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ARTICLE INFO ABSTRACT

Due to the presence of tourists in tourist areas, the occurrence of
environmental hazards in these areas can cause more environmental,
Received: 15 October 2025 human, and financial damage and losses than in other areas. Therefore,
Revised: 30 November 2025 the aim of the present applied research is to zone flood risk and identify
villages at risk of flooding, which was carried out as a case study in the
Bisotun tourism sample area (including 60 villages). In order to achieve
the main goal of the research, 13 criteria and two algorithms, Cart and
Simple RF, were used. The results of the Cart algorithm showed that 39.5
percent of the area and 80 percent of the villages were located in high and
very high risk zones. The results of the Simple RF algorithm showed that
Artificial Intelligence 36.1 percent of the area and 75 percent of the villages were located in high
and very high risk zones. Comparing the zonings shows that their results
are very similar, with the difference that the Cart algorithm was somewhat
more strict in identifying high-risk areas. The difference is that the Cart
Environmental Hazards algorithm is somewhat more stringent in identifying high-risk areas. The
Rural Development re;sults of the algorithm performance valida_tion showed thgt despijte the

high accuracy of the two algorithms, the Simple RF algorithm, with an
Touristic Sample Areas  AUC of 0.985, was more accurate than the Cart algorithm (with an AUC
of 0.942). The overall results of the study indicate that most tourist
villages are located in high-risk areas.
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EXTENDED ABSTRACT

Introduction

A review of the literature related to the subject under study shows that artificial intelligence was first
proposed by John McCulloch in 1955 as "the science and engineering for making intelligent machines".
Artificial intelligence is usually referred to as technology derived from human intelligence that is realized
by ordinary computer programs. The idea of expanding the definition of intelligence as a theoretical
concept emerged during the simplification of logical problem solving in computer science. Initially,
artificial intelligence was an aid to theoretical thinking, which was mainly used to solve complex and
difficult mathematical problems. So far, a comprehensive definition of artificial intelligence has not been
provided, and several definitions have been proposed in relation to its concept. Most definitions of
artificial intelligence focus on it as a subfield of computer science or in terms of how machines imitate
artificial intelligence. Since the emergence of artificial intelligence technology is inseparable from the
rapid development of computer technology, some researchers tend to define it from the perspective of
computer science and believe that artificial intelligence is "the scientific study of computational principles
that are rooted in the way of intelligent human thinking and behavior." In general, artificial intelligence
is known as a sub-branch of the “family of technologies” that can identify and analyze the characteristics
of human intelligence and, based on the learning, display an advanced form of human intelligence. As
mentioned, one of the important and key tools of artificial intelligence in the development of the tourism
industry is machine learning algorithms, which are used in areas such as responding to the needs of
tourists in different languages and answering their complex questions. Given that tourism destinations,
including rural tourism sample areas, face various challenges, the use of machine learning algorithms can
be an appropriate tool for managing these challenges (Jemini et al., 1404). One of the most important
challenges of rural tourism sample areas is the occurrence of environmental hazards, including floods, in
these tourism destinations, which can have multidimensional consequences for life, financial,
environmental, and psychological for tourists and the local community.

Material and Methods

The present study was conducted with the general objective of applying artificial intelligence in
environmental risk management with an emphasis on flood risk in the Bisotun tourism sample area. To
achieve the main objective of the study, given the complex and multi-causal nature of floods, a combined
framework based on field visits, geographic information system (GIS), remote sensing data, and machine
learning algorithms was used. The use of diverse spatial data and powerful decision-making models in
the form of machine learning algorithms such as CART and Simple Random Forest has enabled the
accurate identification of flood-prone areas and the analysis of factors affecting their occurrence. In total,
the research stages were carried out in seven general steps as follows:

Literature review and research background
In this stage, with the aim of better understanding the flood mechanism and the factors affecting it,
previous domestic and foreign studies were reviewed.

Selection and definition of effective parameters

Based on a review of sources and also obtaining the opinions of experts and researchers in the fields
of geographical sciences, natural resources, environment, remote sensing, and crisis management, 13 key
variables were considered as input to the model among the various and numerous factors affecting the
occurrence of floods.

Flood occurrence data preparation and sampling
Sentinel-1 radar images were used to produce the flood occurrence point layer. The time period studied
in this study included three key periods before, during, and after the 2019 flood.

Data processing and spatial layer generation
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Spatial data were prepared and processed from various sources.

Implementation of machine learning models
In this stage, two algorithms, CART and Simple Random Forest, were used.

Model performance evaluation
The ROC curve and area under the curve (AUC) were used to evaluate the performance of the models.

Final map production and zoning analysis
The maps resulting from the CART and Simple RF algorithms were integrated and categorized in the
ArcGIS Pro environment.

Results and Discussion

The results of the Cart algorithm showed that 39.5 percent of the total area studied is in the high and
very high risk zone, and 80 percent of the 60 villages studied are in the high and very high risk zone. The
results of the Simple RF algorithm showed that 36.1 percent of the total area studied is in the high and
very high risk zone, and 75 percent of the 60 villages studied are in the high and very high risk zone.
Comparing the zonings shows that their results are very similar, with the difference that the Cart algorithm
is somewhat more stringent in identifying high-risk areas. The difference is that the Cart algorithm is
somewhat more stringent in identifying high-risk areas. The results of the algorithm performance
validation showed that despite the high accuracy of the two algorithms, the Simple RF algorithm, with an
AUC of 0.985, was more accurate than the Cart algorithm (with an AUC of 0.942).

Conclusions

In general, the output of machine learning algorithms in environmental risk management has a high
level of confidence. In line with flood risk management in the Bisotun tourism sample area and the rural
settlements located there, the most important operational and practical suggestions of the present study
are: strict enforcement of construction laws and regulations in flood-prone areas; equipping rural areas
with modern flood warning technologies; requiring the Meteorological Organization to provide accurate
information and timely announcement of flood warnings; constructing and developing flood diversion
channels to the riverbed; using strong and sustainable materials and equipment in all constructions,
including residential, public spaces, communication roads, etc.; distributing and publishing risk zoning
maps in the form of posters among rural managers; establishing relief and rescue bases in the vicinity of
high-risk villages; educating the local community on how to prevent and manage flood risk; installing
warning signs in risk zones to inform the local community and tourists.
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Fig.9. River density map in the study area Fig.8. Road density map in the study area
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Fig.11. Map of distance from the river in the study area Fig.10. Map of distance from the road in the study area
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Cart .942 .019 .000 .905 979

The test result variable(s): Cart, Simple Rf has at least one tie between the positive actual state group and the negative actual state
group. Statistics may be biased.

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5
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Table 4- Correlation between flood zones captured using radar images and zoning performed using algorithms
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**_ Correlation is significant at the 0.01 level (2-tailed).
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