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ARTICLE INFO ABSTRACT

This study aimed to conduct flood susceptibility zoning using artificial
intelligence models in the Alashtar watershed, located in Lorestan
Province, Iran. The study area, covering 797.64 km2, is part of the
Karkheh sub-basin and experiences a semi-arid, cold climate with an
average annual precipitation of 570 mm.In this research, ten influencing
factors namely, slope, aspect, precipitation, distance from roads, distance
from rivers, soil type, land use, geological formation, Topographic
Wetness Index (TWI), and drainage densitywere employed as input data.
From a total of 58 observation points (comprising 33 flood points and 25
non-flood points), 70% were allocated for model training and the
Article history remaining 30% for va_lidation. The performance of two models, R_andom
Received: 02 July 2026 Foresft (RF) and_ Maximum E_nt(opy (MaxEnt), was evaluated using the
Revised: 09 July 2026 Receiver Opere}tlng Characterlstlg (ROC) curve and the Area Under t_he
Accepted: 22 July 2026 Curve (AUC) mdex._The resqlt_s indicated that the_ MaxEnt_ mc_)del, with
Published online: 12 September 2026 AUC values of 0.98 in the training phase and 0.93 in the validation phase,

demonstrated superior performance in predicting flood susceptibility.
Analysis of the influencing factors revealed that most floods occurred
under the following conditions: precipitation classes of 600-700 mm,
distances of 0-100 m from roads and rivers, slope classes of 0-5% and 5-
15%, northwest-facing aspects, rainfed agricultural land use, and old
alluvial formations. According to the susceptibility map, 83.23% of the
area fell into the very low susceptibility class, 9.22% into the low class,
Keywords: 4.66% into the moderate class, 2.12% into the high class, and only 0.74%
Flood  susceptibility,  geographic into the very high class. Furthermore, a dir_ect relationship was obs_er_v_ed
information system, machine learning, betwe_en the TWI and flood occurrence. I_:lnally, the flood susceptibility
mapping, semi-arid regions zonation map was prepared using the superior MaxEnt model.
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EXTENDED ABSTRACT

Introduction: Natural hazards represent one of the most significant global challenges, threatening both
humanity and sustainable development. Among these phenomena, floods are a widespread and familiar hazard
that affect millions of people annually, causing extensive damage to the natural environment, agriculture,
infrastructure, and resulting in loss of life worldwide. Flood occurrence is primarily attributed to excessive water
rise and overflow from rivers into plains and residential areas. Vulnerability to flooding is typically associated
with a combination of physical and anthropogenic factors. Several elements including drainage patterns,
climatic conditions, topography, rainfall intensity, and human activities contribute to flood occurrence.
Consequently, understanding these factors is essential for preparing flood susceptibility maps.In recent decades,
numerous studies have utilized remote sensing (RS) data and geographic information systems (GIS) in
conjunction with various models, such as frequency ratio, logistic regression, Shannon entropy, and particularly
machine learning methods. Machine learning models, including Random Forest and Maximum Entropy
(MaxEnt), have demonstrated the capacity to capture the complex relationships between floods and their
determining factors with high accuracy. The primary objective of this study is to map flood susceptibility in the
Alashtar basin (Lorestan Province) using Random Forest and MaxEnt models, based on ten effective factors:
slope, aspect, distance from stream, distance from road, drainage density, soil, lithology, land use, precipitation,
and Topographic Wetness Index (TWI).

Methodology: The study area is geomorphologically located in the central part of the Zagros mountain range in
Lorestan Province, Iran, and forms part of the Karkheh sub-basin. The Alashtar sub-basin covers an area of
797.64 kmz, situated between longitudes 48°03'38" to 48°30'52" E and latitudes 33°44'37" to 34°01'21" N. The
highest point of the basin is in the northwest at 3,620 m above sea level, while the lowest point is in the west
(basin outlet) at 1,481 m above sea level. The average annual rainfall is approximately 570 mm, and the region
has a semi-arid, cold climate. Identifying the factors affecting flood susceptibility constitutes the first step in
flood zoning. Based on a literature review and field observations, ten conditioning factors were selected: slope,
aspect, distance from stream, and distance from road, drainage density, soil, lithology, land use, precipitation,
and TWI. Slope, aspect, and stream network layers were extracted from a Digital Elevation Model (DEM).
Geological and soil maps were obtained from the national geological and soil survey organizations. The land use
map was provided by the provincial natural resources administration. Precipitation data were collected from
synoptic and rain gauge stations and interpolated in ArcMap to generate a precipitation zoning map. The TWI
was calculated using SAGA software. Distance from stream and drainage density layers were also derived from
the stream network. Finally, all layers were co-registered to a common coordinate system and prepared for
modeling using Random Forest (RF) and MaxEnt methods.
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Results and Discussion: In this study, the performance of two machine learning models—namely, Random
Forest (RF) and Maximum Entropy (MaxEnt)—was evaluated for flood susceptibility mapping in the Alashtar
watershed (Lorestan Province, Iran). The evaluation results, based on the Receiver Operating Characteristic
(ROC) curve and Area Under the Curve (AUC) index, indicated that the MaxEnt model, with AUC values of
0.98 in the training phase and 0.93 in the validation phase, significantly outperformed the Random Forest
model, which achieved AUC values of 0.89 and 0.86, respectively. Therefore, the MaxEnt model was selected as
the superior model for producing the final flood susceptibility map.Regarding the effective factors, the results
showed that slope had the greatest influence on flood occurrence, followed by distance from road, land use, and
precipitation. The response curve analysis of the MaxEnt model revealed that most flood events were
concentrated in slope classes of 0-5% and 5-15%, distances of 0-100 m from rivers and roads, rainfed
agricultural land use, old alluvial geological formations, and precipitation class of 600—700 mm. It was also
found that flood susceptibility decreased sharply with increasing distance from rivers and roads.Finally, the
flood susceptibility zoning map was prepared using the superior model (MaxEnt). According to this map, the
very low susceptibility class covered the largest area (83.23%), while the high and very high susceptibility
classes accounted for only 2.12% and 0.74% of the study area, respectively. These results demonstrate that the
MaxEnt model is an efficient tool for identifying flood-prone areas, particularly in regions with limited data and
semi-arid climates

Conclusion: Floods are among the most destructive natural hazards, causing extensive human and economic
losses to communities. In this study, flood susceptibility mapping was conducted in the Alashtar watershed
(Lorestan Province, Iran) using two machine learning models (Random Forest and Maximum Entropy) and ten
environmental factors. The results showed that the MaxEnt model, with an accuracy of 98% in the training
phase and 93% in the validation phase, outperformed the Random Forest model and was selected as the superior
model. Slope was identified as the most influential factor, while the Topographic Wetness Index (TWI) had the
least impact on flood occurrence. According to the final susceptibility map prepared using the MaxEnt model,
most of the study area (83%) falls within the very low susceptibility class, while less than 3% of the area is
classified as high and very high susceptibility. These high-risk areas are mainly located near streams, rainfed
agricultural lands, and old alluvial formations. In conclusion, this study demonstrates that machine learning
models, particularly the MaxEnt model, serve as efficient, cost-effective, and accurate tools for flood
susceptibility mapping in regions with limited data and semi-arid climates. The results of this research can be
effectively utilized for land use planning, disaster management, and flood damage reduction
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Table 1- Values obtained from the relationship between factors affecting flood occurrence in the study area

Parameter Class Total area (ha) Percent
400-500 29305 19.34
500-600 27742 18.31
600-700 33823 22.33
Precipitation 700-800 32050 21.16
800-900 28545 18.84
0-0.2 291567 70.44
0.2-0.5 32113 7.75
. - 0.5-0.9 45666 11.03
Drainage density 091 30285 731
1-2 14244 3.44
0-100 55249 36.47
. . 100-200 48740 32.17
Distance from river 500-300 33119 5186
>300 14357 9.47
0-100 81175 53.59
. 100-200 44044 29.07
Distance from road 500-300 16779 11.07
>300 9466 6.24
0-5 47790 31.80
5-15 47370 31.46
Slope 15-30 35735 23.73
>30 19571 12.99
Plain 2616 2.25
North 16264 14
Northeast 13373 1151
East 2031 1.74
Aspect Southeast 11650 10.03
South 12320 10.60
Southwest 13189 11.35
West 15600 13.43
Northwest 29096 25.05
Irrigated agriculture 15338 10.06
Garden 102 0.06
Dense forest 2127 1.39
Good rangeland 10977 7.20
Sparse forest 32586 21.38
Land use Rainfed agriculture 41290 27.10
Medium-density forest 20981 13.77
Medium rangeland 23876 15.67
Poor rangeland 4677 3.06
Residential 395 0.25
Semi-moist Lithosols 100629 79.42
Soil Brown Steppe Soils 2737 2.16
Non-saline Alluvial Soils 23336 18.41
(Bgp) 675 0.44
Massive white limestone. 5678 3.72
Bakhtyari Conglomerate, Conglomerate with red cherts 2608 1.71
(BK) 5149 3.38
(Gu) 440 0.28
Radiolarite-bearing section, Radiolarite complex. 23363 15.33
Dolomitic limestone (Maastrichtian - Cenomanian), Limestone, Limestone 5249 3.44
and Shale )
Orbitolina-bearing limestone 8430 5.53
Geologyl Blue Marl Limestone, Marl Limestone, Marl Limestone (Santonian) 16991 11.15
Shale, Sandstone, Conglomerate — Amiran Formation, 9936 6.52
(Kgp) 977 0.64
Red Marls and Conglomerate — Aghajari Formation, Razak Formation 855 0.56
Ml 25906 17
Coral Limestone, Oolitic Limestone 7733 5.07
Conglomerate with elements from local outcrops. 1336 0.87
Old Alluvium 36253 23.79
Middle Dolomite Member 30 0.019
\Volcanic, Laterite 10 0.0065
Tarbur Formation 717 0.47
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Figure 5- Influence coefficient of different factors on flood occurrence in the study area
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Table 2- Results of performance evaluation of models used for flood susceptibility zoning
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Figure 7— Response curve of the factors used and their impact on flood susceptibility modeling
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Table 3— Area and percentage of area of flood susceptibility classes using Random Forest (RF) and Maximum Entropy (MaxEnt)
models in the study area

Susceptibility class Percentage of area Area (ha) Models
Very low 32.54 48718
Low 21.41 32055
Medium 17.66 26443 RF
High 12.46 18655
\ery high 15.90 23815
Very low 83.23 124596
Low 9.22 13815
Medium 4.66 6981 MaxEnt
High 2.12 3178
Very high 0.74 1116
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