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Abstract: As climate change increases repeated exposure to natural hazards and population aging
continues, there is a growing need to consider disaster exposure together with local population
structure. This study examines the association between repeated natural hazard exposure and the
spatial structure of the elderly population using municipal-level panel data from South Korea for 2015—
2024. Natural hazard exposure is classified into short-term and long-term cumulative exposure, while
the spatial structure of the elderly population is measured using Fisher’s z-transformed Moran’s I (FZ
Moran’s I), calculated from elderly population ratios at the census-block level. Two-way fixed-effects
panel models are employed for the analysis. The results show no significant association between short-
term exposure and FZ Moran’s I, whereas long-term cumulative exposure is significantly and
negatively associated with FZ Moran’s I. Supplementary analyses and robustness checks support the
consistency of the main findings. These results suggest that understanding the relationship between
natural hazards and population aging requires consideration of both the temporal accumulation of
disaster exposure and the spatial distribution of the elderly population.
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Table 1. Descriptive Statistics of the Variables

Variables Min. Max. Mean St.D. Variables Min. Max. Mean St.D.
FZMoranl -0.100 1.217 0.471 0.266 R _Elderly 0.068 0.471 0.218 0.088
Moranl -0.100 0.839 0.417 0.206 SD R Elderly 0.041 0.452 0.129 0.049
ShortDamage* 0.000 51.500 | 25.895 12.895 | CV_R Elderly 0.182 2.374 0.646 0.329
LongDamage* 0.000 65.502 | 34.186 14446 | Ra R Elderly 0.133 3.000 1.180 0.922
POP* 9.008 14.020 11.812 1.078 M Business 0.035 0.588 0.105 0.050
Density* 2912 10.192 6.441 2.160 n=2,290

* log value

Table 2. Associations between Short- and Long-term Natural Hazard Exposure on the Spatial Structure of the Elderly

Population
Model 1 Model 2 Model 3
FZMoranl
Short Damage Long Damage Short & Long Damage
ShortDamage 0.0008 (0.0007) 0.0003 (0.0007)
LongDamage -0.0017** (0.0008) -0.0016* (0.0008)
POP 0.7045%** (0.1195) 0.6879*** (0.1184) 0.6884*** (0.1189)
Density -0.0314 (0.0389) -0.0201 (0.0344) -0.0220 (0.0357)
M Business -1.0180* (0.4988) -1.0600** (0.4807) -1.0760%** (0.4857)
Fixed-Effects
Region(Si-Gun-Gu) Yes Yes Yes
Year Yes Yes Yes
R? 0.765 0.766 0.766
Wintin R? 0.069 0.073 0.073
Clustered Observations 2,290 2,290 2,290

% p <0.01, ** p<0.05, * p<0.1 Parentheses indicate clustered standard errors.
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Table 3. Associations of Natural Hazard Exposure on Alternative Measures of Elderly Population Distribution

Model 4 Model 5 Model 6 Model 7
R _Elderly SD R _Elderly CV_R Elderly Ra R Elderly
ShortDamage -0.0000 (0.0000) -0.0000 (0.0002) -0.0004 (0.0010) -0.0043 (0.0033)
LongDamage -0.0000 (0.0000) 0.0002 (0.0002) 0.0011 (0.0010) 0.0037 (0.0038)
POP -0.1114***  (0.0107) -0.2154***  (0.0353) -1.0680***  (0.1926) -3.1360%**  (0.5492)
Density 0.0019 (0.0015) 0.0237***  (0.0068) 0.0545 (0.0584) 0.5175***  (0.1728)
M_Business 0.0475 (0.0304) 0.2437* (0.1286) 2.6160%**  (0.5971) 6.382%**  (2.1260)
Fixed-Effects
Region Yes Yes Yes Yes
Year Yes Yes Yes Yes
R? 0.995 0.535 0.733 0.528
Wintin R 0.439 0.079 0.102 0.054
Observations 2,290 2,290 2,290 2,290
% p <0.01, ¥* p<0.05, * p<0.1 Parentheses indicate clustered standard errors.
Table 4. Robustness Checks Using Untransformed Moran’s |
Model 8 Model 9 Model 10
Moranl
Short Damage Long Damage Short & Long Damage
ShortDamage 0.0005 (0.0006) 0.0001 (0.00006)
LongDamage -0.0014** (0.0007) -0.0013* (0.0007)
Control Variables Yes Yes Yes
Region Fixed-Effects Yes Yes Yes
Year Fixed-Effects Yes Yes Yes
Within R? 0.069 0.074 0.074
Observations 2,290 2,290 2,290
*k p<0.01, ¥* p<0.05, * p<0.1 Parentheses indicate clustered standard errors.
St 13}t S Hold 1 HAT 7+ Aol HeZ4 Aifoltt. o] & P3| FEHLE AT e
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Ho| ATt QAP H k= BHEA Q] TSt 8T & {OfRt HRAS HolA diTh 4 AdA S &
Aol AT BAY AL AT O E AT 949 2AASE AR FO5E0 712 FE5
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