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Understanding changes in climate and the factdexctitig their occurrence is of
great importance. In this study, the trend of gpathporal changes in the parameters
of average temperature, precipitation, relative igityy number of dust days,
maximum speed, and wind direction from 1987-2023 &fstations in the western
half of Iran was investigated using Mann-Kendadtistical methods and Sen's slope,
and their relationship with each other was analyasithg the Pearson correlation
method. Using the Mantel linear test and the Gete@er (GDM) geographical
classification method, the effects of teleconnettiodices, including QBO, 10D,
BEST, and NAO, on the aforementioned parametere wesestigated. The results
of the spatial fluctuation analysis using Sen'psltest showed that more than 85
percent of the area of the study area had an isicrg@drend in all parameters. The
Mann—-Kendall test showed that the highest increaskdecrease in the parameters
were related to the Sarpol-e-Zahab and Dezful csiafi respectively. Pearson
correlation analysis showed that the highest vabfethe correlation coefficients
were between relative humidity and all parametewhich was inverse and
significant at the 0.001% error level. Among thegpoaeters, wind speed played the
greatest role in the occurrence of dust storms,jtareffects were observed in 74.9%
of the study area. According to the results of Mantel test, among the parameters
studied, the highest correlation of the telecorinadhdices with dust frequency was
established, covering 69% of the study area. Rankinthe dominant factors on
climate change with the geo-detector index idexdifihe independent factor IOD as
the superior and influential factor in the disttibn of these changes. The findings
of this study can help understand the climatic dexctthat influence changes in
climate parameters.
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EXTENDED ABSTRACT

INTRODUCTION

Understanding the temporal and spatial trends ohate impacts and recognizing the factors
influencing their occurrence is of great importandee temporal and spatial variation of dust events
dependent on numerous climatic and terrestriabfadfGuan et al., 2017). In recent decades, global
warming and climate change have caused an incrieasemperature, a decrease in rainfall, and
frequent droughts. Following the occurrence of ¢hesoughts, the dust phenomenon has also
increased (Achakulwisut et al., 2018). Climatic reteéeristics and their dominant elements play an
important role in the occurrence and distributiémpleenomena (Mahdavi, 2018). Most studies related
to the analysis of trends in climate variables haeen based on Mann-Kendall tests and linear
regression. Therefore, the main objectives of tiesgnt study are to use two methods, the Mantel tes
and the Geo-Detector index, to investigate the tealpand spatial changes of climate variables with
an emphasis on the frequency of days with dustnstan the western half of Iran.

MATERIALS AND METHODS

To determine the correlation between climate vdemlwith horizontal visibility, data on average
temperature, precipitation, relative humidity, nmadim speed and wind direction were used for the
36-year statistical period (1987-2023)o investigate the climatic causes affecting thelmate
variables, monthly time series data of bivariateSEN(BEST), Indian Ocean Dipole (I0OD), QBO
index and time series of North Atlantic OscillatiNAO) index were usedThe Mann-Kendall
method and Sen's slopeere used to investigate the temporal trends efcsed climate variable3.o
analyze the linear relationship between climateabées and teleconnection data, the Mantel test (a
widely used method for testing the linear correlatbetween two matrices) was used (Meng et al.,
2022; Yang et al.,, 2023¥inally, the factor detector was used to determtime contribution of
teleconnection patterns to climate variables.

RESULTS

The results of determining the trends of tempeeatprecipitation, relative humidity, dust occurrenc
maximum speed, and wind direction metrics for ttedistical period 1987-2023 showed that the
changes in correlation coefficients fluctuated tiyeduring the statistical periodlhe trend of dust
occurrence correlation in many of the studied atatiis almost in line with the trend of changes in
climate variables, which indicates that climate ngfes are in line with these fluctuations in the
selected stations in western Irarhe results of determining the trend using the aoametric slope
test showed that the precipitation parameter atgkear, Kermanshah, and Dezful stations has a
decreasing trend, which can lead to a decreaseaterwesource storage and a decrease in river
dischargeThe existence of an upward trend in the tempergtarameter for 53% of the study area
can cause an increase in evaporation and trarispirévllowed by a decrease in water resources and
pressure on groundwatéilind speed had the most significant relationshithhe frequency of dust
storms, and in 96.2% of the study area, it hadchibleest correlation coefficient with dust occurrenc

CONCLUSION

Since climate is affected by multiple parametelisjyate change cannot be the result of only several
specific components, and it is the effect of vasiparameters that causes climate change in a region
The findings of this study can help decision-makersdeveloping strategies and measures for
sustainable water resource management, reducingcamilolling the risks of dust, drought, and
flooding, and discovering climate factors affectoiganges in climate variables.
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Flood is one of the most catastrophic natural ldszarorldwide that can easily have
devastating effects on human lives and propertye frequent occurrence of this
hazard makes it necessary to develop accurate flemhrd maps for better
information dissemination and disaster preparedaessmitigation. The proposed
research work is to analyze the flood susceptbiissessment in a mountainous
environment. Therefore, this study aims to applychige learning models (MLM)
and geographic information systems (GIS) technidaesredict flood hazard areas
in llam province. Two ML algorithms were used ftwdd susceptibility mapping of
llam province: random forests (RF) and artificiaunal networks (ANN). Sixteen
continuous parameters and different categoricablibes were identified to assess
the correlation between these variables and flamhts in the study area and were
used as inputs to run the two models. A total o#2lflood and non-flood points
were randomly selected, 70% and 30% of which weseslas training and validation
datasets. Also, the results of the error rate & proposed algorithms were
considered, clearly showing that in the RF modeABViwhich is equal to 0.0889,
and RMSE equal to 0.1872, have the lowest valugwRith is equal to 0.8423, has
the highest value, which performed better compéwatie ANN model. The value of
the research lies in the fact that the proposedetsodan also be used to assess
natural disasters such as earthquakes, landsétiedn addition, this work makes a
significant contribution to the efforts to reducketrisk of natural disasters.
Therefore, it will help to increase environmentastainability.
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EXTENDED ABSTRACT

INTRODUCTION

Flooding is one of the most destructive naturabkstiers in the world due to its severe property
destruction and loss of life (Zanchetta& Coulib&920), and causes severe damage to infrastructure
worldwide every year (Desai et al., 2015). Awarenesthe flood phenomenon and its consequences
is crucial for controlling and reducing flood rigMarz et al., 2010). Flood susceptibility maps
facilitate risk management decision-making (Wanglet2020). The Niger Basin was assessed using
three machine learning models and twenty factdrsvas found that areas near the river are more
prone to flooding, and the extreme gradient bogstitodel performed best (Adeyemi & Komolafe,
2025). The Ili River Basin was investigated usingctiine learning models, and about 58.8% of the
basin is located in flood-prone areas (Zhang e28R5). llam Province is one of the flood-proneasr

of the country which can be He pointed out the Maver 2015 flood and the spring 2019 flood,
which were unprecedented in the last 100 yearscanded widespread destruction of homes and
urban and rural infrastructure. Despite warningd precautions, the November 2015 flood claimed
the lives of several people in late 2019 (Salatdatimozi et al., 2017).

DATA AND METHODOLOGY

The method of the present research includes creatifiood inventory map, identifying variables
affecting floods and multi-lineage detection, vatidn, and accuracy analysis, or evaluation ofdloo
sensitivity maps, etc. The models used to prodiamdfsensitivity index maps include the random

forest model and the artificial neural networkhe results of machine learning prediction and

statistical modeling are significantly affected tng accuracy of historical flood location data (ki

al., 2021). Flood-vulnerable areas in this model @divided into two zones based on historical and
geoenvironmental data (Benkirane et al., 2020). @uée topography and mountainous nature of the
region, as well as the lack of Sentinel 1 satellitages at the time of the flood in the area, Geogl
Earth Engine software did not perform well. Forsthéason, and using expert opinions, the Maxent
model was used to extract flood points. Here, #®ggaphical locations of 424 historical floods were
taken from the Regional Water Organization of IlBnovince, and the Maxent model was used to
prepare a flood inventory map. These floods wevéldd into two groups. The first group included
70% of the flood data and was used as the traid@tgset, and the second group included 30% of the
remaining data and was used as the validation etatés addition, 617 flood-free points were
randomly selected from high-altitude areas with mwno flood probability. In this study, R software
was used to determine the importance of parameterd, two models, RF and ANN, were
implemented in the R programming environment.

RESULTS AND DISCUSSION

16 input layers were entered as independent variaiieshe modeling process. The importance of all
factors was determined and is shown in Figure & fEhevance of each factor for both models was

assessed using R software
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Figure 1: Relative importance of conditioning factors: Rfj. (b) ANN Source: Authors

Using criteria such as MAE, R-squared, and RMSE, itfodel results were quantitatively validated

against the flood inventory map. Table 1

Table 1: Accuracy evaluation of the two RF and ANNnodels for training data through different error

criteria
Model RF ANN
RMSE 0.1872 0.2591
R squared 0.8407 0.7056
MAE 0.0889 0.1628

Flood susceptibility maps were generated for bb# tandom forest and artificial neural network
models. The maps showed a continuous probabil&legoom 0 to 1

Table 2: Flood susceptibility statistics with the ® and ANN models

Percentag€%) Area (km2) Flood susceptibility Model
10.2 1958.08 High
1.8 355.158 Moderate ANN
88 16933.53 None/Low
13.9 2687.99 High
23.2 4460.82 Moderate RF
62.¢ 12097.98 None/Low

CONCLUSION

The random forest and artificial neural network misdvere built using a spatial database, whose data
includes 16 topographic and geoenvironmental factdfecting floods and 1041 previous flood
events. The experiments did not show evidence ofticuliinearity between the identified

conditioning factors. The validation findings shalvthat the two models performed significantly
better. However, RF was more efficient than ANNtenms of computational efficiency, prediction
accuracy, and other evaluation criteria. This wasa by the value of R2 = 0.8407. This is because
training the model with RF requires less executiore. The identification of key factors such asdan
use, elevation, and topographic wetness index (TW&3 enhanced the understanding of flood
dynamics in the study area, and the results alswesth that approximately 10.2% to 13.9% of the total
area is highly vulnerable to flooding.
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In recent years, there has been a notable inciease intensity and frequency of
extreme temperatures, encompassing both extrenmtieeheats-such as hot days, hot
nights, and heat waves-and extreme cold eventsidimg cold days and cold nights.
This study analyzes changes in the frequency ofitmam temperatures in Iran
utilizing daily temperature data from the Era5 8@atge, covering the period from
11/10/1357 to 10/10/1402. Following the year 13fhg frequency distribution of
maximum temperatures exhibited a notable shift tdg&igher values, accompanied
by a reduction in seasonal temperature differaotiatThis transition resulted in a
change in the temperature distribution from a biggntial to a uni exponential
model, as well as an increase in leftward skewneghin the temperature
distribution. The frequency of 37 degrees Celsixgseéenced the most significant
increase, recorded at 0.5 percent, while the frecpeof 1 degree Celsius
demonstrated the most substantial decrease, erce®d percent. These observed
changes may be attributable to local factors, sischirbanization and desertification,
as well as broader influences stemming from glafiatatic phenomena, including
significant ElI Nifio events. An examination of thbickness of the 850-500
hectopascal layer indicates that the spike in marintemperatures in Iran in 1998 is
not merely a localized occurrence but rather a featstion of global climate change
that has disrupted the previous climatic equilibriuThese changes indicate the
widespread and continuous effects of global warnongthe climate of Iran and
beyond.
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EXTENDED ABSTRACT

INTRODUCTION

One of the most important challenges in human pegjreess to face climate change is understanding
the behaviour of extremes at the local scale. En@éreemperatures affect energy, health systems, and
agriculture, thereby straining resources and tl@@ny. Understanding the probability distributidn o
temperatures in the coming years, including extréemeperatures, plays an important role in the
adaptation of humans and ecosystems to climategeh@auirguis et al., 2018: 1). In addition, under
climate warming conditions, the characteristicsclifnate extremes will change; in particular, the
intensity and frequency of high temperatures ara/erecipitation will increase, which will have
potentially harmful effects on nature, the econoand society (Delgado-Torres et al., 2023: 1). The
impact of global warming on extreme climates (sashheat waves and extreme precipitation) is
greater than on average climates, and the probalofi extreme weather events will continue to
increase in the future. The increase in extremeheeavents has adverse effects on human society,
health and well-being, economy, and natural ecesyst(Darand, 2020: 1). In recent years, various
studies and research have been conducted on teomgechanges and extreme weather events around
the world (Easterling et al., 1997; Seneviratnalgt2021; Sanchez et al., 2023). In the preseityst

an attempt has been made to analyze and investlgatieequency of temperature changes in Iran in
detail.

DATA AND METHODOLOGY

To conduct the present study, the daily maximumpenature data of the ERA5 database from
11/10/1357 to 10/10/1402 for 16436 days over 4@4talegrees east and 25 to 40 degrees north with a
spatial resolution of 0.25x0.25, was utilized. Omhe pixels covering the Iranian territory were
utilized to examine Iran's temperature characiesisTo extract the daily maximum temperature from
the ERAS database, we extracted the hourly temyprerédr each day and considered the largest value
among the 24 data on each day as the maximum tatoperof that day. Also, to investigate the
relationship between temperature changes and alrensphickness, geopotential data of 850 and
500 hectopascal levels, respectively as groundsarénd middle layer atmospheric levels, were taken
from the ECMWEF database daily and at a spatialluésa of 0.25 x 0.25 degrees in (NC) format.
Programming operations in the Python software emwirent were also used to process and analyze
the data.

RESULTS AND DISCUSSION

In the initial phase of this study, an analysigtaf general structure of maximum temperaturesan Ir
was conducted by calculating the average maximunpéeature for each day across the country. The
resulting time series of temperature data was dmegotusing a 365-day moving window. This
examination of the smoothed time series revealedtable increase in maximum temperature in the
year 1377, which is distinctly observable withinetldata (Figure 1). To assess whether this
temperature increase in 1377 is consistent acheseritirety of Iran, a maximum temperature dataset
with dimensions of 81x61x16436 was utilized. Theosthed time series for maximum temperature
was computed for each grid cell using the samedzgbwindow, followed by the standardization of
the smoothed temperature array. Subsequentlynaipali component analysis (PCA) was performed
on this standardized dataset. The results indidhegdthe scores of the first principal componeatav
consistently positive before 1377 and predominantiggative thereafter. Furthermore, the
investigation into temperature anomalies acrosa blamonstrated that a significant temperature
increase has been recorded in 45% of the coumtrga since 1377. To explore the potential causes of
these temperature changes—whether they are a#bleutto factors such as urbanization,
deforestation, desertification, the desiccatioma&es, and other anthropogenic influences, or vdreth
broader climatic patterns are at play—data on geopi@l height values over the Northern
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Hemisphere at the 850 and 500 hectopascal levels extracted. The atmospheric thickness in these
two layers over Iran and the Northern Hemisphers subsequently calculated. The findings indicate

that atmospheric thickness over Iran has experieacggnificant increase since 1377. Consequently,
the year 1377 can be regarded as a jumping poittidntemperature time series for the Northern

Hemisphere, as the temperature values in the laimeosphere are directly influenced by atmospheric
thickness; thus, an increase in atmospheric thekoerrelates with an increase in temperature.
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Figure 1. Smoothed time series of maximum temperatureain rased on Asfazari data Era5 dataset.

CONCLUSION

This study analyzed daily maximum temperature tfaia 11/10/1357 to 10/10/1402, covering a total
of 16,436 days, to investigate changes in maximemperature characteristics in Iran. The smoothed
time series revealed a significant increase in mari temperatures in 1377, which was evident
across most regions of Iran. Upon standardizingdéte, the principal component analysis indicated
that the scores for the first component were coersily positive before 1377 but became negative
thereafter. This shift resulted in a frequencyrdistion of maximum temperatures that leaned toward
higher values, with an increased occurrence of &zaipres exceeding 23 degrees. Additionally, the
seasonal temperature variation diminished, transfgg the temperature distribution from
biexponential to uni exponential, which reflectseduced difference between hot and cold seasons.
The thickness of the 500-850 hectopascal layeresigghat this temperature shift has also impacted
the lower half of the atmosphere, highlighting thebal nature of the warming phenomenon.
Furthermore, the temperature jump in 1377 may lsecated with the strong El Nifio event that
occurred that year, potentially influencing broadgobal climate change, disrupting the previous
climate equilibrium, and leading to a new climagiate.
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The expansion of settlements along riverbanks amathage channels, as well as
indirect interventions in large and small catchmamdas that drain the surrounding
mountains, have disrupted slope stability, destioyegetation cover, compacted
soil, and altered the profiles of waterways. Thias¢ors have increased vulnerability
and intensified the impacts of sudden floods. Tikssie has become particularly
critical in recent years, as intensified droughasendiminished public awareness of
the occurrence of consecutive and heavy rainfallome regions. Consequently,
unauthorized construction within the riverbed atel buffer zone has increased,
changing the flow and sediment transport potergiad disrupting the balance of
these aquatic ecosystems. Under these circumstarieess reclaim their natural
rights according to flood return periods, severedffecting any existing
developments within the floodplain. This study &egorized as applied research in
terms of its objective and as exploratory researcierms of data collection. It
involves field visits, data gathering, and the gsial and interpretation of qualitative
data. To this end, in the first step, by analyzimg content of field visit reports from
flood-prone villages across the country, the méiallenges related to flood risk
reduction were identified. Then, based on the figdiand the recognized need for
the regulation and dredging of rivers and drainefggnnels in vulnerable rural areas
nationwide, the February 2025 flood event in théo&iar River was examined and
analyzed. Finally, recommendations were provided golicymakers and local
authorities to strengthen resilience against floods
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EXTENDED ABSTRACT

INTRODUCTION

Due to the location of population centers near wateuress, rivers, and streams, the vulnerability of
these settlements to flood hazards has increased.dntrgears, climate change has further raised the
probability of extreme events, including flash floods. Meghile, the expansion of settlements along
riverbanks and streams, and indirect interventions in Engesmall catchments that drain surrounding
mountains, have disrupted the balance of slopes,ogestrvegetation cover, compacted soil, and
altered channel profiles, resulting in increased vubibiy and intensified impacts of flash floods.
In recent years, in particular, the intensification of dids has diminished public perception of the
risk of heavy and successive rainfall in some regiafsch in turn has led to increased unauthorized
constructions within the riverbed and floodplain. Comsedly, changes in flow and sediment
transport potential have disrupted the balance ofetlegiatic ecosystems. Under such conditions,
rivers reclaim their natural course according to theirdlogturn periods, severely impacting existing
structures within the floodplain.

DATA AND METHODOLOGY

This study is an applied research in terms of its me@nd is classified as exploratory in terms of
data collection, involving field surveys, data collectiomdaqualitative data analysis and
interpretation.

In the first step, quantitative content analysis was .u¥hkd statistical population in this part of the
study consists of field visit reports for 1,418 villagesisk of natural disasters in 31 provinces, which
were studied and visited under the project titled Idieation, Prioritization, and Action Plans for
Villages at Risk of Natural Hazards. This nationaljgcbwas conducted using field, administrative,
and software-based methods, and based on Clauskr8abé 27 of the Sixth Five-Year Development
Plan of the Islamic Republic of Iran, the National Disaktanagement Law, and the National Hazard
Atlas, aiming to identify and propose solutions to redugmip/ natural hazards in rural areas

RESULTS AND DISCUSSION

Content analysis of the field visit reports showed thatafuhe 1,418 villages studied nationwide,

1,169 villages (82.4%) are at risk of floods, 638 vilad45%) at risk of earthquakes, 393 villages
(27.7%) at risk of slope movements (landslides, rockfatls.), 33 villages (2.3%) at risk of land

subsidence and sinkholes, and 18 villages (1.3%) at fighifting sands (Figure 1). Therefore,

flooding is the most widespread hazard occurring natid@wi

subside windblo
nce and wn
sinkhol sand

arthqua
ke

slope
movem
ent

Figure 1: Common hazards in villages at risk of natural dis@sand hazardSource
The results showed that river and stream manageme®b®) and dredging, cleaning, and removing
obstacles from riverbeds and streams are the top egefenationwide in flood risk management and
reduction (Table 1). Despite efforts made to dredgersiand streams across the country, incidents
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such as the February 2025 flood in Gilan Provimzt the overflow of the Pirbazar River demonstrate
that this challenge continues to play a major imoli@creasing flood-related damages.

Table 1: Most common required actions nationwide for flottk iImanagement and reduction

Code Main Category Frequency Percentage
1 Observing riverbed and riparian bounds 352 8.04%
2 River and stream management 1,140 26.05%
3 Implementation of watershed management projects 751 17.16%
4 Implementation of elevation coding 266 6.08%
5 Designing and implementing surface and subsurfatencollection an: 445 10.17%

drainage systems
6 Educational, cultural, and promotional activi 288 6.58%

In this event, the overflow of the Goharroud andjdzb rivers and subsequently the Pirbazar River
led to severe flooding of streets and residentilsyespecially along the rivers, rising waterelswup

to bridge decks, damage to natural resources an@rkironment, contamination of flowing waters
due to sewage inflow, large-scale erosion and tdsfertile soil from the watershed by the rivers,
damage to infrastructure, contamination of drinkingter, blocked roads, and evacuation of
residential units along the rivers in Rasht. Stedinelicate that the lack of dredging and management
of these rivers, failure to observe riverbed anpanian boundaries, changes in erosion and
sedimentation conditions, channel shifting, lateaald longitudinal displacements, formation of
shortcuts, changes in bed levels, alteration ofnsent gradation, and transformation of channel
geometry are among the main factors that havesifted the impacts and consequences of this flood,
increasing damages. In addition, in some aread; sscthe central square of Pirbazar city, the
elevation level of construction relative to theerived is lower, which, given the unmanaged river
conditions, has resulted in water overflow and ghation of built-up areas.

Another notable aspect of the flood was the detatimn in water quality due to the mixing of sewage
with surface water resources. Because of the higbhff volume and prolonged water retention on the
ground, especially due to the full capacity of \aetls and lack of proper drainage, water quality
parameters significantly degraded during this flood

CONCLUSION

In this study, the results and specialized repoft&eld visits to 1,418 villages at risk of natura
disasters in 31 provinces were reviewed and conderlyzed. The analysis of natural hazard
frequencies in different provinces showed that ding is the most widespread natural hazard
nationwide. By examining aggravating factors, edlathallenges, and mitigation strategies, it was
found that despite efforts made so far to redugedflrisk, river and stream management, dredging,
and enforcement of riverbed and riparian boundadegin top priorities for flood risk reduction. &h
February 2025 flood in the Pirbazar River clearlyxeraplifies these challenges.
Given the financial constraints and high costs @ased with post-disaster recovery and
reconstruction, and the necessity of proactive rptam and action for disaster prevention and risk
reduction, this study presents recommendationgpdticymakers and local authorities to strengthen
resilience against floods.
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The Qarah-Aghaj basin, as one of the most sigmifiveatersheds in Fars Province,
has experienced numerous destructive flood evantsecent decades, causing
extensive damage to regional infrastructure. Thislys presents a comprehensive
analysis of flood behavior in the Qarah-Aghaj bakimugh an integrated approach
that evaluates four statistical distributions: GemBype |, Generalized Extreme
Value (GEV), Generalized Pareto (GPD), and log-radrmThe distribution
parameters were fitted using three distinct methbtithod of Moments (MOM), L-
moments, and Maximum Likelihood Estimation (MLE)hel goodness-of-fit was
rigorously assessed through multiple criteria, udahg the Kolmogorov-Smirnov
test, Akaike Information Criterion (AIC), and Rddean Square Error (RMSE). Key
findings demonstrate the superior performance ef &EV distribution in flood
modeling for this basin. The GEV distribution shalweptimal agreement with
observational data, as evidenced by the lowest Kgbrov-Smirnov statistic (0.058)
and AIC value (234.5). Furthermore, it provided thest accurate predictions with
an RMSE of 112.3 m3/s and a positive bias of 2.I¥#ese results indicate heavy-
tailed behavior in the flood frequency distributigerimarily attributable to unique
geomorphological characteristics, including stedppes (mean 12.5%), high
drainage density (1.8 km/km?2), and extensive kafgtmations (covering
approximately 60% of the basin area). The analysiderscores the necessity of
employing advanced distributions like GEV for copwplhydrological systems in
arid basins such as Qarah-Aghaj, potentially redycomputational errors by up to
20%. The study conclusively establishes that a lsirgjstribution cannot be
universally applied across all arid basins, empiagithe critical importance of
considering basin-specific characteristics in flduency analysis. These findings
provide a scientific basis for updating flood magmgnt standards in similar
regions, with significant implications.
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EXTENDED ABSTRACT

INTRODUCTION

The primary challenge in flood management of arabifis lies in the substantial uncertainty
surrounding peak discharge predictions. The Qarglaf basin, as one of the most significant
watersheds in Fars Province, has experienced nuetestructive flood events in recent decades,
causing extensive damage to regional infrastructbid observations at the Tang Karzin station
reveal that recorded floods, particularly the exieel1986 event with a discharge of 6,409 md/s,
significantly exceeded values predicted by conwewii distribution models. This study provides a
comprehensive analysis of flood behavior in thea@akghaj basin, where recent catastrophic events
have exposed critical limitations in traditionaéduency analysis methods. By integrating advanced
statistical approaches with detailed physical baiaracterization, this research addresses existing
knowledge gaps through systematic evaluation of GFareto, log-normal, and Gumbel distributions,
while offering operational solutions for regionkldd management based on statistical findings.

DATA AND METHODOLOGY

The Qarah-Aghaj watershed, located in the cenwdign of the Mond basin in Fars Province, was
selected for this investigation. Four statisticastributions were employed for extreme flood
frequency analysis: Gumbel Type | (Eq. 1), GeneediExtreme Value (GEV) (Eq. 2), Generalized
Pareto (GPD) (Eg. 3), and log-normal (Eg. 4). Patamestimation was performed using three distinct
methods: Method of Moments (MOM), L-moments, andxifaum Likelihood Estimation (MLE),
optimized through the log-likelihood function lodgd) = > log f(x_ip). Specific parameter
calculations included:

1) F(x) = exp[-exp(-(g)/o)]

) F(x) = exp{-[1 +§((x-w)/c)](-1/5)}

®3) F(X) = 1 - [1 (x-p)/o]"(-1/8)

4) F(x) =@[(In(x)-p)/o]

5) L(0) =II"{n}_{i=1} f(x_i| 6)

Where x represents flood discharge random variabte denotes the parameter vector (location
scales, and shape). Distribution fitting quality was assessed thrbugultiple criteria including

Kolmogorov-Smirnov testaE=0.05), Akaike Information Criterion (AIC), and Rodean Square
Error (RMSE).

RESULTS AND DISCUSSION

Analysis of 55-year instantaneous peak dischargerds revealed significant flow variability within
the basin. Comparative evaluation of GEV parameséimation methods showed 5.3% variatioqin
and 10.7% difference in criticaf parameter estimates. For the 1000-year returnogheftpod,
substantial discrepancies emerged among distrifmi(ibable 1):

Table 1: Predicted discharges (m3/s) for the T=1000-yeardim Qarah-Aghaj basin

Distribution | Discharge | Deviation from GEV
GEV 11,098
Gumbel 8,750 21.2% lower
Pareto 12,450 12.1% higher
Log-normal 10,530 5.1% lower

The GEV distribution demonstrated superior perforogawith optimal goodness-of-fit (KS=0.058,
AIC=234.5) and highest predictive accuracy (RMSEZ31m3/s, positive bias=2.1%). In contrast, the
Gumbel distribution showed systematic underestimna{hegative bias=12.4%, RMSE=185.6 m3/s),
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while the Pareto distribution exhibited overestim@attendencies (positive bias=5.8%). These results
unequivocally demonstrate that the GEV distributiomcorporation of the shape paramet&r (
enables superior modeling of heavy-tailed floodawédr in complex arid basins like Qarah-Aghaj,
potentially reducing computational errors by uf2086.

CONCLUSION

This study establishes that the Generalized Extréatee distribution with positive shape parameter
(£=0.18, p<0.01) provides optimal flood frequency lgsia for the Qarah-Aghaj basin. The heavy-
tailed behavior primarily stems from unique geonmmipgical characteristics, including steep slopes
(mean=12.5%), high drainage density (1.8 km/km#jl, extensive karst formations60% basin area).
Comparative analysis revealed that traditional Geindistribution may underestimate 1000-year flood
risks by up to 40%, emphasizing the necessity sinbspecific approaches that account for:

* Distinct geomorphological features
* Nonlinear hydrological system behavior
* Combined climate change and anthropogenic impacts

These findings provide a scientific basis for upgatflood management standards in similar arid

regions, with particular implications for criticabater infrastructure design and risk mitigation

strategies. The methodological framework develogfgdugh this research significantly advances
predictive accuracy in extreme flood estimationvi@ter resource management applications in water-
scarce regions.
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The water crisis in semi-arid regions like Southokdsan has been exacerbated by
drought and aquifer depletion. The establishmenthef Qaenat Steel Plant in the
Nimbeluk Plain, with its high water consumption amvironmental impacts, poses
a threat to the future of water resources and husesitements in the region. This
study aims to provide intelligent management sohgiby conducting a foresight
analysis of water issues, focusing on the impaictseosteel industry. The research is
descriptive-analytical with an applied objectivaydadata were collected through
library and field methods (interviews and questaines). The statistical population
consisted of 11 regional and water planning expsetected through convenience
sampling. Thirty-six variables affecting water resms were identified, and key
drivers were determined using structural analysidlicMac software. Subsequently,
a questionnaire was used to assess the impacesé tirivers in probable scenarios,
and the data were analyzed using scenario plaranidgScenario Wizard software.
The results identified urban drinking water qualityater supply quality, migration
tendencies, water access, and the use of Qaerds wastewater as key drivers.
Scenario analysis indicated a dominance of undasirascenarios (75%),
highlighting the need for optimal water resourcenagement and mitigation of
industrial pressures. This study provides a fram&vior short-term, medium-term,
and long-term policymaking by forecasting water sionption patterns in the
Nimbeluk Plain to achieve sustainable developmemt effective water resource
management.
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EXTENDED ABSTRACT

INTRODUCTION

The water crisis in semi-arid regions like Southokdsan, Iran, poses a significant threat to
sustainable development and human settlementseideied by prolonged droughts, overexploitation
of groundwater, and industrial activities. The Nehtk Plain, located in Qaenat County, faces acute
water stress due to declining aquifer levels, lamdsidence, and the water-intensive operationseof t
Qaenat Steel Plant. This study employs a scenlmmimg approach to conduct a foresight analysis of
water issues in the human settlements of the Nimkb&llain, with a specific focus on the steel
industry’s impact. The research aims to identify Keivers influencing water resources and develop
probable scenarios to inform short-, medium, amugiterm policymaking for sustainable water
management. Multiple factors, including climate @, population growth, and mismanagement of
water resources, drive the water crisis in Soutlorkiban. In the Nimbeluk Plain, 99.5% of water
consumption relies on groundwater, leading to seeguifer depletion and the designation of 26 out
of 35 plains in the province as restricted for astion. The Qaenat Steel Plant, with a water
consumption of approximately 1.2 liters per kilagraf steel and an initial production capacity
requiring over 700,000 cubic meters of water anguahtensifies pressure on the region’s limited
water resources. This industrial activity, coup¥ith agriculture’s dominance (consuming 93.5% of
extracted water), threatens the sustainability whan settlements and increases risks such as land
subsidence and migration. This study adopts a igiseranalytical methodology with an applied
objective. Data were collected through library sgsh and field methods, including interviews and
guestionnaires. The statistical population comgridd experts in regional and water planning,
selected via convenience sampling. Thirty-six \#da affecting water consumption were identified
and analyzed using structural analysis in the Miclaftware to determine key drivers. Subsequently,
a cross-impact matrix was developed, and data weyeessed using Scenario Wizard software to
generate and evaluate probable scenarios. The Dalgthod was employed to define five possible
states (from desirable to critical) for each keiyelr, forming the basis for scenario developmeiie T
results of the structural analysis revealed a Fighktable water consumption system in the Nimbeluk
Plain, characterized by complex interactions amoatyral, human, and industrial factors. Five key
drivers were identified: urban drinking water qtgliwater supply quality, migration tendencies,
water access, and the utilization of Qaen’s urbastewater. These drivers were pivotal in shapieg th
future of water resources in the region. The sceremalysis produced eight strong scenarios, with
75% indicating undesirable outcomes (intermediateritical, semi-critical, and critical states).bla

1 summarizes the key drivers and their probabl¢estahighlighting their influence on water
management outcomes.

DATA AND METHODOLOGY

This descriptive-analytical study with an applidbiextive examines water issues in the Nimbeluk
Plain, Qaenat County, South Khorasan, and Irana Ratre collected via library research and field
methods, including interviews and questionnairethviil experts in regional and water planning,
selected through convenience sampling. Thirty-sariables affecting water consumption were
identified and analyzed using MicMac software téedmine five key drivers: urban drinking water
quality, water supply quality, migration tendenciegater access, and Qaen’s urban wastewater
utilization. Scenario planning was conducted usBagnario Wizard, with a 25x%25 cross-impact
matrix based on five probable states per driveiived via the Delphi method with nine experts. This
generated eight strong scenarios, 781 weak, and 31 mconsistent scenarios.

RESULTS AND DISCUSSION

This foresight study on water issues in the Nimbkd&Nain, South Khorasan, Iran, with a focus on the
Qaenat Steel Plant, revealed a highly unstable rmed®sumption system driven by intricate
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environmental, social, and industrial interactiodsing MicMac software, 36 variables influencing
water resources were analyzed, identifying five kiwers: urban drinking water quality, water
supply quality, migration tendencies, water accasd, utilization of Qaen’s urban wastewater.

Direct influence graph

WA YL B0 o

Weakestinfluences

Weak influences
— Moderate influences
—— Relatively strong influences
—— Strongestinfluences

Figure 1: Distribution of Variables Based on Direct Impastd/ariables. Source: Authors, 2025

Scenario Wizard generated eight strong scenaridf)y W5% projecting undesirable futures
(intermediate-to-critical, semi-critical, and cor#i), underscoring the urgent need for strategic
interventions to avert environmental, social, aooh®mic crises.

Table 1. Summary of Scenario Analysis for Water Maagement in Nimbeluk Plain

Scenari Overall Stat Overall Stat Influencing Factor Influencing
Enhanced drinking Increased household
Scenario 1 Desirable water quality and water use, reduced  Desirable
resource access salinity
Slight improvement in Increased household
Scenario 2 Desirable drinking water quality, water use, reduced  Desirable
needs attention salinity
. . Status quo persists, nc ~ Stable population and .
Scenario 3& 5 Intermediate notable change water quality Desirable
Scenario 5 Intermediat-  Rising drinking wate Stable water use ar Desirable
to-Critical  pollution, quality at risk salinity
Declining water suppl .
Scenario 6 Critical quality, increased Stable populat_lon and Desirable
) ; water quality
migration
Scenario 7 Critical Severg decline in wat Unchangeq consumptic Desirable
guality and access and funding patterns
Scenario 8 Critical Severe po!lut|on an Unchangef_j consumptic Desirable
water quality decline and funding patterns

The analysis highlights the Qaenat Steel Plangsifitant pressure on water resources, consuming
1.2 liters per kilogram of steel and over 700,000amnually, alongside agriculture’s 93.5% share of
water use. These factors, combined with groundwater extraction, contribute to aquifer depletion
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and land subsidence, threatening human settlemBmasirable scenarios (1 and 2) demonstrate
potential for improved water quality, reliable stypmnd reduced migration through wastewater reuse
and water-efficient technologies. However, critisaénarios (6—8) warn of severe pollution, reduced
access, and mass migration if current trends coetiraligning with Hassaniyan (2024) on
environmental injustice and Shirzaei et al. (20@1)rreversible subsidence.

The MicMac analysis showed technology for watemuntidn as the most influential indirect driver
(score: 541), followed by urban drinking water diyalgroundwater quality, water treatment quality,
and annual precipitation (each scoring 512). Adiucal water consumption was the most dependent
variable (score: 562), emphasizing its vulnerapitit system changes. The unstable system, with
variables clustered near the scatterplot centaticates strong interdependencies, complicating
management efforts but highlighting the pivotakrof key drivers.

These findings align with Joadi et al. (2023), ver@ss aquifer vulnerability forecasting, and Bélies

et al. (2021), who advocate scenario-based wateagegment. The study’s emphasis on technology
echoes Qin et al. (2019), noting innovation’s iialenitigating water crises. However, the steel fan
expansion without sustainable water sourcing riskacerbating ecological damage, necessitating
immediate policy shifts toward integrated managdmencluding industrial water recycling,
agricultural reform, and enhanced wastewater itrinature.

CONCLUSION

This study provides a strategic framework to adsltbe water crisis in the Nimbeluk Plain, South
Khorasan, Iran, focusing on the Qaenat Steel Rlantpact. Five key drivers-urban drinking water
quality, water supply reliability, migration tend@es, water access, and Qaen’s wastewater
utilization-shape the region’s water future. Scenanalysis revealed 75% undesirable outcomes
(intermediate-to-critical, semi-critical, and coc#l), signaling risks of environmental, social, and
economic crises. The steel plant’s high water ds2 Ifters/kg, >700,000 m3/year) and agriculture’s
93.5% consumption exacerbate groundwater deplatidnsubsidence. To achieve desirable scenarios,
policymakers must: (1) implement water recycling thre steel plant, (2) invest in wastewater
treatment, (3) promote low-water crops and efficigrigation, (4) monitor aquifers, and (5) raise
public awareness. This model applies to other seidiregions, but the small sample size (11 experts
and limited data suggest broader studies are ne&tligdout action, pollution, reduced access, and
migration will intensify, threatening sustainalyilit
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As Tabriz is located on active faults and has d@rpeed devastating earthquakes in
recent years, crisis management must assess yfereiilience to seismic hazards.
In this study, the seismic risk-reduction capatstgvaluated, and the city's resilience
against earthquakes is assessed using the urbenaesscorecard against disasters,
aligned with the Sendai Framework. This researah loa categorized as applied
research, and its methodology is Descriptive Amedyt which was conducted
qualitatively. The thematic analysis method (TAMasvimplemented. Data were
collected through semi-structured interviews, ekpeeestionnaires, and the analysis
of documents and scientific sources. In this ewu#oa ten principles and 47
indicators were examined. The findings of the staldgw that Tabriz scores low in
terms of seismic resilience, reflecting deficiescim organizational structures,
inadequate budget allocation, lack of specializeshdn resources, lack of integrated
urban management, insufficient public awarenesseafthquake hazards, and
weaknesses in data collection and validation bgveeit organizations, which has
been discussed and analyzed in detail inside tiweds text. In addition, the article's
findings indicate that data vulnerabilities needb® evaluated and categorized, a
thorough database must be established, informatfmuld be disseminated and
regularly updated, and cohesive disaster managestrategies should be formulated
and executed across the city. The preliminary gagke risk assessment results for
Tabriz show that the city has scored a low 45 dut4d (approximately 32%) in
terms of resilience. Out of the 47 indicators exaadi 10 are "not yet implemented,"
29 are "partially implemented," 5 are "in progrésand only three are "fully
established." The most significant gaps include taek of integrated crisis
management, a shortage of dedicated funding, weaksein data sharing, low
public awareness, and vulnerability of criticalragtructure.
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EXTENDED ABSTRACT

INTRODUCTION

Tabriz is one of Iran's metropolitan areas and, acogrth recent tectonic studies, is located near
active faults in a high-risk seismic zone. There isiical need for a comprehensive investigation
regarding the vulnerability of urban regions like Tabrizéismic hazards. The city can improve its
readiness for future earthquakes by assessing bethisks associated with seismic events and the
processes involved in recovery. This study examinesmigtthe types of forces that pose a risk to the
city but also various dimensions of resilience, includirgpoizational, economic, infrastructural, and
public awareness. The aim is to identify weakness#geise dimensions that could affect recovery and
to propose practical measures to enhance resilienceastdlisaster recovery. To evaluate Tabriz's
resilience against seismic hazards, this study emplaasa study approach based on the UNDRR
scorecard. A questionnaire was distributed among stideiso involved in seismic crisis
management, complemented by consultations with expedaneetings with relevant organizations.
Primary data were collected through these consultationmaetings. The methodology included risk
identification, assessment of institutional capacity, fa@nevaluation, infrastructure assessment, and
review of disaster preparedness and response prosedorensure that the analyses accurately reflect
the perspectives of those directly involved in seismisisc management, data were gathered from
municipalities, relevant organizations and departmentsgliss urban planning specialists.

DATA AND METHODOLOGY

To improve and guarantee the precision of the respponadtiple rounds of communication with a
variety of organizations and discussion sessions wéde Ao conducted was a qualitative analysis
of current earthquake crisis management programs, whothded an examination of relevant local
regulations and pertinent policies governing urban devedmnt.
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Figure 1: Statistical analysis of responses to the levelsiffor Tabriz city against earthquake.

Table 1. Suggested Actions to Achieve Maximum Reigihce.

Action Responsible Organization Timeline
Review construction patterns and street designs antnprove CMEAG — RUDEA — CMTM 10 Years
current conditions

Reassess urban green spaces and their quantitativand CMTM 10 Years

qualitative standards
Mandate land use planning for urban developments ah CMEAG - EAMPO — RUDEA - 10 Years

constructions around the city CMTM

Re-engineer informal settlements and position milary centers CMEAG — RUDEA — CMTM 10 Years
around the city appropriately

Reassess urban green spaces and the green beltsitiés CMTM - RUDEA - CMEAG - 10 Years

Natural NRWMO
Review and restore the streams and rivers within ashn CMTM - CMEAG - RUDEA - 20 Years
surrounding the city to their natural state ERWA - EWWC
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Provide environmental water needs for rivers CMTM — ERWA - CMEAG 25 Years
Identify and restore the Qanats of Tabriz and its arroundings | CMTM — ERWA - CMEAG 5 Years
Reassess quantitative and qualitative aspects of han green  CMTM - RUDEA - CMEAG - 10 Years
spaces and green belts NRWMO

Secure funding and develop urban wastewater treatrmt EWWC — EAMPO - CMEAG 5 Years
facilities according to needs

Optimize the municipality's revenue sources for trasferring = CMTM — CMEAG — Local council 20 Years

Aras water to Tabriz
Utilize Tabriz's elite to adopt effective diplomacy for CMEAG — Provincial Representatives5 Years

maintaining the water quality of the Aras River in the Islamic Consultative Assembly
Restore pastures surrounding the city and implement CMEAG - CMTM - NRWMO - 20 Years
afforestation to mitigate regional dust storm: RUDEA

The statistical analysis of the responses is ptedein Fig. 1. It is related to the earthquake iisk
Tabriz. This figure is provided for a clearer reqmetation of the statistical analysis done in pliger.
Taking into account the differences in the subrditiesponses, it is a useful approach for evaluating
the results. According to Fig. 1, opinions convengeearth movement and landslides, fires associated
with earthquakes, and falling rocks from heightswhver, opinions differ on soil liquefaction.
Proposed measures to achieve maximum environmesidénce are presented in Table 1.

RESULTS AND DISCUSSION

According to the Tabriz Seismic Resilience Assesgnseveral critical challenges were identified: -
Organizational shortcomings: The city lacks a adized framework for managing seismic risks, and
disaster preparedness budgets are insufficientazatd assessment gaps: Existing seismic hazard
maps are outdated and incomplete. Disaster manageamel urban planning require significant
improvement, including a regularly updated compnshe risk chart. - Investment and economic
capacity: Economic resilience is weak due to lichitevestment in risk reduction and the absence of a
dedicated organization for resilience projectspfrdstructure vulnerability: Some hospitals cannot
withstand major earthquakes, and critical systeiks Wwater and energy require more resilient
infrastructure; - Public education and awarenessthi§uake information is mostly shared during or
after events. Continuous education campaigns aéeauketo improve community preparedness; - Data
management: A centralized system for collectingideting, and sharing information is essential for
effective disaster response; - Preparedness aponss systems: The city lacks an early warning
system, and inter-agency communication is poor.lidese could be strengthened through early
warning systems, regular training, and a unifiedrapons center.

CONCLUSION

In this paper, a comprehensive analysis was coaduegarding the seismic resilience of Tabriz city.
The results show that the city faces significansmé risks and highlight the need to assess and
manage these risks across the urban area. Theagwalassigns a low resilience rating, indicating a
urgent need for organizational reforms, the impletaton of practical risk management strategies,
and increased funding for disaster preparednessespbnse initiatives. Furthermore, the findings
emphasize the necessity of ongoing monitoring aadliation to track progress and address emerging
challenges. With consistent assessment and a lgeaipproach to resilience strategies, Tabriz can
effectively manage evolving risks and improve reads for future earthquakes.
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Heatwaves are among the most critical climate-edldiazards, posing serious risks
to human societies and ecosystems. The accelergicg of global warming
highlights the need for detailed investigationstlué phenomenon. In this study,
daily maximum and minimum temperature data for 8arg (1995-2024) were used
to identify local heatwave thresholds based onQ8#h percentile and probability
density functions. Five major heatwave characiesshumber of events, number of
heatwave days, magnitude, amplitude, and longestitidn were extracted across
Iran. Their spatial distribution and hotspot regiomnere identified, and temporal
trends were assessed using the Mann—Kendall tdsSam's slope estimator. Results
show that, in addition to arid and southeasterrioreg(e.g., Lut Desert, Central
Plateau, Southern Baluchestan, Hamun basins), dlighde areas of the Zagros
Mountains—particularly the Tashk—Bakhtegan basineaighly exposed in terms
of heatwave frequency and duration. In the lowlgtains of the southwest and
southeast (e.g., Khuzestan, Lut Desert, Hamun,dBektan), heatwave intensity has
in some years exceeded 50 °C (maximum) and 40 ‘@irtmm). Trend analysis
revealed statistically significant increases intahtwave characteristics, especially
in the number of events and days, with averageeslab ~0.24 events and 1.2 days
per year across most regions. While northern antheon coastal areas (e.g., Persian
Gulf coast) have remained relatively unaffectedpeysistent daytime heatwaves,
nighttime events show a clear increasing trend. ddeer, the highest long-term
averages for all characteristics occurred during st eight years of the study
period, particularly in 2024.
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EXTENDED ABSTRACT

INTRODUCTION

Heatwaves are among the most severe climate-rdfatzatds, with impacts increasingly amplified by
global warming. They are linked to excess mortalitsessure on infrastructure and energy systems,
agricultural losses, and ecological disruptionn]raituated in an arid and semi-arid region of the
Middle East, is particularly vulnerable to the migifrequency and intensity of heatwaves. Previous
studies in Iran have mainly relied on station-bassdperature records, which offer limited spatial
coverage. This study addresses this gap by emgldyigh-resolution gridded temperature data and a
probabilistic approach to detect and analyze heagwaents across Iran during 1995-2024.

DATA AND METHODOLOGY

Daily maximum and minimum temperature data for X294 were obtained from the ERA5
reanalysis dataset at 0.25° spatial resolutiontwhase thresholds were defined using the Probability
Density Function (PDF) method, based on the 90thgmile of temperature distributions, with a 21-
day moving window applied to reduce temporal valitgb Heatwaves were identified separately for
maximum and minimum temperatures, with a minimumatian of three consecutive days.

Five key heatwave characteristics were extracte@édoh grid cell (Table 1): (i) number of evenis, (
number of heatwave days, (iii) magnitude (averagenisity), (iv) amplitude (maximum daily value
within the event), and (v) longest continuous doratSpatial and temporal trends of these indicator
were analyzed using the non-parametric Mann-Kentt and Sen’s slope estimator. Areas
exceeding the 95th percentile in each index wexssdied as critical zones.

Table 1. Definition of Identified Heatwave Characteistics

Featur Definition (Unit)
Number of Events Number of heatwave or warm sprlluorences during the study period (events)
Number of Days Total number of days associated hétitwaves or warm spells (days)
Heatwave Magnitude Average temperature acros®atifave or hot period events (°C)
Heatwave amplitude Highest daily temperature resthidlring the hottest heatwave, selected baseakon t
magnitude (°C)
Longest Heatwave The heatwave with the longest consecutive duratioong all events (days)
Duration

RESULTS AND DISCUSSION

Spatial distribution maps indicated that heatwaesnot confined to desert and lowland regions; the
Zagros highlands—particularly the Tashk—Bakhtegasirb—also exhibit high event frequencies. On
average, 2-5 heatwave events per year were recbeded on maximum temperature. In southeastern
Iran and the southwestern plains (e.g., Khuzeseaieme intensities were observed, with maximum
temperatures surpassing 50 °C in some years.

Heatwaves based on minimum temperature, reflectiogurnal heat stress, showed increasing trends,
especially along the southern and northern codste. highest average magnitudes occurred in
southern and southeastern regions, where high hiymadd limited nighttime cooling amplified
nocturnal heat levels. The most extreme peak testyes were identified in Khuzestan, the Lut
Desert, and parts of Sistan and Baluchestan.

Temporal analysis revealed statistically significapward trends in most indicators—particularly in
the number of events and heatwave days. The stegpesases occurred in the Zagros foothills,
where annual rises exceeded 0.24 events and 1s2 Thag longest continuous heatwaves lasted 7-10
days in desert areas, with some extreme eventsdirtgup to 40 days.

The composite risk map identified the Tashk—Bakéutebasin, southern coasts, the Khuzestan plain
and southeastern Iran as multi-dimensional hotspgitaultaneously exhibiting high frequency,
magnitude, and amplitude. Annual records showed i warmest years—especially 2021 and
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2024—had the highest cumulative values acrossealivwave indicators. Notably, eight of the hottest
years fell within the final eight years of the stugeriod, reflecting an accelerated warming trend
(Figure 1)
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Figure 1: Top Five Highest Averages o nking across the Study Years

CONCLUSION

This study demonstrates that the intensity, dunatod frequency of heatwaves in Iran have incrbase
significantly over the past three decades. Theeatsware no longer limited to traditionally hot 2en
mountainous and coastal areas are increasinglgteffe particularly by nighttime heatwaves. By
integrating high-resolution gridded data with a l@bilistic approach, the study provided a more
accurate representation of spatial and temporgnpstcompared to station-based analyses.

The findings emphasize the urgent need for locdlemaptation planning and early warning systems,
particularly in newly identified hotspots such &g tZagros foothills and coastal regions. With

continued warming, compounding risks related to &wrhealth, agriculture, and energy demand are
likely to intensify. Future research should inteégréieatwave characteristics with socio-economic
vulnerabilities and land use changes to supporpcehensive risk reduction strategies.
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The retreat of glaciers due to global warming reduihe volume of ice, which leads
to many catastrophic glacier-related hazards, sashdebris flows and floods.
Infrastructure and local communities in the Damalvaegion are particularly
exposed to glacier-related hazards. Climate chargjacial dynamics, and
geomorphology regulate the nature and frequendgbfis flows. To understand this
concept, two glacial basins related to the Damavaerk, where debris flows and
floods have occurred frequently, were selected.this study, the relationship
between climate change, glacial dynamics, and bagepmorphological
characteristics with debris flows was investigatacthis regard, SL, HI, NDSI, and
Mass Balance indices were used. According to tHeulzded geomorphological
indices, the Yakhar glacier basin can be considerdx in the mature stage, and the
Sioleh glacier basin to be in the transition to the juvenile stage in terms of
geomorphological evolution. Landsat satellite inrggarocessing over 30 years has
shown that the glaciers have retreated at an aweai@g of 0.484 km2/year. Both
glaciers have also experienced a negative massdealaf 0.03 (m w.e a-1) on
average. Climatic data indicate that a period ofreeme temperature increase
preceding the debris flows, followed by heavy ralhitriggered several debris flows
in Mordad 1401. Glacier stability, particularly their termini, is highly sensitive to
melting rates, precipitation, temperature fluctoasi, and changes in mass balance.
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EXTENDED ABSTRACT

INTRODUCTION

Mountain environments are vulnerable to climatengea especially glaciers and permafrost in these
areas is susceptible to degradation. Deglaciatimhtlainning of glaciers are closely related to @i
change, which is closely related to several natuaakrds, including landslides, floods, debris #pw
moraine collapses, and slope failures. Recognizing challenges posed by debris flows in
mountainous environments; this study examines iassef debris flow events occurring in the Haraz
catchment area of the Alborz Mountains. The maijedlve is to investigate how factors such as
glacier retreat, ice volume reduction, geomorphypl@nd abrupt meteorological changes affect debris
flow processes. By integrating meteorological datith observations of glacier dynamics and
geomorphological environments, this study aimsdentify the relationship between climatic factors
and the frequency or intensity of debris flows. sSThesearch is particularly important for predicting
future risks and informing mitigation strategiesmountain environments affected by climate change.
The main objectives are: (1) to quantify glacienamyics by analyzing changes in glacier area from
satellite imagery, along with changes in surfacvation and glacier mass balance; (2) to analyze
climate change trends using ERAS data, focusingaily precipitation and temperature changes and
their effects on glacial debris flows from 19942@14; and (3) to characterize geomorphic features
and areas of origin and initiation of debris flows.

DATA AND METHODOLOGY

The Damavand glaciers are located in the centfabxl mountain range and are shown on a 1:50,000
scale topographic map. Damavand Peak, with an tidevaf 5610 m, is located at the geographical
coordinates of 52°E and 36°N in the Haraz basigufe 1). In recent decades, the study area has
experienced numerous floods and debris flows, éslbe the years 1368, 1369, 1386, 1397, 1401,
1402, and 1403. In the meantime, two important esveoncurred on 6 and 17 Mordad 1401, when the
debris flows caused serious damage to residentésain the Gaznak region and many villages
downstream of the Sioleh and Yakhar glacial basiiescharacterize the changes in the glacial area,
Landsat satellite images (TM, ETM+, and OLI/TIRS)thwa spatial resolution of 30 m and
corresponding to the years 1373 to 1403 with mihetoud cover £5%) were used. The images were
taken during the late summer melt seasons (JulyAamglist) and from the USGS Earth Explorer
website (https://earthexplorer.usgs.gov/). To dateuthe height of the glaciers and the volume
changes that  occurred, the 30 m DEM obtained  fromhe t website
(https://search.earthdata.nasa.gov/search) was. Wded, high-resolution Planet satellite images
available at (https://www.planet.com/products/digl were used for temporal analysis of events
before and after the debris flow.
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Figure 1. Map of driving factors on water use efficiencytle study area

RESULTS AND DISCUSSION

By examining Planet satellite images from beford after the debris flow event of August 1401, the
source and area of the onset of glacier meltinthénYakhar and Sioleh basins were determined. In
Figure 1, the general location of these areasadgshwith an asterisk. As can be seen in this figure
these areas are located on the ends of the arthes# two glaciers. The slope of the land surface i
the source areas is 43 degrees, and its altitu#fe5i8 meters. As can be seen in the images, aul re
of glacier melting, cracks and fractures formedytacial activity are exposed and provide debrisvflo
material for floods. These changes in surface ptigse associated with glacier dynamic changes and
high rates of glacier mass loss at the terminggifstantly affect glacier instability, leading tiebris
flows and floods. The parameters used to deterthi@esource and initiation areas are summarized in
Table 1.

Table 1: Details of parameters used to determine poterdiaice areas and initiation areas of glacial debris
flows in mountainous areas (Allen et al. 2008)

Debris flow in the Yakhar and

Sioleh basins in August 1401 Glacier debris flows Glacier lake overflow Parameter

Water-filled crevices, cracks, and Debris accumulation

abundant, discontinuous glacial in glaciers, non- Lakes dammed by steep glaciers Glacier surface

deposits consolidated materials features
A slope of 25 to 45 degrees is ver . . . .
favoragle for the initiatic?n ofa debri); Starting slope (25 to Excessive sediment absorption and Critical slope
flow 38 degrees) concentration, 10-degree slope P
The access angle is less than 10 The flood can advance more than 200 .
degrees, and the exit distance is more  Up to 100 km kilometers and reach an angle of less  Maximum

than 10 km than 3 degrees possible deviation
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Based on the processing of satellite images owebDtimavand glacier area, over a period of 30 years
and over three 10-year periods, the area of thietSend Yakhar glaciers has decreased from 3% km
in 1994 to 2.3 kihin 2004. The largest glacier retreat occurred betw1393 and 1403 with 67.7
percent, followed by 1373 and 1383 with 19.4 petr.cEhe lowest retreat was observed between 1383
and 1393 with 37.3 percent. The total retreat fatehe entire study period was 14.51 percent. The
average rate of retreat over these three periodsOmB4 krfiyear. The glaciers in the study area
experienced a constant negative mass balance f83® tb 1403 with an average of -0.03 meters of
water equivalent per year (m w.€)aSignificant changes in mass balance were obdetwalmost all
elevations. Specifically, lower elevations expetith a larger negative mass balance (0.3 m water
equivalent per year) than higher elevations (0.0Water equivalent per year). That is, glaciers at
lower elevations lost more mass, which can bebaittieid to higher temperatures, rapid melting, and
reduced snow accumulation. However, glaciers irh dmsins experienced different negative mass
balances that were influenced by elevation changedrock characteristics, debris cover, and slope
angle.

CONCLUSION

The present study demonstrates the interplay betvgdcier dynamic changes, geomorphology,
precipitation, and temperature in guiding debrisvB and floods in mountainous environments. The
findings of the study showed that multiple deblisvf events, accompanied by catastrophic floods in
the Yakhar and Sioleh Damavand catchments, wergedaboy long-term changes in glacier dynamics
accompanied by increased temperature and heavippagion. Based on this study, the following
conclusion can be drawn. Over the past three dec#oke aforementioned glaciers have continuously
experienced negative mass balance, such that déloe@algareas, especially in smaller glaciers that ar
more vulnerable and sensitive to climate changee hatreated significantly. Analysis of satellite
images revealed significant temporal changes imigdadynamics and their relationship with the
debris flow events of Mordad 1401. Between 1393 5403, intensified glacial dynamics led to the
exposure of the bedrock at the glacier's end, gldue to the loss of ice mass and its high mgltin
rate. The glaciers had unstable surface featuies &si crevasses and cracks that may have weakened
the glacier's end before it failed. The stabilifygtaciers, especially at the end, is very sensitiy
melting rates, precipitation, temperature fluctoias, and mass balance changes. Continued retgat an
loss of ice expose steep slopes and unconsolidaéuinents, increasing the risk of slope failure
leading to debris flows and flooding during suddémate changes.
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Spatial Planning and Physical Resilience Againsbéing. Flooding, a pervasive
natural hazard has exerted increasing pressurents Irural settlements over recent
decades, driven by climate change and unsustainablé-use patterns. These
settlements exhibit compounded vulnerability dudeticient physical infrastructure
and heavy reliance on natural resources for lieelth Within this framework, the
present research analytically evaluates the spaianing indicators that influence
the physical resilience of rural areas in Land Rilag Region 7 (comprising Zanjan,
Qazvin, and Markazi provinces) to flood events.sT$tudy employed a descriptive-
analytical method with a quantitative approach. aDabllection involved field
surveys and a researcher-developed questionnaireinatered to 375 rural
household heads and 86 subject-matter experts.s@mele t-test results indicate
that the mean scores for all investigated dimerssi@main significantly below the
theoretical optimum of 3 for both groups. Specificahe overall mean reached 2.42
(t = -81.180) from the villagers' perspective an@s2(t = -11.476) from the experts'
perspective. Furthermore, an independent t-testaled a significant perceptual
discrepancy between the two cohorts (p < 0.01). Bogernance dimension
exhibited the most substantial gap, where the éxpedatively positive assessments
directly contradicted the local community's criticavaluations. The findings
demonstrate that persistent centralized; top-dowatia planning decouples
infrastructure development from indigenous needsreby eroding physical
resilience. Consequently, this study advocatesafdundamental redefinition of
institutional mechanisms and the strengthening aftigipatory governance as
essential prerequisites for enhancing spatialieesié in flood-prone rural areas.
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EXTENDED ABSTRACT

INTRODUCTION

In recent decades, the increasing frequency ofralatiisasters, particularly floods, has posed srio
challenges to sustainable development. Rural ameasspecially vulnerable owing to their social and
physical characteristics. Traditional engineeriagdr approaches to flood management are no longer
sufficient to address the complexities of climatarmge, highlighting the urgent need for resiliemd a
flexible strategies. In this context, spatial plagncan enhance the physical resilience of rural
communities to floods by integrating various dimens, including land-use management,
infrastructure design, and local participation. sTeiudy aims to assess the current state of spatial
planning indicators for physical resilience in ftbprone rural settlements within the Seventh Spatia
Planning Region of Iran (comprising Markazi, Zanjand Qazvin provinces). By identifying existing
gaps, this study provides a foundation for develgm@ffective solutions.

DATA AND METHODOLOGY

This applied, descriptive-analytical study employeduantitative, analytical-comparative approach.
Data were collected through a combination of doauarg analyses and fieldwork. Following a
thorough review of the theoretical foundations, anaeptual model was designed for the spatial
planning of physical resilience in rural settlensefatcing floods. This model includes dimensions of
spatial planning (with normative, governance, jedi{ and spatial indicators), physical resilience
(with indicators of robustness, redundancy, resefufness, rapidity, reflectivity, flexibility, and
integration), and flood resilience (with indicatarfsresistance, coping, recovery, and adaptatieo).
the fieldwork, a Likert-scale questionnaire wasealeged, its validity confirmed by experts, and its
reliability verified with a Cronbach's alpha coeféint above 0.7. A multistage purposive sampling
method was used in the Seventh Spatial PlannindgoRegnitially, high-risk flood counties were
identified, and 25 villages affected by the seviéoeds in April 2019 were selected as the final
sample. The statistical population included twaidit groups: 375 household heads from the 25
selected villages and 86 experts in crisis managearal rural development from the three provinces.
This diverse sample allowed for a comprehensivenanitifaceted analysis. Finally, the collected data
were analyzed using descriptive and inferentialsties (one-sample t-test and independent santples
test) in SPSS software to evaluate the status efirtticators and the differences in perspectives
between the two groups.

RESULTS AND DISCUSSION

The findings indicate that the status of spatiahping indicators for physical resilience in theatu
settlements of the Seventh Spatial Planning Regobelow the desired level, according to both
villagers and experts. The overall mean score fovagiables was 2.21 for villagers and 2.65 for
experts, both significantly lower than the desisedre of 3. A key finding was the significant gap i
the perception and evaluation of these indicateta/éen the two groups. The independent samples t-
test revealed that the experts’ mean evaluation sigagficantly higher than the villagers' in all
dimensions (normative, political, and governandedr example, in the governance dimension,
villagers reported a mean of 2.14, while expenmreed 2.23, indicating a significant differencetiB
groups rated normative and political dimensionsauafably. The normative dimension (with mean
scores of 2.24 for villagers and 2.42 for expenighlights a weakness in institutionalizing regitie
goals and values within planning documents andge®es. The political dimension (with mean scores
of 2.23 for villagers and 2.46 for experts) sigesfiweaknesses in the formulation, consistent
implementation, and support for post-flood recargton and reinforcement policies. Overall, the
results of this study reject the hypothesis of itgbin spatial planning indicators for physical
resilience in rural areas of the Seventh Spatmhiithg Region, concluding that their status is alvst
and requires urgent corrective action (Table 1REgdre 1).
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Table 1: Significance levels of spatial planning véables for physical resilience based on a one-saibept-
test among experts and the Villagers

95% Confidence Interval of

Type of . . . Mean -
respondents Dimension  t-value  df Sig Mean Difference the Difference
Lower Upper
governance -64/925 374 0/000 2/14 -0/86 -0/88 -0/83
normative -55/346 374 0/000 2/24 -0/76 -0/78 -0/73
Villagers policy -35/637 374 0/000 23/2 -0/77 -0/81 -0/72
Total - g1/180 374 0000 2721 -0/79 -0/80 -0/76
variables
governanc  5/411 85 0/00C 3/23 0/23 0/1& 0/3z
normative -16/15( 85 0/00C 2/42 -0/5€ -0/6E -0/51
Experts policy -9/86z 8t 0/00C 2/4€ -0/54 -0/64 -0/4z
Total - 11/476 85 0/000 2/65 -0/35 -0/41 -0/29
variables
4.0
3.5 1
3
3.0+
L]
25—
2.0 -
©
1.5 - ¢
1.0 -
[ |
Experts Villagers
Type of respondents

Figure 1: Comparative Analysis of the Perspectives of Villagend Experts on All Dimensions

CONCLUSION

The study's results indicate that enhancing phisesilience in flood-prone rural areas requires a
multidimensional and integrated approach that seho considers normative, governance, and
political dimensions within the framework of spatdanning. These findings highlight the serious
challenges of collaborative governance in ruralasreThe perceptual gap between villagers and
experts, with villagers having a more negative ss®ent, suggests a trust and awareness deficit
between local communities and higher-level insbng. This gap may stem from a lack of
transparency, insufficient accountability, and stipel participation in the processes. Furthermore
weaknesses in the normative and political dimerssfmoint to the absence of a cohesive operational
framework for achieving resilience goals and inetifee policy implementation. In light of these
findings, a set of policies and executive strateggeproposed. To strengthen governance, mechanisms
for public participation must be enhanced througteriactive workshops and by granting specific
authority to local decision-making bodies. From @amative perspective, it is essential to redefine
concepts such as spatial justice and institutiaifdctiveness in development documents. In the
political dimension, policies should be reviseddzhen fieldwork experiences and real data, and a
continuous feedback system should be establisheddore that they are flexible. Finally, this study
emphasizes nature-based, indigenous, and parbgpaiolutions, demonstrating that structural
reforms in governance and normative dimensions eve planning away from centralized,
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hardware-focused frameworks. This model not onlpsieeduce flood risks and accelerates recovery
but also lays the groundwork for sustainable degprelent and improved quality of life in rural areas,
serving as a guiding framework for other similagioas.
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