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Desertification is one of the most destructive emwvinental phenomena globally.
Remote sensing data and techniques offer valualiteniation for desertification

mapping and assessment. Desertification is a péatly grave environmental threat
in Iran, especially in the southeastern parts @& tountry. This research was
conducted to map the degree of desertificatiorhe Narmashir region of Kerman
province in 2023 using Landsat 8 satellite imagdnjtially, the Tasseled Cap
Transformation (TCT) method was used to extracedhindices: Tasseled Cap
Brightness (TCB), Tasseled Cap Greenness (TCG), Tasseled Cap Wetness
(TCW). Next, the Normalized Difference Vegetationéx (NDVI) and albedo were
estimated. Subsequently, linear regression analys&s performed on the
combinations of TCG-TCB, NDVI-albedo, and TCW-TCBhe results showed a
strong negative correlation between TCW and TCB anekry weak correlation

between NDVI and albedo. The highest positive dati@n was observed between
TCW and TCG. Based on the highest correlation wlaed the regression
relationship between TCW and TCB, a Desertificatidagree Index (DDI) was

created for desertification grading. The DDI wasidid into five desertification

classes: very low, low, medium, high, and very higased on this, only of the
studied area exhibited very high desertificatiortemsity, and showed high
desertification intensity. The overall accuracytluf index was found to be. Due to
its simplicity and high capability, this methodhghly effective for managing and
protecting arid and semi-arid lands.
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EXTENDED ABSTRACT

INTRODUCTION

Some researchers have established a link betwesantifieation and an increase in surface albedo.
Soils with a sand and light texture dry out fagstempared to soils with a clay texture that retain
surface moisture. Decreasing moisture reducesviidahility of water for vegetation, thus leading t
desertification. However, in some research, ddgmtion was investigated by developing quantiativ
relationships between biophysical indicators. Thessdier models cannot effectively distinguish area
with low and high desertification intensity. Conseqtly, new relationships were developed to extract
various degrees of desertification.

The purpose of this research is to investigatedtdwees of desertification in the Narmashir region
Kerman province. For this purpose, a relationslaigel on various biophysical indices such as NDVI,
greenness, wetness, surface albedo, and brightrasspresented. The research methodology is based
on comparing the regression analysis of the NDYedb index with the Tasseled Cap indices (TCB,
TCG, and TCW). The DDI (Desertification Degree Irdevas calculated based on the regression
analysis results and used to extract the degreeles#rtification. The final desertification intemysi
map is classified into five degrees.

DATA AND METHODOLOGY

Several remote sensing techniques have been dedetopmap and assess desertification in arid and
semi-arid regions. These methods include visuarpmetation methods (Huang et al., 2006), the
Spectral Mixture Analysis (SMA) method (Tram et, al998, Vervenci, 2016), classification
algorithms (Afrasini et al., 2017, Afrasini et &#018), spectral indices (NDVI and albedo), andgena
transformations such as TCT (Zancheta et al., 200l proposed methods are based on the analysis
of the relationship between biophysical spectrdidas and the risk of desertification. The primary
goal of these methods is to select the optimal doation of spectral indices that provides a high
correlation. The selected methodology can be divide three main stages: extraction of spectrel an
TCT indices, training and correlation analysis, amglementation of an index to extract different
degrees of desertification in the study area.

RESULTS AND DISCUSSION

After performing the spectral indices, the indieere analyzed (Figure 2). High values of NDVI and
TCG correspond to agricultural fields located ie #tudy area, while low values indicate the desert
areas in the Narmashir region. Low albedo valuesrelated to vegetation and water areas, whereas
high albedo and TCB values indicate light-coloredhitish soils. The TCW index provides
information about soil moisture, and its valuesyvadtigh TCW values are related to water areas and
vegetation, while low values indicate dry areahsas dunes and soils poor in organic matter.

The western part of the Narmashir region is locatedhe alluvial cone and benefits from favorable
moisture conditions, making it less prone to déseation. The eastern part of the region has
experienced severe desertification, and these areasterspersed with agricultural lands. Abouf ha
of the studied area had very low albedo values. ¢l@n the region has seen a lot of desertification.
These areas appear in white on the satellite imageke eastern regions, the amount of albedo was
higher than in the western regions. Due to the atiicn dry, and semi-arid conditions of the region,
vegetation is limited only to places with accessvter sources. Therefore, the area had very little
vegetation. Only of the area consists of fieldsl enthe rest of the areas, vegetation cover igdin
Farms and vegetation are heavily encircled by desm®as. The TCB index values correspond to
albedo values and match areas with high albedo.TG® index also has a high correlation with the
NDVI index. About of the area lacks vegetation. Bod moisture index has special conditions. The



Desertification Assessment in Narmashir Region .... 3

Narmashir region's location on the alluvial corlevas these regions to have more favorable moisture
conditions. Eastern regions have very low moistataes.

Table 4: Pearson correlation coefficient and determinatiogfficient values between desertification intgnsit
estimation indices

indices slope Pearson correlatic R2
TCW, TCC 1.37 0.4¢ 0.24
TCW, TCE -1.84 -0.717 0.61
TCW, NDVI 1.52 0.4z 0.1¢
TCW, albed: -1.57 -0.65 0.43
TCG, TCE -0.00¢ -0.00¢ 0.001
TCG, NDVI 1.2¢ 0.9¢ 0.9¢
TCG, albed 0.14 0.1€ 0.0z
TCB, NDVI 0.12 0.0¢ 0.00¢
TCB, albed: 0.9¢ 0.9¢ 0.9¢
NDVI, albedc 0.17 0.2¢ 0.0¢€

CONCLUSION

The findings showed that the combination of TCW-T@Bvides superior results compared to the
NDVI-albedo combination. The DDI index uses muléispal images to estimate desertification and
relies exclusively on remote sensing images for itodng. The DDI index was used for the
quantitative mapping of desertification intensiand the applied method achieved higher accuracy.
The results of the desertification map showed thadl are classified as very high and high
desertification, respectively. The Narmashir reg®mategorized as having very low desertification.
The areas most affected by the desertification pimemon are in the eastern part of the studied
region. These areas are characterized by the moveohelunes, soil salinity, and low rainfall and
water availability. These maps will help identifyeas that require protection. These areas are
generally characterized by high desertificatiok asd low vegetation density. Multispectral remote
sensing data, such as Landsat, can be effectigely for desertification studies.
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This study aimed to investigate the effects of dbeek exclusion (enclosure) and
grazing on the physical, chemical, and biologicalperties of soil at three depths
(0-15, 15-30, and 30-45 cm) in the Sarbisheh rangs| located in South
Khorasan Province, Iran. The study area has anclndte with an average annual
rainfall of approximately 170 mm and is dominateg ¢hrub vegetation. Soil
samples were systematically collected from twossitee enclosed and one grazed.
Physical properties (texture, bulk density, posgsimean particle diameter),
chemical properties (organic carbon, organic mattetal nitrogen, phosphorus,
potassium, pH, electrical conductivity, lime cortemoisture), and biological
properties (microbial biomass carbon and nitrogrsal and stimulated respiration,
microbial fraction) were measured. Data were aralymsing a factorial design
under a completely randomized framework. Resultlicated that both grazing
treatment and soil depth had significant effects<(@0.01) on most measured
properties. Higher levels of organic carbon, totatrogen, phosphorus, and
biological indicators were observed in the surfaml of the enclosed area,
decreasing with depth and in the grazed area. Mialandices showed strong
positive correlations with other soil propertieglie enclosed site. Overall, enclosure
improved soil structure, fertility, and microbiadtavity, thereby enhancing rangeland
ecosystem function. However, limitations such as gpecific climatic conditions,
limited sample size, and low vegetation diversityd be considered. Therefore,
further studies in ecologically diverse areas ammmmended.
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EXTENDED ABSTRACT

INTRODUCTION

In the current situation, where a large part of tlmantry's rangelands are under the threat of
destruction, adopting effective management polimgsreserve and restore these valuable resowgces i
an inevitable necessity. Enclosure, as one of tbet mffective methods of rangeland restoration,
requires accurate scientific evaluation in varialimatic and soil conditions. On the other hand,
recognizing changes in soil properties can provalaable information for assessing the sustairtsbili
and ecological health of the rangeland ecosysteherefore, considering the importance of soil
properties in evaluating the health of rangelarabgstems, this study aims to investigate the etiect
enclosure and livestock grazing on the physicanbal, and biological properties of the soil atth
different depths in the rangelands of the Sarbigtlam in South Khorasan Province.

DATA AND METHODOLOGY

We selected an enclosed area to investigate tleetedf enclosure on the physical, chemical, and
biological properties of soil in the Sarbisheh Rlaangelands. A similar undergrazed area was
considered adjacent to this site for comparisoa esntrol area (free grazing). We attempted tocsele
the control site in such a way that it had the aggtsimilarity to the enclosure site in terms afieyal
topographic conditions and physiographic featuBedl sampling was conducted at three soil depths:
0-15, 15-30, and 30-45 cm. The samples were feged with a 2 mm sieve and then divided into
two parts. Some parts of the samples were driegpgn air to measure the physical and chemical
properties (percentage of sand, clay, silt, bulksttg, porosity, average particle diameter, organic
carbon, organic matter, total nitrogen, availablogphorus, and potassium, acidity, electrical
conductivity, percentage of moisture and lime). Dftger part was stored in a refrigerator containing
dry ice and transported to the laboratory for duiblogical tests (basal microbial respiration,
stimulated respiration, microbial biomass carbonicrobial biomass nitrogen, and microbial
contribution) to perform microbial tests on thenagBani et al., 2023).

RESULTS AND DISCUSSION

The results of the soil's physical properties iathd that the site had a significant effect on nedst
these properties at the 1% level, including bulksity, porosity, average particle diameter, sand
content, and silt content. Also, soil depth hadgmificant effect on all the studied properties.eTh
comparison of average soil chemical properties betwfenced and grazed areas, as well as at
different depths, revealed that the highest comagahs of organic carbon and organic matter were
observed at the first depth in the fenced areaolmrast, the lowest values of these two indicators
were obtained at the third depth of the grazed. aretal nitrogen also had the highest amount at the
first depth of the fenced area and generally deeckavith increasing depth. Phosphorus had higher
values in the fenced area and at shallower defttikacidity varied slightly across all treatmeatsd

fell within the neutral to slightly alkaline rang&€he analysis of variance results for soil bioladjic
properties indicated that the region had a sigaificeffect on most biological indicators, including
microbial biomass production, microbial biomassboar, microbial biomass nitrogen, the ratio of
carbon to microbial biomass nitrogen, and microbatabolic efficiency was significant at the 1%
level. However, it did not have a significant effex the respiration rate caused by the addition of
substrate. Also, soil depth significantly affectal of these indicators except SIR and MBC,
indicating a decrease in microbial activity and signwith increasing depth. The correlation results
showed there was a strong positive correlation éetwall soil biological indicators. Rangeland
enclosure can impact soil microbial diversity tlghichanges in plant species composition, biomass,
soil pH, carbon, and nutrient availability (Zhouadt, 2023). The highest amount of soil microbial
biomass, carbon, and nitrogen was observed inuHace layer, indicating a decrease in microbial
activity and population in deeper layers. This dase was more pronounced in the grazed area and
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could be due to soil structure degradation, orgamitter depletion, and grazing pressure. Previous
studies have shown that moderate grazing can teagtteased microbial biomass, but heavy grazing
causes it to decrease (Chen et al., 2016; Northalp, 4999).

CONCLUSION

The results of this study demonstrate that rangetarclosure, as an effective management strategy,
can play a key role in improving the physical, cieah and biological properties of soil in arid and
semi-arid regions. Rangeland enclosure has eftdgtenhanced the physicochemical and biological
properties of soil. The application of enclosursutied in increased porosity, reduced compaction,
improved texture, and increased organic matter muntients such as carbon and nitrogen. Also,
biological indicators such as microbial respiratidsiomass, and microbial nitrogen were more
favorable under enclosure conditions. Overall, @ale serves as a cost-effective management
strategy that can significantly enhance soil gqualiestore physical structure, improve chemical
fertility, and increase soil diversity and biologidunction. Consequently, it represents a crustiep
toward the sustainability of rangeland ecosystemasthe long-term utilization of natural resourdes.

is recommended that the timing, intensity, and tilomeof enclosure be carefully adjusted in rangeélan
management planning according to the climatic, smitl biodiversity characteristics of the region to
enhance the effectiveness of this strategy.
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Floods are among the most significant natural ldszacausing severe damage to
lives, property, and the environment annually. Tharab watershed in Fars
province, due to its specific climatic conditiongpography, and geological
structure, is recognized as one of the areas atiisg of flooding. This study aims
to prepare of flood risk map by using the MaximumtrBpy (MaxEnt) model and
analyze the factors influencing floods in the stadivatershed. This is a quantitative
and applied research that uses field and availddie, focusing on areas with high
flood risk. By utilizing data mining techniques, $land remote sensing images,
flood risk areas are classified. Various environtakand topographic factors were
used as independent variables, including 19 enmiestial parameters such as
precipitation, land slope, soil type, drainage dgndand use, and moisture, and
topographic indices and etc. These data were ¢elltom reliable sources such as
satellite imagery, Digital Elevation Models (DEMMeteorological stations, and
geological maps. After data preprocessing, the fsodere run, and their accuracy
was evaluated. Finally, the flood susceptibilitypnaas validated using AUC, and
high-risk areas were identified. Preparation of fleod risk map shows that
approximately 20% of the Darab watershed is at higk, especially in low-lying
areas with poor vegetation and inappropriate lasel Ut was also determined that
variables such as precipitation, distance fromastreand elevation have the most
significant impact on flood occurrence. The resuidicate that the MaxEnt model
has acceptable capability in predicting high-riskaa and can play an effective role
in crisis management and regional planning.

How to Cite: Zakerinejad, R. , Ostad Hosseini, Z. and Ghobishawi2026). Darab Watershed, Flood, Data
Mining, Maximum EntropyJournal of Natural Environmental Hazards, 15 (50), 41-66.

O

BY NC

© The Auhor/Authors
DOI: 10.22111/jneh.2025.52982.2136

Publisher: University of Sistan and Baluchestan




42 Journal of Natural Environmental Hazards, Vol 15s550, December 2026

EXTENDED ABSTRACT

INTRODUCTION

Flooding, as one of the most significant naturahdters, causes substantial loss of life and proper
annually. Globally and nationally, floods are resgible for a considerable percentage of casualties
and damage resulting from natural disasters. Rtatte, in Iran, flood occurrences have increaged b
40% in recent years. Effective flood managemeneéssitates the identification of contributing fastor
and the determination of areas with high flood po&. In this regard, the utilization of Remote
Sensing and GIS technologies provides powerfuktémi this purpose. Creating a flood susceptibility
map is a fundamental step in flood risk managentdotd susceptibility modeling can be performed
using advanced statistical methods that can begretied with R and GIS environments. Previous
studies have employed various models such as Shammoopy, AHP, FAHP, fuzzy models, RF, and
GLM Bayesian for flood risk mapping. Among theseadmine learning models like MaxEnt and
hybrid approaches combined with SAR data have beeognized as powerful tools for improving
flood susceptibility mapping and identifying higisk areas. Hanifinia & Abghari (2023) identified
geology, distance from streams, elevation, andeskxp the most critical flood factors in the Ziveh
watershed, Urmia, using MaxEnt and GLM models. Aarchid et al. (2025) also presented a
comprehensive approach to flood risk assessmerititbgrating machine learning and AHP. The
Darab basin, due to its diverse slopes, varied ta¢éiga, and different geological structures, plays
significant role in flood risk distribution. Thisesearch uses the MaxEnt model to evaluate its
capability in predicting flood-susceptible areaghivi the Darab watershed and to examine the
influence of each contributing index in flood geatén. It is hoped that the results of this redearc
will significantly assist in crisis management ardource conservation.

DATA AND METHODOLOGY

In this research, to model flood susceptibility ajmherate the floedsk map, 19 environmental and
hydrological datasets were collected from multipbeirces to represent the main conditioning factors
influencing flood occurrence. The following datgées were used: Topographic Data: Derived from a
Digital Elevation Model (DEM) with 30 m spatial @stion (SRTM). Parameters such as elevation,
slope, aspect, curvature, and flow accumulation ewextracted using Gi!Based analysis.
Hydrological Data: Stream network density, distatweivers, and drainage patterns were computed
from the DEM using ArcGIS hydrology tools. Lattse and LandCover (LULC): Acquired from
Sientel-2 products imagery. Soil and Geology D3&tEl texture and permeability maps were prepared
from national soil databases. Geological formatiaese digitized from existing geological maps.
Rainfall Data: Mean annual rainfall and extreme cypiéation events were obtained from
meteorological stations across the study area atefpblated using Inverse Distance Weighting
(IDW). Flood Inventory (Dependent Variable): Histal flood locations (flooeaffected points) over
the past decade were collected through field sgrvesmote sensing change detection, and reports
from local disaster management agencies. Thesdaspogre used as “presence” data for the MaxEnt
model. By calculating the Area under the Curve (AUBe flood susceptibility map was validated,
and high-risk areas were identified.

RESULTS AND DISCUSSION

The analysis of the MaxEnt model results showedctmribution of each variable in predicting flood
risk. Percent Contribution from the MaxEnt metha been used to assess variable influence. The
percent contribution of the variables was as folo®Rain with 57.9%, Stream distance with 11.6%,
Elevation with 10.2%, and Landuse Land cover witb8 had the highest scores. Conversely, Soil
type and STI contributed the least, with 0.1%. Tésponse curves indicated that the probability of
flooding is high near streams and decreases weile@sing distance. Furthermore, as rainfall ine@gas
from 100 to 200 mm, the flood probability sharphgrieases and then stabilizes at approximately one
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after 200 mm. In terms of elevation, the highesttibution was observed at elevations below 1000
m, which gradually decreases with increasing elemateaching about 0.15 above 3000 m. For model
validation, the Area Under the Curve (AUC) indek tloe ROC curve was used. The AUC for training
data was 0.977, and for test data was 0.947, itidicehe model’s excellent performance in predigtin
flood risk mapping. The Flood susceptibility mapd the percentage distribution of the differesk ri
classes constitute the two main outputs of thegmtestudy, as presented in Figure 1 and Table 1,
respectively.

Table 1. Distribution of flood risk classes in tharab watershed.

Risk class Area Percentage(%)
low-risk 1872 78.35
Relatively low-risk 42.6 1.8
Relatively High-risk 81.3 3.4
High-risk 393.6 16.47
CONCLUSION

In this research, the MaxEnt model has been apjidiethe prediction of flood hazard in the Darab
watershed in the southwest of Iran. The MaxEnt rhizda validated and effective tool for flood risk
mapping and identifying flood-prone areas, withdgs showing high accuracy in predictions and
identifying key contributing factors. In this resela, the severity of flood risk in the Darab waked

in Fars province, Iran, was assessed using geagrdpla and the Maxent model. The results show
that 3.4 % and 16.4 % of the study area is in éhatively high-risk and very high-risk classes. The
analysis of variable contributions revealed thatfedl, distance from rivers, elevation, and larsku
were the most critical geo-environmental parameteflsiencing flood occurrence in the Darab
watershed. Specifically, the response curves itelicthat lower elevation areas, areas closer & riv
networks, and regions with impervious surfaces laasmgnificantly higher probability of flooding.
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Water crisis in Iran is one of the most complex @hdllenging issues of recent
decades, posing a serious threat to agricultucairgg, environmental sustainability,
and even socio-economic stability. Accordingly, ghesent study aims to investigate
the factors influencing the resilience of ruralnf@rs to water scarcity in the Central
District of Ardabil County. The statistical poputat of the study consists of 30
villages with more than 50 farming households. Basa Cochran’s formula, the
sample size was estimated at 366 respondents arehsed to 380 to improve the
reliability of the results. A total of six main fiaes and 72 indicators were employed
to analyze farmers’ resilience. Data analysis wasdacted using SmartPLS 3
software. The findings indicate that six indicatevih factor loadings below the
threshold value of 0.40 were removed from the moAehong the remaining 66
standardized indicators, the existence of transpaegulations for the sustainable
use and protection of water resources, flexibildfy government programs in
response to climate change, and the developmeapfopriate infrastructure for
water scarcity management showed the highest fdotatings. The results also
demonstrate a significant relationship between ¢egenous and endogenous
variables of the model, with a relatively acceptaptedictive power. Overall, the
economic factor exerted the strongest influencefaimers’ resilience to water
scarcity. The study concludes that resilience teewscarcity in the Central District
of Ardabil County is a multidimensional and intetgih phenomenon. Without
adopting a comprehensive approach and simultangeatitizing economic, social,
infrastructural, institutional, and technologicapeacities, sustainable protection of
rural livelihoods cannot be achieved. The findirfgeher reveal that despite the
provision of financial resources, the existing plizxg system has not yet
continuously strengthened rural resilience duetsofiagmented, short-term, and
locally misaligned nature.
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EXTENDED ABSTRACT

INTRODUCTION

The water crisis in Iran stands as one of the rnmbstate and pressing challenges facing the cguntr
in recent decades, posing a serious threat towdignial productivity, environmental sustainabilignd
even social and economic stability. In this contexthancing the resilience of rural communities in
across economic, social, cultural, and other dim@sscan play a crucial role in preventing the
deepening of the crisis and mitigating the sevesityvater scarcity. Accordingly, this study aims to
explore the key factors influencing the resiliemterural farmers in the face of the water shortage
crisis in the central district of Ardabil Countyhi® area is predominantly reliant on agricultured a
substantial portion of its water resources is corei through traditional irrigation methods pradice
that could be significantly improved through insed awareness and capacity-building among local
farmers. In recent years, the pursuit of sustaesatdter resource development has become closely
intertwined with the concept of resilience. Withinis framework, a sustainable water system is
understood as one that possesses the adaptivdatgdpaabsorb and mitigate the adverse impacts of
disturbances such as climate change, droughtsfl@ds. According to various scholars, four critica
factors contribute to diminishing resilience in tlaee of water scarcity: the unequal distributidn o
water resources among neighboring nations, thesifiéng effects of climate change, demographic
pressures arising from population growth and migrat and inherent geological and climatic
constraints particularly in arid regions with nally low precipitation levels. Three primary models
have been proposed for conceptualizing resilieibe. first is the cognitive-structural model, which
highlights the importance of structural reformshiitinstitutions and society, as well as individual
environmental, and cognitive factors. The secondthis recovery model, which assumes that
environmental shocks can be fully reversed, rasgosystems to their original state. The third is th
risk-reduction model, which focuses on minimizingpesure to risks and hazards. Key components
underpinning resilience include social cohesion,tual trust, shared values, and interactive
communication within communities. Broadly, resilienapproaches can be categorized into three
paradigms. The first views resilience as synonynmwitls sustainability, rooted in ecological theory,
where resilience denotes a system’s capacity terrdo its previous state after disturbance. The
second treats resilience as recovery, emphasizaugiaty’s ability to bounce back from stressord an
regain its original functionality. The third appobacenters on adaptive capacity, prioritizing a
community’s ability to proactively respond to armteammodate change. Despite their differences, all
three perspectives share a common emphasis onaresisthe capacity to endure and positively

respond to external pressures

DATA AND METHODOLOGY

The present study is applied in terms of its objecand is descriptive-analytical in nature. The
statistical population of this research consistdanming households in the villages of the central
district of Ardabil County. The statistical poputat includes 30 villages with a population of o%€r

farming households, totaling 7,947 households, whiere randomly selected for the study. The
sample size was estimated at 366 individuals base€ochran’s formula, and to achieve better
results, the sample size was increased to 380ichdils. Six factors and 72 components were utilized
for the analysis. To analyze the findings obtaifiein the questionnaire, the structural equation

modeling software Smart PLS 3 was employed

RESULTS AND DISCUSSION

The analysis revealed that six out of the initialcomponents were excluded from the model due to
factor loadings falling below the accepted threghafl 0.40. Among the remaining 66 standardized
components, the following three exhibited the hgjtiactor loadings: the presence of transparerg law
and regulations regarding the sustainable use aptégbion of water resources; the adaptability of
government programs in response to climate charegel the development of appropriate
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infrastructure for managing water scarcity. Theulissfurther indicated that the t-values associated
with economic, social, physical-infrastructural,daimstitutional-political factors all exceeded 1.96
This suggests that the relationships between thdelisoexogenous and endogenous variables are
statistically significant, and that the model dewstoates a relatively strong predictive capacity.
Notably, the highest t-value estimated at 10.108 wlzserved in the structural path linking economic
factors to resilience to water scarcity. Additidpathe Q2 value was calculated to be 0.225, atpesi
figure exceeding the average, which indicates aaraid-to-strong predictive relevance of the model.
This finding supports the overall adequacy of thedei fit and confirms its capacity to explain and
predict the variance in resilience outcomes. Theffadent of determination (R2) for the key
endogenous constructs varied across the modehdmiith commonly accepted benchmarks where R2
values of 0.67, 0.33, and 0.19 are interpretedrasigsy moderate, and weak, respectively this study
found R2 values exceeding 0.67, thereby reflecingbust explanatory power of the model.

CONCLUSION

The statistical and qualitative findings of thisdst underscore the complexity and multidimensional
nature of resilience to water scarcity, highligbtithe need for a holistic and integrated approach.
Achieving a desirable level of resilience cannotdaeomplished through isolated efforts such as
infrastructure development or economic empowermalaine. Rather, a coordinated strategy-
encompassing public participation, institutionab@gement, equitable access to resources, and the
incorporation of technological and educationali@ives is essential for building resilience to evat
scarcity in the central region of Ardabil. The féssuggest that when participatory decision-making
mechanisms, active local institutions, and effectiwareness-raising systems are embedded within
rural communities, those communities tend to dernates greater resilience in the face of water-
related crises. Therefore, the design of effectnterventions in this area must adopt an integrated
approach one that not only invests in physicalastitucture and economic support but also enhances
water governance, raises public awareness, stremgtlocal engagement, and fosters institutional
coherence. It is also important to note that thérenmental factor's lack of statistical significanin

the model does not imply its irrelevance. Instegadshould be interpreted as an indication of the
insufficient attention paid to the potential of @owmental assets in the current water crisis
management framework. Accordingly, policymakers gtahners should prioritize economic and
institutional dimensions while simultaneously takinrmore proactive measures to enhance
environmental capital. Based on the findings, ih g concluded that resilience to water crises
encompasses the community's capacity to adapt ter waarcity conditions, recover from drought-
induced shocks and damages, and effectively masaaikable resources in a sustainable manner.
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The Zanjan-Rud Basin, located in northwestern liarg tectonically active region

influenced by major faults such as the Sultaneitt Biorthern Zanjan faults. This

study aimed to evaluate the morphotectonic stdttiseobasin using digital elevation

model (DEM) data and the application of Fibonaadign ratios (0.236, 0.382, 0.5,

0.618, 0.764, and 1) for slope classification. Tésults revealed that over 84.6% of
the basin lies within a slope range of 7-23%, iatiig generally weak to moderate
tectonic activity. However, areas with slopes eximeg 76% (Fibonacci ratio 0.764)

and above 76% (ratio 1) were identified along dtmad lineaments, particularly near

the Sultaneih and Northern Zanjan faults. Theseezaxhibit steep topography,

deep valleys, and abrupt changes in drainage pattesuggesting potential

neotectonic influence. Lithological resistance vedso found to play a significant

role in shaping high-slope features, especiallpi@as dominated by andesitic and
metamorphic rocks. Comparative analysis with previstudies indicates that while

some geomorphic features may be attributed to @mekiprocesses and base-level
adjustments during the Quaternary, others reflectmt tectonic activity. The use of
Fibonacci ratios proved effective in identifyingitimal thresholds in topographic

variation, offering a novel quantitative approaar heotectonic assessments in
similar geological settings.
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EXTENDED ABSTRACT

INTRODUCTION

Drainage basins serve as key natural units in geamotogical, hydrological, and tectonic studies,

preserving records of dynamic tectonic processesutih topographic formation, drainage network
patterns, lithological distribution, and erosiomablution. These units are influenced by a range of
factors, including structural features, neotectoammivity, erosion, and sedimentation, with the

interaction of these elements shaping distinct molgmical patterns. Therefore, integrated appragsche
to studying such basins can provide deep insiglisregional tectonic conditions.

The Zanjan-Rud Basin, located in northwestern Ihaigs a strategically significant tectonic positio

at the junction of the Central Iranian structuraick and the Alborz-Zagros zone. Throughout various
geological periods, this region has been shapeédxignsive tectonic processes that have led to the
formation of structures such as the Zanjan-Abhabgn, compressional faults, and uplifted blocks
(horsts) in both the northern and southern highdarithe presence of major faults, particularly the
Northern Zanjan Fault and the Sultaneih Fault, pkayrucial role in defining the basin's topographi
and structural characteristics.

In recent years, there has been a growing intémessing morphotectonic indices to identify areas
affected by recent tectonic activity. Commonly ugedices include the stream length gradient index
(SL), the valley floor width-to-height ratio (VFjhe asymmetry factor (AF), and the topographic
position index (TPI) — all of which provide quaatitze tools for assessing tectonic influence.
However, more recently, mathematical and geomgtdtierns found in nature — such as the
Fibonacci golden ratios (0.236, 0.382, 0.5, 0.648d 0.764) — have also gained attention in
morphotectonic research. These ratios, derived fratural patterns observed in plant structures,
animal forms, and even cosmic geometries, are asangly being applied in geomorphological studies
as powerful tools for identifying critical threskisland abrupt changes in topography.

DATA AND METHODOLOGY

This study aims to assess the morphotectonic stéitiiee Zanjan-Rud Basin in northwestern Iran and
to identify zones potentially affected by neoteatactivity based on natural mathematical patterns
specifically, the Fibonacci golden ratios. Emplayian integrative approach, the research utilizes
spatial, lithological, structural, and topograptiata within a morphotectonic analytical framework.

Data collection and preprocessing, including the afsDigital Elevation Models (DEM), lithological
maps, land-use maps, and structural/fault maps.

1. Slope layer extraction from the DEM.

2. Classification of slope values according toRf®nacci golden ratios.

3. Morphotectonic interpretation of high-slope z&ne

4. Spatial and structural analysis of selected lsadins to identify factors influencing neotectonic
development.

All datasets were integrated and aligned withinem@aphic Information System (GIS) environment.
Structural and fault maps were updated based otatést field and geophysical studies. Slope layers
were extracted from the DEM and classified accardim the Fibonacci ratios (0.236, 0.382, 0.5,
0.618, 0.764, and 1). Areas with slopes exceedifn40and 1 were identified and further analyzed in
relation to structural positioning, lithology, anchorphological evidence. Sub-basins such as
Arpachay, Sarmsaghlu, Armaghan-Khaneh, and Sohenreveelected as representative samples
exhibiting prominent slope anomalies and uniquephotectonic conditions.

RESULTS AND DISCUSSION

Analysis of the slope layer revealed that over @& the basin falls within the 7-23° slope range,
indicating generally weak to moderate tectonic ¢mas. However, areas with slopes exceeding 76°
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(Fibonacci threshold of 0.764) and beyond 76° &hoéd of 1) were of particular significance. These
regions are predominantly located in mountainoudspaf the basin and exhibit intense erosion,
sinuous river systems, and abrupt topographic itians.

These zones are largely aligned with the SultaRailt and the Northern Zanjan Fault, where steep
slopes, deep valleys, waterfalls, and sudden shiftslrainage networks suggest recent tectonic
activity. Nevertheless, some of these features atsxy be attributed to Quaternary erosional processe
and base-level adjustments. Such as andesiteg ¢faitaj Formation and metamorphic-granitic rocks
tend to preserve steeper gradients, thereby arrgifectonic signatures in these areas (Tab. 1).

Table 1: Descriptive Statistical Parameters of thdlain Basin, Sub-basins, and Landform Types
—_ [2]
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Mean 0.148| 0.373| 0.329| 0.212] 0.214| 0.276| 0.083| 0.077| 0.068
Standard Deviatic | 0.02% | 0.292 | 0.12Z | 0.17¢ | 0.19% | 0.19¢ | 0.05% | 0.05¢ | 0.04¢
Median 0.088| 0.247| 0.128| 0.154| 0.177| 0.219| 0.071| 0.061| 0.057
Range of Variatio | 1.07% | 0.88¢ | 0.62% | 0.72Z | 0.641 | 1.07% | 0.29< | 0.43¢€ | 0.23¢

The application of Fibonacci golden ratios enabtbd identification of critical thresholds in
topographic variation. This method demonstratedidrigaccuracy in delineating active tectonic zones
compared to traditional morphometric techniquederofg a novel perspective in neotectonic
assessment.

CONCLUSION

Due to its unique tectonic setting at the inteisecbf the Central Iranian structural block and the
Alborz-Zagros belt, the Zanjan-Rud Basin has egmeed extensive tectonic transformations
throughout its geological history. The presencengfor faults such as the Northern Zanjan Fault and
the Sultaneih Fault, combined with lithological elisity and complex topography, positions the area
as a focal point for morphotectonic investigations.

Using Fibonacci golden ratios, this study analythexislope distribution pattern across the Zanjad-Ru
Basin. Results indicate that more than 84.6% ob#meen lies within the 7-23° slope range, reflagtin
generally weak to moderate tectonic conditions. elmv, areas with slopes exceeding 0.764 and 1
(>76°) were identified as potential zones of neimeaic influence.

These zones are primarily located along the Sutased Northern Zanjan Faults. Their pronounced
topographic anomalies — including deep valleys,ewatls, and abrupt drainage changes — are
indicative of recent tectonic uplift. Nonethelessmparisons with prior studies reveal that some of
these morphological features may also result frast-glacial erosion and base-level adjustments
during the Quaternary period.

Lithology significantly influences slope developmeResistant rock types such as andesite and
granitic-gneissic units tend to maintain steepadignts, thereby enhancing the visibility of teéton
effects. This highlights the importance of incom gorg lithological controls in morphotectonic
analyses.

The application of Fibonacci golden ratios in thiady successfully identified critical thresholds i
topographic variation. As a natural mathematical,tib offers a robust framework for detecting zene
of abrupt topographic change and distinguishingvbenh tectonically induced and erosionally driven
landforms. The 0.764 ratio, interpreted as a tgnaoint in slope behavior, proved particularly
effective in identifying boundaries between tectoamd neotectonic domains.
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Lake Urmia, the largest natural habitat of Artenmalran, is on the verge of
extinction. About 125 years ago, British biologi®bbert Gunther named the Lake
Urmia brine shrimp under the species Artemia urmiaficcording to the latest
checklist, there are 59 locations across Iran whetemia has been scientifically
recorded or reported. This study aims to revieweb@ogical hazards of Artemia in
Iran, with an emphasis on Lake Urmia brine shriffipe research methodology is
based on studies conducted by the authors of tieaand searches in the most
important search systems on the Internet. Basatiefindings of this study, as the
water level of Lake Urmia continued to decline otleg past two decades, the egg
density decreased from 339 eggs per liter in 1894ds than 1 egg per liter between
2007 and 2011 and 0.012 eggs per liter in Octolddd2and no adult nauplii or
Artemia were observed in the lake. Accordingly thie latest Artemia checklist in
2024, it was suggested that the species Artemidgananshould be listed as a
“Critically Endangered” species in the “RegionaldRést” of Iran. The results of the
study show that all natural Artemia habitats, esglgcLake Urmia, are in critical
ecological conditions. On the other hand, the latkstudies on hermaphrodite
Artemia and the presence of the invasive ArtemianEiscana as a non-native
species from North America in these habitats havragicated the data related to
Artemia biodiversity in Iran. The lack of new daaad the heterogeneity of the
methodology for assessing Artemia populations, @afig in Lake Urmia, have
made accurate analysis of biodiversity data chgiten Overall, it is necessary to
fundamentally revise the management of water regsun these habitats.
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EXTENDED ABSTRACT

INTRODUCTION

The small crustacean brine shrimp of the genus Artémgch, 1819, are mainly adapted to live in
highly saline environments, including saline or alkalalees, salt production ponds, coastal wetlands,
and brackish river margins. Artemia has nine speciéh wopulations of endemic regional
distribution, which is consistent with the principles ofédisl biogeography.” One species is found in
the Mediterranean region, five in Asia, and three i@ Americas. Artemia franciscana has been
introduced to Africa, Australia, and Eurasia by humaterirention through aquaculture and salt
production activities. The genus Artemia also includesragamous specimens distinguished by
different ploidy levels (di-, tri, tetra, and pentaighy. Despite the economic importance of Artemia
in aquaculture, which has stimulated laboratory resedatshcommercial value has limited field
studies. This trend continues, and the contribution of fetldlies to the taxonomy, ecology, and
biodiversity of this genus remains negligible. Given fhieotal role of Artemia as live food in
aquaculture, it is essential to continuously and systemgtieaskess its stocks and deepen our
understanding of its species diversity. Here, we gniesa comprehensive review of historical
documents dating back to the 10th century and contenypseentific literature.

DATA AND METHODOLOGY

The findings indicate that Artemia has been recorde@morted in 59 locations (natural habitats and
farms) across Iran, where Artemia has been recarsdeeborted (Fig. 1). This represents a significant
increase from the 23 locations reported in the last cls¢dkl2016.

"
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Figure 1: Number of recorded Artemia habitats in Iran basedlobal and regional checklists

(Global checklists: Abouni, 1915; Artum, 1922; %tel1933; Persone and Sorgelos, 1980; Brown and dviald, 1982;
Vanhake et al., 1987; Triantaphylidis et al., 1998n Stoppen, 2002)(Regional checklists: Nouri,598gh et al., 2001,
Hafezieh, 2003; Jafari and Vatandoost 2005, Abatalms et al., 2006; Jafari and Astani, 2011; Hafleat al., 2015; Agh,
2016; Asem et al., 2024)

Lake Urmia Habitat of Artemia urmiana

Lake Urmia is the largest natural habitat of Artemia urmajaknown as the only native bisexual
species of Artemia in Iran. Over the past 20 yeaakelUrmia has experienced a significant decline in
water level, primarily attributed to a combination of eamimental disturbances and human activities.
The Iranian geographer Abu Ishaq Estakhri recortledfirst scientific record of Artemia from the
lake between 930 and 933. About a thousand years tlageBritish biologist Robert Gunter named the
Artemia species of Lake Urmia Artemia urmiana. Howewesr the water level continued to decline



Biodiversity, History, and Ecological Risks of Iraan Artemia .... 113

and Lake Urmia dried up over the past two decadetenfa stocks have also declined. The egg
density has dropped from 339 eggs per liter in 199&d4e than 1 egg per liter between 2008 and
2012, and 0.012 eggs per liter in September 2024 naratult Neapolitan or Artemia species have
been observed in the lake since. According to the IAtASA image taken on September 16, 2025,
Lake Urmia (Fig. 2), once the largest inland lake in laad the 20th largest lake in the world, has
completely dried up. Accordingly, in the latest Artemia dfist in 2024, it was suggested that
Artemia urmiana should be listed as a “Critically Ergkned” species on the “Regional Red List” of
Iran. Given the environmental hazards and successigaghts that threaten Artemia habitats
worldwide, as well as the small number of Artemia sggdihe importance of this study becomes even
more apparent.

Figue 2: NASA image of Lake Urmia onSeptember 7, 2025.

RESULTS AND DISCUSSION

Asexual forms of Artemia cannot be classified as mens of a single taxon. Eimanifer et al. (2014)
cautiously used the term “Eurasian haplotype complex” tfis group of species. The title
“parthenogenetic Artemia lineages” was proposed farsé groups of Artemia that reproduce
exclusively by asexual means.

Invasive Artemia franciscana

The introduction and proliferation of the non-native speéigemia franciscana on all continents
since the late 1970s has posed a significant threat tersgacies. The first report of the presence of
the non-native species Artemia franciscana in Iranim@906 from Lake Nog. In the latest checklist
in 2024, the presence of Artemia franciscana was repart@2 habitats, three of which include the
natural lakes of Maharloo, Tashk, and Bakhtegan, hvlaie the natural habitats of Artemia. The
significant increase in habitats occupied by this non-aapecies over the past 20 years is a serious
threat to the biodiversity of natural habitats in IranefBfiore, continuous monitoring of Artemia
habitats should be included in conservation managemestegts, and at the same time, the
development of the aquaculture industry and the presernvatinative Artemia biodiversity should be
prioritized.

Human encroachment and occupation have led to the déstrof Artemia habitats in many parts of
the country. In addition, climate change has cause@ Bdzengan in North Khorasan Province to
transform from a brackish to a hypersaline environmetiich now hosts Artemia. The origin of
Artemia in Lake Bazengan is still unknown; however, owiaghe lack of human intervention in
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introducing Artemia to the lake, the presence othmmogenetic Artemia seems more likely to have
been introduced by migratory waterfowl or wind framarby areas. The high competitiveness of
Artemia franciscana has caused it to outcompeigenAttemia species in the habitats it occupies and
become the dominant species in these habitatstrfraty studies indicate that native parthenogeneti

Artemia lineages in Iran have a higher productioteptial than native Artemia urmiana and non-
native Artemia franciscana. Considering these figdj priority should be given to using native

parthenogenetic Artemia in aquaculture to pres@riemia biodiversity.

CONCLUSION

The lack of new biodiversity data and the methogdiglal heterogeneity of Artemia population
assessments conducted to date in natural hal@tgiscially in Lake Urmia, have made biodiversity
data analysis challenging. Therefore, it is esabmti adopt a specific protocol in accordance with
standard methods for the continuous data colleci@hanalysis.
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significant economic and social consequences, wWriy both natural and
anthropogenic factors such as excessive groundwateaction and seismic activity.
The Salmas Plain in northwestern Iran, charactdrizg severe groundwater-level
decline and its location within a seismically aetzone, is considered a critical area
affected by land subsidence. In this study, Sehfingatellite data and Synthetic
Aperture Radar Interferometry (INSAR) techniquesevemployed to investigate
ground surface deformation over the period 202142@eological, hydrological,
and soil datasets were integrated with a DigitalvEtion Model (DEM), slope and
aspect maps, land-use information, and seismicrdscio identify and analyze the
main controlling factors of subsidence. The resuiticate that subsidence rates
generally reach their maximum during periods oéisive groundwater extraction
and decrease during the cold season, highlightiry dominant role of human
activities in surface deformation. However, the iearthquake of 28 January 2023
(8 Bahman 1401), despite occurring in the cold @easesulted in a nearly threefold
increase in subsidence rates, demonstrating teetdimpact of seismic loading on
both surficial and subsurface sediments. Low-slagas underlain by fine-grained
and highly compressible deposits were identifiethasmost vulnerable zones, while
slope orientation and active faults significantifluenced the spatial distribution of
subsidence. These findings emphasize that in seadiyiactive regions, land
subsidence rates may increase abruptly followingnse events, posing serious
risks to infrastructure, and therefore, continugtsundwater monitoring, controlled
extraction, and the integration of InSAR observagiowith hydrogeological
modeling are essential for identifying vulnerabtess and mitigating subsidence-
related hazards.
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EXTENDED ABSTRACT

INTRODUCTION

Land subsidence is a critical geomorphological amdironmental phenomenon that may occur
gradually or suddenly, causing a significant lowgrof the Earth's surface. It results primarilynfro
compaction of subsurface layers and the extraaifofiuids from voids. Human activities, such as
excessive groundwater withdrawal, intensive aghical and land use change, often exacerbate
natural geological processes, while tectonic andnse activities can induce abrupt subsidence
events. In areas with active faults and high seityniearthquakes can rapidly alter subsurfacesstre
regimes, trigger soil compaction, and induce vattiisplacement, significantly increasing the rigsk
infrastructure and human settlements.

The Salmas Plain, located in northwestern Iranressmts a highly vulnerable region where
anthropogenic groundwater exploitation combined wittive tectonics to create complex subsidence
patterns. The plain exhibits widespread alluvighatgts, low-relief terrain, and extensive agrictatu
activity, making it susceptible to both seasona smdden changes in surface elevation. Before&he 2
January2023 earthquake in Khoy, seasonal groundwater eidrahad already caused measurable
subsidence across the plain, with average annuak rapproaching several centimeters. The
occurrence of the earthquake provided a unique riypity to evaluate the interplay between human-
induced and seismic-driven deformation, allowing & comprehensive assessment of subsidence
dynamics over four years from 2021 to 2024.

This study employs Synthetic Aperture Radar Interfeetry (INSAR) using Sentinel-1 satellite

imagery to quantify and map land subsidence. Ththodeprovides millimeter-scale measurements
over wide areas, independent of weather conditiand, is particularly suitable for monitoring both

slow and rapid surface deformations. By integratyeglogical, hydrogeological, soil, topographic,

and land use data with InSAR results, this studniifies controlling factors, evaluates spatial and
temporal patterns of subsidence, and assessesirdst onpacts of the 28 January 2023 Khoy
earthquake on the Salmas Plain.

DATA AND METHODOLOGY

The study area extends from the east toward the-Tarkey border in the west. The central and
eastern parts of the plain are relatively flat antdnsively cultivated, whereas the western seciogs
characterized by mountainous terrain. The geolbgio#s of the area include metamorphic rocks,
Quaternary alluvial and terrace deposits, evapofiirmations along the lake margins, travertine
layers, and volcanic deposits. These units wergsiflad based on their susceptibility to compaction
and land subsidence.

Topographic data were derived from a digital el®ratmodel (DEM) with a spatial resolution of
13.9m, obtained from Sentinel-1 imagery. Slope mapsevetaissified into four categories (0-5°, 5—
15°, 15-30°, >30°) to identify low-gradient areasmne to subsidence. Aspect maps were generated to
examine the influence of slope orientation on dldrsie distribution. Soil data, including depth,
texture, permeability, and compressibility, werenpied, identifying Lithosols, Haplic Xerosols, and
Calcaric Regosols as the main soil classes. Larddatg were extracted from high-resolution maps
and categorized into agriculture, wetland, urbaul, @ther types.

Groundwater information was obtained from 41 piegtanwells covering 2019-2024. Water table
levels were interpolated in GIS to produce spatiatintinuous maps for analysis. Earthquake data and
fault maps were integrated to assess tectonicanfles and to derive a seismic hazard index.

Sentinel-1 SLC images with VV polarization wereesttd to minimize atmospheric noise and ensure
high coherence. Images were co-registered, integfams were formed, and phase unwrapping was
performed to convert phase changes into verticapldcement along the satellite line-of-sight.
Multilooking and Goldstein filtering reduced noisand terrain correction aligned results with
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geographic coordinates. Processing emphasizededises image pairs to focus on human-induced
subsidence while capturing earthquake effects.

RESULTS AND DISCUSSION

INSAR analysis reveals a strong seasonal pattersub$idence modulated by human activity and
amplified by the 2023 earthquake.

Annual and seasonal observations indicate that:

* 2021-2022: Average subsidence ranged from 4%.2om/year, with the highest rates in southern
and southeastern alluvial zones.

* Pre-earthquake 2023: Rates declined tocinB/ear due to winter aquifer recharge and reduced
water extraction.

* Post-earthquake 2023: Abrupt increase to tfyear highlights the direct impact of seismic
energy on both surface and subsurface sediments.

* 2024: Rates slightly decreased to 1@1@'year but remained significantly elevated, patéidy in
low-gradient, fine-grained areas.

Table 1. Changes in Maximum Subsidence Rate overdlStudied Years in the Study Area

Year Maximum Subsidence Rate (cm/year) Key Obsiemvaand Notes
2021 59 Relatively hjgh and stable
subsidence
2022 4.6 Slight decrease, but still high
2023 (pre-earthquake) 1.5 Significant reduction
Sharp increase due to the diregt
2023 (post-earthquake) 14.7 impact of the earthquake on the

ground structure
Relative decrease compared to
2024 12.5 previous year, but still critical wit
more widespread subsidenceT

Spatial analysis demonstrates that geology andldifly strongly influence subsidence intensity. Fine
grained, compressible alluvial and terrace depesitsbited the largest vertical displacements, ghil

bedrock units had minor direct subsidence but erfaed the distribution patterns. Hydrogeological
factors, particularly the depth and decline of guwater, were critical in controlling compaction

rates. Land use and drainage conditions furtherutatetl subsidence, with irrigated agricultural area
and wetlands showing heightened vulnerability.

Seismic effects were clearly evident: even duriagqus of reduced groundwater extraction in winter,

the earthquake triggered rapid and extensive sebsél Topography also affected the patterns, as
low-gradient areas concentrated subsidence, whiteper slopes experienced less vertical

displacement. Fault lines and structural trendsdepli the spatial distribution of subsidence,

emphasizing the interplay between tectonics anidrapbgenic stressors.

The combined influence of these factors producespbex temporal and spatial variations, where
human activity sets the baseline susceptibility aetsmic events act as accelerators of sudden
deformation. These findings underscore the negedsit continuous monitoring, groundwater
management, and the integration of geospatial gdtblgeological data to mitigate subsidence risks in
seismic plains.

CONCLUSION

Between 2021 and 2024, the Salmas Plain experiedesiantial variations in subsidence rates due to
a combination of anthropogenic, natural, and seisiactors. INSAR measurements provided high-
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resolution mapping of vulnerable zones, revealihgt tlow-gradient, fine-grained sediments are
particularly sensitive. The 28 January 2023 Khosthepiake caused sudden and severe subsidence,
demonstrating the rapid response of susceptiblegitspto seismic energy. Sustainable management
of groundwater, regular monitoring, and identifioat of high-risk areas are essential to mitigate
subsidence hazards. Integrating INSAR with hydrtoggcal models and GPS data can enhance
predictive capabilities and support resilient lamd water management strategies.
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water—coastal governance models in three leadingntdes: Australia, the
Netherlands, and Singapore. The research adoptsléative approach based on
Revised:07 June 2026 comparative policy and document analysis. Data weliected from peer-reviewed
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EXTENDED ABSTRACT

INTRODUCTION

In recent decades, water has been recognized asgeacamponent of socio-ecological systems that
support food security, public health, economic demment, and environmental resilience. However,
climate change, population growth, and increasixigeene events have significantly challenged the
effectiveness of traditional, sectoral, and engiimgebased water management approaches, which fail
to capture the complex interactions among hydrahgiinstitutional, and social systems (Everard,
2019; Morante et al., 2025). As a result, the cphod water governance has emerged, shifting the
focus from resource control to decision-making peses, institutional coordination, and stakeholder

participation (Montenegro & Hack, 2020n parallel, fragmentation among institutions Heeen

identified as a key barrier to effective governarreelucing system-wide resilience (Pahl-Wostl et al
2023). To address this, hybrid governance appr@acbhenbining hierarchical, market-based, and
network mechanisms have been proposed to enharaqgahdity under uncertainty (Pahl-Wostl,
2021; Djalante et al., 2011). These challengesnamee pronounced in maritime countries, where
inland water systems and coastal zones are clagelfinked but often managed separately, leading

to inefficiencies and reduced socio-ecologicallieste Despite growing attention to integrated water
resources management and coastal governance, dimi#gearch has examined their combined
institutional integration in a comparative frametuofccordingly, this study analyzes the experiences

of Australia, the Netherlands, and Singapore tatifiekey institutional and policy mechanisms that
enable integrated water—coastal governance anchealsacio-ecological resilience.

DATA AND METHODOLOGY

This study adopts an applied, qualitative, and migtsee—analytical research design based on
comparative policy analysis. Data were collectetbujh systematic document analysis of peer-
reviewed journal articles, national policy docunsenbfficial reports, and publications from
international organizations, including UN-Water a@&CD. Sources published between 2010 and
2025 were prioritized to ensure scientific relevarnd policy currency. Case selection followed a
purposive theoretical sampling strategy. Austrah&, Netherlands, and Singapore were selected due
to their internationally recognized leadership iatev and coastal governance, diversity of instinal
arrangements (federal, network-based, and cerdgdaliystems), and availability of reliable policy
documentation. Data analysis was organized aroomdanalytical dimensions: governance structures
and institutional arrangements, policy instrumerdad regulatory frameworks, stakeholder
participation mechanisms, and technological antitin®nal innovations. To enhance analytical rigor
a data triangulation strategy was employed by evafidating findings across scientific literature,
national policy documents, and international repo@omparative analysis focused on identifying
convergent and divergent governance patterns, i@dagbvernance mechanisms, and transferable
policy lessons relevant to strengthening integrateder—coastal governance and socio-ecological
resilience in maritime countries, particularly Iran

RESULTS AND DISCUSSION

Findings indicate that water—coastal governancexaahe understood solely through sectoral water
management approaches, but must be framed witldio-sgological systems where institutional

structures, territorial development patterns, afichatic uncertainties jointly shape governance
outcomes. Comparative analysis shows that Austréti@ Netherlands, and Singapore have each
developed distinct but converging governance ttajers toward integrated and adaptive water—

coastal managememtustralia’s governance model is primarily chardet by basin-scale, adaptive,
and market-oriented water allocation systems, whpagticipatory mechanisms and demand
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management play a central role in addressing siralcivater scarcity (Alexandra, 2018; Pahl-Wostl,

2021). In contrast, the Netherlands has developadlt-level governance system based on long-term
spatial planning and nature-based solutions, emgfotegration between river basin management and
coastal flood risk reduction (de Bruin, 2024; H&9025). Singapore represents a highly centralized
and technology-driven system in which water supphpan development, and coastal infrastructure

are fully integrated through engineered and cldeeg-water systems (Cui et al., 2021; Usher, 2024)

Despite these differences, all three cases denad@sthat institutional coordination and policy
integration are more decisive for resilience thatural water endowment. The interaction between
governance structure and dominant hazard typedughapes institutional design: decentralized and
participatory systems are more effective under miergcarcity conditions, while centralized and
coordinated systems are better suited for acutel fland sea-level rise risks. Overall, the findings
highlight the emergence of hybrid governance amarents combining hierarchical, market-based,
and networked instruments as the most effectiveogmh for managing complex water—coastal socio-
ecological systems (Pahl-Wostl, 2021; Djalantd.e811).

CONCLUSION

This study confirms that successful water—coast@emance requires a multi-level, adaptive
approach combining institutional capacity, policyteigration, stakeholder engagement, and
technological innovation. Australia, the Netherlandnd Singapore exemplify distinct yet convergent
pathways to enhance socio-ecological resiliencee Phoposed conceptual framework provides
actionable insights for maritime countries seekilog integrate inland and coastal governance,
strengthen resilience, and support sustainablecypatplementation under changing climatic and
socio-economic conditions.
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