[Provider:earticle] Download by IP 165.194.XXX.XX5 at Tuesday, February 3, 2026 11:41 AM

ISSN : 1976-2208 (Print) Journal of the Society of Disaster Information
ISSN : 2671-5287 (On-line) Vol. 21, No. 4, pp. 1169-1178, December 2025
www.sodi.or.kr https://doi.org/10.15683/kosdi.2025.12.31.1169

Original Article

-2 Al2]F 2 HI0|EIS 80t SRR IEE oS B A% K12 HX]

=2 20 -

T2k M X3 Af2{|e] MRA-Random Forest H|ml £

Complex Disaster Risk Prediction and Fire Resource Allocation Using
Rainfall, Fire Service, and Social Vulnerability Data: An MRA-Random
Forest Comparison in Seocho-gu, Seoul

MS4l . HlolM2*
Eung Soo Shim',In-seon Park?*

'Graduate Student, Department of ICT Convergence Safety, The Graduate School of Chung-Ang University, Seoul, Republic of Korea
2professor, Department of ICT Convergence Safety, The Graduate School of Chung-Ang University, Seoul, Republic of Korea

*Corresponding author: In-seon Park, isp@cau.ac.kr

ABSTRACT

Purpose: This study aims to predict the risk of compound disasters in Seocho District, Seoul, by integrating rainfall,
firefighting activity, and social vulnerability data, and to propose strategies for the optimal allocation of firefighting
resources. Method: The research employs hourly rainfall data from 2020 to 2024, detailed fire dispatch records, 119
rescue and emergency activity logs, and demographic and social vulnerability indicators extracted from statistical
yearbooks, and calculates dispatch delays, arrival times, and total response times using reported, dispatch, and
arrival timestamps. Social vulnerability variables include the proportion of residents aged 65 or older, the proportion
of registered persons with disabilities, the share of single-person households, and the percentage of semi-basement
or basement dwellings. Result: Multiple Regression Analysis and Random Forest models are applied to predict
hourly fire dispatch counts and fire occurrence, and their predictive performances are compared using 2024 data as a
validation set; results show that the Random Forest model achieves a lower mean absolute error than the regression
model in count prediction and a higher AUC in occurrence classification.Variable importance analysis further
indicates that cumulative rainfall over the previous 24 hours, current rainfall, time of report (day/night), and the
proportions of elderly residents, registered disabled residents, semi-basement or basement dwellings, and
single-person households are major contributors to predicted compound disaster risk. Conclusion: Overall, the study
concludes that integrating meteorological, firefighting, and socio-demographic data enables more accurate compound
disaster risk prediction and supports socially responsive resource allocation strategies, thereby contributing to
data-driven decision-making in urban disaster management.
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Table 1. Prediction accuracy comparison of machine learning models
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Table 2. Number of fires dispatched by year and total response time for average arrival
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Fig. 1, 2. Number of fire occurrences by year and distribution of fire dispatch by time
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Table 3. Performance Comparison for Forecasting Number of Fire Outs per Hour
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Figure 3. Random Forest Variable Importance Plot
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Fig. 3. Variable Importance Plot of Random Forest Model
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Table 6. Sensitivity analysis of social vulnerability weights

Rank Baseline(WE=0.4) Equal Weights(0.25) Variation(wE=0.3)
1 Seocho-dong Seocho-dong Seocho-dong
2 Yangjae-dong Yangjae-dong Yangjae-dong
3 Bangbae-dong Bangbae-dong Bangbae-dong
4 Banpo-dong Jamwon-dong Banpo-dong
5 Jamwon-dong Banpo-dong Jamwon-dong
Correlation 1.00 0.96 0.98
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Table 7. Status of occurrence of local heavy rain in 2022
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7t 23 452 156 8 6.2 94.3 1,250
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Zujt 21 523 189 12 8.4 88.7 1,560
AAH 20.7 454 162.3 72 7.2 91.6 1,263
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