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Abstract In this study, we empirically analyzed the impact of physical risks due to climate
change on the soundness and operational performance of the financial industry by combining
economics and climatology. Particularly, unlike previous studies, we employed the Seasonal-
Trend decomposition using LOESS (STL) method to extract trends of climate-related risk vari-
ables and economic-financial variables, conducting a two-stage empirical analysis. In the first
stage estimation, we found that the delinquency rate and the Bank for International Settlement
(BIS) ratio of commercial banks have significant negative effects on the damage caused by natu-
ral disasters, frequency of heavy rainfall, average temperature, and number of typhoons. On the
other hand, for insurance companies, the damage from natural disasters, frequency of heavy
rainfall, frequency of heavy snowfall, and annual average temperature have significant negative
effects on return on assets (ROA) and the risk-based capital ratio (RBC). In the second stage
estimation, based on the first stage results, we predicted the soundness and operational perfor-
mance indicators of commercial banks and insurance companies until 2035. According to the
forecast results, the delinquency rate of commercial banks is expected to increase steadily until
2035 under assumption that recent years’ trend continues until 2035. It indicates that banks’
managerial risk can be seriously worsened from climate change. Also the BIS ratio is expected
to decrease which also indicates weakening safety buffer against climate risks over time. Addi-
tionally, the ROA of insurance companies is expected to decrease, followed by an increase in
the RBC, and then a subsequent decrease.
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Table 1. Basic statistics of data variables.

Variables Average Standard Deviation
Natural disaster damage (Billion Won) 1090.44 1593.13
Weather Change Heavy rain (number/year) 8.30 4.33
. . Heavy snow (number/year) 1.67 1.98
Physical Risk
Variables Typhoon (number/year) 1.86 1.53
Annual Average Temperature 13.60 052
(Celsius temperature scale, °C) ’ ’
Commercial banks’ average default rate (%) 1.63 1.63
Commercial banks’ average BIS rate ( %) 13.54 1.18
Financial Domestic property insurance companies’ 031 138
Variables average return on asset (ROA; %) ’ ’
Domestic property insurance companies 267.00 26.16

average risk based capital (RBC; %)

Source: Annual report of disaster, Ministry of Public Administration and Security, every year, National Weather Service portal,
Financial Supervisory Service portal.
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Fig. 1. Annual frequencies of natural disasters (1985~2020). Source: Annual report of disaster, Ministry of Public
Administration and Security, every year.
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Fig. 2. Annual average temperature (1985~2020). Dotted line indicates linear trend. Unit: Celsius temperature scale, °C. Source:
National Weather Service portal.
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Fig. 3. Damages of natural disaster (1985~2020). Dotted line indicates linear trend. Unit: Billion Won. Source: Annual report of
disaster, Ministry of Public Administration and Security, every year.
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Fig. 4. Commercial banks’ average default rate and BIS rate (1998~2020). Including commercial banks and NH bank. Unit: %.
Source: Financial Supervisory Service portal.
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Fig. 5. Domestic property insurance companies’ average return on asset (ROA; 1999~2020). Unit: %. Source: Financial
Supervisory Service portal.
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Fig. 6. Domestic property insurance companies’ average risk based capital (RBC; 2000~2021). Unit: %.
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Fig. 7. Weather change physical risks’ progress in financial
market. Source: summarized by author from previous works.
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Fig. 8. Comparisons of raw data and STL trend data: weather variables and financial variables (1999~2020). Blue: raw data,
red: STL trend.
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Table 2. Basic statistics of data variables: STL trended data.

< 115

;

Variables Average Standard Deviation
Natural disaster damage (Billion Won) 699.43 397.01
Weather Change Heavy rain (number/year) 6.75 1.91
. . Heavy snow (number/year) 1.68 1.65
Physical Risk
. Typhoon (number/year) 1.74 0.44
Variables
Annual Average Temperature 13.65 0.29
(Celsius temperature scale, °C) ’ ’
Commercial banks’ average default rate (%) 1.16 0.46
Commercial banks’ average BIS rate (%) 13.32 1.12
Financial Domestic property insurance companies’ 051 053
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Propergy insurance com pany

Physical damage from / property insurance companies’ ROA
weather changes: property insurance companies’ RBC
natural disaster damage,
heavy rain, heavy snow,
typhoon, average
temperature

\ Commercial Bank

commercial banks’ default rate
commercial banks’ BIS rate

Fig. 9. Overview of estimation model: Impact of weather
physical risks on property insurance company and commercial
bank.
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Table 3. Weather variables’ impacts on commercial bank default rate and BIS rate.

Financial
integrity Bo B Ji: B yin B Bs
variables
Default rate 3.5184" 0.6085"" 0.0002° 0.0281" —0.0098 -0.2115 0.2956""
(0.0805) (0.0000) (0.0994) (0.0249) (0.6920) (0.1223) (0.0001)
BIS rate -3.2510 0.9531"™"" —0.0002 -0.0989™" 0.0333 0.3330™ -0.3331"
(0.2699) (0.0000) (0.1755) (0.0002) (0.2762) (0.0000) (0.0996)

p-value in parenthesis

¥ Rk ¥EX indicate significant at 10%, 5%, and 1% level respectively.
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Table 4. Weather variables’ impacts on property insurance company ROA and RBC.

Financial
integrity Bo B 5 Bs B Ps Bo
variables
Return on 28.8146™" 05092 —0.0019™"  -0.2152""  -03575""  -0.0140 -1.8012™"
Asset (ROA) (0.0008) (0.0000) (0.0000) (0.0001) (0.0003) (0.8995) (0.0015)
Risk based 714.8638""  0.7098""  -0.0209™"  -6.7420"" = —5.7527""" 4.6311 —41.2686"""
capital (RBC) (0.0000) (0.0000) (0.0005) (0.0000) (0.0146) (0.2940) (0.0000)

p-value in parenthesis

¥ Rk ¥EX indicate significant at 10%, 5%, and 1% level respectively.
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Fig. 10. Overview of forecast: commercial bank and property insurance companies’ financial integrity variables.
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Uz A |eEQ AR 318 A 5 (damage,), o] oSS FAY 5 T} g ¢S (forecasting)
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Fig. 11. Forecast of average yearly temperature (1999~2035). Unit: Celsius temperature scale, °C. Highlighted with gray
indicates forecasted.
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Fig. 12. Forecast of commercial banks’ average default rate (1999~2035). Highlighted with gray indicates forecasted.
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Fig. 13. Forecast of commercial banks’ BIS rate (1999~2035). Highlighted with gray indicates forecasted.
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