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Research Topic: Flood hazard assessment is essential for mitigating the
increasing impacts of floods intensified by climate change and land-use
alterations. The Kelarud —Babol watershed in northern Iran is highly vulnerable
due to its geomorphological and climatic characteristics.

Objective: This study aims to evaluate spatial flood hazard susceptibility and
identify the most influential conditioning factors using the Evidential Belief
Function (EBF) model within a GIS environment.

Method: Historical flood occurrence data from 2024-2025 were used as training
samples. Conditioning factors including elevation, slope, aspect, distance from
river, drainage density, and Topographic Wetness Index (TWI) were derived
from a digital elevation model. The EBF model, based on Dempster—Shafer
evidence theory, was applied to assess the contribution of each factor. Model
performance was validated using the Receiver Operating Characteristic (ROC)
curve and the Area Under the Curve (AUC).

Results: The results indicated that distance from river, slope, and elevation were
the most significant factors influencing flood occurrence. The flood
susceptibility map showed a strong spatial agreement with observed flood
events. The EBF model achieved a high predictive accuracy with an AUC value
of 94/0.

Conclusions: The findings confirm that the EBF model is a reliable and efficient
tool for flood hazard zonation and can support flood risk management and spatial
planning in flood-prone watersheds.
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Introduction

Floods are among the most destructive natural hazards, exerting wide-ranging environmental,
economic, and social impacts. Owing to climate change and land-use alterations, their
frequency and severity have increased in recent decades. The Kelarud —Babol watershed in
Mazandaran Province is particularly prone to flooding due to its specific topographic and
climatic conditions.

The aim of this study is to perform spatial flood hazard zonation and to analyze the factors
influencing flood susceptibility using the Evidential Belief Function (EBF) model within a GIS
environment. In this research, spatial, topographic, and hydrological data related to flood events
during the years 2024 and 2025 were collected. Historical flood occurrence points were used as
training data, and conditioning factors including elevation, slope, aspect, distance from river,
drainage density, and the Topographic Wetness Index (TWI) were derived from the digital
elevation model. Data processing and modeling were conducted in ArcGIS, and the predictive
performance of the model was evaluated using the ROC curve and the Area Under the Curve
(AUC) index.

Methodology

The research methodology of this study consisted of several main stages. First, spatial,
topographic, and hydrological data were collected. Subsequently, conditioning factors
including slope, elevation, aspect, distance from river, drainage density, and the Topographic
Wetness Index (TWI) were derived from the digital elevation model (DEM). These variables
were used as input layers for the Evidential Belief Function (EBF) model. The EBF model is
based on Dempster—Shafer evidence theory and calculates the degree of belief (Belief) and
disbelief (Disbelief) of each class of the conditioning factors with respect to flood occurrence.
The difference between these two parameters (EBF = Belief — Disbelief) is considered as an
indicator of the relative influence of each variable on flood occurrence. Data processing and
modeling were performed in the ArcGIS environment, and the predictive accuracy of the model
was evaluated using the Receiver Operating Characteristic (ROC) curve and the Area Under
the Curve (AUC) index.

Findings

The results indicated that the distance from river, slope, and elevation were the most influential
variables controlling flood occurrence. Areas characterized by steep slopes and low elevations
in close proximity to river channels exhibited the highest flood hazard. As shown in Table 3,
the distance from river had the highest normalized weight (36/0), followed by slope (28/0),
elevation (15/0), drainage density (20/0), aspect (11/0), and the Topographic Wetness Index
(TWI) (0.09). These weights were derived based on the mean EBF values and the ranked
influence of each conditioning factor. In addition, the ROC curve and the flood hazard zonation
maps are illustrated in Figures 7 and 8, respectively. Model validation was performed using the
Receiver Operating Characteristic (ROC) curve, which is a statistical tool widely used to
evaluate the predictive accuracy of flood susceptibility models. In such models, a probability
or susceptibility value is calculated for each sub-watershed or pixel. The results demonstrated
that the EBF model achieved an AUC value of 0.94, indicating excellent performance in
predicting flood-prone areas. This finding confirms that the EBF model successfully
discriminates among the three susceptibility classes of Stable, Intermediate, and Critical, and
shows a high degree of spatial agreement with observed flood occurrences.
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Conclusion

The conclusions of this study indicate that the Evidential Belief Function (EBF) model is an
efficient and reliable tool for identifying and managing flood hazard in the Kelarud watershed.
The integration of this model with artificial intelligence and fuzzy-based approaches can further
enhance prediction accuracy and improve the effectiveness of risk management planning in the
northern regions of the country. The EBF model can play a significant role in urban planning,
water and soil resource management, and in improving the safety and resilience of human
communities against flood hazards.
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Subbasin Mean-TWI Min-TWI Max-TWI Std-TWI Area-TWI>10-ha
K2-1 293.4 123.1 272.16 310.1 30.14
B 298.7 118.2 637.29 783.2 63.1729
K 619.4 123.1 400.22 615.1 71.132
K2 355.4 123.1 337.20 391.1 66.52
B1 938.5 118.2 637.29 350.2 85.283
K2-2 305.4 372.1 621.19 329.1 82.13
B1-2 665.5 118.2 637.29 795.1 65.109

Jbybog) M Ao g slaasgs pj 50 hw p Phe (S5 clapadls Joa> ¥ Jgi>

wog (%) bawsgio (M) &ls glis) aalpl oS5 (km) &34, j| alols TWI
K1 6.12 560 42 6.0 8.7
K2-1-1 8.9 690 2 2.1 9.6
K2-1int 5.14 540 13 5.0 3.8
K2-1 9.8 720 7.1 5.1 3.6
K2-2-1 213 590 9.2 7.0 6.7
K2-2-2 4.15 520 3.3 4.0 1.8
K2-2 int 8.17 470 8.3 3.0 9.8
K2-2 4.10 650 2.3 1 2.7
K2 int 1.22 420 1.4 2.0 5.9
K2 2.7 760 6.1 8.1 1.6
Kint 5.18 460 5.3 4.0 7.8
K 5.6 770 4.1 2 9.5
B1-1 3.23 410 4.4 3.0 7.9
B1-2-1 4.16 520 3.3 6.0 2.8
B1-2-2 8.14 540 3 5.0 9.7
B1-2 int 6.19 470 6.3 4.0 8.8
B1-2 1.11 620 4.2 1 7
Bl int 213 580 8.2 7.0 5.7
B1 4.9 710 9.1 3.1 5.6

BINT 1.8 740 9.1 4.1 2.6
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elas)| 45-200 15 30.15 30 1.00 0.50 0.50 0 0.00 0.00

200-400 20 30.20 10 2.00 0.67 0.33 0 0.34 0.34

400-600 18 30.18 12 1.50 0.60 0.40 0 0.20 0.20

600-800 12 30.12 18 0.67 0.40 0.60 0 0.20 0.20

800-1000 8 30.8 22 0.36 0.27 0.73 0 0.46 0.46

1000-1200 5 30.5 25 0.20 0.17 0.83 0 0.66 0.66

1200-1400 3 30.3 27 0.11 0.10 0.90 0 0.80 0.80

1400-2272 10 30.10 20 0.50 0.33 0.67 0 0.34 0.34

o 0-2 10 30.10 20 0.50 33.0 67.0 0 34.0 34.0
2-5 15 30.15 15 0.10 50.0 50.0 0 0 0

5-8 20 30.20 10 0.20 67.0 33.0 0 34.0 34.0

8-12 18 30.18 12 50.1 60.0 40.0 0 46.0 46.0

12-20 12 30.12 18 67.0 40.0 60.0 0 66.0 66.0

20-30 8 30.8 22 36.0 27.0 73.0 0 80.0 80.0

30-60 5 30.5 25 20.0 17.0 83.0 0 34.0 34.0

>60 3 30.3 27 11.0 10.0 90.0 0 80.0 80.0

&5, 5l alols 0-100 20 30.20 10 2.0 0.67 33.0 0 34.0 34.0
100-250 15 30.15 15 1.0 50.0 50.0 0 0 0
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>500 5 30.5 25 20.0 17.0 83.0 0 66.0 66.0

TSI oS 5 5.30 20 50.0 33.0 67.0 34.0 34.0
lawgio 15 15.30 15 1.00 0.50 0.50 0 0 0

sb; 20 20.30 10 2.00 0.67 0.33 0 0.34 0.34

b S N 10 10.30 20 0.50 0.33 0.67 0 0.34 0.34

NE 12 12.30 18 0.67 0.40 0.60 0 0.20 0.20
E 15 15.30 15 1.00 0.50 0.50 0 0 0

SE 18 18.30 12 1.50 0.60 0.40 0 0.20 0.20
S 20 20.30 10 2.00 - - 0 - -
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