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Abstract: As cities continue to evolve and expand, the importance of accurately modeling and 

simulating urban environments to predict and assess various risk scenarios has become increasingly 

recognized. Since city simulation can capture the intricate dynamics of urban life, the versatility of city 

simulation has been demonstrated in numerous case studies across diverse applications. Owing to this 

capacity, city simulation plays a critical role in the disaster risk management field, especially in 

accounting for the uncertainties in natural/man-made disasters. For example, in the event of an 

earthquake, having detailed information about an urban area is instrumental for evaluating stakeholder 

decisions and their impact on urban recovery strategies. Although numerous research efforts have been 

made to introduce city simulation techniques in disaster risk reduction, there is no clear guideline or 

comprehensive summary of their characteristics and features. Therefore, this study aims to provide a 

high-level overview of the latest research and advancements in urban simulation under different hazards. 

The study begins by examining the simulation techniques used in urban simulation, with a focus on their 

applicability in disaster scenarios. Subsequently, by analyzing various case studies, this research 

categorizes them based on their unique characteristics and key findings. The knowledge gained from 

this literature review will serve as a foundation for subsequent research on simulating the impacts of 

urban areas under various hazards. 
 

Keywords:  Urban simulation, Urban modeling, Urban resilience, Disaster management, Scenario 
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1. INTRODUCTION 

In the context of continuous development and change in modern cities, the innovative advancement 

of technologies for modeling and simulating actual cities to predict outcomes is widely recognized [1, 

2]. The field of urban simulation has evolved far beyond its basic visualization, now being utilized in 

urban policy and management [3]. These simulations serve as critical tools for predicting various urban 

development scenarios, aiding administrators in addressing urban growth and sustainability 

complexities [4]. As cities become more interconnected and complex, the need for sophisticated 

simulation models capable of handling this complexity becomes increasingly evident. This shift in focus 

from basic visualization to comprehensive urban planning reflects the growing importance of addressing 

not just the physical structure, but also the social, economic, and environmental aspects of urban areas 

[5, 6]. Urban simulations play an important role, especially in disaster risk management [7]. In situations 

such as natural or man-made disasters, these simulations are essential for assessing urban vulnerability 

and establishing effective response plans [8]. However, systematic research and guidelines for urban 
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simulation to reduce disaster risk are relatively lacking. Existing studies have mainly focused on 

individual case studies, focusing on exploring different approaches and techniques without an integrated 

framework. [9-11]. Addressing this gap, this study aims to systematically analyze and synthesize various 

application methods and functions of urban simulation. In this study, based on extensive related 

literature, simulation technologies used in disaster city simulation are introduced, and case studies are 

classified by disaster type to understand how specific technical methods are contributing to the field. 

Finally, the applicability of these simulations in disaster response and planning is explored, and a 

comprehensive overview of their status and potential future directions is provided. 

2. DISASTER SIMULATION TECHNIQUES 

When performing a disaster simulation, it is important to select a simulation technique suitable for 

the purpose. By selecting the appropriate technique, it is possible to predict and prepare for various 

possibilities that may occur in each disaster situation [12-14]. The paper introduces three modeling 

techniques: Numerical modeling, Agent-based modeling (ABM), and Simulation using Geographic 

information system (GIS). The above three technologies are effective approaches to performing disaster 

simulations dealing with human behavior and interaction areas, the physical process of disasters, and 

the spatial characteristics of the affected area [15-18]. Therefore, in the main text, the applicability of 

each technology will be explained through concepts and examples. 

2.1. Agent-based modeling (ABM) 

Agent-based modeling is a method of modeling the behavior and interaction of individual actors 

(agents) in disaster simulations [19]. Taillandier et al. [20] developed an agent-based model called SiFlo 

(Simulation of flood event) to simulate the behavior of residents in the event of a flood. Vandewalle et 

al. [21] used an agent-based model to simulate the urban evacuation process in the event of a flood. This 

study concluded that the overall evacuation time increased as the severity of the disaster increased. 

Maqbool et al. [22] proposed agent-based modeling and disaster management simulations using GIS by 

creating virtual scenarios, which were utilized for disaster management strategy analysis. As above, 

disaster agent-based modeling is an important tool in modeling and simulating complex human behavior 

and resource management strategies in disaster situations. This will contribute to enabling data-based 

decision-making for disaster management policymakers and improving disaster response efficiency. 

2.2. Numerical modeling 

Numerical modeling is the process of expressing natural phenomena as mathematical equations and 

interpreting them using computers. This process allows researchers to quantitatively analyze and predict 

complex environments and disaster scenarios [23]. In particular, in establishing and responding to 

various disasters, numerical modeling provides a powerful way to simulate scenarios before and after 

disasters [24]. Dong et al. [25] simulated the flooding process in urban areas using laboratory 

experiments and numerical modeling. Chang et al. [26] developed a high-performance two-dimensional 

hydrodynamic model using the finite element method and an unstructured grid to facilitate the creation 

of flood response plans and carried out simulations of floods on an urban scale. These cases show 

various application methods of numerical modeling in the disaster management process and emphasize 

how important numerical modeling can be. Therefore, disaster management experts can develop 

effective response strategies through numerical modeling. 

2.3. Simulation using GIS 

The geographic information system (GIS) is a technology that collects, stores, analyzes, and 

visualizes location-based data and processes complex spatial data, allowing users to understand and 

analyze geographic information [27]. This GIS plays an important role in disaster management by 

predicting disasters and establishing response plans [28]. Gang et al. [29] sought to develop a 3D disaster 

management system based on high-capacity geographic and disaster information to establish a rapid 

disaster response system. In addition, HAZUS was developed by the US Federal Emergency 

Management Agency (FEMA) and is a GIS-based disaster risk assessment tool. HAZUS is one of the 

widely used disaster simulation tools and is used as a tool to assess various losses in cities due to 

disasters [30]. GIS-based simulations enable more accurate analysis and prediction of disaster scenarios, 

and effective response strategies can be developed based on them. Therefore, GIS is an essential tool to 

increase the efficiency of disaster management and minimize the loss of life and property. 
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2.4. Analysis of characteristics of each simulation technique 

This section attempts to analyze and organize the characteristics of the three techniques described 

above. Agent-based modeling, numerical modeling, and simulation using GIS are commonly used to 

understand and predict systems or processes for disaster management. However, these techniques are 

different depending on the purpose and characteristics of use. Table 1 below categorizes each simulation 

technique into a definition, focus, and typical application. 

Table 1. Characteristics of each simulation technique 

Criteria 

Simulation method 

Agent-based 

modeling 

Numerical modeling Simulation using GIS 

Definition A computational 

model that simulates 

the behavior and 

interaction of 

autonomous agents to 

evaluate their impact 

on the entire system 

A technique for 

simulating system 

behavior by solving 

equations describing the 

behavior of complex 

systems. 

How to analyze and manage 

spatial or geographic data 

using geographic information 

system technology 

Focus Individual or 

collective behavior 

and decision-making 

processes of agents. 

Simulating physical 

processes and 

phenomena using 

mathematical models 

Focus on spatial aspects of 

disasters, mapping, analysis, 

and visualization of data 

Typical applications  Social behavior 

analysis, evacuation 

modeling 

Flood modeling, 

earthquake simulations 

Disaster Risk Assessment 

and Spatial Analysis 

 

As can be seen from Table 1, each simulation technique is mainly used in a specific focus area. These 

differences suggest the importance of performing disaster management simulations by selecting the best 

simulation technique for a specific purpose. Therefore, it is essential to closely consider the main 

purpose and characteristics of each technique when determining the simulation approach in disaster 

management. 

3. VARIOUS DISASTER SIMULATION CASES 

This section examines the effective use of simulation technology in actual disaster scenarios through 

case studies related to natural and man-made disasters. Each of the presented cases emphasizes the 

importance of technology for solving various disaster tasks by presenting the research methodology and 

application cases of simulation suitable for various disaster types. 

3.1. Natural disaster simulation cases 

3.1.1. Earthquakes damage 

Earthquakes are known to cause casualties and massive economic damage [31]. Therefore, many 

researchers are working to predict and respond to earthquake damage. However, earthquake prediction 

is a very complex task, so various approaches have been used for prediction [32]. Zhang et al. [33] 

introduce a method of evaluating relief demand after an earthquake by performing spatial 

autocorrelation analysis and hotspot analysis using the ArcGIS program to calculate the damage status 

using basic building information and to understand the relationship with human damage. Hosseinzadeh-

Tabrizi et al. [34] accurately modeled the dam collapse and flood effects caused by earthquakes using 

programs such as 2DEC-Ras and GIS for Satarkan Dam near Ahar City, northwest Iran, and performed 

predictive evaluation. Gharehbaghi et al. [35] emphasized the need for seismic damage spectrum 

prediction and presented a framework for seismic damage spectrum prediction using two computational 
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intelligence methods: multi-gene programming (MGGP) and artificial neural networks (ANNs). 

Considering the high exposure to disasters caused by population concentration in urban areas, Marasco 

et al. [36] presented an earthquake damage assessment framework for the portfolio of residential 

buildings in urban areas. 

3.1.2. Flood 

Rapid climate change and urbanization have increased the frequency and intensity of flooding [37, 

38]. Therefore, it is important to conduct simulations to prepare for flooding, and there are several 

important reasons. First, it helps to assess the potential damage and impact of flooding on infrastructure 

and human life [39]. Feng et al. [40] simulated flood flows using various land data and urbanization 

scenarios to investigate how urbanization affects flood risk. Rong et al. [41] generated an urban model 

through slope images taken by UAV and performed a flood flooding simulation using a 3D 

hydrodynamic model. Second, the simulation can evaluate the effectiveness of flood management 

strategies and mitigation measures, helping to prepare for more efficient emergency responses [42]. 

Bernardini et al. [43] used a simulation model to evaluate the effectiveness of risk reduction solutions 

and strategies, such as architectural elements and contingency planning for evacuees' support. 

3.1.3. Other natural disasters 

In addition to earthquakes and floods, which are representative natural disasters mentioned above, 

other natural disasters such as drought, tsunami, and hurricanes have also increased in frequency due to 

climate change and urbanization [44-47]. Therefore, it is important to perform simulations to prepare 

for such disasters.  For example, Li et al. [48] predicted extreme drought frequency changes in China 

using two large-scale ensemble simulations consisting of 50 CanESM2 members and 40 CESM1 

members. Shi et al. [49] investigated the extent and depth of storm surge flooding in the Pingyang region 

of China using five typhoon intensity scenarios and numerical simulations. Along with the need for 

realistic tsunami evacuation simulations, Wang et al. [50] proposed a realistic agent-based model for 

tsunami evacuation that addresses the limitations of previous models, mainly based on assumptions. 

Roy et al. [51] presented an actor-based model to understand complex decision-making patterns during 

a hurricane evacuation, considering various interaction factors such as socioeconomic and demographic 

attributes and decision-making. 

3.2. Man-made simulation cases 

3.2.1. Building fire simulation 

Building fire damage simulation is an important factor in understanding and mitigating the effects of 

fire. Several studies have suggested ways to accurately simulate building fire occurrence and damage. 

To understand the behavior of sandstone elements in the event of a fire, Wang et al. [52] have developed 

a model that performs numerical simulations and predicts changes in temperature distribution, crack 

behavior, and intensity. The study of Gong and Agrawal [53] focused on numerical simulations of 

accidental fires in truss bridges, demonstrating the potential of fire structure interaction modeling and 

simulation of civil structures. Efendi and Aco Wahyudi [54] conducted a thermal simulation analysis to 

evaluate the effect of the fire on the building elements, focusing on the temperature rise and the 

magnitude of the thermal conduction. 

3.2.2. Urban terrorism and safety accidents 

Various studies have been conducted on urban terrorism and safety accident simulations. These 

simulations can help in assessing the risk of terrorist acts and evaluating the effectiveness of different 

evacuation strategies [55]. Stoltz et al. [56] present a systems approach to determining the economic 

loss due to property damage resulting from a terrorist bombing in an American city. Tang et al. [57] 

establish a Bayesian network to analyze the risk of urban dirty bomb attacks, considering factors such 

as occurrence time, location, and defense approaches. As in the mentioned studies, urban terrorism and 

safety accident simulations are important for population protection, and understanding and predicting 

human behavior of both individuals and groups is important for enhancing population safety to enhance 

population protection These simulations are used to analyze interactions between users, risks, and built 

environments, taking into account factors such as the placement of public places and the impact of 

external temperatures on user behavior [58]. This can contribute to a more comprehensive risk 

assessment and the development of effective countermeasures. 
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3.3. Simulation techniques applied to real case studies 

In this section, Table 2 summarizes how the disaster simulation technology described in Chapter 2 

was applied in real cases. 

Table 2. Disaster city simulation methods  

Disaster category  Publication  Simulation method   

Agent-based 

modeling 

Numerical 

modeling 

Simulation using 

GIS 

Flood Taillandier et al. [20] ● ●  

Flood Vandewalle et al. [21] ● ● ● 

All urban disaster Maqbool et al. [22] ● ● ● 

Flood Dong et al. [25]  ●  

Flood Chang et al. [26]  ●  

Disaster response Gang et al. [29]  ● ● 

Earthquake Zhang et al. [33]  ● ● 

Earthquake and flood Hosseinzadeh-Tabrizi et al. 

[34] 

 ● ● 

Earthquake Gharehbaghi et al. [35]  ●  

Earthquake  Marasco et al. [36]  ●  

Flood Feng et al. [40]  ●  

Flood Rong et al. [41]  ●  

Flood Bernardini et al. [43] ● ●  

Drought Li et al. [48]  ●  

Typhoon and storm 

surge 

Shi et al. [49]  ●  

Tsunami Wang et al. [50] ● ●  

Hurricane Roy et al. [51] ● ●  

Fire Wang et al. [52]  ●  

Fire Gong and Agrawal [53]  ●  

Fire Efendi and Aco Wahyudi 

[54] 

 ●  

Terrorist bombing Stoltz et al. [56]  ●  

Dirty bomb Tang et al. [57]  ●  

 

As indicated in Table 2, numerical modeling is extensively utilized across all types of disasters. This 

widespread application is attributed to its capability to quantitatively represent complex natural 

phenomena, proving highly effective for disaster management. Agent-based modeling has established 

itself as a crucial tool for modeling the complexity of human behavior and resource management 

strategies and has been effectively employed in empirical research for disaster evacuation strategies and 

management. Furthermore, simulations utilizing GIS have conducted spatial analysis based on location 

and topographical data, playing a vital role in enhancing the efficiency of disaster management. 

4. CONCLUSION 

In this study, the applicability and practicality of disaster city simulation were confirmed through 

review and case analysis of various urban simulation technologies. Accordingly, the strengths and 

characteristics of simulation using agent-based modeling, numerical modeling, and GIS, which play an 

important role in analyzing human behavior, physical process, and spatial characteristics, were explored. 

In addition, in this study, Table 2 analyzed how the simulation methodology was constructed for various 

types of disasters, including natural disasters such as earthquakes, floods, urban fires, and terrorism. The 

results of the study showed that numerical modeling is widely used in a wide range of disaster scenarios. 

This shows that it has strengths in quantitatively explaining complex natural phenomena. However, 
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numerical modeling can accurately calculate numerical values for analysis, but other modeling 

techniques such as ABM and GIS can selectively adopt this approach depending on individual goals 

and purposes. In conclusion, this study proposes that to build a disaster city simulation system that can 

respond more accurately and quickly to disasters, a multi-faceted approach and development strategy 

should be established by utilizing the unique characteristics and advantages provided by each 

technology. 
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