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The occurrence of earthquakes and the resulting losses and damages
have always presented a significant threat to urban areas, residents, and
assets. Consequently, urban planners and city managers have been
compelled to devise logical and scientific solutions to enhance the
safety of cities. However, safeguarding cities against earthquakes
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2021/01/25 cannot be accomplished solely by constructing strong buildings. It is
o crucial to also address urban vulnerability by optimizing the use of
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2091/02/22 urban land. This study aims to identify the most suitable urban areas
for the development of Sanandaj, with the objective of reducing its
Accepted vulnerability. The K-Nearest Neighbors (KNN) method has been
2021/02/26 employed as a model, which has shown relatively high accuracy in
Pre-Published evaluating the optimal land use in Sanandaj, with a specific focus on
2021/05/12 earthquake risk. The results of the model indicate that approximately
Published online 32% of the city's area is in an optimal condition. District 2, comprising
2025/03/21 406 hectares (equivalent to 42.78%), and district 4, comprising 658
hectares (equivalent to 50.85%), offer favorable circumstances for the
city's development, thereby reducing urban vulnerability and
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density, inadequate permeability, and poor adaptation of land use. The
evaluation of the model yielded an area under the curve value of 0.951,
indicating the satisfactory performance of the model in examining the
subject matter.
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Introduction

Earthquakes are a hazard that, due to the specific geographical conditions of our country,
have resulted in significant damages. Urban areas, particularly large cities, with their high
population density, numerous buildings, and continuous physical development, are
consistently exposed to considerable damage. As a result, it is essential to address the risks
and damages associated with earthquakes not only during times of crisis, but also through
proactive measures such as risk and damage modeling, strategic planning, and the
implementation of effective policies. Natural disasters and hazards cannot be controlled, but
with proper planning, hazards can be identified and their impact minimized . Risk, in this
context, is influenced by various factors including the likelihood of different intensity
earthquakes occurring in a specific location, the number of people and physical assets at risk,
and the vulnerability level of individuals and assets. In earthquake-prone urban areas, risk
and damage are determined by several factors such as ground shaking probability and slope.
The population, housing, infrastructure, and social and economic activities in these areas are
always at risk of being affected by the physical consequences of earthquakes.

Materials and Methods

The KNN method is considered to be one of the top 10 techniques in the field of data mining.
This method relies on memory and does not require any model fitting . It functions as a
decision rule for classifying instances, determining their class based on the nearest previously
classified instances . Moreover, it can assign unknown points to a class by considering their
nearest neighbor, whose class has already been determined. This rule finds wide applications
in pattern recognition, text classification, ranking models, and object and event detection
(Bhagat and Vandana, 2010: 302). The KNN method entails the utilization of both a training
set and a test set It has been studied extensively as a learning algorithm within the realm of
pattern recognition for several decades.

Results and Discussion

Urban land use planning is a crucial and effective strategy for mitigating casualties and
damages caused by earthquakes. The optimization of urban land use involves various factors
such as the distribution of urban activities, prioritization of activities, population and
residential density, adherence to standards, urban development along low-risk axes,
prevention of construction in fault zones, compatibility between different land uses, and the
creation of urban open spaces. By considering these factors, the city and its inhabitants can
minimize damage and casualties during an earthquake. Therefore, it is essential to identify
and analyze various criteria and variables related to urban land use planning in order to
reduce vulnerability and optimize urban land. This research aims to optimize urban land use
planning and identify optimal zones for the development of urban land uses, with the
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objective of reducing urban vulnerability. The results indicate that zones 1 and 2 of Sanandaj
Municipality have suboptimal land conditions. These zones are of significant importance in
terms of planning for the management of optimal urban land uses due to their high population
and residential density, as well as the compactness of urban spaces and land uses.
Specifically, 2 hectares of zone 1 and 20 hectares of zone 2 are in a completely unfavorable
condition in terms of optimality. Additionally, 247 hectares (equivalent to 23.7%) of zone 1
and 216 hectares (equivalent to 22.77%) of zone 2 are in an unfavorable condition. These
areas coincide with regions characterized by very high residential and population densities,
which are inefficient in the event of a hazard due to inappropriate land use adjacency and the
impact of activities on each other.

Conclusion

This study has assessed the optimal utilization of urban land by employing the KNN model
and conducting a comprehensive evaluation based on criteria aimed at mitigating urban
vulnerability. The findings of the model indicate that municipal districts 2 and 4, situated in
the southern, eastern, and southeastern parts of the city, offer more favorable conditions for
optimal urban land use compared to other areas. Expanding the city into these regions would
not only reduce vulnerability but also optimize land use, enhance urban open spaces, and
alleviate population density in high-risk areas. The final map clearly demonstrates a decline
in urban land use efficiency from the south towards the northern sections of the city,
necessitating further research and analysis. To optimize urban land use in areas with a
significant proportion of damage in Sanandaj, several factors should be taken into account.
These factors encompass reducing population and residential density, strategically locating
land uses based on natural, physical, and socio-economic criteria, establishing commercial
centers in different parts of the city while decentralizing the central commercial core,
achieving harmony in terms of form, activity, and spaces, considering technical and
implementation aspects when constructing buildings, appropriately siting emergency centers
for prompt response in times of danger, and improving roadinfrastructure. According to the
research findings, directing urban development towards the southern parts of the city can
minimize urban vulnerability. Relevant organizations and agencies should also contemplate
developing local and thematic plans concerning earthquakes and optimizing land use to
mitigate urban damage. Further investigations disclose that, aside from the northwest fault
and physical criteria, socio-economic and other natural criteria do not exhibit optimal
conditions in the northern neighborhoods. This underscores the necessity for a
comprehensive examination of various criteria. In this study, we have endeavored to obtain
more objective outcomes by adopting this approach and scrutinizing various facets. This can
contribute to ensuring the safety of urban spaces before a disaster strikes and, in the event of
an incident, provide the opportunity to make prompt and well-informed decisions to
minimize damages.
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