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Figure 1- The area studied in the research.
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Table 1- The area of flood potential classes based on the results of the models.

Model Flood potential class Area (ha) Area (%)
Very low 352527.12 78.59
Low 44577.36 9.93
ANFIS-ICA Moderate 23570 5.25
High 9820.8 2.18
Very high 18025.56 4
Very low 314936.82 70.21
Low 728291.2 16.24
ANFIS-PSO Moderate 35423.2 7.9
High 11694.6 2.6
Very high 13639.2 3




o &
VEY s VBT Lol 605b0ud ) (50kud TV (509 ST
oo 2

&5 Border area

W 0510 20 30 0 510 20 30
T — - e—

Plan Curvature ﬁ Border area

Profile curvature

£ Border area Rainfall
o &5 Border area
& Flat & i o1
ai 2
55 Convex |
% Concave 5 Convex B
0510 20 30 - 5.
——s—K Concave, "-é-w—_zu"xm = ‘)-éw:zuokm

(2

@) . %

Soil texture
ﬁ Clay loam
$ Loam

% Sandy clay loam

ﬁ Border area
Distance from stream

£ Border area
TWI

— 229 m 55 <5 Sandy loam a
i 5 o 36 2 Silty clay loam 0510 20 30
0.84 - — K -, 5 Water e — Km

G) N (k)

9 Border area ’ Klsol Qft2
H «ww B RS
&H ovg I mb
®» ox TH pcCs
B ragr > pCen
&5 Border area ’ Plms ‘ pCgr
Landuse ’ Pr ’ pCmb
S5 Agricultural
25 Barren land ’ Pz 2/_3 pCmtl
& Good range T
B Modersterange 5 ot I por
2 Residential area
> forest 0510 20 30
5 Water body - — Km

o9 30 oaubosliiwl by Jole gadds -V ST
Figure 2- Map of the factors used in the research.
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Table 2- Prediction accuracy of models based on performance evaluation criteria in the validation.

Model AUC TSS
ANFIS-ICA 0.94 0.84
ANFIS-PSO 0.98 0.89
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Extended Abstract

Introduction and Goal

Among natural disasters, flood is undoubtedly the most catastrophic hazard in the world. One of
the basic strategies for reducing the damage caused by floods is to prepare a flood sensitivity map.
Spatial prediction of the flooding probability using models created from spatial and historical data,
which ultimately leads to the preparation of flood sensitivity maps is an appropriate solution for
land management planners in different areas to prevent the occurrence of this phenomenon. In this
research, in order to determine flood-prone areas, the hybrid model of adaptive neural and fuzzy
inference and the metaexploratory optimization algorithm of imperial competition (ANFIS-ICA)
and the hybrid model of adaptive neural and fuzzy inference and the metaexploratory optimization
algorithm of particle swarm (ANFIS-PSO) are used.

Materials and Methods

The Zarine River watershed has an area of 4485 km?2 and is located in the northwest of Kurdis-
tan province between the longitude of 45°48'30"and 46°48'20" east and the latitude of 35°42"20"
and 36°23'15" north. The climate of the region is humid and the average annual rainfall is 480
mm. Locations of flood events were randomly divided into two groups: training (70%) and
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validation (30%). Various environmental factors (height, direction, slope, surface curvature, land use,
lithology, rainfall, flow power index, distance from river and topographic wetness index) were selected as
independent variables in the modeling and their digital layers were prepared. The ANFIS-ICA and
ANFIS-PSO models were used in this research and their prediction results were evaluated based on the
criterion (AUC) and the true skill statistic (TSS).

Results and Discussion

On the basis of these findings, in the validation stage, the model (ANFIS-PSO) with an AUC of 0.98 and
a true skill statistic (TSS) of 0.89 had the highest accuracy. The results also showed that the factor of
distance from the stream was identified as the most important environmental factor. In addition, ground
slope and TWI were ranked second and third in importance, respectively.

Conclusion and Suggestions

Based on the results, the hybridization approach, which combines machine learning models and
meta-exploratory optimization algorithms, improves the learning power as well as the predictive power
of the model. The results of this research showed that the distance from the stream and the slope of
the land are the most important factors affecting flooding. Based on the results and analysis, it can be
concluded that machine learning models have a high capability for predicting flood potential. The flood
potential maps prepared in this research can be very useful for managers and experts and can be used in
planning flood prevention measures. Directing flood control facilities and measures in situations with a
high flood potential will improve flood management from an economic and technical point of view.
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