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ABSTRACT

This study aims to diagnose spatial inequality in heatwave damage - vulnerability - response conditions across local
jurisdictions in South Korea by adopting an integrated analytical framework. Rather than focusing solely on climatic exposure,
this study emphasizes observed heatwave-related health damage, represented by heat-related illness incidences, and examines
its spatial associations with vulnerability and response capacity. First, regression analysis was conducted using heat-related
illness incidences as a damage indicator to determine key vulnerability factors associated with heatwave-related health damage.
Second, Bivariate Local Moran’s I was applied to examine spatial associations between heatwave damage and significant
vulnerability factors, leading to the identification of heatwave damage - vulnerability concentration areas. Third, the spatial
overlap of these concentration areas was assessed, and their association with response capacity was examined using
road-network-based accessibility indicators to neighborhood parks, emergency medical facilities, and fire stations, in order to
identify spatial inequality in heatwave responses. The results indicate that the proportions of older adults, basic livelihood
security beneficiaries, multicultural households, and old housing significantly affect heat-related illness incidences. Among 229
local governments, 12 regions were identified as high-damage, high-vulnerability but low-response areas, requiring priority
intervention. This study provides an integrated understanding of spatial interactions among heatwave damage, vulnerabilities,

and response capacity, offering evidence for redistributing response facilities and developing locally tailored climate adaptation
strategies.
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Table 1. Indicators and data sources
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Indicators

Source

Damage | Heat-related illness incidence (cases per 100,000 persons)

Korea Disease Control and Prevention
Agency (2023)

Physical Percentage of elderly population (65 years and over) (%) Statistics Korea (2023)

Vulnerability | Percentage of young population (aged 0-14) (%) Statistics Korea (2023)

o Socioeconomic | Percentage of basic livelihood security
Vulnerability

Korea Social Security Information Service

recipients (%) (2023)

Vulnerability

Percentage of multicultural households (%) Ministry of the Interior and Safety (2023)

Heat-exposure | Percentage of agriculture, forestry, and

fishery workers (%) | Ministry of Employment and Labor (2023)

Vulnerability | Percentage of old housing (%)

Ministry of Data and Statistics (2023)

Accessibility to neighborhood parks (road-network distance, km)

Response | Accessibility to emergency medical facilities (road-network distance, km)

National Geographic Information Institute

Accessibility to fire stations (road-network distance, km)

(2023)
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1. Analysis of vulnerability factors affecting heatwave damage

(heat-related illness rates)

Spatial autocorrelation analysis Global Moran’s 1

. . . LM statistics,
Model selection and impact factor analysis
p-value

v

2. Identification of heatwave damage-vulnerability concentration

areas

Cluster analysis between damage and Bivariate Local

vulnerability factors (High-High clusters) Moran’s 1

Overlap intensity analysis of HH clusters

v

3. Diagnosis and typology of spatial inequality in response
capacity

Cluster analysis between concentration area o
Bivariate Local
overlap and response factors

(High-High clusters)

Moran’s 1

Fig. 1. Analysis procedure
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Table 2. LM test results

TEST MI/DF Value P-value
Moran’s 1 (error) 0.1166 3.1123 0.00186
LM (lag) 1 3.9376 0.04722
Robust LM (lag) 1 0.4974 0.48063
LM (error) 1 7.5000 0.00617
Robust LM (error) 1 4.0598 0.04392
LM (SARMA) 2 7.9974 0.01834

Table 3. Heatwave impact factor analysis results
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1!, AIC (Akaike Information Criteriaton)2} SC (Schwarz
Criterion) 7+ HATHE F4E A0 TEATH(Lee
and Noh, 2024). =¥ gL E H| w3t Ai}= Table 33}
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24, 71§i%

O

Traditional . .
. Spatial regression model
regression model
Classification VIF
Ordinary Least Spatial Lag Model | Spatial Error Model
Squares (OLS) (SLM) (SEM)
(Constant) - -19.0134 -15.6524 -14.4304
Percentage of elderly population (65 years
5.008 0.6156%** 0.5145%** 0.5797%**
Physical and over) (%)
vulnerabilit Percentage of young population (aged 0-14
Y £¢ 0F young pop (ag ) | 3520 0.8026* 0.5852 0.5409
(%)
Percentage of basic livelihood security
Socioeconomic . 1.619 -0.6656* -0.6694* -0.6963*
recipients (%)
vulnerability -
Percentage of multicultural households (%) 1.201 0.9305%* 0.7900%** 0.7719%*
Percentage of agriculture, forestry, and fishery
Heat-exposure 2.125 -0.5991 -0.9633 -1.2248
workers (%)
vulnerability
Percentage of old housing (%) 1.578 0.1387 0.1352 0.1514*
Spatial autoregressive coefficient o(rho) - 0.1839* -
Spatial error coefficient A(lambda) - - 0.3162%**
Model explanato
*P v R? 0.2986 0.3161 0.3392
power
Log-likelihood -808.029 -805.917 -803.597
Model fit AIC 1630.06 1627.83 1621.19
SC 1654.09 1655.3 1645.23

#p<0.05, **p<0.01, ***p<0.001
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Table 4. Types of response inequality diagnosis

Category Diagnostic type

- Priority 1: Areas where intensive policy intervention
is required

HL Priority 2: Areas where policy performance should be
sustained and best practices disseminated

LH Priority 3: Areas where resource reallocation should
be considered

LL Priority 4: Areas where continued monitoring is

needed
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Table 5. Results of response inequality diagnosis

Neighborhood Emergency Fire
Category . o .
parks medical facilities stations
HH 22 15 25
HL 0 0 0
LH 25 20 32
LL 64 58 60

Fig. 7. Areas with high response inequality across all
response factors
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