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Abstract Private companies are increasingly required to take more substantial actions on cli-
mate change. This study introduces the principle and cases of climate (physical) risk estimation
for 11 private companies in Korea. Climate risk is defined as the product of three major determi-
nants: hazard, exposure, and vulnerability. Hazard is the intensity or frequency of weather phe-
nomena that can cause disasters. Vulnerability can be reflected in the function that explains the
relationship between past weather records and loss records. The final climate risk is calculated
by multiplying the function by the exposure, which is defined as the area or value of the target
area exposed to the climate. Future climate risk is estimated by applying future exposure to esti-
mated future hazard using climate model scenarios or statistical trends based on weather data.
The estimated climate risks are developed into three types according to the demand of private
companies: i) climate risk for financial portfolio management, ii) climate risk for port logistics
management, iii) climate risk for supply chain management. We hope that this study will con-
tribute to the establishment of the climate risk management system in the Korean industrial sec-
tor as a whole.
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Table 1. Variable of some extreme climate index (Source: Korea Meteorological Administration, http://www.climate.go.kr/

home/CCS/contents_2021/info/how_use.html?m1=1&m2=2).
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Table 2. Definition of RCP (Representative Concentration Pathways) and SSP (Shared Socioeconomic Pathways) scenarios

(Source: Korea Meteorological Administration).
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Fig. 1. A conceptual diagram of the relationship between
hazard (e.g., precipitation in mm/year, blue) and climate risk
(e.g., loss in 107 won, red) according to Eq. (2). The solid
and dashed lines indicate the probability distributions for the
present and future climates, respectively. The black line
indicates that the loss is the exponential cost function of
precipitation.
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Table 3. Curve estimation of each regression model (NDMI,

2013).
Function Equation for regression function
Linear y=ax+thb
Exponential y=e¢™+b
Log y=aln(x)+b

Table 4. Average coefficient of determination for each
variable. The coefficient of determination is the average over
229 values for each region.

. . . 2
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Fig. 2. (a) Estimated flood risk (unit: 10" won), (b) maximum consecutive 5-days precipitation (RX5DAY) for SSP1 scenario
(2021~2030, 2031~2040, 2041~2050 average) and (c) difference of RX5DAY between present (2000~2020 average), and
future for SSP1 scenario. Regions with positive values will increase RX5DAY in the future compared to the present level, and
regions with negative values decrease RXSDAY.
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Fig. 3. Same as Fig. 2 except for SSP5.
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Fig. 4. Flood risk loss by scenario and RX5DAY in (a) Buk-gu, Gwangju, and (b) Gwacheon, Gyeonggi-do.
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Distribution of normalized RX5DAY and LOSS in SSP5 scenario per region
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Gwacheon, Gyeonggi-do

Fig. 5. Distribution of normalized RX5DAY (blue) and flood risk loss (red) in SSP5 scenarios at Buk-Gu, Gwangju (left) and
Gwacheon, Gyeonggi-do (right). The definition of RXSDAY is explained in Table 1. The middle of the box in the box-whisker
plot represents the median, and the top and bottom lines of the box represent the 25th and 75th percentiles, respectively. The
horizontal line and the x-symbol inside the box represent the Sth and 95th percentiles, respectively. The o-symbol represents the

limit value, or outlier.
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Ho et al., 2023).
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(a) Estimated typhoon risk for 1.5-degree
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(b) Estimated typhoon risk for 2-degree
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Table S. Trends in economic growth rates from 2018 to
2022.

Year 2018 2019 2021 2022 Average

Economic growth

rates (%) 22 29 43 26 3
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Fo|A Algshe AFAAG WA 34 A 7]Ee 7]
A9 AAAG ER AR}, o|F niEgow HE
AL 73NN B SE HE A Al AL
ol @AY= o8 HES HE Fsdoz 2+
gt 202 Wtk I A57t AN B A
SE5EA 9 ) FA e 7 PATFIES AET
Ak Y A B B+ H IS
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A 22 ARG ES 71599 202092 AL
(Table 5).
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Fig. 6. Estimated typhoon risk for (a) 1.5-degree, and (b) 2-degree scenario (in order of 2030, 2040, and 2050).
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Fig. 7. 5-Regions with the highest estimated loss for typhoon.
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each month. The * symbol means a significant value for the 95% confidence interval.
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Fig. 9. Estimated demurrage charge (unitless) for future
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scenarios (a) RCP2.6, (b) RCP4.5, (c) RCP6.0, (d) RCP8.5, and (e)
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Fig. 12. (Top panel) past climate, (bottom panel) future climate, (left panel) the change of number of heat wave days, and (right
panel) the change of heat wave risk. The future climate is calculated based on ensemble average of integrated 10 models using
SSP3 scenarios.
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