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Evaluation of an MLP-Based Approach for Enhanced WBGT Prediction

in the Seoul Region
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Department of Civil Engineering and Environmental Science, Korea Military Academy, Seoul 01805, Korea

Abstract

The Wet-Bulb Globe Temperature (WBGT) is widely used to assess heat stress in military and industrial settings,
however, its operational use is limited by the scarcity of globe temperature observations. The empirical WBGT model of the
Korea Meteorological Administration (KMA2016), based on air temperature and humidity, provides a practical alternative but
tends to underestimate high-WBGT conditions. This study developed a multilayer perceptron (MLP) model trained on the
observed temperature and humidity, and its performance was evaluated against KMA2016. Using summer observations from
Seoul’s Songwol-dong station during 2021-2024 for training and independent data from 11 stations in the summer of 2025
for validation, the MLP reduced the RMSE by approximately 10% for all-hour predictions and nearly 30% for daily maximum
WBGT. The MLP also improved WBGT flag classification accuracy (89.4%) compared with KMA2016 (87.9%) and reduced
the number of critical misclassification cases (+2 flag levels). When driven by short-term weather forecasts, the MLP
maintained superior +24 h and +48 h WBGT forecast performance. These results indicate that the MLP provides a more
accurate and operationally robust WBGT prediction framework for Seoul’s summer heat-stress environments.
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2.3. Multilayer Perceptron (MLP)
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Fig. 1. Comparison of WBGT prediction performance by model across 11 stations during the summer of 2025. MLP (red),
KMA2016 (black).

Table 1. Comparison of model performance for predicting daily maximum WBGT at each station during the summer of 2025

Performance Station number

Metric Model 108 401 402 405 409 414 416 421 424 425 509
B MLP 0.088 0.225 0.586 0.277 0.479 0.389 0.241 0.213  -0.087 0.063 0.251
KMA2016 -0.833 -0.700 -0.364 -0.655 -0.404 -0.544 -0.754 -0.732 -0.994 -0.897 -0.756
RVSE MLP 0.622 0.527 0815 0595 0763 0.712 0575 0.647 0523 0955 0.587
KMA2016 1.038 0.874 0.649 0852 0.678 0.757 0.942 0.959 1.147 1371 0932
R MLP 0983 0.990 0984 0987 0983 0984 0987 0.983 0987 0966  0.987
KMA2016 0983 0987 098 098 098 0987 0984 0982 098 0960 0.986
R MLP 0.966 0974 0934 0967 0945 0954 0968 0962 0974 0932 0.967
KMA2016 0.904 0930 0958 0932 0957 0947 0913 0916 0875 0859 0916

s HlweM=Fig. 1), 1170 2= A3 MLPe
RMSEZ} 4RMSE 0.021-0.131 =014 KMA2016
Hop Agron, BE 21304 MLP7F Aol ut gt

A WBGT W52 o 2 A5kt

Q12 4o Y 71el=E WK A3k, WBGT

oA Zo A Ta2] 7197} RHETH 27 Yebom RHE
dF Hdes HgFoz Jfdste AFES EAh
Ablation studyl#l Ta¢t RHE &7 A&t 597t
7V 945192 RMSEE 0.219, R*E 0.9529th
Ta%h ¢Jgoz A8 49 RMSEE 0.337, R*=
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Fig. 2. Scatter plots of prediction performance for
daily-maximum WBGT at all stations and
individual stations in summer 2025. MLP (red),
KMA2016 (black).
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Fig. 3. Heatmap of WBGT flag classification performance for models used in the Republic of Korea Army (Red boxed
regions indicate critical misclassification zones).
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