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Extended Abstract

Introduction

Climate change, driven by global warming, poses an existential threat to both natural and human

systems, necessitating accurate and reliable projections of future climate variations. While
extensive research has examined the impacts of climate change on various subsystems and
proposed adaptation and mitigation strategies, many studies have overlooked the inherent
uncertainties in climate modeling. Limiting analyses to selected scenarios from Atmosphere-
Ocean General Circulation Models (AOGCMs) and neglecting uncertainty analysis reduces the
credibility and certainty of the final results. Indeed, uncertainties arising from structural and
parametric diversity in models, downscaling processes, and impact assessment models require
rigorous investigation and quantification.

A comprehensive assessment of climate change impacts requires the identification and analysis
of three primary categories of uncertainty:

1.Uncertainties associated with the structure and parameters of AOGCMs;

2.Uncertainties arising from statistical and dynamical downscaling methods at regional
scales; and

3.Parametric and structural uncertainties in impact assessment models.

AOGCMs, due to their diversity in structure and parameters, produce varying outputs for climatic
variables, representing a significant source of uncertainty in climate projections. Incorporating
uncertainties into climate change impact assessments leads to various plausible future scenarios
that can inform decision-making and adaptation planning. Given computational and data
limitations, a comprehensive examination of all uncertainty sources in every study is infeasible.
However, studies have shown that certain uncertainties, such as those related to downscaling
methods, significantly impact the final results and must be considered in assessing climate change
impacts on river flows. Employing multi-model ensemble approaches and ensemble prediction
methods to quantify and reduce uncertainties arising from AOGCMs is an effective strategy
adopted in this research.

Material and Method

The Qarasu watershed, located in western Iran within Kermanshah province, served as the focal
point of this study. Observational data spanning 1976-2005 were obtained from the Kermanshah
synoptic station, courtesy of the Iran Meteorological Organization. Complementing this,
downscaled data from 21 Global Circulation Models (GCMs) were acquired from the NASA
Earth Exchange Global Daily Downscaled Projections (NEX-GDDP) dataset. This dataset
encompassed both the historical (1976-2005) and future (2020-2049) periods under the
Representative Concentration Pathway 4.5 (RCP4.5) scenario, selected for its intermediate
climate change trajectory.

Following meticulous data validation and preprocessing, the uncertainty inherent in the GCMs
was rigorously assessed. To evaluate GCM performance, the coefficient of determination (R2)
and Nash-Sutcliffe Efficiency (NSE) were computed, facilitating a comparative analysis between
simulated temperature and precipitation under RCP4.5 and observed values from the Kermanshah
synoptic station.

To address and mitigate uncertainties in climate projections, this research employed a suite of
ensemble methods, including ensemble prediction (EP), multi-model ensembles (MEP), and
weighted multi-model ensembles (MEPWi), rather than relying solely on individual model
outputs. The fundamental premise underpinning these methods is that models demonstrating
superior skill in replicating historical climate patterns are anticipated to maintain their relative
accuracy in future projections, thereby identifying them as optimal candidates. Consequently, the
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weight assigned to each model within the ensemble is directly proportional to its historical
performance. Finally, the accuracy of the model simulations relative to observational data was
evaluated using Rz and NSE.

Results and Discussion
The findings indicated that MRI-CGCM3, MPI-ESM-LR, BNU-ESM, ACCESS1-0, MIROC-
ESM, MIROC-ESM-CHEM, and MPI-ESM-MR exhibited robust performance in simulating
monthly precipitation patterns. Concurrently, ACCESS1-0, CNRM-CM5, MIROC-ESM,
MIROC-ESM-CHEM, MPI-ESM-LR, MPI-ESM-MR, MRI-CGCM3, and BNU-ESM
demonstrated heightened accuracy in replicating temperature regimes. Notably, MRI-CGCM3,
MPI-ESM-MR, and MIROC-ESM-CHEM were assigned the highest weights and exhibited the
lowest uncertainty in their simulations of monthly precipitation, maximum temperature, and
minimum temperature, signifying their superior fidelity and minimal deviation.
Analysis of statistical metrics from the ensemble methods revealed that the multi-model ensemble
prediction (MEP) approach, characterized by an R2 of 0.95 and NSE of 0.92, provided the most
congruent estimates compared to baseline data from the Kermanshah synoptic station.
Consequently, the MEP method was adjudicated as the optimal ensemble prediction paradigm
for GCMs in this study.
Scrutiny of mean monthly and annual fluctuations under the MEP framework projected that:
e Monthly and annual precipitation are anticipated to change by 1.9% and 22.7%,
respectively, in the future period.
o Mean monthly and annual temperature increments are projected to be 1.89°C and 1.88°C,
respectively.

Conclusions

This study examined and compared various climate modeling methodologies to mitigate
uncertainty in climate projections. Our findings reveal that no single climate model accurately
predicts all climatic parameters within a given region. Optimal projections for temperature and
precipitation necessitate the utilization of multiple models, underscoring the importance of multi-
model ensemble techniques. We evaluated three ensemble methods: Model Ensemble with
Weighting (MEPWi), Model Ensemble Projection (MEP), and Ensemble Prediction (EP).

The results indicated that projected values from these methods were relatively consistent, with
minimal discernible differences. However, the MEP method yielded the most precise estimates
for temperature and precipitation, establishing it as the superior technique for reducing
uncertainty in climate projections. This research emphasizes that leveraging diverse climate
models significantly enhances projection accuracy and reduces uncertainties. Relying solely on a
single GCM is insufficient for formulating robust strategies to mitigate climate change impacts.
Our results align with prior research demonstrating the efficacy of multi-model ensembles in
improving predictive accuracy.

In summary, this study demonstrates that applying climate model ensemble techniques,
particularly the MEP method, substantially improves the reliability of climate projections. This
enhanced precision is crucial for enabling policymakers and planners to make informed decisions
aimed at mitigating climate change impacts. Future studies could explore the performance of
these ensemble methods under different climate scenarios and in other regions.
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Table-1 The general circulation models used

Joo ol Jgs
Model Country
ACCESS1-0 CSIRO-BOM (Australia)
BCC-CSM1.1 BCC (China)
BNU-ESM BNU (China)
CanESM2 CCCMA (Canada)
CCsM4 NCAR (USA)
CNRM-CM5 CNRM-CERFACS (France)
CESM1-BGC NCAR (USA)
CSIRO-Mk3-6-0 CSIRO-QCCCE(Australia)
GFDL-CM3 GFDL (USA)
GFDL-ESM2G GFDL (USA)
GFDL-ESM2M GFDL (USA)
INM-CM4 INM (Russia)
IPSL-CM5-LR IPSL (France)
IPSL-CM5-MR IPSL (France)
MIROC5 AORI-NIES (Japan)
MIROC-ESM AORI-NIES (Japan)
MIROC-ESM-CHEM AORI-NIES (Japan)
MPI-ESM-LR MPI-M (Germany)
MPI-ESM-MR MPI-M (Germany)
MRI-CGCM3 MRI (Japan)
NorESM1-M NCC (Norway)
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Fig.1. The location of synoptic and hydrometric stations in the Qarasu watershed of Iran
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Table-2 Validation results of General Circulation Models and the coefficient of
determination (R?) and model efficiency (ME)
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Model Coefficient of Model Coefficient of Model Coefficient of
Efficiency  Determination  Efficiency = Determination  Efficiency Determination
1 0.94 1 0.94 0.88 0.93 ACCESS1-0
0.61 0.54 0.67 0.54 0.72 0.75 BCC-CSM-1-1
0.94 0.69 0.96 0.69 0.90 0.83 BNU-ESM
0.61 0.89 0.67 0.89 0.77 0.91 CanESM?2
0.61 0.94 0.67 0.94 0.73 0.71 CCSM4
0.60 0.60 0.67 0.60 0.61 0.65 CESM1-BGC
1 0.65 1 0.65 0.64 0.68 CNRM-CM5
0.60 0.68 0.67 0.68 0.63 0.61 CSIRO-Mk3-6-0
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1 0.95 1 0.95 0.84 0.84 MIROC =SM
1 0.94 1 0.94 0.91 0.87 MPI-ESM-LR
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0.61 0.60 0.66 0.60 0.71 0.71 NorESM1-M
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Fig.2. Results of weighting each model in modeling precipitation and temperature in the
baseline period (1976-2005)
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precipitation, maximum temperature, minimum temperature, and average monthly
temperature in the baseline period (1976-2005)

Table-3 Results for the coefficient of determination (R2) and model efficiency (ME) using
various ensemble methods

. R?) yuons s 2
(ME) s, <2
COEFFICIENT OF
MODEL EFFICIENCY
DETERMINATION Wadde oS 5 sl sl s,
gl gle sl gl ENSEMBLE METHOD
Bl sl ook Jolas Sl ook OF MODELS
Min.  Max, Precipitation Min. Max. precipitation
Temp. Temp. Temp. Temp.
EP kdus 5 5 sl
084  0.84 0.88 0.84 0.84 0.89 ENSEMBLE
PERFORMANCE
Sk lbdie oS 5 ol 2
094 094 0.90 0.96 0.96 0.93 EPWI (23055
MULTI ENSEMBLE
PERFORMANCE WI
bdae 51 galdas oS 5 6l 2!
0.98 0.98 0.92 0.99 0.99 0.95 MEP
MULTI ENSEMBLE
PERFORMANCE

ol (oS5 gzl gy oS ols (s (oS 5 sl s sla g, )bl alpd @l () 2

b awslio )5 1, yige omess +AY (ME) L1 cays s /120 (RY) st wuyo b (MEP) la s
Oiae Olereds (hgy opl Coles jo g canl solo @il) oliile,S Sy gies o] jo il 0,90 (slroals
n e 31 53135 oS5 sl gy 3 o 4005 a0 5 ager (50,5 cslo e (onsS 5 2] s,
Sot & yomie WilgS co Eoii (pl A 0gd o oolaiwl alite eges 505 Joo paiz 5l (MEP)
5 098 bl wilyi oo it glaJoe 058 b JoeSS b anglie 1o 5330 slogimin 9 ilwand
Soges TS o ioren w0 Gty (g0 0 S ol S S L as aal asily gelaie cans
5 @bl lp aeie GOlpl Hoks Jlages sl oad W) (S 5 sl Ay e QB! e ek
Gy 4 pladl Glre Sliail 5 (Sinan 28,5 Sl 10 b Jloged (pl el Alie gl oo anlie
Y 3o 5 0 odnlie polie Silo X e oS )y S o (6 lo] isges gl Sy o Lo Joue
oaids Hlas Wiyl 1B Y 9 X jeme Koo 0 a5 (bla sl Jow lawgi ool gt polie Sl
eSiln L S, game o) s o (o058 55 bl 2l b ol Conally 5 in s o L 3



i aindw 9 (6, laé

e o 3 ST U guo B sl 039 (slod 5 JB5b (o2 led sy

5,50es (6 s dslin Jlogas Cnl iy oo Ltalsl oad ssmlive (slmosls b T ey 5 ke 2 (el
(Jahangir & Azimi, 2022) oS S Lo s Jow oy e ol 10 Wilg co 9 05 o o2l,8 1 o oo

® oLl 5 Stygions
Kermanshah Synoptic
O s j) g3lani 8,8 g2 MEP
Multi Ensemble Performance
3s T e ong,F (gly EP
Ensemble Performance
T3 Ley 1 B o9, ()2 EPWI

lIElti Ensemble Performance Wi
&

Normalized 5D

-5 0 5 10 15 20 25 30 35
Normalized 5D

Sty g 0Lt b s Lo )5 A3y 0390 )0 (o 35 5y ik (sla g, 50 Holad' Hloged —F JSCi
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synoptic station data
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Fig.5. Results of ensemble methods (EP), weighted ensemble (MEPWi), and partial model
ensemble (MEP) for estimating precipitation, maximum temperature, minimum
temperature, and average monthly temperature in the future period (2020-2049)
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Soil erosion is a significant environmental issue in terrestrial ecosystems that can
impact habitat quality in a region. This study aimed to evaluate soil erosion and
habitat quality in the Sistan region, eastern Iran, based on land use patterns. The

INVEST model was used to assess soil erosion and habitat quality after collecting
the necessary data. The relationship between soil erosion and habitat quality was
analyzed using Spearman's correlation test and geographically weighted
regression (GWR). The study found that the annual soil erosion in the region was
3.41 Mt (averaging 2.07 t ha™'). Despite having higher quality, the western
habitats showed a higher potential for soil erosion. The highest and lowest
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erosion rates were observed in rangelands (3.6 t ha™! y') and wetlands (0 t ha™!
y ), respectively. The highest and lowest habitat quality values were seen in

KEYWORDS: rangelands and built-up areas, respectively. Spearman's test revealed a positive
. ] and significant correlation between habitat quality and soil erosion (R = 0.71, P-
Soil erosion, value < 0.01). GWR analysis also confirmed a significant spatial correlation

between the two variables (R2 = 0.91, P-value < 0.01). The spatial pattern of
habitat quality and soil erosion in the study area was similar, with higher-quality
habitats located in the western parts of the region, which naturally had a higher
potential for erosion. This study provided valuable information on habitat quality
and soil erosion and emphasized the importance of managers and planners
adopting effective strategies to reduce soil erosion, particularly in high-quality
habitats in the region.
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Extended Abstract

Introduction

Climate change, driven by global warming, poses an existential threat to both natural and
human systems, necessitating accurate and reliable projections of future climate variations.
While extensive research has examined the impacts of climate change on various subsystems
and proposed adaptation and mitigation strategies, many studies have overlooked the inherent
uncertainties in climate modeling. Limiting analyses to selected scenarios from Atmosphere-
Ocean General Circulation Models (AOGCMs) and neglecting uncertainty analysis reduces the
credibility and certainty of the final results. Indeed, uncertainties arising from structural and
parametric diversity in models, downscaling processes, and impact assessment models require
rigorous investigation and quantification.

A comprehensive assessment of climate change impacts requires the identification and analysis
of three primary categories of uncertainty:

1. Uncertainties associated with the structure and parameters of AOGCMs;

2. Uncertainties arising from statistical and dynamical downscaling methods at regional
scales; and

3. Parametric and structural uncertainties in impact assessment models.

AOGCMs, due to their diversity in structure and parameters, produce varying outputs for
climatic variables, representing a significant source of uncertainty in climate projections.
Incorporating uncertainties into climate change impact assessments leads to various plausible
future scenarios that can inform decision-making and adaptation planning. Given computational
and data limitations, a comprehensive examination of all uncertainty sources in every study is
infeasible. However, studies have shown that certain uncertainties, such as those related to
downscaling methods, significantly impact the final results and must be considered in assessing
climate change impacts on river flows. Employing multi-model ensemble approaches and
ensemble prediction methods to quantify and reduce uncertainties arising from AOGCMs is an
effective strategy adopted in this research.

Material and Method

The Qarasu watershed, located in western Iran within Kermanshah province, served as the focal
point of this study. Observational data spanning 1976-2005 were obtained from the
Kermanshah synoptic station, courtesy of the Iran Meteorological Organization.
Complementing this, downscaled data from 21 Global Circulation Models (GCMs) were
acquired from the NASA Earth Exchange Global Daily Downscaled Projections (NEX-GDDP)
dataset. This dataset encompassed both the historical (1976—2005) and future (2020-2049)
periods under the Representative Concentration Pathway 4.5 (RCP4.5) scenario, selected for its
intermediate climate change trajectory.

Following meticulous data validation and preprocessing, the uncertainty inherent in the GCMs
was rigorously assessed. To evaluate GCM performance, the coefficient of determination (R2)
and Nash-Sutcliffe Efficiency (NSE) were computed, facilitating a comparative analysis
between simulated temperature and precipitation under RCP4.5 and observed values from the
Kermanshah synoptic station.

To address and mitigate uncertainties in climate projections, this research employed a suite of
ensemble methods, including ensemble prediction (EP), multi-model ensembles (MEP), and
weighted multi-model ensembles (MEPWi), rather than relying solely on individual model
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outputs. The fundamental premise underpinning these methods is that models demonstrating
superior skill in replicating historical climate patterns are anticipated to maintain their relative
accuracy in future projections, thereby identifying them as optimal candidates. Consequently,
the weight assigned to each model within the ensemble is directly proportional to its historical
performance. Finally, the accuracy of the model simulations relative to observational data was
evaluated using Rz and NSE.

Results and Discussion

The findings indicated that MRI-CGCM3, MPI-ESM-LR, BNU-ESM, ACCESS1-0, MIROC-
ESM, MIROC-ESM-CHEM, and MPI-ESM-MR exhibited robust performance in simulating
monthly precipitation patterns. Concurrently, ACCESS1-0, CNRM-CM5, MIROC-ESM,
MIROC-ESM-CHEM, MPI-ESM-LR, MPI-ESM-MR, MRI-CGCM3, and BNU-ESM
demonstrated heightened accuracy in replicating temperature regimes. Notably, MRI-CGCM3,
MPI-ESM-MR, and MIROC-ESM-CHEM were assigned the highest weights and exhibited the
lowest uncertainty in their simulations of monthly precipitation, maximum temperature, and
minimum temperature, signifying their superior fidelity and minimal deviation.

Analysis of statistical metrics from the ensemble methods revealed that the multi-model
ensemble prediction (MEP) approach, characterized by an R? of 0.95 and NSE of 0.92, provided
the most congruent estimates compared to baseline data from the Kermanshah synoptic station.
Consequently, the MEP method was adjudicated as the optimal ensemble prediction paradigm
for GCMs in this study.

Scrutiny of mean monthly and annual fluctuations under the MEP framework projected that:

e Monthly and annual precipitation are anticipated to change by 1.9% and 22.7%,
respectively, in the future period.

¢ Mean monthly and annual temperature increments are projected to be 1.89°C and
1.88°C, respectively.

Conclusions

This study examined and compared various climate modeling methodologies to mitigate
uncertainty in climate projections. Our findings reveal that no single climate model accurately
predicts all climatic parameters within a given region. Optimal projections for temperature and
precipitation necessitate the utilization of multiple models, underscoring the importance of
multi-model ensemble techniques. We evaluated three ensemble methods: Model Ensemble
with Weighting (MEPWi), Model Ensemble Projection (MEP), and Ensemble Prediction (EP).
The results indicated that projected values from these methods were relatively consistent, with
minimal discernible differences. However, the MEP method yielded the most precise estimates
for temperature and precipitation, establishing it as the superior technique for reducing
uncertainty in climate projections. This research emphasizes that leveraging diverse climate
models significantly enhances projection accuracy and reduces uncertainties. Relying solely on
a single GCM is insufficient for formulating robust strategies to mitigate climate change
impacts. Our results align with prior research demonstrating the efficacy of multi-model
ensembles in improving predictive accuracy.

In summary, this study demonstrates that applying climate model ensemble techniques,
particularly the MEP method, substantially improves the reliability of climate projections. This
enhanced precision is crucial for enabling policymakers and planners to make informed
decisions aimed at mitigating climate change impacts. Future studies could explore the
performance of these ensemble methods under different climate scenarios and in other regions.
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Article History Landslides are one of the phenomena that cause significant damage,
especially in mountainous areas. Therefore, it is essential to evaluate and
identify the factors affecting the occurrence of landslides in these areas. The
purpose of this research is to identify the factors affecting landslides along
the Astara road to Nemin tunnel using an MLP model. The MLP model is
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21 April 2024 one of the efficient neural network models that can solve complex problems.
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distance from the road, land use, slope, aspect, elevation, and recorded
landslide locations. After pre-processing, all layers were entered into SPSS
21 March 2025 MODELER software, and the modeling was designed with 8 input neurons,
6 hidden layer neurons, and 1 output neuron. The results of this research
showed that the weighted output of the MLP model assigned the highest
weight to the geological layer (0.26), followed by the land use layer and
Keywords: distance from the road (0.14 and 0.13, respectively). For model validation,
the AUC value was 0.948 for the training data and 0.962 for the testing data,
indicating the model's high reliability in both phases. Therefore, it can be
concluded that the geological factor has the greatest impact on the
occurrence of landslides in the region compared to other factors. Finally,
machine learning models and artificial intelligence are recommended for
future studies on landslides and mass movements.
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Extended Abstract

Introduction

Geomorphic phenomena are natural occurrences that manifest with specific spatial and
temporal characteristics. According to the Geological Society, a landslide is defined as the
downward movement of mass materials on sloping surfaces. Landslides cause significant damage
worldwide each year and are recognized as one of the most critical geomorphological hazards.
Natural factors such as earthquakes, rainfall, and snowmelt, along with human activities such as
road construction, infrastructure development, and mining, exacerbate landslide occurrences,
particularly in mountainous regions. One key strategy to mitigate damages caused by mass
movements, particularly landslides, is the accurate and timely identification of areas with
instability potential. Determining the factors influencing landslides and categorizing associated
risks are crucial for developing effective mitigation strategies. The Astara—Namin tunnel road, a
major route connecting Gilan and Ardabil provinces, is highly susceptible to landslides due to its
unique geomorphic and geological conditions, its location in a mountainous region, and its
specific climatic characteristics. Given the importance of this road and the associated slope
hazards, especially landslides, conducting geomorphological studies to identify influencing
factors is imperative. These studies can lead to effective planning and measures to reduce risks,
prevent human and financial losses, and protect the local environment. This research aims to
identify the factors affecting landslides along the Astara—Namin tunnel road using the Multilayer
Perceptron (MLP) model.

Material and Methods

This study utilized various geospatial datasets, including a 1:100,000-scale geological map of
Astara County for geological formations, a 1:50,000-scale topographic map for road layers, and
a 12.5-meter resolution DEM from ALOS-PALSAR. Sentinel-2 satellite imagery was employed
for land use and vegetation cover analysis, while GPS data was used to map landslide-prone areas.
The Multilayer Perceptron (MLP) model is a type of artificial neural network inspired by the
structure and functionality of the human brain. The MLP model is highly effective in solving
complex problems by recognizing patterns and relationships in data.

Results and Discussion

The results indicate that the geological layer holds the highest weight (0.26), followed by land
use (0.14) and distance from the road (0.13), suggesting that landslide occurrences along the
Astara—Namin tunnel road are primarily influenced by these factors. The study classifies
landslide-prone areas into four risk levels—low, medium, high, and very high—based on the
Jenks natural breaks classification method. The area distribution for each risk class in the MLP
model is as follows: very high-risk zones (23.14 km?), high-risk zones (47.2 km?2), medium-risk
zones (21.19 km?), and low-risk zones (0.9 km?). These findings demonstrate the model's
capability in identifying critical landslide-prone areas along the studied route.

Conclusion

The presence of andesite and sedimentary rock layers, such as limestone and other fragile
formations, contributes to slope instability under external dynamic forces. Excessive water intake
from rainfall and snowmelt saturates the surface layers of slopes, transforming the soil into a
semi-fluid state. Since the lower layers are more resistant, the upper layers tend to move
downslope, leading to landslides. Additionally, human activities significantly influence landslide
occurrences in the region. Extensive land use changes, particularly those that disturb natural
vegetation and soil stability, exacerbate landslide risks. The MLP algorithm evaluation
demonstrated high reliability in both training and testing phases, making it a valuable tool for
identifying landslide-influencing factors. The distinguishing feature of this algorithm is its design,
which mimics the human brain's neural networks, enabling it to solve complex problems
effectively. This study highlights the necessity of incorporating advanced computational models
such as MLP in geomorphological hazard assessments to enhance predictive accuracy and risk
mitigation strategies.

[44]
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Extended Abstract

Introduction

Pollution of soils by heavy metals has become an important environmental issue in recent
years. These pollutants can cause the gradual elimination of beneficial organisms from
soils, leading to decreased biodiversity—a fundamental factor in maintaining the
dynamics, self-regulation, balance, and stability of soil ecosystems. Total metal
concentrations in the environment do not necessarily reflect environmental conditions
such as bioavailability and toxicity, as these depend on soil properties. Understanding
effective processes affecting the bioavailability of metals can help in modeling and
understanding the environmental effects of these elements in the soil. Studies have shown
varying effects of different land uses on heavy metal concentrations, but research
primarily focuses on farming, industry, or urban development. The effects of changing
land use on the bioavailable forms of heavy metals remain unclear. This study aims to
explore the impact of converting rangeland into broadleaf and needleleaf forests on the
concentrations of bioavailable metal forms in soils over 45 years.

Material and Methods

The study area, covering 665 ha in Chitgar Forest Park, western Tehran, includes
needleleaf forest (Pinus eldarica), broad-leaved forest (Robinia pseudoacacia, Fraxinus
rotundifolia), and rangeland (Alhagi maurorum, Hordeum murinum, and other grasses).
Stratified grid sampling identified 116 sites (250 x 250 m grid, 0-20 cm depth). Available
forms of Zn, Cu, Mn, and Fe were determined using atomic absorption spectroscopy. Soil
particle size was measured by the hydrometer method. Organic carbon, nitrogen, and total
neutralizing value (TNV) were determined by wet oxidation, Kjeldahl, and volumetric
methods, respectively. Electrical conductivity was measured in saturation extracts using
an EC meter. The effects of different land-use types on the bioavailability of heavy metals
were analyzed using one-way ANOVA.

Results and Discussion

The ANOVA analysis indicated that land-use type significantly influenced the
bioavailability of Cu, Mn, and Zn, while Fe availability remained unchanged across
different land uses. Soil characteristics, particularly soil organic carbon, were affected by
land use, with a substantial positive correlation between soil organic carbon and certain
heavy metals identified through Pearson correlation analysis. This suggests that land use
and planting practices impact heavy metal concentrations in soils by affecting soil
properties. Zn was more prevalent in broadleaf and needleleaf forests, whereas Mn and
Cu were highest in rangelands, with rangelands having significantly more available Mn
compared to needleleaf forests. Mn availability was influenced by total concentration,
clay content, and organic carbon, though CaCOs reduced the impact of organic matter on
Mn availability. Cu levels were highest in rangelands, with availability controlled by total
Cu concentration, clay, and TNV. Zn concentrations were highest in broadleaf forests,
strongly correlating with organic carbon. Land-use types influenced Zn concentrations
through their effect on organic matter. Fe showed significant correlations with soil
organic matter but did not differ significantly between land uses.

[62]



Conclusion

After forty-five years of converting rangeland into needleleaf and broadleaf forests, this
study explored the availability of four heavy metals under three land uses. The results
revealed significant differences in the available forms of Zn, Cu, and Mn due to the
distinct effects of land-use types on soil properties. Land-use type notably influenced soil
characteristics, particularly soil organic carbon. Additionally, Pearson correlation
analysis identified a substantial positive relationship between soil organic carbon and
heavy metals. These findings underscore the critical role of land use and planting
practices in determining heavy metal availability in soils, with important implications for
environmental management and agricultural practices.

[63]
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sobr S Sl ol B 125 S god wSata 1y SBlgotl S b e 4253 B350 S
Jaae 38y o, ge0se ol (Palansooriya et al., 2020) sl s dalaie Jaoxe bayli 4y g0l
S 50 somw D38 g puedlS cedl diens Jlie flaie 4 .0uS o Sk 1) OIS gy 0uls olxy! ez
Hussain, Ashraf, Abbas, Li & Farooq, 2021; ) pH L3 5| S sle,sSl 5 IS clale alowg «
Palansooriya et al., 2020; Cao et al., 2022; ) Sy, ,lade 5 ST osle ,laie (Yang et al., 2024
Jy<S (Renella et al., 2004; Palansooriya et al., 2020) S ols,S aw,e g (Yang et al.,, 2024
o bawg S1 el (izen g oaldl i 9 ey 61 E95 et S8 Sl (e Ll iS00 S e
Huang & Jin, 2008; He et) o5 ,5 S ;o S 8 S o0 el Wilgi oo o) (6,80 <8 )b 51 i
.@al., 2023
Masha, ) wiles ;S (2,155 S (S0 5 (ploesd Sloogas » 1) ) e98 180 ook slagiagh

Belayneh, Bojago, Tadiwos & Dessalegn, 2023; Molla, Getnet & Mekonnen, 2022; Asmare,
Busse etal., ) ol,5en g gwg lawg a5 glasllas ;o Jlw sl .(Abayneh, Yigzaw & Birhan, 2023

‘;4).3 uL..ojm gy o Q”)S o S L: L_s'li‘? Lgl.@u_ﬂ} FLY ._\;.J)f W Cl 0l rﬂl?u‘ «(2009
OHe g S Ll oils gilepleiSle g g oKing, Aol dex I S oLl
ks Jole glaog 3 cyils b JT olge a5 wisls lis 56 (Kumpiene, Lagerkvist & Maurice, 2008)
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STy yw alail) 550 0 (Marchand, Allenbach & Lallier-Verges, 2011) ),Ke § Sl o lawgs
bl pl slagess 5 ' oad w3 iz s e Sz Sliges, 53 T olsa a5 52 5 (St 21310
5 Eadge cnl 45 ol 03y S1 I 50,5 e b bl o S o UK g e oS lls LS, ]
5 ol el 00 oy lsali sl US> s (Chen, Kao, Chen & Dong, 2007) o,Ses g (2 bawss
peeadlS lie o Lol (605 £65 oy 0 (AMINi, Khademi, Afyuni & Abbaspour, 2005) ),
San o (BMEE Ll el 4t U peedlS iz e 5 65 £5 a5 Wils las wode LB
e S o K Sl5l8 Jlaae a5 wisls lis 595 dslllas o (Qishlagi, Moore & Forghani, 2009)
s o=ly) P S o Ko DllE Sl g atils g ls sme glas gkl a5l 6 )15 5 g0 0
lbimey gl il Cod ) e 5 5800 (o8l e S S5 a5 ol i Ll b oge e ST
Sz sle (60,5 j0 gylo e Sglas oS p5 (Caoetal, 2022) ) Son 5 55 a0 ol 009
0315 s S I dlge e 50 Dolis 4y )] Judo a5 Cetls S92y puKiw polie i KB lude S
oo S 5 B, UK 4 S 50 (Tl sl S () 551 il S oSS o
53 p3eedls g e (S8 paie dw aSy 5k Ll ooy ailate ol lis e Jodo 4 cal oS ols plis
Shparyk & Parpan, ) cwl oals sass Jil, JKo s 9 bol K> 5l s S p Sjgm S S
Tufa, ) oL Ken 5 bgs asdllas & o)lg5 (oo cilides slo (5,05 ;0 peedS Sl S jlade anglie Lo (2004
Jiale o SKo Lol )5 g0 4 wsly lid 095 g 0 aS sged o lil (Melese & Tena, 2019
YU oSG yob a5 .ad sl (6 yiion S Slo S Jlade (g lo Jme job 4y ol 1> g 0ul citS Lol 4 cons
(Fageria & Baligar, 2008) sy 55 S PH ]38l el wilgs co S 0 puandS @l )57 lade (og
S BblS 6l 1 Ll ooliiul colll 5 (o Kiw Slils o8 > Wl a5 slaan]d cld (onlplo
El Fadili, Ali, Rahman, El') cusl (5,500 (o Ol Jaoxe OLSU o oo ¢lp ales J S
9 ylade PH L3 5l S S5 a5 0 p o le oo atidS Sllas 4 a>g5 L .(Mahi & Louki, 2024
288 5 Dgmy SRSy (S oo S 5 g Cugb; Jlaiie g S osle 53 g ke oy Sl g5
ol s B,k 5l (Kumpiene et al., 2008; Qin et al., 2021) oS oo s S Jolowo jo |, @3l
w97 & S sl Shy 2 2l 6l 6 4z STl 13 LSl 60l eg 86 co b (S
plnl e S8 I8 e (LS 68 25U 55, 2 sk Dllllae (rizren 5 Ceul ol Sl
S 3l i BB o3 1 Bl 551l B b b ) 58 oS Slalllao (5355 Jlo ol b ] 425 5
bl 6 530 () B b aslllae (pl d el a8 5 550 (6 400 (S5 5 (Firivo 4l S5 0
Sk o8] 5 55e s s s 318 ez S JB o8 iad 5 S1 (So3d g obend Slosgas
W3S Dyge g OS5 e 50 (Fako 4l LS50 5 (SeSns ddlaie 0 oS S S
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S Sl 5 (G syl 095 aliie blis jo Sz adlate cud H Sl s asas LB ol Lol
oy badhie LS o) o doyo A b g cenl ol ol Ollugi walire bl b bLs |y a5 el
8 2l )l al (gans 00 Jgms Bl 5 Jgmadsyl 00, 90 10 Soau )l Susk ) 23 9 See i (Sl
5 ot olis o ClS ] il (glotend 1o S,k bl 3l s 5 005 &y Do 4 VTFS L 5|
(Pour Hashemi, 1997)cwul 423 )3 & a0 S 0 (Si9m

L w9y g dlge

I3 p diged 9 DIEN S (Sigm iz 9 S e Sz 0 1 Jeld 615 98 g 0l 5o

S5 dw (nl jl plate aSed JS8 a4 5 K005 5l e YO aloli b (el Yoo ) S (oxlans 3oe

S pire Sz )8 sl oads aile y  daw S digad WV slawd 5l ggamme jo () JK0) 285 g0
ol Gty S igm SRz )5 3l aiged B0 5 aiged YV a5 p0 625 5l oS5 i YA



VPP Sl o) 0 ko NF ol ¢ amo o blko g Ll yi & it A

517000 518000 519000 520000
8
S
@
a
® Tehran city map
OIS e s
o
S
=1
)
©
o
©
o
=]
=]
3
o
@
4.25 8.5 17
Y| AT

L, Aie o 4 O 1N 14 I 19
o o i
g ¢ whrs 5 I 10 I 15 I 20
B| onses Landusetype B 11 16 21
| W S o JS> Broadleaf forest A 2 7 o 17 22

0 S Gigm S Coniferous forest Km 3 NS 13 . 18

&> Range use 0 03 06 1.2

o
Sl wbd o
&
g [ Fluvial conglomerate, Piedmont conglomerate and sandstone.
| [JLow level piedment fan and vally terrace deposits

O 9 (owlisd (yao) 9 (5 )15 95 Al (4l 5 e 5o axdllae 5590 ddilaio (3Ll yr> CaxBgo —) S

SIS prdiged
Fig.1. Geographical location of the study area in Tehran, land use type and geological
map, and sampling location

Sl 5 plRalosT gla sl
o 9 D50 0018 jgue Vo e b SUI 51 g 00nsS dovdiges 40,5 S oo 5l olKiulosT o dacl jo
e 5o S STy 5 S ESUI Calin o5 shogien g b S 23l w3 (s s, b T oobo s
S0l SB slaaiges ;5 JlalxS (b9, L S S G955 Mo e PH g i Culas Lawgs gl
GrSoskas Gogy 5l ool 5 e iSie gy, DIl iz LB 08 e (a6 (PaNSU, 2006) wins
JS )8 5 S05lil slys crien (Lindsay & Norwell, 1978) &é 5 &0 (5500 b3, 4 DTPA' L
o8] iz olfius ) eoliil b 5 oi ssliiul laaigas 5 g pSo,las gl Jloy § Sy ol 5l yolic
bl St g a2 .o (6 S oslail 155 g yal o e <9, I3l lade Shimadzu (AA. 670) Jos
S @l g (Ko 4 4295 b il & &0 (na 28,5 &550 SPSS VI (o138l o5 lazma o Laesls

1 Diethylene triamine pentaacetic acid
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Table 1- Summary of Statistics on Soil Chemical and Physical Properties and Heavy Metals

[E2 JUUE S UPTRw. . _ Lzo Syl

. R L e
Coefﬂ_ugnt of Erratum Skewness Starjdgrd Mean  Max. Min.  Num. Variable
variation deviation
0.35 1.57 1.16 7.47 22.09 45 10.72 116 Clay .,
0.03 -0.45 -0.12 0.06 8.37 8.90 7.80 116 pH
0.77 0.05 1.04 0.68 108 310 009 116 S 2
Organic carbon %
0.45 -0.39 0.31 17.61 9.34 20.53 1.33 116 C:IN* e
0.52 -0.01 0.84 5.32 10.24 25.53 2.87 116 CaCOsz**
28.07 -0.84 -0.14 1.25 4.00 6.53 1.60 116 Fe(mg/kg)
24.30 -0.17 0.50 31.92 16.47 3192 570 116 Mn(mg/kg)
32.65 -0.12 0.70 0.08 0.87 1.60 0.42 116 Cu(mg/kg)
63.63 -1.24 0.42 4.49 3.33 7.80 0.40 116 Zn(kg/kg)

Joleo paendS” Lo St 59 50 A (90,5 S #

0 05 e o] 5 s 45 ol s S sl 55516 sl S Ll 3 5] ol b
oy cpizmad (P<O.01) 04 lo cire s )l o 10 duo )0 G mhas 40 1,3 o5lasl sy g (5950
aS oy > 0 cplols Llis (p<0.05) ()ls cire Sgles (6,5 95 Ay y0 b S S Sl S
Fn 5 (59 e e i S SIS Jlade 3550 53 (T Jgaz) ol LS g ls giee SOSIPH e
63 S G BB pal o sl g ol olis (<0.01) o sixe YS! lags )l i o
0,55 enalive s )5
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Table 2- Analysis of variance of soil properties and available heavy metal in different land

uses

ooy ey Ol i’ 23bo

Zn Cu Mn Fe CaCOs  CIN ocC PH  Percentage  Sources of
of clay changes

5.8+  0625* 11695 3  107.8* 19.74* 51295** 0015  874.1% A%
Cover

s

0.089 0.08 34.18 1.35 26.85 14.36 0.011 0.057 45.8 Error
33.06 34.3 35.5 2.98 50.6 40.56 33.7 2.85 30.63 Coefficient
of Variation

Qo )0 G g i g )0 (610 g o T Ay e g

SE oload Sluogas p 625 g9 5l

Oelee e )3 Sy (st 5 S Sise Sz 6 90 (7 Jouz) (ke ailie Jouzr oll
S lade Lol aiolas ylis o gme igles S ST (0,5 doyd j2 4 gy 0,90 (oobeowd Sloogas
JXi 68 50 S Jlade cp s bl cpl pools lis o sae Sgles (65 dw o 0 S T
A Sl b e )5 9 VF 5eSle b S (Sigm 505 4 S 45 092 VIV (5:0kee b S oty
Sls lis gl gae BB

2,5 19l 3o S (o WI5L g (2 loald 9 (9 38 Oluogas polio (ko duslio-Y Jguo
Table 3- Comparison of mean of physical and chemical properties and metals in different

land uses

e -] SO ST 5 cai

9 N U'Q o Percentage C:N OC C3C03 pH S 89’
Zn Mn Fe Cu Land use type

of clay

- s

171b 18.69a 4.00a 1.03a 28.4a 63b 08c 81b 8.4a &0 S
Range use

S yorte S

444a 16.62ab 3.65a 0.83b 19.4b 11.2a 2.7a 1l1.7a 8.4a sk :
Broadleaf forest
S pigw o=

3.68a 15100 4.18a 0.79b 19.9b 10.0a 1.6b 10.8a 8.3a Coniferous

forest

RO Py (P <0.05) ,ls o BT W36 g o 0 S e B S JBlas gl sl Sl
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99 opl Lol ol plis (g hlo pime WS S gy Sigmw S b 6,05 cpl 50 (59,8 A (S Cod (L3
Ol 5 (& Slalllas ;3 £9d50 cnl wisls (LS (VL (397 4 ()5 Se) &0 )15 & S 628
PLS asol> £ 30 Cov Wlgh co S 59500 A (9,5 Camd a5 Cowl oal o )Lil 55 (He et al., 2023)
Qalg iy 58 Camd ()l g 2le A el S50 (ide b sble o 9wl S (g4, p s
O

by o pundS” Slo,S do 0 (g yiiion a5 olo lis regh cpl gl qenedS Sl S Gl b bLS I o
Sladlas @Lu Qsals ULM..., (5)“36‘-"'“ usLQ.a Gfo 6,:)5[.:45%.»‘ 0092 (5’)5'“"5 ‘jfu-?r' Ji..? ‘_g).:)lfcu
SR )5 50 pdS ©lo S lade a5 wiS o b ) g9050 ol ys (Tufaetal,. 2019) Ko 5 Bgs
Sl S ke o )z g oy et poll 4y cond Jliale g 0> 650,51 oal)] )0 g 009 Dglaie ccalizes
ol 00l 00y iy (54l0 g jeb Ay pdS
Er Gl @ baye S )y oys (i a5 ol Gl ol Glagh @l ey weye b BL o
(Y Jgaz) alo plis o gme BMS! [0 (60,18 90 4 s a5 ol

O Ol 3ld Cde BB lade g (g0, iU

5 59y FSie bl jlade H5 5l ()5 g8 du woder BB ol sz uilly e Jsaz el 5
JB 55 cdale o i oV Jouz) (oSl duslie Jgoz Gulul paisls glid jls (pxe SN e
Ol o gire WS Sy 0 Sz 6,205 b 6,8 (nl &5 091 &350 (5,0)5 )0 dlags )5 G o 23>
B S 0 58 @3 BB e e izres (S o e DoliS S (e 8 L (s ol
D9 o sire WS Sy vty 5 (Sism Sz )5 90 @ Cannd &5 g5k a0l plas ]y cdale oy YL
L glpel BB 55 jlade i onys (5l gtme SN S sty Sz 5 (Sio Sz 00 o s
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Table 4- Pearson correlation coefficients between soil properties and available heavy metal
concentrations

pH CaCO3 Clay ocC C/N Zn Cu Mn  Fe
pH 1
CaCO3 0.184ns 1

Clay 0.117ns  -0.049ns 1

ocC 0.063ns 232* -.195* 1

C/N 0.127ns .239* -.223%  762*%* 1

Zn -0.004ns  .197*  -251** .762**  .61l1** 1

Cu 227* -.316**  .494** 0.087ns -0.031  .197* 1

Mn 0.111ns  -.215* A452%* .206*  0.126ns .307** .560** 1

Fe 0.099ns  -.275** 0.026ns .218*  0.14ns .394** 345** 496** 1

Qo0 S g gy g )0 (610 gire o 5 Ay e g

IS lade b gasads S 550 DTPA L zl5aiul LB 5,8 g po (Swod oy bl 5

D0 5l ge g o Hlews 1K JS ke g S ) e s (Seaed pizmen 0l L S K
odls S j0 1% sl )8 Consy ali8l o yol (pl aS 00 VU & 50 60,5 o S ) ae 0 B3,b 5
Sade 5l 5w Slls anl 8 Cann (6 i w0l ol Sliass ols Cod S )y 5 36 S5 laase
Jlaas .(Peijnenburg et al., 2020; Zhu, Ji, Tang, Wang & Sun, 2023) aslesls lis Sl o L@'l J5
S 58U Sy o0 S 0903 plgie 6 )15 156 g S SIS Sleogas 5l AL Gl e ) e (soal
B o Hlate el onls S5 )0 o paie adl@ (0 osd Cel pundS S0 S Jlade 5 50 3,k
it P8 & ol g )Ty bl eedS Ol yS e 5 ) woys S L DTPA L 2l
el s o hie puedS Sl ,S Jlade (gl 5 St oy duoy0 (Sl po (ol &S b lid |y Ken
oo JSIEe b bl o) S Sl S5 e laie (hie (Sied (pizred 9 () e b paie ()l
O 0 oo lid dslaie pl WS o paie 90 pl lp ) GLSS Lics 50 0 BB e g 35K lade
oo sl e (5 0le Olge aST wisls Lis (Zinn, de Faria, de Araujo & Skorupa, 2020) ), Kes 4
5 e ool Gals G,k 5l S )y sy oo 5 4 il S o K Ol i LB polie o
&5 58K e g i BB py8 wad Sied Cnl oals S jo yolie cpl (il cel 50 538K
as azils bl (Peijnenburg et al., 2020) )\ en 5 S jiazen abl oo ol ol oaisS aol 50 S
o, 555 aS 010 3929 o5 T olge 5o b (ol i slaS B 5o 8w Sl3ls WS e (e piien
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oz 3 yare ol e (n i (Sl amlis Jouz elul p Qi BB (59, pate 3)5e 5
Da JB (59, i 3 (6)lo gme ST (6 )5 g3 (pl oS (> 00035 csalin S p g 5 S ke
4 azgi b wiols Gl 1 (g yiey Hlake a3 pe (65 @ Cond (65 90 2 (Jy sl lis 095 S o
i BB e s s S I8 000 i (6)lo e § Cute (Sirald gy (Somnrad ey T g0
Jo Ol b Srom 5 Snsism Sz Gl 0 I oS 5L pex ke cils 3525 s,
BS54 dis (S Sl (95 p JT olge Slcails o) g8 cnl o iz BB g9, o HYL
S iz el Sglite o b 33,5 sboml slge ol 59,5 ALl 3 s ol (S a5 Slaan T g o]
CEC (v, S g9 PH assle Llge 136 v 5009 oS 15 (53, il 00 cpns Jaloe o yioteo
Bradl, 2004; Ondrasek & Rengel, 2012; Younas, Fatima, Ahmad ) cwl S g4 5 Sl ‘sﬂ olge
Tanhan, ) o, 4l o «(Udo, Bohn & Tucker, 1970),Ken ¢ g0l (& Ayyaz, 2023)
Sl olge Jlake g S (g9, w90l (Kiwaes «(Kruatrachue, Pokethitiyook & Chaiyarat, 2007
5Ll sl (Sol S 10 g9, 6,0 50 pae 2> o I Olge 4T aisd T Al g ws,S evmlie
5 el pgime jsbay «Saglsd al wiile oF J5¥se o2 b ST osle S @ 3 (558 sy sk
Klik, Gusiatin &) ;e ¢ SIS .(Holm et al., 1998) wes oo (ildl Sl o 1) 318 S o0
Gk 3l NS 3 40 99240 > Seogud slge g JT SLS 5 a5 wisls las (Kulikowska, 2021
Singh, Mohan, Sinha & ) )l)Ken § S 091 g0 (59, pmare il jo (g0l Hlate 4 OIS sl
Gads dy ol 355 b oads jles S 50 5K g ool o o5, polie a5 s ST 5155 (Dalwani, 2004
e b S note Sz 5 S pSiem Sz )8 99 3 DTPA L 2l el LB (65, jlaie il oo G138
Syge ol & Bradl, 2004) Jsly lawg gedge ol a5 ols GLai |y oYU Seew Sy curd JT onsS
Wang, ) ol,e 5 Sy .aiyls S (59, S 285 10 oo i 0aiiS Eod S Jolge aS ol o0ls sl
5o Sl sl s oYU @8 T slse saniSe S else a5 axsls ols (XU, Fu & Chen, 2021
S sleslS L aS 595 s Siges Judo 4 gole s 0 Sl ) ls S sleslS 5 sy S L W
2l oo S 5l LT gjlulaz g zlmeinl 4,0l 0asS colS Lalse o il oad o il Lsly S Jie
J525 I sldsUse b (g5 ond S5 Lansgi (g5, iz Ghals tely S Jalone 0 T sloal ;5
Rl sl g wlipe 2ol laoals b Qi sl s, hled Galple wes e gl Sla Sl
Olsxe a1y JT ool 55 (Cao et al., 2022) ), Sen 5 $5l5 098 0 DTPA L #2150l LB g9, lade
o3le (o5 S8 s 4 Koz 61,15 o5 (5,5 4 80 S lgie (S SlE oal S 08 ol (2 g
Sen 5 o Sldllas alul cails | Ko l3ls Cao BB o8 5] 6 maS e 1 lo 4y cos ]
olS iy, Slxi s «(Tao, Hou, Yang & Li, 2016) ol ,ee 4 956 4 (LI, Liang, Han & Yang, 2013)
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The western Herat Fault system is one of Afghanistan's most
seismotectonically active regions, having experienced four Mw >6
earthquakes in 2023. Given the significance of this region and the
occurrence of successive seismic events, this study investigated the
seismotectonic dynamics of the area through seismicity parameters
and fractal analysis. Here, changes in the seismicity rate were
analyzed based on variations in the seismic parameter (b-value) and
the fractal dimension of fracturing and seismicity (D-value) using
available seismic data.

The study area was divided into nine primary zones, with each zone's
parameters calculated. The largest fault fractal dimensions were
identified in the southeastern, central, and northwestern zones, while
the highest seismic fractal dimension was associated with the central
and northwestern regions. The calculated b-values in the center of the
study area, coinciding with the Herat Fault, indicate elevated stress
accumulation, potentially signaling future large earthquakes.

The seismic moment rate, representing the rate of energy change
released through seismic activity, was estimated at 1.18 x 10" Nm/yr
for the entire study area. Combined fractal analysis and seismic
moment calculations suggest that the Zendeh-Jan, Injil, Ghurian, and
Kushan districts are potential candidates for future earthquakes.
These results reinforce the interpretation that western Afghanistan,
as an evolving deformation zone, remains highly susceptible to
seismic events.
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Extended Abstract

Introduction

The Alpine-Himalayan seismic belt passes through Afghanistan, making the country
prone to frequent earthquakes that cause significant human and financial losses. The
northeastern regions experience the highest rate of seismic activity. Recently, several
earthquakes have occurred along the Herat Fault system, highlighting this region's
seismic potential.

Fractal analysis is a statistical approach extensively used to analyze spatial variability
(Turcotte, 1997; Dimiri, 2000). This research builds upon recent developments in seismic
studies, including fractal analysis of earthquake distributions conducted in Turkey, Japan,
and India (Nanjo & Nagahama, 2004; Singh et al., 2012), applying these methods to the
Herat Fault system. The study estimates the b-value as an indicator of seismicity and the
D-value as an indicator of earthquake and fault fractal dimensions using square-counting
and least squares methods. The seismic moment rate is further estimated to study energy
dissipation and tectonic mechanisms (Bridges & Gao, 2006; Pal, 2008). This represents
one of the first comprehensive studies of seismic activity along the Herat Fault in
Afghanistan.

Material and Methods

Seismic data from 2011 to 2024 were extracted from regional and global earthquake
catalogs, including ISC, USGS, and historical earthquake reports. The data were refined
using the Reasenberg spatial-temporal window in Zmap software to remove foreshocks
and aftershocks. Earthquakes were plotted on fault and topographic layers in ArcGIS.
Main fractures and faults were identified from USGS 1:500,000 geological maps and
enhanced with remote sensing techniques using ETM+ and ASTER imagery in ENVI 5.6
and ER Mapper.

The b-value was calculated using the least squares method, where lower values indicate
higher shear stress. Fractal dimensions were computed using the box-counting method
and mapped using kriging in ArcGIS (D-value). Seismic moment rates in 36 subregions
(30%30 km each) were estimated using instrumental and historical data, revealing stress
concentrations on the Siyah Bobak and Herat faults.

Results and Discussion

The fractal dimension of fault zones reveals their geometry and complexity. Higher
values indicate denser, more complex fault networks (Charchi et al., 2001). In this study,
section 9 faults showed the highest fractal dimension, suggesting greater fault density and
potentially higher seismic risk, particularly in southern and southeastern areas due to
stress concentration.

Fractal analysis of earthquake distribution showed high fractal dimensions in central,
northwest, and western subregions, indicating greater seismic clustering. However, these
findings depend on catalog completeness, and Afghanistan's limited monitoring
infrastructure necessitates reliance on corrected global databases.

(8]



The b-value (relative frequency of large vs. small earthquakes) is inversely proportional
to stress. Values <1, as found along the Herat and Siyah Bobak faults, indicate higher
shear stress and greater likelihood of large earthquakes (Scholz, 1968; Wyss, 1973). The
D-value/b-value ratio suggests areas with low b-values and high D-values are more prone
to significant seismic activity. High seismic moment rates around the Herat Fault
correlate with 2023 seismic events, indicating blind faults and ongoing seismic potential
(Johnston, 1996; Hanks, 1979; Kanamori, 1977).

Conclusions

The study reveals active deformation in Herat resulting from Indian-Eurasian plate
movement, releasing substantial seismic energy. Zendeh-Jan, Injil, Ghurian, and Kushan
represent high-risk areas, with the northwestern region showing particularly high
seismicity. These findings underscore the need for improved fault mapping and
infrastructure development.
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Fig.1. a) Topographic map of Afghanistan and neighboring countries along with major
earthquakes. b) Seismotectonic map of Afghanistan: northern Afghanistan is shown in
gray, central Afghanistan in green, highlands in yellow, and the transpressional left-lateral
boundaries between the Indian and Eurasian plates are marked in brown. ¢) Seismotectonic
map of the study area, highlighting the major and active faults in the region, including the

Herat, Kaj, Qarghanaw, and Siyah Bubak faults. The Herat Fault is displayed in the center
of the map with an east-west trend.
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Table 1- Historical events in the study area with magnitudes greater than 4
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849 343 62.2 15 5.6 Herat
1102-02-28 34.126 63.219 179.2 4.5 Herat
1364-02-19 34.89 61.852 10 4.6 Herat
1908-06-26 34.772 61.571 10 4.5 Herat
1931-09-10 34.585 61.997 33 4.5 Herat
1978-05-07 34.585 61.997 33 4.5 Herat
1982-10-17 33.951 62.233 33 4.6 Herat
1986-12-10 33.466 61.905 33 4.4 Herat
1990-06-11 34.126 63.219 179.2 4.5 Herat
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Table 2- Numerical results of fractal dimensions (D-value) in each zone

D1=1.6274 D2 =0.387 D3=0
D4 =1.2943 D5 =1.3262 D6 = 1.5686
D7 =1.4925 D8 =1.6585 D9 1.8844
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Table 3- Numerical results of earthquake fractal dimensions (D-value) in each zone

D1 =1.5561 D2 =1.2561 D3 =0.8077
D4 =1.5561 D5 =1.7557 D6 =1.4381
D7 =1.0966 D8 =1.3415 D9=0.834
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method in GIS.
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Floods are known as one of the most common and destructive natural
disasters due to their widespread destruction and huge economic
losses. Khorramabad city is one of the cities at risk of flooding due to
its experiences of floods in recent years, its location in a valley, heavy
rains, the presence of rivers in the city (Khorramrod and Karganeh),
and manipulation of the boundaries and beds of rivers. Therefore,
investigating flood vulnerability plays an important role in reducing
the damages and risks caused by floods.

One of the methods for investigating and analyzing flood vulnerability
and urban facilities exposed to floods is the use of the fuzzy analytic
hierarchy process (FAHP) to identify flood-prone and flood-vulnerable
areas. Therefore, in this research, the fuzzy analytic hierarchy process
method was used to prioritize the criteria. In this research, 12 criteria
(worn texture, population density, road network, land use, height, slope,
direction of slope, geology, distance from the river, soil science, land
subsidence, and rainfall) were used to prepare a map of flood-prone and
vulnerable areas.

The results of the analysis in this research showed that 38.17% of urban
facilities are exposed to high and very high vulnerability, and
administrative, commercial, and educational facilities have the highest
level of vulnerability compared to other land uses to flooding. To reduce
vulnerabilities, especially those of facilities to flooding, suggestions
include improving the physical quality of urban facilities and buildings,
organizing and improving the quality of river beds and boundaries,
improving the condition of drainage, and using smart and advanced
technologies to predict and warn of floods in order to reduce
vulnerabilities.
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Extended Abstract

Introduction

Floods are among the most catastrophic natural hazards that can cause huge economic
losses, damage to infrastructure and natural ecosystems, as well as death. Therefore,
investigating flood vulnerability plays an important role in reducing the damages and risks
caused by floods. A flood is a sudden flow of water that flows at high speed in a short time
and causes destruction along with financial and human losses.

Khorramabad city has experienced floods 12 times from 1976 to 2005. One of the largest
floods in Lorestan province is the flood of 2019, with the initial estimate of flood damage
in Lorestan province exceeding 15 trillion rials. Fifteen people lost their lives and about 256
people were injured, and the city of Khorramabad had a huge share of these damages and
casualties. Khorramabad city is one of the cities at risk of flooding due to its experiences of
floods in recent years, its location in a valley, heavy rains, the presence of rivers in the city
(Khorramrod and Karganeh), and manipulation of the boundaries and beds of rivers.

Considering the experiences of flood risk in Khorramabad city and despite numerous studies
conducted in the field of flooding in regions and cities, no research has been conducted so
far on the vulnerability analysis of urban facilities, especially using the FAHP (Fuzzy
Analytic Hierarchy Process) method. Therefore, the purpose of the present study is to
analyze the vulnerability of facilities through the FAHP method and then to describe the
application of the FAHP method in hazards and crises in order to reduce vulnerabilities.

Material and Methods

This paper is a descriptive-analytical study. This research was conducted in ArcGIS 10.5
and Expert Choice 11 software. Data collection methods included library methods (books,
articles, information on the 2019 detailed plan of Khorramabad city, meteorological
information, and data from the Iranian Geological Organization and the Natural Resources
Administration) and field methods (questionnaire and observation).

The criteria effective in flood vulnerability were selected through library studies and urban
experts according to the location and characteristics of Khorramabad city, which include 12
criteria (worn texture, population density, road network, land use, height, slope, slope
direction, geology, distance from the river, soil science, land subsidence, and rainfall). After
the criteria are determined by experts, the Analytic Hierarchy Process (AHP) method is
used. The AHP is one of the most comprehensive methods designed for decision-making
with multiple criteria. This method allows the problem to be formulated hierarchically. This
method is based on three basic steps:

1. Creating a pairwise comparison matrix,

2. Calculating the weights of the criteria, and

3. Estimating the compatibility ratio.
Additionally, in this research, the fuzzy logic method was used to standardize the criteria.
The fuzzy logic method is used to standardize the criteria in cases where the units of
measurement have different ranges with ranges of similarity from 0 to 1.

Results and Discussion
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After preparing the maps of the information layers, questionnaires were distributed among
the experts, in which a pairwise comparison of the criteria was made based on the value
(importance) in the numerical range between 1 and 9. Finally, after completing the
guestionnaire, a matrix was prepared in the Expert Choice software and the summary of the
experts' opinions was added to that matrix. The output of the Expert Choice software
analysis shows the weight of each criterion, and according to the AHP, the higher the weight
of the criterion, the greater the importance and value of that criterion, and vice versa.
According to the software output, population density, rainfall, distance from the river,
height, and land use were the most important and scored.

The Geographic Information System (GIS) provides a wide range of spatial analysis,
regional analysis, and network analysis capabilities on various thematic layers. In the present
study, the AHP method was used to weight the criteria and determine the criteria in priority
(importance) and standardization with the fuzzy logic method.

After preparing the weighted maps of the criteria (layers), by combining the weighted layer
maps through ArcGIS software, using the SUM fuzzy operator, the map of vulnerable areas
was determined in 5 vulnerability classes: very low, low, medium, high, and very high. By
overlapping the distribution map of each facility with the flood vulnerability zoning map,
all facilities can be analyzed for flood vulnerability.

With the analyses conducted, the vulnerability of facilities was determined in 5 levels of
vulnerability, according to which, 9.66% and 28.51% of facilities are in the very high and
high vulnerability range, respectively, and a total of 38.17% of facilities are exposed to high
and very high vulnerability. According to the analyses conducted, using the percentage and
total area of facilities exposed to flood vulnerability and considering the area of each facility,
the vulnerability value of each facility was calculated.

Furthermore, with the analyses conducted, it can be concluded that administrative,
commercial, and educational uses have the highest vulnerability to flooding with 39.47%,
12.78%, and 11.78%, respectively, and religious and cultural uses have the lowest
vulnerability to flooding with 0.84% and 0.38%, respectively.

Conclusion

The results of the analysis of this research showed that 38.17% of urban facilities are
exposed to high and very high vulnerability, and administrative, commercial, and
educational uses have the highest level of vulnerability compared to other uses to flooding.
To reduce vulnerabilities, especially reducing the vulnerability of facilities to flooding,
suggestions can be made such as:

Improving the physical quality of urban facilities and buildings,

Organizing and improving the quality of river beds and boundaries,

Improving the condition of drainage, and

Using smart and advanced technologies to predict and warn of floods in order to
reduce vulnerabilities.

Finally, by achieving the research objectives in order to explain the application of the FAHP
method, other applications of this method in reducing vulnerabilities can be mentioned, such
as:

e Identifying zones and areas prone to vulnerability to crises,
e Correct location of emergency services to provide services during crises,
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e lIdentifying and analyzing traffic nodes in times of crisis and correct routing in
order for people to escape from crises and provide rapid services to people,

e Locating and identifying temporary accommaodation, parking lots, and safe
shelters during crises, and

e Correct location of urban facilities and residential areas to reduce vulnerabilities.

Previous research on the flood in Khorramabad city has addressed issues such as:

e Investigating the cause of the Khorramabad flood incident,

e Zoning of the entire city and villages, agricultural lands and roads, as well as

e Examining the role of floods in changing river beds and their impact on rural
communities.

The difference between the present research and other research conducted is in analyzing
the vulnerability of Khorramabad city facilities to flooding. Moreover, the research
conducted so far has not examined facilities because the issue of urban facilities is
considered an important issue in the field of urban planning. Similarly, in this research, the
combined method of FAHP, which is a relatively new method, was used. One of the
applications of this method is the analysis of risks and crises.

[102]
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The simulation results in the calibration phase with the objective functions
of the Nash-Sutcliffe efficiency (NSE), coefficient of determination (R?),
and RSR were equal to 0.80, 0.81, and 0.45, respectively, and for
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Extended Abstract

Introduction

One of the most fundamental natural processes of basins is the hydrological process.
Estimating and predicting hydrological balance components, including runoff,
evapotranspiration, and infiltration, are important in basins. Protecting water and soil
resources is an important strategy for managing basins. Hydrological models are one
strategy used to simulate rainfall-runoff processes. Rainfall-runoff models can interpolate
and extrapolate flow according to the input data to the model. Hydrological models can
be classified into lumped, semi-distributed, and distributed types because of differences
in basin simulation structure. Among the lumped models, we can mention the RRL
software model series, which includes AWBM, SIMHYD, TANK, SMAR, and
SACRAMENTO, and the SWAT model is the semi-distributed model with the highest
usage. The Ojan Chay basin, located in Bostanabad County (East Azerbaijan Province),
is one of the main sub-basins of the Aji Chay River. Due to its topographic features, semi-
arid climate, and soil type, it is one of the important pastures of the Sahand Mountains
and the location of various rainfed and irrigated crops. The purpose of this study is to
evaluate and simulate rainfall-runoff over 20 years by using the lumped SMAR model
and the semi-distributed SWAT model.

Material and Methods

The data required for this study includes topographic maps, soil maps, 30-meter DEM
images, and land use maps. Rainfall data was extracted from Bostanabad, Bashsiz-Ojan,
Saeedabad, Zarnak, Saray, Ghoshchi, Zinjanab, and Hashtrood weather stations.
Synoptic stations in Bostanabad, Ahar, Sarab, Sahand, Mianeh, and Maragheh were used
to extract minimum temperature, maximum temperature, wind speed, relative humidity,
and evapotranspiration. Calibration and validation of the models were achieved by using
discharge data from Bostanabad station during the period 2002-2021. SWAT and SMAR
models were utilized in this study. In the SWAT model, the basin was first divided into
sub-basins and hydrological response units (HRUSs) by using DEM image, land use, slope,
and soil maps, and data from weather stations in ArcMap environment. The SWAT-CUP
software was utilized to simulate rainfall-runoff by extracting the model output. The
SMAR model requires less input data than SWAT. In this model, monthly rainfall and
evapotranspiration data from synoptic stations, as well as monthly discharge data from
the Bostanabad hydrometric station, were entered. Genetic algorithm and related
parameters were used to simulate rainfall-runoff. To evaluate the efficiency and accuracy
of these models in the calibration and validation, the Nash-Sutcliffe efficiency (NSE),
coefficient of determination (R2), and ratio of standard deviation of observations to root
mean square error (RSR) were used.

Results and Discussion

Land use, slope, and soil were used to extract 13 sub-basins and 157 hydrological
response units in the SWAT model. The model output was entered into SWAT-CUP
software. The warm-up period was defined as the first 3 years of the statistical period
2002-2021. To determine the sensitivity of the parameters that affect runoff, the SUFI-2
algorithm was used. Sensitivity analysis was carried out for 26 parameters in the
statistical period from 2005 to 2016 through monthly discharge data of the Bostanabad
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hydrometric station. According to the results, out of the 26 selected parameters, only 12
parameters were sensitive and effective and were included in the model with the range of
their changes. The model was calibrated by using the new optimal values of the
parameters for the statistical period 2005 to 2016 at monthly time scale to obtain the best
values of the objective functions. By applying the optimized parameters in the calibration,
Nash-Sutcliffe efficiency (NSE), coefficient of determination (R2), and ratio of standard
deviation of observations to root mean square error (RSR) were obtained as 0.80, 0.81,
and 0.45, respectively. The results in the calibration were in a very good range. For the
validation, monthly discharge data during 2017 to 2021 were entered into the model. The
Nash-Sutcliffe efficiency (NSE), coefficient of determination (R2), and RSR were 0.74,
0.75, and 0.51, respectively, which indicate the ability of the SWAT hydrological model
to simulate the discharge of the Ojan Chay basin. In the SMAR model, monthly rainfall
and evapotranspiration data from synoptic stations and monthly discharge data from
Bostanabad hydrometric station were entered into the model according to the software
format. Genetic algorithm and parameters related to water balance and flow routing were
used to simulate rainfall-runoff. The model was calibrated in the statistical period 2005-
2016 and validated in the statistical period 2017-2021, and the Nash-Sutcliffe efficiency
(NSE) and coefficient of determination (R2) were considered to evaluate the performance
of the SMAR model. The Nash-Sutcliffe efficiency (NSE) and coefficient of
determination (R?2) in calibration (0.60 and 0.56) and validation (0.625 and 0.67) indicate
the acceptable performance of the SMAR model. Like the SWAT model, the SMAR
model has simulated the base and average discharge values well, but it has not simulated
the maximum discharges well.

Conclusion

In this study, the physical and semi-distributed SWAT model and the lumped SMAR
model were used to simulate the runoff of the Ojan Chay drainage basin over a 20-year
period. The performance of the hydrological models was evaluated by Nash-Sutcliffe
efficiency (NSE), coefficient of determination (R2), and ratio of standard deviation of
observations to root mean square error (RSR) during the calibration and validation
periods. The results showed that both models performed well in average and base
discharges. One of the weaknesses of both models was the inappropriate estimation of
peak discharges and extreme events. The lack of required data (rainfall, minimum and
maximum temperature, relative humidity, wind speed, etc.), the lack of proper data
recording by the relevant organization, the need for a large amount of data in SWAT, etc.
are all the reasons that reduce the accuracy of these models. Generally, it can be said that
although both models have good evaluation in runoff simulation during the calibration
and validation periods, the performance of the SWAT model shows its superiority over
the SMAR model, due to the high values of the Nash-Sutcliffe efficiency and R? in both
calibration and validation.
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Table 1-Data required in SWAT
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Table 3-Values and classes of NSE, R2 & RSR indices
(Moriasi et al., 2007; Ayele, Teshale, Yu, Rutherfurd & Jeong , 2017)
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2 0.65-0.5 O T2
R Satisfactory
2 MT)lSU
0.5>R Inefficient
Very good
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Table 4-The Soil features of Ojan Chay (FAO)
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Table 5- Sensitive parameters for using in calibration of SWAT model
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Condition
JUS 51 ol el oot
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Fig.5. Chart of observational & simulated discharge of Ojan Chay in calibration(2005-2016)
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Table 8- Values of evaluation indices in runoff simulation in calibration & validaton of SMAR
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management.
The products of remote sensing technologies, such as Aerosol Optical Depth
(AOD) from the Moderate Resolution Imaging Spectroradiometer (MODIS)
sensors, offer a promising alternative for fine particulate matter estimation.
PM2.5, AEROSOL This study reviews previous research on using machine learning algorithms to
OPTICAL DEPTH (A0D), | predict PM:.s ground concentrations based on AOD data. A structured analysis
MACHINE LEARNING, of 127 selected studies reveals varying correlations between AOD and PMa.s
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MODELS, SYSTEMATIC | variables like meteorological conditions and environmental factors.
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hybrid machine learning models demonstrate superior performance compared
to individual algorithms, leveraging their adaptability, parallel processing
capabilities, and ability to handle missing data. Despite advancements,
challenges persist due to data uncertainty and meteorological dynamics.

In conclusion, while machine learning offers robust tools for PM..s forecasting
using AOD data, ongoing research is essential to address existing limitations and
optimize model performance amidst environmental variability.
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Extended Abstract
Introduction
Air pollution, an inevitable consequence of industrialization, climate change, and
increased fossil fuel usage, has emerged as a critical environmental concern, especially
in urban areas. Globally, air pollution is recognized as one of the leading environmental
health risks, contributing significantly to premature mortality and morbidity, with Iran
ranking particularly high in terms of annual deaths linked to air pollution. Recent data
place air pollution as the eighth leading global risk factor for mortality and the seventh in
Iran, underlining its severe public health implications. The health effects range from
respiratory and cardiovascular diseases to heightened risks of cancer. Emerging evidence
also highlights the psychological and cognitive effects of air pollution, linking it to
anxiety, depression, reduced cognitive performance, and even increased criminal
tendencies.
Among air pollutants, fine particulate matter (PM2.s) is especially concerning due to its
ability to penetrate deep into the respiratory system and bloodstream, causing widespread
systemic harm. PMa.s particles, with diameters of 2.5 microns or less, are associated with
increased risks of heart attacks, strokes, and chronic lung diseases. In Iran, approximately
75,000 deaths annually are attributed to PM2.s exposure. The average population-
weighted PMa.s concentration in the country stands at 48 pg/m*—substantially higher
than the World Health Organization’s recommended maximum of 10 pg/m?. Such
alarming figures underscore the critical need for effective air quality management
strategies, including accurate and consistent monitoring of PM..s concentrations.
Conventional ground-based air quality monitoring stations are valuable for tracking
PM.:.s levels but are limited by their sparse spatial coverage, especially in smaller cities
and rural regions. To complement ground-based monitoring, remote sensing technologies
have gained prominence as a means of providing broader spatial coverage. Aerosol
Optical Depth (AOD), derived from satellite observations, is a key parameter for
assessing atmospheric aerosols and estimating PMa.s concentrations. Sensors such as the
Moderate Resolution Imaging Spectroradiometer (MODIS) have been instrumental in
providing AOD data through retrieval algorithms like Dark Target (DT) and Deep Blue
(DB). However, traditional approaches for converting AOD data into PMoa.s
concentrations often fall short in accuracy and adaptability, necessitating the exploration
of advanced methodologies like machine learning.
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
method was employed in the present paper to evaluate relevant studies and summarize
the findings of previous research. The main advantage of this method compared to others
lies in its high accuracy in extracting information, reducing bias, and providing a
comprehensive and well-documented perspective on previous research findings. This
approach, particularly in studies based on quantitative data, yields stronger and more
reliable results. The focus of the analysis was centered on three main axes:
1. Identifying factors that significantly influence the establishment of a statistically
meaningful correlation between AOD data obtained from satellite imagery and
PM..s data derived from ground-based monitoring;
2. Assessing the success rate of previous research in establishing such correlations
using statistical indicators; and

[154]



3. Examining the machine learning algorithms employed in these studies.

Material and Methods

This study systematically reviews machine learning algorithms used for estimating PM..s
concentrations based on AOD data, focusing on their performance, scalability, and
adaptability across diverse environmental settings. The primary objectives are to identify
the strengths and limitations of existing methodologies, highlight gaps in current
research, and propose avenues for improvement.

To ensure a comprehensive analysis, the study employed a systematic review and meta-
analytical approach based on the PRISMA guidelines. Reputable scientific databases,
including PubMed, Google Scholar, and Science Direct, were queried using keywords
(Fig. 1) such as "PM..s estimation," "Aerosol Optical Depth," and "machine learning."
An initial pool of 977 documents was narrowed down to 127 highly relevant articles
through a rigorous screening process (Fig. 2). Key extraction parameters included the
correlation between AOD and PM..s, machine learning models employed, and
performance metrics such as R? values, root mean square error (RMSE), and mean
absolute error (MAE).

Results and Discussion

Correlation between AOD and PMa.s

Numerous studies demonstrate a strong correlation between AOD values and ground-
level PM2.s concentrations, although the strength of this relationship varies based on
geographical, meteorological, and land-use factors (Fig. 3 and Table 1). Meteorological
conditions such as temperature, relative humidity, and wind speed significantly influence
the correlation by affecting aerosol properties and atmospheric dispersion. Additionally,
land-use characteristics—such as urban density, vegetation cover, and proximity to
industrial zones—modulate local PM..s levels.

Incorporating these auxiliary variables (see Fig. 4) into predictive models has proven
effective in enhancing the accuracy of PM..s estimations. For example, regression models
integrating meteorological and traffic data achieved significantly improved performance
compared to models relying solely on AOD data. However, the inclusion of too many
auxiliary variables can lead to overfitting, reducing the model's generalizability.
Balancing model complexity with predictive accuracy remains a key challenge in this
domain.

Machine Learning Algorithms for PM..s Estimation

Machine learning (ML) methods have revolutionized the estimation of PMoa.s
concentrations from AOD data by effectively capturing the complex, non-linear
relationships between variables. Among these, ensemble learning models such as
Random Forest (RF) and XGBoost have consistently outperformed traditional linear
regression models due to their ability to handle high-dimensional data and mitigate
biases. Deep learning techniques, including Convolutional Neural Networks (CNNs) and
Long Short-Term Memory (LSTM) networks, have also shown promise, particularly in
time-series predictions of PMz.s levels. Studies comparing ML algorithms highlight the
superior performance of ensemble models, especially when combined with feature
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selection techniques to reduce input data redundancy. For instance, hybrid approaches
that integrate RF and XGBoost have achieved R? values exceeding 0.9 in several case
studies, indicating exceptional predictive power. Furthermore, the use of advanced
optimization techniques, such as Bayesian optimization, has enhanced the performance
of these models by fine-tuning hyperparameters.

Limitations and Challenges

Despite the advancements in ML-based PM..s estimation, several challenges persist. The
accuracy of these models is highly dependent on the quality of input data, which can be
compromised by factors such as cloud cover, sensor limitations, and temporal
mismatches between satellite observations and ground measurements. Additionally, the
variability in meteorological conditions introduces uncertainties that are difficult to
account for, particularly in regions with complex topography. Another limitation is the
reliance on high-resolution satellite imagery, which is often expensive and not readily
available for all regions. Addressing these challenges requires integrating data from
multiple sources, including ground-based sensors, satellite datasets, and meteorological
models. The development of robust data fusion techniques is essential for improving the
scalability and reliability of PMa.s estimation models.

Potential Applications and Future Directions

Future research should focus on developing hybrid algorithms that combine the strengths
of multiple ML techniques, such as deep learning and ensemble learning. These
algorithms should be capable of handling diverse datasets, enhancing temporal and
spatial resolution, and addressing data uncertainty. Additionally, integrating long-term
climate change scenarios into these models could provide more comprehensive insights
into the dynamics of air pollution.

Conclusion

This study underscores the utility of AOD as a proxy for estimating PMa.s concentrations
and highlights the transformative potential of machine learning in enhancing the accuracy
and scalability of air quality monitoring (please refer to Figs. 5 and 6). Ensemble learning
models, particularly hybrid approaches, offer significant advantages in capturing the
complex interactions between AOD and PM..s. However, addressing challenges related
to data quality, meteorological variability, and scalability is crucial for realizing the full
potential of these methods.
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Ghaemi etal., 2016 N v v 1% 1% 1% v (Tehran) o
Zamani Joharestani etal, 2019 N v v v v v v v v v (Tehran) o)y
Karimian etal., 2019 A v v v v v (Tehran) ;5
Aguileraetal., 2023 YA v v v v (USA) 5, 41
Chenetal, 2024 YA v v v v v v v (China)
Yangetal, 2019 w v v v v (CH;E:;:'::;
Cortina-Januchs etal,, 2015 v v v v v v v v v v v v (Mexico) 5,5
Yietal, 2019 s v 1% % % 1% (North Chinay 1> Jlos
Lietal, 2018 vo v v v v v v v v (Shandong) Sissls
Chenetal, 2020 " 1% 1% 1% % 1% 1% 1% v (South China) o i
Zhang etal, 2018 M v v v v v v v v v v v (Texas) %
Nabavi etal, 2019 A v % 1% 1% 1% 1% v 1% 1% (Tehran) o4
Yanetal, 2020 a4 v v v v v v v v (China)
Huetal, 2013 7 v 1% 1% 1% 1% (USA) (5, 41
Kongetal, 2016 oA v v (Beijing) .,
Xuetal, 2018 A v v v v v v v v v (Canada) \sis
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1 Overfitting
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Og (S5 slaally slaxi (Al onlply o9 valyss (osS5l 4 Hol Wil OIS e ) gl
S bs, (S (nl 5 6 S olz sl 09d amie (53l p i Sl al Pl 4 e Hob ) Wl oo (S
Wby sl SuSS 5l eolawl 5 oo slo Sy oLl 5 ool slal rals & gilupliie aile alie
(Karimian et al., 2019) wg, oo )5 4 plKin0g;

PMas clale 551, 50 lo allis 2 st (s sl 5 sl Gl po s a2 SL3 o5 jshailen
Slapis ;65 ZANN) egtan vac sloaSs Jolis b by, cpl ol odds (6,10 50 00 AOD (slaosls
Lai, Li & Pan, 2021 ) Gaos 5L 9 "(SVR) lactis o guw )5, Hezed (il (6,50l calie
ol Ko il e 6 050L o bs, ¢ (Peng, Wang, Xia & Gao, 2022 ; Li et al., 2023 ;
AL ey b yriie 9 PM25 (o (as yid alall; 0929 ) azgi b igd e (L3S ol 5 T(RF)
el Sl 5 Jitas i (g0l sl Sy s 5 QD] 50 4z W U5 Lo 4 5555 (sla s,
S 759k sla g, 5l eslinal (Slol)8 jloges (8) JS& 55 sl 0og (Jldions 4z g3 3590 Sl ¢ Foduzmn Sl
zl el Gl cul S8 a3Y el oo 03,41 AOD slaosls bl PM2s cdale )91 o il
5 alas I S to0gy aidly JLAT] Wites 5 e Lasi onh (55500 Slaptz sS4l (0) UK
JSi> & Jlgl,3 L Ensemble Model b oS 5 slaig, dod ol plonl caa w65 o yiae (8 2o
oolail 05,5 o 18 g B Jol slaolls 4o ol 5 4y taw Jlgl,3 L XGDOOSE 4« gl 6 L Solas
oSl |y Loasls atb iy Jolow Blow 5 585 slagsinie ol (oeble 63l slapisSl
Sloy Alis o i Bas b Sladss [0 5009 F)S 5 e b bg, ol (Vapnik, 2013) cowl edges
Das Chagas Moura, Zio, Lins & Droguett, 2011; Quan, Liu & Liu, 2010; Sapankevych &)
Ghaemi, Farnaghi & Alimohammadi, ) ls» jajﬂ S 9 (Sankar, 2009; Tay & Cao, 2001
Koo a5 1S 4 cuddge L (2016

Ol ey slR03ld (ry (Snom dloml die )0 egiie slap 5l T go O JS 5l a5 jshailen
4 0,55l o 5l eolatul e Lol sl oals a8 )5 IS 4 (AOD) o lsale 5 azs 5y wledbl g PM2s
o 4 Syl i L XGBoost 3 Random Forest (RF) asle slapi o sl paie Do
sl el )b 5555 50 053 YL LIS 5 8 Lo 4 lapi ;651 ol aS aas o las el cplai)ls 1,8 Joo
S92 b ot )58l (S blie jo ilass )5 )18 azgi 0550 ity PM2s clale aiile Jasee 5 ooz
b e ool (giluJas jo e oSl nl slacasgase o 4wl (Sas 4 Wloalds ool oS
2 oS5 g Ayt slagly, jlesliiul Wl 4 g, g, 5 (Sl jloged (S sk 4 Bl sz

1 Regularization

2 Artificial Neural network (ANN)
3 Support Vector Regression (SVR)
4 Random Forest (RF)

5 Kernel



\F+¥ )LQJ. Al o)Lo.(:: IF -\J.’ “;a.ﬁ;u t—"}bl:m 3 L_ﬂ)" 4"]“""’ \$A

Orized @5 ol adleads Joolw lagy, (nilr jgpe 4 &S Caul (Jae laossny gile e
5 pax> ool hile 10 aiailyy g pdyBllas] slap 631 5l oolawl 4 o] Kigh a8e onsmslis

VIR ERVE 39

AutoRcegressive Integrated Moving Average (ARIMA)
Bidirectional Gated Recurrent Unit (Bi-GRU)

Bidirectional Long Short-lerm Memory (BiLSIM)
Bayesian Regularized Neural Networks (BRNN)

Deep Feedforward Neural Networks (DIFNN)

Deep Neural Networks (DNN)

Deep Recurrent Neural Networks (DRNN)

Feed-forward Neural Networks (FNN)

Generalized Additive Model (GAM)

Graph Comvolutional Long Short-Term Memory (GC-1.8TM)
Generalized Linear Model with elastic NET penalties (GLMNET)
Large-scale approximate Support Veetor Machine (LaSVM)
Long Short- lerm Memory Extended (LSTME)

Multiple Additive Regression Trees (MART)

Sclf=Adaptive Deep Neural Network (SADNN)

Stochastic Gradient Descent (SGD)

SpatioTemporal Artilicial Neural Network (STANN)

lime Delay Neural Network (1TDNN)

Adaptive Boosting (AdaBoost)

Artificial Neural network (ANN)

Auto Regression Moving Average (ARMA)
Conwolutional Neural Network BiLSTM (CNN-BiLSTM)
Gradient Boosting Decision Iree (GBD'1)

Gated Recurrent Unit (GRU)

1.cast Absolute Shrinkage and Selection Operation (1LASSO)
Light Gradient Boosting Model (LightGiI3M)

Spatio Temporal Deep Learning (STDL)
Back-Propagation Neural Networks (BPNN)

Gradient Boosting (GB)

K-Ncarest-Neighbors (KNN)

Multivariate Adaptive Regression Splines (MARS)
MultiLayer Perceptron (MLP)

Recurrent Neural Network (RNN)

Support Vector Regression (SVR)

Multi Lincar Regression (MLR)

1ong Short-Term Memory (I.STM)

Extreme Gradient Boosting (XGBoost)

Support Vector Machine (SVM)

Random Forest (RIF)
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Fig.5. Frequency of Machine Learning Algorithm Applications in Estimating PM2s
Concentrations
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5 95 bes ilaoe 1) Llab 5 oauzmy Sloy slags y Wi oo 325 ;500 Slaghs; b oS 5 )0 sl e
6l i 5l oolial b 5 00, LS5 LS50 glosis, b S5 40 1, Jae opl «(Zhou et al., 2019) o ,San
Az 50 Sogll Gloj e (i 4 (SIS slaosls 5 culidlsn sl el )y o glooan VT clile
oz Jlas U 50 YU bl 95 s b laiiy 18 wile (slaaSiod (b ol b iz ls y oayT sl
BN 5 G310 e ws3y9 slaosls pa ial3l L a5 (g 9k 4 aidly o 909 b (plaudgaza b
ALl gl a5 wiz 0 Sl S 40 g s gloy Alis o Sledb| Laas 4y 0l pimen g aidl
.(Han, Zhao, Leung, Ma & Wang, 2019) Sg o0 axlge CBs ialS L
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alols o PM2s cdalé o415 g (Obodoeze, Nwabueze & Akaneme, 2021) 1,8 g 59920
9 5 (Ol I3 gema Sy ol AlS iz as Ggms S5 g,y 451 YT B Y- A slalo Gl
L osd Cugll el S0 spreal S350 Y Wiz gty (Syae (oras 4o wllns b
W 5 e s JLASSO e 5, 4 Extra Trees SXGBoost ¢ solas K> AdaBoost
Sy b oo ple 4 Cad XGBOOSE Joe yigs o,Ses sains lis gulis ais S solatwl

loaSets ol aiins Sloy Alis 5 e sl i 5o Jshiie sbo o 3 ;K00 S cmae slaasios
odliiwl la 59 gl 2ol 5 (ganaiels (9o 55 4 g o Plos Jo 50 Ciigo bl Ve g0 glaiy L
«((Lachtermacher & Fuller, 1995) ,Ugd g ;2o iz «(Wang, Zeng & Chen, 2015) -, Kaa 5 Sy .ailoas
sdlss gt ¢l p (Mishra & Goyal, 2015) LS g1 ,iaw o (Mellit & Pavan, 2010) ¢lgl g codlo
a>gie (Han etal, 2019) 4 Ken 5 b X slaalllae o 03,5 soliul by, cnl 5l dsa Sogll 5 Sl
S o 28l 4 i Wl o 45 WAl (5399 095l x> b odezmy Sl plp )0 (oo 4G 3 Shos cand
9 oduzmn @l )i 0 (Ul pas g 4D

Ermae Jhgp (i 3 3l Ol o a8 Cul dle (6 50k 055 50 W (LB Bres 6L
loeals 5| 55 o Sl 00lital L 1 ey sl Sloogas b Lo po (slogSl Cul 1006 5 00 b e
(s S g, b awglas yo (Yamins & DiCarlo, 2016 Deng & Yu, 2014) aas awxis 6959
) 58 (b 9 00,5 glpinl (Lhjgel slaosls 511, Jaw el )5 5l 4 Wil oo Grae 5 5oL
o ymeS b (Zhang, Zheng & Qi, 2017 ¢« Meyer, Kihnlein, Appelhans & Nauss, 2016 ) aas 4l
5 eoliiwl b (6, slap slross VT Clale o s (w2 Eoiie Dlegoge 10 Guas (5 S0l ;l eolatul
Kuremoto, Kimura, Kobayashi & ) ¢l e0gs laae 059 4z g5 9,50 -l sl Sl 10 Gaos (5 ,50b
63, 042 0015 (Y o> 5l Wlgi se Beos (5,5 ok (ZUO, GUO, Shi & Zhang, 2020 «Obayashi, 2014
(Schmidhuber, 2015) S Sloles wal I 3550l o,k 511, Waosls o soumney slaalal, o

Og (V) (ol aws an Joli (Gloj Allds (e (gt 0j9> )0 e 55 0b slaSal,
() 5 (iS50 5 (dglpils laaSit aile) (s5ules b oads &yl (V) (K50, 095 aSicts atile) ol
oS 5 J g (Lv, Duan, Kang, Li & Wang, 2014) 1,5 4 o .(Sarker, 2021) col oo 5 59k
i dibe gloy dllis cn i Sz K, 09> a5l (L, Peng, Hu, Shao & Chi, 2016)
Ban b (pl )5S )0 (gl oy s S eslitul pleitle o (655l Bras Gt 5 SBIS L~
Ly a0 (el Gl 0ogd gy S eBees S50, 095 sloaSieds 5l oolizl b PM2s clile o oy
1558 s OF o YL cds b lsa Sogll slaools 5 egaions cnl 50 il dnwgs Sloj 6w sboosls (sl
G jlarzes Slalllas Lol (sbdosls b (golpain Jow auglio .cowl oals solaiw] cwlisilgn slaosls g oy

1 Adaptive Boosting (AdaBoost)
2 Extreme Gradient Boosting (XGBoost)
3 Least Absolute Shrinkage and Selection Operation (LASSO)
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;o Ong, Sugiura & Zettsu, 2016) cuwl 00gs (golpiiion Joo cawlio o ,Slas oo lis opuly jais
Rz @l leje jsb @ ol plos ;o 0an VT cile (1 Silee oo (0nz 5345 50 00 (ohagh
5,5 *TDNN 4 SVR FSTDL FLSTME LSTM JARMA (slapis 651 bawgs o Jlo ool Jab
20 &l %o i 0 lga  Sogl iomiw sBiasl VY slacols 5l eolatul b andllas oyl jo .28,5 )18 o)y
o oolitil (it (ypens,S 5 rat S ipn, 055 s 53 5l siloj sl 18 L | 18 5 L
oolil gibate (50w )S, Y (sln 6999 Olsie 4 K5, 095 et wY o3l (295 (g, onl 9
o, YO Jolee F(MAPE) sllas sllas oSl oo bl cubizs (pl ,0 ool a8l) Jow .l o0
(Lietal, 2017) coul azils g YL 8o oo &l coian oras aSed slo bs, sl b duslio 4o

a5l ool ge5 ,L sl sl (Hochreiter & Schmidhuber, 1997) pojezwl § i >0
@ lgn Sogll cio i die) 5o oﬁ)l_f); o g, 3l (o aS s S &I LSTM lgie e 2550
5988 50 Jle lexe 4 (Greff, Srivastava, Koutnik, Steunebrink & Schmidhuber, 2016) a1 oo Lo
alisl> g, 5 ool L «(Reddy, Yedavalli, Mohanty & Nakhat, 2018) -),l5as 5 Reddy « .
o B, PM2s cdale oin 4 YAV B YYD sl e o5 ,0 (LSTM) uw olisS™ SYsb
iz oyl & slaosls 5l eslal b «(Karimian et al.,, 2019) 5o 5 leoy,S 550 (glasllas
PMas clale o i 4 by, dw jleoliiwl LY VY B YV lo Lo o3l 50 oles i ,0 Iga Sogll
Sl s 4 |y b o i LSTM og ) a5 szl 5y

x8,5 &l 1, TGRU a535L asis «(Chung, Gulcehre, Cho & Bengio, 2014) ) ) Sea § Sil>
Athira, Geetha, ) o)) Ses § |l a5 slasllas 10 055 o wgmime LSTM aSliis o (5 5lwools Joo a5
s 4l Jold Gaes (6 S0l (o8l a5l cisls aldl > 9iS yo «(Vinayakumar & Soman, 2018
S o9l oiziw VFAA slacols 51 PM2s clale o s <> GRU oS g LSTM asiss o a5k
&S oo L3N, GRU a0 Slee dlols ol .ol solatwl

Sz wiold plosl 1ol G ye 50 LawalS™ it o sl jo (Xuetal,, 2018) ], Ses 5 95 45 gl ,o
o sss, casdllan ol s olol s us ) sslitl (yeile oS0l sl s, 51 PM2s @l,3 cdale s i
5d 500 slanlllas jo uils o g, ple & Cand (50 0, Slas o Solas K> ¢ XGBoost .Cubist
(RF) Bolas [ g, oolawl LPMas clale s 4l 10 o «(Liu, Weng, Li & Cribb, 2019) I,Ses 4
cdale 5,0, ;o (Ahani, Salari & Shadman, 2019) 4, Kes g ol woxw, R? gl +/AF Jlade &

S e eSibee 3 O(MLP) agYois cace aSl iile (6 u50L (g, 99 5l caguien o O151 510 PM2s

1 Auto Regression Moving Average (ARMA)

2 Long Short-Term Memory (LSTM)

3 Long Short-Term Memory Extended (LSTME)
4 SpatioTemporal Deep Learning (STDL)

5 Time Delay Neural Network (TDNN)

6 Mean Absolute Percentage Error (MAPE)
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oS (69,9 o lop CaaS 5 cwliilsr gl ol b aiged colaiw! (ARIMA) a> LSS diican 595
ils PM2s clale o910 501y 8,80ee o 0 ARIMAL g, a8 ols )Lis ol 9 oo solizwl o o

=i !y (Zamani Joharestani, Cao, Ni, Bashir & Talebiesfandarani, 2019) | )Ses 5 Sl
5ol g XGBOOSt ¢ dolas JKix cm uiile (5 ,50L (g, a5l eyl e5 0 50 PM2s s VT cdale
S8l b XGBOOSE s, eos 658k 5 (shobas JSi (slobs) b amlin jo 0,8 oslital oo
OlKen g Koy ols lis ag5 511 6 e 0, Shee AYAO pg M3 L ol 'RMSE 4 +/AY L 1 R? Jlaie
S y50b 0,651 50 5l (6 S0 g L1y 0ols VVOY» gooamme o > lga Ll jo «(Peng et al., 2022)
c o gy yhad] (Lad) cwliilen yiel)l il ((Gaos 5,50k g XGBOOSE Lol 5 cugis) il
Vev) Jlo Job jo Gl coles 90 5l Jituw jsb 4 a5 PM2s cdale g (los g (Sai,b ol g ol ce s
ol 0595 XGBOOSE aSiiis g o,Shas 51 Sl ol .aiols J18 )0 5,50 g 00 (5,505l

s, (Enebish, Chau, Jadamba & Franklin, 2021) ol )ISes 5 (ol lawgs oddialosl imgh o
S50k piysl B I YA B YN lale Gl o3k yo liiore (ladgine )55 50 95k Y
& 5t 0 ,5es XGBOOSt 3 dolas o (slapi oSl a5 ols ol asdllas ] zuls oo )57 eolaznl cpiile
Shogrkhodaei, Razavi-Termeh ) ol Ken 5 olas S aslas ,o ascils baeiy )8l plo b awslis (o
el oo ooliwl fpudile (6 S0l bg, a3 PMa2s clale s gl 1 6l o)) 565 500 50 (& Fathnia, 2021
ol Ol yo aS ol lis g ol s F(EGD) bolas sals Lol 5 5 Solas K> AdaBoost
ol Al (65 0 ,Sas Solay K> gy by, A

Sl alle cas gl o5 4o «(Ayus, Natarajan & Gupta, 2023) |, Kea 5 gl o0 slasdllas o
Gaos (6 S0l calizee ST il 3l oolawl b el ps 10 Sy 0 00 gl YY) B YAVY L
S oligS SYsb alasl> F(BI-GRU) ag> g0 slojly,o ot ol F(RNN) | So  oae aSis Jolis
> 90 Saw oligS  JSYsb  albls JLiglgls  sae aSls ABILSTM)  ays> 4

Jae 3 Y(ConVID-BILSTM) aig> 90 @aw oligS SV eb alasl> JLiglgils as F(CNN-BILSTM)
;5 CNN-BILSTM 4 ConvID-BILSTM uls ylis guls .a65,5 soliiwl (XGBOOSt) Lol 5 oo
Jae a5 b o wijls og5 0 ,Slae HAQD lsa coaS (asls )5l )0 Gres 5550k slaoe o
(Li, Huo & Liu, 2022) ) S g J .Cowl Gaos (5,500 sl Joe 5 yige «(XGBOOSY) pisle (5 ,50b

1 Root Mean Squared Error (RMSE)

2 Stochastic Gradient Descent (SGD)

3 Recurrent Neural Network (RNN)

4 Bidirectional Gated Recurrent Unit (Bi-GRU)

5 Bidirectional Long Short-Term Memory (BiLSTM)

6 Convolutional Neural Network BiLSTM (CNN-BIiLSTM)
7 Convolutional BiLSTM (Conv1D-BiLSTM)

8 Air Quality Index (AQI)
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oolol  LSTM-XGBO0O0St-SVR oS5 i gy oolaiwl b olel oS ool i 4o
Ais g ) (St S8 aiulyy  SSe- gley sla S

sosls ;I (Mohammadi, Teiri, Hajizadeh, Abdolahnejad & Ebrahimi, 2024) ., ,Ses ¢ (gdesxe
6 50b w08 Jlea 5l ool LPM2s cdale o s (6l eolpiol i 5o asdS Jlo & wlidlen
Ol Sy slayile F(KNN) o3 Ko luoa-K (ANN) coine coac sloaSis Jold il
RF g ANN Jow 285 ooy (wlusl s a5 ols las uls 68,5 eolaul «(RF) bolas JXi> 5 "(SVM)
cils (g g o, Slae PM2s cdale oo lp e plo b awslie (o

e 45 Jaw o PMas cdale 5,61, 6l (Yang etal, 2024) ol ) San 3 Kb 500 (glaalllas 4o
axg b ol o 08,8 eolatwl (RF) olas Kz g )55 9 (LSTM) SseslisS ¢ oendy alasl>
Slgie 4 (RMSE = 4.59 pg m3 R?=0.93) olas JSi> (gm0 ,5, Joo eJoe b)) sl asls &
PM2s Glae )3 cdale o410 cqa «(Ren, Zhang & Fan, 2024) S g ¢y, .o ol age Joe
bt s s, esliul bagy sl ol ¥ iedls Jow s MLR XGB0OSt « sl JKi slapiy 55l 5|
Chenet) o, Ke2 5 > ;50 lanlllas j0 09 o Joe plo & Cas (anali Joe 9,51 5 (YL o oains
0)5—‘).’ L}""L"‘"f W“"’)?ﬂ‘ U"‘ 5..\.3.3)5 oola 4:3[; 4\.:....:9.: Ga...&l.y JJ.A )‘ PM25 cdale 0)51).: 6‘).: ‘(al., 2024
abliarwgy 2l Jow .Cowl ouls aB b (pile (6,500 Jow pais 5l g Y g0 LSl L Sl
& 5Y6 c3s XGBoOst 4 LIghtGBM* ., ol JSim) Jitas slo o plo b auglio ;o axdllas ol 5o
(R?=0.87) REXIPPN A

Criole (6 S0l o ,9X! 4w (Aguilera et al., 2023) o, Ko ¢ LLST lawgs ool plos! gy ;o
)18 ool 8,90 PM25s cdale o915 50 ((ughs obol,S g (RF) Bolas 5o daes S0l o)
R?2=0.78 Stod cupo b1y 0 ,Shee o i i ofd] dw opl dig @iy a5 ols (ylas gl .cé )5
sleolaiul b avnglie ;o) sois 68l dix oS 5 SO 5l oolaiul a5 as o lis adl cpl ols dales cuvoay
bl 398 oS5 0,59, maled 0500 1) PM2s clale (g5 550 55k ) ilgi e (e 4 o))l
aly> ol pen 4 1) oo ys8l po had LIS ply )3 Cuaglie g la Sy Saewy pider (285 Sonte (9o
FERARY

2 e 6slel glabs; 5l (g (RS il (5 Sl slapt il s S o)l (e o oS jshailen
a3l AOD ululys ey PM2s ke o505 4o Ll 5l solicad wig, 5 (8 JS5) o0y Sloj allis

1 K-Nearest-Neighbors (KNN)

2 Support Vector Machine (SVM)

3 Ensemble Model

4 Light Gradient Boosting Model (LightGBM)
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The study of different rainfall patterns in different stations is crucial
from the perspective of the hydrological process. In the present
study, by using the 564 storms recorded in three rain gauge
stations**, namely** Sari, Abbas Abad, and Firuzjah, the Huff
curves were plotted in three rainfall classes**: i)** less than 6 hrs,
ii) 6-12 hrs, and iii) more than 12 hrs. According to the 50% Huff
curves, the storms were analyzed using the quartile approach. Then,
the design storm hyetographs were plotted for the selected stations
in different rainfall classes. Next, to investigate the variability of the
storms, a new method was used based on the vertical distances
obtained between the Huff curves of 80% and 20% (V), and also the
values of 50% Huff curve (dso) in three different percentages of time
(25%, 50%, and 75%).

Results showed that the types of most storms in different rainfall
classes were in the second quartile. Also, the results indicated that in
most of the classes, a significant percentage of precipitation (more
than 80%) falls by the seventh decile of the duration. By moving
towards the last deciles, the percentage of rainfall decreased.
According to the results, it was found that the highest variability of
storms in the rainfall classes of less than 6 hrs, 6-12 hrs, and more
than 12 hours was related to stations Sari, Abbas Abad, and Firuzjah,
respectively. It seems that the results of this study will be helpful in
the scientific management of water resources and timely warning of
floods in the region
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Extended Abstract

Introduction:

A deep understanding of storm patterns in any region is useful in water resources
management. Many researchers have studied rainfall storm patterns in different parts of
the world. The pioneer researcher in this regard is the American researcher Huff (1967).
He studied storm patterns using data from 261 recorded storms in the eastern USA.
Pilgrim & Cordery (1975) derived hyetographs for storms using data from 50 storms in
Australia. Spatiotemporal patterns of rainfall were analyzed in Canada by Loukas &
Quick (1994). In Calabria, located in southern lItaly, rainfall patterns were investigated
using data from 45,533 storms. To our knowledge, rainfall storm patterns in Mazandaran
province, located in northern Iran, have not been investigated yet. Therefore, the four
objectives of this study are: i) Illustration of Huff curves for the selected stations in
Mazandaran province, Iran; ii) Detection of storm types using the quartile method; iii)
Extraction of design hyetographs based on median Huff curves; and iv) Using an
innovative approach based on vertical distances of 20% and 80% Huff curves (denoted
here by V) in three distinct times of storm duration, namely 25%, 50%, and 75%.

Material and Methods

The study area is Mazandaran province, located in northern Iran. Three stations, namely
Sari, Abbasabad, and Firouzjah, were selected in the province for further analysis. Figure
1 shows the location of the sites and study area. Recorded daily rainfall data were
gathered from the Iran Water Resources Management Company in digital form. In this
study, rainfall events with cumulative rainfall depth >5 mm were selected for analysis.
The minimum time interval between two consecutive rain events was set at 60 minutes.
Storms were divided into three duration classes: i) 1-6 hours; i) 6-12 hours; and iii) more
than 12 hours. The number of storms varied from 151 in Abbasabad to 241 in Firouzjah.
In this study, the Huff curves were plotted for each of the three sites, separately.
Moreover, these curves were plotted for the three aforementioned duration classes and
are shown in Figure 2.

Results and Discussion

Table 2 shows the percentage of rainfall received in each of the four time quartiles in the
selected stations, for three distinct rainfall durations. Results showed that in all three
stations, the maximum portion of rain in the 1-6 hour class was received in the second
quartile. In the 6-12 hour duration class, the maximum portion of rain in Sari was received
in the first quartile, while it was the second quartile for the other two stations (i.e.,
Abbasabad and Firouzjah). In the >12 hour class, the maximum portion of rain in stations
Sari and Abbasabad was received in the second quartile, while it was the first quartile in
Firouzjah station. Figure 5 shows the histogram of the mean percentage of rainfall
received in different quartiles for distinct rainfall duration classes in the selected stations.
Hyetographs for the selected sites were prepared for each of the three classes. Figure 6
shows the design storm hyetographs for the selected sites for the three distinct classes.
Additionally, Figure 7 shows statistical details including dzo, dso, dso, and V=dso-d20 for
Abbasabad station in the 1-6 hour duration. The obtained values of these statistics are
presented in Table 3.
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Conclusion

In this study, using data from 564 recorded storm events from rain gauges in three
stations, the Huff curves were plotted for three distinct duration classes: 1-6 hours, 6-12
hours, and >12 hours. Results indicated that the shapes of the Huff curves varied among
sites and across different durations. Furthermore, results showed that the Huff curve types
for the stations were predominantly the second type (except for two cases). A
considerable portion of rain (>80%) was received before the seventh decile of the rain
duration. According to the innovative method, most storm variability in the 1-6 hour class
occurred at Sari station, while it occurred at Abbasabad station for the 6-12 hour class,
and at Firouzjah station for the >12 hour class. These findings will support optimum
management of water resources in Mazandaran province. We recommend conducting
similar research in other provinces of Iran.
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Table 2- Percentage of received rainfall in each time quartiles in the selected stations in
distinct rainfall durations
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Fig. 5. Histogram of the mean percentage of received rain in different quartiles and in
distinct rainfall duration classes in the selected stations



VFF 5l ) o)leds AF wlo (Janmo Ol bl g Ll pao 4 06 vy

w2y B Bla (oo jlesliswl b 7,k 4LS ) SIS i gl w4 by o guls
SN o i leolKis! slp b oL BlF gis oy B B slo sl eolaul b
5 addllas 550 sl jo a5 0gd o alaxde Kb 4 ax g5 b (F JS8) el Cawdy daliBe 5L
5t BB oo ,s (el VY 51 s (5L oIS 50 oLl wlee oK 350) calies o)L slo WIS
S Coow 4 olula b g cnl oals S50 (55 plgs Do s S0 B (auoyo Ae 51 o) )L
ool 51 plaSizes o 457 05 g0 ala>dle US4 4255 b il oo (2lS 00 30 (21 duopo (l5ee 5]
oad 36 G,k Gos 5l oo )0 VP 5l G LS el gae 0 Ve (Sl ol Su o ik sl oS s
Sl S 5 axdllas 090 slaolSins! 51 Gy 0 aS ols aseid lgi oo SIS @ dx g8 b opuiored Ll
oINS 50 (ke oS! 8,8 Slai o b Jle lsiedy ol ool ) Sas plasT jo b s,b zgl (o)l
o J3 i 5 i qooniy sl 13 et it ol g o 35500 abidle el £ B 5y o



rainfall depth percenage rainfall depth percenage

rainfall depth percenage

e 5385 9y 3l 0ol b L yLS ) (6533 uadS oy

A) sl Sari 3 sLl ~Le Abbas abad . o)y b Firouzjah
3 1 3
3 S 3
2 %6 %
1, % 4 “)
2
(1] -
10 20 30 40 S50 60 T0 80 90 100 10 20 30 40 50 60 70 80 90 100 1w 20 30 40 50 60 70 B0 90 100
B) sole Sari sLi sle sl>39 25 Firouzjah
16

10 20 30 40 S0 60 70O S0 90 100 10 20 30 40 50 60 TO 30 90 100

10 20 30 40 S50 60 TO S0 %0 100

(o . s sai s _wLs Abbas abad o33 Firouzjah

gl Ges Loy

10 20 30 40 S0 60 0 S0 90 100 10 20 30 40 S0 60 T 80 20 100

ol Ol a1 5 s s ol Ol ST 5 ds e ol Ol e85 s
rainfall duration cumulative percenage rainfall duration cumulative percenage rainfall duration cumulative percenage

10 20 3 40 50 60 70 80 %0 100

— oW )0 i el (gl o y0 B By Joxiw jl eolawl b zyb (3o,b GBI Fam —F ST
el 1Y 31 i (C g el VY5 (B sl P Y (A iy oo

Fig. 6. Design rainfall hytographs obtained using the 50% Huff curves for the selected
stations in different classes; A) 1-6 hrs, B) 6-12 hrs, and C) more than 12 hrs
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Table 3- Values of d20, d50, and d75 time percentage of storm for the selected rain gauges

in distinct rainfall durations

b Gloj oy

. . o)Loi oy !
o Rainfall tlgg)% /(E)ercentage — Statistics Station
1-6 hrs class Celw P LY LS

70.29 25.75 10.85 d2o
86.55 56.31 25.31 dso &b
94.78 81.71 47.7 dso Sari
24.49 55.96 36.85 \%
76.24 47.53 17.5 dao
88.34 65.22 31.01 dso sbl e
94.82 80.19 47.27 dso Abbas abad
18.48 32.66 29.77 \Y
74.1 37.52 11 dao
87.79 57.73 25.12 d50 ol.‘>)5).3

95 76.78 46.88 dso Firouzjah
20.9 39.26 35.88 \%

6-12 hrs class el $2VY S

735 41.36 18.91 dao
85.95 58.83 29.93 dso Syl
92.33 74.09 43.22 dso Sari
18.83 32.73 24.31 \Y
70.16 41.1 14.4 d2o
84.83 60.54 28.41 dso bl wbe
91.63 75.36 4561 dso Abbas abad
21.47 34.26 31.21 \Y
72.53 42.93 17.39 dao
84.53 61.03 30.33 dso ESTI
91.34 75.23 48.19 dso Firouzjah
18.81 32.3 30.8 \%

More than 12 hrs class  celu Y 51 is IS
71.69 41.07 16.93 d2o
84.31 56.42 25.67 dso &b
91.22 7177 40.24 dso Sari
19.53 30.7 23.31 \Y
67.9 43.25 15.86 d2o
79.22 54.8 25.6 dso sblple
87.07 66.35 38.77 dso Abbas abad
19.17 23.1 22.91 \%
68.08 40.37 16.34 d2o
81.71 57.36 29.17 dso ol> 39,8
90.7 73.33 47.57 dso Firouzjah
22.62 32.96 29.23 \Y




e 5385 9y 3l 0ol b L yLS ) (6533 uadS oy

dw yo Bla slo e (VYAA-VYAS) g 5lol 0,90 0 oo oo ,LS, OFF ;I soliiwl b anlllas ol 5o

ohaisle sl jo corin o] aw gl el VY 5l s g cel £V el £ 0S5 5L oIS
FaSs b iz 20, sl oS )0 (e o] G o by Jomie 0,3 a5 ol lid gl Al e,
Slolliwsl jo o govo p 8 dcele £ U G ale) oo (o0,L oS S 50 opizmon Sl Oglae
s D90 Sl olBaus sl LS s 0 0 Bla sla gzwe jl oolatnl b as)lo oglay [0S L calizes
la,LS, cdel o)l s (0,90 99 j20) aliea i,b sla WS 1o aS 0g o 51 S s iz 51,8
—olSisl sl p b )L BT g o0 B Bla slo cizie loolaiwl b yuizren 050 5090 S > £33
anfllas 5,50 GoolKiws] el jo a8 ols lis gt el Cavods caliee )b sla oS o Coiin sla
3 5k plss pley Do pian Sad b e(ao,s A 5l ) (550 5l stz R oo (o)L Gla IS
sokie 4 dalol jo il oo el oals S5 5L sy ol G GlaSas Cuow 1 S > L g RSPV
Sz by, 5l @lidee LB)L Gl NS jo i ol la LSy (s ndu et Gliee (s 9 Sl
dw §lp oo o)l Ges polie o, A g0 (Ve Uila sla el eolaiwl b T jo a8 o solail
M g asein 050 b duoj0 0+ Gl iotie 4 bogrpe polie .ol Cawss YO g0 YO s o Sloj alaie
olis gl ol ools (L V sl b g dwle 4500 Sloj ablie 0 aoy0 Ve g Ar Bl oxie 90 o
VYol i g cel P2VY el £ U SO o)L o oS 50 o LS5 (6 0 jdd (lue o s a5 0lo
ndllas 5,90 dilaie ;0 a5l 4 a>g5 b .0gs ol 59,8 g LT ulie (g Lo (slaolKinn] 4 by 1o oo jau Caelu
w855 8 owin Syge Bl asdllas 13 00l 00 e slahs) jl esliinl b o )LS ) Sl a8 5ol
9 LJ).A.A; (e g LS’T élLA.A A oolazwl g S pde 4o ~.\.>‘9.’L5A adlao U"‘ CJL«J SM)GA )Ja.;dq S|
5o alie Sldllae 0gb oo slpainn il Jge ddlate conlBl byl i 4y dxgi b leOdlw 2850 4 ol
dlie dnlllas (! 5l odel sy s b o] glis g 09 alonl calizes Slsn g f Lyl i b oo slalw!

D9

S 5wl

g oo ‘Silo)qlé g ,Sid gk opl Lo 0,90 ool oy (18 bl ol ] gJ Bl Co o &8 50 3



\F+¥ )Lq.g Al o)w IF u\.L‘> “;Iaw ._,I}b[’m 3 L'-")’-’ m}m.’ Yor

References

Alavi, E. S., Dinpashoh, Y., & Asadi, E. (2019). Analysis of hourly storms for the purpose of
extracting design hyetographs using the Huff Method. Geography and Environmental
Planning, 30(3), 41-58. [In Persian] https://doi.org/10.22108/gep.2019.116484.1141

Anonymous. (2012). Climate of Mazandaran Province. Formal Website of Young
Correspondents Club; Economic Diploma. ( Date of Access 01 12 2024). [In Persian]

https://www.yjc.ir/fa/news/4789307/

Awadallah, A. G., & Younan, N. S. (2012). Conservative design rainfall distribution for
application in arid regions with sparse data. Journal of Arid Environments, 79, 66-75.
https://doi.org/10.1016/j.jaridenv.2011.11.032

Baek, S. S., Choi, D. H., Jung, J. W., Lee, H. J,, Yoon, K. S., & Cho, K. H. (2015). Optimizing
low impact development (LID) for stormwater runoff treatment in urban area, Korea:
experimental and modeling approach. Water Research, 86, 122-131.
https://doi.org/10.1016/j.watres.2015.08.038

Bezak, N., Sraj, M., Rusjan, S., & Mikos, M. (2018). Impact of the rainfall duration and temporal
rainfall distribution defined using the Huff curvs on the hydraulic flood modelling results.
Geosciences, 8(2), 69. https://doi.org/10.3390/geosciences8020069

Dinpashoh, Y., & Alavi, E. (2024). Derivation of Huff curves for the four stations in Great Karun
River in Khuzestan provinces. Journal of Civil and Environmental Engineering, 54.1(114),
115-130. [In Persian] https://doi.org/10.22034/jcee.2022.28050.1678

Dinpashoh, Y., & Vakili Azar S. (2019). Temporal analysis of storms in East of Urmia Lake using
the Huff curves method. Journal of Water and Soil Resources Conservation, 8(3), 27-44.
[In Persian] https://sanad.iau.ir/en/Article/829069

Dolsak, D., Bezak, N., & Sraj, M. (2016). Temporal characteristics of rainfall events under three
climate types in Slovenia. Journal of Hydrology, 541, 1395-1405.
https://doi.org/10.1016/j.jhydrol.2016.08.047

Dunkerley, D. (2022). Huff quartile classification of rainfall intensity profiles (‘storm patterns’):
A modified approach employing an intensity threshold. Catena, 216, 106371-106384.
https://doi.org/10.1016/j.catena.2022.106371

Golian, S., Saghafian, B., & Maknoon, R. (2010). Derivation of probabilistic thresholds of
spatially distributed rainfall for flood forecasting, Water Resources Management, 13(26),
3547-3559. http://dx.doi.org/10.1007/s11269-010-9619-7

Gordji, L., Bonta, J. V., & Altinakar, M. S. (2020). Climate- related trends of within-storm
intensities using dimensionless temporal storm distributions. Journal of Hydrologic
Engineering, 25(5), 1-31. https://doi.org/10.1061/(ASCE)HE.1943-5584.0001911

Hatami-Yazd, A., Taghvaee-Abrishami, A., & Ghahraman, B. (2005). Rainfall temporal pattern
for Khorasan province, Iran. Iran-Water Resources Research, 1(3), 54-64. [In Persian]
https://www.iwrr.ir/article_15168.html?

Huff, F. (1967). Time distribution of rainfall in heavy storms. Water Resources Research, 3(4),
1007- 1019. https://doi.org/10.1029/WR003i004p01007


https://doi.org/10.22108/gep.2019.116484.1141
https://www.yjc.ir/fa/news/4789307/
https://doi.org/10.1016/j.jaridenv.2011.11.032
https://doi.org/10.1016/j.watres.2015.08.038
https://doi.org/10.3390/geosciences8020069
https://doi.org/10.22034/jcee.2022.28050.1678
https://sanad.iau.ir/en/Article/829069
https://doi.org/10.1016/j.jhydrol.2016.08.047
https://doi.org/10.1016/j.catena.2022.106371
http://dx.doi.org/10.1007/s11269-010-9619-7
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001911
https://www.iwrr.ir/article_15168.html?
https://doi.org/10.1029/WR003i004p01007

e 5385 9y 3l 0ol b L yLS ) (6533 uadS oy

Khaksafidi, A., Noura, N., Biroudian, N., & Najafi Nejad, A. (2010). Rainfall temporal
distribution patterns in Sistan & Balouchestan Province (Iran). Journal of Water and Soil
Conservation, 17(1), 45-61. [In Persian]
https://dor.isc.ac/dor/20.1001.1.23222069.1389.17.1.3.0

Loukas, A., & Quick, M. C. (1994). Precipitation distribution in coastal British Columbia. Water
Resources Bulletin, 30(4), 705-725. https://doi.org/10.1111/j.1752-1688.1994.th03324.x

Mollaie, A., & Telvari, A. R. (2009). Determination of rainfall temporal pattern in Kohkiloyeh
and Boyerahmad province by Pilgrim method. Watershed Engineering and
Management, 1(2), 70-77. [In Persian]
https://dor.isc.ac/dor/20.1001.1.22519300.1388.1.2.1.3

Moradnezhadi, M., Malekian, A., Jourgholami, M., & Ghasemi, A. (2016). Daily rainfall
temporal distribution patterns and its relations with short-term precipitations in coastal—
forest areas (Case study: Nowshahr Station, Northern Iran). Journal of Range and
Watershed Managment, 69 (2), 475-485. [In Persian]
https://doi.org/10.22059/jrwm.2016.61697

Pan, C., Wang, X., Liu, L., Huang, H., & Wang, D. (2017). Improvement to the Huff curve for
design storms and urban flooding simulations in Guangzhou, China. Water, 9, 411-429.
https://doi.org/10.3390/w9060411

Pilgrim, D. H., & Cordery, I. (1975). Rainfall temporal patterns for design flood. Journal of the
Hydraulics Division, ASCE, 101, 81-95. https://doi.org/10.1061/JYCEAJ.0004197

Rahman, A., Islam, S. M., Rahman, K., Khan, S., & Shrestha, S. (2006). A windows based
program to derive design rainfall temporal patterns for design flood estimation. Proceeding
of 30th Hydrology and Water Resources Symposium, Dec. Tasmania, 1881-1886.

Terranova, O. G., & laquinta, P. (2011). Temporal properties of rainfall events in Calabria
(Southern Italy). Natural Hazards Earth System Sciences, 11, 751-757.
https://nhess.copernicus.org/articles/11/751/2011/

Vakili Azar, S., & Dinpazhoh, Y. (2019). Development of Huff curves for the five selected
stations in the East of Urmia Lake. Water and Soil, 32(6), 1109-1123. [In Persian]
https://doi.org/10.22067/jsw.v32i6.72443

Xlong, J., Tang, C., Gong, L., & Chen, M. (2021). Variability of rainfall time distributions and
their impact on peak discharge in the Wenchuan County, China. Bulletin of Engineering
Geology and the Environment, 80, 7113-7129. https://doi.org/10.1007/s10064-021-02376-
2

Zarei, Y., Khorshiddoust, A. M., Rezaee Banafshe, M., & Rostam zadeh, H. (2023). Assessing
the impacts of global climate change on climate elements of temperature and precipitation
in disparate climatic zones of Iran using RCP scenarios. Journal of Geography and
Planning, 27(83), 63-71. [In Persian] https://doi.org/10.22034/gp.2023.10791


https://dor.isc.ac/dor/20.1001.1.23222069.1389.17.1.3.0
https://doi.org/10.1111/j.1752-1688.1994.tb03324.x
https://dor.isc.ac/dor/20.1001.1.22519300.1388.1.2.1.3
https://doi.org/10.22059/jrwm.2016.61697
https://doi.org/10.3390/w9060411
https://doi.org/10.1061/JYCEAJ.0004197
https://nhess.copernicus.org/articles/11/751/2011/
https://doi.org/10.22067/jsw.v32i6.72443
https://doi.org/10.1007/s10064-021-02376-2
https://doi.org/10.1007/s10064-021-02376-2
https://doi.org/10.22034/gp.2023.10791

Vol.14, No.1, Spring 2025, pp.210-226 ISSN (Print):2322-1682  ISSN (Online):2383-3076

339295 Sl
3,”,,,:9 3 Sl iy,

Journal of Geography

and Environmental Hazards <07 O\
o g B ol IR

Ferdowsi University of Mashhad

Research Article DOI: 10.22067/geoeh.2023.79388.1293 Open Access
Estimating the amount of erosion and sedimentation in Zimkan
watershed basin in Kermanshah province with an emphasis on

influencing variables

Shahram Roostaei*”, Seyyed Asadullah Hijazi®, Hedieh Shirzadi*

2 Professor in Geomorphology, Department of Physical Geography, Tabriz University, Tabriz Iran
b Associate Professor in Geomorphology, Department of Physical Geography, Tabriz University, Tabriz, Iran
¢ Ph.D in Geomorphology,Department of Physical Geography, Tabriz University, Tabriz, Iran

Article Info Abstract

Article history Soil erosion is one of the most important problems that has affected
human life in recent years. The type and intensity of soil erosion in a
region depend on climatic conditions, altitude, soil, and land use.
Received in revised form : Meanwhile, the importance of land use is greater than other factors
31 January 2023 due to the effective role of humans in influencing it. In this research,

to estimate the amount of erosion and sedimentation in the Zimkan
Accepted: 24 February 2023 wyatershed, we used two methods, MPSIAC and EPM, each of which
Available online : evaluates nine factors (geology, soil, climate, water flow, elevation,
vegetation, land use, landform, and river erosion) and four factors
(erosion, land use, soil sensitivity, and the average slope of the basin),
respectively. Then, ArcGIS software and Sentinel-2 satellite sensor
images were used in the ENVI 5.3 environment to prepare the related
. layers. The results showed that the erosion values in the MPSIAC
Zlmkan Watershed and EPM models were 5,142.9 and 6,401.2 tons per year,
Basm,.Soﬂ erosion respectively, and the amounts of sediment were 2,461.25 and
mode.llng, EPM, 3,624.72 tons per year, respectively. The erosion class and severity
(Erosion Potential of the basin's erodibility, in terms of soil loss, are in critical condition.

Received :// December 2022

21 March 2025

Keywords:

Methgd), MPSIAC The highest intensity of erosion and sediment production was

(qulﬁed PSIAC)’ observed in the outlet sections of the basin. It is necessary to

Se(.hme.n tyield implement management and protection policies at the watershed

estimation, GIS-based level. It was also found that the results of the MPSIAC method are

assessment closer to the actual observations in the basin than those of the EPM
method.

* Corresponding author : Dr. Shahram Roostaei E-mail address: roostaci@tabrizu.ac.ir

How to cite this article: Roostaei, S., Shirzadi, H., & Hijazi, E. (2025). Estimating the amount of
erosion and sedimentation in Zimkan catchments in Kermanshah province with an emphasis on

influencing variables. Journal of Geography and Environmental Hazards, 14(1), pp. 210-226.
DOT: https://doi.org/10.22067/geoeh.2023.79388.1293

®' E ©2025 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0)


https://orcid.org/0000-0002-9289-5635
https://orcid.org/0000-0002-9289-5635
https://orcid.org/0000-0002-9289-5635
https://doi.org/10.22067/geoeh.2023.79388.1293
https://doi.org/10.22067/geoeh.2023.79388.1293

Extended Abstract
Introduction

The amount of erosion in a watershed can be determined if there are sufficient records of
discharge and sediment data by applying statistical methods. However, in many basins across the
country, there are no measurements of soil erosion and sediment production, which requires the
use of experimental methods to estimate soil erosion. To estimate the amount of sediment and
erosion in a region, there are many methods, including the modified global equation of soil
erosion. This model is a suitable method for calculating soil losses because the results show no
significant difference from those measured in the region.

Material and Methods

The Zimkan or Zamkan river basin is located in the north of Dalaho city and the west of
Kermanshah province. The drainage pattern of this basin is rectangular with an area of 2,324
square kilometers and flows from the southeast to the northwest. This basin is bounded from the
west by the Piran basin and from the north by the Posht Teng basin and the Lima river basin. The
basin is located at the geographical coordinates of 46°4'30" to 46°11'8" east longitude and
34°35'44" to 34°22'56" north latitude. The research was conducted using two models for
comparison, and the methodologies of these two models and their outputs are introduced below.

EPM Model

Introduced in 1988 by Gavrilovic at the international conference on river regimes for estimating
the amount of erosion and sedimentation, this model was applied after 40 years of research on
erosion plots in Yugoslavia. This model estimates reliable and acceptable results of the erosion
rate with four main factors. The factors of this model are mentioned in the table, and after scoring
and processing the data with the help of ARC/GIS software, they were calculated.

MPSIAC Model

The PSIAC method was presented in 1968 by the Water Management Committee in the United
States for calculating the intensity of soil erosion and sediment production in arid and semi-arid
areas. This method was modified in 1982. In Iran, this model was implemented for the first time in
1973 in the Dez Dam watershed, and it evaluates nine factors to calculate erosion and sediment
production. Each of these factors has been examined from both quantitative and qualitative
perspectives, with five qualitative grades and quantitative scores ranging from -10 to +25.

Results and Discussion

This research was conducted with the aim of estimating the erosion and sedimentation of the
study area using EPM and MPSIAC models and comparing the results with actual measurements.
To present the results, the final layers were classified and information was extracted from them.
By preparing the required maps from the layers of the previous stage and analyzing the obtained
information layers, appropriate outputs were prepared.

Conclusion

The difference between the calculated values of the annual sediment amounts by the MPSIAC method is
small. This is in contrast to the EPM model, where this difference is large, demonstrating the accuracy of
the MPSIAC model in estimating the amount of sediment.

Additionally, the low erosion class covers the largest area of the basin, accounting for about 58% of the
total area, while the high and medium erosion classes cover nearly the same area. This nevertheless
indicates that the study area is predominantly affected by erosion. Finally, the specific and annual sediment
yields of the Zimkan catchment calculated by the EPM and MPSIAC models show that the sediment
delivery ratio and specific erosion estimates in this basin differ significantly between the two models. Based
on this, the EPM model produced higher estimates for both parameters. Therefore, it can be concluded that
the MPSIAC model is more reliable, as its outputs are closer to reality.
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Table 2- Qualitative categories of erodibility in lithological units
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Fig.3. Geological map of the study area
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Table 3- Factors affecting soil erosion and sediment production with corresponding scores
and relationships in the MPSIAC model (Esmali Ouri & Abdollahi, 2010)
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Table 4- Erosion and sediment classification using the MPSIAC method
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Table 5- Average score of EPM and MPSIAC model components in the basin
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Table 6- Comparison of observed and estimated values with the two models MPSIAC and

EPM
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In recent times, the increasing occurrence of subsidence has raised
concerns, particularly in Iran's plains, urban regions, and transportation
infrastructure. This study focuses on understanding how this
phenomenon affects the Mashhad-Sarkhs railway, since it is located on
the eastern end of Iran's rail network and serves as a vital rail link
connecting to Central Asian nations, which are important trade partners.
To assess the rate of subsidence along this route, we processed 151 radar
images between 2017 and 2023, utilizing the new NSBAS algorithm and
pre-processed data from COMET LiCSAR, to calculate the cumulative
rate of land subsidence. Additionally, to reduce atmospheric effects on
subsidence rate estimation, GACOS data was used. Following this, we
created a land cover map of the study area with four land use classes
using the Google Earth Engine to investigate the effects of land cover
variations on subsidence. Finally, we generated a subsidence profile
around the railroad and combined it with land use classes to visualize
the correlation between croplands and subsidence occurrence in affected
areas. InSAR results show three land subsidence zones along the rail
line, with some areas experiencing subsidence exceeding 200 mm along
the satellite line of sight. The results indicate a strong correlation
between subsidence along the railway and farming within the rail
corridor. Conversely, there were almost no signs of land subsidence
outside the plains due to the absence of concentrated agricultural
activities. In this study, the first 60 kilometers of the railroad, which
contains more than 20 bridges, was identified as the most concerning
subsidence zone along the rail line.
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Extended Abstract

Introduction

Land subsidence, an environmental and geological phenomenon, arises from
groundwater depletion and soil compaction due to human and natural factors, particularly
in arid and semi-arid regions. In Iran, like many developing countries, excessive
groundwater extraction to meet growing industrial, urban, and agricultural demands has
a long history, exacerbating subsidence in eastern and central plains such as Mashhad,
Neyshabur, and Jovin, worsened by recurring droughts. This phenomenon poses
significant risks to infrastructure, including high-speed railways, roads, tunnels, and
bridges, threatening economic development and safety due to potential human and
financial losses. The Mashhad-Sarakhs railway, a critical transit corridor in northeastern
Iran connecting to Central Asian networks, underscores the need for subsidence
monitoring given its role in transporting goods and people. Radar interferometry (INSAR)
offers a cost-effective, weather-independent method to monitor subsidence over large
areas, unlike traditional techniques like leveling or GPS, though it faces challenges from
topographic, atmospheric, and orbital errors. Advanced InSAR techniques, such as small
baseline and permanent scatterer methods, enhance accuracy by reducing noise and
improving coherence, while newer algorithms address gaps in data networks, especially
in agricultural zones. This study investigates subsidence along the Mashhad-Sarakhs
railway using modern INSAR approaches, aiming to identify high-risk zones in this vital
infrastructure corridor.

Material and Methods

The Mashhad-Sarakhs railway, approximately 195 km long with about 5 km extending
beyond Iran’s borders, is located in the northeasternmost part of the country between
59°38" and 61°14' east longitude and 36°1" to 36°33' north latitude. Operational since
1996, three years after project initiation, this route features three tunnels totaling around
6 km and includes 18 stations, 15 large bridges, and 386 medium to small bridges along
its 2,700 m of bridge structures.

This study analyzed pre-processed Sentinel-1 radar imagery spanning January 2017 to
2023, covering a broad spatial area with interferograms and coherence data limited by
perpendicular and temporal baselines of 200 meters and 50 days. The dataset was
customized to the study region by masking irrelevant areas, and atmospheric effects were
corrected using an external dataset to reduce noise that could obscure surface changes.
Interferogram quality was assessed, discarding those with coherence below 0.3 due to
snow, dense vegetation, or other disruptions, while unwrapping errors were detected and
eliminated through a closed-loop phase method, removing interferograms exceeding an
RMS threshold of 1.5. Displacement rates were calculated using a small baseline
approach, assuming linear subsidence, with a reference point selected for minimal error.
The standard deviation of rates was determined via repeated sampling to ensure
reliability, and pixels exceeding noise thresholds were filtered out. To investigate the
relationship between land cover and subsidence, a 2022 land cover map was generated
using Sentinel-2 imagery at 10 x 10 m resolution with 11 classes via Google Earth
Engine, then resampled to 101 x 101 m using the nearest-neighbor algorithm, and
simplified into four classes: agricultural land, buildings, bare land, and grassland. Spatio-
temporal filters were applied to minimize residual tropospheric, ionospheric, and orbital
errors, yielding a robust time-series displacement dataset.
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Results and Discussion

To validate radar interferometry results, ground displacement data from GNSS stations
were compared with InSAR-derived time-series data at a specific point along the
Mashhad-Sarakhs railway (61.09°E, 36.32°N). The comparison revealed uplift at a rate
of less than 2 mm/year, alongside seasonal displacement patterns linked to regional water
resource variations, confirming the accuracy of InSAR outputs with ground-based
measurements. Subsidence analysis along the 3-km buffer of the railway, spanning
January 2017 to December 2022, utilized 151 refined Sentinel-1 images processed with
the NSBAS algorithm. The highest subsidence was observed in the southeastern outskirts
of Mashhad, within the first 20 km of the route, reaching 200260 mm in the sensor’s
line of sight. Further along the path, at approximately 55 km and 190 km, maximum
subsidence values of 140 mm and 75 mm were recorded, respectively. Other segments of
the route showed negligible or no significant displacement. Agricultural activity was
prevalent from the start to the 60-km mark and again from 180 km onward, correlating
strongly with subsidence zones, particularly in the initial 0-10 km stretch where the most
substantial subsidence occurred. In contrast, the middle sections of the route, dominated
by barren land or sparse pastures, exhibited minimal agricultural presence and
correspondingly low subsidence rates, highlighting a clear link between land use and
subsidence patterns along the railway corridor.

Conclusion

This study identified three significant subsidence zones along the Mashhad-Sarakhs
railway, with the most pronounced occurring in the first 20 km (up to 200 mm) and
another between 50-60 km (up to 150 mm), linked to intensive agricultural activity and
groundwater over-extraction. Subsidence rates in southeastern Mashhad have risen from
under 15 mm/year (2003-2009) to over 40 mm/year (2017-2023), correlating with
declining groundwater levels. The initial 20-km segment, hosting 20% of the route’s
bridges, shows uneven and hazardous elevation changes, necessitating continuous
monitoring. Integrating land use and hydrological data could enhance subsidence
modeling, despite challenges from undocumented wells. Modern INSAR processing
algorithms, offering improved accuracy and ease of use, proved effective for subsidence
prediction and infrastructure risk management.
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Extended Abstract

Introduction

Landslides are one of the most common natural phenomena that generally occur in
mountainous regions around the world. In many cases, they lead to financial and human
losses and are recognized as a natural disaster. Continuous monitoring of surface changes
and identifying areas prone to slope movements, including landslides—especially in
human settlements and infrastructure such as roads and railways—are among the most
effective factors in reducing the casualties and financial losses from natural hazards like
landslides. Many researchers have attempted to present models for hazard zoning of
landslide phenomena, or in other words, to create landslide hazard maps, primarily based
on inductive methods, quantitative, and statistical modeling. They have examined various
factors influencing the occurrence of landslides and then analyzed how these factors
affect the distribution of landslides. By correlating the landslide hazard map with land
use maps, it is possible to identify areas at risk, including cities, villages, bridges,
factories, and other structures, so that necessary measures can be taken to protect these
assets.

Materials and Methods

The study area is located in Mazandaran Province, south of Noor County, within the
Glandrood watershed, in the central part of the Alborz Mountain range. It is part of the
larger Haraz watershed. The Glandrood watershed, given its geological, tectonic,
climatic, and hydrological characteristics, topography, and poor vegetation cover, has a
landslide potential, and inappropriate human intervention in it leads to the occurrence and
intensification of mass movements. In the present study, using a descriptive-analytical
and survey approach, an attempt has been made to prepare a sensitivity map for slope
instability and landslides in the study area using 11 factors that are effective in causing
slope instability. These factors include: slope, aspect direction, elevation, distance from
the road, distance from the fault, distance from the waterway, total annual precipitation,
average annual temperature, land use, geology, and slope curvature. Then, a total of 352
landslide points were identified using satellite images and field visits, of which 70% were
used for model training and the remaining 30% for validation. Subsequently, the random
forest algorithm was coded in the MATLAB R2020a environment to identify areas
susceptible to landslides.

Results and Discussion

According to the landslide hazard map in the Glandrood watershed, over 30% of the area
is classified as "very high risk," 19% as "high risk," 13% as "medium risk," 19% as "low
risk,” and 16% of the study area is classified as "very low risk" for landslides. The
prioritization of effective variables indicates that the highest weight, with a criterion
ranking of 0.98, is related to elevation. The analysis of the catena concept, which reflects
the relationship between soil patterns and landscape slopes with topography and leads to
variability in soil properties and subsequently changes in vegetation cover, can well
justify the relationship or influence of the elevation factor on landslide movements in the
study area. The study of slope movements in the examined watershed indicates that this
area is prone to landslides due to natural conditions such as fault structures, steep slopes,

[248]



humid climate, and sensitive and non-resistant soil. Human intervention in this area leads
to the creation and intensification of these movements.

Conclusion

Identifying landslide-prone areas and evaluating landslide susceptibility is crucial for
avoiding these areas and implementing preventive and control methods. One of the main
actions in this regard is the preparation of landslide hazard susceptibility maps. Planners
and decision-makers can use these maps in various fields such as soil and natural resource
conservation management, infrastructure and tourism planning, land allocation for urban
and rural development, environmental planning, and determining the routes for roads and
power transmission lines. Additionally, determining the impact and importance of each
variable on the occurrence of slope movements can be the next step in reducing and
controlling these movements in the study area. Modeling using the random forest
algorithm based on the variables affecting slope movements in the Glandrood watershed
indicates that the largest area of this watershed falls within the classes with very high and
high landslide susceptibility. The analysis of the relationship between landslide
occurrence and influencing factors shows that elevation is the most significant factor
affecting this phenomenon in the study area. To justify the impact of elevation as the most
important factor, the relationship between vegetation density and elevation in the
Glandrood watershed can be mentioned.
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Rangeland soils have always been of interest due to their high organic
content, but the change of land use influences the amount of organic
carbon, which plays a key role in soil quality. In this research, the
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Extended Abstract

Introduction

Grassland ecosystems cover about 40% of the Earth's surface and 11 million hectares in Iran. They
are essential for biodiversity, livestock forage, soil erosion control, and carbon storage. However,
their ability to provide these services depends on proper land management. Soil quality, defined
as the capacity to maintain productivity, environmental health, and plant growth, can be negatively
affected by land-use changes, such as converting grasslands to agricultural land. Organic carbon
is a key indicator of soil quality, especially in arid and semi-arid regions, and can be improved
through land management practices, impacting carbon sequestration and reducing atmospheric
CO.. The study focuses on comparing soil quality and organic carbon levels between natural
grassland and wheat fields in the Sahand region of East Azerbaijan, and investigating their
correlation with soil physical and chemical properties.

Material and Methods

The study was conducted in the Sahand rangelands, located 50 km southeast of Tabriz, where
annual rainfall ranges from 300 to 500 mm. The rangeland, rather than forest, is due to the region's
topography and short growing season. Two sites with different land uses (natural rangeland and
rain-fed wheat) were selected, both with similar environmental conditions (18% slope, northern
aspect, and 2,632 meters elevation). Soil samples were collected in October 2022 using a linear
transect method. Two transects of 50 meters were established per site, with 10 random 1x1 meter
plots for sampling from a 0-30 cm depth. A total of 120 samples (60 per site) were analyzed for
various soil properties in the lab. The Soil Quality Index (SQI) was calculated by identifying key
indicators through Principal Component Analysis (PCA), scoring them, and aggregating the
results. A stepwise regression model was used to relate soil organic carbon to other soil properties,
with validation based on adjusted R2 and the standard error of the estimate.

Results and Discussion

The comparison of mean physical and chemical properties of soil using an independent t-test at a
5% significance level showed significant differences between the soil properties under the two
land-use systems. The cation exchange capacity (cmolc kg 15.65), organic carbon (% 1.62), total
nitrogen (% 0.15), clay (% 23.58), saturation moisture (% 41.16), and mean weight diameter of
soil aggregates (mm 2.32) were significantly higher in the pasture land-use compared to the
agricultural land. On the other hand, acidity (pH 7.34), electrical conductivity (dS m™ 0.39), sand
(% 55.65), calcium carbonate equivalent (% 7.43), and bulk density (g cm™ 1.16) were
significantly higher in the agricultural land-use. The land-use change from pasture to agricultural
land resulted in reductions of 13.54% for cation exchange capacity, 18.51% for organic carbon,
26.66% for total nitrogen, 4.79% for clay, 19.16% for saturation moisture, 56.03% for the mean
weight diameter of soil aggregates, and 2.29% for silt. Conversely, acidity, electrical conductivity,
sand, calcium carbonate, and bulk density increased by 6.99%, 25.80%, 0.05%, 23.62%, and
33.33%, respectively. Increased tillage activities in agricultural lands boost microbial activities,
leading to a greater breakdown of organic matter and a consequent decrease in soil organic content.
Furthermore, the absence of vegetation on the soil surface increases soil erosion and further
depletes organic matter and fine soil particles (clay and silt) from agricultural soils. Land-use
change causes significant alterations in soil properties, including a decrease in soil quality,
rendering it more prone to erosion.

[276]



The effects of land-use type on soil quality were evaluated using the Soil Quality Index (SQI).
Principal Component Analysis (PCA) of twelve soil physical and chemical properties identified
three main components that explained most of the variance. The first component, primarily
characterized by organic carbon, explained 58.79% of the total variance and was selected as a key
indicator for the Minimum Data Set (MDS). The second component, represented by cation
exchange capacity and electrical conductivity, explained 26.15% of the variance and was also
selected for MDS. The third component, which correlated with silt and acidity, was similarly
included in the MDS. In total, five variables—organic carbon, cation exchange capacity, acidity,
electrical conductivity, and clay—were chosen as indicators for the MDS. Non-linear scoring
functions for each of the selected indicators were compared using a t-test, revealing significant
differences between the two land-use types. Organic carbon, clay, and cation exchange capacity
had the highest scores in pasture soils, while in agricultural soils, the highest scores were recorded
for organic carbon, acidity, electrical conductivity, clay, and cation exchange capacity. The soil
quality index for the pasture land-use (0.78) was significantly higher than that of the agricultural
land-use (0.63), indicating a better soil quality in the pasture. Based on a four-tier quality
classification, the pasture soil was categorized as high-quality soil (Grade I1), while the agricultural
soil fell into the moderate-quality category (Grade I11).

Conclusion

This study found significant differences in most soil properties between undisturbed rangeland and
agricultural soils, with five key indicators (organic carbon, clay percentage, cation exchange
capacity, pH, and electrical conductivity) affecting soil quality. Converting rangeland into
agricultural land led to a decline in soil quality, primarily due to reduced organic carbon input. The
study highlighted that organic carbon played a major role in maintaining higher soil quality in
rangelands. Seasonal vegetation removal in agricultural soils increased acidity and electrical
conductivity, further decreasing organic carbon and soil quality. Overall, MDS indicators
influence soil quality both directly and indirectly through organic carbon levels.

[277]



YYO-YAA Lo AF+F o ) oyles IF al> ISSN (Print):2322-1682  I1SSN (Online):2383-3076

wols 4 yid
e O blie g L1 i

3995 Flut
» g

b2

9'}

D A
o o o e e
X o o _u‘_/fn/;%/}

SN3T (g s DOI: 10.22067/aeoeh.2023.81986.1354 gy Ao
i 5o 2yl 73l coms JT ()5 Ol i § S8 CosS (a5 Lo o bLG,1 (255
(B Ql.qq‘lg):b"' Ol dopaw adilaio 160 )90 axdll)

Y‘_,...zlf Jo | “*c;.wa@ 3lod g

u‘x' fulau) ‘Ubu) idle S G‘”W’FS‘L‘ °9)§ tS)'.‘.S'bL“*.!. x\
Al ol (ol ; oliiils S cwdigeo g pole 09,5 sbuw! |

oS Ao &leSlb!
3 ol 0392 A95 3590 0,50l 05 ST Slge yog 1l ole a e gl

. . . E . Wlio azzy )b
oS 38 plgiear (I in)S e ook 23U ol (6215 ess 4SSl
Sl g @l 50 S CutS 50,5 (oS Gabod ol 4o 5l o S VETNYY il s o
8 I gy 0350 S IS L T Jliml BT 5 (B ol VEYIYIYY s S5k gl
—aiged g, jlesliiul b ol)s 5 @ire 58 99 5l S slaaiges jslaie (v VESYIYIYA i oy g
5 xSl S oleed 5 (b Sho WV s Spslesx b )by
ol Lol ailge 4355 s, 51 osbital b ot bl o] iy Lol i el olols
Bly S5 b s 305 zlzanl S caaS 5 S5 bools acgems b ol wlss
Gasll Caled jo wd 00 eedS SB CudS a3l (e a0l s
ooliiwl b S sla s plo 5 oad lolid [ KLas 0 5 50 (e (b3 '
Pl ke a5 ol LA il (8,5 18 g 9590 0 ke iz (50 S SEeis
2D (1Y) ol S Sl VL (gl e ok 4 ((IVA) @y S clS e

ol 0gs &) S1 i amle 4o |, (VY el VL JT oS
ol psare pyz (1Y) Loy (FIVY) GSTE b s nSolee ol
Colas o (VYY) anasl 5 (10 F) @i S o glil cugb, 5 (/YY)
(SS9 )5 5 w2 p2 (i) 6 )logme LLI | ely; S 0 (- /FA) (S xS
e slas )5 a5 3508 e Olgise (S psbas sl plas T oSL,
5 S Sleogas p NS Gk 5l S CulsS pss 3 ) ook B
SE e ol hais 5 S 1005 63959 50 e O @ 9 S oleord

AL e ol

E-mail: Solmazbidast@yahoo.com Cawd o el 58 1 ghns odinn g


https://orcid.org/0000-0002-7193-6821
https://orcid.org/0000-0002-7193-6821
https://doi.org/10.22067/geoeh.2024.86195.1450
https://doi.org/10.22067/geoeh.2024.86195.1450

Yva oelS g Caws
e I S Ol pds 9 S oS (a5l o bL, b5 )

doddo

b Olrl )3 9w oe Al 1) e 05 JS ol Slaopd Frongas (e sl piessS]

Zohdi, Arzani, Javadi, ) 6,5 oo » 0 1) olpl colas 5las v V8 51 o S ede VY Jobes
Janes-Bassett, ) s glewdgion 45,2 (59,0 s>l 5l S @l ((Jalili & Khorshidi, 2018
Sl Carez Sl 2ldf dlgs 0dei o], cege i s &5 w5l (Davies, Rowe & Tipping, 2020
i S Gl g Jew 55l sl p adgle Lado o s £95 5l Colom S 4 S 0 o oli]
Sleas &l gl il cud )b wg>g ol L .(Bengtsson et al., 2019) aiil o 0,95 1 (5 by Coon]
Vargas, Willemen & Hein, ) o,ls  Kws oyl 5l soliiwl Co poe s 0L 0> b giiacsST a5 calises
L5 sk« (Lietal, 2013) ol  Sws o ails o coaS as oyl o Shas 0450 g #5150 Codl (2019
Orzred 9 HlalS ol ol )] e ColnS Lad 5590 0 Bab gl S codib lgiea S colS
)5 cov S o Slas Sl o,y jskaieas (Bal et al, 2018) cuul ouds iy o5 Dllga> Caodls
b allaz ©jgoh |) S (Sojglsm 5 (olod ((Said (S (aiz «Ome) (S pie Slooged 9 Al
S9d S1 0,Sles ;0 (shie DS 4 2mie Wilgi oo el (LS 65 ki WS e Sl e S e
Ol yass ) SU 35l sl aele sla g,y 9 Il ol uly (Raesi & Riahi, 2014; Spohn & Giani, 2011)
G503l gyl g Silataas by S S CuiS (385 5 pomie b)) slp Sl (65950
alflas jobay S S5 sl Sy o, (BlUnemann et al., 2018) cwl 5Ls 0,50 S sl S5
g M daly K0Sy 4 Ll S SIS sla Sy anils S CedS Sl (aelie S0l Sl (S
Raiesi, ) oS Shgases |y oyl &l 31 g aims gl Sglite g, 4y (625 Sl posd a4y ol (5o
Sleogas p (o250 SbapiuwsS )3 L2l )8 Jad SIS g, p i ety Slllae (2017
Raiesi & Beheshti, 2014, Salek-Gilani, Raiesi, Tahmasebi & Ghorbani, ) ailoas ;5 e S 13
3,509, Sl eslaul b S coanS Ol s aal> b5, 4 (6508 4> g5 5 (2013; Spohn & Giani, 2011
sloged I3 2Lyl s ilesS sl olpl Glae & S CiS bl 4z ST el sad 4z LSS
Sl ous ooliinl S50 Shoe  (8LS idigr 9 ) SR E9 4559 Slaptan (S o e
Armenise, Redmile-Gordon, Stellacci, Ciccarese & Rubino, 2013; Rahmanipour, Marzaioli, )
$lp S eSS Sobeinw Sb3) J 0l b Jy «(Bahrami, Fereidouni & Bandarabadi, 2014

.(2017; Alves de Castro Lopes et al., 2013

o AL 5 ol Sl (S (ol liee oS (e o sl el 51 (o S T oS

ol 5225 1,5 63958 polie o o 4F ol S an g St gblie GlaS s coiS ool olis o

Khalil, ) ols jauil (0,5 Sl 45,2 10 cotn i (2,5 oF O,Lke YO+ + g0 clllig S L S
3929 b aized (ols,S) gome g JT JSKaI o )8 s9l> oS (Francaviglia & Henry, 2019



VFF 5l ) o)leds AF wlo (Janmo Ol bl g Ll pao 4 06 YA

S I o0)S lame il Ll wls sl g cos Slais IS daSE il S slgiome ial38l sy aS]
218 dlge 0,33 aie g Lol P SO lgreas S JT o S (Abbas et al., 2020) ol Sl
oo Sl So S 08 i SRl 5 Sl J5e S i 0l 6 S YL Glg L aLS
.(Buraka, Elias & Lelago, 2022) aib oo S CatsS Sgupn 9 yamnad] oS (60 1,5 LialS (5l

5 ll el sl calio ol Co e 5 piawsST slod Slae jo S JT S pis cslis
Oy b p S aazgr Lu(Xuetal, 2011) aib co prawsST 0 S Sase 9 J (0,5 sloolSo,d
S Olyed S a plaesils Gl gl (nSaSles dlex 5l GlalHS Glajls welar S o
oolatul S5 5l Joe &0 et aSul 51 L8 Lol aloads aieddMe (g amadl (S 0,053 (gl as-Lils
O Slp elie Glaty; g ol Ll S 50 ()5 Conl )0 She laanl s a5 Sal a3V oged
Aigd obml 00,5 ol S 0 wilgi co (9,5 AT G g lade

Sl Sl led 5505 0 51 2] oo o te & (ion S 5 50 0,055 1 e el
S yae 581093 sigiar a5 00 SIS (0)S pl5S 5 ool o)l o8 s Bk 5 Wil e
2Dl Sl s 5| (L S el el IS 5T (0,8 aela g5 5 e g w83 g0 i |y (55
aldls 0,5 S 5l ae,o YF s sl oal 05l o )0 VP-VY s> e maws 0 Vo0 Jlo o
l2 o)l hod Glacsgus 3l Gk 5l 0T w77 5 (2] (68 e 3 (S5 g2 5 o0 piie
{(Friedlingstein et al., 2022) 5.5 so

Shees b ol Jlatml Lyl g Sb oS Sl Gz ol 5o 00l 583 10 4y azgi b cnlpls
s Olmlyydl il s adlate 10 puiS CtS Comi el g 00 )55ins W0 (55 98 50 I S
5 S T 00 Oliee om Byl 5 (Simen 0975 Bekod (al 50 iz 85 18 oy 955
b 00ld 18 iale3T g gy 9550 615 2 50 S olierd 5 (S5 sla Sy

L gy 9 dlge

axdllo 390 dilaio CoxBgo

3 S lade ols 18 55 (B8 Ceir s yteslS B0 o (B0 bl 3T bl js sige &Sl
9 obsS g aily gl ) ol tes Swl ey ailce Jlo 40 ytebee B0 0 B Yo e o ddlaie oyl
Bebz (ol plmil jglate ay sl oals ddlaie (pl o (Ko Slow (2 e LRbe Glla corge (lug, Juat
&Sl £l JleS dials 51 (paiS 130 CulS 5 00,558 wwd @ y0) Sglaie )8 ¥ L (g o pdiges Jore g0
aiBs FY g a0 YV 5 3,0 Jgb aids VA 5 ax 0 F7 LSl e eogame 10 g o, 3T olwl sgu
IS8 Wog Sy ol la e o (L0 o 3l e YEYY :al.b.’-')l 5 Flods iz o VA i)
.



YA (S 9 Cawsd o
e I 1y Oy 9 S oS a5 Lo oy bLS 1 3,

1\ ¥
Googl&a_r;tj ‘ #/ &\

axlllao 3 y90 LU (o3l yir Copndgn —) SO
Fig.1. Geographical location of the study points

¥

Plosl 4555 9 5,15 paiges
ookl b Solatnn Bolai Ojgoas 6,58 2 ;0 VE) Lo olo o bilsl jo S5 (5,10 paiges
510 50 5 men 5o 00 b 4y Sl 50 )5 o 50 a5 (gsba s plonil (Sl ) (o b,
S o 5las S el S ()0 paised Cuz (Bolal Sjgots (orpe e S ML )0 slasd S e
Kged £+ 5 )8 o ) b plowl (515 paiges ST Lamgs ST A 53 (e ile +-Ye (e | S5 @
Fogyded by 4 S 3L el SL aliend 5 (S5 Sla SRy (F 0 (S digei VT ggemme 04
(Blake & Hartge, 1986) z, a0 ailgiwl iy, & S 5,0l psaxe o> (Gee & Bauder, 1986)
Bremner ) Jlal=S" ybg, b S 59 200 «(Nelson & Sommers, 1982) S 5 STy g, 40 S )5
Rhoades, ) gluisl o lac o S 2SIl sl ((Thomas, 1996) sloil 5 jo 4 awwl (& Mulvaney, 1982
ohgy L alass lad 59 xSk «(Chapman, 1965) qow Sl (og, b GeslS Jols cod b (1976

1 Transect



\F+¥ )Lg.g Al o)w IF u\.L‘> “;Iaw ._,I}b[’m 3 Lﬂp m}m.’ YAY

39 ovgy 5l eolaiwl l solaiwl b S Velil Cogb, wusy 5 (Kemper & Rosenau, 1986) 5 S
20,5 (6 Sl
SQD 'S oS (aslis b))

5 lolis Jols gl dl o 030,8 deslns Al o dus b o anllas 550 oS Cuis asls
ol s o oo Slas s (e 4 o5 (L) ol ywice 51 (MDST) Laosls acgae Jslam ol
pges al> 1o 5 Loyl 0 Slae ulul 5y MDS sl Silas 4 20jLitel Jolis pgo al> 10 .0sms oo plis |, S
Andrews, Karlen & Mitchell, ) S coaS jasls 4 ol Lo § ool oojlel slo Silis pleol
(2002

PCA?) Lol gloadlye 4525 g, 51 T (35550 el 5 o yeis sl (2als jglace &y Jol oI5 5o
S |y don gamaiz glad SO0 ez ge lbsie a5 Cawl b9, PCA s, auo 5 oolarul
Lol lasie 5l s S5 byl 51 SO s g oS e aodS dteien pf sloddlie ) dcgesme
oy slaylop 5l 45 Wigd o oasl (PCP) Lol slodilie ool covsds dtucad e slodilge aril oo
L1y el ¢y s 4o gl 0] o sty sl (sl eite (Fhrad o o b il 358 o o
DMl o oy pgs adlie 083 oo i |y Guil)ly (o yitn g)lel Sl abaii Gl g o)l ol en 4y 055
el o) ol ailge s Ll b g oS s ot |y ool o o0ls zrnigs sl ailge Lasgs a5 ouslogdly
Kaiser, ) yuaS lawgs oo olpiias "oy 55)) Hhome (bl . Xgd o B> sam Sl I laadlse
2 ool 0ol (glayyg callge p 0 gl o DLl S (golus b S5 0509 85, b oleadlse (1960
a3 03l 055 Onrier glls 45 (g pmitie sl Allge j8 )3 puitie g caip0 i (Padlie (35 ,L) yeiie
Gl 10 Lole b lls by ansl T L Jlake aops Ve 5l 2aS Sl s a5 ol eice ol o
ool Yo prite Wiz  Swaad ol ps 5l adlie 1 10 Laile U 5l i 9539 O yg0 4o .ol sl MDS
S MDS (6l by plod aisidld (Siaon ;50080 LYL (55 b gloyeie ST aS (g sbay w0l

Andrews et al., ) 0,8 Ol 39 s b piie o pitin (o (Saod 3929 Djg0 40 g Ldd
(2002

1 Saturated water content

2 Soil quality index

3 Minimum data set

4 Indicator

5 Principal component analysis

6 Principal component

7 Eigenvalue

8 Component loading

9 Multivariate correlation coefficients



o T o2y Olpdi g SB oS (23 L ( LS HI 2L

asels 53 a5y g0y slajlnel 4 MDS (slo Silis a5 (sl ol s o330l &l g plS o

oS 39 oo oolitl b, Silis aojliel (slp poiliel @iy JSE a5 Yoone o ooliiul G b yho

Sl A9 (m03kitel it oy yin) Cude slacad sl WgeSw a3jlil e Jolis

49, 5 odelawods YU 59 b (sl yuiio « pol dalllas yo Faige atsls @b g (7 jigo 2eS) it locads

Sl LS 4y (moliel sl ) SeSgaSim (oLl (Somie s S Jas € e & ol 5 PCA
«(Bastida, Moreno, Hernandez & Garcia, 2006) () alal,) o solezl MDS

s M)
1+ (X—O)b)
anlllas ,0) @b lawgs odwlawods Hlake piSTax 8 (Slis o Jas e sl essms Las Y T o a8
= VI0) Col ol o B Sl jo lawgie Jlade X0 g o ol Silis lade X d@ =) ¢ pol>
e o Gla g sy
B rezd CotS @l SO 55 (V) adayl) 5l oolatnl b sdelcawsay sl Silis wljloel coles yo
.(Armenise et al., 2013) wo

SQ1= ) WS, ™)
i=1

Lol Slis o e 18 5Ll Si g PCA leads Giie b9 o Wi o jo a8

ST osls g cenlin 5| plisabol Jga> jslare ay ol slaaidlge 4525 plowil 5l L8 conl ;S5 2 p3Y
() 85 (G hgeys el plugs 10 S g e G pd cnl s S eoliial (SUgl - e -, R cu o
s ol ppolie 515 sgr ailge canlie Lol sloadlge 4555 g, alonil sl Laools wnsly /0 51 1aS
Laosls s 50 S50 by Kinwod 23U /Y 5 55,50 51 o Lawgie bosls conls 0L+ /S5 /0
0 g ) e Silee anslie g Waosls Julowi g 4525 Sz (uizren 39 walss conlin (ole Jlow 61
A oolawl Jaiu t-test Qj.oﬂ HEEWIR

0 yodtio Wiz (ygum 55 5 Juo
oS st ((Saisd o T b sae o 5 B 1 8 e o bl 5,31 s5laseny
3lg o 4 o5 & g0t g A S sla Sy ogy (nl 5 0,5 eoliiul o & o5 s 55 59
G2 Al s bl Slasdle bl ) JEes jiite (sl o5 (g psbar Wisdise (ST, Joe
olre 5l call ool caws 51, 0g> 6)1062M (A e 09,9 b axili> g 04 ° Jdz o)l (M

1 Non-linear scoring functions
2 More is better

3 Less is better

4 Optimal range



\F+¥ )Lg.g Al o)w IF u\.L‘> “;Iaw ._,I}b[’m 3 Lﬂp m}m.’ YA

O o bl o 51 S5 o o lel colyd o .Johnson & Wichern, 1988) 4. = T

b bl sla el 5 525 4dS 28,5 518 )2 9590 SEED) (aass jlons sllas 5 (Rad) osipmenass
W ‘nbu‘ SPSS 18 )‘)_9‘ g )| oolaiul

o 9 SO 8 s S b))

0 s 5 S St (03T 5l ooliiad b S sloowd 5 (Sujed Sloogas 5uSils dulio zbs
2lie () Jgaz) s (68 s 59 50 S o Shs m o Sal S92 5l Gl ey
CYYIOA LY oy «INO 1) US e «OVEY 1) JT enyS 00150 cmole kg™ Sssls Jobs cud b
YL 85 5e 6lS 50 6,5 sime jsbody (Y/FY MM) GlaS1E Jhd S35 eSibs ((FVNVF ) gLl Cushs,
Slo,S (QO/FO ) i o(+/¥A ds m'l) oSl colas (VYY) anal polie oS b jo 09 )5
Gl sme ysbay ey 5 0 (W G CM?®) S g ol ogases a5 (VY 1) Joles pundS
o5 byl ol elys S s @5 3l m) Sl o b 02 03,950 550 515 51 5V
AVIOF o pas el 5 S )3 b 39 uSSles glidl Casboy ooy o JS (339550 (I 25 o SlS
(o oSSl Calan wiapnl polie 5 cdl el as,s YIYA 08/ Y N ANE VA LYEEE NAD)
28l 2l as, s YYIYY o YYIEY /-0 YOIA £ e sa gl psass oo 5 peeds Sl S
w575 Gl ol e 5 a9sSee Slealled il s (55 sloiees 5 55,551 Slilas il
Szostek, Szpunar-Krok, Pawlak, ) s,ls of ey I, S JT esle duoyo (zals colgs j0 9 S JT ool
(Stanek-Tarkowska & llek, 2022
G2l (el g 05 e (2l @ £, S T (1S ke digd e 00y SuBS 5 (e slaine; B
SB gl ;o olS ibn 9szy pas K0 om0l g5 5 caS ol g (ool Jelse 4 (i
5135 GBS s 1 (S 5 o) S 31, 2,0 5 T slye iy allss 5 S s il ol
oz 5l S Cleogas o ol Olpass bl el Lol 6,5 oss (Zhao et al., 2020) s4i oo
1 olge o Luals (Szilassi et al., 2006) oS o iolw,d 4 dxiee 1y ] g 058 0 o] CudS ralS
P SE gl pgae pyz Gl balaSe gl els 4 e Wl ge S Cdiw 5 ) S
ko Sy 0S4 laalaSs el)s ey & @lie had B0 Bl (e 4 Cod (2l oS
Pedge S 6,0l pgate o Gl del Sz M e S Gl (855 sl s wisdiee
Vanaee, Karami, ) 55,5 oo S 5ol pgase p,o il el 50 Jlolse cd) )00 uen
.(Joneydi jafari & Nabialahi, 2017

1 Standard error of estimate



A oelS g Caws
e I S Ol pds 9 S oS (a5l o bL, b5 )

SiyoliS YT pile a5 Winges Lo «(Keller, Sandin, Colombi, Horn & Or, 2019) .|, Sen 4 IS
S5,9S a8 6ol (ogasie o2 Bl g (rhaw SI 0515 cage (o)) ot glaccllas
Wgh oo S (6,0l paad gy ol cel Colpsye g alS | balaSs el )5 Olles gl 0
S5 s g aas o oS |, S JT op S Vgore =)y; odled (Nawaz, Bourrie & Trolard, 2013)
Carter, Parton, Rowland, Schultz & Steed, ) 55,5 oo S j0 89290 JS &3l g ST 2,5 LialS 4 i
S3) » 09> Sllllae b o (Hajabbasi, Besalatpour & Melali, 2008) l,Ken 5 owle zl> (1993
Colas o5)5laS” (LSl)) 4 @l Jas Sl e a5 wnils pledl pldsl pposr 5 oo glasS
— e pts LIS a8 S5y Sl g (5,0l pgatte gy Lol 4l iolidl v ,e FY S S Sl
g ;o pls S il sl S (o 55 il g oS alS Eel (6,5 ks gl 00 55 (g l0
G @5 50 S 50 (59,000 jlade (iolidl cely aS g o0 S Y g DY gad iy ol (js80w Caels & 0
Sl onls gyt Jolge o)y S b s @500 S (Vanaee et al, 2017) 00,5 o (2,5 oo 4
~ 2 { (Alori, Glick & Babalola, 2017 cwl JT 8lge b iS5 &y (459,500 0des Coomd 45 L]
SE slaShs 5l (Ko S5l Jobs Cad)b g i (olys 4 S @0 S 0 (5955 ke i 5
Sl Sy ol 2gbion ba e a5l (555 Loguasie S 50 22 olge (6,)0e%5 & jad 4y oS e
LT 5l .(Abera & Belachew, 2011) s .5 o ,1,3 SB-PH o o, g5 5 o o JToole ol 3l coou
Jobs cud b e (S e ol cdale ol b asbce YU 5958 Jols cud b sl JT eole a5
Syt I S Gl S a0 a5 il 51 (Golchin & Asgari, 2008) wby co (iuljdl 56 S SeslS
JEESIRB ()5 ey 4 Camsd 10 @50 58 (S95 Jobs Cudyls (pogr SVL el (o)) ey 40 S
e oy LGS 53,5 0 )l ) 95 5 Ol S bCeS rizres S0 Jobs )b e 092
315 g ien S90S Jols cud b i it b as,e o ail YY) g4 5l ), ST Logase
Jedods )y ) yam g S ol 8 (65 5lS oal)l o (Durdes, Novo, Candeias & Da Silva, 2018)
5 oy by ,an ar yal pl g 0gd ce WAES i (65,055 Sldes b oS lSl 5 JT olge sgaaS
Ordofiez-Morales, Cadena-Zapata, ) sgi oo yome S SeslS Jold cud )b olie mals ascs (o
oo J.Szs JT g Sore syl dlax 5l ugegn 5w, (Zermefio-Gonzalez & Campos-Magafia, 2019
b oplplo ams oo 3 55T cov cada 1) o] Sojolem 5 oliond (5o s sba Shg a5 axies S



VFeF jls o) olesds IF alo (o il yblko g Ll yio 4y it YAS
axllo 590 (£1)) 9 (S po LS Slowd 9 (S 38 Clooguas (S0 -) oo
Table 1- Some physical and chemical properties of the studied rangeland and
agricultural soil
Si =y Sk EpS ) Sk Shy
J (Agricultural soil)  (Rangeland soil) (Unit) (Soil properties)
%5 sl
003 3.5 7.34£0.11 6.86£0.12 B
(Acidity)
=S el
002 273 0.0420.39 0.3+0.31 m*ds R
(Electrical Conductivity)
- . ‘.U LoJ" . a .
004 7.99 0.52+13.53 0.47+15.65 cmol: kg o Pl 2
(Cation Exchange)
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Fig.2. Scree plot obtained for the 12 components derived using the PCA method
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Table 2- Results of principal component analysis for the characteristics affecting soil
quality in the studied land uses

pgw adlgo P9 adlso Jol adlge .
Principal ) Principal ) Principal ) L"’_”M
(component, PC3 (component, PC2 (component, PC1 (Variables)
0.56 0.19 0.12 PH
-0.09 -0.53 0.22 EC
0.34 0.62 -0.11 CEC
0.12 0.36 0.72 ocC
0.18 0.11 0.34 TN
-0.31 0.27 0.09 CaCOs3
0.06 0.32 -0.15 SWC
0.33 0.16 0.34 BD
0.31 0.11 0.29 MWD
0.75 0.13 0.18 Clay
0.05 0.16 0.08 Silt
0.15 0.04 -0.13 Sand
2.34 4.56 9.43 (Eigenvalue) o35 e
15.06 26.15 58.79 (Percent) so o
82.12 76.25 58.79 CUMUIRIVE ) gra ooy
(percentage

MLLSA MDS 6‘;: oA g.)L?b..:‘ LngJi)Lwa LE Jayfo o w).’ LSLQ)"‘*"“
The highlighted variables correspond to the selected markers for MDS.
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Table 3- Correlation matrix between soil properties in the studied land uses

St Clay MWD BD SWC CaCcO; N OC CEC EC pH o s
(Soil properties)

0.11 EC

0.13 0.43¢ CEC

0.58+ 0.23 0.68+ ocC

0.39* 021 0.12 0.09 N

-0.04 0.03 -0.11 0.29 0.17 CaCOs

017 025 019 0.18 0.04 -0.27 SWC

0.48° 026 014 0.08 0.14 -0.16 0.08 BD

0.28 0.55* -0.23 0.11 0.15 0.38* 0.31 0.24 MWD

0.51 0.43*  0.09 0.14 0.06 0.12 0.47¢ 0.23 0.04 Clay

011 027 016 0.8 011 011 007 021 003 0.11 Silt

016 0.18 0.14 0.19 0.10 0.17 0.04 0.19 0.12 0.08 -0.06 Sand
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Fig.3. Scores assigned to the selected indicators for MDS using a nonlinear function
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Table 4- Relationship between carbon content and soil physical and chemical
properties in the two studied land uses
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_(validation) (linear equation) (land use)
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024 078 -0OC=7.21+1.68 CEC + 0.93 Clay + 0.72 MWD Sy
' ' $60.24 Bd + 0.04 (Rangeland)
‘ .
021 0.72 OC =1.21 - 0.48EC — 0.13 pH =

(Agricultural land)
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Extended Abstract
Introduction

Water resource allocation determines consumption priorities in various sectors, such as
drinking, industry, and agriculture. The use of effective solutions for optimal water
resource allocation and simulation of the decision-making process in prioritizing
development and sustainable use of water and soil resources is of great importance.
Therefore, many regions of the world face serious challenges in managing freshwater
resources. Limited water resource allocation has led to environmental concerns, planning
for water diversity, and the need for sustainable water consumption strategies. Supply-
oriented simulation models are also always insufficient for examining water resource
management options (Loucks and van Beek, 2017). In the past decade, an integrated
approach to water resource development has emerged that directs water supply methods
towards demand management, water quality preservation, and ecosystem protection. Due
to population growth, improvements in public health and welfare, industrial expansion,
and growth in economic and agricultural activities, water demand has increased
significantly. Also, considering the severe water scarcity and imbalance between supply
and demand, water resource management has become very complex and crucial. Various
models, such as the WEAP model, have been developed to simulate integrated water
resource management and evaluate how to allocate limited water resources among
different consumers. The aim of this research is to examine the status of water resources
in the Mahabad Dam Basin and the impact of increased demand scenarios on meeting the
needs.

Material and Methods

The Mahabad Dam Basin is located in the northwest of Iran, in West Azerbaijan Province,
covering an area of 1384 square kilometers. This basin extends between the geographical
coordinates of 45°25°59" and 45°53°59" East longitude and 36°22°59" and 36°59°59"
North latitude. The study area includes two sub-basins, Koter and Beitass (upstream of
Mahabad Dam), and the Mahabad Plain (downstream of Mahabad Dam). The Koter sub-
basin, with an area of 467 square kilometers, is located in the western part of the study
area. The Beitass sub-basin, with an area of 285.87 square kilometers, is located in the
eastern part of the basin. In this study, weather data, including daily precipitation and
minimum and maximum daily temperatures, hydrological data, including daily flows,
and physiographic characteristics of the basin were collected to form the WEAP model.
The reservoir storage volume and levels of the Mahabad reservoir from 1992 to 2011 and
2012 to 2021 were used for calibration and validation. Subsequently, scenarios were
designed and implemented, and the results were evaluated. The scenarios used are
increasing agricultural land area by 10%, 20%, and 30%, and population growth.

Results and Discussion

The results indicate that the Mahabad Dam will face a deficit of 8.18 million cubic meters
according to scenarios S1, S2, S3, and S4, with shortages of 30, 41, 52** ** and 21
million cubic meters, respectively. Notably, the deficits highlight significant challenges
in meeting the projected water demand. The highest water demand over the 17-year
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horizon is for agricultural use, underscoring the critical role that agricultural activities
play in the region's economy and food security. This heavy reliance on water for
agriculture necessitates careful planning and resource management to prevent
agricultural losses and ensure sustainability. Among the operational scenarios analyzed,
the reference scenario was chosen as the preferred scenario due to having the highest
water supply percentage and reliability index. This choice indicates a strategic
prioritization of water resources to maximize efficiency and support agricultural
needs**,** while also promoting long-term sustainability. The implications of adopting
the reference scenario could lead to a more resilient water management framework,
allowing stakeholders to navigate challenges more effectively in the face of varying
demand and supply conditions.

Conclusion

In the current study, water resources were simulated using the WEAP model, analyzing
various scenarios to compare water allocation during the base period and projections of
population growth and increased cultivated areas. The results indicate that during the
summer, when agricultural water demand peaks, not all needs can be met, leading to
unmet demand that could increase from 18 million cubic meters per year to 52 million
with expanded cultivation. As urban demand is prioritized, the water allocated to
agriculture, the environment**,** and industry will inevitably decrease unless urban
needs are fully satisfied. While potable water supply for Mahabad is likely to remain
adequate, agricultural demands have the lowest reliability among all needs assessed. The
reliability index shows that increasing cultivated areas will result in a 9% decrease
compared to the base period, highlighting the urgent need for effective water management
(Hellmann et al., 2010). Continued population growth and rising cultivation levels make
achieving a balance in water supply and demand in the Mahabad Dam watershed
unlikely.
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Table 1- Data and sources of information
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3 ol Sonaz Sl 2945 IS ez g el 5 50
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Reservoir Information West Azerbaijan Regional Water Company
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5 West Azerbaijan Department of

Agricultural Information Agriculture
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6 Water Demand Information for Various
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Vahdat Mahabad Operation Company
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Table 2- Observed and simulated reservoir volume of the Mahabad Dam
(West Azerbaijan Regional Water Company)

(MCM)Q}:'u x> Jw ol
Reservoir Months of the Year

Volume(MCM) Oct  Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Shwlie polis

91 106 141 156 165 170 171 147 136 117 110 97
Observed Values

0ad (g5lw aed polio
89 104 131 148 159 169 172 141 124 112 102 98

Simulated Values

Juo el b5yl jo soliwl 8590 s Ll polio -Y Jguo
Table 3- Values of indices used for model accuracy evaluation

Index Valug
Calibration Validation
NRMSE 0.08 0.11
NASH 0.94 0.85
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Fig.4. Scatter plot of simulated and observed volume of Mahabad Dam'’s reservoir
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Table 4 - Downstream Cropping Pattern of Mahabad Dam in the WEAP Model
(Vahdat Mahabad Operation Company, 2019)

Sugar  pjraiga APPle

Crop Type Wheat Barley Beet Orchard

Nursery Others

Cultivated Area (%) 12 7 5 15 38 10 13
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Table 5- Demand and supply percentage at demand nodes (Reference Scenario)

Demand Point Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Demand 76 174 172 127 127 127 178 183 193 215 258 215
_(MCM)
Domestic Coverage
((V)g 100 100 100 100 100 100 100 100 100 100 100 100
0
[():A”(‘:?\'/‘I‘)j 008 008 008 008 026 026 026 026 026 026 026 026
Industry
CO‘(’;r)‘"ge 100 100 100 100 100 100 100 100 100 100 100 100
0
Demand o o o 0 0 28 133 2479 2304 2353 1811
. (MCM)
Agriculture Coverage
(%)9 977 100 - - -— - 100 100 100 100 649 438
30
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Table 6- Changes in demand and supply percentage compared to the reference scenario

until the end of 2040

Demand Point Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Aug Sep
Demand
Reference MCM) 7 0.2 0 0 0 0 28 133 2479 23.04 2353 18.11
Coverage¢y 977 100 -— -— -— -— 100 100 100 100 649 4338
Demand
o s, MCM) 767 018 O 0 0 0 3.08 14.63 27.26 2535 25.88 19.93
% Coverage¢/y 9420 100 -— -— -—— -—— 100 100 100 91.48 41.16 39.40
2 Demand
2 S, MCM) 837 0.2 0 0 0 0 336 1596 29.74 2765 2823 2174
Coverage¢/y 90.27 100 - -—- -— -— 100 100 100 78.44 27.28 36.11
Demand
s, MCM) 9.07 022 O 0 0 0 364 17.29 3222 29.96 30.59 2355
Coverage¢/) 86.95 100 -—- -— -— -— 100 100 100 5840 2514 33.33
Demand
o 178 174 172 127 127 127 178 183 193 215 258 215
. @ | Reference MCM)
2 § 1 Coverage¢/y 100 100 100 100 100 100 100 100 100 100 100 100
EE Demand
Q3 247 241 239 177 177 177 247 253 268 298 358 298
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Table 7- Evaluation indices of the defined scenarios
Demand Point

Scenario Index Domestic  Agriculture
Reference 98 78

S1 96 74

Sz RE(%) 94 73

S3 93 69

Sy 97 76
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Extended Abstract

Introduction

Mining is one of the most significant human activities, exerting profound impacts on
geomorphological and environmental systems. Large-scale mining operations, in particular, result in
substantial alterations to topography, increased slope instability, accelerated soil erosion, a reduction
in vegetation cover, and disruptions to hydrological cycles. These changes often disturb the
geomorphic and ecological equilibrium of the environment, making the restoration of mined areas
essential for re-establishing environmental stability and mitigating adverse effects. In recent years,
innovative geomorphic restoration technologies, based on the principles of applied geomorphology
and landscape design, have emerged as effective approaches for rehabilitating degraded mining lands.
These methods involve simulating natural topography, designing drainage systems that mimic pristine
environments, and implementing geomorphic processes to achieve a stable, dynamic equilibrium in
the region. Geomorphic restoration techniques not only reduce erosion and enhance slope stability but
also facilitate the recovery of natural ecosystems, improve soil permeability, and restore the
hydrological functionality of the land. The Sangan Iron Ore Ming, one of the largest mining sites in
Iran and the Middle East, exemplifies a mining area that has undergone extensive geomorphological
changes due to large-scale extraction activities. With its mountainous topography, semi-arid climate,
and distinct geological characteristics, this mine presents various challenges for post-mining
restoration. This study examines geomorphic restoration methods applied to the Sangan mine,
analyzing their effects on slope stability, erosion control, surface runoff management, and ecological
rehabilitation. The primary objective is to develop a scientific and practical approach to mining land
restoration, emphasizing geomorphological principles to establish efficient and sustainable
reclamation models for similar mining regions.

Material and Methods

The Sangan iron ore mines are considered one of the largest mining areas in Iran and the richest ore
deposits in the Middle East, located in a rectangular area with a length of 22 kilometers and a width
of 10 kilometers. The materials used in this study include remote sensing tools such as satellite
imagery, geological maps, and a 30-meter resolution Shuttle Radar Topography Mission (SRTM)
digital elevation model, and GIS software, in addition to field surveys and GeoFluv software. GeoFluv
was employed to design stable and integrated landforms. Inspired by natural fluvial and slope
processes, this software facilitates the design of functional drainage networks that align with pre-
mining natural hydrological patterns. The primary objective of these designs is to create topographies
that not only resemble natural landforms aesthetically but also function effectively in terms of
hydrological stability and efficiency.

Results and Discussion

In this study, design input parameters, including local base-level elevation, drainage density, channel
lengths, and slopes, were collected from stable reference areas near the mine site. These data were
integrated into GeoFluv to generate landforms tailored to the region’s topographic and hydrological
conditions. The results indicated that the designs developed using this approach led to landforms with
high erosion resistance and improved hydrological performance. These landforms not only blend
aesthetically and ecologically with the surrounding undisturbed landscapes but also enhance land
productivity and long-term stability.

Conclusion

The findings of this paper demonstrate that the geomorphic reclamation approach can serve as an
effective and sustainable solution for mine restoration, particularly for open-pit mines, in Iran and
beyond. This method not only mitigates the environmental impacts of mining but also contributes to
the ecological and economic improvement of the region by creating stable and naturally integrated
topographies. This research represents a significant step toward advancing scientific and innovative
methods for mine reclamation and the reclamation of degraded lands.
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Journal of Geography and Environmental Hazards is an lranian
interdisciplinary research journal that highlights issues of Geography such
as geographic risk degree of regions, human exposure to risk, vulnerability,
awareness, responses to disasters and planning to adjust the effect of
environmental hazards.

Also, the role of hazards in affecting development process particularly in
developing countries and issues of efficiency, social justice and
sustainability are also discussed in the journal.

Scopes

This journal welcomes high-quality Original, Research articles, Review
articles, short paper, Case study, Methodology, Applied articles on the
following themes:
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1. Geological and Geomorphological Hazards: Earthquakes, soil liquefaction,
volcanic eruptions, lahars, tsunamis, land subsidence, landslides, rock
slides,solifluction, mud flows, rockfalls, debris flows, avalanches, coastal
erosion, water erosion, wind erosion, sand dune displacement, salt weathering.
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Article Submission Process

Online Submission System:

The Journal of Geography and Environmental Hazards processes only articles
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Article Preparation
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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:
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2.
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Extended abstract in English (comprising Introduction (Purpose, literature
review, etc.), Materials and Methods, Results and Discussion, Conclusion),
Title, abstract, and keywords,
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Discussion, Conclusion, and References.

Important: For accuracy, both Persian and English versions of the extended abstract
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Word Count Limits:
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Formatting Guidelines
o Articles should be submitted in A4 format, single-column, and without logos.
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figures) must not exceed 15 pages.
Margins: 3.5 cm (top and bottom), 3 cm (left and right).
Line spacing: 1.5 (5 lines).
Footnotes must restart numbering on each page.
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figures.
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« In-text citations and references must be in English (parentheses in Persian font).
o Use half-spaces throughout the text.
e Numbered or bulleted lists should have a 0.5 cm indent before the text.

o Persian text: B Nazanin

o English text: Times New Roman

o Fontsizes:

Persian and English titles: 14

Main headings: 13 (bold)

Body text: 13

Latin text: 12

Scientific names: Italic

Captions for figures and tables: 12 (Persian), 11 (English)
Table and figure numbers: Bold
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o 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.
e Provide bilingual titles (Persian: B Nazanin, 12, Bold; English: Times New
Roman, 12, Bold).
o Data in Persian tables must include English equivalents.
e Avoid vertical lines and shading in table cells.
Figures and Images
o Submit figures/images as separate files and reference them in the text.
o Number figures/images sequentially as they appear.
o Titles for figures/images must be bilingual (below the figure: Persian, B
Nazanin, 12; English, Times New Roman, 12).
Mathematical Equations
e Present equations in two-column invisible tables.
o Number equations sequentially, enclosed in parentheses.
e Use Times New Roman, font size 11, for equations.

Units of Measurement
o Follow the SI (metric) system.
o Use exponential notation (e.g., m s~ * instead of m/s).
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Publication Fees
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Promoting Published Articles
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