’i) Check for updates

Journal of Climate Change Research 2025, Vol. 16, No. 4, pp. 705~719
DOI: https://doi.org/10.15531/KSCCR.2025.16.4.705

o9l X|9E 7|2tHel OloHH|E 2 EtAo Al=lH HIE =
z0js - gEw"

NSO TARSI AR, "AISCISE EUElY Fia / NSUet BEUSY HRns

=1

Regional climate damage and social cost of carbon in South Korea

Choi, Mihee" and Yoo, Jonghyun™"

"Master Candidate, Dept. of Urban Engineering, University of Seoul, Seoul, Korea
“Assistant Professor, Graduate School of Public Administration, Seoul National University, Seoul, Korea /
Adjunct Professor, Graduate School of Environmental Studies, Seoul National University, Seoul, Korea

ABSTRACT

This study estimates regional climate change damage and domestic social cost of carbon (DSCC) across 17 provinces in
South Korea using a probabilistic approach. Unlike previous studies that relied on deterministic scenarios at the national level,
this research incorporates regional heterogeneity in climate and socio-economic changes while accounting for future
uncertainties through probabilistic projections. We construct long-term socio-economic-climate scenarios and downscale
national projections to the provincial level, applying empirical damage estimates based on precipitation-induced economic
growth impacts. Our analysis reveals substantial regional disparities in climate damage costs. The total damage for South
Korea is estimated at approximately 87 trillion won (2030 ~ 2060, present value), with the Seoul Metropolitan Area—
comprising Gyeonggi Province, Seoul, and Incheon—accounting for over 59% of total damages. Gyeonggi Province faces the
highest absolute damage costs, averaging 13 trillion won annually in the mid-term period (2040 ~2060). The regional DSCC
ranges from 94 won/tCO, in Jeonbuk to 4,199 won/tCO, in Gyeonggi, a 45-fold difference. When expressed as a percentage
of regional GDP, Dacjeon, Gwangju, Incheon, and Sejong show the highest relative vulnerability. All regions exhibit rapidly
increasing damage costs, particularly in the mid-term period, with significant tail risks indicating potential extreme losses.
These findings demonstrate the necessity for differentiated regional climate policies rather than uniform national approaches.
The results provide crucial quantitative evidence for regional climate adaptation planning and budget allocation, emphasizing

the urgency of targeted interventions in high-risk areas while considering extreme scenario planning across all regions.
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Fig. 2. Regional probabilistic GDP pathways for Korea
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Table 1. Present value of climate damages and Domestic Social Cost of Carbon (DSCC) by 17 regions
(metropolitan cities and provinces) in Korea (5th ~ 95th percentiles in brackets)

Region Present value damage, trillion won Damage ratio, % DSCC Mean, won
[5%, 95%]
Gyeonggi 29 [10, 64] 33 4,199
Seoul 13 [4, 28] 15 1,885
Incheon 10 [3, 22] 11 1,398
Daejeon 5 [2, 11] 5 689
Daegu 4 [2, 10] 5 624
Busan 4 [1, 10] 5 613
Gyeongnam 4 [1, 9] 5 599
Gwangju 4 [1, 9] 4 550
Sejong 3 [0, 12] 4 445
Chungnam 3 [1, 6] 3 425
Gyeongbuk 3 [1, 6] 3 150
Jeonnam 1[0, 3] 2 191
Ulsan 1 [0, 3] 1 176
Gangwon 110, 2] 1 153
Chungbuk 1[0, 2] 1 150
Jeju 1 [0, 2] 1 132
Jeonbuk 1[0, 1] 1 94
Total 87 100 12,703
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Appendix
Table A1. Regression results of regional temperature and precipitation
Variable Coefficient Std. Error t value Pr(>|t))
(Intercept) -14.334658™" 3.217261 -4.456 8.54E-06
log(temp) 0.338485™" 0.049803 6.797 1.19E-11
log(year) 1.953955™" 0.433969 4.503 6.86E-06
Gyeonggi -0.070614™" 0.020075 3.517 0.000439
Gyeongnam 0.092528""" 0.021601 4283 1.87E-05
Gyeongbuk -0.243730™" 0.020134 -12.106 1.00E-20
Gwangju -0.089057""" 0.022287 -3.996 6.53E-05
Daegu -0.377869""" 0.022606 -16.715 1.00E-20
Daejeon -0.156436™" 0.02085 -7.503 7.25E-14
Busan 0.046319" 0.023129 2.003 0.0453
Seoul -0.066491" 0.021154 -3.143 0.00168
Sejong -0.177689""" 0.020077 -8.85 1.00E-20
Ulsan -0.138267"" 0.022622 -6.112 1.05E-09
Incheon -0.185478™" 0.020213 -9.176 1.00E-20
Jeonnam -0.003888 0.021636 -0.18 0.857
Jeonbuk -0.119313™ 0.020264 -5.888 4.15E-09
Jeju 0.436449"™" 0.025344 17.221 1.00E-20
Chungnam -0.200664™" 0.020001 -10.033 1.00E-20
Chungbuk -0.160334"™" 0.019596 -8.182 3.44E-16
Residual Std. Error F-statistic
(OF = s421) 0.2417 (DF1 = 18, 186.5 -
DF2 = 5421)
Multiple R-squared 0.3824 Model p-value < 2.2e-16 -
Adjusted R-squared 0.3803 - - -
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