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Burned areas can be easily monitored using muttisplesatellite images. Indices
were provided to show the difference between hgatdgetation areas and burned
areas. To avoid errors and optimize the resultsedan the reflective condition of
the Sentinel 2 satellite bands, the normalized batio index +NBR was presented.
The efficiency of this index was confirmed by comipg it with four other indices in
an area of 47.4 square kilometers in the downstngamof the Hiran region on the
border between Iran and the Republic of Azerbaijamund the village of
Baharestan. To achieve this goal, two single- amdtime approaches were adopted.
To separate the pixels of burned and non-burneasatbe differentiation method
was used between the periods before and afteritheoh January 8, 2021, and
January 25, 2021. The NBR+ index achieved faveradsults due to the removal of
cloud masses and water areas that were wronglgifitas in the other indices.
Pearson's correlation coefficient values also slottrat the NBR and NDSWIR
index with values of 0.95 had the highest correfatvith the NBR + index, and the
MIRBI index with values of 0.16 had the lowest eation. Meanwhile, the NBR+
index with the highest Kappa coefficient of 0.92 cketect areas affected by fire.
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EXTENDED ABSTRACT

INTRODUCTION

One of the important research topics in the ussatéllite imagery is the monitoring of fires, their
impact on air quality, and the effects they leawetlee environment (Saidi et al., 2021). Thereftoe,
preserve natural and man-made landscapes, it entessto identify appropriate methods for
monitoring burned areas and preparing intensitimasion maps using satellite data (Amos et al.,
2019). In recent decades, several sensors, suctheasidvanced High-Resolution Radiometer
(AVHRR) and the Advanced Spatial Thermal Radiation Reflection Radiometer (ASTER), have
been installed on satellites to monitor fires (Sestdal., 2021). Another widely used sensor is the
Moderate Resolution Imaging Spectroradiometer (M&DWwhich has attracted attention due to its
high temporal resolution and allows for the rapétedtion of active fires, identification of burned
areas, or assessment of forest fire risk (Seydalet2021). This research aims to improve the
performance of the existing forest fire index, &mdthis purpose, Sentinel 2 images were used.

In this study, the NBR+ index is proposed base&entinel 2 multispectral images to identify burned
areas and the methodological approach adoptedtéoniee the performance level of this index is
shown. First, previously presented indices in figlsl are introduced and a comparison between them
and the NBR+ index is made. In the meantime, tlasaes that determined the formulation of the
proposed index are explained and finally, the netbé verifying the accuracy of the results is
described based on the conventional approach dppli¢emote sensing, including the confusion
matrix (Hasmadi et al., 2009). All experiments wpmformed using Arc GIS software. The raster
calculator tool allows the implementation of indequations using software operators. Near-infrared
(NIR) and shortwave infrared (SWIR) bands are usedktect burned areas. The NIR band highlights
changes in canopy cover and reflectance of burecek. While the SWIR band identifies changes in
dryness (Silva et al., 2003). After a fire, NIRlegtance decreases sharply as vegetation covestis |
while SWIR reflectance increases due to the remofalater-retaining vegetation (Schepers et al.,
2014). Several algorithms have been developed tectdburned areas by combining NIR and SWIR
bands. Although some spectral indices have beeel@gsd based on SWIR, red, and NIR bands only.
Among the wide range of available spectral indidesy indices, normalized burn ratio (NBR),
normalized burn ratio in SWIR band (NBRSWIR), nolized difference shortwave infrared index
(NDSWIR), and mean infrared bispectral index (MIRBVere compared.

According to the NBRSWIR index, the maximum reftgate on January 8, 2 days before the fire, was
0.08. While this value reached 0.32 on JanuarysBbwing a significant increase. The area of this
area on this day was 4.05 km2, which did not shaigaificant change compared to the threshold of
0.08 on January 8, which was 14.4 km2. However,stectral reflectance of -0.07 on January 8
increased from 7.85 km2 to 9.93 km2, increasingnfrt6.5% to 20.9%, which was an increase of
4.4%. Accordingly, the highest values affected bg fire were in the northern part of the region,
which is located within the territory of the Repigbbf Azerbaijan. In the NDSWIR index, the
maximum threshold on January 8 was 0.16. If pasitrelues are considered as areas with high
reflectances, then at a threshold of 0.04 and gbawearea of 26.86 km2 has high reflectances.
Positive values started at 0.12 on January 25 amdred an area of 23.99 km2, but no significant
changes were observed. The extent of this areeatsd the area affected by the fire.

CONCLUSION

The results of this study confirm the ability tocarately map burned areas using remote sensing.
Multispectral images provided by Sentinel 2 sateliensors have a high ability to detect fire zpnes
but they require the appropriate selection and @oation of bands. The presence of several indisator
allows for the achievement of desired results. Heareenvironmental characteristics can reduce the
level of accuracy of the final map. Water bodied alouds cause errors for some indicators, ane fals
reflections with an unjustified increase in pixate considered burned areas. Even if the distuebanc
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of water bodies and clouds can be removed usingapaethods, the indicators must have the ability
to reduce the effect of these phenomena. The ndigaitor presented in this study for Sentinel 2
images makes it possible to detect the reflectidrimirned areas even in the presence of water §odie
and cloud masses. This index has achieved high &appfficient values of 0.92 compared to the
MIRBI, NDSWIR, NBRSWIR, and NBR indices.
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Drought is among the most significant climatic dvages affecting arid and semi-
arid regions such as Iran, typically triggered Ipedfic atmospheric circulation
patterns. This study aims to identify the atmosjgheirculation patterns associated
with widespread monthly droughts in Iran, usinggdgarm data from 1979 to 2021
and the ZSI index. The dataset, sourced from théZFEReanalysis, includes
geopotential height, specific humidity, meridioraid zonal wind components, air
temperature and monthly precipitation with a spagaolution of 0.25 degrees. The
analysis indicates that widespread droughts dooootr during September, June,
July and August. Overall, nine atmospheric cirdalatclusters were identified with
four dominant patterns accounting for over 77% rafught events, emerging as the
primary synoptic systems responsible for these menaes. These patterns include:
(1) lower-level subtropical high combined with adahével subtropical ridge, (2)
lower-level subtropical high integrated with théd&iian high-pressure system with a
mid-level ridge, (3) subtropical ridge present athblower and mid-levels, and (4)
lower-level high-pressure system and anticycloner ¢and. The findings emphasise
the significant role of anticyclonic centres, higtessure systems, and subtropical
ridges, mainly active between the Arabian Sea bhadArabian Peninsula, in driving
widespread monthly droughts in Iran. The northwstndt of these systems relative
to the climatological mean results in a marked €ase in precipitation across Iran.
Additionally, the spatial configuration of theses®ms interacts with broader
regional and planetary circulation patterns, higiiting the necessity for further
research to better understand both monthly andsahprecipitation variability and
the occurrence of extreme drought events.
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EXTENDED ABSTRACT

INTRODUCTION

Drought is one of the most significant climatic &aids, especially in arid and semi-arid regions such
as Iran. lts intensity and extent have been inangadue to climate change and atmospheric
circulation patterns. This natural phenomenon reatlly linked to anomalies in mid- and upper-
tropospheric atmospheric conditions. Synoptic phega such as cyclones, anticyclones, troughs,
and ridges play a crucial role in the occurrenag severity of droughts. Studies by Pary et al. @01
and Lutka et al. (2020) have demonstrated that-pigesure ridges and low-pressure troughs in the
mid-troposphere can intensify drought conditionsoss extensive areas in Europe and its central
regions. Both global and regional research havdirooed that synoptic systems influence pressure
and wind anomalies, ultimately affect ing precipda patterns and contributing to the development
and persistence of prolonged and severe droughtsaiious regions Furthermore, identifying
atmospheric patterns associated with drought oenuoer at global and regional scale enables more
effective forecasting and management of this hazard

Domestic studies have emphasised that changesniospheric structures, particularly in mid- and
upper-tropospheric pressure systems over Westakaglahe Mediterranean, have a significant impact
on Iran’s droughts and widespread extreme eventsgKakhlagh et al., 2012 & 2020; Mohammadi et
al., 2012; Azizi & Alizadeh, 2014; Saghaei et &023; Mashaikh et al., 2023; Vaziri et al., 2023).
Although numerous studies have examined this hazard various perspectives, especially from a
synoptic standpoint, comprehensive research irgastiy both the spatial-temporal distribution and
synoptic circulation patterns has been limited. ©hgctive of this study is not only to identifyeth
monthly synoptic circulation patterns associatethwiidespread droughts in Iran but also to analyse
the atmospheric structure of these patterns. Thdinfjs of this study will provide a deeper
understanding of the relationship between monthbutation patterns and the occurrence of extensive
droughts across Iran.

DATA AND METHODS

Widespread monthly droughts in Iran are primaritfiuenced by four major synoptic circulation
patterns, represented by clusters 7, 8, 1, anchésel clusters collectively account for over 77% of
widespread drought occurrences, with clusters 78&atbne contributing to more than 50% of these
events (able J).

In autumn, clusters 7 and 5 play a dominant rol¢ha occurrence of widespread droughts, while
clusters 4, 5, and 6 are particularly active indDet. During winter, cluster 8 is the most infliaht
pattern in December, January, and February, witstet 7 also contributing significantly in February
In spring, cluster 7 is prominent in March, clustein April, and both clusters 7 and 5 are influgint

in May.

These findings highlight the critical impact of sifie synoptic patterns on Iran’s drought condigon

A better Understanding of these patterns can imguobought prediction and management, leading to
more effective strategies to mitigate the impadhdd climatic hazard.
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Table 1: Temporal Distribution of Synoptic Circulation Clusters Related to Widespread Monthly
Droughts (with an affected area greater than 80%)

Total Percentac
Cluster OCT| NOV| DEC| JAN] FEB MAR APR MAY| o of total
contribution
Frequency
1 2 1 1 8 2 14 14.4%
2 1 1 2 1 1 1 7 7.2%
3 2 1 3 6 6.2%
4 4 1 5 5.2%
5 6 2 1 3 12 12.4%
6 4 4 4.1%
7 8 2 1 5 6 3 4 29 29.9%
8 4 5 5 5 1 20 20.6%
Total
Widespread
Monthly 16 15 10 9 12 13 12 10 97 100%
Drought

To identify the atmospheric patterns influencingdespread monthly droughts in Iran, ERA5
reanalysis data from the European Centre for MedRange Weather Forecasts (ECMWF) were
utilized. These data include geopotential heiglpiecdic humidity, zonal and meridional wind
components, and air temperature at five presswetslg€850, 700, 500, 300, and 200 hPa), as well as
monthly precipitation from 1979 to 2021. These datdéh a spatial resolution of 0.25 degrees and a
monthly temporal resolution, cover atmospheric aiols over Iran and its surrounding regions. The
accuracy of ERA5 precipitation data has been cowiit in various studies, and its use is
recommended (Rahmatova et al., 2021; Taghizadedl.,ep021; Heidari et al., 2024; Bahrami &
Darand, 2024).

The ZSI index was employed to assess drought $gvedtegorizing drought occurrence into two
distinct states: 0 (no drought) and 1 (drought). distinguish between regional and widespread
droughts, a drought event was considered widespifeatbre than 80% of Iran's land area was
affected. The results indicated that widespreadigitts occurred only in eight months of the year
(October to May), with no widespread events recdrdduring the warm-season months.
Climatologists use cluster analysis as a commorhodeto identify homogeneous climatic regions
(Masoudian & Ataei, 2005; Masoudian, 2012; Mohamiaaan et al., 2019; Gerami et al., 2023). In
this study, hierarchical clustering with Ward’s fmeed and correlation distance was employed for
synoptic pattern classification. Geopotential heiggita at the 500-hPa level were transformed into a
similarity matrix, and clustering was performed ammonthly scale. The analysis identified eight
circulation clusters associated with widespreadudhts in Iran, each cluster representing distinct
atmospheric patterns that contribute to or exater@ught conditions during specific periods.

The selection of key clusters for final analysiswased on the temporal distribution and frequefcy
drought events. This approach allows for a moreipeeidentification of the atmospheric patterns
driving droughts.

RESULTS AND DISCUSSION

Widespread droughts in Iran are primarily influesh@y three key factors: the position of anticycl®ne

at lower atmospheric levels, the presence of midHéroughs and ridges, and the subtropical jet
stream at upper levels. During drought periods, gbethwest Asian (Arabian) anticyclone shifts

westward and settles over the Arabian Peninsuli. displacement reduces moisture advection from
southern seas, increases geopotential height, r@mthees negative vorticity, ultimately intensifying

drought conditions. Conversely, during wet yearnse teastward shift and expansion of the
anticyclone’s eastern flank strengthen moistunespart and enhance precipitation.
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In December, the combination of the subtropicahtagd the Siberian high-pressure system plays a
crucial role in widespread droughts in Iran. Thestmard extension of the Siberian high-pressure
system influences the country across the west.atianis in the Mediterranean trough and westerly
winds are significant factors in determining whethiroughts occur or precipitation increases.

Analyses have shown that the formation of blockiagterns at mid-latitudes and changes in ridge
axes, particularly their elongation, can impactudytat severity.

Furthermore, the subtropical jet stream is anot#ter factor in the development of widespread
droughts. Changes in the location and speed abits control mid-level atmospheric flow dictate the
pathways of cyclones entering Iran. These findiimglécate that for predicting and managing Iran’s
droughts, understanding the dynamics of atmosplgatems and their interactions with geographical
features is essential.

CONCLUSION

Widespread monthly droughts in Iran are primaritfluenced by specific atmospheric circulation
structures, including subtropical anticyclones, #heieel troughs and ridges associated with westerly
winds, and subtropical jet streams. During the s#dson, the northwestward shift of the southwest
Asian anticyclone prevents precipitation systenmnfrentering and blocks moisture transport from
southern seas, leading to drought. Converselgastward movement creates favorable conditions for
precipitation.

At mid-tropospheric levels (500 and 700 hPa), thaishment of an anticyclone over the Arabian
Peninsula suppresses atmospheric instability amitslithe deepening of Mediterranean troughs.
Additionally, the presence of a lower-level (850ahRanticyclone can transport moisture from the
Arabian Sea to Iran. The extension of ridges amdstiabilization of the subtropical jet stream over
southwestern Iran are other critical factors ctwiing to widespread droughts, as they hinder the
penetration of precipitation systems into the count
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The expansion of deserts is a major environmessale that poses a serious threat to
the health of ecosystems. This phenomenon notdirdgtly affects biodiversity but
also has negative impacts on agriculture and tsitioods of local communities by
increasing soil erosion and reducing water res@urte address this challenge, it is
essential to carefully examine the status and gr@fidlesertification and to develop
appropriate management strategies. In this contiestuse of analytical models can
significantly assist in identifying effective factoand prioritizing preventive and
corrective actions. The DPSIR model, which examidesers, pressures, states,
impacts, and responses, is an effective approalis. Study utilized this approach
and distributed questionnaires in the study areasind Garmsar County (the
villages of Chahdab, Hosseinabad, Kark, Cheshme, ldad Ahmadabad). First, the
sample size for surveying the residents was cakdlasing Cochran’s formula. The
reliability and validity of the questionnaire weassessed using Cronbach's alpha. In
this study, 32 responses, including 7 reactive ahdpreventive measures, were
identified and prioritized for controlling deseitiftion and reducing related effects.
The results obtained from the questionnaires weatyaed using the SPSS software
and the Friedman test. According to the resultemfrthe perspective of local
communities, "job creation and alternative livebdg" and "dredging operations of
the dam" were ranked the highest and lowest in geomimportance, with mean
ranks of 25.42 and 8.83, respectively, among thentifled responses for
desertification control and mitigating its effectémplementing reactive and
preventive responses based on priorities playsi@adrrole in enhancing ecosystem
health and preventing further desertification.
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EXTENDED ABSTRACT

INTRODUCTION

The relationship between humans and nature has beea as worrying and threatening as it is today.
At the end of the twentieth century, rapid popualatgrowth in many places led to limited access to
land, water, and other natural resources (Akba@R02. With the development of technology for
various sectors, the ground was prepared for tlsessive and unprincipled exploitation of natural
resource reserves, which are the natural bedrotifeaind economic and social activities (Mosfaei e
al., 2021b. and Soleimanpour et al., 2019). Desgyansion is an important environmental issue and a
serious threat to ecosystem health (Salehpour Jaml.,e2019; Qabakhlou et al., 2023). This
phenomenon not only directly affects biodiverskiyt also has negative effects on agriculture aed th
livelihoods of local communities by increasing seibsion and reducing water resources (Karimi-
Sangchini et al.,, 2021; Akbari et al., 2024). Tarads this challenge, it is essential to carefully
examine the status and trends of desertificatiod #m provide appropriate solutions for its
management. In this regard, the use of analytieadeis can help in identifying effective factors and
prioritizing preventive and corrective measurese DPSIR model, which examines driving forces,
pressures, status, impacts, and responses, ideutivef approach in this field (Taliban-Fard et al.
2021; Sarbazi et al., 2021).

DATA AND METHODOLOGY

In this study, this issue was also addressed usiisgapproach and with the help of preparing and
distributing questionnaires in the study areashefdutskirts of Garmsar city (Chandab, Hossein Abad
Korak, Cheshme Nadi and Ahmad Abad villages). Fitet sample size for the resident survey was
calculated using Cochran’s formula. To describe diiferent components of DPSIR, a multi-stage
approach was adopted, which included reviewing renwental issues and on-site visits and
interviews with experts in various fields, suchnagural resources, environment, regional water and
agricultural Jihad, university faculty members, dbccommunity representatives, and other
stakeholders knowledgeable about the area. Patizip rural assessment (PRA) was conducted to
refine and complete the DPSIR components, focusinggey issues in the area. Then, the residents’
views were presented to the expert working groupafdinal summarization. The reliability and
validity of the questionnaire were examined usimgrach’s alpha. Based on the questionnaire using
a five-point Likert scale completed by the locahwounity, a coefficient of 0.86 was obtained as
Cronbach's. These results indicate that the questice has good reliability. In other words, this
coefficient indicates the good reliability of theeasurement tool or questionnaire in this study. To
determine the sample size for distributing the tiaesaire using the Cochran formula, 180
guestionnaires were distributed among residentthignstudy, 32 responses, including 7 reactive and
25 preventive items, were identified and prioritiz® control desertification and reduce the related
effects. Subsequently, the results obtained fratiestionnaires were analyzed using SPSS software
and the Friedman test. The significance level@ @Sig = 0) in the Friedman test, which, consiugri
that it is less than 0.01 (1 percent), indicategyaificant difference in the importance of theigadors
under study.

RESULTS AND DISCUSSION

According to the results, from the perspective aifal communities, "employment and alternative
livelihood" and "dredging operations of the damVdahe highest and lowest importance among the
types of responses identified for controlling défeation and reducing the related impacts, with a
average rank of 25.42 and 8.83, respectively (TdbleSheikh et al. (2018) also considered land
planning and management strategies in the HablehiRatershed, including the preparation and
development of a comprehensive watershed and weseurces management plan, the preparation
and development of a land use plan at differentescand the identification and training of new and
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alternative jobs as the most important watershetbration strategies, which is very consistent with
the results of this study. The presence of varieghnical and management responses based on the
DPSIR cause-and-effect approach, which is relaiadtious stakeholders in this region, indicates th
necessity for integrated management of this ecesydtased on joint strategic planning among
stakeholders. The integrated resource managemembagh in the watershed area has been
emphasized in other studies (Saleh Pourjam e2@2]a and b; Mosafaei et al., 2020, 2021). Also, in
Figure 1, the cause and effect relationships beivihe components of a driving force, pressure,
situation, and effect in the DPSIR framework arespnted.

Table 1: Ranking of effective responses to desertificationtol obtained from the DPSIR framework from the
perspective of local communities

Priority Index Average Sa_mple Chi- df Significance
Rank size square level
1 Job creation and alternative livelihoods 25.4p
2 Improving the living standards of residents, both 25 25

economically and socially

Implementing rangeland management projects in th%2 80

region
4 Education and extension in agriculture 22.4p
5 Implementing watershed and aquifer manager 2241
operations ’
Forming a non-governmental cooperative based| on
6 comprehensive watershed management plans, program21.89
and objective
7 Reconsidering grazing permits 21.86
8 Water and soil conservation operations 21.66
9 Development of rainwater harvesting system 21.17
10 Development of volumetric counters in the region 21.13

Establishment of a comprehensive watershed
11 management coordination working group (watershed21.06

council)

12 Increasing productivity in product production .aa

13 Strengthening the natural resources protectiéin u 20.66
Evaluating ecological potential and establishingaais

14 . 18.34
for land planning 180 | 884.522| 31 0.000
Increasing the unit for monitoring the principled

15 . 17.81
extraction of groundwater
Prioritizing and eliminating factors affecting theck of
public participation in the implementation of ratagel

16 e 17.56
management, desertification and watershed managemen
plans and programs

17 Insurance services in the field of damages 17.39

18 Culturalization to reduce risks 17.02

19 Review of self-sufficiency policies in agriculturahd 13.88
horticultural products ’
Review of self-sufficiency policies in livestogk

20 production 13.16
Identification and planting of species resistant | to

21 ; i ) 12.86
temperature changes and compatible with the region

22 Amendment of land affairs laws 12.50

23 Review of industrial development policies in thgion 12.48

24 Support packages for compensation of darr 10.5¢

Adaptation to water shortages (revising irrigation
25 patterns, modifying cultivation patterns, modifying 10.14
water consumption patterns, etc.)

Monitoring the proper implementation of minir)

9
activities in the region 9.98

26
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27 Designing a drought monitoring and warning syste 9.64

28 Reviewing and allocating environmental watehtsg 9.58

29 Rewe_wmg population growth policies in land use 9.44
planning

Implementing all natural resource plans in the faim
30 programs resulting from the comprehensive waterghed9.03
management model

31 Designing a fire warning and extinguishing syste 9.00

32 Performing dam dredging operations 8.83

( DD‘ = _’_."’.-. . (

X ~(
(\ D}_y .«<
N
CoD<— -~
~Cepd/

Figure 1: The cause and effect relationships between the coemgs of driving force, pressure, situation, and
effect in the DPSIR

The results of this study are in line with the fimgs of Abadi (2022) and Barjas et al. (2022), who
emphasized the importance of education and inadepsblic awareness to increase participation.
Population growth leads to pressures such as tigksbverpopulation and subsequent adverse
conditions (Saleh Pourjam et al., 2020). The figdimf Ningal et al. (2008) in Guinea and Saleh
Pourjam et al. (2021a) also confirm that populatgmowth has led to severe land-use change,
agricultural land development, and loss of the ra@tenvironment, which is in line with the present

study. The responses proposed in this study camsée to control driving forces, pressures or their
effects in the study area. These responses carhalpao improve the state of the system. In other
words, the responses provided are corrective soisitio the situation and related effects and swisti

to control or modify the driving forces and pressjrwhich are provided for all components of the
DPSIR approach.

CONCLUSION

Therefore, following the identification of managemeesponses obtained by this framework, it is
suggested that action plans be developed thataaried out with the participation and cooperatién o
all stakeholders in the watershed. In additions tframework, based on the identification of
management responses, identifies a wide rangekélsblders to improve the situation of the region.
Accordingly, to control desertification in the sjudrea, the results obtained by this frameworkhmn
used in the management processes of the regiorat@pelizing various reactive and preventive
responses in the region based on priorities playisnportant role in promoting ecosystem health and
preventing the spread of desertification in themeg
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Landslides, recognized as complex natural hazagpdse significant threats to
infrastructure, human communities, and fragile gstesms. This study aims to
investigate the influence of geomorphic charadiedson landslide occurrence
patterns in the Shahid Abbaspour Dam watershed-@wlikh) using the advanced
machine learning Random Forest algorithm. The datesmprised 15 key layers
influencing landslides, sourced from various datseluding 1:50,000 topographic
maps, 1:100,000 geological maps, Landsat satétisgery, and field observations.
Initial data processing was conducted in ArcGISGRAGIS, and ENVI software
environments, followed by modeling using machingrméng packages in RStudio.
The results indicate that geological formations. 728), slope (19.5%), and distance
from rivers (15.2%) are the primary factors coringl landslide patterns in the
region. The model output reveals that approxima88yt% of the watershed area
(75.37 km?) falls within the high-hazard class, dmminantly concentrated in the
southern and southeastern sectors. Model perfonamaluation using statistical
metrics demonstrated the algorithm’s robust peréorce, with an overall accuracy
of 0.986, a Kappa coefficient of 0.972, and a no@an square error (RMSE) of
0.0101. This study represents the first comprekerisindslide hazard assessment in
this watershed using machine learning techniquesiiging a scientifically rigorous
framework for risk management, environmental plagniand mitigation of
landslide impacts in similar mountainous regions.
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EXTENDED ABSTRACT

INTRODUCTION

Landslides, as one of the most complex and desteuatural hazards, pose significant threats to
infrastructure, human communities, and fragile gstesns, particularly in mountainous regions.
These phenomena, characterized by the sudden @wajrdisplacement of soil, rock, and geological
materials on slopes, can cause substantial ecoreomitiuman losses (Li et al., 2024; Guzzetti et al.
2016). The increasing frequency and intensity afl$iides, driven by human activities such as road
construction, deforestation, and land-use chancmspled with climate change, have made them a
critical challenge for natural hazard risk manageim{®&ohan et al., 2023). The Shahid Abbaspour
Dam watershed, located in the Folded Zagros zandiighly susceptible to landslides due to its
diverse geological formations (e.g., GachsaranQuaternary deposits), rugged topography, and high
tectonic activity (Mumipour & Moavi, 2022). Theseorditions underscore the need for a
comprehensive study of geomorphic factors influegdandslides and the development of accurate
risk zonation.Recent advancements in machine learning, partlgulae Random Forest algorithm,
have revolutionized the analysis of complex, msdtirce geospatial data (Liu et al., 2023). Random
Forest, with its ability to model non-linear retaiships and mitigate overfitting, has been widely
applied in landslide susceptibility mapping (Powgdmi et al., 2020). However, few studies have
utilized this approach in complex watersheds Itk $hahid Abbaspour Dam, highlighting a research
gap that necessitates a detailed investigationgusialti-source data and advanced methods. This
study aims to identify and prioritize geomorphicttas influencing landslides, produce a high-
resolution hazard zonation map, and provide a stieframework for risk management in the study
area.

DATA AND METHODOLOGY

This study employed the Random Forest algorithimyestigate the influence of 15 geomorphic and
environmental factors on landslide patterns in $trahid Abbaspour Dam watershed. The selected
factors included elevation, slope, aspect, distdnom faults, distance from roads, distance from
rivers, geological formations, land use, normaligiterence vegetation index (NDVI), soil texture,
seismicity, slope curvature, topographic wetnessdexn(TWI), stream power index (SPI), and
precipitation. Data were sourced from multiple faanhs, including 1:50,000 topographic and
1:100,000 geological maps (Iran Mapping and GechigOrganizations), a 30-meter resolution
digital elevation model (DEM) from the ASTER senstmandsat LC09 L2SP satellite imagery
(USGS, dated 4/2/2025), and field data (145 laddsfioints). Data processing was conducted using
ArcGIS 10.8, SAGA-GIS 9.0.1, and ENVI 5.6. Slopspect, SPI, TWI, and curvature maps were
derived from the DEM. Distance maps for faults,dsiaand rivers were generated using the Euclidean
distance method, and precipitation maps were ateaia inverse distance weighting (IDW)
interpolation. NDVI was calculated from Landsat geey. Modeling was performed in RStudio using
the Random Forest algorithm, following these stepata Preparation: All data layers were converted
to a 30-meter resolution raster format and spid training (70%) and testing (30%) datasets.

Model Optimization: The number of decision treessfR0) and random predictors per node (m=4)
were optimized using 10-fold cross-validation.

Variable Importance Analysis: The Mean Decrease ufay index was used to assess the
contribution of each factor to landslide occurrence

Hazard Zonation: The model output was classifigd five hazard classes (very low, low, moderate,
high, very high).

Model performance was evaluated using accuracyp&apefficient, root mean square error (RMSE),
mean absolute error (MAE), coefficient of deterniiora (R2), and area under the ROC curve (AUC).
Sensitivity analysis and principal component arialyfPCA) were conducted to check for
multicollinearity (VIF < 5), and bootstrapping (ID®&erations) was used to ensure model stability
(Rahaman et al., 2024).
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RESULTS AND DISCUSSION

The variable importance analysis revealed thataggodl formations (23.7%), slope (19.5%), and
distance from rivers (15.2%) were the most inflisdrfiactors controlling landslides. The Gachsaran
and Quaternary formations, characterized by evapaiructures and high erodibility, significantly
contribute to slope instability. Steep slopes (®@&frees) and proximity to rivers further exacerbate
instability, while precipitation, SPI, and NDVI hadnimal impact, likely due to uniform precipitatio
distribution and dense vegetation in the northemspof the watershed (He et al., 2024).

The hazard zonation map indicated that 30.4% ofdtershed area (75.37 km?) falls within the high-
hazard class, primarily concentrated in the soutlaerd southeastern regions. These areas correlate
with erodible formations, steep slopes, and higtindige density. The very high-hazard class (18.4%)
was observed in zones with active tectonics andt fdansity. Conversely, the northern and
northwestern regions, with gentler slopes and demgetation, were classified as low or very low
hazard Model validation demonstrated the superior peréoroe of Random Forest, with an overall
accuracy of 0.9863, a Kappa coefficient of 0.9RNMSE of 0.0101, MAE of 0.0058, R2 of 0.9908,
and AUC of 0.97. The high-hazard class exhibited Highest sensitivity (0.96) and negative
predictive value (0.98), while the very low-hazaothss had the lowest sensitivity (0.24).
Bootstrapping confirmed the robustness of the teqéigboola et al., 2024)rhe findings highlight
the dominant role of geological formations and slap driving landslide occurrence. The Gachsaran
and Quaternary formations, due to their loose &iracand high sensitivity to moisture, significantl
contribute to slope instability, consistent withuRghasemi et al. (2020). Steep slopes and river
erosion further amplify instability, while preciption had a lesser role due to its uniform distrdou
(Gu et al., 2023). The southern and southeastats pathe watershed, characterized by high fault
density and human activities like road constructiame particularly vulnerable, aligning with Zuo &

Carranza (2017)

CONCLUSION

This study identified geological formations, sloped distance from rivers as the primary drivers of
landslides in the Shahid Abbaspour Dam watershbd. iazard zonation revealed that 30.4% of the
area is at high risk, concentrated in the soutlaerth southeastern regions, necessitating urgent risk
management. The Random Forest algorithm demorsteteeptional performance, providing a
reliable framework for landslide prediction. Recoemdations include slope stabilization, land-use
regulation, and real-time monitoring systems. Tstigdy fills a critical research gap and serves as a
model for similar mountainous regions. Comparedladal studies, the Random Forest model in this
study (AUC=0.97) outperformed traditional statigtionodels, as reported by Li et al. (2024)
(AUC=0.95). The minimal impact of precipitation ¢oasts with Mondini et al. (2023), likely due to
regional climatic conditions. Practical recommeiat® include afforestation in high-slope areas,
developing drainage systems, restricting humarvitieg in high-risk zones, and implementing early
warning systems using remote sensing data (Rodrijeto & Bhandary, 2024} imitations include

the lack of long-term time-series data and chaksngn modeling seismically triggered landslides.
Future research could leverage INSAR data and ldaeping models for enhanced predictions (He et
al., 2024).
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Flash floods are important hazards in water resourc
andenvironmentamanagement. This study aimexidentify flashflood-prone areas
in the Khiaochayvatershed and investigattge relationship betweespectral indices
and flood risk. Inthis regard, the MFFPI model was used as the main tool
to determine flood-pron@areas. The parameters used includkxgbe, flow density,
slope curvature, rock typeoil texture, andand use, which were extracted from
sources such adgdigital elevation models (DEM), geological maps, and
remote sensing data. After classification and weighting based on the
modified version of the MFFPI modetheseparameters were processieda GIS
environment, and a final flood hazamhp wasproduced. To evaluate threodel's
performance, two floodsecorded in2020 were examined, and ROC analysis
was performed to measurtne accuracy ofthe model. In additionthe relationship
between the spectral indices MNDWNDMI, AWEI, and LSM and the MFFPI
values was examined usirfgpearman'sorrelation test. The results showed that
the northernareas, parts of the center, asaine southern areastbie basin have the
highest risk of flooding. Thevaluationof the parameters showed that factors such
as low slope, higlilow density, low-permeability clay soils, concas®pes, urban
land use, and har@yneous rocks are effective in increasing ruraoftl flooding. The
analysis ofthe spectral indices also showduht the LSM index has a positive and
significant relationship with the MFFPI model and can be effectively used to
identify flood-prone areas. The AUC values for the two flosuidiedwere 0.73 and
0.72, respectively, which indicates thacceptable performance of the model in
predictingflood risk.
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EXTENDED ABSTRACT

INTRODUCTION

Flooding is a phenomenon that occurs owing to a suddesaise in river water volume or rapid water
flow owing to heavy rainfall, causing extensive damagtéoenvironment and infrastructure. Iran is
particularly exposed to devastating floods in its northiegions, and factors such as heavy rainfall,
improper watershed management, and inadequate flodtbtonirastructure increase the severity of

the damage. Various methods have been proposedéut fisk assessment, including numerical and
data-driven models based on GIS and remote sensing TRiS)study used the modified MFFPI index

and remote sensing spectral data analysis to identifiesable areas in the Khiaochay watershed.

DATA AND METHODOLOGY

In this study, the MFFPI model was used to simulatehfldsod-prone areas in the Khiawchay
watershed. Figure 1 shows the location of the Khiawehagrshed in Bhutan.
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Figure 1: Location of the Khiawchay watershed in Adabil province and Iran. Source: Authors

The key parameters of the MFFPI model, including sléijp&y density, slope curvature, rock type,
and land use, were extracted from various sourceh, & DEM, geological maps, and remote sensing
data, processed in a GIS environment, and weighteddiogdo Table 1.
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Table 1: How to score the parameters of the MFFPI del (Tincu et al., 2018).

Parameter Parameter Weight Class Class Weight | Final Score
10-60 1 3
8-10 2 6
Slope (degrees) 3 6-8 3 9
3-6 4 12
0-3 5 15
0-1 1 2.5
1-2 2 5
Flow Density 2.5 2-3 3 7.5
3-4 4 10
4-5 5 12.5
(-49)-(-18) 1 2
(-9)-(-0.5) 2 4
Slope Curvature 2 (-0.5)-(0.5) 3 6
0.5-1.5 4 8
1.5-23 5 10
Sand-Clay 1 1
Sandy-Loamy-Clayey 2 2
Soil Texture 1 Various Textures 3 3
Clay 4 4
Clayey-Silty-Clayey Materials 5 5
Alluvial Deposits 1 1
Sandstone, Conglomerate Formations 2 2
Rock Permeability 1 Marly Formations 3 3
Limestone Formations 4 4
Igneous Rocks 5 5
Forest 1 0.5
Dense and Semi-Dense Pastures 2 1
Land Cover/Use 0.5 Agricultural Land 3 1.5
Low-Density Pastures 4 2
Water Surfaces 5 2.5

The accuracy of the MFFPI model was evaluated usabflood data and an ROC curve. In addition,
the relationships between the spectral indices MNDMDMI, AWEI, LSM, and NDVI and the
MFFPI model were investigated using the Spearmareledion test.

RESULTS AND DISCUSSION

This study investigated the factors affecting tloeusrence of floods in the Khiaochay watershed
using the MFFPI model. The findings show that tlope of the land plays a key role in the formation
of runoff, such that low-slope areas are proneuoff accumulation owing to their high water
retention capacity, whereas in steep areas, thervilmw becomes more intense. In addition, the
density of flow in waterways significantly incredsthe volume of runoff, particularly in the norther
parts of the basin, where the main waterways wereentrated. The results of the soil type study
showed that clay soils with low permeability hacd thighest potential for flood production. In
addition, the curvature of the slopes affects theoff pattern, such that concave slopes are prone t
water accumulation and increase the risk of flogdirand cover and human activities also play an
important role; urban areas and wastelands havaigtest flood risk scores in the model owing to
reduced infiltration. Finally, flood risk zoning @lved that the northern areas and parts of thealentr
and southern basins had the highest flood poterii@mining the accuracy of the model using the
ROC curve showed that the model has a good abiliigentify flood-prone areas.

CONCLUSION

The results of this study showed that flood riskha Khiaochai watershed varies under the influence
of factors such as land slope, flow density, sgikt land use, and geology. Low-slope areas wé cl
soils in the center and north of the basin hadhibhest runoff potential, whereas higher areaséhad
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lower risk owing to the high flow velocity. The sprl indices also confirmed the direct effects of
soil moisture and vegetation on flood occurrendee @valuation of the MFFPI model using the ROC
curve showed that this model performed well in @t flood-prone areas.
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1. Analytic Hierarchy Process

2. K-Nearest Neighbors

3 - Flash Flood Potential Index

4 - Receiver Operating Characteristic

5. Area Under the Curve

5. Normalized Difference Vegetation Index
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1. Digital Elevation Model
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- Modified Normalized Difference Water Index
2. Normalized Difference Moisture Index

3. Automated Wetland Ecosystem Index

4. Land Surface Model
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The lack of sufficient data in this field poses ajon challenge in assessing the true
effects of erosion on natural ecosystem serviced e restoration of degraded
environments. In this study, the relationship bemvemicrobial diversity and water
erosion-induced changes in soil physical and chanpimperties was investigated in the
Gavor rangeland-forest land in Kerman province.l Sampling (0-30 cm depth) was
conducted based on a factorial experiment in a éetely randomized design using two
transects in four conditions including no erositow erosion, moderate erosion and
severe erosion in three plots. The experimentdbfadncluded working unit (2 units),
slope direction (2 directions) and erosion degreedgrees). Three replicate plots with
specific dimensions were established for each ¢mdi Soil physical and chemical
factors were measured to evaluate the overallgmiormance including bulk density,
soil moisture content, acidity, dissolved orgarscbon and nitrogen, total nitrogen and
phosphorus, ammonium (NH4+), nitrate (NO3-), av@@aphosphorus and potassium,
net mineralized carbon, and net mineralized nitnog®oil biological indicators were
measured including soil enzymatic activity, micadbbiomass carbon and nitrogen,
microbial population, soil microbial quotient, ahdsal microbial respiration. The results
of the analysis of variance indicated significafffedences in most of the physical,
chemical, and biological properties of the soiltMincreasing soil erosion intensity, no
significant differences were observed in soil agidinorganic-organic carbon, nitrate,
and ammonium (p>0.01). Soil erosion caused sigmificchanges in the edaphic
properties of the working unit and reduced the'soiultifunctional properties. The
maximum soil moisture content, organic nitrogengamic carbon, total phosphorus,
available potassium, and ammonium were related ltts pwithout erosion. With
increasing erosion degree, the values of thesenedeas showed a significant decrease
(p<0.01). Sail erosion has a significant effectsail net mineralized nitrogen (p>0.01),
so the highest amount of net mineralized nitroges measured in plots without erosion,
and the lowest amount was related to plots witleseerosion. The results showed that
the values of all biological parameters measurexbils with severe erosion degrees were
significantly lower than those in soils without sian and with low erosion. The highest
correlation of biological indicators was with thalwes of carbon and inorganic nitrogen,
phosphorus, and total potassium. Overall, chanyssil microbiota characteristics were
strongly correlated with erosion-induced changesame of the soil's physical and
chemical properties. These results indicate thdtesosion has a significant negative
impact on soil microbial and functional properties
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EXTENDED ABSTRACT

INTRODUCTION

An important indicator for evaluating the healthdasustainability of natural ecosystems is the
condition of soil nutrients. Understanding chanigesoil physical, chemical, and biological propesti
caused by various processes is crucial for asge#isair roles in nutrient cycling and mitigatingeth
adverse effects of ecosystem mismanagement (Ai,&(.8). One of the most evident consequences
of erosion in rangeland ecosystems is soil degi@uatwhich significantly reduces the land’s
productivity (Zeng et al., 2017), disrupts ecosyseand their services and hinders economic
development (Calvo de Anta et al., 2020). As altemany United Nations Sustainable Development
Goals (SDGs) are directly linked to soil functidha(Yan et al., 2015).

This underscores the need to understand soil guafitl its underlying processes for sustainable
development and in addressing challenges suchimstel change mitigation, water management,
vegetation loss, and biodiversity conservationr@gtex et al., 2018; Grilli et al., 2021).

In this study, the relationship between microbiakedsity and water erosion—induced changes in soil
physical and chemical properties was investigatatie Gavor rangeland—forestland as a working unit
to test the following hypotheses:

* Water erosion significantly affects the biolodicgharacteristics and biodiversity of soil in the
Dehbakari Watershed by altering its physical anehdal properties.

* Dissolved organic carbon shows the highest catieh with biological characteristics at erosion-
affected sites in the study area.

DATA AND METHODS

Soil samples (0-30 cm depth) were collected usimgrapletely randomized design along the main
slope, with two transects covering four erosionditans: no erosion, low erosion, moderate erosion,
and severe erosion. Three replicate plots withipettmensions were established for each condition
Furrow erosion was identified as the dominant fofrerosion in the basin.

To assess soil performance, physical and chemrioplepties were measured, including bulk density,
soil moisture content, pH, organic carbon, totétogien and phosphorus, ammonium (NHnitrate
(NOs"), available phosphorus and potassium, net mizedlcarbon, and net mineralized nitrogen.
Biological indicators included soil enzymatic adljy microbial biomass carbon and nitrogen,
microbial population, microbial quotient, and basetrobial respiration.

All data were analyzed using one-way ANOVA in SB88ware, with three replicates per treatment.

RESULTS AND DISCUSSION

Soil samples (0-30 cm depth) were collected usimgrapletely randomized design along the main
slope, with two transects covering four erosiondibons: no erosion, low erosion, moderate erosion,
and severe erosion. Three replicate plots withipettmensions were established for each condition
Furrow erosion was identified as the dominant fofrerosion in the basin.

To assess soil performance, physical and chemrioplepties were measured, including bulk density,
soil moisture content, pH, organic carbon, totélagien and phosphorus, ammonium ¢NHnitrate
(NOs"), available phosphorus and potassium, net mizedlcarbon, and net mineralized nitrogen.
Biological indicators included soil enzymatic adjy microbial biomass carbon and nitrogen,
microbial population, microbial quotient, and basétrobial respiration.

All data were analyzed using one-way ANOVA in SB®8ware, with three replicates per treatment.
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RESULTS AND DISCUSSION

The analysis of variance indicated significant efiéihces in most soil physical, chemical, and
biological properties. As erosion intensity inceésno significant differences were observed ih soi
pH, inorganic carbon, nitrate, and ammonium (P ©10. However, erosion significantly altered
edaphic properties and reduced overall soil muitfionality. Maximum values of soil moisture,
organic nitrogen, organic carbon, total phosphaauajlable potassium, and ammonium were found in
non-eroded plots. These values declined signifigaas erosion intensity increased (P < 0.01).
Although soil erosion did not have a statisticalgnificant effect on net mineralized nitrogen (P >
0.01), its highest values were measured in plothoui erosion and the lowest in plots with severe
erosion. Biological parameters, including microthamass, enzymatic activity, and population, were
significantly reduced in severely eroded soils cared to non-eroded and slightly eroded sites. These
biological parameters were most strongly correlatgth the levels of organic carbon, inorganic
nitrogen, phosphorus, and total potassium. Thelteesonfirm that erosion significantly affects the
structure and function of soil microbial commurstiéncreased erosion intensity negatively impacts
all categories of soil quality, leading to a deelim soil biodiversity and function. Previous sesli
have shown that erosion contributes to structuedradation, nutrient depletion, reduced water
retention, and decreased yield (Li et al., 2015).

Despite this, the impact of erosion on microbiainaaunities has received less attention (Qiu et al.,
2021). The loss of organic matter, nutrients, ammistare observed in the study area appears to
directly contribute to the decline in microbial digity and function. Limited access to these resesir
restricts bacterial metabolism and alters commuodsnposition (Banerjee et al., 2020), disrupting
essential soil microbial functions (Chen et al.2@0 These findings are consistent with those af Qi
et al. (2021) and Li et al. (2015).

CONCLUSION

Overall, the findings of this study demonstratet 8@l biological parameters are strongly influeshce
by land use and slope. These factors affect miat@ammmunity structure and, in turn, influence soll
properties and development. Improper ecosystem geam@nt and erosion lead to a decline in
available nutrients, which plays a key role in r@dg microbial biomass, enzyme activity, and
microbial populations. To prevent further degraolatin erosion-prone areas, the implementation of
effective conservation and soil management straseigi highly recommended.
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(ol ogases o9 , BD=Bulk Density Js ,a.s) , TP= Total phosphorus s .;s,~) TN=Total Nitroger s .y,
MP= microbial population (_os,%w sog; y55,5) Microbial nitrogen, MBN (4,5 03555 (2,5) Microbial carbeMBC
(9,5 mi5) , MR= microbial respiration_.s,5 wew), MQ= microbial quotient .y ,5.s curez)
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Floods, as one of the most destructive natural rdazecause extensive damage
worldwide, particularly in mountainous regions ot such as the Keshkanrud
Basin. This study aimed to map flood hazard zonghé Keshkanrud Basin using a
combination of Fuzzy Analytical Hierarchy Proce$aidzy AHP), Technique for
Order of Preference by Similarity to Ideal Solut{@®PSIS), and Weighted Overlay
methods within a Geographic Information System (GfEamework. Multiple
criteria, including elevation, slope, rainfall, @iace from rivers, Topographic
Wetness Index (TWI), land use/land cover (LULC),il stype, Normalized
Difference Vegetation Index (NDVI), and erosionesavere evaluated. The results
revealed that areas such as Pol-e Dokhtar, KhobvadyaShiravand, and parts of
Kuhdasht are at the highest risk of flooding duéhtr topographic, hydrologic, and
land cover characteristics, while northern regibke Alashtar were identified as
low-risk zones. These findings align with histoti¢®od data from 2019, which
reported a peak discharge of 7,000 m3/s and ecantmsses of 26 million USD in
Pol-e Dokhtar. The Fuzzy AHP method, with a cotieta coefficient of 0.92,
proved to be the most accurate model, classifyi@o8of the basin as very high-risk
and 28.1% as high-risk. The TOPSIS and Weightedrl®yenethods also yielded
comparable results, with correlation coefficiert©9®9 and 0.87, respectively. This
study provides a scientific basis for flood riskmmagement in the Keshkanrud Basin
by presenting flood hazard maps and recommendingsunes such as designing
drainage systems, restoring vegetation cover, ampdeimenting urban development
management strategies.

How to Cite: Nazarpour, A. and Andik, S. (2026). Flood Hazardpling in the Keshkanrud Basin Using a
Hybrid Model of Fuzzy-Analytical Hierarchy ProcesBOPSIS, and Weighted Overlay Methodsurnal of
Natural Environmental Hazards, 15 (48), 117-142.

OO

BY NC

© The Author/Authors
DOI: 10.22111/jneh.2025.51912.2

Publisher: University of Sistan and Baluchestan




118 Journal of Natural Environmental Hazards, Vol 15sk 48, June 2026

EXTENDED ABSTRACT

INTRODUCTION

Floods, as one of the most common natural hazardgjally cause significant financial and human
losses worldwide. In Iran, mountainous regions like Kashkanrud Basin are prone to destructive
floods due to topographic characteristics, intenagefall, and land use changes. Located in Lorestan
Province, the Kashkanrud Basin, due to its posiglemg high-flow rivers and a history of devastgtin
floods (such as the 2019 flood with a discharger 600 m3/s and damages of 26 million USD),
requires a thorough flood risk assessment. Prevstudies have shown that combining multi-criteria
decision-making methods, such as Analytical Hidrar®rocess, Fuzzy logic, and TOPSIS, with
Geographic Information Systems provides a powedul for flood hazard zoning. This research aims
to provide a comprehensive approach to identifpdiprone areas in the Kashkanrud Basin and
propose management strategies.

RESULTS AND DISCUSSION

In this study, flood risk in the Kashkanrud Basiasaassessed using topographic, hydrological, and
environmental data through raster layers of elemaslope, rainfall, distance from rivers, topodviap
wetness index, land use, soil type, normalizededifice vegetation index, and soil erosion rate in a
Geographic Information System environment. The ltesodicated that areas with elevations below
500 meters, equivalent to 42.3% of the basin’'d totea, particularly Pol-e Dokhtar and Khorramabad,
are high-risk due to runoff accumulation in lowrgizones, while areas above 1,500 meters (15.7% of
the area; Alashtar) were identified as low-risk.diidnally, slopes less than 5 degrees, covering
38.5% of the area, showed a strong correlation.87 Quith historical floods, providing a robust
indicator of high flood risk; these zones were ity located near rivers and flat plains. Annual
rainfall exceeding 800 mm, covering 45.2% of theaain the southern and central parts, showed a
significant correlation of 0.85 with flood occureas. Moreover, areas within 500 meters of riverbeds
(33.6% of the area), mainly in Pol-e Dokhtar, widentified as high-risk with a correlation of 0.88.
high topographic wetness index (above 12), coveB@dg% of the area, indicated a risk of runoff
accumulation due to water pooling in topographigrdssions, with a correlation of 0.81. The analysis
of land use revealed that urban areas and barasp(db.8% of the area) exhibited the highest
vulnerability with a correlation of 0.79, while &8ts and pastures (42.3%) played a mitigatingirole
flood flow. Regarding soil type, badlands with I@&rmeability (28.4% of the area) were considered
high-risk, while entisols (19.6%) were deemed laskr Additionally, areas with a normalized
difference vegetation index below 0.11 (35.7% @f tinea) were high-risk with a correlation of 0.80,
while areas with vegetation cover above 0.4 (18.99je low-risk. Finally, high erosion rates,
calculated based on the Universal Soil Loss Egnatidckuhdasht and Pol-e Dokhtar, increased runoff
and exacerbated flood risk.

The three multi-criteria decision-making methods-z8uAnalytical Hierarchy Process, TOPSIS, and
Weighted Overlay—consistently identified Pol-e Dt Khorramabad, and Kuhdasht as high-risk
zones and Alashtar as low-risk. The most accuestelts were obtained with the Fuzzy AHP method,
which reported 8.2% of the area as very high-rigkl 8.1% as high-risk, with a correlation
coefficient of 0.92 with the spring 2019 flood (chsirge of 7,000 m3/s, damages of 26 million USD).
The TOPSIS method, with a correlation of 0.89, erelWeighted Overlay method, with a correlation
of 0.87, also showed high agreement with histodiea.

CONCLUSION

This study demonstrated that the Kashkanrud Bamirtjcularly Pol-e Dokhtar, Khorramabad, and
Kuhdasht, is at high flood risk due to its topodniaphydrological, and land cover characteristidse
Fuzzy Analytical Hierarchy Process, with a highuaecy (correlation coefficient of 0.92), performed
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best in identifying high-risk zones (8.2% very higék, 28.1% high-risk). TOPSIS and Weighted
Overlay, with acceptable accuracies (0.89 and O.&8pectively), provided similar results.
Incorporating erosion rate as an independent mitémproved the model’s accuracy, particularly in
erosion-prone areas like Kuhdasht. This study plesvia scientific basis for flood risk management in
the Kashkanrud Basin and suggests measures sutrhinage system design, vegetation restoration,
and urban development management to mitigate flamdage.
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Thunderstorms, due to their dynamic and thermodyoainaracteristics, can both
replenish water resources and cause substanti@sinictural and human losses.
This study aims to identify the synoptic patterm$luencing thunderstorms in
southwestern Iran, where convection is the dominaecipitation mechanism.
Given that the statistical period under investigatcoincides with the three most
recent solar cycles, special attention was paidvaoiations in thunderstorm
occurrence across different phases of each cysleyedl as inter-cycle differences.
In this regard, the frequency of thunderstormsrduthe last three solar cycles and
their relationship with sunspot activity were exaed, and 178 events were
analyzed using factor analysis and qualitativerprtation of synoptic charts. The
results indicate that thunderstorm frequency unmksgsignificant fluctuations
during solar cycles, with the changes being mooagunced in years corresponding
to peak sunspot activity. For instance, in 199@pie recording 2,296 sunspots, the
number of documented thunderstorms in the regiappid to 24 events. During
these periods, combined Sudan—Mediterranean systadhthe greatest influence on
thunderstorm development, whereas independent $adarMediterranean, and
monsoonal systems played a more limited role. le @ombined Sudan-
Mediterranean pattern, due to the merging of ridges the African and migratory
anticyclones, the Sudan low-pressure system shifteer eastward, in contrast to
the general pattern in which it travels eastwaoinfthe western Arabian Peninsula.
In this pattern, after passing over the southerth 8a via the Bab-el-Mandeb Strait,
it enters the Arabian Peninsula. When the low-pnessore is positioned between
Riyadh and the southern Persian Gulf, thunderstanesify due to substantial
moisture advection from the southern seas. At mugdspheric levels, the
Mediterranean trough exhibits a marked southwatdreson, and a cut-off low with
a strong southward displacement settles over souttes.
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EXTENDED ABSTRACT

INTRODUCTION

Thunderstorms are significant and destructive dlilogical hazards that occur due to the intense
release of energy and torrential rainfall withinshort time frame, causing substantial damage.
Southwestern Iran, particularly its eastern regi@xhibits a high susceptibility to this phenomenon
due to its topographic characteristics, proximiynoisture sources, and influence from large-scale
climate systems. This region is affected by Sudanekediterranean, combined, and to some extent,
monsoonal systems, which play a crucial role inftmenation of convective precipitation. Given that
the intensity and frequency of these systems dhgeimced by climatic fluctuations and variable sola
cycles, the present research aims to analyze tbet eff the three recent solar cycles (numberso22 t
24) on the frequency and activity of synoptic systeeffective in generating thunderstorms in
southwestern Iran. To this end, a combination atisttcal, synoptic, and thermodynamic analyses has
been employed to identify the relationship betwemniations in solar radiation and influential
atmospheric patterns. The findings of this reseasoh contribute to the improvement of forecasting
and climate risk management systems in the region.

DATA AND METHODOLOGY

In this research, to investigate the role of solailes in the temporal variations of thunderstoims
southwestern Iran, recorded data from 24 meteoicdbgtations during the period of 1986 to 2018,
concurrent with three complete solar cycles (cy@@sto 24), were utilized. The thunderstorm
occurrence data were extracted from 6-hourly syoopports of the Iran Meteorological Organization
and organized in Microsoft Excel. Additionally, datbout the sunspot number were collected from
the Royal Observatory of Belgium database. Onlgicsta with complete and continuous data across
all three solar cycles were included in the analyBor synoptic analysis, 178 significant events, i
which thunderstorms were recorded at more than dfalhe stations, were identified. These events
were examined using two complementary methods:alianalysis and factor analysis. In the visual
analysis, indices such as the maximum number dftdigg strikes and daily precipitation were
considered in sample selection. In the factor alynethod, sea level pressure (SLP) data were
extracted from the NCEP/NCAR database and analiyz&PSS software using varimax orthogonal
rotation. Fifteen principal factors explained mdhan 91% of the total data variance. The Kaiser-
Meyer-Olkin (KMO = 0.918) and Bartlett's test ofhgpicity (sig = 0.000) also confirmed the
adequacy and significance of the factor analysisally, two events on November 29, 1986, and
December 13, 2010, were identified as selected staskes for synoptic chart analysis.

RESULTS AND DISCUSSION

The results indicated that thunderstorm occurreftesouthwestern Iran exhibit a distinct periodic
pattern in relation to solar cycles. Statisticadl @ynoptic analyses of data recorded at seventsdlec
stations during the three recent solar cycles ésy@d2, 23, and 24) reveal that the frequency of
thunderstorms in most cases increased with deagasilar activity (reduction in the number of
sunspots), particularly in the final years of eaghble. This inverse relationship between solanvégti
and the frequency of thunderstorm phenomena is mlealy evident in cycles 22 and 23, and a
similar pattern, despite minor fluctuations, wapeated in cycle 24. Specifically, the highest
frequency of thunderstorms during the entire 33-ymaiod was recorded in 2007 (minimum solar
activity in cycle 23) with over 320 events. Frome tperspective of synoptic systems, Sudanese
systems and combined Sudanese-Mediterranean sygilysd the most effective role in the
formation of thunderstorms in the region. Thesetesys, benefiting from tropical moisture and
convective instabilities, possess the greatesinpiatdor the development of thunderclouds and eeve
weather events in the region. The results showed ith years with reduced solar activity, the
frequency and intensity of Sudanese and combinestersys also increased, leading to the
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intensification of thunderstorm occurrences. Coselr, coinciding with peak solar activity, a relati
decrease in the penetration and influence of tlsystems was observed; this may indicate the
reflective effects of solar radiation on changeshiem general atmospheric circulation patterns aed t
weakening of the influence of tropical systems. lxsia of surface pressure and mid-tropospheric
charts during thunderstorm events in southwestamshowed that these phenomena mainly occurred
under the influence of the intrusion of SudaneskMaditerranean systems, or a combination thereof.
At the surface, the expansion of the Sudanese lesspre system and the advection of tropical
moisture from the Red Sea and the Persian Guihsgified instability. At the mid-level (500 hPa)gth
establishment of the Mediterranean trough and ulgyet divergence associated with the subtropical
jet stream facilitated air ascent and the developnoé thunderclouds. This triple coincidence —
moisture, trough, and jet — played a key role eftirmation and intensity of thunderstorms.

CONCLUSION

The findings of this research demonstrate a sicgnifi correlation between the occurrence of
thunderstorms in southwestern Iran and the flunatin solar activity, particularly the variatioirs

the number of sunspots during solar cycles 22 toSpécifically, the maximum frequency of these
phenomena is often observed in the declining andinmim years of each solar cycle. Synoptic
analyses also indicate that Sudanese systems @ingddmbination with Mediterranean systems play a
more prominent role in the occurrence of these phrema compared to other systems. In selected
case studies, the interaction of high-pressurd@mepressure systems at different atmospheric sgvel
particularly the confluence of the Siberian Highe tSudanese Low, and Mediterranean troughs, has
led to effective moisture transport, increasedaibisity, and the intensification of convective upli
These results emphasize the mesoscale role of faattmations in modulating synoptic patterns and
thermodynamic conditions effective in the formatiminthunderstorms, and highlight the importance
of considering solar indices in climatological gisgls and forecasts.
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