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Objective: Annually, intense and flood-inducing rainfall in northwestern Iran, particularly
in the Buyouk Chai basin, results in significant human and financial losses. The Buyouk
Chai basin, located in Sarab County, is considered a high-hazard area for flooding due to
its vast area and adequate rainfall. Therefore, the objective of this study is to spatially
predict the potential flood hazard across this basin.

Methods: This research employs two statistical models: Surface Density and Frequency
Ratio (FR). To prepare flood hazard potential maps for the study area, 11 parameters
influencing flood occurrence were utilized, including elevation, slope, aspect, land use,
vegetation index, precipitation, distance from river, drainage density, lithology, soil type,
and topographic wetness index.

Results: An analysis of the parameter importance using both models revealed that low-
lying areas with gentle slopes, as well as areas in proximity to streams, exhibited the
highest frequency of flooding. Consequently, these areas were assigned the highest weight
coefficients in both models, indicating the pivotal role of these regions in the occurrence of
floods in the study area.

Conclusions: The findings indicate that topographic features, such as slopes and
elevations, significantly influence water flow and flood hazard. The calculation of the area
for each flood hazard class shows that in the Frequency Ratio model, over 10% of the
region's area falls within the very high-hazard category, while in the Surface Density
model, approximately 6% of the area is classified as very high-hazard in terms of flood
potential. These results underscore the importance of topographic factors in flood hazard
assessment and highlight the effectiveness of the employed models in identifying high-
hazard zones. The evaluation of model accuracy demonstrated that both models are
capable of producing flood hazard maps with relatively high precision across different
areas of the basin.
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Introduction

Buyouk Chai drainage basin is located in the northeastern part of Sarab County. The primary tributaries of this
river originate from the slopes of the Sabalan Mountain range and ultimately form the Buyouk Chai River. Due
to its unique geographical position and specific climatic conditions, this basin has a high potential for flooding.
Annually, with the onset of spring and the increase in water levels caused by snowmelt and seasonal rainfall, the
tributaries of the Buyouk Chai River overflow, exposing surrounding villages and agricultural lands to flood
hazard. This study aims to provide a comprehensive map of flood hazard potential in the Buyouk Chai basin. To
achieve this objective, hydrological, meteorological, and spatial data were utilized. The resulting map can serve
as an effective tool for local managers and decision-makers, enabling them to implement more precise planning
and preventive measures to mitigate flood-related damages in the region. This research represents a significant
step toward optimizing water resource management and reducing flood hazard in the Buyouk Chai basin.

Materials and Methods

This research employs two statistical models: Surface Density and Frequency Ratio (FR). To prepare flood
hazard potential maps for the study area, 11 parameters influencing flood occurrence were utilized, including
elevation, slope, aspect, land use, vegetation index, precipitation, distance from river, drainage density, lithology,
soil type, and topographic wetness index. The Surface Density Model is one of the most widely used statistical
methods for flood hazard analysis and simulating the potential occurrence of floods in various regions. By
employing statistical analyses and processing spatial data, the Surface Density Model provides an effective tool
for simulating and predicting flood hazard. This model can accurately identify flood-prone areas, thereby
contributing to improved planning and crisis management. The Frequency Ratio (FR) model is a simple and
practical tool that aids in understanding the probabilistic relationship between independent variables (such as
information layers) and a dependent variable (such as flood occurrence). This model examines the relationship
between influencing factors and the phenomenon of interest through the analysis of classified maps. The
frequency ratio method indicates the probability of the presence of a phenomenon with specific characteristics.
In other words, this method determines the level of correlation between flood locations. The greater the value of
this ratio in a particular class or category of a given factor, the more significant the role or importance of that
class in the occurrence of floods.

Results

The results of the analysis of the parameters used in the research with two statistical models are as follows: Soil
hydrologic groups indicate the soil's infiltration capacity. The weighting results of this parameter reveal that in
both models, Group B has had the most significant impact on flood occurrence. Regarding the elevation
parameter, the analysis of frequency ratio and density models demonstrates that downstream areas of elevations
have a high potential for flooding. Consequently, elevation levels between 1645 and 1767 meters have the
highest weight in both models. The examination of the slope parameter's relationship with the spatial location of
flood-affected areas shows that the 0 to 10% slope class, with a weight coefficient of 2.44 in the frequency ratio
model and 0.104 in the density model, has the most substantial influence on flood occurrences in the region. The
analysis of the aspect parameter also indicates that northern and western aspects have the most significant impact
on flood events. Concerning the distance from the river, the 0 to 250-meter class has the highest number of flood
occurrences and, consequently, the highest weight coefficient in both models. The analysis of the river density
parameter reveals that the 0.72 to 1.31 class has the highest weight in both models, highlighting the importance
of this class in regional flood events. For the precipitation parameter, the weighting results show that despite
high rainfall in elevated areas, downstream regions of the basin, which receive less precipitation compared to the
highlands, are more susceptible to flood risks due to being the formation zones of surface runoff. Regarding the
topographic wetness index parameter, the weighting results indicate that the higher the value of this index, the
greater the risk of flooding. Therefore, the 8.5 to 9.8 class has the highest weight in both models, signifying its
high susceptibility to flooding. In the land use parameter, the categories of gardens and agricultural areas
demonstrate the highest significance in both models. Analysis of the lithology parameter reveals that volcanic
rocks, spanning from dacitic to andesitic compositions, along with recent alluvial terraces and red to brown
marls associated with sandstone, hold the greatest weight.

Conclusion
The analysis of parameter significance revealed that low-lying areas with gentle slopes and regions adjacent to
watercourses are highly susceptible to flood hazard. The results of the study indicated that in the frequency ratio
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model, more than 38 km?, and in the surface density model, approximately 22 km? of the study area fall into the
very high flood hazard potential category. To evaluate the accuracy of the final maps produced by both models,
statistical indices such as Sensitivity, Specificity, and Accuracy, as well as the ROC curve and the area under the
curve (AUC), were utilized. The results of this section indicate that both models exhibit high accuracy in
generating flood hazard potential maps for the studied basin. Specifically, the accuracy of the frequency ratio
model, based on the Accuracy statistical index, was 0.86, while the accuracy of the surface density model was
0.85. This demonstrates that both models are effective in producing reliable flood hazard potential maps for the
area under investigation.
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Table 1- Weight of elevation criterion classes (meters)
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Table 2- Weight of slope criterion classes (percent)
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Table 3- Weight of aspect criterion classes (meters)
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Table 4- Weight of distance from river criterion classes (meters
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Table 5- Weight of river density criterion classes
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Table 6- Weight of soil hydrological group criterion classes
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Table 7- Weight of precipitation criterion classes
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Table 8- Weight of vegetation index criterion classes
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Table 9- Weight of land use criterion classes
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Table 10- Weight of lithology criterion classes
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Table 11- Weight of topographic wetness index (TWI) criterion classes
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Fig. 3- Flood hazard potential maps
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Table 11- Area of hazard zones in frequency ratio and surface density models (km?)

s o515 Juo 18 S Jao oW
VoF V4 oS
Vo0 AY S
=\ AY lawgis
Y- NG ol
Yy YAY ol s
1
Vel¥ j ks
Vq/¥ 3L
I'Y/Q" U Lsgio
YA
v d
£V /Y
Y4 oS ok
o5 S = S o
Yoo Q- A+ \' T X3 £ Ye Yo K -
B b o515 Jow i s o g2
B lgl 8 G Jbe

T 6515 g (Flglyd Comd e 43 sha gy Coluw wo £ JSUS
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Table 12- Evaluation of the accuracy of research models based on training and validation data
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