimes in a critical sense—
by drawing attention to harms that are ignored in the official discourse of society. In this way, it expands
the perspective on crime from its traditional and narrow definition to a broader, critical one in which crime
includes all harmful practices of powerful groups, regardless of whether they are criminalized by law.
In contemporary capitalism, the close relationship between large corporations and governments has created
a cycle of environmental crimes in which the economic interests of capitalists take precedence over human
rights and the environment. This power structure enables corporations to implement projects such as the
construction of large dams with government support and permits. Although these projects are justified by
goals such as energy supply, economic development, and natural resource management, in practice they
have devastating consequences for nature and human societies, particularly indigenous peoples.
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Table 1- Dam construction category in the light of green criminology
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green ot ... (Salim: No, Yunos; what destruction? It will bring prosperity to the region. It
criminology) | will bring jobs to the youth of Gharqabad, Tulab, and other places. The father
2 el o0ked at Salim with a nervous expression: Gharqabad itself is prosperous. Look
(Dam ) closely. You have eye! ... A prosperity that does not begin with destruction. Look
construction at what they have brought to the mountains with the explosion. What kind of
projects are  prosperity is this?)
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tte ear}; (Every now and then, the sound of explosions to destroy the mountains and
s agets . O rocks that were blocking the construction of the dam would disrupt the sleep
construction and peace of the residents of Gharqabad and other areas; it was as if it were a
battlefield. Unknowingly, they would detonate whenever they wanted, just as
the enemy bombs without warning)
Sgoun 1 10 las g e ol jlxail o ls S g 0,8 K0 canl e (g5l ek 3
WS o il g i e a8 4 1 adlais ples aSles S
(Salim: That's what building a dam is all about. There's dust, there's explosions,
there's noise. Father: They've done it in vain. They're ruining the whole area.
They're destroying it)
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the light of S8,y w5l 1905 oLl aalgse a5 wilo co (Bl o2 (S ;00 o pudae
green Sl o) (According to our estimates and calculations, it will hold about 3,200 million
criminology) L LS cubic meters of water and, in addition to producing 673 gigawatt hours of
O S09 electricity, it will also contribute to the development and prosperity of the region
.2l and neighboring agricultural lands. Suddenly, the father said loudly: "oh man!
(One of the With the water from this huge dam of yours, will there be any land left to be
negative developed?) ) )
effects of 1y gl g oo lp of 5l cledil oS 9 99)b,0 ;0 ©f ey x3IF (55,0LaS 6lol 5
building dafﬁs i gy 03,55 by ailate 5 |, ldend (gjlocs <55 a8 0T 51 L3 B g 00,5 (0
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submergence B! ool 4lS S 5 planas 5 ceilagl IS sgr pales ot ails o (53
?hf trtlees an(} Ol 5l ke bbb wi ddlaie Slel g Lol (coled g (6 pS T A5 as aiiiS s
e loss o . - .
indigenous T P T N ST I PR PR P I VN N - E Y Y Y PRy
agricultural (The Department of Agriculture had banned the installation of water pumps in
lands) the Darya-Rud and the drawing of branches from it for fields and gardens. Such

a ridiculous law had never been passed before the dam construction company
had set up its tent in the area. It was clear that it was their work and that they
were cooperating. They said that once the dam was filled, all the fields and
gardens in the area a few villages away would no longer need water, but now
they won't even let us take water from the Darya-Rud itself for our trees)
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(They came to the flooded city and struck fear into the hearts of the people,
telling them to gather and leave, or else you and your houses would be
submerged. They said that if you move too late, you would become a lesson for
future generations, like the people of Atlantis)
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(Maybe it was the last time [ would see those plants, those rocks, and those trees.

Maybe I was the last person to step on a rock in the valley and touch a plant,
flower, or tree. That place was to become the seabed)
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Table 2 - Category of environmental crimes of the powerful and victimization of indigenous people
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people) accountable for and said: They said that good days were coming! Don't you remember?
their illegal They said it themselves; they looked us in the eyes and said that good days
behavior and are were coming. Father said: I remember. I remember, I remember it well.
not responsible for  They said "good days", but they didn't say good days for whom! Yes; good
it) days; but not for us, but for themselves. They didn't lie either)
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(The mother said: ... The olive tree has a atonement. Take the atonement
for your olive trees, we can easily leave now that it's ruined. The father
said with a grin: "These people kill people in broad daylight and walk right
down the street, so you expect them to pay atonement for my olives?)
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(In the end, when they had exploded, a huge rock fell on his head from the
top of the mountain and crushed him. The poor thing didn't find his body
for a day or two, and then when they did find his body and it turned out
that it was because of the explosion of the dam construction company that
he had suffered, these dishonest people didn't take the blame and made the
excuse that we had warned him before the explosion, it had nothing to do
with us; in the end, the blood of the KarimKore people was trampled)
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(Father: They made a mistake. Do you think these people care about
people? If you let them, they will cut people's veins and put their blood in
bottles and sell it. What do you say? You're simple! How quickly you
forget everything... Who gave them permission anyway? Salim: They don't

ask for permission, Yunus. They can go wherever they want and do
whatever they want)

By o b L a o obT 358 Il Cewss 40 S et slaails adss slaaal (oSS
xS o (8l 5 98 5 oo Sl ol (GLEAL 5 e Sl c0dd mrls SLels”

Db o oLl ol dyle o 5 duatie o 2d, o ool 45 Wah e
(Gradually, letters to evacuate the town's houses also reached the residents
of Gharqabad. Many, speechless and completely surrendered, took a small

price for their land and houses and set off wherever the road led. Without
a destination or a destination, they set off for nowhere)
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(At the same time that the dam construction company had ordered the
evacuation of the houses there and was writing letters to the families one
by one to leave, the killing of dogs there gradually increased. Every night,
the tongue tied dogs were killed one by one with guns... so that security
would leave there and if someone like your father insisted on staying there,
there would be no longer any security to stay there)
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(It was revealed in court that Parviz and Manouchehri (the company's
engineer) had previously relic many underground mines in Gharqabad,

Cheshme Shirin, Cheshme Shoor, and other areas. Could there have been
anything else to the reason for all those unnecessary explosions?)
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Table 3 - Sociological damage category of dam construction projects
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(First they make you busy with a few days of operations and a few tricks
that they give you, then you have to leave your house and your home and go
so you don't get flooded. You don't know what this dam is. Look at what
they've done to the region in the last two years, they've dragged the whole
place into the mud)
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(It needs manpower for at least another six or seven years; most of your
young people can get jobs there... What will they do after that? How many
years will they come to work for you, how many years will you give them a
few money, and then go? How many years will they give up their lives, their
lands, their gardens, their homes, and their homes to work as laborers?)
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(People are hungry; so much so that they are willing to kill a dog and hand
it over just for a few pittance so they don't starve to death. What should they
do? Is there any other choice left for the people?)
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(All the people, the God's servants, were sweating and working hard from
morning to evening to develop their land and gardens... Qader and Yadollah
hatched a plan for the poor people to steal their lands and become rich
overnight. Their imagination was naive. They thought it was that simple.
The dam construction company was much more cunning than them. The

dam construction company did not even give them half the money they had
bought the lands and gardens from the people)
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(Because the dam construction company had not paid the salaries of many
workers for months, most of the young people who had worked there for
years had left the company. What happened to the poor people? Most of
them had married, hoping that they would have a decent job and income and

be able to start a family, and many of them had one or two children left
behind. Now they had no work and no bread to eat)
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(In the end, like the houses built overnight in Tulab, one day the dam
construction company will destroy them all with a bulldozer)
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Urban environmental pollution in coastal areas significantly impacts
water and soil quality, biodiversity, public health, and tourism activities.
This study aims to identify and map pollution risk zones along the coasts
of Anzali, Rezvanshahr, and Astara using a hybrid approach combining
the Analytical Hierarchy Process (AHP) and the Random Forest (RF)
machine learning algorithm. Fourteen critical criteria—including urban
wastewater, population, human activity, coastal degradation, natural
attractions, and tourism infrastructure—were selected from an initial set
of 24 indicators through comparative analysis. Using expert judgment,
the relative weights of each factor were calculated in Expert Choice
software, and GIS-based spatial layers were generated in ArcGIS Pro.
The pollution risk map was created by integrating the weighted layers.
The RF model was trained using 70% of the high-risk zones as training
data and 30% for testing. Model validation using ROC-AUC analysis
showed excellent accuracy for the RF model (AUC = 0.97). The results
revealed that Anzali County had the highest proportion of very high-risk
zones, while Rezvanshahr and Astara also exhibited significant high-risk
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to mitigate future risks.
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EXTENDED ABSTRACT

Introduction

Coastal areas require special attention due to the vulnerability of ecosystems and the dependence of
human activities on them. Today, beaches have become one of the most popular destinations for tourists,
and the presence of various coastal features creates diverse potentials for attracting visitors. Tourism, as a
rapidly growing phenomenon, has become one of the largest industries in the world. The development of
tourism and related recreational activities has a significant impact on the development patterns of regions
and helps provide direct and indirect economic, social, cultural, and environmental benefits to host
communities. However, at the same time, this development raises concerns and threats regarding
environmental degradation and the destruction of the natural, historical, and cultural heritage of local
residents. In fact, mass tourism does not equate to cleanliness or environmental sustainability. In this regard,
some of the most significant impacts of tourism-related activities on the physical coastal environment
include soil erosion, landslides, water quality degradation, shoreline alteration, and litter pollution. Litter
pollution has become an undeniable threat to the sustainability of coastal ecosystems, and the threat posed
by non-biodegradable plastic waste to coastal environments is increasingly evident. Pollution in the Caspian
Sea poses a serious threat to aquatic life and human health. Unfortunately, coastal zones and estuaries are
highly exposed to pollution, and this process endangers the survival of marine species. Urban environmental
pollution in coastal areas can lead to a decline in water and soil quality, a reduction in biodiversity, health
problems, and negative impacts on tourism and recreational activities.

Material and Methods

The main objective of this study is to identify and zone the coastal areas of the three counties of Anzali,
Rezvanshahr, and Astara in terms of urban environmental pollution risk using the Analytic Hierarchy
Process (AHP) and the Random Forest (RF) machine learning algorithm. In this regard, effective criteria
were first identified. From an initial set of 24 criteria, 14 were selected: natural attractiveness, coastal
degradation, river, road, human activity, urban drainage, population, urban waste, protection and
management, facilities, security, natural landscapes, hotels, and the influence of tourism on population.
Information layers for these were prepared in the ArcGIS Pro environment. Using the AHP method, the
relative impact of each criterion was determined, and 70% of the high-risk areas were used as training data
and 30% as test data for training the Random Forest algorithm. The predictive accuracy of the model results
was evaluated using the Receiver Operating Characteristic (ROC) curve and the Area Under the Curve
(AUC).

Results and Discussion

The results of validating the zoning maps using test data showed that the accuracy of the analytic
hierarchy process and random forest models was 0.812 and 0.97, respectively. These results show that the
random forest model has high accuracy in zoning coastal pollution. The results also show that the security
criterion is the most significant in training the machine learning algorithm.
The results of coastal zone pollution zoning in the analytic hierarchy process and random forest model
showed that in Anzali County, 0.82% and 10.10% were in the very low-risk class, 0.55% and 16.55% in
the low-risk class, 0.6% and 0.36% in the medium-risk class, 73.89% and 27.35% in the high-risk class,
and 20.6% and 24.9% in the very high-risk class. In Rezvanshahr County, 0.57% and 12.55% were in the
very low-risk class, 7.09% and 28.71% in the low-risk class, 21.27% and 22.68% in the medium-risk class,
66.64% and 98% in the high-risk class, and 0.45% and 0% in the very high-risk class. In Astara County,
0.02% and 26.73% were in the very low-risk class, 6.30% and 23.21% in the low-risk class, 23.87% and
31.20% in the medium-risk class, and 6.44% and 16.51% in the high-risk class.
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Conclusion

Pollution from industrial and domestic wastewater entering the coastal waters is one of the major
challenges on the northern coasts of Iran. In Bandar Anzali, this problem has been exacerbated due to the
lack of adequate wastewater management infrastructure and poor enforcement of environmental laws. The
general conclusion for the three cities of Astara, Bandar Anzali, and Rezvanshahr shows that all three
regions face specific environmental pollution challenges caused by a combination of natural and human
factors. Managers and planners can effectively reduce the risks of pollution in coastal areas by using the
results of this research. Furthermore, these results will help facilitate the development and implementation
of practical solutions.
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Dalaho County

One of the main contributors to environmental pollution and degradation
is household and industrial waste. Therefore, the proper siting of landfill
facilities plays a crucial role in controlling and reducing such pollution.
Given the importance of this issue, the present study focuses on
identifying suitable areas for landfill development in Dalaho County,
Kermanshah Province. The research utilizes remote sensing techniques
and multi-criteria decision-making (MCDM) methods. Key datasets
used include MODIS, CHIRPS, Google Earth satellite imagery,
1:100,000-scale geological maps, and a 30-meter digital elevation model
(DEM). The study employed various software tools, including ArcGIS,
IDRISI, Super Decisions, and Google Earth Engine. Ten criteria were
considered in the analysis: lithological features, distance from faults,
elevation, slope, vegetation density, average annual rainfall, and
distance from rivers, main roads, urban areas, and rural areas. The
Analytic Network Process (ANP) was used for weighting the
parameters, and the Weighted Linear Combination (WLC) method was
applied to integrate the data layers. The results show that approximately
48% of Dalaho County has a high potential for pollution and
environmental degradation, indicating that landfill sites should be
located away from these areas. Conversely, around 31% of the area has
low suitability for landfill development. Ultimately, only a small portion
of the region about 8%, demonstrates moderate potential for landfill
siting based on the evaluated criteria.
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EXTENDED ABSTRACT

Introduction

The increasing trend of waste generation in recent years has emerged as a significant challenge for urban
planners and environmentalists. Waste is one of the main contributors to environmental pollution and
degradation, as well as to the spread of various diseases. Therefore, proper planning for waste management
and disposal is critically important. One of the key measures in controlling pollution from waste is the
appropriate siting of landfill facilities. Site selection based on environmental capabilities is a fundamental
principle of urban and regional development planning. Identifying suitable areas for waste disposal plays a
crucial role in mitigating environmental pollution and degradation. Different regions possess varying
potentials for environmental planning due to their geomorphological, geological, and hydroclimatic
conditions. Some areas, influenced by these factors, face significant constraints in accommodating activities
such as landfill establishment. Dalaho County, located in Kermanshah Province within the folded Zagros
structural zone, is one such region. Due to its geological and climatic characteristics, it contains substantial
surface and groundwater resources. Moreover, tectonic activity, numerous faults and fractures, and
permeable lithological formations make groundwater highly susceptible to contamination. This highlights
the importance of accurately identifying suitable areas for landfill siting in the region. Accordingly, this
study aims to determine potential landfill sites in Dalaho County.

Material and Methods

This study employed remote sensing methods to identify areas suitable for landfill siting in Dalaho
County using ten key parameters: lithology, distance from faults, elevation, slope, vegetation density,
average annual rainfall, distance from rivers, main roads, urban areas, and rural areas. To prepare lithology
and fault maps, 1:100,000-scale digital geological maps from the National Geological Organization were
used, while a 30-meter SRTM digital elevation model provided data on elevation, slope, and river networks.
Google Earth Engine, along with MODIS and CHIRPS satellite imagery, was employed to generate maps
of vegetation density and annual precipitation, and Google Earth images were used to identify urban areas
and main roads. The analysis utilized several software tools, including ArcGIS (for fuzzification of data
layers and map generation), Google Earth Engine (for vegetation and rainfall mapping), IDRISI (for
implementing the Weighted Linear Combination, or WLC, model), and Super Decisions (for applying the
Analytic Network Process, or ANP). The research was conducted in multiple stages: first, data layers were
prepared and standardized (fuzzified); second, the layers were weighted using the ANP model; and finally,
the integrated WLC-ANP model was applied to identify landfill-susceptible areas in Dalaho County.

Discussion and Results

Certain areas in the region possess high environmental and ecological value or are highly vulnerable to
pollution, necessitating their exclusion from landfill siting. Therefore, based on environmental status, a
literature review, and expert consultation, a restricted areas map was developed. This included buffer zones
around rivers, urban areas, Azadi Dam Lake, faults, and regions with dense vegetation. The analysis showed
that large portions of Dalaho County are unsuitable for waste disposal due to lithological, topographical,
and hydrological constraints. In general, the eastern and southern parts of the county showed relatively
higher potential for landfill development, whereas the central, western, and northern areas faced more
significant limitations.

Conclusion

The natural characteristics of Dalaho County render it highly vulnerable to environmental pollution,
making landfill site selection particularly sensitive. This study applied an integrated WLC-ANP model to
identify areas suitable for landfilling. Results indicate that approximately 48% of the county, comprising
areas within 500 meters of rivers, 1 km from fault lines, 3 km from urban centers, 2 km from Azadi Dam
Lake, and regions with dense vegetation, is highly susceptible to pollution and should be excluded from
landfill development. About 31% of the area, primarily located in the western and northern regions, was
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classified as having low to very low suitability for landfill siting due to factors such as steep slopes, high
elevations, fault proximity, and unsuitable lithology. Only around 8% of the county, located mainly in the
eastern and southern regions, showed moderate potential for landfill establishment. Overall, the study
emphasizes that Dalaho County’s natural setting, particularly its hydrogeomorphological features, must be
carefully considered when planning waste disposal facilities. Proper site selection can play a vital role in
preventing environmental degradation and protecting groundwater resources.



YYO-YO) o IFF ol ¥ o)lols NF uls

33T o i

&
o
' o™
o

DOI: 10.22067/GEOEH.2025.93006.1564

ISSN (Print):2322-1682

g3 dlie

aeghoo Fblia Jlosl g aamo sl piolyly ol A1l 555 ntme blia o Luliss

(42Y15 ¢yLiuw et 16 530 AxJllao)

T L5 &S5 ey MU g 5lxe ol agw

Ol 5275 52555 oSS 535158 50555 sladils”
Ol 25 i olLASIS (559998 590955 (6550 (G9amiails”

ouS>

aJlio OleMb|

saie 5 (S slailons g loall; s jlaze o595 5 (Sogll (Lol Jelge 51 (S
Log JruS 5o (oot (M8 Wlgs o0 allj (B0 sl o (bl Gl ply it
elolid 4 (iegh cpl )0 Ego5e Couodl 4 az g b ail alils o Sogll cpl jrals
ol el o0 a1y oliile,S oliwl 45 5aVIs (i s o all) (B dwies 3blis

o lrodiz (6 S penal Sl Bg; 9 (590 5l Lo slaghy, 5l S b ik

AR 7R FA A g | PR &b

VECFFNY 1o 550 g,

VECFONF 1y gl

(MODIS slao,lgale yolas Jolis oolitwl 5,50 glaosls (3 Foge sl ool plol
ool ey sloasids (&)l 545 § CHIRPS
alsls g Super Decisions JADRISIAICGIS sl l33le 5 5l Gabios ol jo .ol 009
alols (giglgid sl b Ve 5l Gados cpl 4o iorad .l oaul oolaiwl ol &l 5SS
Aol 55, 31 alols VL il Siln LS g o515 st el oS
sskie ) ANP gla o 5 (oliwg, blis 5l alols o g 4 blis 5l alols ¢ Lol ool
@lolis jshieay (SeMbl sloa¥ oS 5 jslaea) WLC 5 (Lol )ly 0 (20059
5 ae,e FA sgus ol ol bl ol oals colaiwl alby 80 axine 3blis
Sy s 2Vl Sl 5 5 (Fogll Junilty 58V i Cang
Sldllas 0ogas 3l duo 0 ¥V ogas all 3blie ol 5190 a4 aub by 80 slacale
i S woad 53 3 g0 4 g il sy (595 Sl ol g (58 il
oyl i 5105 co game ] g 5lao )0 A Sga oS gaVls i s 5l oS

el by 80 ool oloul Ca cond Jamily (sl)lo colaiul g0

goudS Slols

Al o e Slscl
elilir ool alls
(GIS)

o)l,,.u\.x.i_? 6)'5(“-“‘“4’
(MCDM)
255 3l Ghomis

& e
(MSW)

go¥lo (b ol

Email: S.hejazi@tabrizu.ac.ir

Gl ol s 558 1 ghe 00w 68

ISSN (Online):2383-3076



file:///C:/Users/user/AppData/Local/Temp/Rar$DIa2424.31361/S.hejazi@tabrizu.ac.ir
https://orcid.org/0000-0002-2989-5635
https://orcid.org/0009-0001-9007-8359
https://doi.org/10.22067/geoeh.2025.93006.1564

L a5 3 il
‘Sb.o."u.» L5L°)3'°‘)l4.- ‘SL;.:A » djb) 05-5 LT vavey @.\ob.o @wa.&

Yvya

doddo

e iy Sl slocidlad 55 ( aIKHGS (>l damgi g Conmox lil gy Dilge 4 3l (sla Sl o o

Hejazi, 2016; Negahban, Ganjaeian, Feraydooni Kordestani & Cheshmeh Sefidi, 2019;) <ol azsl  zslil 5o
sk Ol poss (Mohammahkhan, Ganjaeian, Shahri & Abbaszade, 2019; Salari, Nayyeri, Ganjaeian & Amani, 2020
Negahban, Ganjaeian, Ebrahimi & Emami, ) ool 60,5 &l poss alos 5l alises slads jqoa Sladl slacodled 51 5L
e i 5 (Sogll el o5 o Jolse alaz S el 039 0 5 ame (Sogl] (8L by 55 (2019
Liang etal., 2025; Mainul, Ajim & Ateeque, ) acews oliwg, 5 5 s bl calizes sailonsy g loall; e co s jlae

(2020

Trbe Cojlaze Olal> 5 608 Ol saelip me GG Sl (S plyes 3T Gl b (b o allj adgs (L2581 s,
Ll wlel 5 (Alkaradaghi, Salahalddin, Al-Ansari, Laue & Chabuk, 2019; Wu, Chen, Huang & Yu, 2025) coul oo
Ghal33l o, 9LS VIY @255 50 505 0 Gl 0, SokS +IPF 51 Sl 5 Al g il s Gloz bl olajls g 3l 00 o)
Soltani, ) aby (2al38 Y- YO Jlo jo o5 0 )L YIY @y o5 0,Lde VY 51 by a¥le adgi Wig, a5 098 oo (s i 9 Sl a8l
s o s uizmed g e o5 g Sogll Lol Jelse 5l laall; aSul 4 ax45 b (Hewage, Reza & Sadig, 2015
5l ool (Sogll JpuS a0 a5 SLeladl oy e 5l So (Emadodin, Farzaneh, Arekhi & Sayyad Salar, 2020) <ol
Sl y 2L (&l 4o (Roy, Das, Paul & Pau, 2022) cewl culin sla S ;o baall; (35 @05 o0 & jse aally;
s (Nayyeri, Ganjaeian & Amani, 2018) ol Jlyee 5 s o a0l bl Jool 51 (SO o daore slogaiailss
Cgmme St slans 55 5 (SoglT S8 sla ol oo e ahaz 51 ally o83 dwis Gblie plulid 5 o bl
(Mallick, 2021) 54 go

lacs iyl p plowl Cuz (Alises (sloJenilly «(cosldly a5 (owlidiine) (55909990935 Condg 4 az g b il 3l
Gblu 5 sas (Nayyeri, Salari, Ganjaeian & Amani, 2017; Salari, Nayeri, Amani & Ganjaeian, 2017) &l Jaore
5als Al s sbecale sbnl dlex 5 cilises slocadled cuz ol slacusgame ool S5 Lolse 5l o a5 axis
5 gVl lin il el olisle,S liwl jo ga¥ls liw gl coanl aie ol jo ok slecusgass slhls a5 ablis dlas
75 KB sooiny 9 b O mlie IS (ool g (ulidine) Conds a azgi bg o)l S8 00,55 ST woly
Ganjaeian, Yamani, ) 4lgl,8 slals ¢ 5,0 ils ¢ ddlaie 109 0534550 4 a5 b (pizmen o (Ganjaeian, 2020) ol
s Alias e 5 000 SV (Sogll Jesly o] ) o molie 333585 (534052 4 (Goorabi & Maghsoudi, 2023
S5 (pl 0 Egoge Cuedl 4y daxgi b aiil ol Bl sy liw ol ol jo by 80 a3l oLl U cel sals
ol oy aiS sy ga¥ls Gl el o by 80 dwess gblie olulis 4

aQ U‘?"LSA Lﬁu] :\.Lo..’> )l as 0).5 Oy ‘_&L.Jbo uLa.J.?u U] L> JaLu)‘ B b el o [Ew] dslllao S99 &5..99.4: u.:.o.b‘
Axlis Gl olulid 4 631 slats 3l oslaul b as™ s 56 Lil (Chang, Parvathinathan & Breeden, 2008) .l Ken § Sl
RASRRN ‘_jayﬂ sl e YL 6)J~>°MT il Sllllas oogass a5 wisls las g aSlo WIS gz jo Al 80
sl LIS AHP gy 9 oldl me Sledbl pincew 3l oolaiw! b (Barakat, Hilali, EI Baghdadi & Touhami, 2017) S o
L (Celiker, Yildiz & Koger, 2019) )|,Ien 5 ,Solo el alby 80 (6l el (25150 Do (s 5o 3l o0 Ve Lgas oS
A4S 5 SV el il coguse 5l as o 7 s> oS SLil s Oledlbl i g o lresiz (658 paenal g, 5l eolaiul



Yf. Ve 1l o ol NF als o oo &l pblio g Ll yi 4 5

5 ®3039 s by, ;5 eolaiwl L (Hereher, Al-Awadhi & Mansour, 2020) ,Ken ¢ 1,0 .ol by 80 sl sl
Mitab, Hamdoon &) ol ,es 5 olie .l allij 185 gl canlin las ladus oo 5l oo )0 ¥ s a5 wisls lis (gasaiy,
Sy cslin 3lye So5 )5 ddlais 5l g0l yidu a wsls Las AHP Juw o Sludl g creds slo il 5l eolaiul L (Say, 2023
Ol e 5o by 80 b 4 (Abbasnezhad, Yarmoradi & Sarafrozeh, 2017) ol Koo g o5 ol .Cancd alb )30
S5 et Jeiliy 55 i yied (5 Jloud Gblis a5 Sl o8ls s Gk ol qlis Sl Gl 9 556 sy & 5SLe
Ghie g ANP (slo Juws 31 eolazul b (Nikzada, Amiri, Moarab & Foroughi, 2017) ), g ol5SCa.aijls all; 80 cqo
5 Sl Slans ool dl; 85 glp calio bl e liw jpd osim @bl jl o5 idu L 4 aisls las 55
Y ogas oS wols olis 638 slaie s AHP s, 5l eolaiul b (Dehghani Ghantghastani & Javadizadeh, 2021) ool; ol
s 5 00lazl b (Bagherabadi, 2022) gobl 8L .ol ally 85 lp caslin 5 50,0 (S s (5500 00g0me 5l Qo jo
594038 9 y53la el by (580 (gly anlive iomo L g Sy 5l o0 BIF dga 4 Cewl ools lid L3l e Sledlb
o3gaze 3l oy A a5 wisls las SLdl e Sledlbl i ¢ (558 lais 5l eolatul L (Rezapour & Deymevar, 2024)
O dwies bl olulil Gaiod ol 5l Bae iy Olaasd gliwl) o .o aly 80 gl el iz w0l
(Sl 5 orb Al s gl 5l eslaiul poogdle ping ladod S 5 gadod pl o .l ga¥ls liw 0l jo dll
Sl ol Jlos! g 4gd 55 dcgion bl &Y

axlloo o g0 ddlaio

50 sl Olouds Hlas 51 ga¥le liw jpd el ool Sl Sldllae sogae oylgicas ga¥ls ol 0l Gudss ol jo
olad w5 o ,mS oye ablpdlul woliile,S « Slbl &M slaybiw i a0 SBlLb1 5 g o ls 18 slaile,S il odgame
Slownnss Hlai 51 gaVWls liw gl 0l Comaz 185 YOAAY (ro 10 0glS VAVE Gy b i ol ol () JSKS) 098 o0 (st
31 e YOYT B POV el (s )0 (oolas,l 1 51 liw o0l (nal 05 oo Cogmims 03,95 (e (0515 925 232 (S395ST98 90
ol slaaials g gliwasS sble |, ol Cawg 5l ol Jidu w)lo a5 g0l gl )| OISl 4y azgi b g o)ls [1,3 1 o o
5 a5 5 5pm slaglioe) s ¢tk O+ ¥l (5 0eSin b oot ol 555 (sl 31 ol 458,50 s
el Jaize by liansls



5 &5 9 il

\Ag|
e gz 6 yolyl sl o AL 80 dxwn bl o LWlll
46°0'E 47°0'E
1 1
olwsss s

z Kordestan :
o - s 60°0'E
io
™

z
z =
e o
< (o]
o

L ) L
46°0'E 47°0'E 48°0'E
4:JUG.A 0)94 dalaie Cuxd " “94 :LM..O.)—\ (‘S-&
Fig.1. Location map of the study area
b g,y 9 dlge
Gz goolo
YiYeoonn sobed ey 4its g SRTM i Yo elas | 298, Juw (CHIRPS g MODIS (sleo lsale yglas 5l o ol jo

Olow el jo by 480 dwiuns Bblie Hlulid jelaie 4y gudod cpl ;o .l ool ool Buam gloosls ¢y St (ylgicas adlais
S alols wailiag, 3l alols waillo 3l eSiben s LS gy 615 et ol o oS ) alols esslsnd el V- 5l esa¥ls
5 dilate by oS 5 (5edsid Ao Ags jshatedy el ond ooliinl _glivy, blis 5| alols g s s bl 51 alols o Lol osl>
9 ol (glF)] ands dgd jslateds .l ool oolatul [9iS cwlilipe) lojles ViV oo e oldimey G (098, &Y
3 ezl Syl 5T el 0I5 4y a8 b .Cnl ool colaiwl SRTM po Voo elay )l 098, Jow jl cadlaie slaailsog,
Negahban, Ganjaeian, Ebrahimi & Gheysarian, 2025; Safari Namivandi, ) Gpeo) idiey ow)p 5 ool Slalas
A yokaieds i 4 CHIRPS g MODIS (sleolgale yglas g ailolw ol 5l (Ganjaeian, Nosrati & Mohammadian, 2024



YrY VFeF 50l ¥ o)l AF wlo (Janmo Ol pblie g Ll 2o 4 226

Closls 5 orps bl 4li agd jshiiedy aizman ool oids oolitl ¥l 3l (peSle 5 ALS Sidigs o515 gloaiis
ol 00 08lial &) JEsS jyslas 5l cailaze Lo

G sl

sy gilus;l jslatea) ArcGIS 5l us,le o] (o Page 45 Cowl oo solatul alises sla,lyl 5l Gudms ol o
(@Yl [5)b SSlo 5 aLS Giligy o515 sloasds ags jelaieas) cpanil & J595 &bl (29,5 sloasds ags 9 Sledlbl
5 (WLC Jaw 3l oolatwl b all; 80 awinss gblie gy aidi ags 9 Sdlbl sy oS5 jslaieas) IDRISI
Sl 0595 (ANP - Jowo 3l oolawl b sledlbl glaas¥ a5 20459 5kaieas) SuperDecisions

Gledbl Joli g 41 325 Jo1 50

aloy L:o‘j Ty a dalol o aS Conl oads ploil als o iz o (WS O jgody Gubiod cpl Glas o490 Blasl 5 £e0g0 45 axgi
el 00l

Aol 50,5 Sl BB jskateds al)l ja a4 bgsje Sledlbl slaayy ags 5w (L yiol )l (53Lws,laibiwl) Jol als po
oyl eyl by 8 jelatedy a5 Lty sliw 5 A je 4y Adly jo load (ileis) silwslaibinl Sledbl slaasy
O Jgaz) Cowl 00l 0310V b yam o sl )90

Sbl oY (g5les lulinl o9z =Y Jgas
Table 1- Standardization method of information layers

sl g9y b)) Al el 3,
Intra-layer value Parameter Index Row
5l ally (30 S 65 Sl 2 3B358 eletd b sblie sl
Areas with impermeable lithology have greater potential for . i e 1
e Lithology ol
landfilling. Geol
. L . " < . L - eolo
s iy 535 S 5 5ot ey (Ju bosas 51 458 3ol J5 oo,
Areas away from fault lines have greater potential for landfilling. Fault
5o ey o Sz 55 e Jemiliy 1l o 3olie £ls| 3
Low elevation areas have more potential landfilling. Elevation S S ns
5l ally 8 Sz 6 Gher Jeily el o5 Gble e Topography 4
Low slope areas have more potential landfilling. Slope
Ayl b 80 S (65 G il iy, 5l 90 bl alsog, 5
Areas away from river have greater potential for landfilling. River S5909,000
s Al (35 e (ot Jemiliy S b b bl b Hydrology
Avreas with low rainfall have greater potential for landfilling. Precipitation
s ally (89 S S F R Jely SeSTi S LS b b gble LS o s
Areas with less dense vegetation cover have greater potential for .
L Vegetation Land cover
landfilling.
10 by (38 S R Jeily cs et B Sl 9 bl St bl 8
Areas away from city have greater potential for landfilling. City
10 by 30 S (65 e Sy giling) LI Sl 90 bl by, bl SLudl 9
Areas away from village have greater potential for landfilling Village Human
WGl by 80 gz (6 e Jemsliy 0ol 5l e bl ol ool>

10
Areas away from road have greater potential for landfilling. Main Road




L a5 3 il
‘Sb.o."u.» L5L°)3'°‘)l‘~.- le""."" » djb) C,éé LT vavey e.\o'.m ‘sthLo.w

YfY

L Giosi ol 5o wnsd (LS Sldbl slaay cowal 5 (35 aSol 4 az g3 L i((Fledbl gar ar (23059) pgo Al yo
Glasis (g Ll JSCas 1 e alo o ol jo sl ool ools (39 SleMbl slaasY 4y (ANP) (glasiils Jdow Jow 5l oola!
Ole g abaly (s 6l g Ve g Sl Ve el laslie G Lo Sl el (Sorm g (F9y0 aluly 4 4z b el
59 5 o ool Super Decisions l38ls 5 51 Slawloes ploxl (gl ol oo ool b lxs o5 9 b jlas ] 51 S5y Coon]
ol 00 dle L5 5 550 (5l lxe (59 ¢ lwlids )18 ol ks 5l ekl b culys

J3les o)ly Sl sloasY Y ja (55; » odel Cuwdty (39 Jlesl 5 (83055 5 ey HWLC! Juta (61)2) pgas al> o
el 4l g oul oS 5 e L Skl sla¥ (WLC) Sje o oS 5 Jow colaiwl b coled 10 5 cawl ool IDRISI
sl 00 ags gaYls ol ja s o Al 480 dxiwe 3blie

@Ol (09, b g pdvaex (83059 Uhey 45 S9d o wgme ojline Wiz (b)) LSS (n Sl 5 S WLC )
Tabesh, Noori Khanyourdi, Dousti & Ganjaeain, 2020; Ganjaeian, Rezaei Arefi, Peysoozi, Emami, ) sg. so 0axel 5
L‘bu—| L ‘;L‘bu)j aLQ)L.xA w} w.o.m‘ dlm » :LAAAM L{bo.h).\fw 9 Sl @)5 wi)l;..a LSLMA » U’“’s) k)"‘ u,ul...u‘ (2021
@l 035 Oeliemsny 5l oo cess a s T 6l (2l 035 S lere O Slaie 5 (oed (35 S b e 0 0
(Ganjaeian, 2020) 54 walsz a5 5,50 Ban (gl 4035 b il ails | Jlade oy 5 i a5 (glay 55 deas 5§

o3liiwl 8590 (sla ol sl g i

oads oolaiwl Sluil g ol ol )l Vo sl saVls liw el o Al 80 amiie Bble olulils jolaie 4y iaghy ol o
el oals a1y Loy TS 4 aslsl jo as !
2ol e arg g aes iz gblie (3l Condy 0olS uend (oolidiies) oyl 1S 5 Aol g s3eled
b3l ooy om Sl az g g 3l Jl 3 00,95 (o ST 02l 50 98V Gl je s el (55900 (e slas i )ael
Syl 8 caz g0l slacusgaze hglsid Ll opl by (Ganjaeian, 2024) cool 48,5 5 1o Sl sleesgi |, axly
Pireh, Ghadimi & ) aijls oYU <o ,5 5 (Sogll Jusly iyls a5 oYL (630355 Juwsly, Judo 4 Sal sbls (adly 1o
Sl azgi b Jud bohs yoores il j90 3bl cpl 5l GeYlas wb dlbj 30 sble ol by (Ganjaeian, 2024
Maghsoudi, ) axee oYU (s pddsa5 Jously slyls o] GlLbl gble 5 &l LA ¢ 5,0 drwg )0  condiue )AJL
b al; 80 slacule 5 W W8 )18 ax e 0,50 b ally 80 (g3,46l s yo pl sl (Ganjaeian, Talari & Amani, 2016
shyls bl 4y ( oS bglas g g59lsid slaay¥ (o5lws Jasbinl jglatads w0als ;S5 0)lg0 45 ax i b aiil JuS Lol 3l 5o
ol 00l 00l (6 5 i 03,1 (V=Y JSE) (LS bglas 4y SGo3 5 (V-F JS0) ‘51;»1 &5 end
bl Coow a4y 3blie cnl 51 Sy, 0l (AL Olej 5o 5 wiwd oaxie SlaailSsg; Aol o 15 po Bblie o 9 £
Gloaials rizmen 05l co Cawd iyl bl Fogll el cxdipo Bblie jo ally 80 ( wlul (pl p S o &S > Cawd by
\)L?u‘ ‘05)194;. 09....4‘540 ).:)‘).w ;.9‘1.]0‘ d.‘ol.uo Couw L LQ‘LA.AL) w‘ )I Lm\)l.') (_gl.ﬁti.v‘).w 9 A g.)l.:‘s) QL')} 6‘)|é ).u w).'
e, sloary (giluslulinl jslaiads coad ;S5 3)l50 4 az s b ol lads oy Gblie o J&5 5 Joo p3Y slocsla
ol 0 00ls (6 5yt 03,1 (F-T K)ol o5 9 (V-V USK) glas)l o8 3blis 45 cceds

1- Weighted Linear Combination



YFE VEeF 5l o olocd IF alo o laomo &l yblo g Ll yior 4y 5

b ol s W 55T il s s el Al sy o bl 1yl 5 GRSy 5Ty
ol g o e e 55 5 Fogll il Al 585 Sloali Kl & 5 b 55 15 a5 3,m s sl 00l
ey 525 0 (65 et Gl Sl 85 bolin e a8l oS o by (sDlo Bolis 450 & Sl ol
@Vl Uiyl aSils 5 BLS Siiigy o515 claasy (g3lus uilinl jshited; odd (53 S lge 4 dzs b ils VL oyl
el s o813 (5 5 ) (BT JSE) 505 il 5 (O JSE) o515 oS oS sy L gl

aoilonny 5 a3 Ayl 4y azg by 5 05,1 c,50 5 Sl s 55 VU Coporlis brailisg, sl glaosls 5 ailsog) 3l alols
laailg, 2 ol g Al laailsag, 51550 4wl allj (30 slacule al plis it laailog, (Sogll Lol Jelse 51 (S
OB lp clio g wlo alides las )5 Sz (VL Jonily 55 (ol slooslr jolme (L2L)] Grizren sl (6908 Sl
510 Gblie 4y (A-Y JS5) ool 5 (V-7 US) ailog, 5l alols claay¥ ojlos huilil jshitads «olul ol s i b3
el 00 03l (6 5 i (0] shol (srosl> g ailsog,

(Slos o Lo wiils o oSl & 5 b 5 it VL (Tl sl alyy 30 (slo ol alinagy 5 6 e B 31 aluol
g 098 Calej labing; 5 bl may> b aly o8 DLl jo (@ly 5o ol (AL Ay 590 4 Wb il ook
bl sl alold slaay (g5lws,laslinl jalaieds (bl cpl pacdl a0 >le 5l H0 by 80 slaculs oSeYlas
el 0l 0315 (6 B e (0] e by 9 e LU I 590 Bblio ar (Vo =Y JSB) (pliwg, 5 (AT JS0) (s 08

wlon salon

eion
o8

woN

N

3aeton

wion

W

5B o)l N
0 Fuzzy Value 1 30 A
[ . Tl O km

sedon

gs’a'l.c)Uo‘ oy ouis g5lus;lé sloaiss =Y U
Fig.2. Fuzzified maps of the data layers



b a5 g il
e (shazxo (W oyl (Lo 5 Al (480 wrino Gb Lo (o3 Ll

Yfo

SeMbl gbay a 23039

39990955 L5 0) Glelid I8 ks 51 Sledbl slaa¥ 4 (20059 sslared ¢ Sledlbol slaas¥ (53lus bl 5l g
bl el sael Cwss Y o Sles 59 9 Sl oo eolaiwl (ANP) (glaSiss Judos Jow g (G jlasme (wlids, IS0 4
O YL LIS VYN g e VO VY (059 b o 5 4 STglsid 9 (AL g o515 il jl alols slaa alol> gl
Oy, Dl s 4 ool ey slagyjg slitel () jsliteds a5 el S5 p3Y (Y JSE) aiien Cosal 5 )
At el lls oael Cawodas 5ol a5 S lgr oo byl ulul g sl o aS s 5y

The inconsistency index is 0.0438, Itis
desirable to have a value of less than

0.1

elaijl  Elevation 0.075128
vl Precipitation 0.049366
L€ iuins) 25157 Vegetation 0150256
i Slope 0.086300
aile jl abals Ths. Road 0.065403
ailsag) 5l alols Dis. River 0.172599
liwg) 5l abals Dis. Village 0.089134
sai il dlols Dis. City 0.112873
Juf 5l aliols Dis. Fault 0.056937
sislsid Lithology 0.130806

Sl oY ol - S
Fig.3. Final weight of the data layers

245 &k A 5 4 ghnn Blia Jloc!

YU olatdl g s slae (3550 shls aSal b g oyl oYL (Sooll 5 50 Jewily bl 51 can 4ol 4 axg5 b
5 1ol Sldlas wilaie Jaowe Condg 4y azgi b lal i ol jo cadly 10 .ol (69,0 acgion bl Jlasl wiinn
Ol e 03ga5me 3 (g0l ) ion ol dgd Al bl 5 (Y Jaaz) Cewl ouls dgd degion Bblie Y (ylulis I8 ol las
PLSGhbig GS rizes § 9 S > 5 ool s 4zl )0 w2 (s ted bl oy paileg) o 0 o5 saYl
(F JSC8) el oads aid )3 (La5 10 dcgies 3blio (lgicay aiiin oS



Yf5 VFeF 50l ¥ o)l AF wlo (Janmo Ol pblie g Ll 2o 4 226

aegioe 3blie &Y dngd sl )5 3550 sl jlne =¥ Jgux
Table 2- Criteria for preparing the restricted areas layer

acgion bl byl @,
Prohibited areas Parameter Row
il 5l (g0 B0+ o> o, 5l alols 1
A distance of 500 meters from the rivers Distance from the river
S bl ) 55505k ¥ S Ll 5l alot 2
A distance of 3 kilometers from the urban areas Distance from the city
@l a4zl o 5l s askS Y o > S 5l alalé 3
A distance of 2 kilometers from the Azadi dam Distance from the dam
S slas | 5205k ¥ > JS 5l ala A
A distance of 2 kilometers from the Faults Distance from the Fault
I 5l e NDVI o yi b 3blis LS g o1 s
Avreas with an NDVI coefficient of more than 0.3 Vegetation density

46“'0'E 46°? 0'E 46’?0’E 46°1.30'E

34°?O'N
L)
34°30'N

34°?0'N
T
34°20°'N

Legend
m Cityspd bl
4 --- Road.ol>

[1 County Border ot ses 550
I Prohibited Areas acgico bl

46°'0'E 46°+0'E 46"50'E 46°:'30'E
dcgion blio azdi —F JSC&
Fig.4. Map of restricted areas

34°10'N

S
>
34°10'N

Joe 5l eolatwl b s g 00 IDRISH j138le 5 5 lg Sledol slaas¥ ¢ Sledbl slaas¥ 4 25059 5 (s3lws laibiwl 51
ool 0sds Jlogl )T 25, 2 gm0 Bblio LY ( MBI GloasY S 5 31 g -Cons] 00 s 5 i b SV (slaaY WLC
V10 )l g o dg At ywlasl (0 USLE) Cansl o0 dngs Y1 ylias 10 40 all; (550 Ao 3blie i Culy o 5
(B rb Bl (IS gy o 53 5 0ls ally 583 Sz (58b slacusgaze «siglian 5 (ST s (il Condy b oo

3500 Alls 083 S 65 e Jemily (Ol 8 (nl (292



b a5 9 g3l
e shazmo 6 ol )y (sbwo 1 Al ) (y30 diamno Gblie (o3 Lo

Yfv

46"10'E 46“10'E 46°?0'E 46“?0'E
z =z
(=3 (=4
@ - -
N E
~ L]
Lozal,
Legend
=z Z . T
&4 | 2 B City s, blas
3 § ~~~ Road >
|:| County Border ;b b ;0
Al 555 Jamiliy
Landfill Potential
[ Prohibited Areas degion Gblio
§_ _g [ Very Low o5 JL>
g g [ TLoweS
I Moderate Lwgia
T T T T l:l High sL;
46°0'E 46°10'E 46°20'E 46°30'E

9YIs i ol 1o Ay 488 datue Bble ol dids -0 JSCb
Fig.5. Final map of suitable areas for landfill in Dalaho County

QL.«..J).QA» Cag )‘ @)Afwslaj AA a5 (9 JS...; 9 Y JSJD) Casl 00l UL“"“" me)ls o lo Qo0 g Colus QS"L'))‘ @Lu
OYA ool by 85 Jouiliy 936 acgime Bblia ,3 28,5 )8 Js @ (Ol jaed Sy 5l ays FVIA Jolao) ga¥s
SE S RSP R R PV IS TN PV GV JORVIS [EWSR 2V} BY NES P NS ENTE-JORIPY FRYCINK
e, YA Jolae) ga¥ls ol 50l Gy 3l a0 gl S VT ioman a5l )8 057 L5 5 08 Jowdly adds ool o g
Snis (@5 a9 EL) o JuS g laaileg) ma > 5l 0392 599 cliwg; 9 6 B 1 039 99 Sl (Ol o Cunng )

Sl Al 30

M Colias doyd g Colue =¥ Jgu
Table 3- Area and percentage of the classes

(Area percentage) coluwe suo 5o (Area) coluw (Class) s @y
(Row)
Prohibited ) acgon 3ble
47/9 898 phos 5
(area
13/8 259 (Very Low) o5 L= 2
17 319 (Low) o5 3
13/4 251 (Moderate) lawgie 4
719 149 High) oL 5




YEA Ve 1l o ol NF als o oo &l pblio g Ll yi 4 5

50 47/9

Area percentage ol do
(o2 ]
th

20 17
15 13/8 13/4
10 7/9
5 .
0
46 gies 30 o ol o buye 3L
Prohibited area  Very Low Low Moderate High
Class o5

L oS Clie duo )0 loges —F &
Fig.6. Chart of the percentage of the classes

@Y G ndyl Sy (porlilyynm o culidirn) Comdg S5 5l gaVls b jpd oS sl 00l (LS iz () s
ol 55 Ay sao 5 80 akpe) 40 el (Siyanliy 45 S8 e (g oo bl (il g 0o e gla Sogll o
Qv oy Jolds a5 saVls liw 50l oy 3l aoyo FA sgus onel cavsts mls wlal 5 cwl ol Sl jlws s 50l
5 0031 e 4zl ;0 56 glS Y > s e B S 65205k T o o S bshas Sl 6 5eskiS ) o il Sl sy
asgios bl sz 5 Wl (Vb (sepslazme o 5 (S ey el (oSlite LS by lls bl (rizes
Goee a5 50 Slalllas oogazms 5l duo o YV dgu> puoren all 3blee (pl 5l 550 4 ol ally 80 slacolu ol ply s
iy o sl sy (005 5 55355 55 0t b 9 51 Julo ay ol 52915 (i e o 5 8 Bolio ol
Ol e g 3l oo ,0 A Lps a5 S lgl oo 00l 3 0 lge 4y azgi b aslo all 80 colu sbml cga o5 LS g oS
oS e ools Las Gl e ol abims, 5 650 bl (2iSTy ooy Lol sl ally osmo b 0530 (6l |y oo by oYl
Syel Gl (nl po aSl 4y azgi Lo 05 9529 (3L (biws; 5 (608 b 53 9oVl liw ol asgian 3blie ;o
5 Compilame (Fogll 5o qage BB Gl gl onl Al B0 g (nlpl w0l aszg by g0 b o8 Cuzr ool
Sl o5 285 a0 00l S5 0l50 4y azgi b il b e al (e 9 (b 2l 3blis (o)l Logaz
o5 9 (Abbasnezhad et al., 2017) ¢Slo (glo b yois aiile ga¥ls b jod 9 G LSy calizes 3blie jo alliy 30
logas 5 Consjlame Jlowe b Laipo sloisi,anliy 4o alives ol 5 cond oYL Sl (gl,ls (Emadodin et al., 2020)
08 )8 oz axgi 0550 b dbj g0 b 80 slacole ol



L a5 3 il
‘Sb.o."u.» L5L°)3'°‘)l4.- ‘5L2.3.n » djb) C,éé LT vavey @.\ob.o @wa.&

YFa

References

Abbasnezhad, J., Yarmoradi, Z., & Sarafrozeh, F. (2017). Site selection of waste disposal in Maku city By Fuzzy and
Boolean. Geographical Planning of Space, 7(24), 87-98. [In Persian]
https://gps.gu.ac.ir/article_50831.html?lang=en

Aghsaei, H., & Souri, B. (2017). Landfill Site Selection Using Spatial Information Technologies A Case Study in
Sanandaj Municipality, Western Iran. Environmental Researches, 8(15), 215-229. [In Persian]
https://dor.isc.ac/dor/20.1001.1.20089597.1396.8.15.25.1

Alkaradaghi, K., Salahalddin, S. A., Al-Ansari, N., Laue, J., & Chabuk, A. (2019). Landfill Site Selection Using
MCDM Methods and GIS in the Sulaimaniyah Governorate, Irag. Sustainability, 11(17).
http://dx.doi.org/10.3390/su11174530

Bagherabadi, R. (2022). Locating the landfill in Sahneh county using GIS. Management of Natural Ecosystems, 2(1),
62-71. [In Persian] https://doi.org/10.22034/emj.2022.252721

Barakat, A., Hilali, A., El Baghdadi, M., & Touhami, F. (2017). Landfill site selection with GIS-based multi-criteria
evaluation technique. A case study in Béni Mellal-Khouribga Region, Morocco. Environmental Earth Sciences,
76(12), 413. https://link.springer.com/article/10.1007%2Fs12665-017-6757-8

Celiker, M., Yildiz, O., & Koger, N. N. (2019). Evaluating solid waste landfill site selection using multi-criteria
decision analysis and geographic information systems in the city of Elazig, Turkey. Pamukkale Universitesi
Muhendislik Bilimleri DerGISi, 25(6), 683-691. http://dx.doi.org/10.5505/pajes.2018.70493

Chang, N. B., Parvathinathan, G., & Breeden, J. B. (2008). Combining GIS with fuzzy multicriteria decision-making
for landfill siting in a fast-growing urban region. Journal of Environmental Management, 87(1), 139-153.
https://doi.org/10.1016/j.jenvman.2007.01.011

Dehghani Ghantghastani, M., & Javadizadeh, F. (2021). Landfill site selection using a hybrid system of AHP in GIS
environment: A case study in Sirik city. Geography (Regional Planning), 10(41), 247-257. [In Persian]
https://dor.isc.ac/dor/20.1001.1.22286462.1399.11.1.15.9

Emadodin, S., Farzaneh, F., Arekhi, S., & Sayyad Salar, Y. (2020). Landfill Site Selection for Municipal Waste
Materials using Analytic Hierarchy Process and Artificial Neural Networks (Case study: Gorgan City). Journal
of Geography and Environmental Hazards, 9(2), 187-205. [In Persian]
https://doi.org/10.22067/ge0.v9i2.86496

Ganjaeian, H. (2020). Geomorphological hazards of urban areas, study methods and control strategies. Tehran:
Entekhab Publication. [In Persian]

Ganjaeian, H. (2024). Analysis of the Tectonic Status of the Northwestern Zagros Anticlines and its Relationship with
Seismic Centers. Journal of Geography and Environmental Hazards, 12(4), 275-290. [In Persian]
https://doi.org/10.22067/geoeh.2022.75370.1182

Ganjaeian, H., Rezaei Arefi, M., Peysoozi, T., Emami, K. (2021). Zonning susceptible areas of landslide using WLC
and OWA methods -A case study in Mountain cliff Khan, Iran. Sustainable Earth Trends, 1(2), 35-43.
https://doi.org/10.52547/sustainearth.1.2.43

Ganjaeian, H., Yamani, M., Goorabi, A., & Maghsoudi, M. (2021). Adaptation of Morphotectonic Indices with
Seismic Centers in Zagros Northwest (Sirvan and Qarahsu Basins). Geography and Environmental Planning,
31(4), 113-130. [In Persian] https://doi.org/10.22108/gep.2021.124247.1335

Ganjaeian, H., Yamani, M., Goorabi, A., & Maghsoudi, M. (2023). Estimation of land surface displacement in
Kermanshah plain and effect of earthquake Ezgele on displacement process using SBAS method. Quantitative
Geomorphological Research, 12(1), 1-13. [In Persian] https://doi.org/10.22034/gmpj.2021.141038

Hejazi, S. A. (2016). Landfill Site Selection Using Spatial Information Technologies and AHP: A Case Study of
Marageh, Iran. Journal ~of Geography and Planning, 19(54), 105-125. [In  Persian]
https://geoplanning.tabrizu.ac.ir/article_4471.html?lang=en

Hereher, M. E., Al-Awadhi, T., & Mansour, S. A. (2020). Assessment of the optimized sanitary landfill sites in
Muscat, Oman. Egyptian Journal of Remote Sensing and Space Science, 23(3), 355-362.
https://doi.org/10.1016/j.ejrs.2019.08.001


https://gps.gu.ac.ir/article_50831.html?lang=en%20
https://dor.isc.ac/dor/20.1001.1.20089597.1396.8.15.25.1
http://dx.doi.org/10.3390/su11174530
https://doi.org/10.22034/emj.2022.252721
https://link.springer.com/article/10.1007%2Fs12665-017-6757-8
http://dx.doi.org/10.5505/pajes.2018.70493
https://doi.org/10.1016/j.jenvman.2007.01.011
https://dor.isc.ac/dor/20.1001.1.22286462.1399.11.1.15.9
https://doi.org/10.22067/geo.v9i2.86496
https://doi.org/10.22067/geoeh.2022.75370.1182
https://doi.org/10.52547/sustainearth.1.2.43
https://doi.org/10.22108/gep.2021.124247.1335
https://doi.org/10.22034/gmpj.2021.141038
https://geoplanning.tabrizu.ac.ir/article_4471.html?lang=en%20
https://doi.org/10.1016/j.ejrs.2019.08.001

Yo VEeF 5l o olocd IF alo o laomo &l yblo g Ll yior 4y 5

Liang, Z., Tu, X., Liu, H., Zhang, K., Pan, Q., He, X,, ... & Sang, Y. (2025). Occurrence of volatile and semi-volatile
organic compounds in solid waste landfills and their pollution risk to groundwater. Journal of Hazardous
Materials, 488, 137456. https://doi.org/10.1016/j.jhazmat.2025.137456

Maghsoudi, M., Ganjaeian, H., Talari, A., & Amani, K. (2016). Evaluation of the Contributing Factors in Development
and Zoning Karst in Palangan Zone by Using Fuzzy Logic and ANP. Open Journal of Geology, 6, 468-483.
http://dx.doi.org/10.4236/0jg.2016.66039

Mainul, M. D., Ajim, A., & Ateeque, A. (2020). Optimal Sanitary Landfill Site Selection for Solid Waste Disposal in
Durgapur City Using Geographic Information System and Multicriteria Evaluation Technique. Journal of
Cartography and Geographic Information, 70, 163— 180. http://dx.doi.org/10.1007/s42489-020-00052-1

Mallick, J. (2021). Municipal Solid Waste Landfill Site Selection Based on Fuzzy-AHP and Geoinformation
Techniques in Asir Region Saudi Arabia. Sustainability, 13, 1-29. https://doi.org/10.3390/su13031538

Mitab, B. T., Hamdoon, R. M., & Say, K. N. (2023). Assessing Potential Landfill Sites Using GIS and Remote Sensing
Techniques: A Case Study in Kirkuk, Irag. International Journal of Design & Nature and Ecodynamics, 18(3),
643-652. https://doi.org/10.18280/ijdne.180316

Mohammahkhan, S., Ganjaeian, H., Shahri, S., & Abbaszade, A. (2019). Predicting the trend of urban development
toward hazardous areas using multi temporal images (Case Study: Marivan City). Scientific- Research
Quarterly of Geographical Data (SEPEHR), 28(110), 107-117. [In Persian]
https://doi.org/10.22131/sepehr.2019.36615

Nayyeri, H., Ganjaeian, H., & Amani, K. (2018). Evaluation of Environmental Indicator of Perimeters of the Land
Suitability for the Development of the Sarvabad City by Combining Two Models of Network Analysis and
Fuzzy  Logic. Journal of Urban Social Geography, 5(1), 49-62. [In  Persian]
https://doi.org/10.22103/JUSG.2018.1961

Nayyeri, H., Salari, M., Ganjaeian, H., & Amani, K. (2017). Geomorphological Assessment of Land Suitability for
the Physical Expansion of Sanandaj City Applying Restricted Areas. Geographical Urban Planning Research
(GUPR), 5(1), 127-145. [In Persian] https://doi.org/10.22059/jurbangeo.2017.63213

Negahban, S., Ganjaeian, H., Ebrahimi, A., & Emami, K. (2019). Monitoring and predicting the trend of changes in
residential areas using multi-timed images (Case study: Songhor city). Journal of the Earth and Space Physics,
45(2), 343-354. [In Persian] https://doi.org/10.22059/jesphys.2019.275076.1007084

Negahban, S., Ganjaeian, H., Ebrahimi, A., & Gheysarian, S. S. (2025). Analysis of the Roles of Environmental
Factors in the Occurrence of Floods Using the Google Earth Engine System (Case Study: West of Golestan
Province). Geography and Environmental Planning, 35(4), 1-18. [In Persian]
https://doi.org/10.22108/gep.2024.142342.1659

Negahban, S., Ganjaeian, H., Feraydooni Kordestani, M., & Cheshmeh sefidi, Z. (2019). Assessing the physical
development of cities and extending to geomorphological prohibited areas Using LCM (Case Study: Sanandaj
City). Journal of  Natural Environmental  Hazards, 8(20), 39-52. [In  Persian]
https://doi.org/10.22111/jneh.2018.21943.1317

Nikzada, V., Amiri, M. J., Moarab, Y., & Foroughi, N. (2017). Using Fuzzy Logic Analysis and Fuzzy ANP (FANP)
Method in GIS for Landfill Site Selection (Case Study: Aliabad City). Journal of Geography and
Environmental Hazards, 6(1), 67-87. [In Persian] https://doi.org/10.22067/ge0.v6i1.47944

Pireh, M., Ghadimi, M., & Ganjaeian, H. (2024). Identification of Vulnerable Karst Areas Using the COP Model
(Case Study: Tekab Basin). Geography and Environmental Planning, 35(3), 95-112. [In Persian]
https://doi.org/10.22108/gep.2024.141035.1640

Rezapour, A., & Deymevar, S. (2024). Waste disposal site location allocation using GIS and fuzzy overlay method
(Case study: Birjand county). Integrated Watershed Management, 4(3), 83-104. [In Persian]
https://doi.org/10.22034/iwm.2024.2024112.1140

Roy, D., Das, S., Paul, S. S., & Pau, S. (2022). An assessment of suitable landfill site selection for municipal solid
waste management by GIS-based MCDA technique in Siliguri municipal corporation planning area, West
Bengal, India. Computational Urban Science, 2(18), 1-19. https://doi.org/10.1007/s43762-022-00038-x

Safari Namivandi, M., Ganjaeian, H., Nosrati, M., & Mohammadian, K. (2024). Identification of flooded areas and
analysis of factors influencing its occurrence (Case study: Southeast of Sistan and Baluchestan province).


https://doi.org/10.1016/j.jhazmat.2025.137456
http://dx.doi.org/10.4236/ojg.2016.66039
http://dx.doi.org/10.1007/s42489-020-00052-1
https://doi.org/10.3390/su13031538
https://doi.org/10.18280/ijdne.180316
https://doi.org/10.22131/sepehr.2019.36615
https://doi.org/10.22103/JUSG.2018.1961
https://doi.org/10.22059/jurbangeo.2017.63213
https://doi.org/10.22059/jesphys.2019.275076.1007084
https://doi.org/10.22108/gep.2024.142342.1659
https://doi.org/10.22111/jneh.2018.21943.1317
https://doi.org/10.22067/geo.v6i1.47944
https://doi.org/10.22108/gep.2024.141035.1640
https://doi.org/10.22034/iwm.2024.2024112.1140
https://doi.org/10.1007/s43762-022-00038-x

L a5 3 il
‘Sb.o."u.» 6Lb)3.e|)L; ‘SLL‘o.e » dlb) C,ﬁé L Sovwy e.bb.o @wa..i’a

Yo

Quantitative Geomorphological Research, 13(2), 181-194. [In Persian]
https://doi.org/10.22034/gmpj.2024.449586.1494

Salari, M., Nayeri, H., Amani, K., & Ganjaeian, H. (2017). Locating Suitable Directions for Kamyaran Urban
Development through a Hazardology Approach based on the Application of Geomorphologically Restricted
Areas. Environmental Management Hazards, 4(4), 419-436. [In Persian]
https://doi.org/10.22059/jhsci.2018.252694.341

Salari, M., Nayyeri, H., Ganjaeian, H., & Amani, K. (2020). Assessment and Prediction of the process of expansion
of residential areas with Geomorphological Approach and Environmental Management (Case Study: Paveh
City). Quantitative Geomorphological Research, 9(1), 86-101. [In Persian]
https://www.geomorphologyjournal.ir/article_109536_en.html

Soltani, A., Hewage, K., Reza, B., & Sadig, R. (2015). Multiple stakeholders in multi-criteria decision-making in the
context of Municipal Solid Waste Management: A review. Waste Management, 35, 318-328.
https://doi.org/10.1016/j.wasman.2014.09.010

Tabesh, S., Noori Khanyourdi, M., Dousti, M., & Ganjaeain, H. (2020). Presenting the proposed model for the location
of sports places using the integrated model of WLC and AHP. Sport Management and Development, 9(1), 2-
22. [In Persian] https://doi.org/10.22124/jsmd.2020.4096

Wu, T. H., Chen, C. Y., Huang, S. W., & Yu, T. T. (2025). An integrated decision framework for landfill mining site
selection using GIS, multi-criteria analysis, and optimization models. Socio-Economic Planning Sciences, 99,
102220. https://doi.org/10.1016/j.seps.2025.102220


https://doi.org/10.22034/gmpj.2024.449586.1494
https://doi.org/10.22059/jhsci.2018.252694.341
https://www.geomorphologyjournal.ir/article_109536_en.html
https://doi.org/10.1016/j.wasman.2014.09.010
https://doi.org/10.22124/jsmd.2020.4096
https://doi.org/10.1016/j.seps.2025.102220

(Research Journal)
VOLUME 14, NO 55, Autumn 2025
CONTENTS

Identification of Dust Sources Using Spatio-Temporal Tensor of Aerosol Optical Depth in llam
County

Ramin Karami; Hossein Etemadfard

Analysis of the Effects of Tectonic Processes on Geomorphological Features and Assessment of
Slope Instability Hazard Potential in the Shaharchay River Basin of Urmia

Fariba Hemmati; Saber Seyyed Ahmadi; Akram Alizadeh

Modeling Landslide Susceptibility Using Artificial Neural Network Algorithm: A Case Study of
Shahid Abbaspour Dam Basin, Northeast Khuzestan

Mahshid Moavi; Heeva Elmizadeh; Mojgan Entezari
Morphotectonic and Seismicity Investigation in the Northern and Southeastern of Central Iran
Najimeh Eskandari; Majid Nemati; Shahram Shafieibafti

Assessing the Effects of Land Use Change on Flood Occurrence in the Mordag Chai Watershed
Using the SWAT and Avrtificial Neural Network Models

Mohammad Hossein Rezaei Moghaddam; Atefeh Haghighat; Tohid Rahimpour; Abdollah Behboody

Structural Analysis and Regime Shift of Drought in Iran Using a Three-Dimensional Clustering
Approach

Javad Mahdizadeh Soula; Yousef Ghavidel Rahimi; Manuchehr Farajzadeh

Forecasting and Trending of Precipitation in Selected Cities of the Northern Half of Iran Using
ACCESS and CNRM Models

Roghayeh Maleki Meresht; Bromand Salahi; Mahnaz Saber
General Characteristics of the Lightning Phenomenon in Iran
Hamzeh Alizadeh; Hossien Asakereh; Koohzad Raispour

Spatio-Temporal Analysis of Earthquake Occurrences in lran (1996-2024): A Vulnerability
Assessment with a Focus on Urban Areas

Roya Moghabeli; Faezeh Bahadori; Alireza Mohammadi

Dam Construction in the Light of Green Criminology: A Content Analysis of the Novel After the
Cloud

Hamid Reza Danesh Nari; Abolfazl Sherafati

Analysis of Factors Affecting Urban Environmental Pollution in Coastal Areas (Bandar Anzali,
Rezvanshahr and Astara) Using (AHP and RF) Models

Zahra Pourmoghadam; Mojtaba Yamani; Mansour Jafar Biglo

Landfill Suitability Site Selection Using Environmental Parameters and Exclusion Zones (Case
Study: Dalahu County)

Saied Asadollah Hejazi; Zahra Zanganeh Tabar

18

38

55

72

93

116

140

166

190

211

235



Editor-in-Chief: Prof. Seyed Reza Hosseinzadeh
Department of Geography Ferdowsi University of Mashhad, Mashhad, Iran
Director: Prof. Seyed Reza Hosseinzadeh
Department of Geography, Ferdowsi University of Mashhad, Mashhad, Iran
English Language Editor: Maryam Mohammadi Shandiz
Ferdowsi University of Mashhad, Mashhad, Iran
Managing Editor: Dr. Masoud Rahimi
Department of Geography, Ferdowsi University of Mashhad, Mashhad, Iran
Executive Director: Dr. Mahdieh Ghayoor Bolorfroshan
Department of Geography, Ferdowsi University of Mashhad, Mashhad, Iran
Language Editor: Ensieh Sabokkhiz Khayat
Ferdowsi University of Mashhad, Mashhad, Iran

International Editorial Board:
Prof. Victor R. Baker
Department of Hydrology and Water Resource, University of Arizona, USA
Prof. Ziyadin Cakir
Department of Geology, Istanbul Technical University, Turkey
Prof. Gao-Lin Wu
Institute of Water and Soil Conservation, Chinese Academy of Sciences
Dr. Masoud Irannezhad
Department of Civil Engineering, Australian College of Kuwait, Mubarak Al-Kabeer, Kuwait
Dr. Dimitris G. Kaskaoutis
Chemical Engineering, University of Western Macedonia: Kozani, Greece
Prof. Mingrui Qiang
Arid Environment and Climate Change, Lanzhou University Lanzhou, China
Iranian Editorial Board:
Dr. Morteza Akbari
Department of Natural Resources and Environment, Ferdowsi University of Mashhad, Mashhad, Iran
Dr. Hamid Ejtehadi
Department of Biology, Sciences, Ferdowsi University of Mashhad, Mashhad, Iran
Dr. Mohammad Reza Esfehani
Department of Civil Engineering, Ferdowsi University of Mashhad, Mashhad, Iran
Dr. Bakhtiar Feizizadeh
Department of Geography, University of Tabriz, Tabriz, Iran
Prof. Manijeh Ghahroudi Tali
Department of Geography, Shahid Beheshti University, Tehran, Iran
Dr. Alireza Karimi
Department of Soil Sciences, Ferdowsi University of Mashhad, Mashhad, Iran
Prof. Golamreza Lashkaripour
Department of Geology, Ferdowsi University of Mashhad, Mashhad, Iran
Dr. Abolfazl Masudian
Department of Physical Geography, University of Isfahan, Isfahan, Iran
Dr. Masoud Minaei
Department of Geography, Ferdowsi University of Mashhad, Mashhad, Iran
Dr. Masoud Mirzaei Shahrabi
Department of Chemistry, Ferdowsi University of Mashhad, Mashhad, Iran
Dr. Hossein Mohammadzadeh
Department of Geology, Ferdowsi University of Mashhad, Mashhad, Iran
Dr. Alireza Rashki
Department of Natural Resources and Environment, Ferdowsi University of Mashhad, Mashhad, Iran
Dr. Hossein Shafizadeh-Moghadam
Department of Water Engineering and Management, Tarbiat Modares University, Tehran, Iran
Dr. Shaban Shataee Joybari
Department of Forest Sciences, University of Gorgan, Gorgan, Iran
Dr. Kkalil ValizadehKamran
Department of Remote Sensing and GIS, Tabriz University, Tabriz, Iran
Dr. Mojtaba Yamani
Department of Physical Geography, University of Tehran, Tehran, Iran
Dr. Azar Zarrin
Department of Geography, Ferdowsi University of Mashhad, Mashhad, Iran

Geography and Environmental Hazards (ISSN:2322-1682) is published four times a year in June, September,
December and March by Ferdowsi University of Mashhad, Mashhad, Iran.

Postal Code: 9177948883, Tel: +98(0) 5138805273 Fax: +98(0) 51 38794144

E-mail: geo.eh@um.ac.ir ~ Website : http://geoeh.um.ac.ir


geo.eh@um.ac.ir%20%20
http://geoeh.um.ac.ir/

Aims

Geography and Environmental Hazards is an interdisciplinary Iranian research journal that highlights
geographical themes such as the degree of geographical hazard in various regions, human exposure to risk,
vulnerability, public awareness, disaster response, and planning strategies to mitigate the impacts of
environmental hazards.

The journal also addresses the role of hazards in influencing development processes, particularly in developing
countries, and engages with issues related to efficiency, social equity, and sustainability.

Scopes

The journal welcomes high-quality original research articles, review papers, short communications, case studies,
methodological contributions, and applied research on the following topics:

e Geological and Geomorphological Hazards: Earthquakes, soil liquefaction, volcanic eruptions, lahars,
tsunamis, land subsidence, landslides, lateral spreading, debris flows, rockfalls, mudflows, avalanches,
soil piping, and related processes.

¢ Hydrological -geomorphological Hazards: Riverine floods, urban inundation, sea-level fluctuations,
coastal erosion, water erosion, wind erosion, dune migration, salt weathering, saline water intrusion,
desertification, and soil salinization.

e Climatic and Atmospheric Hazards: Climate change, dust storms, haboobs, firestorms, blizzards,
tornadoes, extreme weather events, droughts, severe frosts, heatwaves, fog, lightning, cosmic radiation,
and ultraviolet exposure.

e Bio-physical and Biological Hazards: Natural wildfires, agricultural frosts, allergies, viral outbreaks,
food poisoning, epidemics, chronic diseases (e.g., cancer), plant pests and diseases, and insect
infestations.

e Technological Hazards: Air, soil, and water pollution, industrial contamination, chemical hazards, noise
pollution, nuclear radiation, electronic waste, radioactive waste, dam failures, transport accidents, fires,
chemical spills, and anthropogenic construction hazards.

e Socio-cultural Hazards: Mental health crises, aggression, stress and depression, ethnic and social
conflicts, theft, drug addiction, conventional and hybrid warfare, political unrest, border disputes, high-
risk behaviors, and urban—rural vulnerabilities.

e Environmental Hazard Management: Crisis management, active and passive risk management,
emergency response and rescue, post-disaster recovery, and strategic planning for hazard mitigation.



Guide for Authors

The Journal of Geography and Environmental Hazards accepts articles exclusively on topics related
to environmental hazards (both natural and human-induced) due to its specialized nature. Articles must
represent the original research of the author(s) and should not have been previously published in any
domestic or international journals, conference proceedings, or submitted simultaneously to another
journal.

Article Submission Process
Online Submission System:

The Journal of Geography and Environmental Hazards processes only articles submitted through its
official website: https://geoeh.um.ac.ir/author

Language and Style:
Articles are accepted in Persian with an extended abstract in English.

Types of Articles

e Original research articles
e Review articles
e Short communications
e Technical notes or methodological articles
o Case studies
Note:

o Articles presented at conferences may be considered if they include significant revisions and
additional content.

o Review articles that cover recent advancements in the journal's topics will only be accepted
from experienced authors with relevant research publications.

Avrticle Preparation

For detailed information on the structure of each section of the article, click here.

Conflict of Interest and Commitment Forms:
Authors must upload these forms during article submission.

Conflict of interest Form
Authorship statement Form

Formatting Requirements

The article structure should include:
1. Extended abstract in English (comprising Introduction (Purpose, literature review,
etc.), Materials and Methods, Results and Discussion, Conclusion),
2. Title, abstract, and keywords,
3. Main sections: Introduction, Study Area, Materials and Methods, Results and
Discussion, Conclusion, and References.

Important: For accuracy, both Persian and English versions of the extended abstract must be
submitted.
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Word Count Limits:

Main article text: 3,000—7,000 words

Extended English abstract: 700-1,500 words

Keywords: 3-5 words

References: 20-50 for research articles; 50—300 for review articles

Formatting Guidelines

e Atrticles should be submitted in A4 format, single-column, and without logos.
All pages must be numbered, and the article length (excluding tables and figures) must not
exceed 15 pages.

e Margins: 3.5 cm (top and bottom), 3 cm (left and right).
e Line spacing: 1.5 (5 lines).
o Footnotes must restart numbering on each page.
e Main and subheadings should not be numbered.
o Numerical data in the text must be in Persian numerals, except within tables and figures.
o Figure captions (below) and table titles (above) should be bilingual (Persian and English).
o In-text citations and references must be in English (parentheses in Persian font).
e Use half-spaces throughout the text.
e Numbered or bulleted lists should have a 0.5 cm indent before the text.
Font

e Persian text: B Nazanin
o English text: Times New Roman
e Font sizes:
o Persian and English titles: 16, 14(bold)
Main headings: 12 (bold)
Body text: 12
Latin text: 10
Scientific names: Italic
Captions for figures and tables: 11 (Persian), 10 (English)
Table and figure numbers: Bold
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Tables

Submit tables in editable text format, not as images.

Place tables near their related text or in a separate section at the end.

Number tables sequentially based on their appearance in the text.

Provide bilingual titles (Persian: B Nazanin, 11, Bold; English: Times New Roman, 10,
Bold).

o Data in Persian tables must include English equivalents.

e Avoid vertical lines and shading in table cells.

Figures and Images

e Submit figures/images as separate files and reference them in the text.

e Number figures/images sequentially as they appear.

o Titles for figures/images must be bilingual (below the figure: Persian, B Nazanin, 11; English,
Times New Roman, 10).

Mathematical Equations

e Present equations in two-column invisible tables.
o Number equations sequentially, enclosed in parentheses.
e Use Times New Roman, font size 10, for equations.



Units of Measurement

Follow the SI (metric) system.
Use exponential notation (e.g., m s7* instead of m/s).

References

Use the 6th edition of the APA citation style. Tools like EndNote or Word are recommended.
In-text citations and the reference list must be in English.

For Persian sources, provide English bibliographic details from official pages or sites and
indicate [In Persian].

Ensure all citations include DOI if available.

Follow alphabetical order for author names in the reference list.

Publication Fees

The Journal of Geography and Environmental Hazards does not charge for the initial review.
However, accepted articles must pay a fee of 6 million Rials for editing and publication costs.

Promoting Published Articles

Share your article on platforms like ResearchGate, Academia.edu, and Mendeley.
Create an ORCID ID and link your article to your profile.

Promote your article on social media using relevant hashtags.

Cite the article in your presentations and share slides on platforms like SlideShare.
Share your article's DOI link with colleagues and in your email signature.

Share your slides related to the article on platforms such as SlideShare.

Send your article to colleagues, researchers, and relevant research groups via email, and
include the article's DOI link in your email signature.
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