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ABSTRACT

Due to climate change, extreme heat events are becoming more frequent and intense, and their impacts on health are an
increasing major concern in public health. For more effective interventions, it is crucial to identify precisely high-risk areas
considering regional characteristics. Therefore, this study aimed to assess the impact of high temperatures on mortality in
South Korea at a small geographic scale using high-resolution data. We collected mortality and temperature data during the
summer season (June-September) from 2015 to 2019 across 247 districts in inland South Korea. Also, we used satellite
datasets to gather regional variables at a 1km grid level. Through a three-stage analysis, we 1) calculated the heat-related
mortality risk for each district, 2) estimated a pooled risk at the national level and derived more stable predictions for each
district, and 3) estimated the risk at a 1 km grid resolution using regional variables and fitted a meta-regression model. The
small-area estimates showed variations in risk across grids, even within the same district. Additionally, the heat-related
mortality risk was higher for cardiovascular mortality than all-cause mortality. Among the regional variables, the proportion
of the elderly population, urban cover fraction, and distance to emergency medical facilities were positively associated with
the heat-related mortality risk. In conclusion, this study suggests the need to identify areas vulnerable to heat-related mortality
risk at high resolution. Since the risk can vary depending on regional characteristics, it is crucial to develop response strategies

considering these factors.
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Table 1. Descriptive statistics of mortality, temperature,
and meta-predictors from June to September
of 2015-2019 in inland of South Korea.
Data represent the mean (range) of averages
across areas

Mean Time
(range) resolution
Deaths
2.95 .
Total Daily
(0.43, 9.63)
. 0.60 .
Circulatory-related Daily
(0.07, 1.81)
Temperature
2291 .
Mean temperature (°C) Daily

(19.36, 23.88)

Meta-predictors

0.013

Specific humidit Dail
P v (0.012, 0.015) Y
PM,s (ug/m?) 18.25 Dail
m ai
25 (18 (13.91, 22.03) Y
05 (ppm) 0.05 Dail
m ai
3 PP (0.04, 0.06) Y
. 27.82
Urban cover fraction (%) Yearly
(1.28, 97.99)
Proportion of the elderly 15.23
. Yearly
population (%) (3.40, 39.22)
Distance to emergency medical 11.53
e Yearly
facilities (km) (0.92, 45.54)
Distance to neighborhood parks 6.42
Yearly
(km) (0.43, 36.23)
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Fig. 1. Geographical distributions of the mean

temperature from June to September of
2015-2019 in inland of South Korea
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Fig. 2. Heat-related mortality risk for (a) total deaths
and (b) circulatory-related deaths from June
to September of 2015-2019 in inland of South
Korea. Sequentially, district-specific estimates
from the first stage, district—specific BLUPs
from the second stage, and 1km grid-level
estimates from the third stage
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Fig. 3. Heat-related mortality risk estimated on a 1 km
grid for (a) total deaths and (b) circulatory—
related deaths from June to September of

2015-2019 in capital
Gyeongnam area
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Table 2. Summary of meta—analysis on the association between district—level heat-related mortality risk and

standardized meta—predictors. Results are expressed as change in log RR for standard deviation

increase of the meta—predictors

Total deaths Circulatory-related deaths

Estimate 95% CI p-value Estimate 95% CI p-value
Mean temperature 0.030 (-1.149, 1.210) 0.960 -0.509 (-3.149, 2.130) 0.705
Specific humidity -0.157 (-1.185, 0.872) 0.765 0.191 (-2.100, 2.482) 0.870
PM> s -0.001 (-0.025, 0.024) 0.965 -0.007 (-0.061, 0.047) 0.799
O3 -15.218 (-49.055, 18.619) 0.378 1.109 (-74.866, 77.084) 0.977
Urban cover fraction 0.032 (-0.033, 0.097) 0.331 0.195 (0.051, 0.339) 0.008
Proportion of the elderly population 0.015 (-0.018, 0.048) 0.369 0.053 (-0.019, 0.126) 0.148
Distance to emergency medical facilities 0.113 (-0.043, 0.270) 0.157 0.330 (-0.031, 0.691) 0.073
Distance to neighborhood parks -0.006 (-0.176, 0.163) 0.941 0.044 (-0.343, 0.431) 0.825
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Fig. 4. A website developed as part of DIRECTION project, displaying the health impacts of climate change-

related factors (available in Korean only)
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