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This study investigated the factors influencingotloproneness and predicted
future flood risks in the Shahrchay watershed, tletain West Azerbaijan
Province, a sub-basin of the Urmia Lake watersl@&slen population growth,
social and economic development, and climatic ceardye to global warming,
flood damage in this region is increasing. Thidgtaimed to identify the main
factors affecting flood risk and predict the likedod of future floods. To achieve
the stated goal, first, for monitoring and evalngtland use changes in the last
seven years, Sentinel2 images were used using jact-abiented method and
image classification from the SVM algorithm, and &mulating future land use
changes, the CA-MARKOV algorithm was used. Finalboff simulation using
the INVEST model was introduced to the INVEST safevfrom the variables of
precipitation (for precipitation simulation, LARS-®V software, the CMIP6
climate model named ACCESS-CM2, and two scenarieB254.5 and SSP5-
8.5), land use, hydrological soil group, and cuneenber related to the study
watershed. The final results show that for 201@32@&nd 2030, the southern side
of the Shahrchay watershed has a very low flooémgi@l. In the central part of
the watershed, the potential for runoff productisas medium and high.
According to the prediction results for 2030, thaximum and minimum runoff
production potentials were estimated with numenedlies of 129.57 and 0 cubic
meters, respectively. Therefore, runoff will incseain most parts of the
Shahrchay watershed.
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INTRODUCTION

Land use changes and climate change are key faaffasting the environment and hydrological
hazards. Identifying and predicting these changesticial for water resource management and flood
risk reduction. Simulation models such as CA-MARK@Nd InNVEST, combined with satellite data
and climate models like CMIP6, provide effectiveltofor evaluating these changes. In this study,
land use changes were analyzed using Sentinel-8eisnand the SVM algorithm, and their future
evolution was simulated with the CA-MARKOV modelokéover, the INVEST model was employed
to simulate runoff and assess the impact of larelalmnges on runoff retention. Climate variables
were extracted from the CMIP6 model under the S&Bznd SSP5-8.5 scenarios. The results of this
study can play a significant role in identifyingpdld-prone areas, developing flood management
strategies, and optimizing water resource planniige application of these findings is essential for
developing resilient infrastructure, improving draje systems, and mitigating the effects of climate
change on flooding. Numerous studies have examimedmpact of land use and climate changes on
flood risk and water ecosystem services. For imgaRashidian et al. (2024) used land use change
models and machine learning algorithms to invetgighe effect of land use changes on flood
vulnerability in the Talaar watershed, Iran, dent@isg that these methods are capable of producing
accurate flood vulnerability maps$iou et al. (2024), using CA-Markov and FloodMap mogdels
simulated land use changes and flood risk in the afi Chongqing and predicted that construction
areas and flood depths would increase by 2030omnegtic studies, Madadi et al. (2024) predicted the
morphological changes of the Sefidrood River usiatgllite imagery and a combined Markov chain
and cellular automata model, whildohammadyariet al. (2023) modelled water performance in the
metropolitan area of Karaj and examined the impéatrbanization on the imbalance between water
supply and demand. Additionally, Nikoui et al. (202valuated the role of the Urmia Lake ecosystem
in water supply, demonstrating that this ecosygiems a significant role in water provision. These
studies indicate that land use and climate chaage h direct impact on flood risk and water reseurc
management and that the use of integrated modelsaiellite data can be effective in predicting
these changes and reducing related hazards.

MATERIAL AND METHODS

This research examines land use changes, prempitidrecasting, and runoff modelling in the
Shahrchay watershed, one of the key inputs to Likeia. The watershed, covering an area of 711
square kilometres, is located in southwestern Urmaumal the Shahrchay River originating from the
Zarrineh, Kamal, and Zarineabutan mountains sem®sthe primary source of drinking and
agricultural water for the region. For precipitatiforecasting, the CMIP6 climate model (ACCESS-
CM2) was utilized under the SSP2-4.5 and SSP5«®Basios. Precipitation data from 1966 to 2021
were employed to estimate rainfall for the yearg3@nd 2030. Additionally, the INVEST model was
used to assess the impact of precipitation, lare] ard soil type on runoff and flood risk. Soll
hydrological groups were extracted from soilgrigg.and classified into four categories (A, B, Cdan
D), and runoff was estimated using the Curve Nunf@®&) method based on soil characteristics and
land use.

Sentinel-2 satellite images with a 10-meter regmiufor the years 2016, 2020, and 2023 were
processed using an object-based approach and th @dbrithm to extract land use maps and
analyze changes. Subsequently, to predict futuaegds, the Markov chain and CA-Markov models
were employed to determine the transition probigbitiatrix of land use classes by analyzing the
previous maps. Figure 1 presents the research dwtigy flowchart.
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Figure 1. Research Methodology Flowchart

RESULTSAND DISCUSSION

Precipitation forecasting using data from 1966—288d climate scenarios revealed that the SSP5-8.5
scenario, considered pessimistic, is acceptabl@dod prediction purposes and has been used as the
primary input in the modelling. Land use classifica using the SVM algorithm was performed in
seven classes (water bodies, soil, orchards aiyhted lands, rainfed lands, the salt fringe of d.ak
Urmia, rangelands, and residential areas) for #mrs/ 2016, 2020, and 2023. The extracted maps
indicate significant changes in the area of thésgses; for example, the area of orchards andhigtty
lands increased from 111.27 km2 in 2016 to 185183 ik 2023, with a projection of 193.72 kmz2 by
2030. The classification accuracy was confirmedKlappa coefficients ranging from 95% to 97%.
Using Markov and CA-Markov models, land use predicimaps for 2023 and 2030 were generated,
with the CA-Markov model achieving a prediction aacy of 93% (Kappa coefficient), which
demonstrates the reliability of this methddl.comparison of changes in land use areas shows tha
particularly the orchard and irrigated land clads&ge increased, while the soil, water, and ramgela
classes have decreased; these changes are cdnsigterthe findings of Fatollahi et al. (2019)
regarding the reduction of forest lands and theeiase in agricultural and urban areas. The expansio
of irrigated agriculture and orchards in the Shhahycwatershed which aligns with the findings of
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Roushangaret al. (2022) on agricultural water consumptionynhead to increased water resource
demand.

To evaluate runoff production potential, the CuiNember (CN) was calculated for each land use
class and soil hydrological group (from A to D).bSaquently, using the INVEST model with inputs
including the projected land use map for 2030, 2pB&ipitation, and CN values, flood risk maps
were generated for 2016, 2023, and the project&).Z0he results indicate that areas dominated by
residential, soil, and rangeland land uses andhgmifological groups C and D exhibit higher runoff
potential, whereas regions with irrigated agriadtand orchards have lower runoff potential. These
results suggest that land use changes especiallythease in orchards and irrigated agriculture ca
alter runoff patterns and lead to higher water oamngion. The findings are in line with internatibna
studies Yirsaw et al., 2017Birhanuet al., 2019; Rasouli et al., 2021) and domestidiss (Haghdaadi

et al., 1397; Emlaei et al., 1400), confirming #féectiveness of the INVEST model in estimating
water production under limited data conditions.sTtwmbined approach of land use change modelling
(using SVM and CA-Markov) and ecosystem service eflow) (using INVEST) provides an efficient
tool for developing water resource management jggliand reducing flood risk in the Shahrchay
watershed.

CONCLUSION

This study utilized the INVEST model, developedtbg Natural Capital Project and recognized as a
powerful tool for water resource modelling, to pgoeédlood risk in the Shahrchay watershed. This
model integrates geological, hydrological, climatnd agricultural data to estimate the impacts of
land use changes and human activities on aquiergace flows, water quality, and floods. In this
research, precipitation for the years 2023 and 2038 projected based on data from 1966—2021 using
the SSP2-4.5 and SSP5-8.5 scenarios. Given theojdkdod prediction, the pessimistic SSP5-8.5
scenario was applied. Additionally, by generatingd use maps, hydrological soil groups, and the
corresponding Curve Number (CN) for the watershtmhd risk prediction maps for 2030 were
produced using INVEST.The results indicate thaasmgith residential, soil, and rangeland land uses
and hydrological soil groups C and D exhibit higimaff potential, whereas irrigated agricultural and
orchard areas generate lower runoff. This variatiomwater production across different land uses
highlights the importance of water resource managgmparticularly in meeting the needs of
residents and ensuring water distribution from ngash to downstream within the watershed.
Moreover, given the significance of runoff regudatiservices in ecosystem research, developing
methods for quantitatively assessing and predidtiege services can play a key role in formulating
effective management and conservation strategreméas with high runoff generation potential.
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