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Extended Abstract
Introduction

Rockfalls are a type of slope movement process that does not require a transporting
medium (e.g., water) and predominantly occur under the influence of gravity (Dikau,
2006). The detachment of a single rock block or a volume of blocks from steep slopes is
followed by motions mainly through the air. The fall trajectory is strongly controlled by
the mean slope gradient, enabling different motion modes such as free-falling, bouncing,
and rolling. Consequently, rockfalls present an unpredictable threat, especially along
highways and railways, where they can cause damage to infrastructure or endanger human
lives (Bostjancic¢ et al., 2020). In high mountain regions, rockfall activity is thought to be
changing due to accelerated climate warming and permafrost degradation, potentially
resulting in increased activity and larger volumes involved in individual falls (Stoffel et
al., 2024). Therefore, it is crucial to assess areas prone to rockfalls in mountainous
regions. The aim of this research is to zone the risk of rockfalls long the Khalkhal—-
Shahroud road using a multi-layer perceptron algorithm.
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Material and Methods

The multi-layer perceptron algorithm is a modern machine learning model capable of
solving complex problems. In this study, the necessary data were obtained from
topographic maps at a scale of 1:25,000, geological maps at a scale of 1:100,000, a digital
elevation model (DEM) with 12.5-meter resolution from the ALOS-PALSAR satellite,
Sentinel data (spatial resolution of 10 meters), Google Earth satellite images, and field
studies. In rockfall hazard zoning using GIS, the most critical component is the
preparation of a rockfall distribution map or rockfall inventory. Fieldwork was conducted
to identify rockfalls and prepare the inventory.

Results and Discussion

To identify the factors contributing to rockfall occurrence, field studies identified eight
key factors: elevation, vegetation, slope aspect, distance from faults, distance from roads,
geology, land use, and slope gradient. After pre-processing, all layers were entered into
SPSS Modeler software, and the model was designed with 8 input neurons, 8 intermediate
neurons, and 1 output neuron. The results revealed that, in the multi-layer perceptron
algorithm, the geological layer had the highest weight value (0.20), followed by the land
use layer (0.14) and distance from roads (0.12). In the model validation phase, the results
demonstrated an AUC value of 0.9810 in the training phase and 0.9876 in the testing
phase, indicating high model validity in both phases.

Conclusion

This research aimed to identify areas at risk of rockfall along the Khalkhal-Shahroud road
using a multi-layer perceptron algorithm. The results highlight the significant influence
of geological conditions on rockfall occurrences, emphasizing the need to consider slope
instability in all spatial planning efforts in this region. It is recommended that future
studies explore other machine learning models, such as support vector machines, to
further evaluate rockfalls and related slope movements.

Key Words: Rockfall Hazard Zonation, Multilayer Perceptron Algorithm, Road
Hazards, Khalkhal Road, Slope Stability Analysis.
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.(Azamy Rad, 2019
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(SDAM)" Sils 31 Sl il w10 § sams dolome .
(SDCM)" Slib SSls 51 Slmsil o y0 ¢ sazes arilons ¥

SDBC luis (s oS & (slaib <,bay SDBC lis s 5 e b (slails 51 SDBC jislis auloms 51 oy
Bl & b3 b e cpl 5 358 00 rmloms i Slid Gl ol 5 Jlasl plrals a1y G sl |
23lie 33 8 (GVF) T bty (5510 cn e (8L & e 45 b aelsl Slid Gl mmil Sl O
Abdi Bastami er al., ) (03l oo S5l o te SO 5 pSb e &S e3g e Sy ke o GVF

(2019
GVF=(SDAM-SDCM)/SDAM (1) dal
Vi O3y 02089 (s P e Sl —0-X

Wesls x5 2 b aaly 55 ROC powie 5l S iy oot sl a2 5 baesls o slzel sl 5
S 03y Swm e 6“&*&” S 8es oLl gl e as, S5e 5l G ROC pove .ol sddoslanal
Gasemyan, ) ol Gbse e g Code laslast, el s (e M S el ol ediasOLL
S oy 80008 ot polie oS 3505 X e K gowe ol L(Abedini, Roostai & Shirzadi, 2021
G S50 @ alie SY ey Ldd gduaib K S35 o J'.‘.':"‘Ugs'.’ el Olgeas oS 1

.(Vahabzadeh, 2023) Jas o ioled Iy Lledd amlid zwsa S Ko

- % (Gasemyan et al., 2021) :(Y) akl,
y = % (Gasemyan et al., 2021) :(*") ksl

2 Squared Deviations between Classes (SDBC)

! Squared Deviations from the Array Mean (SDAM)
2 Squared Deviations from the Class Means (SDCM)
3 Goodness of Variance Fit (GVF)
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Tablel- Weighted values of the model
output
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Input Neuron  Output Neuron Weight

NDVI 0.1175
ASPECT 0.0546
LANDUES 0.1417
geology 0.2018
DEM 0.1096
dis fault 0.0984
dis larzeh 0.0939
dis rod 0.1288
SLOPE 0.1068
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Fig.7. Weighted graph of the model output
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Table-2 Range of the hazard classes

colaw Vi 09 e p dibe el 5 Kows 53, s b5, olib
Area (km?2) Range of the rockfall hazard classes using multilayer perceptron
algorithm
30.55 (Lowrisk class) oS (s udy bt
40.01 (Moderate risk class) law o (5 .y o
37.61 (High risk class)  sLj s »d bas
27.99 (Very high risk class) sb; L= sy s
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Table3- Training and testing model results

Partition Training Testing
Correct 4,622 98/38% 1978 98/31%
Wrong 76 1/62% 34 1/69%
Total 4,698 2012
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Loy 30 o i 3 (25 el &S eld o Jdo s Soisel ool ply (Vahabzadeh, 2023)
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Fig.9. ROC curves estimated for validity model
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Extended Abstract

Introduction

Water yield represents a crucial productive ecosystem service susceptible to alteration due to
variations in land use and land cover characteristics. In recent decades, ecosystem services have
become an important and major issue in ecological studies and land management. They include
goods and benefits that humans obtain directly or indirectly from nature. Ecosystem services are
categorized into four groups: production, regulation, support, and cultural. Currently, the
reduction and destruction of these services are recognized as critical environmental issues
globally. In this regard, the Millennium Ecosystem Assessment has reported that about 60% of
the identified ecosystem services are being destroyed, and if this process continues without proper
management and planning, the impact will increase significantly over the next 50 years.

Material and Methods

This research was conducted to evaluate water yield in the Sistan region, southeastern
Iran, and assess its spatial correlation with land use and land cover characteristics, with a
particular focus on landscape metrics including patch density (PD), number of patches
(NP), largest patch index (LPI), landscape shape index (LSI), and edge density (ED). The

*. Corresponding authors:

Mohammadamin Izadipoor Email: aminizadi7999@gmail.com Tel:+989915998391

Reza Dahmardeh Behroozb Email: ddahmardehbehrooz@uoz.ac.ir Tel:+989155434532

How to cite this Article: Izadi poor, M. A., dahmardeh behrooz, R. , eynollahi, F. , & rajaei, F. (2024).
Evaluating water yield ecosystem services through land use and land cover impacts in the ecosystems of
Sistan region. Journal of Geography and Environmental Hazards, 13(4) ,27-47.

M ©2024 The author(s). This is an open access article distributed under Creative Commons

Attribution 4.0 International License (CC BY 4.0)


mailto:f.ahmadi.m@gmail.com
mailto:ddahmardehbehrooz@uoz.ac.ir
https://doi.org/10.22067/geoeh.2024.88366.1491
https://orcid.org/0009-0004-5221-8041
https://orcid.org/0000-0003-0933-2725
https://orcid.org/0000-0001-5998-6132
https://orcid.org/0000-0003-3491-6693

INVEST model was employed to evaluate water yield, and geographically weighted
regression (GWR) in ArcGIS 10.5 was utilized to investigate the spatial correlation
between water yield and landscape metrics. In this study, various data layers were used,
including land use, average annual rainfall, reference evaporation and transpiration, depth
of soil limiting layer, plant-accessible water content, plant evaporation and transpiration
coefficient, and sub-basin map of the region. The area was zoned using the Tessellation
Grid command in ArcGIS 10.5 software, and water production in each zone was extracted
using the Extract command. The obtained values were then used as inputs for hot spot
analysis.

Results and Discussion.

The results showed that in 75% of the Sistan region’s land, the amount of water
production is less than 60 mm per hectare. The total annual water yield in Sistan was
estimated to be approximately 71 mm? (43 m* ha™! on average). By comparing it to other
regions of Iran, it was found that the amount of water production in this region is very
low. The ecological and climatic conditions governing the region have caused the hot
spots of water production to be located in the western areas and the cold spots in the
eastern parts. The highest amount of water was yielded in the western areas, while the
lowest was produced in the eastern parts. The highest and lowest water yield values were
observed in barren and constructed lands, respectively, with values of 65 m?* ha™ and 4
m? ha™'. In addition, the results of the research found a significant spatial correlation
between water production and different landscape features, including the number,
density, size, and shape of spots, indicating that land use characteristics significantly
affect water production in the study area. This study provides useful information
regarding water production and its relationship with different land use characteristics,
which can inform the development of strategies to preserve water resources.

Conclusion

The results of GWR analysis indicated a significant spatial correlation between water
yield and the following landscape metrics: NP, PD, LPI, LSI, and ED (0.95 < R2 < 0.98,
p-value < 0.01), suggesting that land use characteristics influence the provision of water.
This study provides valuable insights into the quantity of water yield and its correlation
with various land use characteristics within the study area. These findings can inform the
development of effective strategies to safeguard the region’s water resources.

Keywords: Ecosystem Services, Water Yield, Landscape Metrics, INVEST Model,
Geographically Weighted Regression (GWR).
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Table 1- Validation results of land use classification based on error matrix
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Extended Abstract

Introduction

Water yield represents a crucial productive ecosystem service susceptible to alteration due to
variations in land use and land cover characteristics. In recent decades, ecosystem services have
become an important and major issue in ecological studies and land management. They include
goods and benefits that humans obtain directly or indirectly from nature. Ecosystem services are
categorized into four groups: production, regulation, support, and cultural. Currently, the
reduction and destruction of these services are recognized as critical environmental issues
globally. In this regard, the Millennium Ecosystem Assessment has reported that about 60% of
the identified ecosystem services are being destroyed, and if this process continues without proper
management and planning, the impact will increase significantly over the next 50 years.

Material and Methods

This research was conducted to evaluate water yield in the Sistan region, southeastern
Iran, and assess its spatial correlation with land use and land cover characteristics, with a
particular focus on landscape metrics including patch density (PD), number of patches
(NP), largest patch index (LPI), landscape shape index (LSI), and edge density (ED). The
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INVEST model was employed to evaluate water yield, and geographically weighted
regression (GWR) in ArcGIS 10.5 was utilized to investigate the spatial correlation
between water yield and landscape metrics. In this study, various data layers were used,
including land use, average annual rainfall, reference evaporation and transpiration, depth
of soil limiting layer, plant-accessible water content, plant evaporation and transpiration
coefficient, and sub-basin map of the region. The area was zoned using the Tessellation
Grid command in ArcGIS 10.5 software, and water production in each zone was extracted
using the Extract command. The obtained values were then used as inputs for hot spot
analysis.

Results and Discussion.

The results showed that in 75% of the Sistan region’s land, the amount of water
production is less than 60 mm per hectare. The total annual water yield in Sistan was
estimated to be approximately 71 mm? (43 m* ha™! on average). By comparing it to other
regions of Iran, it was found that the amount of water production in this region is very
low. The ecological and climatic conditions governing the region have caused the hot
spots of water production to be located in the western areas and the cold spots in the
eastern parts. The highest amount of water was yielded in the western areas, while the
lowest was produced in the eastern parts. The highest and lowest water yield values were
observed in barren and constructed lands, respectively, with values of 65 m?* ha™ and 4
m? ha™'. In addition, the results of the research found a significant spatial correlation
between water production and different landscape features, including the number,
density, size, and shape of spots, indicating that land use characteristics significantly
affect water production in the study area. This study provides useful information
regarding water production and its relationship with different land use characteristics,
which can inform the development of strategies to preserve water resources.

Conclusion

The results of GWR analysis indicated a significant spatial correlation between water
yield and the following landscape metrics: NP, PD, LPI, LSI, and ED (0.95 < R2 < 0.98,
p-value < 0.01), suggesting that land use characteristics influence the provision of water.
This study provides valuable insights into the quantity of water yield and its correlation
with various land use characteristics within the study area. These findings can inform the
development of effective strategies to safeguard the region’s water resources.

Keywords: Ecosystem Services, Water Yield, Landscape Metrics, INVEST Model,
Geographically Weighted Regression (GWR).
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Table 2- Area dedicated to water production floors

ol Mg ol
Water Production Area
mm ha? ha %
0-20 480568 29
20-40 495781 30
40-60 269127 16
60-80 140058 9
80< 246924 15
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Table 3-The area allocated to the classes of hot and cold points of water production

Gb Olseds! ck.w Cobuw
Floor Confidence level area
ha %
3w bl
- 99% 89356 5
Cold spots
3 b
95% 260180 16
Cold spots
90% 131157 8
Cold spots
Isbie ¢
S 806253 49
No Significance
'Cl: bl
99% 42604 3
Hot spots
'Cla bl
95% 69775 4
Hot spots
8; Ll
90% 246524 15
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Table 4- The amount of water produced in usage of the region

sl ol s
use Water production
1000 m? m3 hal
Losl
e 22511 65
Barren lands
51
cr 30070 45
pastures
|50 y g
2 15324 42
Salt fields
[EEINAY
oo 3257 13
Agriculture
ol as-luw
29 4
Made

(GWR) 8 (555 O g 55 gl =0 Jguor

Table 5- Spatial Weighted Regression (GWR) results
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Introduction

Salmas Plain is one of the important agricultural regions of West Azerbaijan province, playing a
significant role in the region's agriculture and development. In recent decades, the plain has been
severely impacted by the phenomenon of subsidence due to the over-extraction of groundwater
from aquifers. Therefore, identifying areas prone to subsidence in the Salmas Plain is of particular
importance for the management and control of this phenomenon. In this study, a fuzzy neural
inference system model was used to predict subsidence-prone areas. To achieve this goal, seven
important factors contributing to subsidence in the region were analyzed: land slope, digital
elevation model, vegetation, groundwater depth, distance from roads, distance from rivers, and
distance from piezometric wells. The information related to these factors was collected in ArcGIS
software and transferred to MATLAB software for model implementation. Using the C-fold CV
method, the data were randomly divided into three groups: 70% for training, 20% for testing, and
10% for validation. These data were introduced to MATLAB for training, testing, and validation.
The data were accurately trained and validated, achieving a precision of 1078, Several different
membership functions, including trapezoidal, triangular, Gaussian, two-sided Gaussian, and bell
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curve functions, were tested in the model. The results showed that the trapezoidal membership
function, with a regression correlation coefficient of 0.86, and the Gaussian membership function,
with a regression correlation coefficient of 0.81, performed best in identifying areas prone to
subsidence.

Based on the results, the eastern areas and the outlet of the plain have experienced significant
drops in groundwater levels and subsidence. Statistical studies also revealed that groundwater
levels have dropped by over 18 meters, averaging 1.23 meters per year in recent years. The crisis
has been exacerbated over the past two decades by over-extraction of groundwater for agriculture,
combined with a storage-to-recharge ratio of 0.03% and unfavorable climatic conditions.
The spatial pattern of land subsidence in Iran indicates that this phenomenon is strongly linked to
the uncontrolled abstraction of groundwater resources, driven by increasing urban water
consumption and low agricultural water efficiency. Drought conditions and excessive
groundwater withdrawal have not only affected arid and central regions of the country but have
also extended to semi-arid and humid areas in the northwest. Geological experts have reported
that 300 out of 600 plains in the country are affected by subsidence. Due to the importance of this
issue, many researchers have studied land subsidence. Their results indicate that the Salmas Plain,
as part of the Lake Urmia catchment area, is experiencing a major subsidence crisis. This crisis
has caused significant problems for infrastructure in many parts of the Salmas Plain, especially in
the Qara Gheshlagh region. The main cause of subsidence is the over-extraction of water from
wells constructed for agricultural purposes, which has led to a steady decline in the volume of
aquifers.

Material and Methods
To evaluate the susceptibility of the Salmas Plain to subsidence, the required data and statistics
up to 2019 (1398 in the Iranian calendar) were collected as follows:

o Digital topographic maps (1:25,000 scale), a digital geological map (1:100,000 scale) of
Salmas city, and thematic maps (e.g., slope, land use, geology, distance from wells,
groundwater depth, distance from rivers, and distance from faults).

e GPS data, meteorological information, soil maps, and aerial photographs (1:20,000
scale).

o Digital Elevation Model (DEM) with a resolution of 30 x 30 meters.
In this study, seven criteria were analyzed: vegetation type, groundwater depth, distance
from roads, distance from rivers, distance from piezometric wells, digital elevation
model, and slope. All criteria were first standardized in ArcGIS software and converted
into an 800 x 800-meter grid. The data from each grid were then compiled into a matrix
and transferred to MATLAB for analysis using the Adaptive Neuro-Fuzzy Inference
System (ANFIS) model.

To ensure accurate modeling, the satellite data were divided into three parts: 70% for
training, 20% for testing, and 10% for validation. This process ensured precise
measurement of modeling accuracy and error rates using MATLAB software.

Results and Discussion

Studies revealed that over the past 41 years, groundwater levels in the Salmas Plain have
dropped by 18 meters, averaging 1.23 meters per year from 2014 to 2015 (93-94 in the
Iranian calendar). The plain, characterized by clay and silty layers, has experienced
significant aquifer compression and reduced porosity due to over-extraction of



groundwater. This has resulted in land subsidence across the study area.
The model results demonstrated that trapezoidal and triangular membership functions
performed best, achieving error coefficients of 1077 and 108, with mean error rates of
0.18 and 0.20, respectively. The regression correlation coefficients were 0.86 and 0.80,
confirming the model's accuracy in identifying areas of high subsidence sensitivity.
Approximately 8.9 and 6.3 square kilometers of the plain were classified as very high-
risk areas, while 1.8 and 3.2 square kilometers were classified as high-risk zones. These
findings indicate that the proposed model can effectively predict subsidence with high
accuracy and reliability.

Furthermore, the results highlight that over-extraction of groundwater has caused aquifer
compaction and subsidence. Linear regression analysis confirmed the model's accuracy,
with a correlation coefficient of 0.86.

Conclusion

The Salmas Plain is a vital agricultural region where groundwater serves as the primary water
source. Over 70% of extracted groundwater is used for agriculture. Irregular groundwater
extraction and reduced rainfall have significantly lowered groundwater levels, exacerbating
subsidence in the plain. Since 1993, the annual water table drop has increased to 1.23 meters.
The fuzzy neural inference system model demonstrated that trapezoidal and triangular
membership functions with regression correlations of 0.86 and 0.81 provided reliable results,
predicting subsidence-prone areas effectively. The findings suggest that 8.6% and 6.3% of the
study area are at very high risk of subsidence. Immediate measures are required to control
groundwater extraction and manage the subsidence crisis in the Salmas Plain.

Key Words: Land Subsidence, Groundwater Depletion, ANFIS Model, Salmas Plain,
West Azerbaijan
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Table 1- Specifications of ANFIS model for subsidence modeling
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Table 2- Membership functions, training period error, statistical measures of correlation
and deviation from mean square
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Membership Functions First Period Error Second Period Error _ Third Period Error
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Trap mf 0.00000004 0.00000003 0.00000003 0.20 0.81
Gaussi mf 0.0000002 0.0000001 0.0000001 0.55 0.29
Gaussi mf2 0.00000004 0.00000003 0.00000003 0.55 0.22
Gbell mf 0.0000001 0.0000001 0.0000001 0.71 0.12
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Table 3- Fuzzy inference methods with fuzzy operators (Jahed Armaghani et al., 2015b)

x:17) T.S.K Mamdani

AND min(yy, ug) (ka * 1p)
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NOT 1-— Ha 1-— Ua
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Table 4- Area and percentage, classes of membership functions in the studied area
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Fig. 5. Pictures of land subsidence in parts of Selmas plain
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Table 5- Number of wells and annual discharge of underground water resources in the
(study area of the water year (93-94) (Water Department of West Azarbaijan Province)

Qanat s Spring  aedar Wellbr
Semi-deep well  Gos 4o ol> Deep Well Gues ol>
s sl s Sl s sl s sl
Discharge  \ywm. Discharge ~ NUM. Discharge NUM.  Discharge  NUM.
0.856 59 1.052 27 10.155 473 134.123 850
146.186 Mk

Total discharge

(S 0 O gt o 3 ads) sobl Ol g o ui CLA PR JIPRES

Qanat L3 Spring  aeio- Well ol
J5 o ol bl Jlo
Total PWES sldss FWES slass PRES sldss
. . . . Year of survey
discharge Discharge NUM. Discharge NUM. Discharge ~ NUM
164.46 2.24 57 1.57 25 160.65 1093 2001-2002
159.03 1.393 59 - - 157.637 1357 2010-2011

Table 6- Status of water resources in statistical years (discharge in million cubic meters)
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Table 7- Underground water balance of alluvial aquifers in the Selmas plain study
area. The figures are in millions of cubic meters per year
(Dousti Rezaie, Zeinalzadeh, Besharat & Amirataee, 2022)
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Extended Abstract

Introduction

Despite the high importance of protected areas in providing ecosystem services essential
to humans, the destruction and degradation of these unique areas have intensified, and
this process continues. These damages and declines in the quality of protected areas occur
due to various natural and man-made factors, including droughts, rising air temperatures,
soil erosion, diseases, landslides, deforestation, agricultural land development, illegal
hunting, and the destructive effects of pollutants and sewage. Therefore, planning and
providing appropriate tools to mitigate the adverse effects of environmental hazards are
crucial. The aim of this study is to evaluate the vulnerability of the Helen Forest Protected
Area in Chaharmahal and Bakhtiari Province to multiple environmental hazards by
combining sensitivity and exposure profiles. In fact, this research constitutes the first
stage of the integrated vulnerability assessment process for the protected areas of
Chaharmahal and Bakhtiari Province. The methods and results of this study will provide
critical information regarding the intensity of exposure to multiple environmental hazards
across the province’s protected areas.

Material and Methods
Study Area: The Helen Forest Protected Area is located between 31°55°37"" north
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latitude and 50°53"11"" east longitude, with an area of 20,131 hectares in Chaharmahal
and Bakhtiari Province, southwest Iran.

Methods:

To assess the vulnerability of the Helen Forest Protected Area to multiple environmental
hazards, a field survey was conducted using systematic random sample plots of circular
shape, each with an area of 1 hectare, located on a grid of 2000 m x 2000 m. Based on
changes in canopy cover percentages derived from the plots, a sensitivity map of forest
habitats was prepared and standardized. In the next phase, standardized maps for five
environmental hazards—drought, evapotranspiration, wildfire, flood, and landslide—
were created by analyzing climatic data, such as monthly precipitation and
evapotranspiration rates, as well as the results of previous studies.
Using the Delphi method and analyzing the opinions of five experts in forest habitat
conservation, the relative weights of the environmental hazards were calculated. In the
final stage, the standardized sensitivity and environmental hazard maps were multiplied
by their calculated relative weights. By integrating the dimensionless weighted maps of
environmental hazards and forest habitat sensitivity, a vulnerability classification map
with three categories—low, moderate, and high—was produced.

Results and Discussion

The results of the calculated relative weights for each environmental hazard indicated that
drought had the highest relative weight (0.95) among all the hazards studied, followed by wildfire
(0.9). The integration of the weighted sensitivity maps of the habitats and the environmental
hazards revealed that the vulnerability of the Helen Protected Forest Area ranged from 1.25 to
3.38. Variations in habitat sensitivity and hazard intensity across different parts of the area
resulted in heterogeneity and a concentration of high vulnerability levels in specific sections of
the study area.

The classification of the vulnerability map into three categories—low, medium, and high
vulnerability—showed that 6,701.8 hectares (23%) fall into the low vulnerability category,
10,806.3 hectares (37%) fall into the medium category, and 11,664.4 hectares (51%) are classified
as highly vulnerable.

This research offers a detailed spatial map of vulnerability patterns across the Helen Protected
Area, providing critical information for conservation planning and the prioritization of
management actions. These actions aim to prevent or mitigate damages caused by multiple
environmental hazards in the region.

Conclusion

This study focused on assessing natural environmental hazards and the sensitivity of
forest habitats. However, to achieve a comprehensive vulnerability assessment of the
Helen Protected Area, it is essential to also examine man-made hazards. Therefore, future
studies should investigate the effects of man-made hazards such as exploitation, livestock
grazing, rural development, agriculture, and tourism on the forest habitats and protected
area of Helen. Such studies could enhance understanding of the vulnerability dynamics
in the region and improve conservation and management planning.
Additionally, it is suggested that future studies consider other environmental hazards,



such as pests and diseases, to assess the vulnerability of the Helen Forest Protected Area.
Furthermore, when analyzing changes in the structure and extent of forest habitats, area
and density indicators should be employed as sensitivity criteria in vulnerability
assessments.
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Extended Abstract

Introduction

In Iran, various fire spread models have been used to predict fire behavior and spread at
regional and local scales (Alhaj Khalaf, Shataee Joibary, Jahdi & Bacciu, 2021; Jahdi,
Salis, Alcasena & Del Giudice, 2023). However, the calculation of an integrated fire risk
index using these fire spread models has not yet been conducted. Typically, fire risk
assessments are based on a set of fire spread descriptors that are used to map fire-prone
areas and identify the most appropriate fire and fuel management measures in line with
predefined goals (e.g., reducing fire intensity or minimizing fire size).
Fire and fuel management involves a comprehensive approach that integrates land
management practices, considering fire regimes, impacts, values at risk, and multiple
resource use activities. Despite the merits of each approach, limited resources often
prevent the implementation of management measures in all areas with significant fire risk.
Therefore, it is essential to prioritize high-risk areas and identify appropriate management
strategies that maximize ecosystem protection. This study aims to develop an integrated
method for identifying areas with the highest fire risk in the forests and rangelands of
Guilan Province. The method combines simulation models of fire spread with landscape
data (topography and fuel), fire weather conditions, and historical ignition point data.
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Additionally, anthropogenic factors, such as proximity to roads and settlements, are
included in the fire risk modeling process, given their significant influence on fire
behavior and regimes (Twidwell et al., 2016). The results of this research can support
land-use planning, management, and future studies on fire hazards.

Materials and Methods

Study Area: This research was conducted in Guilan Province, which spans 1,404,400
hectares in northern Iran. The area ranges from -74 meters in the north to approximately
3,700 meters in the southeast. The province receives an average of 1,100 mm of annual
rainfall, and the relative humidity averages 80%, decreasing during the summer months
with 185 mm of rainfall during this period.

Methods:

Three Landsat-8 OLI/TIRS L1TP images from October 2021 were used to identify the
main land cover types and produce a land cover map of the study area using ENVI 5.6
software. A map of surface fuel models was created by assigning local fuel models (Jahdi
et al., 2020, 2023) and standard fuel models (Scott & Burgan, 2005) to the land cover
types. Additionally, a vegetation density map and forest canopy density map (in
percentage) for 2021 were generated from Landsat-8 images using the FCD model in
ENVI software.

Historical fire ignition data were used to calculate ignition probability by interpolating
ignition points using the Inverse Distance Weighting (IDW) algorithm with a fixed radius
of 5 km. The frequency of fire recurrence was determined from historical fire perimeters.
Weather data, including temperature, relative humidity, wind speed, and wind direction,
were collected for the fire season in the study area.

To prepare input data for fire risk modeling:

1. FlamMap 6 fire simulator (Finney, 2006) was used to model fire behavior,
including fireline intensity and fire rate of spread, at a 100-meter resolution across
the study area.

2. Raster maps showing Euclidean distance from roads and settlements were created
using ArcMap 10.8 software.

3. Kernel density estimation was applied to convert the historical ignition point map
into a fire density raster map.

The fireline intensity, fire rate of spread, human factor maps, and fire history maps were
rescaled to values between 0 and 1. These layers were combined to calculate the fire risk
index (Xofis, Konstantinidis, Papadopoulos & Tsiourlis, 2020). The fire risk index values
ranged from O (low risk) to 1 (highest risk).

Results and Discussion

Fifteen land cover classes were identified in the study area (Fig. 2, Table 4). The overall
accuracy of the classification was 91%, with a Kappa statistic of 0.88. Dense broadleaf
forest (30.6%) and orchard-irrigation farming (26%) were the dominant land cover types.
Approximately 65% of the study area comprised natural forests, plantations, woodlands,



shrublands, and rangelands. The remaining area included agricultural lands, built-up
areas, water bodies, and bare lands.
Based on the simulation outputs for fireline intensity and fire rate of spread (Fig. 4):

e Inover 93% of the study area, the fire rate of spread did not exceed 0.25, and less
than 7% of the area had higher values.

o Similarly, in over 90% of the area, the fireline intensity remained below 0.25, with
about 10% exceeding this threshold.

o The highest values for fireline intensity and fire rate of spread were observed at
high altitudes with dense vegetation, consistent with findings by Okano &
Yamano (2015), which showed topography and slope significantly influenced fire
behavior in broadleaf forests.

Human factors, such as proximity to roads and the fire kernel density/fire history (Fig. 5),
were found to impact a smaller proportion of the study area. This finding aligns with the
study by Xofis et al. (2020).

The integration of these components (Fig. 4 and Fig. 5) produced the final fire risk index
map (Fig. 6). Fire risk values ranged from 0.0 to 0.68, with an average value of 0.11.
Lowlands covered by non-burnable fuel models had the lowest risk (0.0), while the
highest fire risk values were observed in the highlands with dense forest cover.

Conclusion

This study demonstrates how landscape information (topography and fuel), weather
conditions, and historical fire data, combined with human factors, can be used to estimate
fire risk spatially using fire behavior modeling. Moderate and high-risk areas account for
21% of Guilan Province, where fire management efforts should be prioritized. Specific
measures include:

« Strengthening fire prevention infrastructure.
o Conducting fire prevention training to raise public awareness.
« Enhancing ecosystem resilience in vulnerable areas.

While many fires remain random and difficult to fully control, estimating fire risk and
developing prediction models can help mitigate fire hazards, reduce potential damages,
and improve the allocation of fire prevention resources.

Keywords: Fire Risk Index, Fire Behavior Modeling, Anthropogenic Fire Factors,
Ecosystem Resilience,Gilan Province, Iran.
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Fig.1. Location map of Guilan Province in northern Iran and Digital Elevation Model
(DEM) of the study area

S2909 e.>|:Y"'

Sl Gy sl Jold a8 5)ls 5L (25,55 slaesls 51 glas sazme 4 (351 518, (g3leand (R
Sl 5 51 alpm sl Jal s55m 53 SOl 5 T S )b Gl Bl (e e Slosms oo 5
sloesls Jold ey Glowe ol g i) laan¥ () o) ol b g o 2 g 03be Cush
el (b (2 03l Ja 5 i 20 (S15) (ALS i 5 ()l s o o) SIS 5
3l aadlae 5,50 adlaie 31 S 40 5 slaesls .l 4 andllae 550 aihaie ;3 (520 V0 SSE o) s &S
s ol 53 () JSE8) 3 yis 53 Gae T S8 o318 DEM) slisy) s, Joe 5 b
IS5 Gl (Gl S 5 Sloslsale pslal Jald) ol 4 o3l mbia b Gadosd 5 Wl 0 oae M1

) Mﬁéu%w%ﬁ)‘v\mcwb‘ kﬁ‘j.\.&vﬁsjs&uw}}y osle LSLAJ.,\A LSLAA..L.E.:



\\C'VQL;«.A)sfo)wg\v.w-awu‘}bbmjlﬁﬁ‘ﬁ-diﬁ

VY-

Silwdde gl b 28 G U s osls olanstl e fdg Glacs 4 pddaw o2 s e3le sladbe

EYERAP ]

BLETLEBE) Q‘j&q Lhoi LSJ.L"“':LJ 6‘}'.’ o.:\ﬁ;..c‘.:)‘,.a 6\.»,!5&“3 3 \Ad.\.a ‘6\.26 aesls U}q.’.u -\ d}.\:.-

G ol 5 T Sy s3ld e

Table 1- Data sets, sources, models and softwares used to prepare them as input in

wildfire risk modeling in this research

I3l
oliuwld yg0 ooliiwld g0 Juro & odls g
Software Model used Source Data type
used
Digital Elevation Model (DEM;  Topography (slope,
0 m resolution) - National direction, and
ArcMap 3D Analyst Cartographic Center of Iran elevation)
108 S DEM) sl ) oghy Jae 5 S eed) S
Sl paid oylojle - (e Ve S8 ()|
Radiometric Calibration and FLAASH
Atmospheric Correction, FMASK algorithm, image
composite generation and contrast enhancement, Landsat-8 OLI/TIRS L1TP
Support Vector Machine (SVM) and FCD satellite images and fieldwork
ENVI 5.6 classification algorithm
FLAASH (5, 41 (6 sl g 5 (S 2050, gomilredlS Landsat-8 sls lsale sstas
s Sl S S5t 5 oS 5 ol FMASK o250 Saee 5 s OLI/TIRS LITP

FCD 5 SVM) Lty oy pedle ganainl o255

Fire reports registered in the
General Directorate of Natural
Resources and Watershed

Inverse distance weighting (IDW) algorithm and Management of Guilan
Arlc(;véap Kernel Density Estimation (KDE) tool Province (2023) and satellite
. . data
FS w515 050 jlpl 5 alold (gSae (23055 o551 JS o sl s eads ol 23T gla s E

DS ol )lorsul 5 (b elie
Lgla)|5.ml.o ool 9 Oty
"Meteoland" software package
R &1l dtas
Meteoland
Model (Nelson ,2000) as well as the US National
Fire Danger Rating System (NFDRS)

) ho 5T 5l (50045 it 35 5 NelsoN ,2000) ) Jos
(S5 ol oasxiosYL|
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cover and surface fuel
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Historical ignition
point data
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Fire weather
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Fuel moisture
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_Human factors
(distance from roads
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(LolSsigSas 5 Lo
Fli"l“\iafj Fire behavior modeling using input data
Hwd
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Table 2- Characteristics of the satellite images used to prepare the land cover map of
Guilan Province.

KX ISIRY] s / 538 o jleds
(Apy3) gl s
(}:‘) ) ol ty ok S g*-‘"}-.’, s, E'V:_JU Ry
Lb Cloud fraction .
Resoulution Data type Sensor % Path/row Date Image
Bands (%)
(m) number
2.5 34/166  2021-10-22
30 11 L1TP/T1 OLI/TIRS 8 34 /165 2021-10-15 Landsat-8
3.5 34 /165 2021-10-15
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Table 3- Number of selected training points in each land cover for land cover
classification in Guilan Province

bl ao)s L& i Land use s b
Points percentage Points number
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3 30 Dry farming el
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Fig.2. Land use types of the Guilan Province

Land use type
Woodland

Bare ground
Orchard-irrigation farming

Densce broadleaved forest

- o515 o5 Sy e S5 Sparse broadleaved forest
51550 dosi S ot S5 Semi-dense broadleaved forest

Broadleaved plantation
Conifer plantation
Shrublands

Dry farming

Scarce & low rangeland
Medium density rangeland
Dense rangeland

Water bodies

Built-up lands

(Scott & Burgan, 2005) » a5t 4 ‘;L"u o g 03l sldas o U e 9 ‘5‘.&&7.;3 -f Jod>
OIS Slaal s 4l olass|

Table 4- Land use types and custom and standard (Scott & Burgan, 2005) fuel models
designated for the Guilan Province

(S g osle Juo (M)A) J«A-'x (JL&&) Colun RCaS) ui.i‘,.;
Fuel model Cover (%) Area (ha) Land use
FM36 3.58 50209.11 Woodland JECES
NB9 (Scé’go‘g‘) Burgan, 0.10 140727 Bare ground el )
NB3 (Scott & Burgan, Orchard-irrigation Teslis sl
2005) 26.01 365219.53 farming ey b
S ot S
FM30 4.43 62188.70 Dense broadleaved forest 3 oy
>
FM31 3.62 430023.04 Sparse broadieaved S pow S

forest
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FM34 1.48 20828.75 Broadleaved plantation S o G5 S
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FM35 0.97 13640.59 Conifer plantation P
Pl
FM33 0.25 3559.43 Shrublands gz s
FM26 4.00 56155.09 Dry farming )
FM27 2.26 31776.07 Scarce & low rangeland S S B
FM28 9.99 140328.11 Dense rangeland oSae
Medium density 2o s 3
FM29 6.47 90838.43 rangeland S e 5
NB1 (ch(t)to‘g‘) Burgan, 3.16 44361.98 Water bodies ol gt
NBS (Scott & Burgan, 2.36 33161.94 Built-up lands S gt
2005)
- 100 1404400 Total Js
FM stands for Fuel Model (2 3 03l Jus) Fuel Model iz FM
NB stands for Non-burnable (%= MG &) Non-burnable . NB
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Fig.3. Spatial distribution maps of historical ignition points (a; 1992-2022), ignition
probability (b), and fire frequency (c) observed in Guilan Province.
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Extended Abstract

Introduction

Groundwater is considered one of the most important indicators of environmental development,
and land planners pay great attention to identifying the quantitative and qualitative status of these
resources. In general, the sustainable management of groundwater resources during crises can
reduce the effects of drought and water shortages. This issue is particularly significant in the
central plains of Iran, where water scarcity and low rainfall are prevalent. Therefore, to manage
these resources effectively, it is crucial to identify the factors that influence them. In recent years,
increased attention has been paid to landforms and environmental indicators as parameters
affecting the permeability and variability of groundwater. Over the past decade, there has been a
notable increase in studies and articles in this field.

Among the key landforms in the geomorphology of arid and semi-arid regions of Iran are alluvial
fans. Due to their unique structure, these fans provide an ideal environment for groundwater
storage. This research focuses on the southern slopes of the central Alborz mountains to develop
a model based on geomorphic parameters for assessing the quantitative and qualitative potential
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of groundwater. The findings of this study present innovative approaches to utilizing landforms
in identifying areas with suitable groundwater potential.

Material and Methods

The alluvial fans located in the southern slopes of the central Alborz hills cover a significant part
of the western plains of Tehran Province, as well as the southern plains of Alborz and Qazvin
provinces. The total area of this region is 7,450 square kilometers, and it is part of the sub-basins
of the Salt Lake system.

In this research, the morphometric characteristics of 23 alluvial fans in the southern plains of
central Alborz were analyzed using correlational research and ex-post facto methods. With a
practical approach, the boundaries of the alluvial fans were delineated using satellite images and
topographic maps. Eleven morphometric parameters, including sweep angle, area, volume,
concavity, slope, apex and base height, length, base length, radius, and height difference of the
alluvial fans, were extracted.

Additionally, the relationships between water table depth, well discharge, and electrical
conductivity (EC) of groundwater with morphometric parameters were evaluated using statistical
analysis of 587 water wells.

Results and Discussion

The results showed that changes in discharge, EC, and water table depth were influenced by the
morphometry of the alluvial fans, with contributions of 63%, 27%, and 54%, respectively.
Furthermore, the results revealed that among the 11 morphometric parameters, increases in the
average values of four parameters—area, cone length, base length, and radius of the alluvial fan—
led to higher groundwater extraction potential. Conversely, decreases in apex height, sweep angle,
and base height corresponded to increases in flow rates.

The findings indicated that in alluvial fans where the apex and base elevations are higher than
others, the water table is lower relative to ground level due to increased sedimentation and
sediment thickness. Moreover, the depth of the water table increases with the enlargement of the
area, length, base length, and radius of the alluvial fans. Alluvial fans with large, circular, fan-
shaped structures exhibited higher levels of groundwater stagnation.

Conclusion

Reducing concavity or sediment diameter on the surface of alluvial fans can effectively
decrease soil refinement during water infiltration. This study highlights that examining
geomorphic landforms prior to implementing water resource management plans can The
analysis of groundwater electrical conductivity (EC) demonstrated that EC values
increased in alluvial fans with high sediment volume and low concavity.significantly
reduce errors in selecting locations for aquifer recharge or groundwater well excavation.
This research, through its innovative approach and robust statistical analysis, has
introduced a new model to evaluate the role of alluvial fans in the quantitative and
qualitative changes in groundwater. The findings offer an efficient and effective
framework for identifying groundwater table potentials, providing valuable insights for
sustainable water resource management.

Keywords:Groundwater Resources, Alluvial Fan Morphometry, Geomorphic Indicators,
Sustainable Groundwater Management, Central Alborz Groundwater Dynamics
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Fig.5. Cluster classification of alluvial fan morphometric features (Figure A: Tree

diagram of morphometric clustering of alluvial fans, Figure B: Distribution of alluvial
fans based on cluster separation)
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Table 2- Average, maximum and minimum morphometric characteristics of alluvial
cones in each cluster

Cluster three-p gw 4 5 Cluster two-p 5> 4% o Cluster one-J ! s g Sy by P
S oSl T S oSl e
Minimum Mean Maximum Minimum Mean Maximum Minimum Mean Maximum Morphometry
of alluvial fan
ol
1329 301.6 762 82.2 110.4 156 6.8 31.4 61.41
Area(Km?)
16723 24193 47081 15443 18942 23259 5499 9442 14300 Jb
Length (m)
Head .1, ¢ls|
1369 1393 1454 1315 1468 1688 1345 1421 1594
height(m)
e B tLij
992 1147 1245 1170 1211 1264 1153 1239 1368 Height of the
Base(m)
W) |
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(degree)
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15 3.02 5.3 3.9 4.6 5.2 21 3.08 41 Concavity &
Volume- >
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(KM?3)
slope ..
39 4.8 6 3 4.7 6 4.2 5 6.3
(degree)
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Table 3-Results of the alluvial fan factor test according to Clustering
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Table 4- Status of Groundwater parameters in alluvial fan of the Case studies

oled ool
‘_é);_{jl [GIIRT L) JJLZ..aJ ch.- e J’}j"u “&,?S.H Colda L) ;du"“‘J ck.a ey .b;,"'u
EC- DBI depth of the Number of EC- DBI depth of the Number of
p mho/cm I/s water table alluvial W mho/cm I/s water table alluvial
Fans Fans
588 17.8 84.5 13 1074 22.7 60 1
1606 15 39.2 14 643 245 57.3 2
846 94 55.6 15 659 13.2 61.8 3
1336 438 29.3 16 678 171 56.5 4
805 7.8 49.7 17 727 305 52.5 5
711 6.7 89.9 18 800 6.1 59.6 6
988 1.3 132.3 19 673 20.9 55.4 7
590 9.4 68.3 20 641 24,5 44.2 8
1139 4 74.6 21 653 26.5 54.2 9
1101 6.5 46.3 22 668 20.1 35.7 10
892 7.3 63.8 23 602 6.9 83.3 11
1017 14.9 37.4 12
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Fig.6. Spatial trends of Groundwater parameters in alluvial fans
A: Well waterdischarge, B: Electrical Conductivity, C: Water table depth
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Table 5-Correlation test between alluvial fans morphometric parameters and
Groundwater parameters
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Table 6- Significance test of groundwater changes according to classification of alluvial

fan
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Table 7- Morphometric correlation pattern with groundwater parameters
(vellow color direct correlation (D), blue color reverse correlation (R), white color weak correlation
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Table 8 - Correlation test of Groundwater parameters with morphometric characteristics

of alluvial fans in terms of separated clusters
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Extended Abstract

Introduction

Flooding is one of the most destructive environmental phenomena, causing significant human and
socioeconomic losses worldwide every year. Over the past two decades, the frequency of floods
worldwide has increased by more than 40%. Between 1995 and 2015, approximately 109 million
people were affected by floods annually, with damages amounting to 58 billion Euros (75 billion
USD) annually (Khosravi et al., 2019). . In Iran, floods are the most dangerous natural phenomenon,
causing significant human and financial losses in various parts of the country annually.
Historically, floods have been recognized as the most frequent, deadly, and costly natural hazard
(Hejazi, Andariani, Almaspour & Mokhtari Asl, 2015).

Multi-Criteria Decision-Making (MCDM) methods have been implemented in diverse areas of
water management, including evaluating flood management options, optimizing resource
allocation, and assessing flood risk potential. Compared to models based on physical watershed
characteristics, MCDM methods require less detailed information and generally provide high
prediction accuracy (Dou et al., 2015). Therefore, this study aims to assess the flood risk of the
Kashafrood River sub-basins using morphometric indices and various MCDM methods.

Material and Methods
The study area is located between 9°E longitude and 35°38” to 37°N latitude, covering an
area of 15,650 square kilometers. This applied research integrates data analysis,
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geographic information systems (GIS), morphometric parameters, and multi-criteria
decision analysis techniques. Data analysis was conducted using ArcGIS and Excel
software.

Morphometric data were extracted and analyzed to enable pairwise comparisons for
hierarchical and network analysis methods, calculating the relative importance and
validity of parameters.

The TOPSIS method, introduced by Yun in 1980 and further developed by Yun and Wang
in 1981, is widely used in multi-indicator decision-making. The VIKOR method, first
introduced by Aperivik in 1979, focuses on selecting and ranking alternatives based on
conflicting criteria (Mardani, Zavadskas, Govindan, Amat Senin & Jusoh, 2016). The
ELECTRE method, developed by Bernard Roy in the 1960s, uses dominance
relationships to compare alternatives.

Validation of the models was performed using percentage change analysis and recorded
flood points in the region.

Results and Discussion

The criteria for this research were the morphometric characteristics of the 20 studied sub-
basins, extracted using a Digital Elevation Model (DEM). These characteristics were
categorized into three groups: linear, surface, and relief parameters.

Linear parameters included watercourse length and branching ratio. Basins with longer
watercourses typically produce higher runoff and faster peak flow during rainstorms
compared to basins with shorter watercourses (Batt, 2019). Surface parameters included
basin area (A), basin length (Lb), basin perimeter (P), shape factor (Ff), drainage density
(Dd), roundness ratio (Rc), elongation ratio (Re), texture ratio (Tr), waterway density
(Fs), shape index (Bs), and holding constant (C). Relief parameters included basin
elevation (Bh), elevation ratio (Rr), and elevation number (Rn). Basin elevation (Bh)
indicates slope, waterway gradient, and runoff discharge.

The prominence value of the studied sub-basins ranged from 2247 to 1049 meters, with
the highest prominence observed in sub-basins K04, K09, and K13, and the lowest in sub-
basins K05, K12, K14, and K17. Among the criteria, basin area (weight: 0.188) was the
most significant, while basin prominence (weight: 0.008) was the least significant. The
compatibility ratio of the parameters was 0.05, indicating valid comparisons since the
value is below the threshold of 0.1.

The percentage change analysis revealed that the ANP method exhibited the lowest
variability (25%), while the AHP and TOPSIS methods showed the highest variability. A
comparison of observed flood points with model results indicated that the ANP method
had the highest correlation with flood points, followed by the AHP method, while the
ELECTRE method exhibited the lowest correlation.

Conclusion

To prepare a flood zoning map for the studied sub-basins, multi-criteria decision-making
(MCDM) methods such as AHP, ANP, TOPSIS, VIKOR, and ELECTRE were employed.
Morphometric criteria were utilized to evaluate the performance of these methods.
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The sub-basins were classified into five flood risk classes by each method. According to
the AHP method, 53.6% of the area was classified as high and very high flood risk. The
ANP method classified 50% of the area as high and very high flood risk. The TOPSIS
method classified 47.6% of the area as high and very high flood risk. The VIKOR method
identified 61.13% of the area as high and very high flood risk, while the ELECTRE
method classified 50.75% of the area in this category.

Validation using flood points showed that the ANP method had the highest accuracy. The
percentage change analysis also confirmed that the ANP method exhibited the lowest
variability.

These findings suggest that morphometric indices and MCDM methods are effective tools
for assessing flood risk in watersheds. However, flood risk mapping is an iterative process
requiring periodic updates due to changes in land use, weather patterns, and other factors
influencing flood dynamics. Regular reassessment and updating of flood risk maps are
essential for accurate and effective flood management.

Keywords: Flood Risk Assessment, Morphometric Analysis, Multi-Criteria Analysis,
Kashafrood Watershed, Khorasan Razavi, Watershed Management and Prioritization.
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Table 1- Selected morphometric indices in the study area
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Fig.2. Linear factors of the studied basins
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24.3 KO01,K16 b e 706.60 — 247.51 5
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Table 5- ANP score with different priority classes
o los A3 w5 ol oyl b Cu gl el b o,led
Area percent Subbasin Priority class Priority score Class number
9.9 K03,K07,K12,K14 oS S 124.03 — 150.91 1
12.3 K02,K17, K20 oS 150.91 — 186.73 2
27.8 K05,K09,K10,K13,K18,K19 Ly 186.73 — 206.47 3
25.7 K04.K06,K11,K08,K15 N 206.47 — 229.76 4
24.3 KO01,K16 s 229.76 — 580.99 5
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Table 6- TOPSIS score with different priority classes

Sl A5 “woy ol sl aid e gyl k! b ol
Area percent Subbasin Priority class Priority score Class number
9.1 K02,K03,K06, oS Sk 0.239 - 0.2580 1
122 K09,K10,K12,K13 oS 0.258001 - 0.2930 2
30.3 K04,K07,K08,K11,K14,K17,K20 L s 0.293001 -0.33200 3
30.3 K01,K05,K15,K18,K19 NI 0.332001 - 0.43300 4
184 K16 by A 0.433001 - 0.80100 5
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Table 7- Vikor score with different priority classes

b hs )3 o> ol gyl i e gyl k! b ol
Area percent Subbasin Priority class Priority score Class number
9.64 K02,K03,K07,K10 oS S 0.852 - 0.983 1
17.74 K09,K12,K13,K14,K17 oS 0.623 — 0.852 2
11.49 K01,K08 b 0 0.578 — 0.623 3
25.03 K04.K06,K15,K18,K19 N 0.448 - 0.578 4
36.1 K05,K11,K16,K20 sby s 0.258 — 0.448 5
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Table 8- Electere score with different priority classes

“wo g ol gyl b o gyl 5l aib o jled
Subbasin Priority class Priority score Class number
18.12 K02,K03,K06,K07,K113,K14 oS S 1
14.43 K09,K10,K12, K17 oS 2
16.71 K04,K08,K20 Lo s 3
22.19 K01.K05,K11,K19 NI 4
28.55 K15,K16,K18 b ke 5
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Table 9- The percentage of changes in the rank of sub-basins in different methods
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Table 10- Correlation results between recorded flood points and the results of
multi-criteria decision making methods

ELECTREVIKORTOPSIS AHP ANP

. | Z.
0.182 0.569" 0.303 0.671".838" el (St
Speirman correlation
I3t i b gla
0443 0009 0.194 0.001 0.00C Sk e A gl e
Significant level Recorded floods
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20 20 20 20 20
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Fig.5. The percentage of the flood class area in each of the studied methods
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Extended Abstract

Introduction

Using wind and converting it into a source of energy has been practiced in many countries
since ancient times. On the other hand, weather is the cause of many natural disasters and
accidents, and no part of the planet is immune to atmospheric hazards. Strong and intense
winds, known as storms, cause significant damage to human living environments every
year. Approximately 90% of the world's natural disasters are related to climatic factors.
After floods, which account for approximately 35% of these disasters, storms are
responsible for about 30% of the damage caused by natural disasters. The level of risk
and damage caused by strong winds and storms depends on their direction, intensity, and
the geographical location of the region. Considering the importance of wind in terms of
its risks and potential, the study of this phenomenon has drawn the attention of researchers
worldwide. Due to its arid and semi-arid climate, Iran experiences the negative effects
and consequences of wind more than its benefits. East Azarbaijan Province, located east
of Lake Urmia, is one of the windy regions of the country. Due to its proximity to the salt
bed formed by the drying up of Lake Urmia, the province faces significant environmental
and health hazards. By studying the speed and direction of strong winds in this region,
management plans can be developed, vulnerability thresholds for structures determined,
and resistant designs implemented to reduce resulting damages. The purpose of this
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research is to investigate the speed and direction of maximum wind and its changes while
identifying vulnerable and windy areas east of Lake Urmia.

Material and Methods

This research investigated the speed, changes, and direction of maximum wind at 16
synoptic stations located east of Lake Urmia during the period of 1394-1401. The non-
parametric Mann-Kendall trend test and Sen's slope estimator were used to determine the
trend of wind speed changes. Wind Rose diagrams were used to analyze the prevailing
wind direction. All calculations related to data preparation and tests for checking the trend
of maximum wind speed were performed using XLSTAT software, and WRPLOT
software was used to generate wind diagrams.

Results and Discussion

According to the results of the non-parametric Mann-Kendall test and Sen's slope
estimator, among the 16 stations investigated in the east of Lake Urmia, significant
increasing trends in maximum wind speed changes were observed only at Shabestar and
Sahand stations, with Sen's slopes of +0.089 and +0.070, respectively. A significant
decreasing trend was observed at Tabriz, Malekan, and Maragheh stations, with Sen's
slopes of -0.058, -0.037, and -0.092, respectively. No trend in maximum wind speed
changes was observed at Kalibar, Mianeh, Jolfa, Bostanabad, Bonab, and Sarab stations.
Based on the Wind Rose diagrams, the prevailing wind direction at most stations is from
the west and southwest, which could potentially increase respiratory diseases in the future
due to salt storms originating from the dry bed of Lake Urmia affecting the eastern
provinces. This pattern is likely related to the pressure gradient influenced by topography,
the presence of Sahand mountain heights in the region, surface friction based on
geographical characteristics, land use, and urban structures.

At specific stations, the prevailing wind direction was observed as follows: Bonab and
Sarab from the west; Ahar, Charoimag, Mianeh, Tabriz, and Varzegan from the
southwest; Bostanabad, Heris, Malekan, Marand, and Shabestar from the south; Jolfa and
Kalibar from the northwest; Maragheh from the east; and Sahand from the west and
southwest. The frequency of strong winds was high across all stations, with more than
50% of maximum winds exceeding 11.11 m/s.

Conclusion

The results of this research revealed that the maximum wind speed in the east of Lake
Urmia was recorded at Varzegan and Marand stations, while the lowest values were
recorded at Kalibar and Jolfa stations. According to the Mann-Kendall trend test and Sen's
slope estimator, changes in maximum wind speed at most synoptic stations showed either
no trend or a decreasing trend, with significant increasing trends observed only at
Shabestar and Sahand stations. Significant decreasing trends were observed at Tabriz,
Malekan, and Maragheh stations. The prevailing wind direction at most stations was
found to be from the west and southwest. These findings should be considered in
structural design, including the orientation of buildings, power plants, and wind turbines.



Additionally, they are critical for agricultural planning, such as rain irrigation system
design.

The high frequency of strong winds across all synoptic stations underscores the
vulnerability of this area to strong winds and storms, highlighting the importance of
structural resilience. However, from an energy perspective, the region holds significant
potential for wind power generation. Given the necessity of reducing dependence on fossil
fuels due to their negative environmental impacts, including climate change, decreased
precipitation, rising temperatures, and reduced water resources, utilizing wind power as
a clean energy source becomes essential.

One limitation of this research was its focus on the eastern part of Lake Urmia. A broader
study encompassing the entire Lake Urmia basin in all directions would provide a more
comprehensive understanding of wind speed and direction changes under conditions of
Lake Urmia's drying and the expansion of the salt bed. This would enable more precise
land-use planning and management strategies for the coming years.
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Fig. 2. Changes trend and Sen’s slop chart of the maximum wind speed related to the synoptic
stations in the east of Lake Urmia
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Table 2- The changes trend value and Sen’s slop of the maximum wind speed related to the synoptic
stations in the east of Lake Urmia

ddes oS! Jias R p-value Loy g5
Synoptic station Z-Value of the Sen’s Slop Trend type
Mann-Kendall test
H.
) -0.035 0.000 0.620 -
Jolfa
= -0.045 0.000 0.535 -
Kaleibar
L
i -0.107 0.000 0.146 -
Bonab
| cals
s -0.083 -0.013 0.248 o
Ahar Decreasing
. . # . 3]
S 0.386 0.089 <0.0001 oy
Shabestar Increasing”
° -0.224 -0.037 0.002 o
Malekan Decreasing”
3las )l s als
M -0.098 -0.015 0.171 o
Charoimag Decreasing
. # . Y
Nl -0.364 -0.058 <0.0001 o
Tabriz Decreasing”
3 LNy
s -0.471 -0.092 <0.0001 o
Maraghe Decreasing”
) cals
s -0.083 -0.023 0.244 o

Marand Decreasing




wo gyl s B shiden SbaolSansl 53 iy sl S 5 o s (SOl 5 5 (55,0 56l

M -0.072 -0.014 0.307 e
Varzagan Decreasing
. e )
e 0216 0.070 0.002 S
Sahand Increasing
|
= 0.064 0.000 0.373 -
Sarab
NAR
i i -0.117 0.000 0.108 -
Bostanabad
<la
) -0.021 0.000 0.767 -
Mianeh
5050
o 0.127 0.038 0.073 ot
Heris Increasing

* Indicates significance at the 5% level.
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Fig. 3. The changes trend of maximum wind speed related to the synoptic stations in the east of

Lake Urmia
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Table 3- The frequency of the maximum wind speed related to the synoptic stations in the east of

Lake Urmia
oK (MI8) wien 3L s
Lo Maximum wind speed (m/s)
syonc cos OPF L s g u g
(sl ) L2 0 1 0 0 5 9 81
Ll Frequency (Monthes)
Jolfa (1) ol e 0 1.04 0 0 521 938  84.38
Frequency percentage (%)
(lasle o) 1512 0 1 0 2 9 31 53
S Frequency (Monthes)
Kaleibar (1 Sl e 0 1.04 0 208 938 3229 5521
Frequency percentage (%)
(ke ) L2 0 0 0 1 6 20 69
<l Frequency (Monthes)
Bonab (1 ol e 0 0 0 104 625 2083 7188
Frequency percentage (%)
> (e Shist) S1oL2 0 0 0 0 0 1 95

Ahar Frequency (Monthes)
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(1) S5l b do s

0 0 0 0 0 1.04  98.96
Frequency percentage (%)
(Lol slaas) Slsl 0 1 0 2 25 68
s Frequency (Monthes)
Shabestar ) Sl e 0 0 104 0 208 2604 7083
Frequency percentage (%)
(Laols slaws) Il 5 0 0 0 1 10 21 64
olse Frequency (Monthes)
Malekan () Sl oo 0 0 0 104 1042 2188 6667
Frequency percentage (%)
(Laole sluss) Slgl 3 0 0 0 0 5 21 70
Slay sl Frequency (Monthes)
Charoimag 0 Gl A2 0 0 0 0 521 2188 7292
Frequency percentage (%)
(Laols slas) Slsl 5 0 0 0 0 3 9 84
S Frequency (Monthes)
Tabriz (1) Gl e 0 0 0 0 313 938  87.50
Frequency percentage (%)
(Lasle slaxs) Slsl 3 0 0 0 0 2 12 82
P Frequency (Monthes)
Maraghe 0 Gl a2 0 0 0 0 208 125 8542
Frequency percentage (%)
(Laels slaas) sl 0 0 0 3 11 26 56
& Frequency (Monthes)
Marand (1) sl s 0 0 0 313 1146 27.08 58.33
Frequency percentage (%)
(Laols slas) Slsl 5 0 0 0 0 1 5 90
RIS3T) Frequency (Monthes)
Varzagan (1) Glslp e 0 0 0 0 104 521 9375
Frequency percentage (%)
(Laole sluxs) Sl 3 0 0 0 1 1 3 91
g Frequency (Monthes)
Sahand ) Sl o 0 0 0 104 104 313 9479
Frequency percentage (%)
(Laole sluss) Slsl 5 0 0 0 0 1 6 89
ol Frequency (Monthes)
Sarab e 0 0 0 0 104 625 9271
Frequency percentage (%)
(Laole sluxs) Sl 3 0 0 0 0 4 15 77
NARIE Freguency (Monthes)
Bostanabad ) Sl o 0 0 0 0 417 1563 8021

Frequency percentage (%)
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Fig.4. Spatial zoning of maximum wind speed means in the east of Lake Urmia
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Extended Abstract

Introduction

The geological situation of Iran and the presence of active faults have resulted in frequent
earthquakes occurring in Iran every year. In some cases, large earthquakes have caused
significant human and financial losses. Earthquake risk has always been a major concern
due to the substantial damage it can cause, but unfortunately, no method has yet been
developed to accurately predict the time of its occurrence. This challenge has led to the
adoption of statistical methods for approximate earthquake prediction. Given the
importance of earthquakes and Iran's high seismic potential, this research focuses on the
spatial and temporal analysis of earthquakes that have occurred in Iran. As no
comprehensive studies have been conducted on earthquake spatial and temporal analysis,
the purpose of this research is to assess the earthquake situation in Iran and identify high-
risk areas. Additionally, another aim of this research is to address questions and rumors
about the timing of earthquakes at different hours of the day and night. To achieve these
objectives, the analysis uses data on earthquake epicenters recorded in Iran between the
years 1286 to 1402 (1907 to 2023).

Material and Methods

This research is based on quantitative methods. The key datasets include the SRTM 30-
meter digital elevation model, a digital layer of Iran's faults, and information about
earthquake epicenters recorded in Iran from 1286 to 1402 (1907 to 2023), sourced from
the USGS website. The primary research tools are ArcGIS (for map preparation) and
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SPSS (for data analysis). According to the research objectives, the study was conducted
in two main stages. In the first stage, after gathering statistical data on earthquake
epicenters, the spatial analysis of earthquakes was performed by examining magnitude,
political divisions, and proximity to major faults. In the second stage, temporal analysis
was conducted by evaluating earthquakes across different months and times of the day
and night.

Discussion and Results

In this research, earthquakes that occurred in Iran from 1286 to 1402 were analyzed. The
results revealed that during the study period, 7139 earthquakes with a magnitude greater
than 3 Richter were recorded in Iran, including 12 earthquakes exceeding 7 Richter. This
indicates that, on average, an earthquake with a magnitude greater than 7 occurs
approximately once every 10 years. The spatial analysis of earthquakes based on political
divisions showed that the highest number of earthquake centers were located in the
provinces of Hormozgan, Fars, and Kerman, where 1187, 1175, and 796 earthquakes with
magnitudes greater than 3 Richter were recorded, respectively. Conversely, the provinces
of Alborz, Markazi, and Qom recorded the lowest number of earthquake centers, with 4,
8, and 11 centers, respectively.

The spatial analysis of earthquakes in relation to major faults indicated that the highest
earthquake density occurred near the Zagros fault and the Kazeroon fault. Additionally,
experts observed that earthquakes with magnitudes greater than 6 Richter were more
frequently associated with these faults.

Conclusion

The results of the spatial analysis of earthquakes showed that, in terms of quantity and
the number of earthquake foci, the southwestern regions of the country have the highest
seismic potential. However, regarding high-magnitude earthquakes (7 Richter), the
eastern and northwestern regions of the country exhibit the highest potential. The results
also indicate that while the Zagros fault has caused numerous earthquakes, the Nayband
fault has played a significant role in high-magnitude earthquakes. Temporal analysis was
also conducted, showing that the majority of earthquakes occurred during the months of
May and April, with a general decrease in earthquake frequency from May to February.
Analysis of the time of occurrence revealed that the highest number of earthquakes
occurred between 24:00 and 6:00, while the fewest occurred between 6:00 and 12:00.
Overall, earthquake frequency increased from early afternoon until midnight and
decreased thereafter until noon. The findings suggest that the early hours of the morning,
along with the months of May and April, exhibit the highest earthquake frequency.

Keywords: Earthquake Risk Zoning, Seismic Hazard Analysis, Spatial and Temporal
Earthquake Analysis, Active Faults, Zagros and Nayband Faults.
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Table 1- Number of earthquakes that occurred in Iran by Richter magnitude during the

years 1907 to 2023
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Table 2- Number of earthquakes that occurred by province of the country
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Fig.4. Diagram of the number of earthquakes that occurred by province of the country
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Table 3- Number of earthquakes occurring within a 100 km radius of the country's main

faults
goes g, ;
L 7-8 6-7 5-6 4-5 3-4 53 3,
Total Magnitude Row
266 1 5 40 193 27 (Tabriz) 5 ,s 1
158 1 2 22 124 9 (Astara) |l 2
354 1 7 49 281 16 (Alborz) ;i 3
161 1 4 25 120 11 (Mosha) Li. 4
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Fig.6. Graph of the number of earthquakes occurring within a 100 km radius of the
country's main faults
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Table 4- Number and percentage of earthquakes occurring in different months of the
year during the years 1907-2023

I L= 78 67 56 45 34 b
percent Total Month

10/2 731 2 12 97 530 90 (Farvardin) .5,
10/3 736 2 8 99 538 89 (Ordibehesht) <5
8/6 615 1 7 72 475 60 (Khordad) sl =
8/3 589 0 10 78 458 43 (Tir) s

812 584 1 7 91 441 44 (Mordad) sls
718 555 3 10 98 390 54 (Shahrivar) ,, ¢
6/7 481 0 3 62 362 54 (Mehr) 4

8/6 615 1 11 74 484 45 (Aban) o\

8/3 589 1 11 79 437 61 (Azar) ;31

8/4 598 0 5 85 451 57 (Day) s>

6/6 470 1 5 54 364 46 (Bahman) .o
8/1 576 0 13 72 409 82 (Esfand) il
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Fig.7. Graph of the number of earthquakes occurring in different months of the year
during the years 1907-2023
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Table 5- Number and percentage of earthquakes occurring during the day
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Fig.8. Number of earthquakes occurring during the day
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Table 6- Number and percentage of earthquakes occurring at different times of the day
during the years 1907-2023

BN Sldes 173 3,
percent Number Time Row
4/9 352 0(24)-1 1
4/6 331 1-2 2
4/9 349 2-3 3
3/8 274 3-4 4
4 286 4-5 5
4/3 309 5-6 6
4/4 313 6-7 7
4/2 299 7-8 8
3/4 240 8-9 9
4 288 9-10 10
3/8 269 10-11 11
4 283 11-12 12
3/9 278 12-13 13
3/8 273 13-14 14
3/8 274 14-15 15
3/8 271 15-16 16
4 286 16-17 17
4/2 298 17-18 18
4/2 303 18-19 19
4/8 341 19-20 20
4/5 323 20-21 21
42 299 21-22 22
4/5 320 22-23 23

3/9 280 23-24 24
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Fig.9. Number of earthquakes occurring at different times of the day during the years
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Fig.10. Earthquake risk zoning map in Iran A) Magnitude greater than 3 on the Richter
scale B) Magnitude greater than 6 on the Richter scale
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Extended Abstract

Introduction

Climate changes have occurred throughout Earth's history. However, in recent years,
human interference in the environment has accelerated temperature changes, leading to
more pronounced climate shifts. According to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC), the average global temperature
increased by £0.18 to 0.7°C over the past century (1906 to 2007) (IPCC, 2007).
Furthermore, the Fifth Assessment Report (IPCC, 2013) indicates an increase of 0.85°C
between 1901 and 2012. Global warming, with its numerous negative impacts on
biological systems, is a critical issue today. To assess these changes at a regional level,
detailed investigations using downscaling techniques are necessary. Among these,
statistical downscaling models (e.g., SDSM) have proven effective for simulating and
evaluating climate change impacts. Despite extensive research on downscaling, no prior
study has specifically examined the exponential downscaling of maximum and minimum
temperature and precipitation for the Hajiler watershed using IPCC's fifth report
scenarios. Therefore, this study aims to simulate monthly temperature and precipitation
parameters at Ahar synoptic station using the SDSM model under RCP scenarios and
analyze their annual trends using the non-parametric Mann-Kendall test.
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Material and Methods

This study employed the SDSM model (version 5.3) and three RCP scenarios (2.6, 4.5,
and 8.5) from the IPCC Fifth Assessment Report. Climate data from Ahar synoptic station
were used to simulate precipitation and temperature (maximum and minimum) across
four time periods: the near future (2020-2039), mid-future (2040-2059, 2060-2079), and
far future (2080-2099). In the first stage, daily data for precipitation and temperature from
1986 to 2005 were collected from the Meteorological Organization and underwent quality
control. These data were then used in the SDSM model for monthly-scale simulations and
compared with baseline observations.

The SDSM model incorporates three types of data for downscaling: daily observational
data (predictand), NCEP reanalysis data (predictor), and large-scale forecast data from
atmospheric general circulation models (GCMs). Predictor data from the CanESM2
model were sourced from the Environment Canada website. Large-scale daily time series
data (1961-2005) for precipitation, maximum temperature, and minimum temperature
were pre-processed in Excel and prepared for analysis in Notepad. Predictor variables
suitable for the region were selected based on correlation with observational data and
analyzed using the NCEP and CanESM2 datasets. Using these predictors, precipitation
and temperature values for future scenarios (RCP 2.6, RCP 4.5, and RCP 8.5) were
simulated for the four study periods.

Results and Discussion

To predict temperature changes in the Hajiler watershed, the SDSM statistical
downscaling model was used. The statistical relationship between observed and predictor
variables was evaluated based on correlation coefficients. Among the 26 atmospheric
variables tested, nceptempgl and ncepp500gl exhibited the highest correlation with
temperature and precipitation data. Temperature data showed a stronger correlation with
observational data than precipitation due to temperature's continuous nature and lower
variability compared to precipitation, which is more influenced by anomalies.

After validating the model for the baseline period (1986-2005), climatic parameters were
simulated for future periods under the RCP 2.6, RCP 4.5, and RCP 8.5 scenarios using
the CanESM2 global model. The analysis revealed that climate change affects
precipitation in two primary ways: changes in precipitation amount and changes in its
temporal distribution. Results indicate that precipitation patterns will become
increasingly irregular, with rainfall occurring during inappropriate seasons.

In terms of temperature trends, the model predicts a general increase in both maximum
and minimum temperatures across all scenarios and time periods. This temperature rise
Is more pronounced during warmer months.

Conclusion

This study used the SDSM linear model and CanESM2 outputs under RCP 2.6, RCP 4.5,
and RCP 8.5 scenarios to predict temperature and precipitation trends in the Hajiler
watershed until 2100. Results showed that temperature data had a stronger correlation
with observational data compared to precipitation, due to temperature's continuous and
less variable nature.



The findings revealed a significant increasing trend in both maximum and minimum
temperatures, alongside irregular rainfall patterns. Specifically, rainfall is projected to
decrease during traditional rainy seasons while increasing during unseasonal months
under certain scenarios.

In conclusion, the observed increases in temperature and irregular rainfall distribution
emphasize the need for proactive measures in water resource management, watershed
planning, and agriculture. These measures are essential to mitigate the adverse effects of
climate change in the Hajiler watershed region.

This study highlights the efficacy of the SDSM model in climate parameter downscaling
and underscores the importance of considering regional climate projections for
sustainable environmental management.
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Table2 - The degree of correlation between precipitation and temperature elements with
NCEP predictive parameters
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Fig. 2. Comparison of observed and simulated values of precipitation and temperature
elements in the calibration stage of the SDSM model
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Table 3- Evaluation of the efficiency of simulations (SDSM) during the basic statistical
period of 1986-2005 in Hajiler basin

L JBla> faw g L iSlas b g B
> Pl B > Sl e (gome) sl ST slo sl
Average Minimum Average Maximum Precipitation (Total) Statistical Criteria
Temperature Temperature
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0.026 0.039 3.30 MAE
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Table 4- Changes in total predicted monthly rainfall, compared to the average actual
rainfall during the periods

rcp8.5 repd.5 rcpl.6
2080-2099(2060-2079(2040-2059[2020-2039 4, [2080-2099[2060-20792040-2059(2020-2039 4 {2080-2099(2060-2079[2040-20592020-2039 4L | month
23.9556 | 23.955 | 25.1533 | 23.9556 | 16.97 | 18.4128 | 20.5854 | 184128 | 193331 | 1697 | 17.991 | 17.892 | 17491 | 17.391 | 1697 | Jan
22,9398 | 22.9398 | 24.0866 | 22,9398 | 18.26 | 16.7173 | 13.9615 | 16,7173 | 17.5529 | 18.26 | 16.7285 | 165285 | 16.4285 | 16.2285 | 1826 | Feb
374804 | 374804 | 39356 | 37.4824 | 34.855 | 33.1206 | 31.1609 | 33.1206 | 34.7759 | 34.855 | 40.7515 | 40.2515 | 40.7515 | 40.9515 | 34.855 | Mar
51.4859 | 514859 | 54.0598 | 51.4859 | 43.95 |35.2698 | 37.075 | 35.2698 | 37.033 | 43.95 | 356117 | 355117 | 354117 | 354117 | 4395 | Apr
55.0498 | 55.0498 | 57.8017 | 55.0498 | 49.57 | 42.6263 | 32.0868 | 42.6263 | 447572 | 49.57 | 46.2917 | 46.3917 | 46.2917 | 46.2917 | 4957 | May
6.85565 | 6.85565 | 7.19845 | 6.85565 | 26.335 | 14.1229 | 25.6724 | 14.1229 | 148291 | 26335 | 14344 | 14344 | 14344 | 14244 | 26335 | Jun
10,0474 | 10.0474 | 105498 | 10.0474 | 6.155 | 12.2728 | 13.8704 | 12.2728 | 12.8863 | 6.155 | 8.15415 | 8.45385 | 8.45385 | 8.15385 | 6.155 | Jul
145525 | 145525 | 1528 [ 145525 | 6.96 | 119982 | 16.8598 | 11,9982 | 12.598 | 6.96 [ 9.75285 | 9.93285 | 9.53285 [ 973285 | 696 | Aug
10.182 | 10.182 | 10.6912 | 10.182 | 12.295 | 10.2475 | 114816 | 102475 | 1181 | 12.295 | 19.2479 | 19.3079 | 19.1079 | 19.1079 | 12.295 | Sep
D107 | 27117 | 23.8468 | 227117 | 2761 | 213159 | 26.2783 | 213159 | 223816 | 27.61 | 20575 | 21585 | 21785 | 21485 | 27.61 | Oct
25.8838 | 25.8838 | 27.1778 | 25.8838 | 2853 | 25.8126 | 30.4975 | 25.8126 | 27.1032 | 28.53 | 25.8437 | 25.7637 | 25.7637 | 25.9637 | 2853 | Nov
2.2761 | 22.2761 | 23.3894 | 22.2761 | 20.07 | 23.7711 | 12.5653 | 23.7711 | 24.9592 | 20.07 | 21.2149 | 208949 | 20.5949 | 20.9949 | 20.07 | Dec
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Fig.3. Rainfall changes in the basin

in the time periods of 2039-2020, 2040-2059, 2079-

2060 and 2099-0280 in comparison with the observation period of 2005-1986
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Table 5- The average changes of the predicted maximum monthly temperature, in
relation to the average actual precipitation during different periods (2020-2099)

RCP8.5 RCP4.5 RCP2.6
2080-2099 2060-2079 2040-2059 2020-2039 4l 2080-2099 2060-2079 2040-2059 2020-2039 4L 2080-2099 2060-2079 2040-2059 2020-2039 4l

353 3.89 3.55 3.76 3.49 3.67 392 3.56 4.16 3.49 350 3.69 3.60 3.9 349 Jan
4.60 479 422 475 454 4.95 4.65 4.4 5.09 4.54 5.02 4.86 4.70 4.64 4.54 Feb
9.59 9.68 952 1002 93 1028 1017  9.68 9.91 935 1017 9.60 976 1022 935 Mar
1744 1714 1714 1706 1634 1757 1740 1734 1713 1634 1742 1714 1697 1711 1634 Apr
213 219 2195 261 2072 2213 2149 2205 2072 2072 2192 2187 2177 2186 2072 May
2716 2699 2686 2677 2566 2649 2688 2712 2665 2566 2712 2712 268 2673 2566  Jun
2066 2940 2958 2936 2801 2954 2923 2964 2945 2801 2957 2941 2950 2963 = 2801 Jul
2037 2930 2937 2962 2811 2923 2928 2958 2966 2811 2959 2929 2946 2963 2811  Aug
2552 2570 259 2576 2466 2560 2590 2590 2577 2466 2569 2566 2621 2614 2466  Sep
195 1976 1945 1916 1877 2008 1955 = 1930 1955 1877 1958 1934 1978 1989 1877 Oct
1200 1161 1185 1205 1142 1204 1219 118 1194 1142 1215 1168 1231 1243 1142 Nov
5.99 6.21 591 6.21 5.90 6.81 6.40 591 6.04 5.90 6.22 6.44 5.94 6.21 590 Dec
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Table 6- The average changes of the predicted monthly minimum temperature, in

relation to the average actual precipitation during different periods (2020-2099)

2080-2099 2060-2079 2040-2059 2020-2039

-3.49854
-3.67058
-0.12646
6.1625
9.63692
13.5219
17.2506
17.2869
12.6819
8.0716
2.95926
-1.46228

-3.55143
-4.037%
-0.16587

6.09298
9.36486
13.6794

17.278
17.1977
12.8916
8.28119
2.90097

-1.40013

-3.70408
-3.73415
-0.50327

5.91908
9.42109
13.5668
17.0029
17.2437
12.6839
7.87661
2.58976

-1.33927

-3.8439%
-3.58279
-0.52617

5.7735
9.42955
13.6529
17.1777
17.3558
12.6614
8.26895
2.39664

-1.25252

RCP4.5

4l 2080-2099 2060-2079 2040-2059 2020-2039

-4.54839
-4.36566
-0.67516

4.56583
8.04129
11.87
15.4103
15.486
113148
6.84371
177383

-2.14661

-4.59467
-4.36744
-0.577%
4.983433
8.69326
12.5903
16.1883
16.2967
11.7289
6.87863
2.16728
-2.07819

-4.65853
-4.63912
-0.59424

4.6674
8.37762
124731
16.1694
16.3795
11.7873
7.10157
1.86259

-2.36046

-4.45084
-4.48291
-0.59769

4.66863
8.64977
12.4392

16.112
16.2429
117411
7.30543
1.96147

-2.24924

-4.50492
-4.55648
-0.53878

4.95586
8.41041

12.713
16.0841
16.1371
11.9514
7.11196

1.8384

-2.16257

RCP2.6

4y 2080-2099 2060-2079 2040-2059 2020-2039

-4.54839
-4.36566
-0.67516

4.56583
8.04129
11.87
15.4103
15.486
11.3148
6.84371
177383

-2.14661

-4.80726
-4.35983
-0.41909
4.69032
8.62838
12.8893
16.3939
16.4644
11.8922
7.28234
1.95538
-2.29763

-4.58019
-4.80016
-0.47272

4.94454
8.43449
12.5443
16.2522
16.3005
11.7919
7.15581

1.623

-1.94836

-4.89911
-4.96543
-0.69037

4.72556
8.38099

12.38
16.3874
16.4287
11.8394
7.03372
1.80994

-1.93671

-4.86909
-5.01898
-0.38787

4859
8.51887
12.5344
16.1878
16.2018
11.7582
6.92906
137336

-2.48035

4l

-4.54839 Jan
-4.36566 Feb
-0.67516 Mar

4.56583 Apr
8.04129 May
11.87 Jun
15.4103 Jul
15.486 Aug
11.3148 Sep
6.84371 Oct
1.77383 Nov

-2.14661 Dec
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Table 7- The statistical value of Kolmogorov Smirnov and Shapiro-Wilk in three
scenarios and for four future periods
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Introduction

Since the Remote Sensing Ecological Index (RSEI) is derived from various aspects and
characteristics of an ecosystem, it can be used as a reliable index to show environmental
quality or assess the condition of a region or ecosystem. The quality of urban ecosystems is
determined by several indices, including the Normalized Difference Vegetation Index
(NDVI), leaf area index (LAI), Land Surface Temperature (LST), Land Surface Moisture
(LSM), Normalized Difference Built-up Index (NDBI), Index-Based Built-up Index (IBI),
and Normalized Difference Impervious Surface Index (NDISI). However, most of these
indicators are not comprehensive enough and cannot evaluate all the important and effective
aspects of urban environmental quality. RSEI integrates various indices without requiring
manual weighting. This index is a comprehensive measure derived from four indices—
vegetation, humidity, dryness, and heat—using Principal Component Analysis (PCA).
Wang et al. (2022) investigated the environmental quality of eastern China using RSEI. The
average RSEI values for the years 2000, 2005, 2010, 2015, and 2020 were reported as 0.67,
0.55, 0.59, 0.58, and 0.63, respectively, showing an initial decline followed by an increase.
The purpose of the current research is to investigate the environmental quality of the Zaribar
Lake basin using RSEI. The variables required to calculate this index were obtained under
the conceptual model of Pressure-State-Response.

Material and Methods
Zaribar Lake, covering an area of 20 km2 with an average depth of 5 m, is located 3 km west
of Marivan city, Kurdistan province, at an altitude of 1,320 m above sea level. Landsat
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satellite images for 1998, 2010, and 2022 were downloaded from the United States
Geological Survey website (https://earthexplorer.usgs.gov). After performing the pre-
processing operations, land use maps were created using the supervised classification method
and the maximum likelihood algorithm in ENVI 5.3 software. The maps categorized land into
five classes: built-up areas, agricultural lands, lakes, forests, and reeds.

To verify the accuracy of the classified maps, a random sampling method was employed with
ground truth points (control points). Control points were collected through Google Earth
images, and classification accuracy was assessed using an error matrix and statistical
parameters (kappa coefficient and overall accuracy). The RSEI was calculated using NDVI,
LSM, LST, and NDBSI, representing greenness, humidity, heat, and dryness, respectively.

Results and Discussion

Considering the large water area of Zaribar Lake, the lake was excluded from the
computational analysis. The results indicated that the specific values of Principal Component
1 (PC1) for each year exceeded 60%, ranging from 63.78% to 71.35%. Two contrasting
groups of indicators were observed based on their contribution to environmental quality.
NDVI and LSM indices were positively associated, while LST and NDBSI were negatively
associated with environmental quality.

The average RSEI for 1998, 2010, and 2022 was 0.39, 0.38, and 0.37, respectively, showing
a declining trend. The values suggest an average RSEI of less than 0.40, indicating poor
environmental quality in the Zaribar Lake basin. Environmental quality improved with
increased vegetation, humidity, and surface water content, while higher NDBSI and LST
values indicated greater soil degradation and poorer conditions.

Between 1998 and 2022, NDVI1 decreased from 0.56 to 0.45, and LSM decreased from 0.64
to 0.62, both negatively impacting environmental quality. Conversely, NDBSI increased from
0.63 to 0.65, and LST rose from 0.77 to 0.87, contributing to environmental degradation.
NDBSI reflects changes in urban construction and highlights how urbanization in the Zaribar
Lake basin has significantly affected environmental quality.

Conclusion

The analysis of environmental quality changes in the Zaribar Lake basin for 1998, 2010, and
2022 using RSEI revealed that vegetation and humidity positively influenced the
environment, whereas heat and dryness had negative effects. The inhibitory effects of NDBSI
and LST were more pronounced than the positive effects of NDVI and LSM. The weak RSEI
category occupied the largest area, while excellent and good levels were primarily observed
in forest and reed lands around Zaribar Lake.

The findings demonstrate that environmental quality in the Zaribar Lake basin has
significantly declined, with the average RSEI decreasing from 0.39 in 1998 to 0.37 in 2022.
Land use changes were identified as a major factor contributing to the degradation of
environmental quality. Therefore, effective urban planning and sustainable land management
practices are essential to improve and maintain the ecological quality of the Zaribar Lake
basin.

Keywords: Remote Sensing Index , Land Use Changes, Vegetation Index , Moran Index |,
Environmental Quality Assessment.
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. Remote Sensing-Based Ecological Index

. Organization for Economic Cooperation and Development
. Pressure-State-Response

. Normalized Difference Vegetation Index

. Leaf Area Index

. Land Surface Temperature

. Land Surface Moisture

. Normalized Difference Built-up Index

. Index-Based Built-up Index

10, Normalized Difference Impervious Surface Index
11, Principal Components Analysis
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Table 1- Characteristics of satellite images selected in the current research

-1 O g J.!_,dc,.ﬂw;‘@)l: () S oo, 48 o kovw i
Rows  Columns Date of images Spatial Resolution Sensor Landsate
0 cwd
168 35 1998.05.14 <1998.07.17 30 ™

Landsate 5
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Landsate5
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168 35 2022.05.16 <2022.07.19 30 OLlI

Landsate8
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Table 2- Kappa cofficient and overall accuracy of classification

S e LS J Sk ¢ 5
Overal Accuracy Kappa Coefficient Years Classification Type
98.45 0.98 1998 ¢
Jlos! iSlas 4 f
97.87 0.97 2010 A 0
98.67 0.98 2022 Maximum likelihood Algorithm
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NDVI = (pnir — Pred)/(PNIR + Pred) (YV) adasl,

+\ G =) )\ (Y) &b (G3Je 6 gdoes JW?:L’LSA J.AJ.; .L’Lv PRred 3 &i':]’ J.AJ:BQ).:La J\JL’ PNIR QI BE aS

oS SAL sble 53 &S Jb-s oyl Ll +) a4 jastls @S| e A e b gble js ol
.(Karbalaei Saleh etal., 2021) L o ials -) « oS

1. Modified Normalized Difference Water Index
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 2pswirt/ (Pswiry + Pir) + [Pnir/ (Puir + Prea) + [Pereen/ Pereen + Pswirt)]}

1, Tasseled Cap Transformation
2, Bare Soil Index



VT Oin oF o jlad I Al (oo o blsie s Wil ar 453 YVA

PSWIRL 5 Sud5 33053l LL PNIR <5+, Lb PRed s SU Pgreen sl S PBlue WOl 55 <

s e 0L | sl e e 300l L

e e slos s ls —F¥Y

L omes g slos s cnl o3 b eslinad b o, S 51 el mlan glos ) sl glaiens
SO LA et ol pale 5 (8 L) O et ol pale 55l Sl & bse e DSl Sl eslinud
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(Allenetal., 2002) L5 Jo b5 oz

Ly = My, X Qcar, + AL (Vo) kel

Siluorbie bale AL 5 a3, sde Qear Bl olatl oo Gl mlie Jale M Of )3 S
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Table 3- Land surface emissivity and vegetation and leaf surface indices

NDVI LAI<4 &Eng=0.97+0.0037LAl
NDVI>0 LAI>3 Eng=0.98
(Water) NDVI<0 a<0.47 €ne=0.99

(Snow) NDVI<0 00.47 Eng=0.99
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RSEl, = PC1[f(NDVI; LSM; NDBSI; LST)] (OY) abad,
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(Hu & Xu, 2018) L:L (¢ a0
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SNsan 33 48 olSn XS St ) Jome plad LU S5 sbar 5 Jdoisa 2 plas dsly s
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5 OF) Laly, 3l eslimad Lo 5 4 ol Jlow e asls 5 0lse Jlex =L . etal, 2020)
AE ale GeOdA 153l 5 51 eslinad b plas Shewess = 5 (Karbalaei Saleh et al., 2021) (YY)

1, Local Indicator of Spatial Analysis
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Table 4- Participation of four indicators in the first principal component (PC1)

ol ol a3/ ozl

2020 2010 1998
pC1

0232 025 022 NDVI

-0.54 -0.55 -0.55 LSM

0.58 0.58 0.58 NDBSI

0.50 0.52 0.54 LST
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Table 5- Average RSEI and four indices (1998, 2010 and 2022)

et
2020 2010 1998 o
Indices
0.45 0.53 0.56 NDVI
0.62 0.63 0.64 LSM
0.65 0.64 0.63 NDBSI
0.87 0.82 0.77 LST
0.37 0.38 0.39 RSEI
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Fig. 4. RSEI map of Zaribar lake basin (1998, 2010 & 2022)
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Table 6- Classification of Zaribar lake basin in the studied years Based on RSEI

e s e ins e (K395 S I
Exellent Good Moderate Poor Very Poor b
B a Lo s B s B s EWH s Class of
(%) (ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) Ecological Quality
0.69 105.98 | 10.04 | 152946 | 20.19 | 3047.22 | 59.36 | 9036.27 9.69 1475.64 1998
0.24 37.68 868 | 132210 | 2147 | 3268.35 | 6549 | 9968.58 4.09 623.97 2010
0.75 114.36 9.51 1448.01 21.56 3283.02 56.02 8527.86 12.13 1847.43 2022
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Fig. 5. Classification maps of RSEI of Zaribar lake basin (1998, 2010 & 2022)
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Extended Abstract

Introduction

Dust storms have become a serious problem in Iran, and the scope of this issue is
increasing steadily. The country of Iran, due to its geographical location and climatic
conditions, is particularly susceptible to dust storms. Dust storms and the spread of haze
in various regions of the country have been some of the most significant environmental
challenges in recent years, affecting not only Iran but also the Middle East and Western
Asia. These challenges have had adverse social, economic, environmental, and
commercial effects on the people of this region, severely disrupting their daily lives.
Additionally, dust is considered a significant source of heavy metals in the environment.
The aim of the present research is to examine meteorological codes and evaluate the
performance of detection algorithms in identifying dust storms in Kerman Province. This
study aims to provide a better understanding of dust phenomena in this province and
assesses the accuracy and efficiency of various algorithms in detecting dust storms.
Furthermore, it identifies the most effective algorithm for this purpose.

" .Corresponding author: Hamzeh Saeediyan  Email: Hamzah.4900@yahoo.com Tel:09163900827
How to cite this Article: Madanchi, P. , Saeediyan, H. , & Damizadeh, M. (2024). Evaluation of
meteorological data and satellite images in identifying dust phenomenon in desert areas (Case
study: Kerman province). Journal of Geography and Environmental Hazards, 13(4),291-313

M ©2024 The author(s). This is an open access article distributed under Creative Commons

Attribution 4.0 International License (CC BY 4.0)


mailto:Hamzah.4900@yahoo.com
https://doi.org/10.22067/geoeh.2024.87528.1476
https://orcid.org/0000-0002-7887-5574

Material and Methods

Kerman Province, with an area of 182,301 km?, is located in the southern part of Iran
between 53°26' to 59°29' east longitude and 25°55' to 32° north latitude. It is the largest
province in terms of area. The northern boundary of the province is bordered by the
provinces of Khorasan and Yazd, the southern boundary by Hormozgan Province, the
eastern boundary by Sistan and Baluchestan Province, and the western boundary by Fars
Province. The average annual rainfall in the province is 145 millimeters, which is
approximately 58% of the national average and 19% of the global average rainfall.

To evaluate meteorological data and satellite images in detecting dust phenomena in
Kerman Province, data from thirteen synoptic stations covering a period of 20 years (2000
to 2020) were obtained from IRIMO. MODIS images were used to analyze the dust
phenomenon. To detect dust, codes 06 and 07 were applied, along with algorithms such
as Ackerman, TDI, TIIDI, Roskovensky and Liou, NDDI, and Miller.

Results and Discussion

Dust storms are common phenomena in arid and semi-arid regions of the world. In recent
years, the occurrence of frequent and intense dust storms has become one of the most
destructive environmental disasters in the Middle East, with Kerman Province being one
of the regions most severely affected. This province has been given particular focus in
this research.

The results showed that Sirjan station has the highest occurrence of dust storms with both
local and regional origins, while Golbaf station has the lowest occurrence. Bam station
recorded the highest annual frequency, while the least occurrence was observed in Babak
city, with only two days of dust per year. Among the studied algorithms, the TIIDI and
TDI algorithms demonstrated better performance compared to others. Overall, the annual
frequency data with a horizontal visibility of 1,000 meters or less indicates an increasing
trend in dust storm occurrence from 2000 to 2011, followed by a decline until 2020.

Conclusion

Although the Ackerman algorithm showed relatively acceptable performance in detecting
dust, it performed poorly in northern regions and near dust source areas. Studies on other
algorithms indicate inadequate performance in detecting dust phenomena in the studied
area. Therefore, it is recommended that, considering the specific conditions of Kerman
Province, serious attention should be given to identifying dust source areas and planning
strategies to control and mitigate the negative effects of dust storms. This is essential for
future research projects to prevent potential damage to industrial and agricultural facilities
and other vital infrastructure.

Keywords: Dust Storms, MODIS Data, Meteorological Codes, Detection Algorithms,
Kerman Province Dust.
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Table 1- Description of the codes related to dust storms (Zangeneh, 2014)

& s
Definition Code
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Dust suspended in the air caused by a sand storm and dust that came to the station
from far away.

el 0l il by el 3 OF (Sos5 b g oKyl 3 b aloga a5 2 L Sl s § 07
Dust or sand that has been lifted by the wind at or near the station during the watch.
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Evolved tornadoes have been observed in or around the station itself.
sl Gl s ledys cele 3 Slgs 5 0l g 09
Dust storms watched around the station.
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A mild or moderate storm of dust or sand that has decreased in intensity over the
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past hour.
cl 03 S5 et O s w2238 cele (b oS 3 L Sbigs S bgte b oSl 0B g 31
A mild or moderate storm of dust or sand whose intensity has not changed over the
past hour.
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A mild or moderately dusty storm that has increased in intensity over the past hour.
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The severe dust storm or sand, which has reduced the intensity of the storm over the
past hour.
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Severe dust or sand storm that the intensity of the storm has not changed over the
past hour.
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Severe dust or sand storm that has increased in intensity over the past hour.
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Table 2 - Specifications and Application of MODIS Satellite Images
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Table 3- Applicable Parameters of Optical Depth Data of MODIS Sensor Aerosols
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3 Thermal-infrared Dust Index

4 Thermal Infrared Integrated Dust Index
5 Normalized Differences Dust Index

6 Aerosol Optical Depth
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Table 4- Frequency of days with dust (2000-2020)
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3 100 3 0 0 Ol o
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Fig. 2. The total annual frequency of dust occurrence for stations in Kerman province
during the statistical period of 2000-2020
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Fig. 3. The annual average of the frequency of dust occurrence for stations in Kerman

province during the statistical period of 2000 -2020
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Fig. 4. The total annual frequency of dust occurrence for Anar station during the
statistical period of 2000-2020
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Fig. 5. The total annual frequency of dust occurrence for Bam station during the
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Fig. 6. The total annual frequency of dust occurrence for Jiroft station during the
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Fig.7. The total annual frequency of dust occurrence for Jiroft (Miyandeh) station
during the statistical period of 2000-2020
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Extended Abstract

Introduction

Landslides are natural hazards in mountainous regions that cause significant damage to
man-made structures, such as buildings, roads, and power transmission lines. Complex
geological, geomorphological, and climatic conditions lead to slope failures, where paleo
landslides, formed during the Quaternary period, stabilize over time. These historical
landslides often reactivate due to triggers such as earthquakes, heavy rainfall, river
erosion, changes in reservoir water levels (RWL), road construction, and deforestation.
Additionally, anthropogenic factors, such as construction within the landslide mass or
agricultural activities on the crown of the landslide, can further destabilize these areas.
The threat to human life and infrastructure is especially high when cities and villages are
located on or near old landslides. Examples of this can be seen in the Vajont Dam disaster
in Italy and the Three Gorges Dam in China.

In Iran, especially in the Alborz and Zagros mountain ranges, numerous ancient landslides
exist that reactivate under the influence of earthquakes, heavy rainfall, and human
activities. Assessing the vulnerability of buildings to such phenomena is critical. Various
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methods, including INSAR radar interferometry and Permanent Scatterer Interferometry
(PSI), are employed to monitor slow-moving landslides and evaluate their impact on
structures. This study, integrating geomorphological data, landslide kinematics, and
building vulnerability assessment, focuses on the reactivation of the Hossein Abad
landslide in northern Iran and analyzes its spatial-temporal behavior.

Material and Methods

Hossein Abad village, located in the Kalpush district of Miyami County in Semnan
Province, is the largest village in the region. Situated on moderate slopes and atop four
old landslide terrains with an average slope of 14%, the village has expanded over time.
This study was conducted in four stages, involving the collection, production, processing,
and interpretation of historical, field, and radar remote sensing data.

Initially, a landslide geomorphological map of the active old landslides in Hossein Abad
was produced using aerial photos, geological maps, and UAV images. Then, the radar
interferometry technique was applied to analyze the kinematics of the landslide
movement, with displacement rate maps generated from Sentinel-1A/B radar data.
Subsequently, the vulnerability of buildings in the village was assessed through field
visits and questionnaires, and a vulnerability map was produced using the classification
method proposed by Palmisano et al., 2016. Damage to buildings was classified based on
various indicators such as material type, structural characteristics, and crack patterns. The
study also analyzed the spatial relationship between landslide movement and building
vulnerability, focusing on the geomorphological context of the landslides.

Results and Discussion

In the village of Hossein Abad, four old landslides were identified, and over time, the
development of the village and construction activities mainly expanded on the southern
slope, directly over two large, old landslides. In 2013, the Hossein Abad earthen dam was
constructed near these landslides, with a capacity of approximately 16 million cubic
meters of water. Heavy snowfall and rainfall in late 2018 activated these landslides,
causing significant damage, including the collapse of more than 160 buildings. The main
landslide, covering 22 hectares, exhibited rotational and compound movement over a
marl-limestone bedrock.

The reactivation of the old landslide was confirmed through spatial analysis using
permanent scatterers between 2018 and 2020. Significant horizontal and vertical
displacements were observed, especially near the landslide toe and areas with visible
groundwater flow. These deformations were largely driven by groundwater fluctuations
influenced by the nearby dam reservoir.

In the vulnerability assessment of buildings, 67 structures were evaluated in the region.
Approximately 60% of these buildings were constructed with traditional brick masonry
and were located in landslide-prone areas. Many of these buildings suffered heavy
damage due to ground movements and structural changes. The greatest damage occurred
at the landslide toe, where upraising and settlement of the ground were most significant.
The study indicates that modern concrete buildings at the toe of the landslide experienced
less damage compared to older, masonry structures. Additionally, the results suggest that



using lighter materials and locating buildings away from the center of landslides can
mitigate damage. The investigation further emphasizes the effectiveness of integrating
ground displacement monitoring with building vulnerability assessment.

Conclusion

This study utilizes Permanent Scatterer INSAR data and building damage analysis across
different zones of the Hossein Abad landslide to investigate its spatial behavior. The
results show that the vulnerability of buildings in landslide-prone areas can be assessed
based on the type of landslide kinematics, building resistance, and the geomorphological
features of the affected area. The study indicates that the Hossein Abad landslide
reactivates with each occurrence of heavy rainfall or changes in groundwater levels,
causing significant damage to buildings. Even after reconstruction, similar damage is
likely to occur, highlighting the ongoing instability of the region.

Keywords: Paleo Landslide, Building Vulnerability Assessment, Permanent Scatterer
Interferometry (PSI) , INSAR Images, Ground Displacement Monitoring,
Antropogenic Landslide.
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Table 1-The characteristics of the utilized Sentinel images

Path Row Acquisition Period No. Orbit Direction  Satelite
159 119 2018.04-2019.05 36 Ascending 1A/B
64 468 2018.04-2019.05 32 Descending 1A

! Doppler
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Palmisano et al., 2016

Burland, etal., (1978) EMS 98 Classification Palmisano et al., (2016)

Classification (Gruntal 1998) Classification
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Crack width in masonry elements>1mm<5mm,; crack width in R.C. beams and floors>1mm and <4mm; crack
width in R.C. columns, walls >0.5 mm and <2mm.
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Crack width in masonry elements>5 mm; crack width in R.C. beams and floors>4 mm; crack width in R.C.
columns, walls >2mm

Palmisano et al., 2016)) Ol \Saa 5 silacall golguing ghuaid A -¥J g

Table 4- Proposed damage classification(Palmisano et al., 2016)
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Grade of Description of grade of damage for masonry —_— -
damage buildings Description of grade of damage for R.C. building
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Negligible damage
Damage of level 0 or damage of level 1 in few
elements.
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Slight damage
Damage of level 1 in many elements or damage of level
2 in few elements, fall of small pieces of plaster only or

fall of loose stones from upper parts of buildings in few
cases.
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Moderate damage
Damage of level 1 in most elements or damage of level

2 in many elements or damage of level 3 in few
elements, fall of fairly large pieces of plaster.
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Heavy damage
Damage of level 2 in most elements or damage of
level3 in many elements or failure of individual non-
structural elements(Partition walls).
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Very heavy damage
Damage of level 3 in most elements or serious failure
of walls or partial structural failure of roots and floors.
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Destruction
Total or near total collapse.
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Negligible damage
Damage of level 0 or damage of level 1 in few
elements.
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Slight damage

Damage of level 1 in many elements or damage of level
2 in few elements.
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Moderate damage
Damage of level 1 in most elements or damage of level
2 in many elements or damage of level 3 in few
elements, fall of brittle cladding and plaster of wall.
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Heavy damage
Damage of level 2 in most elements or damage of

level3 in many elements or spalling of concrete cover
due to buckling of reinforced bars.
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Very heavy damage
Damage of level 3 in most elements or cracks in R.C.
elements with compression failure of concrete or
fracture of bars or bond failure of beam reinforced bars
or tilting of columns or collapse of a few columns or

collapse of a few columns or collapse of a single upper
floor.
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Destruction
Collapse of floors and parts of buildings.
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Fig.5. The geomorphological map of the Hossein abad landslide and the UAV
orthophoto image dated 2021.12.09, including: (1) the image of faults in the Chaman
Bid limestone, with a northward view direction, and (2) and (3) images of multiple
transverse cracks at the toe of the landslide near the river, with an eastward view
direction
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Fig.7. The time-series displacement variation chart of the landslide along with
precipitation changes between 2018 and 2019. The locations of the evaluated points are
shown in Fig. 6, image (a).

(Precipitation data was obtained from the National Meteorological Organization.)
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Fig.8. Images of damage to buildings in the Hossein abad landslide area. Image (a)
shows building number 11 with damage level 3C, image (b) shows building number 16
with damage level 3B, image (c) shows building number 18 with damage level 3C,
image (d) shows building number 22 with damage level 2, image (¢) shows buildings
number 28, 29, and 30 with damage levels 3B, 3B, and 2, respectively, image (f) shows
building number 47 with damage level 3B, image (g) shows building number 61 with
damage level 3C, image (h) shows building number 65 with damage level 2, and images
(i) and (j) show building number 64 with damage level 3C. The red arrows indicate
compressive force, uplift, and fracture, while the blue arrows indicate normal cracks
with a 45-degree angle.
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Fig.9. Pie charts and histograms showing the distribution of structural and geographical
features of the buildings and their damage levels
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Extended Abstract

Introduction

Over the past few years, the world has faced various climatic anomalies. Climate change
poses a significant threat to natural and human systems on a global scale. Natural hazards,
as recurring phenomena, can become catastrophic and have devastating impacts in the
absence of effective systems to mitigate them. Among natural hazards, drought is one of
the most complex, threatening both human life and natural ecosystems. Given the various
drought management strategies, the drought risk management approach aims to reduce
the loss of life and financial damage caused by droughts. Implementing effective
strategies to reduce vulnerability, along with increasing resilience, is considered the
primary step in drought risk management.

The key element to improving the condition of rural households during drought
conditions is increasing attention to the concept of resilience, which promotes positive
adaptation and flexibility in such situations. Social capital is recognized by social science
scholars as one of the key components of community resilience. Resilient communities
can better cope with shocks, and sudden changes do not disrupt their development to the
extent seen in less resilient communities. Therefore, development in communities
characterized by high levels of social capital and consequently higher resilience is likely
to be more sustainable than in communities with lower levels of resilience. Social capital
can play an important role in reducing vulnerability to natural disasters and hazards by
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strengthening social systems through cooperation and communication among various
organizations, groups, and social networks.

Rural areas in Mashhad Township have been directly and indirectly affected by the
impacts of drought. The occurrence of droughts in the region has led to increased
vulnerability of rural communities due to their low resilience to this hazard. Therefore,
emphasizing rural resilience, where social capital plays a significant role in enhancing it
within the framework of drought risk management, is crucial. Since improper drought
risk management has been the root of many issues and challenges in the region, enhancing
the resilience of rural residents through strengthening social capital plays a critical role in
drought risk management. Consequently, this study, relying on social capital, seeks to
answer the question of how the social capital and resilience of rural households in
Mashhad Township fare against drought. It also investigates how social capital affects
the dimensions of household resilience. Therefore, the study first aimed to assess and
evaluate the status of social capital and the level of resilience of rural households against
drought in Mashhad Township and then to examine the relationship between social capital
and the improvement of rural resilience dimensions in Mashhad Township.

Material and Methods

This study is quantitative in nature, with an applied objective, and in terms of data
collection, it is a descriptive-correlational research. To gather information, the
documentary method was used for the theoretical part, while the survey method, based
on field observation and questionnaires, was utilized for the empirical part. Social capital
and resilience are measured in various ways. In this study, a set of indicators was used to
measure and evaluate resilience and social capital. By reviewing the literature and
conducting library studies, 31 items related to social capital were developed within three
components, while 79 items in 16 components were designed to evaluate the economic,
social, infrastructural, institutional, and environmental dimensions of resilience. The
questionnaire items were constructed using a five-point Likert scale.

The statistical population of this study consists of 11,706 rural households residing in
Mashhad Township. Using the Morgan table, a sample size of 372 households was selected.
Multi-stage sampling was employed to ensure representation. The validity (both face and
content) of the questionnaire was confirmed by a group of experts in geography and rural
planning with experience in similar studies. Additionally, Cronbach's alpha coefficient was
used to assess internal consistency among various indicators. After data collection, the
results were analyzed using the one-sample T-test, Pearson correlation test, and structural
equation modeling (SEM). SPSS and AMOS software were employed for data analysis.

Results and Discussion

This study used the T-test to determine the status of social capital components and the
resilience components of rural households against drought in the studied Township. The
results revealed that rural households in Mashhad Township have a social capital status above
average. Therefore, due to all social capital components being above average, it can be
concluded that rural households in Mashhad Township are in a relatively good situation in
terms of social capital. However, the results also indicate that the average resilience index,



except for the environmental and physical dimensions, has a score below average, suggesting
that the households studied are not in a favorable position in terms of drought resilience.
From the perspective of rural resilience dimensions, environmental and physical
resilience have the highest scores, while institutional resilience has the lowest. The
Pearson correlation test results indicate that at a 1% error level, there is a positive and
significant relationship between social capital and all dimensions of rural households'
resilience to drought. To examine the most influential indicators of social capital on the
resilience dimensions of rural households, Structural Equation Modeling (SEM) was
utilized. The conceptual model of the research was formed based on the indicators and
dimensions of social capital (SCapital) and rural resilience (R).

The results of the standardized model indicate that social capital has a positive effect (0.82
coefficient) on the resilience dimensions of rural households in Mashhad Township against
drought. Among the latent factors of social capital, the social networks factor (0.93) played
the most significant role in improving the resilience of rural households. Regarding the effects
of latent factors of social capital, the greatest impact was observed in the economic dimension
of household resilience, while the least impact was related to the physical dimension.

Conclusion

Social capital, as one of the key components of resilience, plays a significant role in
improving the various dimensions of resilience in rural communities during drought
conditions. Given that individuals and communities increasingly face severe and frequent
risks due to climate change, and considering the vulnerability of rural settlements, it can
be argued that strengthening social systems and social capital enhances their adaptive
capacity and reduces their vulnerability.

Based on the findings of this study and considering the impact of social capital on
improving the resilience of rural households, it is recommended that planners and
policymakers enhance the resilience of rural households by promoting local grassroots
groups with proper government support. Efforts to establish rural organizations such as
cooperative funds, microcredit funds, and professional associations are essential. It is also
suggested that relevant rural organizations diversify their activities and employ strategies
such as forming associations and cooperation groups to ensure broader participation in
social fields. Furthermore, increasing farmers' awareness of modern and efficient
irrigation methods through suitable training programs is highly recommended.

Keywords: Social Capital, Drought Risk Management,Resilience Dimensions,
Structural Equation Modeling , Mashhad Township.
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Fig.1. The geographical location of sample villages in the study area
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Table 1- Social Capital Measurement Indicators
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Loaning money to friends and acquaintances, loaning money without receiving
any documentation to non-relatives and strangers, lending agricultural tools to
friends and acquaintances, lending agricultural tools to non-relatives and
strangers, trusting the words of non-relatives and strangers, trusting government
officials such as agricultural experts, officials of agricultural product purchasing
centers, etc., people's optimism and confidence in the performance of rural
institutions and social groups like the village council, the village dispute
resolution council, rural experts and promoters, adequate personal and financial
security in the village environment despite drought, adequate security for
vulnerable social groups (women, children, and the elderly) despite drought, and
the development and availability of agricultural product insurance
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] Establishing a cooperation house in the village, cohesion and interaction among
Social villagers, empathy among villagers for the protection of basic resources like water
Networks  and soil, a close relationship with neighbors and other villagers, socializing with
village people, communication with other villagers, relationships between
villagers and local institutions like the village council and the municipality,
communication with government agencies, engagement and membership in
cooperatives, and connections with support centers. conflicts and disputes among
locals, altercations with village people, crime and insecurity among families, and
emotional and psychological tensions (anxiety, hopelessness) influenced by

climate changes
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Participation and cooperation of villagers with relevant institutions to address and

compensate for drought damages, collaboration and interaction among villagers to
handle and recover from drought impacts, effective coordination between relevant
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national and local government agencies to manage and mitigate drought crises in
villages, participation in collective employment-generating activities, involvement
in various tasks during drought periods (e.g., collective efforts of villagers in
repairing water channels...), collaboration in organizations, membership in
agricultural production cooperatives, membership in financial and savings credit
funds (microcredit funds, family funds, etc.), participation in religious groups, and
associations/organizations of water users (water user cooperatives).
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Table 2- Indicators for Measuring Resilience in the Social and Economic Dimension
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and The knowledge and awareness of villagers about the causes of drought, their
Awareness  knowledge and awareness of the dangers and damages or consequences of
drought and their flexibility towards it, knowledge about actions to mitigate the
effects of drought, the villagers' knowledge and awareness of organizations
related to drought management, and the local people's awareness of the potential
damages to farmers during the occurrence of drought
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ills
! Skills of villagers in preparing to cope with drought and its impacts, skills of
Social villagers in rehabilitating natural resources and agricultural lands against
Resilience drought, skills of villagers in utilizing water harvesting methods during drought,
(S) skills of villagers in employing new methods and technologies to combat
drought, possession of alternative vocational and specialized skills by villagers to
create new jobs in the village
SRl JLses L odlie (S8 e 0 mss sisel sleesss @Ol
) SBT 51 0T 8T gl 03V (sl s s sl G S s oS 2 0T gl
s
i Slses glanely Ed
Education . . ) . '
Holding educational and promotional courses on how to cope with drought and
reduce its damage, participating in educational and promotional classes to
increase their awareness of the impacts and consequences of drought
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Indigenous  ysing indigenous knowledge to reduce risks, seeking new methods to combat
and Modemn  qr6ght, the community's traditional knowledge on drought adaptation methods,
Knowledge  |everaging indigenous knowledge to improve agriculture, and employing modern
irrigation techniques to optimize the use of available water
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Economic el 5 Lyl 5 Gl s Sl ol (S bl slae s Sl ol Di
Resilience Livelihood )
(B diversity S
and income  Creating various job opportunities alongside agricultural and livestock activities
(second jobs), diversification of income sources in agriculture, diversification of
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income sources in the industrial sector, diversification of income sources in the
services sector, engaging in home-based income-generating activities, and having
alternative income sources during drought conditions
sbls
LA s el gy 3 S el selys 5 JiS Ll 4 eSS 4 del b Laie Ul
Lol -
- (eaadS 5 el g les 4 Do el il Jad Do)l s 4 Ol o st
1!
s . -
o dbr Jad 035 Lee UL Ab
Lol The ability to maintain or hope to return to favorable employment and income
Ability to conditions in the village, being hopeful about the time it takes to secure a new
return to job, being confident in one's vocational and specialized skills, and the ability to
employment  prepare for a new job
and income
conditions
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Facilities Utilizing various, low-interest, and non-repayable banking facilities, obtaining
and Credits  loans for the adoption of modern irrigation methods, using government aid
allocated to affected individuals, and seeking financial assistance from relatives
and friends or borrowing from acquaintances to compensate for the damages
a1 08l p 5 Sl ey Ol ok 51 Jlgel & )l Sl Ol SUls L s b
Lo b Sy 5 Coles (JLSES S O Gl e 5 s slasle Jb glacsle
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Capacity or ~ The capacity or ability to compensate for damages to property through savings
ability to and investments, financial support from government and local institutions to
compensate  Mitigate the effects of drought, coverage of costs and damages caused by
drought, confidence in institutional government support during emergencies, and
hope for financial compensation for local people
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Table 3- Resilience Measurement Indicators in Physical, Institutional and
Eenvironmental Dimensions
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Civil and Physical  adequate access to communication routes, access to electricity lines,
i Development of  ejephone, gas, and clean drinking water, access to transportation facilities,
SOl the Rural access to markets, access to healthcare facilities, housing quality of families,
s and residents' satisfaction with government services to the village
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Sl
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(PH) S st Te
Technolog_y and Developing appropriate infrastructure for the management and optimal
Production utilization of agricultural water resources, the development of new
Infrastructure technologies in the agricultural sector for the optimal management and
utilization of water resources (mechanized farming, drip irrigation, etc.)
based on regional conditions, and the improvement of traditional irrigation
methods
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Having a rational plan to prevent the effects of drought by the responsible
organizations, proper information of the responsible agencies regarding the
adoption of drought management approaches, support and effectiveness of
institutional systems in credits, loans, etc., by the responsible organizations,
the establishment of crisis-related organizations and defining their functions
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The existence of effective and empowering laws, regulations, and supportive
measures for the local community against drought, the commitment of
relevant institutions to fulfill their duties in meeting the needs and
responding to the drought-affected local community, the effectiveness of

government laws to compensate for the effects of drought, and the
enforceability of laws regarding drought management
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e OV st 5 Oldaze
Satisfaction with the performance of institutions in reducing the effects of
drought, the effectiveness of government support in compensating for the
effects of drought, the performance of government institutions such as rural
municipalities and rural councils in managing the effects of drought,
pursuing village problems by local authorities
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Coordination and collaboration among agencies and institutions related to the
village, the existence of mechanisms to resolve conflicts between institutions

and villagers, and appropriate platforms for cooperation between forces and
related organizations
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Restoration and cleaning of ganats, cementing water transfer canals, covering
irrigation ditches and canals (using concrete or plastic) to reduce water
wastage, reducing the area of irrigated land, planning irrigation of crops
based on water needs, improving soil conservation tillage methods, utilizing
soil moisture retention techniques in orchards, and avoiding the use of
unauthorized water wells
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Using deep plowing in agricultural areas to enhance moisture absorption,
improving plowing methods and other agricultural operations based on
scientific techniques to prevent water wastage, avoiding or minimizing
plowing, fallowing agricultural lands to prepare the fields for cultivation,
changing the agricultural calendar, carefully timing crop planting to suit new
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climatic conditions resulting from drought, and consolidating lands for
optimal use of water resources to combat drought
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cropping pattern  Changing the cropping pattern to plant drought-resistant crops, using
drought-resistant varieties and species, employing simultaneous and mixed
cropping systems, and altering the cropping pattern to increase the diversity
of planted crops or diversify crop planting.

Cu

(Farahani & Jahansoozi, 2022; Alam, Alam & Mushtag, 2017; Savari & Abdeshahi, 2019; Jamshidi
& Anabestani, 2022; Sadeghloo & Sojasi Qeidari, 2014; Roknedin Eftekhari, Moosavi, Poortaheri &
Farajzadeh Asl, 2014; Davoodpur, 2017; khatibi, 2017)
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Table 4 - Number of items and Cronbach's Alpha value of research variables

s 45 sl Els S Wl
Variable Number of items Cronbach's alpha
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Table 5 - Drought severity in Mashhad city during a 120-month period until the end of

January 2022
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Fig. 2. Meteorological drought zoning in Khorasan Razavi province based on the SPEL
index during a 120-month period until the end of January 2022
(Portal of the General Department of Meteorology, 2021)
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Table 6 - Analysis of social capital in the surveyed villages against drought with one-
sample T-test

. é- i Zol . ales 95% Confidence Interval of
A e to,ll Y29 e le S
> i e R e the Difference
Components Mean t-statistic Significance Mean difference . Y
Lower Higher

ol slezel 3.44 23.766 0.000 0.94564 0.8674 0.0239
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Social Trust
el e
Social Networks
el oS5l

Social Participation

Ll wlopu

Social Capital

3.33 21.942 0.000 0.83333 0.7587 0.9080

2.57 8.770 0.000 0.22043 0.2699 0.1710

3.01 20.786 0.000 0.51951 0.4704 0.5687
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Fig. 3. Social capital of Mashhad Township, categorized by rural district and the
surveyed rurals
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Table 7 - Analysis of resilience in the surveyed villages against drought with one-
sample T-test

. é. i Zil . antes 95% Confidence Interval of
A o Lo to,bl [yt peSle M
> ok o R S = the Difference
Components Mean t-statistic Significance Mean difference . N
Lower Higher
|
fu_"‘_ 2.22 -10.765 0.000 -0.27816 -0.3290 -0.2273
Social
sobadl 2.25 -6.642 0.000 -0.24460 -0.3003 -0.1889
Economic
NIy
¢ i 2.58 3.178 0.000 0.08327 0.0317 0.1348
Physical
s3le 2.12 -12.716 0.000 -0.37606 -0.4342 -0.379
Institutional
i 2.58 2.769 0.000 0.08749 0.0254 0.1496
Environmental
fob
& sl 2.31 -9.998 0.000 -0.18625 -0.2229 -0.1496
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Fig.4. Rural resilience of Mashhad Township, categorized by rural district and the
surveyed rurals
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Table 8 - Examination of the correlation between social capital and resilience

dimensions
sl ol slob bl glob S slob elg slot e 510k
Lo | Social Economic Physical Institutional Environmental
e S Resilience Resilience Resilience Resilience Resilience
Social r Sig R Sig R Sig R Sig r Sig

Capital 689**  0.000  709** 0.000 622** 0.000 589** 0.000 666** 0.000
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Fig.5. Measurement model related to the independent and dependent variables of the
research
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Table 9 - Indicators for evaluating the overall measurement model of the dependent and
independent variables of the research

=L
a CMIN DF CMIN/DF RMSEA HOLTER RMR GFI AGFI NFI PRATIO
Index
ol slgily le .
- - <5 0/08 < 520 0.08 B 0.90 < ) 0-1
Proposed 0.90 0.90
criterion
o1 sle
Resilience 363.346 114 3.889 0.077 204 0.053 0.918 0.903 0.922 0.523
Dimensions
Sl gle o
. ; 125.236 50 2.504 0.064 >75 0.039 0.923 0921 0.901 0.235
Social Capital
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Table 10 - Indicators for evaluating the overall model impacts of social capital on the
resilience dimensions of rural households against drought

uﬁ?’L&'
Index

CMIN

DF CMIN/DF RMSEA HOLTER RMR

GFI  AGFI NFI  PRATIO

ol JL@..,.:«:! JL:M

Proposed
criterion

ECHEY
Final model

0/08 < 520

528.846 164 3.224 0.077 >75

0.08

0.078

090< 090< 0.90<

0-1

0.965 0.906 0.900 0.630
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Fig.6. Structural model of social capital in relation to the resilience dimensions of rural

households against drought
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Table 11 - Standard and non-standard estimates of indicators and latent factors in the
social capital model and resilience dimensions of rural households against drought

Standardized Regression

Estimate Weights S.E. CR. P
R <--- SCapital 1.109 877 .027 4.000 kk
S <--- R 1.000 .709
E <--- R 2.372 .828 .507 4.680 faladed
PH <--- R 1.118 .583 317 3.526 faladed
INT <--- R 1.425 672 323 4.413 folekel
EN <--- R 1.336 .598 324 4.128 kel
Tr <--- SCapital 1.000 .891
Net <--- SCapital .995 .935 102 9.765 kk
Pa <--- SCapital .873 .691 .138 6.908 .046

In <--- S 1.000 .353
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Ed <en S 2.021 a77 .356 5.684 wkx
Sk <en S 1.647 713 .292 5.649 whx
Aw <en S 977 409 .209 4.685 wkx
Im <-- E 1.000 719

Cr <-- E .233 .847 .088 2.655 .008
Ab <-- E 224 . 301 .099 2.866 .023
Di <-- E .968 .887 .092 10.536 Fhx
Te <en PH 1.000 .658
Dev <en PH .536 .631 .208 2.875 .010
Rel <en INT 1.000 .616

Pe <-- INT .981 .619 .104 9.418 Fkk
Co <-- INT .877 .612 .094 9.336 Fhx
St <-- INT 1.090 .890 .099 10.997 Fkx
Cu <-- EN 1.000 77

Op <-- EN .882 747 .073 12.141 Fhx
Ma <-- EN .856 767 .070 12.268 Fhx

§ S domi-¥

el Goslol bl s 05 e B 55510l SIS laadlie 5 (S Ulpsa elenrl ale
DS 5 il Ol kst b gledul B sba malyr g sl aS b3l sl JLSis Ll s s gl
o3l 055 o i sy Lol S s nlsml @ 4z 5 b5 Wpd o axle plam sl Sl 5l AL
SaS 0T (¢ il (285 5 SUl Cub b 4 olerl b 5 olonnl (Slagtomn Sy 5 S
Sl sl slal s 3 el o B en IS Sa b Slagn ol S
o] gl Glaailie Conds mls 038 il dgte Ol gl e JLSi Lyl 3 s ks,
—olea 5 Lyl 13 ke Cnds s ebenl ale i 5l el gl oS sls 0L sl sl gl
ol slaad 5 elannl slozel adlge olomnl o slaadlge 5l Ao o 0L il oS (o) b
(Savari & 5 (Sabzehei et al., 2019) Guiosi mls L i cpl b .5l S5 oYU w5
Lo 3l 5L 5 glls sy 55 elozml ale e i 5l Layl gl & ol e Abdeshahi, 2019)
(Einali, Farahani & Jafari, o1, 5 Jis G B S s b Sles 5 Cillas Ll 13
5 Bl oyl edulist Ol gd 3 mbn Olias L3 elaiel b sll aas oS sl OLas 2014)
el RS 3 a8 3 eleanl planl 5 0350 250 el ezl e e Lt bl ) 2
olenrl slazel Wls o elers| slaasid a5 ool 31 Lilanils & ped slalisy 55 435 51 30 6k
& gy a5 s 4 2 platrl S5l s 5 Sl Ll el en 4 |y 6 5YL

@34—3}&;—»&‘ s lS ] & &i«iuﬂ dm‘ﬁb Lilea d:«u.:e-\ Qbﬂg;éfgl)}& gl abs sl sl



YVV w3 2y Gl Bl (6Tl 35 53 elatxl o J2E OLSen 5 (65 sl

(Koutsou, s 5 oo 515 ges Jazil 5 slasl at > S o5 5 Lol e a5 a8 o Jlis |, oL S Aolis
Sl o3l O gman egs Sl skl 3 aile el 51 0155 e 1 Partalidou & Ragkos, 2014)
@5 e Sl el qle s Ols s (235 s el Sla i 5 Slble Sl s ol
Bt el a0 4 o e Dl gt ok oS sla0lns o o ol 51 S sl
sl 55 5 VL el le o 51Ol 08 8 g
G 5 Jame ey e (o510l sl oled Sl o8 Sl 1l (5L S e anllas ol 2l
S 3 il 1) oIl Ble abil axslr Ssoslew sl axdls 13 baw e A 5
Ll 53 sl S ) eap sadvaand 4 hleze i asdlles;se (bl anelr b g (IS
Sl il 5 Sl s w5 i S| Gos1ob Ol cpmoman 310 13 e Cuny 5 JLSax
S orr Ol @ Sl 08 Chxr s o G err (et S glalliss S
— e s oo daly 5l S 50 Seean w155 5 65V oIl mlan ) Ol e
Soad Olsn S(Sosbar 35 alllaes 3 Ollivsy o510 slal sles 5 oloxl wlo o (513
Uiz 5 aST L b Gl 53 osTob Olse 5 olear) e e 55 o 0 dlons
&3l a3 YT Ll GBS iy 3 @ /PAR Ll elenl a3 VALl sl ey o
o am ,a a8 Sl Oledl Wl e oplaly sl /PP L ol Jaswe da 45 5 OAL Ll
Moy el 33 ISt aST L ek U il 53 0Tl Ol Al 3 g ol o 3 ooz
(McEwen, Holmes, Quinn & Cobbing, e 5 0l Ko olallas B L e ol S
(Savari & Abdeshahi, 2019) alids 5 (5,05 5 (Sabzehei et al., 2019) 01, Kan 5 (slo s 2018)
(Minani, Rurema & o)8es 5 Slus (guslob 5 olai] wlopu Sl gre 5 Cute LI, s
ol olezrl wlow oS ol 5 e (Pazhuhan et al., 2023) 01, 5 Olass 5 Lebailly, 2013)
Jlie 53 Olabasy 5 amelr 635106 b b i 4 5 or S b6 b e b iy wle
Slllas sy opl 55 wamen 3505 Glsten 5 Cbllas sl azils Ol pu S pde 5 alasol Ol ks
ol Sl ess gl 5 6 p ALkl L b)) s a8 das e 0L (Petzold & Ratter, 2015) 515 5 W50
Sl o3 plerrt gle i 51 QWL mhaws 53 oS analr 2 S sba o)l oL 8 elexl wle s
S el Olpe Olas & 5 ol Jloy b SO L ablie 53 5V (sosTob Ol

2350



VT Glie oF o)t WY tlor _Jamo o bl 5 Ll 2 4,25 YVA

(solerrl slazel laad 5o Lol Ololiw s, elexa] alo o sbul 4 sls Ol (g kb SVsles 3,51
el b sl Olbe 53 @31555 3,15 OUT (6,510t 5 (sols omn 5 e 3T 5 olann| slaass
3,15 0T (6oslols 3 g 53 s rtm B ol plo 4 ol oleml GlaaSd  plimsy slasl bt
GlaaSis  aiyls osTob a5 1y U op tie 5 a4 oS L 5 el l slazel sl O 51 e
slaslg L bL,l 5 S lie slaes S 1S Ol o Jols 30l 5 (53LaelST G b 51 olens
Al on olenrl Slaasit 35t e JLSCas Bl s s Slaslsls (65510l 3 s ol Las
2 eY e lge (a3l 5 bl Ly abilie laely 51 Olybisy 3LwolST (sl (sl Ol oy
Lol blsee L ablis 5o 1) 355 Slo m tly o pliws 330l oo oS Jas LOT L gl g
Slaos S S5 a4 IS o e 5SSl 05 38 OLR0s Sl 2 Sl KOS Sral 4 080
oSl g sl Slaz b sl 5 sronelp 53 WIS o ey Sl S S laliw, 53 S5l
s olblae L byl oo (s e 5 Jaoee ( (Jos Glaslg LU a3l o 03B 1, Ololivs; 5 dsl azdls
S 53 il e« Ledbl sl 5 (Bl 1l SO Olpea Laad pl S (5ol (510t
Ols= o rlple il e (alaBl 5 James Sl blie Ly alilie (sl Olalin sy lacles 5 a5
o3Il (Jolie (558 5 slezel 3 b 51 elenr) (SlaasSls o L pelatrl ayla e oS 3500 Ol
— i LS 1 O 51 2 DU Ol 5 0 Oy ilate o e e 5 sl g 5 Ol
OLLSer 5ol ol ol izmen )y ciillas 5 Sl s5ean (Boyd et al, 2008) s L oS e
G el laaSod o Wlans § 55 few o 56 o 45 63131 51 5ol (Shah et al., 2024)
Sy 5 Sledbl Sys ijﬂ S &5 (8l lagy! bl c'l.a Gl R ol cpl 5 0l P
Sys Q- Ol et

oy 1 s miy plwsy Gl sl (o510l 55 b elanl glo s Olgy Jalse 3wy o
o Sl o3 IS A b e 1 S s Ll gosTob ol da 4 by e olens|
5 SOkl 5 S35 ieme 55 1 bl i el ale s 3Ll (g osT0b la el
S sy ol e 55 53 ol ] ale e 4 das e 0L Dliies el a2dls [ S lsel
o ol 3 dpdign iy e 3 e 00 3 ol elenrl wlo s Il g
o= &S sls OLis (Mohammadi Yeganeh, Cheraghi & Yaripour, 2017)01,Kas 5 (gdoms Solallas
ol CS L adlfe oman 3505 sy (6 oblie dlaly Sl Coiias f_y 5 el alo i L1550
A St s g gt 3Ll (ls &S bl 1 ol a3l e oL 2 L ST o 5

o3l> 0Lz (Sabatino, 2019) ysble Slidss A ﬁmwi o S s ol s S s



YV w3 2y Gl Bl (6Tl 35 53 elatxl o J2E OLSen 5 (65 sl

sl laaxls 5 labu slarl wlbow jaxls o gble 51 2, ol b & ol
S U oS s dble Lls VG wle e o 45 bl 3515 g (lsbae (Stren (53l
355 b g bl 51 S 2ty e B 4 (Jlcpll lesls LS gz STy et ol glaS 4i
wlo e o ias OLE wlie 2STy (bl ple aile Wlaedl s elaxsl wlow SKaiir o>
FOLl 1 Shlael 4 s 5 &S o oS (3l s Jlo dn 5 @ oies b sba olazs]
obanlazel (a5l es Ka Lol Lol 5 by S 53 oSl w0 0ol bled fuoeas .S
— o 33 3Ll sl 5 o g gy gl 5 s S sl 53 (Ken 5 Sl 4 Ll 5 o]
WOloliny, @slaBl Condy 5 g o sloirl wls w Cilises sbul <o 4is (Story et al., 2020) s,
Sl At ST le eslizal w33l laeslgs 5l esliul (IS wle pw daaiy 3o 2alS ()5 531
5 il g el wlp oozl 50l lapasle o 5l ssd e B SRalS 5 dals 5 3 m
5has @l ol i e elanl goslob b ond o slasl gl w ol oy 108 56 ol
S a5 g 3 R GRIB s boles 80k Ul il p VL slexl b
el wloe e elal IOl Gladis 5 gl ) s S5 5 8 Canss
(Saja, Goonetilleke, Teo & _cloxx| slaa i 5 Lajlea ( olazrl slazel O goman o5 oe slaa o
23y .xcsgl: (Khalili, Harre & Morley, 2015) ¢ 850 u'z;,ﬂ 5 oS, Ziyath, 2019)

slanrl wle e 5l 80 i olg sosTols laatle 5o Sl st uaas
S SLeS O 3l osTol 4 Ll e 58 elanrl aila w5l alg G 05 s Slas 5 el 4
SoLSen SuSG Ll il b odISlin 55 o8 oS 550 sl Olaslo G 530131 g 558 Ll
2 Pl OVl s 5 5 plerl gl 4 a5 S Wy ) ol oy e Sy o 5 S
el wle v men S SGS pioilan! 5 Ly e sl 5 o510l 4 Ll e bobssle
5 0bsle 4 53 5 OLSS oy (Socan 5 (oben a5, bl L Wil5 o olen] sla 2SOl o
(Fazeli kebria 01,Sn 5 L S Lol mli b aS 48 oal 5 Goslob Rl o3 1) ol 4 i anel>
3ls Slssean 5 cillas etal, 2021)

abo o 51 b o min S5 OF e o e 5 23S S i e sbaasls Sl
G i Ol,slaS gl lacwlin 5 WG sin sbul b Lly o elazs] wlo e Llats p 0 olaz|
N gamn SIS 15 ) S Fps s e 213 Bl b lalsl A e s s 1 oS

b oo W ISt bl 53 0BT SU1s 5 Ll e (2l 31 0BT e gemmes W 5 o S0ls L0 25



\\C'VL')\;«.A)'A\co)l.wiu\v.\le-a&wd)‘}laum}lﬁé\ﬁ-qiﬂ YA

il 5 OsLES S5 s Lage wbadely Ll s oS o, i 5 Obisl (Lin, 2011)
ChS Sl il cgalanl 5 slamsl slajasle L g e baly ol 3L als b,
oS oMes s O e oo o el esdhe IS T csalasl coul 5 o, (Jlxa
5 A3 slaslg 5 Sas wps e slessl 5 UG 4 e e sleel 5 plndl (S Lo 51 oYL mhaw 4
Llod al By o pde gl GRS Ol Wlg e lanl wle e 035 VL a0l Sl Sl
Ol geay of e Coale 4 ax 55 L sl e Olel el cnl s (Daneshvari Nasab, 2018) s (s 245
lojw 358 4 x5 b5 5SSl anelr Cilisee slaes S eslinal 5550 S ke 5 sl mie S
Ol 50n S Sl b Gl (s 5 Blite 28 sladins 5 oz 5l (S Olpsa slad
3 LS el b Ldls Ca e Ll e amelr S g el le s O35 0l LYL 2l Sl
25,8 Ol 558 5l b ool

Sl il slols s o rlarl gl S50 w5 b s ol s bl ol
— e Slgin QLIS Gl 5 Ol 4 by Slasl sl (5Tl Ll 5 5 g slatens ¢ ol
Glacnlem L o iy 55 slaos S G b 1 cnlin slaispel 5 S e S S50 b2t
SLaiansl 3, Shliel Gadio sl Gadio it sl sla 5T sbomsl Ol (53 ol
sy dlgidg b g gaOlsle b 5 sy 53 it ladlsle & izman 33 5 al B o b 5 s
— IS ezl sl 4 555 diile olie Sl Bs) S 5 2 eIl Dnsed e L S
S8 a oS L ol oal b elanl Cilires lawias 3 ) OUT S lae Ol (g, Kan slass S 5 La
el el glaaSd ol 55 (St 5 Sl diol ol Ghle )3 (Slaxw 5 el
sl Slaesss 53 Hsam b okl W 5 0sde iy 4 s Ol3yslaS AT 5l oas
oS e Sty ) lis

by (6= yamoli 9 Ludlyier 09,5 ((S)amile (5 34e0) Jol oioms g (5550 Al 3l aid )5 il gy
!yl y oSG0
References

Aboushala, M., & Haj Ismail, S. (2022). Post-war rural resilience as a development strategy in
theory and  practice. TRC  Journal of Humanitarian  Action, 1(1), 19-29.
https://doi.org/10.55280/trcjha.2022.1.1.0003

Alam, G. M., Alam, K., & Mushtaq, S. (2017). Climate change perceptions and local adaptation
strategies of hazard-prone rural households in Bangladesh. Climate Risk Management, 17, 52-
63. http://dx.doi.org/10.1016/j.crm.2017.06.006

Aldrich, D. P. (2012). Building resilience: Social capital in post-disaster recovery. University of
Chicago Press.


https://doi.org/10.55280/trcjha.2022.1.1.0003
http://dx.doi.org/10.1016/j.crm.2017.06.006

YA w3 2y Gl Bl (6Tl 35 53 elatxl o J2E OLSen 5 (65 sl

Aldrich, D. P., & Meyer, M. A. (2015). Social capital and community resilience. American
Behavioral Scientist, 59(2), 254-269. https://doi.org/10.1177/0002764214550299

Avazpour, L. (2016). The Role of Social Capital in Increasing of Usres Resilience in The Face of
Retrogresive Trend of Rangeland (Case Study: kalpush Area, Mayamey District, Semnan
Province). Master's Thesis. Tarbiat Modares University, Tehran. [In Persian]
https://parseh.modares.ac.ir/thesis/7071125

Azmi, A., & Nouri, M. (2017). The role of social capital in the management of natural hazards in
rural  settlements (Case Study: Kermanshah Mahidasht). Geography (Regional
Planning), 7(26), 77-89. [In Persian] https://dor.isc.ac/dor/20.1001.1.22286462.1396.7.2.5.7

Boyd, E., Osbahr, H., Ericksen, P. J., Tompkins, E. L., Lemos, M. C., & Miller, F. (2008).
Resilience and ‘climatizing’ development: examples and policy
implications. Development, 51(3), 390-396. http://dx.doi.org/10.1057/dev.2008.32

Caldwell, K., & Boyd, C. P. (2009). Coping and resilience in farming families affected by drought.
Rural and Remote Health, 9(2), 1-10.
https://search.informit.org/doi/abs/10.3316/informit.496419638887416

Carrico, A. R., Truelove, H. B., & Williams, N. E. (2019). Social capital and resilience to drought
among smallholding farmers in Sri Lanka. Climatic Change, 155, 195-213.
https://doi.org/10.1007/s10584-019-02449-y

Coles, E., & Buckle, P. (2004). Developing community resilience as a foundation for effective
disaster recovery. The Australian Journal of Emergency Management, 19(4), 6-15.
https://search.informit.org/doi/abs/10.3316/INFORMIT.375435145094637

Cordoba Vargas, C. A., Hortlla Romero, S., & Leon Sicard, T. (2020). Key points of resilience to
climate change: a necessary debate from agroecological systems. Climate and Development,
12(6), 564-574. https://doi.org/10.1080/17565529.2019.1664376

Daneshvari Nasab, A. (2018). Sociology and comprehensive management of water resources. Paper
presented at the 6th Scientific Research Conference on Water and Soil Resources
Management. [In Persian] https://civilica.com/doc/869506

Davoodpur, M. (2017). Analysis of capacity, resiliency and Social _ Economic Resilience and
Vulnerability of Farmers to Confronting Drought, Case Study: Bijar Township, Najafabad
district. Master's Thesis. University of Zanjan. [In Persian]

Einali, J., Farahani, H., & Jafari, N. (2014). Evaluation of the role of social capital in reducing the
effects of the earthquake accident in Sajasroud province, Khodabande city. Journal of Applied
Research in Geographical Sciences, 14(32), 93-115. [In Persian] http://jgs.khu.ac.ir/article-1-
1831-fa.html

Endris, G. S., Kibwika, P., Hassan, J. Y., & Obaa, B. B. (2017). Harnessing social capital for
resilience to Livelihood shocks: ethnographic evidence of Indigenous mutual support
practices among rural households in eastern Ethiopia. International Journal of Population
Research, 2017. https://doi.org/10.1155/2017/4513607

Farahani, H., & Jahansoozi, M. (2022). Analysis of rural households' resilience to drought in Iran,
case study: Bajestan County. International Journal of Disaster Risk Reduction, 82, 103331.
https://doi.org/10.1016/j.ijdrr.2022.103331

Fazeli kebria, H., Shafagat, A., bahmani, a., & Karimi, M. (2021). The effect of social capital on
resilience with emphasis on the mediating role of organizational citizenship behavior in crises
Case study: Red Crescent staff of Kermanshah province. Emergency Management, 10(1), 73-
81. [In Persian] https://dor.isc.ac/dor/20.1001.1.23453915.1400.10.1.6.6

Feldmeyer, D., Wilden, D., Kind, C., Kaiser, T., Goldschmidt, R., Diller, C., & Birkmann, J. (2019).
Indicators for monitoring urban climate change resilience and adaptation. Sustainability,
11(10), 2931. https://doi.org/10.3390/su11102931

Fletcher, A. J., Akwen, N. S., Hurlbert, M., & Diaz, H. P. (2020). “You relied on God and your
neighbour to get through it”: social capital and climate change adaptation in the rural


https://doi.org/10.1177/0002764214550299
https://parseh.modares.ac.ir/thesis/7071125
https://dor.isc.ac/dor/20.1001.1.22286462.1396.7.2.5.7
http://dx.doi.org/10.1057/dev.2008.32
https://search.informit.org/doi/abs/10.3316/informit.496419638887416
https://doi.org/10.1007/s10584-019-02449-y
https://search.informit.org/doi/abs/10.3316/INFORMIT.375435145094637
https://doi.org/10.1080/17565529.2019.1664376
https://civilica.com/doc/869506
http://jgs.khu.ac.ir/article-1-1831-fa.html
http://jgs.khu.ac.ir/article-1-1831-fa.html
https://doi.org/10.1155/2017/4513607
https://doi.org/10.1016/j.ijdrr.2022.103331
https://dor.isc.ac/dor/20.1001.1.23453915.1400.10.1.6.6
https://doi.org/10.3390/su11102931

VEY Do oF ojladd WY il ¢ Jases ol bl 5 sl 4,5 YAY

Canadian Prairies. Regional Environmental Change, 20, 1-15. https://doi.org/10.1007/s10113-
020-01645-2

Fukuyama, F. (2001). The end of order: social capital and its maintenance(G. A. Tavasuli, Trans.).
Tehran: Jame Iranian Publishing House. [In Persian]

Ghorbani, M., Avazpour, L., & Yoosefi, M. (2015). Analysis and Assessment of Social Capital in
toward increasing of Local Communities Resilience and Sustainable Landscape Management.
Journal of Range and Watershed Managment, 68(3), 625-645. [In Persian]
https://doi.org/10.22059/jrwm.2015.56141

Heijman, W., Hagelaar, G., Van der Heide, M. (2019). Rural Resilience as a New Development
Concept. In: Dries, L., Heijman, W., Jongeneel, R., Purnhagen, K., Wesseler, J. (eds). EU

Bioeconomy Economics and Policies: Volume II. Palgrave Advances in Bioeconomy:
Economics and Policies. Palgrave Macmillan, Cham. https://doi.org/10.1007/978-3-030-
28642-2_11

Hosseini, S., Roosta, K., Zamanipour, A., & Teymouri, M. (2018). Using structural equation
modeling approach to investigate farmers’ perception consequences of drought (case study:
Birjand township, Iran). Applied Ecology and Environmental Research, 16(1), 521-534.
http://dx.doi.org/10.15666/aeer/1601_ 521534

Iran Statistics Center. (2016). Statistical Yearbook of Razavi Khorasan Province. [In Persian]

Jamshidi, A., & Anabestani, A. (2022). Interpretive Structural modeling of factors affecting the
development of resilience to climate change (with emphasis on drought) of villagers in west
of Urmia Lake. Journal of Arid Regions Geographic Studies, 11(42), 1-22. [In Persian]
https://jargs.hsu.ac.ir/article_161528.html?

Javadi, A., Ghahremanzadeh, M., Sassi, M., Javanbakht, O., & Hayati, B. (2023). Economic
evaluation of the climate changes on food security in Iran: application of CGE model.
Theoretical and applied climatology, 151(1-2), 567-585. https://doi.org/10.1007/s00704-022-
04289-w

Javadinejad, S., Dara, R., & Jafary, F. (2021). Analysis and prioritization the effective factors on
increasing farmers resilience under climate change and drought. Agricultural Research, 10(3),
497-513. https://doi.org/10.1007/s40003-020-00516-w

Kako, M., & Mayner, L. (2019). The experience of older people in Japan four years after the
tsunami. Collegian, 26(1), 125-131. https://doi.org/10.1016/j.colegn.2018.06.001

Khalili, S., Harre, M., & Morley, P. (2015). A temporal framework of social resilience indicators of
communities to flood, case studies: Wagga wagga and Kempsey, NSW, Australia.
International Journal of Disaster Risk Reduction, 13, 248-254.
https://doi.org/10.1016/j.ijdrr.2015.06.009

Khan, N. A., Qiao, J., Abid, M., & Gao, Q. (2021). Understanding farm-level cognition of and
autonomous adaptation to climate variability and associated factors: Evidence from the rice-
growing zone of Pakistan. Land Use Policy, 105, 105427.
https://doi.org/10.1016/j.landusepol.2021.105427

Khatibi, S. A. (2017). Assessment of Watershed Management Projects and Villagers’ Resilience to
Drought. Master's thesis. Ferdowsi University of Mashhad. [In Persian]

Kim, H., & Marcouiller, D. W. (2021). Rural prospects for resilience: Planning sustainable
livelihoods and coping with flood hazards along the US Mississippi River. Society & Natural
Resources, 34(2), 168-187. https://doi.org/10.1080/08941920.2020.1775328

Koutsou, S., Partalidou, M., & Ragkos, A. (2014). Young farmers' social capital in Greece: Trust
levels and collective actions. Journal of Rural Studies, 34, 204-211.
https://doi.org/10.1016/j.jrurstud.2014.02.002

Lin, B. B. (2011). Resilience in agriculture through crop diversification: adaptive management for
environmental change. BioScience, 61(3), 183-193. https://doi.org/10.1525/bi0.2011.61.3.4

Liu, S., Wen, Z., Su, J., Ming-lin Chong, A., Kong, S., & Jiang, Z. (2020a). Social trust, trust
differential, and radius of trust on volunteering: evidence from the Hong Kong Chinese.


https://doi.org/10.1007/s10113-020-01645-2
https://doi.org/10.1007/s10113-020-01645-2
https://doi.org/10.22059/jrwm.2015.56141
https://doi.org/10.1007/978-3-030-28642-2_11
https://doi.org/10.1007/978-3-030-28642-2_11
http://dx.doi.org/10.15666/aeer/1601_521534
https://jargs.hsu.ac.ir/article_161528.html?
https://doi.org/10.1007/s00704-022-04289-w
https://doi.org/10.1007/s00704-022-04289-w
https://doi.org/10.1007/s40003-020-00516-w
https://doi.org/10.1016/j.colegn.2018.06.001
https://doi.org/10.1016/j.ijdrr.2015.06.009
https://doi.org/10.1016/j.landusepol.2021.105427
https://doi.org/10.1080/08941920.2020.1775328
https://doi.org/10.1016/j.jrurstud.2014.02.002
https://doi.org/10.1525/bio.2011.61.3.4

YAY w3 2y Gl Bl (6Tl 35 53 elatxl o J2E OLSen 5 (65 sl

Journal of Social Service Research, 47(2), 276-291.
https://doi.org/10.1080/01488376.2020.1758867

Liu, Z., & Yang, J. Z. (2020b). In the wake of scandals: how media use and social trust influence
risk perception and vaccination intention among Chinese parents. Health Communication,
36(10), 1188-1199. https://doi.org/10.1080/10410236.2020.1748834

Malekan, A., Khani, F., Motiee Langroodi, H., & Darban Astaneh, A. (2020). The Impact of Social
Capital on Improving Drought Resilience (Case Study: Kangaveh County Villages). Regional
Planning, 10(38), 65-80. [In Persian] https://dorl.net/dor/20.1001.1.22516735.1399.10.38.5.5

McEwen, L., Holmes, A., Quinn, N., & Cobbing, P. (2018). ‘Learning for resilience": Developing
community capital through flood action groups in urban flood risk settings with lower social
capital.  International Journal of Disaster Risk Reduction, 27, 329-342.
https://doi.org/10.1016/j.ijdrr.2017.10.018

Mehra, D. (2018). Resilience of Communities & Role of Social Capital: A Revisit to Two Forest
Communities from Vidarbha Region in Central India. Journal for Research, 4(02),83-87.

Meyer, M. A. (2018). Social Capital in Disaster Research. In: Rodriguez, H., Donner, W., Trainor, J.
(eds) Handbook of Disaster Research. Handbooks of Sociology and Social Research.
Springer, Cham. https://doi.org/10.1007/978-3-319-63254-4 14

Minani, B., Rurema, D.-G., & Lebailly, P. (2013). Rural resilience and the role of social capital
among farmers in Kirundo province, Northern Burundi. APSTRACT: Applied Studies in
Agribusiness and Commerce, 7(1033-2016-84232), 121-125.
http://dx.doi.org/10.22004/ag.econ.164817

Mngumi, L. E. (2021). Exploring the contribution of social capital in building resilience for climate
change effects in peri-urban areas, Dar es Salaam, Tanzania. GeoJournal, 86(6), 2671-2689.
https://doi.org/10.1007/s10708-020-10214-3

Mohammadi Yeganeh, B., Cheraghi, M., & Yaripour, A. (2017). The Effects of Social Capital in
Economic Diversity of Rural Households) Case Study: Zarin Dasht Dehestan- Darrehshahr
County). Journal of Research and Rural Planning, 5(4), 1-15. [In Persian]
https://doi.org/10.22067/jrrp.v5i4.49243

Moore, M., Chandra, A., & Feeney, K. C. (2013). Building community resilience: what can the
United States learn from experiences in other countries? Disaster medicine and public health
preparedness, 7(3), 292-301. https://doi.org/10.1001/dmp.2012.15

Moreno, J., Lara, A., & Torres, M. (2019). Community resilience in response to the 2010 tsunami in
Chile: The survival of a small-scale fishing community. International Journal of Disaster
Risk Reduction, 33, 376-384. https://doi.org/10.1016/j.ijdrr.2018.10.024

Nasrnia, F., & Ashktorab, N. (2021). Sustainable livelihood framework-based assessment of drought
resilience patterns of rural households of Bakhtegan basin, Iran. Ecological Indicators, 128,
107817. https://doi.org/10.1016/j.ecolind.2021.107817

Panday, S., Rushton, S., Karki, J., Balen, J., & Barnes, A. (2021). The role of social capital in
disaster resilience in remote communities after the 2015 Nepal earthquake. International
Journal of Disaster Risk Reduction, 55, 102112. https://doi.org/10.1016/].ijdrr.2021.102112

Pazhuhan, M., Amirzadeh, M., Varnik, R., Pietrzykowski, M., Lopez-Carr, D., & Azadi, H. (2023).
The impact of social capital on the resilience of flood-prone communities: The case study of
northern Iran. Environmental Development, 48, 100902.
https://doi.org/10.1016/j.envdev.2023.100902

Petzold, J., & Ratter, B. M. W. (2015). Climate change adaptation under a social capital approach —
An analytical framework for small islands. Ocean & Coastal Management, 112, 36-43.
https://doi.org/10.1016/j.0ocecoaman.2015.05.003

Portal of the General Department of Meteorology, K. R. (2021). Retrieved from
http://www.razavimet.ir. [In Persian]

Potnam, R. (2007). Social capital, a collection of articles on social capital (A. Khakbaz, Trans.).
Tehran: Shirazeh Publication. [In Persian]


https://doi.org/10.1080/01488376.2020.1758867
https://doi.org/10.1080/10410236.2020.1748834
https://dorl.net/dor/20.1001.1.22516735.1399.10.38.5.5
https://doi.org/10.1016/j.ijdrr.2017.10.018
https://doi.org/10.1007/978-3-319-63254-4_14
http://dx.doi.org/10.22004/ag.econ.164817
https://doi.org/10.1007/s10708-020-10214-3
https://doi.org/10.22067/jrrp.v5i4.49243
https://doi.org/10.1001/dmp.2012.15
https://doi.org/10.1016/j.ijdrr.2018.10.024
https://doi.org/10.1016/j.ecolind.2021.107817
https://doi.org/10.1016/j.ijdrr.2021.102112
https://doi.org/10.1016/j.envdev.2023.100902
https://doi.org/10.1016/j.ocecoaman.2015.05.003
http://www.razavimet.ir/

VEY Do oF ojladd WY il ¢ Jases ol bl 5 sl 4,5 YAY

Ritchie, L. A. (2004). Voices of Cordova: Social capital in the wake of the Exxon Valdez oil spill:
Muississippi State University.

Ritchie, L. A., & Gill, D. A. (2018). The role of social capital in community disaster resilience. The
disaster resiliency challenge: Transforming theory to action, 112-139.

Roknedin Eftekhari, A., Moosavi, S. M., Poortaheri, M., & FarajzadehAsl, M. (2014). Analysis of
the role of livelihood diversity to rural household resilience in drought condition: case study
of the drought exposed areas of Isfahan province. Journal of Rural Research, 5(3), 639-662.
[In Persian] https://doi.org/10.22059/jrur.2014.53186

Rus, K., Kilar, V., & Koren, D. (2018). Resilience assessment of complex urban systems to natural
disasters: A new literature review. International Journal of Disaster Risk Reduction, 31, 311-
330. https://doi.org/10.1016/j.ijdrr.2018.05.015

Sabatino, M. (2019). Economic resilience and social capital of the Italian region. International
Review of Economics & Finance, 61, 355-367. https://doi.org/10.1016/j.iref.2019.02.011

Sabzehei, M. T., Soleimani, A., & Yousefi, n. (2019). Investigating the effect of social capital on the
social resilience of villagers in the ciologyenvironmental risks (with an emphasis on the
drought) Case study: villages of sub-strict Badar of Ravansar in 2018. Two Quarterly Journal
of  Contemporary  Sociological  Research, 8(14), 283-310. [In  Persian]
https://doi.org/10.22084/csr.2020.19770.1687

Sadeghloo, T., & Sojasi Qeidari, H. (2014). Ranking of Effective Factors for Farmer Resilience
increasing Against of Natural Hazards (With emphasis on drought) Study area: rural farmer in
ljrud Province. Journal of Geography and Environmental Hazards, 3(2), 129-154. [In
Persian] https://doi.org/10.22067/ge0.v3i2.29042

Saja, A. A., Goonetilleke, A., Teo, M., & Ziyath, A. M. (2019). A critical review of social resilience
assessment frameworks in disaster management. International Journal of Disaster Risk
Reduction, 35, 101096. https://doi.org/10.1016/j.ijdrr.2019.101096

Salari, F., Hamidian, A., & Nasri, M. (2016). The Analysis of Local Benefesheries’ Network
Toward Improvement of Resilience and Sustainable Natural Ecosystems Management (Case
Study: Gor-Gu Region, Boyer Ahmad District). Journal of Natural Environment, 69(2), 469-
486. [In Persian] https://doi.org/10.22059/jne.2016.59759

Savari, M., & Abdeshahi, A. (2019). Analysis of the Role of Social Capital to Improve the
Resilience of Rural Households in Drought Conditions in the County of Divandarreh. Journal
of Rural Research, 10(2), 214-229. [In Persian]
https://doi.org/10.22059/jrur.2018.256365.1247

Sertse, S. F., Khan, N. A,, Shah, A. A, Liu, Y., & Nagvi, S. A. A. (2021). Farm households'
perceptions and adaptation strategies to climate change risks and their determinants: Evidence
from Raya Azebo district, Ethiopia. International Journal of Disaster Risk Reduction, 60,
102255. https://doi.org/10.1016/j.ijdrr.2021.102255

Shafeie, B., Barghi, H., & Ghanbari, Y. (2019). Analysis of the Effective Factors on Drought
Management in Rural Areas, from the Viewpoint of Households (Case Study: Eslamaban
Gharb).  Physical ~ Geography  Research, 51(3), 403-416. [In  Persian]
https://doi.org/10.22059/jphgr.2019.274830.1007334

Shah, A. A, Khan, A., Ullah, A., Khan, N. A., & Alotaibi, B. A. (2024). The role of social capital as
a key player in disaster risk comprehension and dissemination: lived experience of rural
communities in Pakistan. Natural Hazards, 120, 4131-4157. https://doi.org/10.1007/s11069-
023-06372-5

Sharafi, L., Zarafshani, K., Keshavarz, M., Azadi, H., & Van Passel, S. (2020). Drought risk
assessment: Towards drought early warning system and sustainable environment in western
Iran. Ecological Indicators, 114, 106276. https://doi.org/10.1016/j.ecolind.2020.106276

Sharifian-Sani, M. (2002). Social Capital: Main Concepts and Conceptual Framework. Social
Welfare, 1(2), 5-18. [In Persian] http://refahj.uswr.ac.ir/article-1-1738-fa.html


https://doi.org/10.22059/jrur.2014.53186
https://doi.org/10.1016/j.ijdrr.2018.05.015
https://doi.org/10.1016/j.iref.2019.02.011
https://doi.org/10.22084/csr.2020.19770.1687
https://doi.org/10.22067/geo.v3i2.29042
https://doi.org/10.1016/j.ijdrr.2019.101096
https://doi.org/10.22059/jne.2016.59759
https://doi.org/10.22059/jrur.2018.256365.1247
https://doi.org/10.1016/j.ijdrr.2021.102255
https://doi.org/10.22059/jphgr.2019.274830.1007334
https://doi.org/10.1007/s11069-023-06372-5
https://doi.org/10.1007/s11069-023-06372-5
https://doi.org/10.1016/j.ecolind.2020.106276
http://refahj.uswr.ac.ir/article-1-1738-fa.html

YAD w3 2y Gl Bl (6Tl 35 53 elatxl o J2E OLSen 5 (65 sl

Shokri Firoozjah, P. (2017). Spatial Analysis of Resilience of Babol's Regions to Environmental
Hazards. Physical Social Planning, 4(2), 27-44. [In Persian]
https://psp.journals.pnu.ac.ir/article_4146_en.html?

Story, W. T., Tura, H., Rubin, J., Engidawork, B., Ahmed, A., Jundi, F., ... & Abrha, T. H. (2020).
Social capital and disaster preparedness in Oromia, Ethiopia: An evaluation of the “Women
Empowered”  approach. Social Science & Medicine, 257, 111907.
https://doi.org/10.1016/j.socscimed.2018.08.027

Straub, A. M., Gray, B. J., Ritchie, L. A., & Gill, D. A. (2020). Cultivating disaster resilience in rural
Oklahoma: Community disenfranchisement and relational aspects of social capital. Journal of
Rural Studies, 73, 105-113. https://doi.org/10.1016/j.jrurstud.2019.12.010

Tiernan, A., Drennan, L., Nalau, J., Onyango, E., Morrissey, L., & Mackey, B. (2019). A review of
themes in disaster resilience literature and international practice since 2012. Policy Design
and Practice, 2(1), 53-74. https://doi.org/10.1080/25741292.2018.1507240

Tippens, J. A. (2020). Urban Congolese refugees’ social capital and community resilience during a
period of political violence in Kenya: a qualitative study. Journal of Immigrant & Refugee
Studies, 18(1), 42-59. https://doi.org/10.1080/15562948.2019.1569744

Van Loon, A. F., Gleeson, T., Clark, J., Van Dijk, A. 1., Stahl, K., Hannaford, J., ... & Uijlenhoet, R.
(2016). Drought in the Anthropocene. Nature Geoscience, 9(2), 89-91.
https://doi.org/10.1038/nge02646

Wang, C., Zhang, T., Xu, W., Ruan, H., & Tang, J. (2021). Social capital, technological
empowerment, and resilience in rural China. International Journal of Environmental
Research and Public Health, 18(22), 11883. https://doi.org/10.3390/ijerph182211883

Wang, P., Qiao, W., Wang, Y., Cao, S., & Zhang, Y. (2020). Urban drought vulnerability
assessment-A framework to integrate socio-economic, physical, and policy index in a
vulnerability contribution analysis. Sustainable Cities and Society, 54, 102004.
https://doi.org/10.1016/j.s¢s.2019.102004

Yamamura, E. (2010). Effects of interactions among social capital, income and learning from
experiences of natural disasters: A case study from Japan. Regional Studies, 44(8), 1019-
1032. https://doi.org/10.1080/00343400903365144

Zhou, H., Wang, J. a.,, Wan, J., & Jia, H. (2010). Resilience to natural hazards: a geographic
perspective. Natural Hazards, 53, 21-41. https://doi.org/10.1007/s11069-009-9407-y


https://psp.journals.pnu.ac.ir/article_4146_en.html?
https://doi.org/10.1016/j.socscimed.2018.08.027
https://doi.org/10.1016/j.jrurstud.2019.12.010
https://doi.org/10.1080/25741292.2018.1507240
https://doi.org/10.1080/15562948.2019.1569744
https://doi.org/10.3390/ijerph182211883
https://doi.org/10.1016/j.scs.2019.102004
https://doi.org/10.1080/00343400903365144
https://doi.org/10.1007/s11069-009-9407-y

Vol.13, No.4, Winter 2024, pp.386-405 ISSN (Print):2322-1682  ISSN (Online):2383-3076

3398833 Sl .
5’.},»7”’: el oy,

Journal of Geography

and Environmental Hazards <%
e gd B LI TSRS

Ferdows| University of Mashhad

RESEARCH ARTICLE DOI: 10.22067/geoeh.2024.89088.1504 Open access

Identifying the centers of dust and analyzing the factors influencing its occurrence
Based on Remote Sensing Data (Case Study: Southwest Iran)

Saeed Negahban®', Hamid Ganjaeian®, Seyed Saedi Ghisarian®, Atrin Ebrahimi¢

2 Associate Professor in Geomorphology, Department of Geography, Shiraz University, Shiraz, Iran.

b PhD in Geomorphology, University of Tehran, Tehran, Iran.

¢Bachelor of Natural Resources, Rangeland and Watershed Management, University of Malayer, Malayer, Iran.
4 PhD in Geomorphology, University of Tabriz, Tabriz, Iran.

Received: 26 July 2024 Revised: 19 August 2024 Accepted: 27 August 2024

Extended Abstract

Introduction

Dust, or fine dust, refers to very small and light particles of silt, clay, or sand that are transported
by the wind over long distances due to wind erosion and the spread of desertification. Dust storms
have emerged as a significant threat to public health in recent years. This phenomenon is
influenced by natural factors, such as climatic conditions, climate change,
hydrogeomorphological features, and vegetation, as well as human factors, including land use
changes, erosion, and other anthropogenic activities. Dust is one of the most harmful natural
disasters in arid and semi-arid regions of the world, particularly in Iran, and has caused substantial
environmental and human problems in these areas.

This phenomenon has significantly affected various aspects of life in the region in recent years.
Among the areas exposed to dust-related hazards are the southwestern regions of Iran. Due to
climatic conditions, wind speed and direction, and the presence of sand dunes, these areas are
prone to becoming dust centers. This has resulted in frequent occurrences of dust storms over a
large portion of the year in the southwestern regions of the country. Given the importance of the
issue, this research investigates the concentration of dust in the southwestern region of Iran and
analyzes the factors influencing its occurrence.

Material and Methods
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In this research, Google Earth images, MODIS satellite images, CHIRPS satellite images, and a
30-meter SRTM digital elevation model were utilized. The most important tools used in the
research were Google Earth Engine (for preparing dust concentration maps and average
precipitation and temperature maps of the region), Google Earth (for creating geomorphological
unit maps), ArcGIS (for generating desired maps), and IDRISI (for implementing the WLC
model).

Additionally, various indices and models were applied, the most notable being the AOD index
(for generating dust concentration maps) and the WLC model (for identifying areas prone to dust
center formation). This research was conducted in several stages.

In the first stage, the Google Earth Engine system, AOD index, and MODIS satellite images were
used to prepare the dust concentration map for the study area from 2018 to 2022. In the second
stage, the correlation between dust concentration and environmental factors, such as vegetation
parameters, wind speed, precipitation, temperature, geomorphological units, and altitude, was
analyzed. In the third stage, areas prone to dust center formation were identified using the WLC
model.

Results and Discussion

Google Earth Engine and the AOD index were employed to assess the dust concentration in the
southwest of the country. The analysis involved utilizing MODIS satellite images to generate dust
concentration maps for the years 2018 to 2022. Based on these maps, the highest dust
concentration was observed in the central regions of Khuzestan Province and the southern regions
of llam Province. Conversely, the lowest dust concentration was recorded in areas adjacent to
Horulazim Wetland, the Arvand River, and the southern coastline.

The relationship between the dust concentration index and environmental factors indicated that
the highest dust concentrations were associated with areas characterized by low NDVI
coefficients, low rainfall, high temperatures, low altitudes, and sand dunes.

Conclusion

The findings of this research showed that the correlation coefficients between dust concentration
and the parameters of NDVI, wind speed, precipitation, temperature, and altitude were 0.63,
0.156, 0.557, 0.489, and 0.602, respectively. Additionally, the dust concentration coefficients in
sand hills, plains, hills, and mountains were 0.71, 0.64, 0.47, and 0.23, respectively.

After analyzing the factors affecting dust concentration, a map of areas prone to dust center
formation was generated based on the identified parameters. The results revealed that a significant
portion of the study area, including the northwestern parts of Ahvaz City and the northern parts
of Hovizeh City, showed a high potential for forming dust centers. Similarly, the areas between
the cities of Omidieh and Ahvaz also demonstrated substantial potential for dust center formation.
The overall findings indicate that under the influence of environmental factors, a large portion of
the southwestern regions of Iran is prone to dust center formation. Among the environmental
factors, vegetation density played the most significant role in dust control. Therefore, the most
effective solution to reduce and manage dust in the region is to establish vegetation in barren
areas, particularly in the sand fields of the region.

Keywords: Dust Storms, AOD Index, NDVI Analysis, Environmental Factors,
Southwest Iran.
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Journal of Geography and Environmental Hazards is an Iranian
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:

o 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.

o 2. Hydrological-Geomorphological Hazards: Floods, inundation, sea-level
fluctuations, saltwater intrusion, desertification, aridity.

o 3. Climatic and Atmospheric Hazards: Climate change, dust storms, firestorms,
blizzards, tornadoes, climatic extremes, droughts, severe frost, heatwaves, fog,
lightning, cosmic radiation, ultraviolet radiation.

o 4. Biophysical and Biological Hazards: Natural forest fires, agricultural frosts,
allergies, viruses, influenza, food poisoning, epidemics, specific diseases such as
cancer, plant diseases and pests, insect infestations.

o 5. Technological Hazards: Air, soil, and water pollution, industrial pollution,
chemical pollution, noise pollution, atomic radiation, electronic waste, nuclear
waste, dam failures, transportation accidents, fires, chemical spills.

o 6. Social and Cultural Hazards: Mental health issues, anger, stress and
depression, ethnic and communal conflicts, theft, drug addiction, ground wars,
modern warfare, political conflicts, border disputes, risky behaviors, urban and
rural hazards.

o 7. Environmental Hazard Management: Crisis management, active management,
passive management, rescue and relief, post-hazard reconstruction, planning for
impact reduction.
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Guide for Authors

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

Article Submission Process

Online Submission System:

The Journal of Geography and Environmental Hazards processes only articles
submitted through its official website:

https://geoeh.um.ac.ir/author

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

Original research articles

Review articles

Short communications

Technical notes or methodological articles
Case studies

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

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

Article Preparation

For detailed information on the structure of each section of the article,.
Conflict of Interest and Commitment Forms:

Authors must upload these forms during article submission.

Conflict of interest Form

Authorship statement Form

Formatting Requirements
The article structure should include:

1.

2.
3.

Extended abstract in English (comprising Introduction (Purpose, literature
review, etc.), Materials and Methods, Results and Discussion, Conclusion),
Title, abstract, and keywords,

Main sections: Introduction, Study Area, Materials and Methods, Results and
Discussion, Conclusion, and References.

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

Main article text: 3,000-7,000 words

Extended English abstract: 700-1,500 words

Keywords: 3—6 words

References: 20-50 for research articles; 50-300 for review articles
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Formatting Guidelines
e Articles should be submitted in A4 format, single-column, and without logos.
e All pages must be numbered, and the article length (excluding tables and
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.
Main and subheadings should not be numbered.
Numerical data in the text must be in Persian numerals, except within tables and
figures.
« Figure captions (below) and table titles (above) should be bilingual (Persian and
English).
e 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.

e Persian text: B Nazanin
o English text: Times New Roman
e Fontsizes:
o 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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Tables
o Submit tables in editable text format, not as images.
o Place tables near their related text or in a separate section at the end.
o Number tables sequentially based on their appearance in the text.
o Provide bilingual titles (Persian: B Nazanin, 12, Bold; English: Times New
Roman, 12, Bold).
o Data in Persian tables must include English equivalents.
« Avoid vertical lines and shading in table cells.
Figures and Images
« 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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References

Use the 6th edition of the APA citation style. Tools like EndNote or Word are
recommended.

In-text citations and the reference list must be in English.

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

Ensure all citations include DOI if available.

Follow alphabetical order for author names in the reference list.

Publication Fees

The Journal of Geography and Environmental Hazards does not charge for the initial
review. However, accepted articles must pay a fee of 4,000,000 IRR for editing and
publication costs.

Promoting Published Articles

Share your article on platforms like ResearchGate, Academia.edu, and
Mendeley.

Create an ORCID ID and link your article to your profile.

Promote your article on social media using relevant hashtags.

Cite the article in your presentations and share slides on platforms like
SlideShare.

Share your article's DOI link with colleagues and in your email signature.

Share your slides related to the article on platforms such as SlideShare.
Send your article to colleagues, researchers, and relevant research groups via
email, and include the article's DOI link in your email signature.
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