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ABSTRACT 
 

     Fire following earthquakes (FFE) poses a significant threat to urban resilience, yet 
prevailing assessment methods are often hindered by computational complexity and 
data-intensive requirements. In this study, we introduce a rapid FFE risk assessment 
framework that eliminates the need for detailed simulations, while maintaining high 
predictive fidelity. By integrating two directional modification factors (nx, ny) and a newly 
developed evaluation index (Si), the framework achieves a notable increase in 
agreement rates—from 40–50% to approximately 80%—by mitigating systematic 
underestimations in traditional approaches. To further enhance regional accuracy, a 
modification factor tailored to local characteristics was derived through correlation and 
trend analyses, elevating predictive agreement to nearly 90%. The methodology 
successfully differentiates high-risk from low-risk zones, identifying key hazard 
variables via probabilistic and regression-based analyses. When validated across 
multiple urban settings, the proposed approach demonstrated over 80% concordance 
with conventional simulation-based models, underscoring its potential for efficient and 
scalable FFE risk management. 
 
1. INTRODUCTION 
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     Earthquakes not only cause direct structural damage to buildings and 
infrastructure through ground shaking but also trigger various secondary hazards such 
as fires, tsunamis, and landslides. These secondary disasters often result in more 
severe human and economic losses than the initial seismic event. According to the  

 

Fig. 1 Summary of Fire Following Earthquake Risk Assessment Methodology 
 
FEMA HAZUS-MH report (FEMA, 2020), fire following earthquakes (FFE) is cited as 
one of the most significant causes of secondary damage, often accounting for the 
largest share of losses after a major seismic event. 
Large-scale urban fires following earthquakes have repeatedly caused catastrophic 
damage. The 1906 San Francisco earthquake (Mw 8.3) resulted in over 3,000 fatalities 
and the destruction of more than 28,000 buildings by fire (Scawthorn, 1986). Similarly, 
the 1923 Great Kanto Earthquake (Mw 8.1) led to approximately 240 separate fires, 
causing over 40,000 deaths and burning an area of 38.3 km² (Scawthorn, 1986). More 
recently, the 2024 Noto Peninsula earthquake in Japan (Mw 7.6) caused large-scale 
fires in Wajima City, where about 200 buildings including 53.3% of wooden structures 
and 38.8% of fire-resistant structures were destroyed (National Research Institute of 
Fire and Disaster, 2024; Tomoya et al., 2024). In Korea, the risk of post-earthquake 
fires has also manifested. The 2017 Pohang earthquake (Mw 5.4) resulted in four fire 
outbreaks, demonstrating the increasing likelihood of FFE scenarios even in moderate 
seismic events (Ministry of the Interior and Safety, 2018). These events highlight the 
critical need for systematic disaster preparedness against FFE risks within Korea. 
Countries such as the United States, Japan, China, and the Netherlands have 
developed and implemented quantitative FFE risk assessment methodologies using 
real-world earthquake and fire data. However, in Korea, systematic methods for 
assessing secondary hazards, including FFE—remain largely undeveloped. As a 
response to this gap, Kang et al. (2024) proposed a data-driven FFE risk assessment 
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framework based on publicly available building data, such as the Korean Building 
Register. Fig. 1 summarizes their methodology, which utilizes key attributes of buildings 
(e.g., approval date, floor count, usage, structural material, total area) and GIS-derived 
spatial information (e.g., inter-building distances) to form fire propagation clusters (Kato  

 

Fig. 2 Summary of Fire Following Earthquake Risk Assessment Methodology proposed 
by [Kang et al.(2024)] 

 
et al., 2006). These clusters serve as the basis for calculating ignition frequency and 
expected damage ratio at a regional scale. While this method offers high accuracy, it 
requires advanced technical expertise in GIS operations and cluster modeling, which 
poses practical limitations in terms of scalability and usability. 
To address these constraints, this study proposes a simplified FFE risk assessment 
framework that eliminates the need for GIS and clustering processes. In this approach, 
each administrative district is treated as a single unit of analysis, enabling rapid risk 
classification without specialized tools or expertise. As such, the method can be utilized 
by non-experts, offering a more accessible and time-efficient approach to regional FFE 
risk estimation. 
The objective of this study is to develop a simplified evaluation framework for assessing 
regional FFE risk using building registry data. The methodology involves classifying 
fire-resistant structural types, applying a primary modification factor (nx) to estimate 
average damage ratios, and introducing a secondary modification factor (ny) to adjust 
for discrepancies arising from variations in density and structural composition. 
Ultimately, fire risk levels are categorized into a five-tier classification system. The 
validity of this simplified method is evaluated by comparing its outputs to those 
generated by a conventional FFE risk model based on structural static analysis, applied 
to the same area of Pohang City. 
 
2. FFE Risk Assessment Methodology 
2.1 Fire Risk Evaluation Approach 
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     The static analysis-based FFE risk assessment method has been developed 
primarily in Japan based on empirical correlations among seismic events, building 
characteristics, and fire incident data. Two primary approaches are widely recognized: 
(1) estimation of damage ratios using density- and combustibility-related indicators, 
such as the Non-Combustible Area Ratio (NCAR) and the Wooden Building Coverage  

 

Fig. 3 Proposed Preliminary Evaluation Methodology of Fire Following Earthquake Risk 
 
Ratio (WBCR), as described in Cabinet Office (2018) and Himoto and Tanaka (2000, 
2003); and (2) cluster-based risk modeling using the method introduced by Kato et al. 
(2006), later refined by the GRIOJ (2005). 
In the first approach, NCAR and WBCR serve as key indicators for estimating the 
average building damage ratio in a target area. NCAR refers to the proportion of 
buildings constructed with non-combustible materials, whereas WBCR represents the 
area ratio of wooden buildings in each district. Empirical functions derived from actual 
FFE incident statistics are applied to correlate these ratios with observed damage 
outcomes (MLIT, 2005). In parallel, another method was developed to estimate fire 
spread and damage using the Covering Volume Fraction (CVF), an index that reflects 
the fire spread potential based on the spatial and structural properties of buildings. CVF 
is calculated based on the fire resistance types of structures and their relative distances 
and is subsequently used to determine the average fire damage ratio within the region. 
The second method, as presented by the GRIOJ (2005), incorporates Kato’s clustering 
algorithm and the CVF index to evaluate damage at an urban or district scale. In this 
method, fire-propagation clusters are first identified, and the CVF and average damage 
ratio are calculated for each cluster. These cluster-level results are then aggregated to 
estimate the total number of buildings damaged or the affected area at the regional 
level. 
Building on this methodology, Kang et al. (2024) proposed an enhanced static FFE risk 
assessment framework by adapting Kato’s cluster-based approach to Korean data. 
First, the critical fire spread distance for each fire-resistant structural type was derived 
based on domestic building specifications. Clusters were then formed by comparing 
these threshold distances with actual inter-building distances. Within each cluster, the 
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CVF was computed, and the average damage ratio was estimated accordingly. Finally, 
the total FFE risk for each administrative unit was calculated by aggregating the 
damage ratios of all clusters contained within the region. Fig. 2 illustrates the step-by-
step process of this cluster-based FFE risk assessment methodology. 

 

Fig. 4 Example of Classification of Fire-resistant Structure Types of Domestic Buildings 
 
2.2 Limitations of Conventional FFE Risk Assessment Methods 
     Existing FFE risk assessment methodologies, developed from prior research, 
offer high accuracy and reliability by comprehensively integrating seismic, structural, 
and fire-related data at the cluster level. These methods enable detailed and localized 
risk evaluation. However, to reflect various fire scenarios, such approaches require 
extensive datasets on earthquake events, building inventories, and fire incidents. 
Particularly, simulation-based models such as fire spread modeling demand complex 
analysis procedures involving GIS integration, clustering algorithms, and spatial 
modeling (Kang et al., 2023). As a result, the overall evaluation process becomes 
computationally intensive, time-consuming, and dependent on expert-level technical 
skills. 
These constraints pose significant challenges for non-expert end-users—such as public 
officials or local emergency responders—who need to rapidly assess fire risk following 
an earthquake and formulate mitigation strategies in real time. Therefore, there is a 
clear demand for a simplified, user-centered FFE risk assessment method that can be 
implemented independently and without specialized knowledge. 
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In response to this demand, the present study proposes a three-stage simplified 
framework for FFE risk evaluation, which utilizes basic building information from 
publicly available Korean building registry datasets. As shown in Fig. 3, the first stage 
involves preprocessing raw registry data using an Algorithm of Data Backtracking, 
thereby ensuring 0% data loss and completeness of the dataset. In the second stage,  
key building attributes—such as date of approval, number of floors, usage, structural 
type, and total floor area—are used to classify buildings into fire-resistance types using 
a predefined categorization model. Based on this classification, a primary modification 
factor is applied to estimate the regional damage ratio through a prediction model. In 
the final stage, a secondary modification factor is introduced to correct for 
underestimation errors observed in certain regions and to enable categorical 
classification of fire risk levels. 
This simplified approach does not require GIS-based clustering or simulation modeling, 
thereby offering a significant reduction in processing time and technical barriers 
compared to conventional methods. As such, it enables rapid and efficient fire risk 
assessment in post-earthquake scenarios, even for non-specialists. 
 
3. Simplified FFE Risk Assessment 
3.1 Classification of Fire-Resistant Structural Types 
     The simplified FFE risk assessment methodology proposed in this study aims to 
enable rapid and accessible estimation of fire risk at the regional level using building 
registry data. The method estimates fire damage ratios based on the structural fire-
resistance types of buildings and utilizes this information to predict area-wide fire risk. 
However, current Korean building registry databases do not explicitly include structural 
fire-resistance classifications. To address this limitation, a new classification system 
was developed by analyzing the Japanese fire-resistance classification framework in 
conjunction with domestic building databases and legal codes. The overall classification 
logic is illustrated in Fig. 4. 
This system is based on the amendment history of two key legal sources: Article 56 of 
the Enforcement Decree of the Building Act (“Fireproof Structures”) and Annex Table 1 
of Article 3-8 in the Regulations on Evacuation and Fire Protection (“Performance 
Criteria for Fireproof Structures”). The classification procedure evaluates each building 
based on its date of occupancy approval, number of floors, usage, structural materials, 
and total floor area. These factors are analyzed step by step to categorize buildings into 
four structural fire-resistance classes: A, B, C, and D. 
As summarized in Table 1, Class A includes buildings that are legally subject to 
fireproofing regulations and must provide a fire-resistance performance of at least one 
hour. These buildings correspond to what is internationally referred to as fireproof 
structures. 
Class B includes buildings that are not legally mandated to meet fireproofing standards 
but are constructed using inherently fire-resistant materials such as reinforced concrete, 
steel, or brick. These structures are considered semi-fireproof structures based on their 
material performance. 
Class C refers to wooden buildings with a total floor area of 1,000 m² or more, and 
these are categorized as fire-retardant wooden structures. 
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Class D encompasses smaller wooden buildings with a floor area of less than 1,000 m², 
corresponding to non-fire-resistant wooden structures. 
 
3.2 Primary Modification Factor (nx) 
     This study builds upon the FFE risk evaluation procedure proposed by Kang et al. 

(2024), with the goal of simplifying complex analytical steps that may pose difficulties  

Table 1. Definition of Fire-resistant Types with performance criteria for fire-resistant buildings 

Fire-resistant type 

Fire-resistance 

performance (min) Definition of fire-resistant type 

Korea Japan 

A 
Fire-resistant 

building 
60~180 60~120 

⚫ Buildings to be applied with fire-resistance according to 

the Building Act in Korea 

⚫ Fire-resistance performance of at least 1 hour for the main 

structure 

B 

Quasi Fire-

resistant 

building 

- 30~45 

⚫ Buildings with fire-resistant type not classified as Class A  

⚫ A building consisting of materials whose main structure is 

like Class A  

C 
Fire-prevention 

building 
- 30 

⚫ Buildings with a total floor area of 1,000㎡ or more among 

buildings made of wood for the main structure 

D 
Wooden 

building 
- - 

⚫ Buildings with a main structural material made of wood 

that are not classified as Class C in fire-resistant type 
 

for non-expert users. In the conventional approach, the Covering Volume Fraction (CVF) 

and average fire damage ratios are estimated based on building clusters. However, a 

key limitation of this method is its failure to account for the potential spread of fire 

beyond the boundaries of a cluster, particularly when highly combustible structures are 

located near the periphery. 

To overcome this issue, Kang et al. (2024) introduced a revised CVF formula that 

incorporates a peripheral land amplification factor, allowing for the expansion of the 

effective cluster area. In contrast, the simplified approach proposed in this study 

estimates the fire spread potential by calculating buffer areas based on structural fire-

resistance types, without relying on GIS-based cluster formation or simulation models. 

Instead of using the amplification factor, a primary modification factor (nx) is introduced 

to represent the average lot-area proportion of each fire-resistance class. 

The nx factor is calculated as the percentage of the total lot area occupied by each 

structural fire-resistance type and is used to derive the class-specific buffer area. The 

buffer area for each fire-resistance class is calculated according to Eq. (1): 

𝐵𝑢𝑓𝑓𝑒𝑟 𝐴𝑟𝑒𝑎 =
𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝐴𝑟𝑒𝑎

L𝑜𝑡 𝐴𝑟𝑒𝑎 ∗  𝑛𝑥
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(1) 

where Building Area refers to the total footprint area of buildings belonging to fire-

resistance class iii, and nx denotes the primary modification factor for that class. 

Lot Area represents the total lot area of all buildings within a legal administrative district 

(beopjeong-dong). 

While the buffer area for each class can be quantitatively estimated using Eq. (1), a 

limitation arises from the use of district-level lot area rather than class-specific lot area 

in the denominator, which may lead to reduced accuracy in the calculation. To address 

this issue, the primary modification factor nx is applied as a corrective adjustment to 

reflect the proportional distribution of structural types, thereby improving the reliability of 

buffer area estimates in the absence of detailed parcel-level data. 

3.3 Application and Validation of the Simplified FFE Risk Assessment Methodology 
     This section describes the procedure for calculating regional fire risk using the 
simplified FFE risk assessment methodology, specifically focusing on the estimation of 
the Covering Volume Fraction (CVF) and the average fire damage ratio. In conventional 
Japanese methodologies, fire damage is typically estimated using indicators such as 
the Non-Combustible Area Ratio (NCAR), Wooden Building Coverage Ratio (WBCR), 
and CVF. For example, areas with an NCAR of 70% or higher are generally considered 
to have a fire damage ratio of 0%, while regions with a WBCR above 40% are classified 
as high-risk. However, these indicators are difficult to apply to small-scale 
administrative units and fail to account for the fire-resistance performance of semi-
fireproof structures, such as Class B buildings (MLIT, 2005). 
To address these limitations, an alternative evaluation method based on the CVF was 
proposed. CVF is defined as the ratio of the potential fire-spread area—based on 
structural type and fire spread distance—to the total built-up area, excluding large open 
spaces. By reflecting the different fire-spread distances associated with each fire-
resistance classification, this method provides a more accurate estimate of fire damage 
potential. Specifically, the fire-spread distance multipliers applied for buffer area 
estimation are as follows: 3.293 for non-fire-resistant wooden structures (Class D), 
2.136 for fire-retardant wooden structures (Class C), and 1.340 for semi-fireproof 
structures (Class B). For fireproof structures (Class A), fire spread is assumed to be 
negligible and therefore excluded from the CVF calculation. The conceptual model of 
CVF is shown in Fig. 5, illustrating the spatial relationship between fire zones and 
surrounding resistant zones. CVF is calculated using fire-spread distances and total 
building areas, as expressed in Eq. (2): 

𝐶𝑉𝐹 = 1 − (3.293 ∗ 𝐷 + 2.136 ∗ 𝐶 + 1.340 ∗ 𝐵) 
(2) 

Here, Class A is defined as buildings legally required to meet fireproof construction 
standards under Article 56 of the Enforcement Decree of the Building Act, and 
conforming to fire-resistance criteria outlined in Annex Table 1 of the Regulations on 
Evacuation and Fire Protection. 
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Class B includes buildings not subject to mandatory fireproofing but constructed with 
highly fire-resistant materials such as reinforced concrete, steel, or brick. 
Class C refers to fire-retardant wooden structures subject to Article 57 of the 
Enforcement Decree and satisfying the performance standards specified in Article 22 of 
the same Regulations. Class D comprises structures where the primary structural 
elements are composed of wood. As previously stated, Class A buildings are excluded 
from the CVF and average fire damage calculations because they are assumed to be 
completely fire-resistant. 

 

Fig. 5 Summary of fire-spread area (distance) by fire-resistant type of buildings 
 
The average fire damage ratio represents the proportion of total building area expected 
to be affected by fire. In Japan, this relationship was derived using simulation data from 
the Tokyo Fire Department (TDF, 2007), where CVF values and corresponding fire 
damage outcomes were analyzed to develop a regression-based damage estimation 
model. This model enables the calculation of regional fire damage ratios based on CVF 
values, as shown in Eq. (3): 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑓𝑖𝑟𝑒 𝑏𝑢𝑟𝑛𝑒𝑑 𝑟𝑎𝑡𝑒 = 1 − exp (−
0.01307

C𝑉𝐹3.036
) 

(3) 

In cases where CVF is less than or equal to 0.1, the fire damage ratio is conservatively 
assumed to be 100%, or 1.0. Based on this regression model, both the average total 
burned floor area, and the average burned floor area ratio are calculated to evaluate 
fire damage at the regional level. 
The total burned floor area represents the estimated floor area destroyed due to fire 
and is calculated by multiplying the average fire damage ratio by the total floor area. 
The average burned floor area ratio is computed by dividing the total burned floor area 
by the total land area of the corresponding administrative unit and converting the result 
into a percentage. These indicators are calculated using Eq. (4) and Eq. (5) as follows: 
 

𝑇𝑜𝑡𝑎𝑙 𝐵𝑢𝑟𝑛𝑒𝑑 𝑇𝑜𝑡𝑎𝑙 𝐹𝑙𝑜𝑜𝑟 𝐴𝑟𝑒𝑎 = ∑𝐹𝑆ᵢ ∗  𝑇𝐹𝐴ᵢ 
(4) 

Average Fire − Burned Floor Area Ratio =
Total Burned Total Floor Area

S
 

(5) 
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In Eq. (5), the numerator represents the average fire-damaged floor area within each 
legal administrative district (FSi), and the denominator denotes the total floor area 
(TFAi). The symbol S refers to the total land area of the evaluation unit. 
Based on the calculated average burned floor area ratio, the simplified FFE risk for 
each region is assessed and categorized into risk levels. As presented in Table 2, the 
classification system consists of five levels, in which Levels 3 to 5 are defined as high-
risk areas, while Levels 1 and 2 are designated as low-risk areas. 
Regions identified as low-risk (Levels 1–2) are screened out and excluded from further  
Table 2. Classification Criteria for Average Fire-Burned Floor Area Ratio 

Rank 

Risk Range 

(Fire-Burned Floor 

Area Ratio) 

Preliminary Evaluation Static Evaluation Dynamic Evaluation 

5 80 ~ 100 
High-Risk Group 

(Requires Detailed 

Evaluation) 

5* 

Detailed Evaluation 

Through Fire Spread 

Simulation for Each 

Scenario 

4 60 ~ 80 4* 

3 40 ~ 60  3* 

2 20 ~ 40 Low-Risk Group 

(screening out) 

2* 

1 0 ~ 20 1* 
 

detailed assessment. For areas classified as high-risk (Levels 3–5), a cluster-based 
static assessment is conducted to re-evaluate their relative risk levels. If a region 
remains in the high-risk category (Levels 1–3) after the static evaluation, a dynamic 
assessment is performed to incorporate additional variables for more refined risk 
verification. 
To validate the proposed simplified FFE risk assessment methodology, the previously 
calculated average burned floor area ratio for each administrative unit was used to 
assign risk levels, which were then compared with the results of the static assessment 
method proposed in a prior study (Kang et al., 2023). This simplified approach was 
applied to Pohang City, Korea, where a significant earthquake occurred in November 
2017. Table 3 presents a comparison of the risk evaluation outcomes for 55 legal 
administrative districts (beopjeong-dong) in Pohang, based on both the simplified and 
the static assessment methods. In the table, the identifiers “N” and “S” refer to the 
northern and southern districts of Pohang, respectively, followed by alphabetical codes 
denoting individual administrative units (e.g., “N-C” indicates Region C in Northern 
Pohang). 
 

(1) According to the simplified risk evaluation conducted for Pohang City, the 
average burned floor area ratio across all districts ranged from 0.11% to 
171.89%. The district with the highest fire risk was Region D in Northern 
Pohang, with the highest burned area ratio of 171.89%. Based on the 
calculated values, a five-level risk rating system was applied. A total of eight 
districts were classified as high-risk (Levels 3–5), including Regions C, D, E, F, 
G, I, J, and M in Northern Pohang. Specifically, Regions G, I, J, and M were 
rated as Level 3, Regions C, E, and F as Level 4, and Region D as Level 5 with 
the highest risk score of 100.00. This result is attributed to the combination of a 
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high average damage ratio, large floor area, and relatively small land size in 
Region D. In contrast, the safest area identified was Region AD in Northern 
Pohang, which recorded the lowest burned floor area ratio (0.11%) and a risk 
score of 0.06 (Level 1), consistently ranking as the lowest-risk area across both 
assessment methods. 
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Table 3. Comparison between Preliminary Evaluation and Static Evaluation Results (partial list) 
Region Fire Following Earthquake Risk Assessment Results Risk Score 

Region Area [㎡] 
Fire-burned 

area 
Ratio 

Fire-burned 

area 
Ratio 

Preliminary 

Evaluation 

Static  

Evaluation 

S 

A 1,534,116.76 18,282.37 1.19 (37) 3,817.77 0.25 (21) 0.69 (1) 6.13 (1) 

B 1,898,106.34 21,989.60 1.16 (38) 4,172.93 0.22 (22) 0.67 (1) 5.42 (1) 

C 1,945,421.01 35,471.17 1.82 (32) 5,364.40 0.28 (18) 1.06 (1) 6.79 (1) 

D 1,932,123.21 33,776.97 1.75 (33) 3,776.95 0.20 (23) 1.02 (1) 4.82 (1) 

E 3,882,147.93 100,695.35 2.59 (30) 3,808.91 0.10 (28) 1.51 (1) 2.42 (1) 

F 2,835,848.69 3,655.14 0.13 (54) 167.39 0.01 (53) 0.08 (1) 0.15 (1) 

G 5,559,977.94 264,861.93 4.76 (26) 894.13 0.02 (44) 2.77 (1) 0.40 (1) 

H 2,683,964.24 6,646.24 0.25 (53) 508.41 0.02 (43) 0.14 (1) 0.47 (1) 

I 2,286,714.25 8,014.77 0.35 (50) 1,158.04 0.05 (36) 0.20 (1) 1.25 (1) 

J 3,566,956.12 126,125.09 3.54 (29) 21,031.63 0.59 (12) 2.06 (1) 14.53 (1) 

K 3,610,841.50 1,054,776.90 29.21 (16) 6,670.50 0.18 (24) 16.99 (1) 4.55 (1) 

L 870,983.35 7,460.14 0.86 (41) 726.36 0.08 (32) 0.50 (1) 2.06 (1) 

N 

A 200,624.87 135,508.43 67.54 (9) 3,053.37 1.52 (4) 39.30 (2) 37.51 (2) 

B 126,099.07 81,414.58 64.56 (10) 1,626.60 1.29 (5) 37.56 (2) 31.79 (2) 

C 51,607.17 57,573.49 111.56 (4) 643.09 1.25 (6) 64.90 (4) 30.71 (2) 

D 57,847.54 99,433.44 171.89 (1) 525.09 0.91 (8) 100.00 (5) 22.37 (2) 

E 38,629.70 45,616.13 118.09 (3) 903.92 2.34 (2) 68.70 (4) 57.67 (3) 

F 34,652.35 40,957.80 118.20 (2) 277.73 0.80 (9) 68.76 (4) 19.75 (1) 

G 150,221.88 119,551.04 79.58 (7) 1,671.20 1.11 (7) 46.30 (3) 27.42 (2) 

H 258,721.72 122,148.53 47.21 (14) 938.58 0.36 (14) 27.47 (2) 8.94 (1) 

I 232,882.73 182,387.62 78.32 (8) 1,721.87 0.74 (10) 45.56 (3) 18.22 (1) 

J 143,171.95 123,209.78 86.06 (5) 3,104.47 2.17 (3) 50.07 (3) 53.44 (3) 

K 76,969.53 44,713.92 58.09 (11) 3123.21 4.06 (1) 33.80 (2) 100.00 (5) 

N 1,032,687.47 104,981.30 10.17 (20) 786.92 0.08 (33) 5.91 (1) 1.88 (1) 

O 948,855.22 10,903.92 1.15 (39) 356.1 0.04 (39) 0.67 (1) 0.92 (1) 

P 1,859,916.33 178,882.67 9.62 (21) 11,238.77 0.60 (11) 5.60 (1) 14.89 (1) 

AB 59,114,605.77 358,492.29 0.61 (45) 5,077.07 0.01 (48) 0.35 (1) 0.21 (1) 

AC 91,855,856.02 596,507.55 0.65 (43) 6,213.35 0.01 (50) 0.38 (1) 0.17 (1) 

AD 236,343,866.71 260,488.20 0.11 (55) 2,654.86 0.00 (55) 0.06 (1) 0.03 (1) 

AE 52,489,383.31 131,918.99 0.25 (52) 1,489.17 0.00 (54) 0.15 (1) 0.07 (1) 

*"Numbers in parentheses indicate the ranking or risk level by region." 
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(2) When comparing the results of the simplified and static evaluations for all 55 
administrative districts, consistent risk classifications were observed in 49 
districts, representing an agreement rate of approximately 89%. Among the 
remaining six districts with discrepancies, five were classified as high-risk in the 
simplified method but low-risk in the static assessment, while one district was 
classified as low-risk in the simplified method but high-risk in the static 
assessment. The former case is considered acceptable, as areas preliminarily 
categorized as high-risk in the simplified method are subjected to more detailed 
re-evaluation in the static phase. Therefore, even if the simplified assessment 
slightly overestimates the risk, the final classification remains unaffected. 
However, the latter case—where a district was underestimated in the simplified 
assessment but classified as high-risk in the static evaluation—raises concerns 
about the potential limitations of the simplified model and highlights the need 
for improvement. This instance suggests the necessity of refining the simplified 
assessment to reduce underestimation risks and improve overall reliability. 
Overall, when combining the two assessment methods, valid and consistent 
risk ratings were obtained in 54 out of 55 districts, corresponding to an overall 
accuracy of approximately 98%, demonstrating the robustness of the simplified 
methodology. 

 
4. Application and Validation of the modification Factor for the Simplified Method 
4.1 Regional Characteristics and Their Relationship with Fire Damage Rate 
     This section investigates the characteristics of regions where underestimation 
occurred and analyzes the correlation between local attributes—namely, building 
density and the distribution of fire-resistance structural types—and fire damage rates in 
the context of earthquake-induced fires. Traditional FFE risk assessment 
methodologies typically classify high-risk areas based on calculated damage ratios, 
assuming that regions with higher expected losses are more vulnerable. However, fire 
propagation in post-earthquake scenarios is significantly affected by the structural 
characteristics and density of buildings within a region. 
Prior fire spread simulation studies have shown that in areas with low building density, 
fire propagation is limited (MLIT, 2003). Therefore, incorporating regional 
characteristics into the evaluation process is essential for accurate risk assessment. 
While the simplified method proposed in this study enables rapid evaluation by omitting 
the complex cluster formation process, this advantage comes at the cost of not fully 
reflecting regional attributes. To analyze underestimation cases caused by this 
limitation, the relationship between local characteristics and fire damage was examined 
based on existing research findings. Fig. 6 illustrates the effect of building density and 
structural composition on fire damage in Pohang City. 
Results from the static assessment indicate that fire damage tends to increase with 
higher building density (Kang et al., 2024). For instance, when comparing Region A and 
Region B, Region A has a relatively high proportion of combustible wooden structures 
(Class D) at approximately 12%, yet it is considered a low-density area. In contrast, 
Region B contains only around 6% of Class D buildings, but its building density is 
significantly higher. 
In the static assessment, Region A was evaluated as low risk despite the high  
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Fig. 6 Relationship between Fire-burned Rate and Regional Characteristics 
 
proportion of wooden structures, primarily due to its sparse development. Conversely, 
Region B, although having fewer wooden buildings, was assessed as at higher risk 
because of its high density. 
The simplified method, however, treats each district as a single homogeneous cluster 
and relies on aggregated statistics. As a result, it fails to adequately incorporate the 
effect of building density. Consequently, Region A was incorrectly classified as high-risk, 
highlighting the limitation of the simplified approach in capturing detailed spatial 
variability. 
In conclusion, FFE risk is highly dependent on regional characteristics such as building 
density and the proportion of fire-prone structural types. The simplified method, which 
does not account for these factors, may result in underestimation or overestimation of 
risk in certain areas. These findings underscore the critical role of cluster formation in 
accurate fire risk assessment and emphasize the need for future studies to improve 
and supplement simplified methodologies by integrating local structural context more 
effectively. 
 
4.2 Secondary Modification Factor (ny) 
     To address the limitations of underestimation and improve the overall reliability of 
fire risk assessments, this study introduces a new evaluation index incorporating a 
secondary modification factor (ny). This enhanced method was applied to extended 
case studies, including Pohang City, Gyeongju City, and Jung-gu in Ulsan Metropolitan 
City. 
The proposed evaluation index builds upon the normalized damage ratio from the 
simplified method and incorporates the secondary modification factor as shown in Eq. (6)  
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(a) Derivation Process of ny for regions with 
underestimated results 

(b) Validation of Preliminary Evaluation Method 

Fig. 7 Evaluation Results with the Secondary Modification Factor 
 

Si = 100 −
(i − 1) ∗ 100

N ∗ ny
 

(6)  

where Si is the normalized risk score after applying the secondary modification factor, i 
denotes the rank of the district, N is the total number of districts, and ny is the 
secondary modification factor. 
This index reflects both the rank and total number of evaluated districts, providing a 
more precise and reliable method for estimating regional fire risk. 
The value of ny was incrementally adjusted from 1.0 to 2.0 in steps of 0.1 and applied to 
each target region to verify its effect. The results of this application are illustrated in 
Figs. 7(a) and (b). 
Prior to applying the secondary modification factor, underestimation was observed in 6 
cases in Pohang, 7 in Gyeongju, and 3 in Ulsan Jung-gu—approximately 10% of 
districts in each case. However, as ny was increased, these underestimations gradually 
decreased, and at ny=1.7, all underestimation cases were eliminated (Fig. 7(a)). 
This clearly demonstrates that the secondary modification factor effectively 
compensates for the limitations of the simplified method and significantly mitigates 
underestimation issues. 
To further validate the effectiveness of the modification factor, the Matching Rate 
between the simplified and static assessments was analyzed before and after applying 
ny, as shown in Fig. 7(b). Matching Rate is defined as the percentage of districts that 
received identical risk levels in both methods and is calculated using Eq. (7): 
 

Matching Rate (%) =
Nmatch

Ntotal
∗ 100 

(7)  
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(a) Evaluation Results Before the Secondary 
Modification Factor 

(b) Evaluation Results After the Secondary Modification 
Factor 

 

(c) Evaluation Results Before and After the Secondary Modification Factor 

Fig. 8 Comparative Analysis of Evaluation Results Before and After the Secondary 
Modification Factor 

 
where Nmatch is the number of districts with matching risk levels, and Ntotal is the total 
number of evaluated districts. 
Unlike binary classification (safe vs. high risk), this indicator measures the granular 
consistency of the full risk rating scale and thus quantifies the detailed reliability and 
precision of the evaluation. 
Before applying the modification factor, the Matching Rate in Pohang, Gyeongju, and 
Ulsan ranged between 40% and 50%. After applying ny, the rate increased significantly 
to around 80%, indicating that the correction-enhanced evaluation method achieved 
more than twice the level of accuracy compared to the original method. 
Fig. 8 further visualizes the simplified and static assessment results for Pohang City 
before and after the application of ny. In Figs. 8(a) and 8(b), red dots represent results 
from the simplified method, while blue dots represent outcomes from the static 
assessment model based on fire spread simulation (Kang et al., 2024). 
In Fig. 8(a), the data show irregular distribution with many simplified results 
concentrated below the threshold boundary, falsely suggesting low fire risk. In contrast, 
the static assessment results are mostly above the threshold, revealing more accurate 
high-risk classifications. 
After applying the modification factor (Fig. 8(b)), the distribution becomes more uniform 
and symmetric relative to the boundary, and the underestimation issue disappears 
entirely. 
Fig. 8(c) compares the simplified method’s results before and after applying ny. Blue 
dots represent the original simplified scores, while red dots show the corrected results. 
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The post-correction results are no longer located below the threshold line, confirming 
that ny substantially improved the accuracy of the simplified method. 
The max-value-based normalization scheme used in this study, combined with the 
application of ny, plays a crucial role in expanding the data distribution range and 
improving evaluation reliability. This is particularly important in small- and medium-
sized cities, where limited data points make the evaluation more sensitive to error. 
For instance, in the case study of 18 districts in Ulsan Jung-gu, three underestimation 
cases were completely eliminated after applying the modification factor, verifying that 
the approach remains effective even in data-scarce environments. 
In conclusion, the secondary modification factor ny effectively compensates for 
limitations in the original simplified assessment method, reduces underestimation, and 
enhances evaluation reliability. These findings support the practical value of 
incorporating regional structural characteristics into the simplified FFE risk assessment 
model, enabling a more robust and trustworthy evaluation framework across diverse 
urban environments. 
 
5. CONCLUSIONS 
     This study developed a simplified, district-level risk assessment methodology for 
fire following earthquakes (FFE), based on publicly available building registry data. The 
proposed method is designed to be accessible and applicable even by non-experts, 
enabling practical and efficient risk evaluation. To achieve this, conventional FFE 
assessment procedures were reviewed and simplified, and novel evaluation indicators 
and modification factors were introduced to mitigate potential sources of error. The 
applicability and effectiveness of the method were validated through empirical testing in 
Pohang City, South Korea. The key findings of the study are as follows:  
 

(1) Existing FFE risk assessment models rely heavily on GIS data and cluster 
formation processes, requiring advanced technical expertise and substantial 
computational effort. To address these challenges, this study proposed a 
simplified method that eliminates the need for spatial clustering by treating 
administrative districts as single analytical units. This approach significantly 
reduces the procedural complexity while maintaining high practical value and 
user accessibility. 

(2) A primary modification factor (nx) was developed based on the land area 
distribution of different fire-resistance structural types. This factor allows for the 
quantitative estimation of buffer areas for each class and enhances the 
precision of risk predictions. The use of nx effectively compensates for 
limitations in conventional CVF-based models by reflecting structural 
composition in a simplified yet reliable manner. 

(3) A comparative evaluation using 55 administrative districts in Pohang showed 
that the simplified method achieved a high consistency rate of approximately 
98%, with matching risk ratings in 49 districts. Among the six discrepancies, five 
cases were conservatively overestimated by the simplified method and later 
adjusted through static evaluation, while one case was underestimated—
highlighting a potential vulnerability in the simplified approach. These findings 
indicate that although the method is efficient and accessible, it may require 
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further refinement to better account for local characteristics such as building 
density and structural composition. 

(4) To further improve evaluation reliability, a secondary modification factor (ny) and 
a new normalization-based evaluation index were introduced. The ny-adjusted 
model successfully accounted for both data ranking and total data size. 
Application of this model to Pohang, Gyeongju, and Ulsan revealed that all 
previously identified underestimation cases were eliminated at ny=1.7. The 
Matching Rate between the simplified and static evaluations also improved 
dramatically—from 40–50% to approximately 80%—demonstrating that the 
proposed method can achieve more than twice the accuracy of existing 
approaches. 

(5) The simplified method proposed in this study provides a user-friendly, rapid, 
and effective tool for disaster risk assessment. It enables early identification of 
high-risk areas and supports disaster mitigation planning and response 
prioritization. Future research will focus on expanding the model to include 
additional regional variables and applying it to large-scale metropolitan areas to 
test its scalability and robustness. The findings of this study contribute to 
establishing a scientific foundation for sustainable urban planning and 
strengthening local disaster resilience frameworks. Ultimately, this approach 
offers a valuable reference for building safer and more resilient urban 
environments. 
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