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 This paper examines the impact of climate change risk on Korea's real economy. The results 

show that climate change risk exerts a negative effect on the economy over a long period of 

time. The transition risk from carbon pricing policies increases up to 2050 and then subsides 

gradually. In contrast, the physical risk caused by climate change damage increases sharply 

toward 2100 if policy responses are absent or delayed.

 This paper suggests that an early implementation of greenhouse gas (GHG) emissions 

reduction policies would benefit the Korean economy in the long run. While the initial 

phase of GHG reduction policy implementation entails costs, it fosters technological 

development and reduces damage from climate change, thereby strengthening the 

economy's resilience. 

 This paper further suggests the necessity of strengthening, as early as possible, efforts to 

develop and commercialize GHG reduction technology in industrial sectors, including 

manufacturing. Given the supply chains of industries in Korea, a carbon price increase 

shock does not solely impact carbon-intensive industries but can also spill over to other 

industries. Therefore, it is essential to accelerate investment in low-carbon technologies 

across all industries
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 This paper contributes to the literature on climate risk analysis because it: (1) measures 

and presents climate risk impacts by industry, unlike the NGFS (Network for Greening the 

Financial System) climate scenario; (2) presents climate change scenarios that reflect the 

economy and climate change characteristics of Korea, through cooperation of the Bank of 

Korea, Financial Supervisory Service, and Korea Meteorological Administration; and (3) 

clearly reflects the transmission channels of overseas climate risks to the domestic 

economy.The analysis will be used as building blocks for the climate stress tests currently 

being conducted jointly by the Bank of Korea, Financial Supervisory Service, and financial 

institutions in Korea.

 Meanwhile, it should be noted that the impact of climate change on the real economy 

measured in this paper does not imply future projections of the Korean economy. The 

estimates pertain to the magnitude of the economic impact the Korean economy could 

face under the assumed transition risk and physical risk pathways. If the basic assumptions 

of variables such as climate variables change, the size of the impact would also vary.

▪ Disclaimer: The views expressed herein are those of the authors, and do not 
necessarily reflect the official views of the Bank of Korea. When reporting or 
citing this paper, the authors' names should be always explicitly stated.

▪ This report is identical to the Financial Supervisory Service's FSS Working 
Paper, "Impact of Climate Change Risk on the Real Economy: Climate Action 
Scenario Analysis."

▪ We would like to express our appreciation to Nah Seungho, head of the 
Office of Sustainable Growth; Lee Daekeon, head of the Sustainable Growth 
Research Team (Bank of Korea); Lee Jin , director general of the Financial 
Market Stability Bureau; Kim Jeongil, head of the ESG System Risk Analysis 
Team (Financial Supervisory Service); Lee Miseon, director general of the 
Climate Science Bureau; and Baek Seonkyun, manager of the Climate Change 
Monitoring Department (Korea Meteorological Administration) for their 
assistance in this paper.
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Ⅰ. Scenario Introduction

  Climate change risk is expected to 

negatively impact the real economy and 

financial system of Korea over a long period 

of time (Bank of Korea, 2021). The 

intensification of rising temperatures, 

increased precipitation, heat waves, and 

heavy rain will heighten the physical risks 

involved, increasing damage to primary 

industries, including agriculture, food 

manufacturing and related industries. 

Additionally, the increase in carbon prices 

that may occur during the implementation 

of climate mitigation policies could reduce 

production and decrease asset values 

(transition risk) across carbon-intensive 

industries. 

  To reduce damage from climate change 

risks, it is essential to identify climate 

change risks in advance and develop 

effective risk management policies. For this, 

the first step is identifying the climate 

change risk spillover pathways and 

quantifying the risk. However, as climate 

change risk is a type of risk we have not 

experienced before, it is challenging to 

quantify its magnitude using past statistics 

or existing empirical analysis models. 

Therefore, in climate change risk assessment, 

the pathways of future potential climate risks 

are established using multiple scenarios, and 

the impact of each scenario is measured. 

This method is known as "scenario analysis." 

The Basel Committee on Banking Supervision 

(BCBS, 2022) recommended that banks set 

climate change scenarios and measure the 

impact of risks. Central banks of major 

countries generally employ scenario analysis 

to assess climate change risks. 

  Due to long time horizon, more than 30 

years, considered in this analysis, the results 

can vary widely depending on how the key 

assumptions of the scenarios are established. 

If different institutions measure climate 

change risks based on different scenarios, 

the comparability of the results between 

these entities will significantly decrease. 

Consequently, the Bank of Korea, Financial 

Supervisory Service, and Korea 

Meteorological Administration have 

concentrated on developing standardized 

scenarios. The intention is for these common 

scenarios to be used by domestic economic 

agents in assessing climate risks (Bank of 

Korea, Financial Supervisory Service, 2024). 

These scenarios include: (1) potential climate 

change response path of the world and 

Korea from 2024 to 2100, (2) consequential 

changes in Korea's climate variables, such as 

temperature and precipitation, and (3) effects 

that these changes will have on the real 

economy. 

  First, regarding the climate response path 

for the world and Korea, this paper primarily 

adheres to the scenarios outlined by1)  the 

NGFS (2023)2). Among the 7 scenarios 

1) The NGFS established four dimensions for the scenarios-Orderly, Disorderly, Too Little Too Late, and 
Hothouse World-based on the policy ambition or timing . These are further reclassified into seven 
scenarios based on greenhouse gas reduction levels and technology development: Net Zero 2050, Low 
Demand, Below 2℃, Delayed Transition, Fragmented World, NDCs, and Current Policies) (NGFS, 2023).

2) The Network for Greening the Financial System (NGFS), launched in 2017, is a group of central banks 
and supervisors dedicated to exploring climate change risks. It has developed greenhouse gas 
emission mitigation scenarios using the climate-economy Integrated Assessment Models (IAMs) to help 
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suggested by NGFS, 4 pathways are 

considered that are both realistically 

achievable and highly necessary for policy 

comparison (Figure 1). 

[Figure 1] Climate Action Pathways1)

Note: 1) The four red-colored scenarios above (Net Zero 

2050, Below 2℃, Delayed Transition, and 

Current Policies) will be analyzed in this paper.

Source: NGFS (2023). 

 First, the 1.5℃ Action  scenario3) assumes that 

active efforts are made to reduce greenhouse gas 

emissions toward limiting the global temperature 

increase to 1.5℃ above pre-industrial levels 

(1850-1900), achieving carbon neutrality by 2050. 

Second, the 2℃ Action scenario4)  assumes that 

the global temperature increase, compared to 

pre-industrial levels, is limited to below 2℃. 

Third, the Delayed Action scenario5)  assumes 

that global emissions rise steadily until 2030 due 

to a lack of climate responses. After 2030, 

greenhouse gas emissions are rapidly reduced to 

keep the temperature increase below 2℃. Fourth, 

the No Action scenario6)  assumes that the 

current trend of greenhouse gas growth 

continues in the absence of additional climate 

response measures. All four scenarios assume that 

global climate policies are implemented with the 

same intensity worldwide, not just in Korea. 

 These four scenarios were chosen to compare 

the outcomes with or without the 2050 net-zero 

policy (1.5℃ Action vs. No Action scenarios) and 

assess the impact on the Korean economy of 

delayed climate policy implementation post-2030, 

even with the same temperature target (2℃ 

Action vs. Delayed Action scenarios).

 Next, each climate scenario is divided into 

two parts: climate variables and economic 

variables (Figure 2).

 First, the climate variables are divided into 

transition risk variables and physical risk variables 

depending on the cause of climate change risks. 

The transition risk variables consist of the 

domestic carbon price, green technology 

development scenarios estimated by the NGFS 

(2023)7),  which are widely used among the 

global financial institutions as typical climate 

scenarios. Physical risk variables include the 

temperature and precipitation pathways, which 

are estimated by the Korea Meteorological 

Administration based on its domestic climate 

change projections. 

 

countries assess climate risks. In Korea, the Bank of Korea, Financial Services Commission, and 
Financial Supervisory Service are NGFS members.

3) Corresponds to Net Zero 2050 scenario of NGSF (2023).
4) Corresponds to Below 2℃ scenario of NGSF (2023).
5) Corresponds to Delayed Transition scenario of NGSF (2023). 
6) Corresponds to Current Policies scenario of NGSF (2023). 
7) A survey by the NGFS (2021) found that 24 out of 31 central banks and supervisors conducting 

scenario analysis (approximately 75%) are assessing risks based on the NGFS' climate change variables.
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 The economic variables represent the estimated 

impact on the real economy, based on the 

analysis of climate variables. Here, the impact on 

the real economy is segmented8) into three types 

of risks: transition, chronic, and acute. Transition 

risks examine the impact of the rising carbon 

price and green technology development on the 

value-added and producer prices of domestic 

industries. Chronic risks assess the impact of 

rising temperature and changing precipitation on 

the value-added and producer prices of domestic 

industries. Acute risks evaluate the magnitude of 

damages caused by typhoons and floods by city 

and province in Korea. 

[Figure 2] Structure of Climate Change 
          Scenarios

  

 The climate scenarios in this paper, which 

include both climate and economic variables, 

differ from the NGFS (2023) climate change 

scenarios, widely used as a standard in the 

global financial sector, in two key respects.9) First, 

the scenarios in this paper are differentiated in 

that they reflect the domestic industrial structure 

and measure the climate risk impacts by industry. 

The NGFS (2023) estimated the impact of climate 

risks on Korea's growth and prices but did not 

segment spillover effects by industry.10) Climate 

risk does not produce an equal shock across the 

macroeconomy; instead, it affects specific 

industries such as those with high greenhouse 

gas emissions more than other industries. 

Therefore, it is necessary to measure the varying 

impacts by industry. Moreover, unlike the NGFS 

(2023), this paper explicitly considers the spillover 

effects of overseas climate risks on the domestic 

economy.

  Second, the scenarios in this paper measure 

the impact on the real economy (such as growth 

and damage from natural disasters) based on the 

Korea Meteorological Administration's climate 

change scenarios, which reflects Korea's local 

characteristics. In particular, this paper assesses 

the impact on the real economy of changes in 

temperature and precipitation, measured by the 

Korea Meteorological Administration for regions 

of South Korea at a high resolution of 1km, 

differentiating it from the NGFS (2023).11)  

  

 This paper is organized as follows. First, Chapter 

 8) Physical risks comprise chronic risks, which are gradual impacts of climate change such as increases 
in average temperature and precipitation, and acute risks, which represent the impact of natural 
disasters, such as typhoons and floods.

 9) The NGFS (2023) published scenarios that incorporate both the estimated impact on the real 
economy of each nation and climate variables. 

10) The NGFS (2023) estimated the impact on GDP and prices using the National Institute Global 
Econometric Model (NiGEM). NiGEM analyzes the impact of changes in inputs, such as labor, capital, 
and energy, on the macroeconomy through simultaneous equations based on econometric analysis. 
Specifically, NiGEM uses climate change as an input and analyzes the macroeconomic impact of 
decreased fossil fuel supply due to rising carbon prices and increase in renewable energy driven by 
technological developments.

11) The NGFS (2023) presented the impact of temperature changes on the real economy, measured at a 
resolution of about 50km.
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2 describes the climate variable pathways that 

impact the Korean economy, introduces methods 

for measuring transition and physical risk 

variables, and presents estimated values for each 

of the climate action pathways for these 

variables. Chapter 3 describes economic variable 

pathways related to change in climate variables. 

Specifically, it estimates changes in growth and 

prices due to transition and chronic risks as well 

as potential losses associated with acute risk. 

Finally, Chapter 4 discusses the significance, 

limitations, and policy implications for Korea of 

the climate action scenarios presented in this 

paper.

Ⅱ. Transition and Physical Risks

 This chapter presents climate variable estimation 

methodology and estimated values by climate 

action pathway. First, we review the transition 

risk variable estimation methodology and 

estimated values published by the NGFS. We 

then explain the estimated values of physical risk 

variables, such as temperature and precipitation 

in Korea, as provided by the Korea 

Meteorological Administration.

1. Transition Risk

1.1. Estimation Method

  For transition risk variables, we used the 

carbon prices and technological development 

pathways provided by the NGFS climate 

change scenarios (2023). The NGFS (2023) 

employed the Global Change Analysis Model 

(GCAM) to estimate the pathways for carbon 

prices and technological development 

(including renewable energy) necessary to 

achieve GHG reduction targets, such as 2050 

Net-Zero. GCAM calculates carbon prices 

and volumes of fossil fuels and renewable 

energy provided by analyzing the energy 

system under a given carbon emission 

constraint, such as 2050 net-zero. For 

example, the decrease in gas and petroleum 

supply and increase in solar and wind power 

supply required to meet the 2050 net-zero 

target are estimated through the interaction 

between the energy system module and the 

economic, land use, and climate modules 

(Figure 3).
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[Figure 3] Overview of NGFS Transition Risk 
Estimation Model1)

Notes: 1) Based on the Global Change Analysis 
Model (GCAM).

        2) Does not reflect feedback from climate 
damage.

Source: NGFS (2023).

1.2. Estimates by Scenario

Carbon Emission Pathways

  Regarding CO2 emissions pathways by 

climate action, first, under the 1.5℃ Action 

scenario, Korea's CO2 emissions, which were 

0.6 billion tons in 2020, must be reduced to 

0.41 billion tons (32% reduction) by 2030 

and -0.07 billion tons (110% reduction) by 

2050. Second, under the 2℃ Action scenario, 

Korea's CO2 emissions must be reduced 

from 0.6 billion tons in 2020 to 0.11 billion 

tons by 2050, which is 80% reduction 

approximately. Third, under the Delayed 

Action scenario, Korea's CO2 emissions 

would increase to 0.64 billion tons by 2030 

and then decrease to -0.02 billion tons 

(100% reduction) by 2050. Fourth, under the 

No Action scenario, without any climate 

action, the current level of GHG emissions 

would remain unchanged. However, even 

without climate policies, GHG emissions 

would decline slightly due to the impact of 

technological developments after 2035 

(Figure 4).

[Figure 4] Carbon Emission Reduction 
Pathways1)2)

Notes: 1) The pathways correspond to Net Zero 
2050, Below 2℃, Delayed Transition, and 
Current Policies of the NGFS (2023).

        2) Based on CO2 emissions.
Source: NGFS (2023).

Carbon Price Pathways

 Based on the carbon price pathways by 

scenario, presented by the NGFS (2023), 

under the 1.5℃ Action scenario, to achieve 

the 2050 net-zero target, Korea's carbon 

price (per ton)12)  is estimated to increase 

to USD 150 by 2030 and USD 1,70013)  by 

2050. Even after 2050, to achieve the aim of 

limiting the temperature increase to 1.5℃, 

carbon prices are estimated to continue 

rising. Under the 2℃ Action scenario, the 

carbon price is estimated to rise to USD 120 

by 2030 and USD 650 by 2050. Under the 

Delayed Action scenario, the carbon price 

would remain at zero because climate policy 

is not introduced until 2030. After 2030, the 

price is projected to rise sharply to USD 

1,400 by 2050 to limit the temperature 

12) The unit is based on the U.S. dollar in 2010 (NGFS, 2023).
13) The estimate represents a significant increase from the USD 730 estimated under the previous NGFS 

scenarios (2022), reflecting slower GHG reduction during 2020–2023 than expected by the NGFS.
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increase to below 2℃. Under the No Action 

scenario, the carbon price is estimated to 

remain unchanged at zero in the absence of 

regulations to reduce carbon emissions 

(Figure 5).

[Figure 5] Carbon Price Pathways

Source: NGFS (2023).

Renewable Energy Distribution Pathways 

 In examining the renewable energy 

distribution pathways (share of power 

generation by energy source), under the 1.

5℃ Action, 2℃ Action, and Delayed Action 

scenarios, the share of fossil fuel generation 

(coal and gas) is estimated to shrink over 

time, while the share of renewable energy 

generation (solar PV, wind power, etc.) is 

expected to expand. This trend suggests that 

declining renewable energy facility costs, 

driven by technological development, 

coupled with rising costs of GHG emissions 

from fossil fuels, will decrease the fossil fuel 

supply and increase the renewable energy 

supply. For example, under the 1.5℃ Action 

scenario, while the shares of coal and gas 

generation would fall from 38% and 27%, 

respectively, in 2020 to 1% and 3% by 2040, 

the share of renewable energy would surge 

from 5% in 2020 to 84% in 2040. In 

contrast, under the No Action scenario, the 

shares of coal and gas generation are 

estimated to remain at 24% and 26%, 

respectively, even by 2100 (Figure 6). 

Diffusion Pathways for Carbon 
Capture and Storage Technology

 Regarding the diffusion pathways for 

carbon capture and storage (CCS)14)  

technology, which captures and reduces 

carbon emissions, under the 1.5℃ Action 

and 2℃ Action scenarios, the CO2 emissions 

eliminated by CCS technology is projected 

to increase gradually starting in 2035. This 

implies that, due to declining CCS facility 

costs and rising carbon prices, the relative 

cost of CCS would fall compared to existing 

carbon-intensive facilities, leading to a 

gradual expansion in CCS usage from 2035. 

Meanwhile, under the Delayed Action 

scenario, CCS would start to be used 

gradually from 2040. In the No Action 

scenario, CCS diffusion would not occur 

(Figure 7).

14) Carbon capture and storage (CCS) technology prevents carbon from being emitted at its source by 
capturing the carbon and storing it underground. 
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[Figure 6] Renewable Energy Distribution 
Pathways
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[Figure 7] Pathways of Carbon Capture 
and Storage Technology 
Diffusion
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2. Physical Risk

2.1. Estimation Methodology

  Physical risk variable pathways are based 

on the national standard climate change 

scenarios ("Standard Scenarios")15)  provided 

by Korea Meteorological Administration

(KMA).

 The standard scenario is developed based 

on the South Korea climate change 

scenarios16) with a high resolution of 1km to 

reflect Korea's climate change characteristics 

(National Institute of Meteorological 

Sciences, 2022). The standard scenarios 

consider Korea's local characteristics 

measured at a high resolution as well as 

global long-term climate change trends. It 

covers the period from 2021 to 2100 and 

provides six climate variables, including 

temperature and precipitation.17) 

 

 The standard scenario is divided into four 

pathways based on the GHG emissions level: 

SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5. 

The classification is based on the Shared 

Socioeconomic Pathways (SSP) outlined in 

the sixth assessment report of the IPCC.18)  

First, the SSP5-8.5 scenario assumes that the 

GHG emissions remain at the current level 

without climate change mitigation, as the 

economy continues to grow, with high levels 

of fossil fuel use. In this scenario, by 2100, 

the CO2 concentration in the atmosphere 

reaches 1,090ppm. Second, the SSP3-7.0 

scenario assumes that, due to less active 

climate change mitigation policies coupled 

with slow technological development, the 

economy grows under a structure that is 

vulnerable to climate change, and GHG 

reduction is realized only to a limited extent 

(CO2 concentration of 830ppm by 2100). 

Third, the SSP2-4.5 scenario represents a 

situation where climate change mitigation 

policies and economic growth proceed in 

harmony, resulting in significant GHG 

reduction (CO2 concentration of 570ppm by 

2100). Fourth, the SSP1-2.6 scenario assumes 

that, with minimal use of fossil fuels and 

increased deployment of renewable energy, 

the economy achieves sustainable green 

growth (CO2 concentration of 430ppm by 

2100).

 The standard scenarios differ from the 1.5℃ 

Action, 2℃ Action, Delayed Action, and No 

15) The standard scenarios represent an integration of various climate change scenarios approved by the 
Korea Meteorological Administration’s criteria. It is the latest, highly-reliable scenario, having passed 
deliberations on input material, reproducibility, and required variables.

16) The standard scenarios are developed based on different spatial resolution levels, progressing from 
the world (Phase I) to East Asia (Phase II), and finally to a South Korea climate change scenarios 
(Phase III). In Phase I, the global climate change scenarios, with a spatial resolution of 135km in 
accordance with the international standards, is estimated. While this scenario can sufficiently produce 
the average long-term climate change trends of the world, it struggles to include regional 
characteristics due to its low resolution. In Phase II, by using the global climate change scenarios as 
input, East Asia climate change scenarios with a resolution of 25km is developed. In Phase III, South 
Korea climate change scenarios that reflect South Korea’s local characteristics with a high resolution 
of 1km are produced. Details about these are discussed in “Box 1. Physical Risk (Variables of Climate 
Change) Estimation Methodology.”

17) The six variables include average temperature, highest temperature, lowest temperature, precipitation, 
average relative humidity, and average wind speed, detailed by day, month, season, and year.

18) Intergovernmental Panel on Climate Change (IPCC). 
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Action scenarios used to estimate the 

transition risk variables (NGFS, 2023). 

Therefore, based on Korea's temperature 

change projections for the end of the 21st 

century, the standard scenarios are 

integrated with the transition risk scenarios 

of the NGFS (2023) (Table 1). As a result of 

this integration, the SSP5-8.5 scenario, where 

GHG emissions continue, is linked to the No 

Action scenario; the SSP1-2.6 scenario, with 

the least GHG emissions, is linked to the 1.

5℃ Action scenario; and the SSP2-4.5 is 

linked to the 2℃ Action scenario. While the 

Delayed Action scenario should ideally be 

paired with the SSP2-4.5 scenario based on 

the level of temperature increase, it is linked 

to the SSP3-7.0 scenario to account for the 

uncertainty that GHG reduction may not 

proceed as planned due to delayed climate 

action. 19)

[Table 1] KMA's Climate Change Standard 
Scenario and NGFS Scenario 
Integration by Pathway

KMA's 
standard 
scenario

Temperature 
increase by 
end of 21st 

century1)

NGFS 
scenario

Temperature 
increase by 
end of 21st 

century1)

▪SSP1-2.6 0.7℃
1.5℃ 
Action

0.4~2.1℃

▪SSP2-4.5 1.9℃ 2℃ Action 0.7~2.7℃

▪SSP3-7.0 3.8℃
Delayed 
Action

0.7~2.7℃

▪SSP5-8.5 4.7℃ No Action 1.5~5.5℃

Note: 1) Temperature increase in Korea during  
2081-2100 vs.1986-2006.

Sources: Korea Meteorological Administration and 
NGFS (2023).

2.2. Estimates by Scenario

Temperature Change Pathways 

 Korea's annual average temperature under 

the 1.5℃ Action scenario (SSP1-2.6) is 

projected to rise by 2.3℃ by the end of the 

21st century (average of 2081-2100) 

compared to the current annual average 

temperature (average of 2000-201920)). In 

the No Action scenario (SSP5-8.5), 

temperature is predicted to rise by 6.3℃ by 

the end of the 21st century relative to the 

current temperature level21)(Figure 8).

19) Meanwhile, the IPCC (2018) presents the global warming categories by SSP scenarios: (1) SSP1-1.9 
limits global warming to below 1.5℃; (2) SSP1-2.6 limits global warming to below 2℃; (3) SSP2-4.5 
limits global warming to below 3℃; (4) SSP3-7.0 limits global warming to below 4℃; and (5) 
SSP5-8.5 allows global warming to exceed 4℃. However, given Korea’s temperature projections, the 
NGFS (2023)’s definition of transition pathways, and data constraints (such as the absence of 
SSP1-1.9 temperature projections in Korea), it is difficult to precisely match the IPCC (2018)’s global 
warming categories to the transition pathways of the NGFS (2023) on a one-to-one basis. 
Accordingly, as shown in Table 1, this paper integrates the SSP scenarios with the NGFS pathways, 
based on Korea’s projected temperature increase by the end of the 21st century.

20) This estimate is based on 11.9℃, the average temperature calculated using gridded observation data 
(2000-2019) at a 1km resolution, similar to the resolution used for South Korea climate change 
scenarios (National Institute of Meteorological Sciences, 2022). However, note that the comparison 
standard of this estimate is different from that of Table 1, which examines the temperature increase 
based on observation data recorded from 1986 to 2006 (average temperature of 13.5℃) at six 
observation points in South Korea.

21) Under the 1.5℃ Action scenario (SSP1-2.6), the temperature rises to 14.2℃. In the No Action 
scenario (SSP5-8.5), it rises to 18.2℃.
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[Figure 8] Pathways of Change in Korea's 
Annual Average Temperature

Source: Korea Meteorological Administration.

 Moreover, the number of heatwave days22)  

is projected to increase toward the end of 

the 21st century, particularly in scenarios 

with higher greenhouse gas emissions. 

Currently, the annual average number of 

heatwave days is 8.8. By the end of the 21st 

century (2081-2100), this is projected to rise 

to 15.4 days under the 1.5℃ Action scenario 

(SSP1-2.6) and 70.7 days under the No 

Action scenario (SSP5-8.5) (Figure 9).

[Figure 9] Pathways of Change in Korea's 
Heatwave Days 

Number 
of Days

Beginning of  21c Middle of  21c End of 21c

Source: Korea Meteorological Administration.

Precipitation Change Pathways

 Under the 1.5℃ Action scenario (SSP1-2.6), 

the annual average precipitation by the end 

of the 21st century (2081-2100) is projected 

to rise by 4% from the current level 

(2000-2019). Under the No Action scenario 

(SSP5-8.5), it is projected to rise by 16% 

(Figure 10). Because precipitation is more 

volatile than average temperature, it varies 

significantly from year to year. Additionally, 

because of its low spatial continuity, the 

difference in precipitation due to varying 

greenhouse gas emission levels is not clearly 

exhibited. However, rainfall over short 

periods or local precipitation tends to 

increase as greenhouse gas emissions rise.23) 

22) This refers to the number of days when the daily maximum temperature is 33℃ or higher.
23) Unlike South Korea climate change scenarios, in the global climate change scenarios and East Asia 

climate change scenarios, there is a relatively clear trend of precipitation increasing with higher 
greenhouse gas emissions.
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[Figure 10] Pathways of Change in Korea's 
Annual Average Precipitation 

Source: Korea Meteorological Administration.

  Extreme precipitation events (100-year retu

rn values of daily precipitation),24)  which ar

e the major cause of precipitation-related di

sasters and human losses, are estimated to i

ncrease by 20% to 80% under the No Actio

n scenario (SSP5-8.5) from the mid-21st cent

ury. By the end of the 21st century, extreme 

precipitation events are predicted to increase 

significantly in the East Sea and Jeju region. 

Under the 1.5℃ Action scenario (SSP1-2.6), e

xtreme precipitation events increase at a slo

wer pace compared to the No Action scenar

io, but there are still regions with an increas

e of over 60% (Figure 11).

[Figure 11] Extreme Precipitation1) Change2)

2000~2019

Current precipitation (mm/h)

1.5℃ Action
2021~2040 2041~2060 2081~2100

No Action
2021~2040 2041~2060 2081~2100

Notes: 1) Extreme precipitation, based on a  
100-year return values of daily 
precipitation, refers to the maximum 
amount of precipitation expected to 
occur once in 100 years.

        2) Magnitude of change relative to  

2000-2019 ( )
Source: Kim Seon-tae et al. (2023).

24) Extreme precipitation, based on a - 100-year return values, refers to the highest amount of annual 
precipitation with a 1 in 100 probability of occurring in any given year. The extreme precipitation 
classified by larger zones of water resources map using South Korea climate change scenarios is 
calculated 100-year return values of daily precipitation in each larger zone. (Kim Seon-tae, et al., 
2023). The Korea Meteorological Administration further divides the 21 large zones of the water 
resources map (Ministry of Environment) into 26 zones by segmenting the Hangang River Basin into 
South Hangang, North Hangang, Paldang Dam Downstream, and Imjingang; and the Nakdonggang 
River Basin into Nakdonggang Upstream, Midstream, and Downstream. 
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Ⅲ. Macroeconomic Impact

 The macroeconomic impact of climate 

change was estimated by risk type, as the 

characteristics and estimation models differ 

by risk type as well. First, the impact of 

transition and chronic risks on the real 

economy is examined, and the expected 

damage from acute risk25) is estimated.

1. Growth and Prices: The Impact of 

Transition and Chronic Risks on 

the Real Economy

1.1. Analysis Methodology

 Here, the impact of transition and chronic 

risks on domestic growth and prices is 

examined. To assess the impact of transition 

risk, we analyze the impact of changes in 

transition risk variables, such as carbon 

prices and power mix (size of generation 

facility by energy source), on the value 

added and producer prices of each domestic 

industry. To evaluate the impact of domestic 

chronic risk, the impact of changes in 

chronic risk variables, such as domestic 

temperature and precipitation, on the value 

added and producer prices of each industry 

is examined. Lastly, we analyze the impact 

of overseas chronic risk variables, such as 

temperature changes of trading partners, on 

each domestic industry through export and 

import channels (Figure 12).

[Figure 12] Overview of Growth and Price 
Analysis Methods

NGFS and KMA climate variables
(carbon price, temperature, precipitation, etc.)

Transition risk 
impact 

assessment

Assessment of 
domestic chronic 

risk impact 

Assessment of 
overseas chronic 

risk impact

  We estimated the impact of transition risk 

using the input-output (I/O) model, following 

the methodology of Kim Jea-yoon and Park 

Hye-jin (2024).26) First, we measured the 

primary impact of rising carbon prices (e.g., 

strengthening of the emissions trading 

systems) and the development of green 

technologies (such as renewable energy and 

carbon capture and storage technology) on 

the production costs of each domestic 

25) As for the impact of acute risk on growth, differing research results have been presented. Therefore, 
this chapter does not discuss the impact of acute risk. It is discussed in Chapter 2. “Damage from 
Natural Disasters: The Impact of Acute Risk on the Real Economy.” Botzen et al. (2019) suggested 
that, while natural disasters have direct negative consequences on the economy, productivity could 
improve with the recovery of damaged infrastructure. Hsiang (2010) found that, while natural 
disasters negatively impact agriculture and tourism, they have a positive impact on the construction 
industry. However, Klomp and Valckx (2014) argued that natural disasters have a negative impact on 
growth. Meanwhile, studies on the impact of acute risk on prices have found that it is temporary or 
lacks a clear direction. Faccia et al. (2021) found that, while extreme temperature shocks such as 
severe cold or heat, cause inflation in the short term, their impact is not significant in the mid and 
long term (after four quarters). Cevik and Jalles (2023) noted that extreme cold shocks tend to put 
downward pressure on prices, whereas droughts and rainstorms tend to generate upward pressure. 
Jeong Won-seok, Lee Sol-bin, and Jo Eun-jeong (2024) found that abnormal climate events raise 
prices by 0.03%p for about six months, after which the upward pressure subsides. However, Kotz et 
al. (2024) indicated that abnormal climate events could increase global prices by an annual average 
of 0.32%p to 1.18%p by 2035.

26) The detailed methodology is discussed in “Box 2. Transition Risk Impact Estimation Methodology.”
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industry. The increase in carbon prices raises 

production costs for emissions-intensive 

industries, while technological development 

decreases productions costs through the 

reduction of carbon emissions. Next, we 

measured the secondary effect of the 

transmission of the direct impact (primary) 

of transition risk through the 

interconnectedness of industries. This reflects 

the spillover effect of carbon cost burdens 

from upstream industries, such as steel, to 

downstream industries, such as automobiles. 

Finally, by summing the primary and 

secondary impacts by industry, we measure 

the change in the value added and 

producer prices of each domestic industry 

due to transition risk27) (Figure 13).

[Figure 13] Overview of Transition Risk 
Analysis Methodology

Transition Risk Analysis Methodology

Primary impact by industry:
Increase or reduction in industrial production costs

Eco-friendly technology 
development1)

Positive (+) supply shock

Rising carbon prices

Negative (-) supply shock

Change in value added and producer prices

Spillover effect of increased or reduced 
production costs between industries

Note: 1) Diffusion of renewable energy, development 
        of carbon capture and storage technology, 
        advancement of industrial emissions 
        reduction technology, etc. 

 The impact of domestic chronic risk was 

estimated using the climate damage 

function,28) according to Lee Ji-won (2023) 

and Kalkuhl and Wenz (2020).29) The climate 

damage function measures the impact of 

temperature increases and precipitation 

changes on decreases in labor and land 

productivity. This paper measured the impact 

of domestic chronic risk on the value added 

and producer prices of each industry by 

averaging the estimates of the climate 

damage function of Kalkuhl and Wenz 

(2020), which identified the impact of rising 

temperatures, and estimates of the climate 

damage function of Lee Ji-won (2023), which 

quantified the impact of precipitation 

damage30) (Figure 14).

[Figure 14] Overview of Domestic Chronic 
Risk Analysis Methodology

27) Transition risk analysis using the input-output (I/O) model is useful for measuring the effect of the 
spread of rising carbon costs in emissions-intensive industries (refining, chemical, cement, steel, etc.) 
to all industries through supply chain. Moreover, the I/O model is also used to assess the impact of 
technological developments, such as the distribution of renewable energy and CCS technology, across 
all industries. However, input-output analysis is limited by the assumption that the domestic 
industrial structure remains unchanged during the analysis period. 

28) The climate damage function measures the impact of temperature increases and precipitation 
changes on decreases in labor and land productivity.

29) The detailed methodology is discussed in “Box 3. Domestic Chronic Risk Impact Estimation 
Methodology.”
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  The impact of overseas chronic risk is 

assessed using international and domestic 

I/O analysis, based on the work of Kim 

Jea-yoon, Jeong Seon-mun, and Lee 

Seong-tae (2023). 31)First, risk transmission 

pathways are divided into import pathways 

and export pathways. As for import 

pathways, we measured the impact of 

reduced agricultural and marine production 

caused by global warming, leading to higher 

import prices, and its effects on the value 

added and producer prices of domestic 

industries. Regarding export pathways, we 

evaluated the extent of the global growth 

slowdown due to climate damage, leading 

to decreased demand for Korean exports, 

which in turn, resulted in lower production 

and value added of domestic industries32)  

(Figure 15).

 From the perspective of general equilibrium 

theory, this paper reflects in the analysis 

model: positive (+) and negative (-) supply 

shocks caused by transition risk, negative (-) 

supply shock of domestic chronic risk, and 

negative (-) supply and demand shocks 

caused by overseas chronic risk. However, 

due to constraints in materials and methods, 

the model does not include the positive (+) 

demand shock (increased investment in 

carbon reduction33)) associated with 

transition risk and the positive (+) demand 

shock (increased investment in climate 

adaptation) caused by domestic chronic risk.

[Figure 15] Overview of Overseas Chronic 
Risk Analysis Methodology

1.2. Analysis Results

 This chapter examines the impact of 

30) Domestic chronic risk analysis using the climate damage function is a leading analysis methodology 
for measuring the economic impact of climate change (Dell, Jones, and Olken, 2012; Burke, Hsiang, 
and Miguel, 2015; and Kotz, Levermann, and Wenz, 2024). It is useful for assessing the impact of 
temperature and precipitation changes on production decreases. However, the climate damage 
function is limited as it fails to measure the impact on prices. Furthermore, since the climate 
damage function is based on an empirical analysis of past damages due to temperatures and 
precipitation, it may not accurately reflect the possibility of rapid climate change in the future, which 
could deviate from past trends.

31) For details, refer to “Box 4. Overseas Chronic Risk Impact Estimation Methodology.”
32) Overseas chronic risk analysis is valuable for measuring how climate damage of trading partners 

affects the domestic economy through global value chains. Given Korea’s high reliance on trade, it is 
essential to consider the supply shock (decrease in agricultural production) and demand shock 
(reduced demand for Korean exports) due to overseas climate damage, in addition to domestic 
climate damage. However, the input-output model used in the impact assessment has limitations, as 
it assumes that the interconnectedness between nations (export and import structure) does not 
change during the analysis period. 

33) This refers to the shift of investment from existing carbon-intensive assets to carbon reduction 
initiatives (e.g., converting investment in coal-fired generation to renewable energy) and expansion of 
overall domestic investment due to new carbon reduction investment.



17

transition and chronic risks on the domestic 

real economy based on the previously 

explained analysis model. The impact of 

transition and chronic risks on GDP and 

value added by industry is reviewed, after 

which the effects on producer prices of the 

economy and producer prices by industry 

are outlined. The impact on GDP is 

calculated by summing the effects on the 

value added of each domestic industry. The 

effect on producer prices of the economy is 

estimated by calculating the weighted 

average of the change in producer prices of 

each domestic industry, based on their 

respective value added.

For the baseline (business as usual, BAU) 

scenario, it is assumed that the economy 

continues to grow following the past trends 

without any climate risk shock.34)

1.2.1. Impact on GDP and Value 
Added by Industry

Impact on GDP

 Transition and chronic risks are estimated 

to have long-term negative effects on 

Korea's GDP. However, more ambitious 

climate actions, such as the implementation 

of the 2050 net-zero policy, and the earlier 

implementation of related policies, can 

mitigate these negative impacts. While the 

introduction of climate policies may have 

short-term negative impacts, they yield 

long-term benefits by reducing climate 

damage over time (Figure 16).

 In the 1.5℃ Action scenario, Korea's GDP is 

projected to decrease from the baseline 

scenario until 2050, after which it gradually 

recovers. In contrast, under the No Action 

scenario, GDP decreases slightly from the 

baseline scenario until 2050, after which the 

rate of decline gradually increases, leading 

to a significant fall by around 2100. 

Specifically, GDP under the 1.5℃ Action and 

No Action scenarios is estimated to fall by 

13.1% and 1.8%, respectively, from the 

baseline scenario by 2050 and drop by 

10.2% and 21.0%, respectively, by 2100.

 Furthermore, even with the same 

temperature restriction target (temperature 

rise no more than 2℃ from that in 1900), 

the impact on GDP varies significantly 

depending on the timing of policy actions. 

Under the 2.0℃ Action and Delayed Action 

scenarios, GDP is estimated to decline by 

6.3.% and 17.3%, respectively, by 2050 and 

by 15.0% and 19.3% by 2100. Notably, 

under the Delayed Action scenario, a strong 

climate policy, characterized by a rapid rise 

in carbon prices, is implemented starting 

around 2030 to achieve the goal of limiting 

the temperature rise to below 2℃. As a 

result, GDP is estimated to fall significantly 

around 2050.

 Regarding the average growth rate during 

the period, under the 1.5℃ Action scenario, 

GDP growth declines by 0.14%p annually on 

average (compared to the baseline scenario). 

In contrast, under the No Action scenario, 

GDP growth falls by 0.30%p annually on 

average. Under the 2℃ Action and Delayed 

34) The growth pathway reflecting population growth without climate risk shocks, as presented by the 
NGFS, is set as the baseline scenario. However, this is unrelated to potential GDP estimated based 
on the available factors of domestic production.
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Action scenarios, the GDP growth rate 

declines by 0.21%p and 0.28%p, respectively, 

on an annual average. 

[Figure 16] Impact on GDP1)2)

Change in GDP Compared to the Baseline 
Scenario

GDP

Change in GDP Growth Compared to the 
Baseline Scenario

(Compared to the baseline scenario, %p)

2024~
2100 24~30 31~50 51~80 81~100

▪1.5℃
Action

-0.14 -0.26 -0.62 0.18 -0.11

▪2℃Action -0.21 -0.30 -0.23 -0.15 -0.27

▪Delayed
  Action

-0.28 -0.10 -0.93 0.19 -0.41

▪No 
Action

-0.30 0.05 -0.11 -0.38 -0.52

Notes: 1) Impact of transition and chronic risks.
       2) The baseline scenario represents the 

growth path presented by the NGFS 
(2023) based on domestic population 
growth trends. Note that this scenario is 
not related to the potential GDP which is 
estimated using domestically available 
factors of production. 

Source: authors' own estimation.

  If the negative effects of transition and 

chronic risks on GDP are divided by risk 

factor, transition risk is found to be 

significant during the early phase of climate 

policy implementation. In contrast, chronic 

risk becomes more pronounced toward the 

end of the 21st century and as the 

introduction of climate action is delayed 

(Figure 17).
 

[Figure 17] Impact on GDP by Risk

Transition Risk Impact Path

Chronic Risk Impact Path

Source: authors' own estimation.

  Under the 1.5℃ Action scenario, transition 

risk is projected to reduce GDP by 10.7% 

compared to the baseline scenario by 2050. 

However, this reduction is expected to ease 

to a decline of 3.1% by 2100, as the risk 

impact gradually weakens with the 

development of green technology. On the 

other hand, under the No Action scenario, 

transition risk does not reduce GDP, as 

carbon prices are set at zero. Under the 2℃ 
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Action and Delayed Action scenarios, 

transition risk is projected to reduce GDP by 

3.0% and 12.5%, respectively, compared to 

the baseline scenario. However, these GDP 

reduction effects are expected to moderate 

rapidly, with no impact on GDP by around 

2100. 35)

 Under the 1.5℃ Action scenario, chronic 

risk is estimated to reduce GDP by 2.4% by 

2050 and by 7.1% by 2100, compared to 

the baseline scenario.36) Under the No 

Action scenario, chronic risk is estimated to 

reduce GDP by 1.8% by 2050 and by 21.0% 

by 2100, compared to the baseline scenario.  

Under the 1.5℃ Action scenario, the impact 

of chronic risk weakens significantly with the 

realization of carbon neutrality in 2050. In 

contrast, under the No Action scenario, 

chronic risk is projected to increase 

significantly over time. Meanwhile, under the 

2℃ Action and Delayed Action scenarios, 

chronic risk is projected to reduce GDP by 

15.3% and 20.0%, respectively, by 2100 due 

to the surge in damage caused by rising 

temperatures and varying precipitation, both 

domestically and internationally.

 

 Meanwhile, the analysis in this paper 

estimates a significantly greater negative 

impact of transition risk because it uses the 

transition risk path of the NGFS (2023), 

which presented higher carbon prices than 

past estimates. The NGFS (2023) assumed 

that carbon emissions reductions worldwide, 

including Korea, would be insignificant from 

2021 to 2025 due to the slow pace of 

global carbon emissions reduction.37) 

Consequently, the carbon prices required to 

reach the GHG reduction target for 2025 to 

2050 have risen substantially from the NGFS 

(2022)'s past estimates.38) Therefore, the 

transition risk analysis results in this paper 

suggest that, due to delays in carbon 

emissions reduction efforts, the impact on 

the real economy may be more severe than 

previously estimated. 

Impact on Value Added by Industry

 We will now examine the impact of 

transition and chronic risks by industry. In 

terms of transition risk, carbon-intensive 

industries are found to be relatively 

vulnerable. These industries include: coke 

and refined petroleum product 

35) As mentioned earlier, caution is needed in interpreting the impact of transition risk on GDP. In 
estimating such impact, this paper considered the following: rising carbon prices and green 
technology development → changes in production costs and production volumes → supply shock of 
decreased value added. However, in reality, demand shocks, such as expanded green investment, 
could have a positive (+) impact on GDP (Stern and Stiglitz, 2023; Gregor et al., 2022). Still, since 
some portion of this green investment is a shift from existing investment in carbon-intensive assets, 
the positive (+) effect of increased investment is not likely to be significant (Bank of Korea, 2021). 
Gregor et al. (2022) found that, if the 1.5℃ Action is implemented globally, the EU’s GDP would rise 
by 0.55% by 2030, compared to the baseline scenario, due to increased green investment. 

36) Under the No Action scenario (current policies), GDP is estimated to increase before 2030 compared 
to the baseline scenario. This is attributed to the Korea Meteorological Administration’s projection 
that precipitation levels will be smaller than at present. 

37) The NGFS (2023) noted that rising natural gas prices due to the Russia-Ukraine War have moderated 
climate policy intensity globally, leading to an increase in greenhouse gas emissions. 

38) For example, the carbon prices needed to reach net-zero by 2050 rose significantly from USD 600 
(world) and USD 700 (Korea) per ton (NGFS, 2022) to USD 1,200 (world) and USD 1,700 (Korea) 
(NGFS, 2023). 
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manufacturing (refining), chemical and 

chemical product manufacturing (chemical), 

other non-metallic mineral product 

manufacturing (cement), basic metal product 

manufacturing (steel), motor vehicle, trailer, 

and semitrailer manufacturing (automobile), 

and electricity, gas, steam, and air 

conditioning supply (electricity generation). 

Regarding chronic risk, the following 

industries are identified as being relatively 

vulnerable: agricultural and livestock industry 

and related services (agriculture), food 

product manufacturing (food), building 

construction (construction), real estate 

activities (real estate), and food and 

beverage service activities (restaurants).39)  

 Under the 1.5℃ Action scenario, industries 

vulnerable to transition risk due to their 

heavy GHG emissions, such as the refining, 

chemical, cement, and streel industries, are 

projected to experience production 

contraction and a decrease in value added 

during the period from 2024 to 2050 as 

carbon prices rise. The automotive industry 

is also expected to see its value added 

shrink because of damages transmitted from 

the steel industry, one of its major supplier 

industries. By 2050, the value added of the 

refining, chemical, cement, steel, and 

automotive industries is estimated to 

decrease by 60.4%, 48.2%, 45.5%, 183.9%40), 

and 45.1%, respectively, compared to the 

baseline scenario. After 2050, with the 

gradual commercialization of GHG reduction 

technology, the carbon cost burden is 

expected to fall, leading to a slowing of the 

decline in value added. The electricity 

generation industry is expected to see its 

value added decline due to rising carbon 

costs, but, with the availability of renewable 

generation technology such as solar PV and 

wind power, it is projected to recover from 

transition risk shocks by around 2040 as 

renewable energy deployment significantly 

gains traction (Figure 18).

 Under the 2℃ Action and Delayed Action 

scenarios, the value added of the refining, 

chemical, cement, steel, and automotive 

industries is estimated to decrease until 

2050, similar to the 1.5℃ Action scenario, 

and then recover. However, in the Delayed 

Action scenario, due to the dramatic 

increase in carbon prices after 2030, the 

decrease in value added is projected to be 

the largest among the four scenarios. 

39) The criteria for selecting industries vulnerable to transition and chronic risks are listed in “Box 5. 
Industries Vulnerable to Transition and Chronic Risks.” 

40) Many studies on the impact of transition risk have found that the steel industry, which emits a large 
amount of GHG emissions, is particularly vulnerable to transition risk. McKinsey (2022) presented 
results indicating that, if carbon prices reach USD 700 per ton in 2050, as projected in the NGFS 
(2021) scenario, the production costs of the global steel industry would increase by 30% around 
2050 compared to 2020. Hwang In-chang, et al. (2021) found that, with carbon prices at USD 250 
per ton, the gross production of Seoul’s steel industry would decrease by 100% in 2030, while in 
other regions, the decrease would be 35%. Furthermore, the WEF (2022) published analysis results 
indicating that, even with technological development, the production costs of the steel industry could 
rise by 25% to 50% by 2030.



21

[Figure 18] Change in Value Added in 
Major Industries Vulnerable to 
Transition Risk

Refining

Chemical

Cement

Steel

Automobile

Electricity Generation

 Under the No Action scenario, where climate 

change is the most pronounced, industries 

vulnerable to chronic risk such as the agriculture, 

food, construction, real estate, and restaurant 

industries, are projected to be affected from 2050 

due to rising temperatures and precipitation, 

leading to contracted production and reduced 

value added. By 2100, the value added of the 

agriculture, food, construction, real estate, and 

restaurant industries is estimated to decrease by 

23.7%, 30.8%, 55.1%, 25.0%, and 33.7%, 

respectively, compared to the baseline scenario. 

The food manufacturing industry, in particular, is 

analyzed to suffer due to supply shocks from 

overseas agricultural products, in addition to 

rising domestic temperatures and damages from 

precipitation. The construction industry is 

estimated to experience a decline in its value 

added due to decreased labor productivity, such 

as fewer working days, caused by rising domestic 

temperatures and increasing damages from 
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precipitation. The real estate and restaurant 

industries are projected to experience decreases 

in value added due to damages in major related 

industries, such as the construction and food 

industries. In the 1.5℃ Action, 2℃ Action, and 

Delayed Action scenarios, the implementation of 

climate policy limits the rise in temperatures and 

precipitation, thus containing the decline in value 

added in the agriculture, food, construction, real 

estate, and restaurant industries. However, as the 

construction industry is heavily dependent on the 

cement manufacturing industry, which is 

influenced by transition risk shock, it is expected 

to see its value added shrink significantly under 

the 1.5℃ Action, 2℃ Action, and Delayed Action 

scenarios, as well as under the No Action 

scenario (Figure 19).

[Figure 19] Change in Value Added 
among Industries Vulnerable 
to Chronic Risk

Agriculture

Food

Construction

Real Estate

Restaurants

Source: authors' own estimation.

1.2.2. Impact on Prices 

Impact on Producer Prices
 

 Examining the impact of transition and 

chronic risks on domestic producer prices41)  

reveals a pattern similar to that of GDP. 

Transition risks are estimated to have a 

significant impact around 2050, while chronic 

risks become more prominent toward the 

41) As explained earlier, the price analysis in this paper focuses largely on supply shocks, such as rising 
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end of the century. Specifically, with the 

introduction of a carbon pricing policy by 

2050, businesses are projected to face 

increased production costs and rising 

inflationary pressure. However, as green 

technology develops, production costs are 

estimated to decrease, which will help 

moderate price pressures. Toward the end of 

the century, rising import prices due to 

global agricultural product supply shocks are 

projected to exert the upward pressure on 

producer prices (Figure 20).

 Under the 1.5℃ Action scenario, producer 

prices are projected to rise by up to 6.6% 

due to rising carbon prices around 2050, 

compared to the baseline scenario, and then 

increase by only 1.9% by 2100 owing to the 

relieved carbon cost burden, driven by the 

development of GHG reduction technology. 

Under the 2℃ Action scenario, producer 

prices are estimated to climb by 2.0% by 

2050, compared to the baseline scenario, 

and then gradually moderate, rising 0.2% by 

2100. Under the Delayed Action scenario, 

producer prices are expected to move within 

a range similar to that of the 2℃ Action 

scenario by 2100. However, by 2050, due to 

a rapid increase in carbon prices to limit the 

temperature rise to 2℃, producer prices are 

projected to surge by as high as 7.9% 

compared to the baseline scenario. 

[Figure 20] Impact on Producer Prices

Change in Producer Prices Compared to the 
Baseline Scenario1)

Transition Risk Impact Path

Chronic Risk Impact Path

production costs due to transition risk and increased import prices of agricultural products due to 
physical risks, and does not include an analysis on consumer prices. However, in Chapter 3. “Other 
Variables (Interest Rate and Unemployment Rate),” consumer prices are assumed to move in tandem 
with producer prices to estimate the interest rate index.
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Change in Producer Prices Compared to the 
Baseline Scenario

(Compared to the baseline scenario, %p)

2024~
2100 24~30 31~50 51~80 81~100

▪1.5℃
Action

0.02 0.14 0.28 -0.17 0.02

▪2℃ Action 0.00 0.11 0.06 -0.06 -0.01

▪Delayed 
Action

0.01 -0.00 0.39 -0.25 0.02

▪No Action 0.02 -0.00 0.00 0.01 0.07

Note: 1) Impact of transition and chronic risks.
Source: authors' own estimation.

 Meanwhile, under the No Action scenario, 

producer prices in the early phase are 

estimated to remain at a level similar to the 

baseline scenario, unaffected by transition 

risk. However, from 2080, as global 

agricultural supply shocks expand42), 

producer prices are projected to rise 

gradually, increasing up to 1.8% by 2100 

compared to the baseline scenario. In 

particular, producer prices appear to rise 

non-linearly toward 2100, influenced by 

chronic risk. This trend contrasts with the 

stabilization of prices under long-term 

climate policies (1.5°C Action, 2°C Action, 

Delayed Action). Meanwhile, it should be 

noted that, as explained in the previous 

chapter regarding methodology, this analysis 

does not include the impact of domestic 

chronic risk.43) Accordingly, if such impact is 

reflected through model improvements 

going forward, the rise in producer prices 

under the No Action scenario is highly likely 

to be higher than the current estimate. 

 In terms of the average rate of increase 

during the period, the producer price index 

is estimated to be higher than the baseline 

scenario by an annual average of 0.02%p 

during the analysis period (2023 to 2100) in 

both the 1.5℃ Action and No Action 

scenarios. However, under the 1.5℃ Action 

scenario, the index is projected to become 

more stable toward 2100, while rising further 

under the No Action scenario. In the 2℃ 

Action and Delayed Action scenarios, the 

producer price index is estimated to exceed 

the baseline scenario by an annual average 

of 0.00%p and 0.01%p, respectively. 

Impact on Producer Prices by Industry

 Examining the upward pressure on 

producer prices by industry reveals that the 

refining, chemical, cement, steel, automotive, 

and electricity generation industries are 

estimated to be vulnerable to transition risk, 

while agriculture and food manufacturing are 

projected to be vulnerable to chronic risk. 

 Producer prices are estimated to rise 

significantly in the refining, chemical, 

cement, steel, and automative industries by 

around 2050 due to the rising burden of 

42) As climate change progresses, import prices of agricultural products rise at a faster pace due to 
global agricultural supply shocks, resulting in a significant increase in domestic producer prices. 

43) The domestic chronic risk estimation model used in this paper is based on the climate damage 
function, which measures only the impact on growth and excludes the impact on prices. 
Consequently, it is limited in its ability to measure the impact on prices. There are few studies on the 
impact of chronic risk on prices. Ciccarelli et al. (2023) analyzed the impact of rising average 
temperature in Germany, France, Italy, and Spain, and found that the increase in average temperature 
put upward pressure on prices during the summer, while exerting downward pressure on prices in 
other seasons, including winter. Jo Byeong-su and Min Cho-hee (2024) presented analysis results 
indicating that a rise in average temperature could raise domestic consumer prices by 0.3% to 0.6% 
during the period from 2024 to 2040, with an average annual increase of 0.02%p to 0.04%p. 
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carbon costs. However, these prices are 

expected to stabilize due to the ease of the 

cost burden, driven by technological 

advancements. Producer prices in the 

electricity generation industry are projected 

to surge around 2030. However, the 

declining dependence on fossil fuels and 

diffusion of renewable energy are estimated 

to put significant downward pressure on 

prices (Figure 21).

[Figure 21] Change in Producer Prices in 
Industries Vulnerable to 
Transition Risk

Refining

Chemical

Cement

Steel

Automobile

Electricity Generation

Source: authors’ own estimation.

  Producer prices in the agriculture, food, 

and restaurant industries are projected to 
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increase gradually from 2080, influenced by 

supply shocks in global agricultural and 

marine products, with a significant surge 

anticipated by 2100. As we approach 2100, 

global climate change is likely to reduce the 

production of agricultural and marine 

products, raising domestic import prices. As 

a result, industries such as food and 

restaurants, which are highly dependent on 

imported agricultural and marine products, 

are expected to face higher producer prices 

(Figure 22).

[Figure 22] Change in Producer Prices of 
Industries Vulnerable to 
Chronic Risk

Agriculture

Food

Restaurants

Construction

Real Estate

1.2.3. Impact of Transfer of 

Production Costs by Industry

 The impact of rising carbon prices differs 

significantly by industry, depending on how 

much carbon cost that emissions-intensive 

industries transfer to other industries.  Most 

emissions-intensive industries are in the 

upstream sector, where they have significant 

leverage to set prices. They are thus likely 

to transfer a significant portion of the cost 
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increase related to higher carbon prices to 

other industries.44) Suppose emissions- 

intensive industries transfer most of the 

carbon costs imposed by carbon price 

policies, such as the emissions trading 

system, to other industries (e.g., 100% 

transfer), the negative impact on 

emissions-intensive industries would become 

smaller, while the negative impact on other 

related industries could increase. In contrast, 

if the transfer of carbon costs is restricted 

(e.g., transfer of 50%), the impact on 

emissions-intensive industries becomes larger, 

while the impact on related industries 

decreases. 

 To assess the impact, under the 1.5℃ 

Action scenario, the range of variation in the 

value added of each industry is calculated 

with different rates of transfer by 

emissions-intensive industries (such as 

refining, chemical, cement, steel, etc.). For 

example, the steel industry is projected to 

see its value added decline anywhere from 

94.7% (with 100% transfer) to 277.2% (with 

50% transfer) in 2050, depending on the 

rate of carbon cost transfer. On the other 

hand, other manufacturing industries are 

estimated to see their value added fall in 

29.8% around 2050 if emissions-intensive 

industries transfer 100% of carbon costs to 

them and by 17.0% in the case of a 50% 

transfer of carbon costs45)(Figure 23).

[Figure 23] Change in Value Added1) 
based on Transfer of Carbon 
Costs by Emissions-Intensive 
Industries2) 

Refining

Chemical

Cement

44) The analysis in the preceding chapter is based on the average of estimates obtained by setting the 
carbon cost transfer rate for emissions-intensive industries at 50% to 100%.

45) This analysis considers the impact based only on the rate of carbon cost transfer by 
emissions-intensive industries. If the rate of transfer of carbon costs to products for consumers is 
also considered, the range of impact for each industry could further expand. For details, refer to 
“Box 2. Transition Risk Impact Estimation Methodology.”
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Steel

Other Manufacturing Industries

Notes: 1) Based on the 1.5℃ Action scenario.
       2) Refining, chemical, cement, steel, 
          electricity generation, etc.
Source: authors' own estimation.

2. Damage from Natural Disasters: 
The Impact of Acute Risk on the 
Real Economy

2.1. Analysis Methodology

 This chapter estimates the paths of 

typhoon and flood damage costs by region 

during the period from 2024 to 2100. 

Among the causes of acute risk, such as 

typhoons, floods, and wildfires, the causes 

that reflect the most significant damage in 

Korea are typhoons and floods, which 

account for 90% of all damages caused by 

natural disasters (Ministry of the Interior and 

Safety's "Annual Disaster Statistics"). As for 

typhoons, damages are most significant in 

Gyeongsangbuk-do, Jeollanam-do, and 

Gyeongsangnam-do, in descending order. 

Regarding floods, the damages are most 

significant in Gyeonggi-do, Chungcheongbuk-do, 

and Gangwon-do, in that order. In addition, 

regional variations are also significant. 

Typhoons and floods cause damage to 

production facilities and supply chains of 

businesses, which has a negative impact on 

the real economy (Table 2).

 Damage costs of typhoons and floods are 

estimated following the study by Lee Jun-ho, 

Kim Jeong-il, and Choi Gwang-sin (2023), 

using the (1) Korea typhoon damage 

estimates of the NGFS (2023), (2) typhoon 

and food damage statistics by region in the 

Annual Disaster Statistics of the Ministry of 

the Interior and Safety (Table 2), and (3) 

typhoon paths and precipitation intensity by 

region of the Korea Meteorological 

Administration (Figure 24).

[Figure 24] Overview of Acute Risk 
Analysis Methods

 Typhoon damage amounts are calculated 

by segmenting the total costs of typhoon 

damage in Korea provided by the NGFS 

(2023) (median, 99th percentile) based on 

typhoon impact by region.46) The typhoon 

46) The NGFS (2023) provides scenario estimates of typhoon damages in Korea. These estimates 
represent the sum of total damages across the country and do not reflect regional differences. To 
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impact by region is calculated by 

considering the wind speed, moving speed, 

intensity, and distance from the typhoons 

that have hit the Korean Peninsula since 

200047) (Formula 1). 

[Formula 1]

 ∝ ×  
 × 

  

 Damage costs are estimated in two steps.48)  

First, the daily maximum precipitation from 

2024 to 2100 is estimated using the average 

temperature and precipitation intensity 

(annual precipitation / number of 

precipitation days) data provided by the 

Korea Meteorological Administration. Second, 

future flood damage costs are calculated by 

multiplying the flood damage costs in the 

base year by the changes (growth rate of 

median and 99th percentile) in daily 

maximum precipitation estimates compared 

to the base year.49)

[Table 2] Typhoon and Flood Damages 
by Region1)

(based on top five regions)
Typhoons

Year
Gye
ongb

uk 

Jeon
nam

Gye
ongn
am

Jeon
buk

Gan
gwo

n
2011 0 851 473 781 0 
2012 1,364 4,040 1,935 1,042 63 
2013 0 0 14 0 0 
2014 0 29 22 0 0 
2015 84 0 0 0 37 
2016 201 67 688 0 0 
2017 0 0 0 0 0 
2018 256 150 117 2 19 
2019 1,169 195 108 24 327 
2020 989 22 204 16 735 
2021 152 1 21 1 0 
2022 2,046 27 124 2 18 

Average 522 449 309 156 100

address this limitation, this paper refines the analysis by disaggregating the damage amounts of the 
NGFS by city and province to reflect the climate characteristics of Korea.

47) The typhoon damage estimation in this paper is limited as it does not consider subsequent 
adaptation efforts to mitigate the impact of typhoons. In areas vulnerable to natural disasters, future 
damages could be reduced by implementing preparedness measures, such as the construction of 
various protective facilities. However, this paper assumes that future damages are proportional to the 
current level of damages when estimating typhoon damage costs by city and province.

48) For details, refer to “Box 6. Flood Damage Estimation Methodology.”
49) The damage cost estimation in this paper is limited as it does not reflect the non-linearity of 

climate change. While this paper assumes that flood damages increase in proportion to precipitation, 
it is difficult to say that the magnitude of flood damages increases linearly in tandem with climate 
change. Hence, the model needs to be further refined by incorporating the non-linearity between 
climate change and flood damages. 
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Floods

Year
Gye
ongg

i

Chu
ngbu

k 

Gan
gwo

n 

Jeon
nam 

Chu
ngna

m 
2011 3,101 78 330 192 215 
2012 115 17 0 24 149 
2013 856 1 708 4 1 
2014 1 0 0 83 3 
2015 4 0 0 5 2 
2016 35 24 170 0 31 
2017 29 577 71 1 245 
2018 196 91 59 12 17 
2019 7 0 0 0 0 
2020 1,122 2,497 1,197 2,149 895 
2021 1 5 4 305 34 
2022 1,583 15 358 0 614 

Average 587 276 241 231 184

Note: 1) Unit: KRW 100 million.
Source: Annual Disaster Statistics of the Ministry of 

the Interior and Safety.

2.2. Analysis Results

 The expected typhoon and flood damages 

do not vary much by scenario in the early 

phase. However, after 2060, they are 

estimated to differ significantly depending 

on the intensity of carbon emissions 

reduction by scenario (Figure 25).

 Expected nationwide typhoon damage costs 

(based on 99th percentile) are projected to 

be the largest under the No Action scenario, 

at KRW 8.2 trillion in 2050 and KRW 9.7 

trillion in 2100. These figures are 10% and 

38% higher, respectively, than those under 

the 1.5℃ Action scenario (KRW 7.4 trillion in 

2050 and KRW 7.0 trillion in 2100). In 

particular, while typhoon damages under the 

1.5℃ Action scenario decline after peaking 

in 2040, damages under the No Action 

scenario continue to increase even after 

2040, reaching KRW 10 trillion a year in 

2100, about a 40% increase from the 

reference point in late 2023. Under the 

Delayed Action and 2℃ Action scenarios, 

typhoon damages are projected to reach 

KRW 7.7 trillion in 2050 and KRW 7.5 to 7.7 

trillion in 2100, which are slightly larger than 

under the 1.5℃ Action scenario and smaller 

than under the No Action scenario. 

 Meanwhile, nationwide flood damages 

(based on 99th percentile) are estimated to 

rise to KRW 2.2 trillion in 2050 and KRW 

3.2 trillion in 2100 under the No Action 

scenario, more than double the amount at 

the reference point in late 2023. On the 

other hand, under the 1.5℃ Action scenario, 

flood damage costs are projected to reach 

KRW 2.3 trillion in 2050 and KRW 2.1 trillion 

in 2100, showing a gradual decline after 

2040. When flood damages under the 

Delayed Action and 2℃ Action scenarios are 

compared, damages are estimated at KRW 

2.3 trillion in 2050 under both scenarios. 

However, by around 2100, damages under 

the Delayed Action scenario are projected to 

increase to KRW 2.6 trillion, while damages 

under the 2℃ Action scenario are estimated 

to rise to only KRW 2.4 trillion. 

[Figure 25] Nationwide Typhoon and 
Flood Damages1)

Typhoons
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Floods

Note: 1) Based on damages in 99th percentile.
Source: authors' own estimation.

 

 Examining damages by city and province, 

under the No Action scenario, typhoon 

damages are estimated to be the largest in 

Jeollanam-do (KRW 1.9 trillion), followed by 

Gyeongsangbuk-do (KRW 1.6 trillion) and 

Gyeongsangnam-do (KRW 1.4 trillion). Flood 

damages are projected to be the largest in 

Gyeonggi-do (KRW 0.7 trillion), followed by 

Chungcheongbuk-do (KRW 0.5 trillion) and 

Jeollanam-do (KRW 0.3 trillion), all in 2100 

and based on the 99th percentile. Under the 

1.5℃ Action scenario, typhoon damages are 

estimated to be the largest in Jeollanam-do 

(KRW 1.4 trillion), followed by 

Gyeongsangbuk-do (KRW 1.2 trillion) and 

Gyeongsangnam-do (KRW 1.0 trillion). 

However, in all regions, typhoon damages 

are projected to be, on average, about 28% 

smaller than those under the No Action 

scenario. Meanwhile, under the 1.5℃ Action 

scenario, flood damages are estimated to be 

the largest in Gyeonggi-do (KRW 0.4 trillion), 

followed by Chungcheongbuk-do (KRW 0.3 

trillion) and Jeollanam-do (KRW 0.3 trillion). 

However, in all regions, flood damages are 

projected to be, on average, about 35% 

smaller than those under the No Action 

scenario. Flood damages under the Delayed 

Action and 2℃ Action scenarios are 

estimated to be smaller overall than those 

under the No Action scenario but larger 

than those under the 1.5℃ Action scenario 

(Figure 26).

[Figure 26] Typhoon and Flood Damages 
by Region1)

Typhoons
No Action No Action

2℃ Action 1.5℃ Action

Floods
No Action No Action

2℃ Action 1.5℃ Action

Note: 1) Based on damages in the 99th         
percentile (unit: KRW 10 billion).

Source: authors' own estimation.
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 Meanwhile, although domestic damage 

estimates due to acute risk are not reflected 

in the calculation of value added by 

industry, as explained earlier, the 

deterioration of corporate profits due to 

production facility damage and supply chain 

disruptions caused by typhoons and floods 

could significantly impact the real economy 

and financial system. Hence, during future 

climate stress tests in the financial sector, a 

business disruption rate reflecting typhoon 

and flood damages needs to be set and 

incorporated into corporate operating 

income in order to assess related risks for 

businesses, including default risk.

3. Other Variables 
(Interest Rate and Unemployment Rate)

3.1. Analysis Methodology

This chapter analyzes interest rate50) and 

unemployment rate paths based on the 

impact of chronic risks on value added and 

producer prices, as explained earlier. 

First, the yields of CDs (91 days) and 3-year 

and 10-year Treasury bonds are estimated 

for the period from 2024 to 2100. Interest 

rates are estimated using the Nelson-Siegel 

interest rate term structure model (Diebold 

and Li, 2006)51) (Formula 2). To reflect the 

relationship between the term structure of 

interest rates and macroeconomic variables, 

it is assumed that the Nelson-Siegel model's 

parameters (level (L), slope (S), and curvature 

(C)) are functions52) of consumer price 

inflation53) and GDP growth rate, and thus 

future paths of interest rates are estimated. 

For consumer price inflation and GDP 

growth rate, the estimated impacts of 

transition and chronic risks are applied. 

[Formula 2]

            
          

  

  The unemployment rate is modeled 

through regression analysis with the 

economic growth rate as an explanatory 

variable, based on previous studies on the 

correlation between changes in the 

economic growth rate and unemployment 

rate (Kim, Park, and Jei, 2015; Kargi, 2016)54). 

By applying transition and chronic risk 

estimates to the negative correlation 

between the economic growth rate and 

50) This paper estimates changes in market interest rates caused by climate risks, assuming no monetary 
policy intervention by the central bank.

51) For the stress test, the Federal Reserve Board (FRB) calculates Treasury bond yield paths using the 
term structure of interest rates (FRB, “2024 Stress Test Scenarios” (2024)).

52) Parameters (L, S, and C) are modeled through regression analysis with the economic growth rate and 
inflation rate as explanatory variables, based on Härdle and Majer (2012). As a result of the analysis, 
in the level (L) model, the coefficient of consumer price inflation is the largest, while the slope (S) 
and curvature (C) coefficients are closely related to consumer price inflation. 

53) The consumer price inflation used for the term structure of the interest rate model is estimated by 
adding the producer price inflation caused by transition and chronic risks to the Bank of Korea’s 
current policy target of 2%. 

54) Following the latest research that identified non-linearity between the economic growth rate and 
unemployment rate (Wang and Huang, 2017; Bartolucci, Choudhry, Marelli, and Signorelli, 2018), we 
used a regression analysis model with the economic growth rate and square of the economic 
growth rate as explanatory variables. 
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unemployment rate derived in the regression 

analysis, changes in the unemployment rate 

from 2024 to 2100 are estimated.

3.2. Analysis Results

When examining estimated interest rates by 

scenario, it is observed that interest rates 

tend to move in tandem with consumer 

price inflation.55) Therefore, in the Delayed 

Action scenario, where price change is the 

largest, the magnitude of change (highest to 

lowest rates) in interest rates from 2030 to 

2080 is projected to be the most significant: 

47bp (CD91), 76bp (3-year Treasury bonds), 

and 84bp (10-year Treasury bonds). Under 

the 1.5℃ Action scenario, changes in interest 

rates are estimated to widen to 37bp 

(91-day CDs), 34bp (3-year Treasury bonds), 

and 37bp (10-year Treasury bonds) due to 

price increases associated with the 

early-phase imposition of carbon prices. 

However, after 2080, the impact of higher 

carbon prices pushing up prices is projected 

to decrease, and interest rates decline in 

both scenarios (Figure 27).

In contrast, under the No Action scenario, 

the absence of early-phase carbon reduction 

policies results in minimal price changes and 

no significant effects on interest rates. 

However, from 2080, growing physical risks 

drive up prices, causing interest rates to 

rebound, unlike in other scenarios. In the 

2℃ Action scenario, interest rate changes 

are minimal due to the phased 

implementation of carbon reduction policies. 

Even after 2080, the impact of physical risks 

remains small, leading to a moderate rise in 

interest rates.

[Figure 27] Change in Interest Rates

91-day CDs

3-Year Treasury Bonds

10-year Treasury Bonds

Source: authors' own estimation.

  When examining unemployment rate 

estimates by scenario, under the 1.5℃ 

Action scenario, GDP is projected to decline, 

and the unemployment rate is expected to 

rise by 0.1%p compared to the baseline 

scenario due to the early-phase introduction 

55) It should be noted that these are only the results of applying GDP and CPI movements by scenario 
to the Nelson-Siegel model, which is widely used to predict interest rates, and do not represent 
future projections of interest rate paths.
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of net-zero policies. However, this effect 

eases from the mid-term, and by 2070, 

unemployment is estimated to be only 

0.02%p higher than the baseline scenario 

(Figure 28).

Meanwhile, under the No Action scenario, 

both transition and physical risks are limited 

in the early phase,56) resulting in no 

significant deviation from the baseline 

scenario. However, over time, physical risks 

surge, and GDP declines, leading to the 

unemployment rate rising by 0.2%p above 

the baseline scenario after mid-2080. 

Comparing the Delayed Action and 2℃ 

Action scenarios with the same temperature 

increase target, under the Delayed Action 

scenario, the transition risk shock is 

projected to surge due to rapid low-carbon 

transition, resulting in the unemployment 

rate rising by 0.1 to 0.14%p above the 

baseline scenario. However, under the 2℃ 

Action scenario, the unemployment rate is 

estimated to remain 0.06 to 0.07%p higher 

than the baseline scenario until 2070 due to 

the phased implementation of carbon 

reduction policy without delay. By 2100, 

under the 2℃ Action scenario, physical risks 

are projected to rise moderately, leading to 

the unemployment rate being 0.1%p above 

the baseline scenario.

[Figure 28] Change in Unemployment 
Rates

Level

Range of Change1)

 Note: 1) Compared to the baseline scenario 
         (green dotted line). 
Source: authors' own estimation.

56) Under the No Action scenario, transition risk has no impact on GDP as the carbon price is set at 
zero.
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Ⅳ. Implications

 We have examined the impact of climate 

change risk on Korea's real economy from 

2024 to 2100, based on global and 

domestic climate action pathways.

 The analysis results indicate that climate 

change risks will likely have a negative 

impact on the domestic economy over an 

extended period of time. By type of risk, 

transition risks associated with carbon price 

policies are estimated to increase by around 

2050 and then gradually subside, while the 

increase in physical risks related to climate 

damage is estimated to accelerate toward 

2100.

 The analysis results of this paper suggest 

that the government needs to implement 

greenhouse gas (GHG) reduction policies 

early. While the early implementation of 

GHG reduction policies incurs significant 

policy costs initially, it ultimately enhances 

the resilience of the domestic economy as 

climate damage gradually ease. For example, 

in the case of implementing a 2050 net-zero 

policy, it is found that, while the negative 

impact of climate change increases around 

2050, the benefits of the easing of climate 

damages grow a higher rate toward 2100. 

On the other hand, if the introduction of 

carbon reduction policies is postponed and 

then carbon prices are rapidly increased in a 

short period from 2030 to 2050 to comply 

with the Paris Agreement, the domestic 

economy is likely to be significantly 

impacted. In this case, due to the slower 

pace of technological development by 

domestic businesses, the domestic economy 

will also be slow in recovering from climate 

change risk shocks. 

 Furthermore, the analysis results by industry 

imply that it is necessary to strengthen 

efforts to develop and utilize GHG reduction 

technology in sectors such as manufacturing. 

Unless businesses in carbon-intensive 

industries, such as the steel, refinery, 

chemical, and cement industries, strive to 

develop production technologies that use 

carbon-free fuels and raw materials (such as 

hydrogen and renewable energy), they are 

highly likely to face decreases in production 

and profits due to high carbon prices. 

Moreover, given the interconnectedness 

between industries in Korea, the shock of 

increasing carbon prices will be limited to 

emissions-intensive industries but could spill 

over to all sectors. Therefore, it is crucial for 

these industries to accelerate their 

investment in low-carbon technology 

development. However, the analysis results 

of this paper are based on the assumption 

that production technologies using 

carbon-free fuels and raw materials in 

industrial sectors, as well as carbon capture 

and storage (CCS) technology, will be 

gradually utilized after 2035. Hence, if the 

replacement of carbon-intensive production 

technologies with green technologies occurs 

faster than projected in this paper, due to a 

preemptive increase in technology 

investment, the transition risk shock for 

these companies can be significantly 

reduced. For example, while power 

generation was initially perceived as an 

industry likely to suffer from transition risks, 

renewable energy technologies such as solar 

PV and wind power have already been 

widely used. As a result, this industry is 

expected to recover from the transition risk 
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shock earlier than other carbon-intensive 

industries, around 2040.

 The impact of climate risk on the real 

economy estimated in this paper will be 

used as a building block for the climate 

stress test in 2024, which will be conducted 

jointly by the Bank of Korea, Financial 

Supervisory Service, and financial institutions. 

Domestic financial institutions57) participating 

in the climate stress test will assess losses 

on their loans and investments and the 

impact on their financial soundness by 

scenario, based on the impacts of climate 

risks on growth, prices, and natural 

disaster-induced damages estimated in this 

paper. As all institutions use these same 

scenarios, assessment of climate risk impact 

across the domestic financial sector and 

comparison of the impacts between sectors 

are expected to become possible. In 

addition, each institution is expected to 

identify constraints while using the scenarios 

and propose tasks for improvement. 

 The climate change risk analysis of this 

paper is significant in that it introduces a 

methodology for analyzing the integrated 

impact of both transition and physical risks 

on the real economy through the 

collaboration of the Bank of Korea, Financial 

Supervisory Service, and Korea 

Meteorological Administration. Moreover, by 

presenting standard criteria for assessing 

impact by risk type, industry, and region, the 

estimation results of this model are expected 

to be used in assessing the impact of 

climate change across various sectors.

 Meanwhile, the impact on the real 

economy estimated in this paper does not 

represent outlook of the Korean economy. 

Instead, it indicates the magnitude of the 

economic effects the Korean economy will 

likely face if the transition risk paths (such 

as carbon prices) established by the NGFS 

and physical risk paths (such as temperature) 

forecast by the Korea Meteorological 

Administration are realized.58) There is 

significant uncertainty over the assumed 

parameters in the analysis and the potential 

for cooperation between nations, and if the 

pathways of major assumptions (such as 

climate variables) change, the impact on the 

domestic economy will also be different. For 

example, if some countries, including Korea, 

implement 2050 net-zero policies while other 

countries do not consistently implement 

climate action, the impact on the domestic 

economy could be worse than expected. 

 Additionally, the uncertainty is even greater 

because this analysis: (i) covers a long 

period of time, from 2024 to 2100; (ii) 

measures the future impacts of transition 

risks based on past trends of technological 

development and the current technological 

level; and (iii) measures the impact of 

physical risks based on past trends of 

climate damages. If domestic green 

technological development proceeds faster 

or slower than expected, or if the pace of 

57) The test will be participated in by a total of 15 financial companies, including seven banks (KB, 
Shinhan, Hana, Woori, NH, Daegu, and Busan), four life insurance companies (Samsung, Kyobo, 
Hanwha, and Shinhan), and four general(non-life) insurance companies (Samsung, Hyundai, KB, and 
Korean Re).

58) Please note that this paper estimates the impact of climate risks on the real economy under specific 
climate scenarios. These estimates do not represent projections of overall domestic growth.
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climate change deviates from past trends, 

the actual economic damages would be 

significantly different from the estimates of 

this model. 

 

 Furthermore, it should be noted that the 

analysis model of this paper has limitations, 

as it still does not reflect all potential 

climate risks. While it includes the impacts 

of domestic transition risks, domestic and 

international chronic risks, and domestic 

acute risks, it does not cover the impacts of 

overseas transition and acute risks. If the 

global prices of carbon-intensive materials 

rise due to the implementation of net-zero 

policies worldwide, it could negatively affect 

the Korean economy by increasing import 

prices. Moreover, global supply chain 

disruptions caused by natural disasters 

overseas would likely impact the domestic 

economy. Therefore, it is essential to analyze 

the impact of transition and acute climate 

risks on the overseas sector. Such analysis 

will be conducted in a subsequent study. 
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BOX 1
Physical Risk (Variables of Climate Change) Estimation 
Methodology

1. KMA's "National Standard Climate Change Scenarios" Production System

  The climate change scenarios are developed by stages, starting with the global scale (Stage 1), 

moving to East Asia (Stage 2), and finally focusing on South Korea (Stage 3). First, the global 

climate change scenarios (resolution of 135km) estimate future changes in climate elements such as 

temperature, precipitation, and wind by applying changes in radiative forcing from artificial causes 

such as greenhouse gases, aerosols, and land use changes to the Earth System Model (ESM)59)  

(National Institute of Meteorological Sciences, 2020). Following this, the East Asia scenario (resolution 

of 25km) reflects atmospheric phenomena on a smaller scale and incorporates detailed topographic 

effects, based on the global climate change scenarios. It is calculated through dynamic downscaling, 

using five regional climate models (National Institute of Meteorological Sciences, 2021). Lastly, South 

Korea climate change scenarios (resolution of 1km) use a statistical model (PRIDE) that considers 

Korea's complex topographic conditions and coastlines by applying factors such as distance, 

elevation, coastal proximity, and topographic facets, based on the East Asia scenario (National 

Institute of Meteorological Sciences, 2022) (Figure A1).

[Figure A1] National Standard Climate Change Standard Scenarios 
Production System 
(Global → East Asia → Downscaled South Korea)

2. Global Climate Change Scenarios

  The climate change scenario is produced under the leadership of the Coupled Model 

Intercomparison Project (CMIP).60) The CMIP determines and presents standard specifications, such as 

inputs and estimation variables, for climate change experiments (O'Neill et al., 2016). Institutions 

59) The Earth System Model (ESM) is a numerical global model that simulates complex interactions between the 
elements of the climate system, including the atmosphere, hydrosphere, geosphere, and biosphere, using 
physical and dynamic equations.

60) The Coupled Model Intercomparison Project (CMIP) is an international initiative dedicated to developing 
climate change scenarios. It is led by the Working Group on Coupled Modeling (WGCM), which is part of 
the World Climate Research Programme (WCRP) under the World Meteorological Organization (WMO). 
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worldwide then incorporate these 

specifications into their Earth System Models 

(Figure A2) and use supercomputers to 

calculate the global climate change scenarios. 

Scenarios and research results produced 

through the CMIP are crucial in writing the 

IPCC Assessment Reports. Following the 

production of the global scenario, regional 

scenarios are produced through the 

Coordinated Regional Downscaling Experiment 

(CORDEX)61), which divides the world into 14 

regions. The Korea Meteorological 

Administration is actively participating in both 

the CMIP and CORDEX-EA.

3. Variables Estimated by the KMA's 

National Standard Climate Change Scenarios

  The KMA's standard climate change scenarios include 20 extreme climate indicators related 

to temperature and seven extreme climate indices regarding precipitation, in addition to six 

existing variables (Table A1). 

61) The Coordinated Regional Downscaling Experiment (CORDEX) is part of the World Climate Research 
Programme (WCRP) and an international collaborative project aimed at producing regional climate change 
scenarios. Materials regarding the East Asia scenario are available on the International Regional Climate 
Downscaling Scenarios Data Bank (http://cordex-ea.climate.go.kr/cordex).

[Figure A2] Earth System Model Development Phases

※ Fifth Assessment Report of the IPCC (2013)
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[Table A1] Climate Indicators and Definitions of the Standard Scenario

Indicator Definition

Tempera
ture-rela

ted

extreme 
climate 

climate 
indices

(20 
items)

Heatwave days The number of days in a year when the daily highest 
temperature is 33℃ or higher.

Tropical nights The number of days in a year when the daily lowest 
temperature is 25℃ or higher.

Summer days The number of days in a year when the daily highest 
temperature is 25℃ or higher.

Warm days
The number of days in a year when the daily highest 
temperature exceeds the 90th percentile of the reference 
period.

Warm day duration 
The number of days in a year when the daily highest 
temperature exceeds the 90th percentile of the reference 
period for at least six consecutive days.

Maximum warm day duration 
The maximum number of consecutive days in a year 
when the daily highest temperature exceeds the 90th 
percentile of the reference period.

Warm nights
The number of days in a year when the daily lowest 
temperature exceeds the 90th percentile of the reference 
period.

Maximum daily highest 
temperature

The highest temperature recorded on any single day in 
a year.

Maximum daily lowest 
temperature

The highest value among the daily lowest temperatures 
recorded in a year.

Daily temperature difference The annual average of the difference between the daily 
highest temperature and daily lowest temperature. 

Growing season

The number of days in a year from the first day when 
the daily average temperature exceeds 5℃ for at least 
six consecutive days to the day when the daily average 
temperature falls below 5℃ for at least six consecutive 
days.

Cold wave days The number of days in a year when the daily lowest 
temperature is -12℃ or lower.

Freezing days The number of days in a year when the daily highest 
temperature is less than 0℃.

Frost days The number of days in a year when the daily lowest 
temperature is less than 0℃.

Cold days
The number of days in a year when the daily highest 
temperature is less than the 10th percentile of the 
reference period.

Cold nights
The number of days in a year when the daily lowest 
temperature is less than the 10th percentile of the 
reference period.
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Indicator Definition

Cold night duration 
The number of days in a year when the daily lowest temperature 
remains below the 10th percentile of the reference period for at 
least six consecutive days.

Maximum cold 
night duration 

The maximum number of consecutive days in a year when the 
daily lowest temperature falls below the 10th percentile of the 
reference period.

Lowest maximum 
temperature

The lowest value among the daily highest temperatures recorded in 
a year.

Lowest minimum 
temperature

The lowest value among the daily lowest temperatures recorded in 
a year.

Precipita
tion-relat

ed

extreme

climate 
indices

(7 items)

Extreme 
precipitation days 

The number of days in a year when the daily precipitation exceeds 
80mm.

Precipitation 
intensity 

Annual total precipitation divided by the number of wet days in a 
year (days with daily precipitation of 1mm or more).

Largest amount of 
precipitation in a 

single day

Maximum value of the largest amount of precipitation within a 
year.

Largest amount of 
precipitation in five 

days

Maximum value of the largest amount of precipitation over any five 
consecutive days within a year.

95th percentile 
precipitation day

The number of days in a year when the daily precipitation exceeds 
the 95th percentile of the reference period.

99th percentile 
precipitation day

The number of days in a year when the daily precipitation exceeds 
the 99th percentile of the reference period in a year.

Maximum 
consecutive number 

of days without 
precipitation

The number of maximum consecutive days in a year when daily 
precipitation is less than 1 mm.

  ※ Information regarding the standard scenarios and indices above is available through time series graphs, 
     distribution charts, and data on the Climate Information Portal (climate.go.kr) and Climate Change Situation 
     Map (climate.go.kr/atlas) of the Korea Meteorological Administration. 
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BOX 2 Transition Risk Impact Estimation Methodology

  The impact of transition risk on the real economy is estimated in two stages by referring to Kim 

Jea-yoon and Park Hye-jin (2024). First, the direct (primary) impact of transition risk is estimated for 

78 domestic industries.62)  Second, the secondary impact, which involves the primary impact being 

passed through via the interconnectedness between industries, is estimated. Summing the above 

analysis, we analyze the impact of transition risk on the value added and producer prices of each 

industry. 

  (STEP 1) The direct impact of transition risk on each domestic industry is estimated using 

Formula A1, as referenced in Kim Jae-yun and Jeon Eun-gyeong (2021). According to this formula, 

the carbon cost burden by sector () is determined by emissions, the strength of the emissions 

trading system (e.g., emission allowances reduction), and green technology development (e.g., the 

spread of renewable energy).

≡×Pr


(A1)

     ∆ ∆     ∆  Pr   

  Here,  is defined as the carbon cost burden of industry i at time t, which is the value 

obtained by dividing the carbon costs for emissions exceeding the allowance by total output.  is 
the carbon price presented by the NGFS (2023).  is the estimated emissions, reflecting 

reductions (∆, ∆) associated with green technology development, based on the 

emissions () at the base year(2023). ∆ refers to direct emissions reductions 

in the industry, defined as the sum of (1) reductions from process improvement (existing 

technology) and (2) the development of process-related carbon reduction technology (new 

technology).63) ∆ refers to indirect emissions reductions due to the expanded deployment of 

renewable energy.  refers to the estimated emissions allowance, which adds the 

increased allowance (∆  ) due to the diffusion of carbon capture and storage (CCS) 

62) The analysis was conducted for 78 industries in the mid-level classification according to the Korean 
Classification of Economic Activities for National Accounts (KCEAN).

63) (1) Reductions from process improvement are reductions reflecting the past trends of GHG reductions, 
corresponding to "emissions efficiency improvement in industrial sector," as analyzed by Kim Jae-yun and 
Jeon Eun-gyeong (2021). (2) Reductions from the development of carbon reduction technology refer to 
reductions achieved through emissions-free production technology (e.g., production technology using 
carbon-free fuels and raw materials, such as the hydrogen-based ironmaking process). The carbon 
reduction technology of each industry is assumed to develop at the same pace as CCS technology in the 
early phase, and after CCS technology is commercialized, it is assumed to develop at the same pace as 
the spread  of renewable energy technology. The pace of CCS technology and renewable energy 
development  is endogenously determined in the GCAM, which estimates transition risk variables.
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technology to the allowance () set based on the GHG reduction path. Pr 
refers to total output, defined as total production () multiplied by unit price ( ).

  In summary, carbon cost burden by industry () refers to the cost increase due to carbon 
pricing policy relative to total output, indicating the direct (primary) impact of transition risk. The 

carbon cost burden () increases more for industries with higher emissions, such as the refining, 

chemical, cement, and steel industries, especially if they experience a slower pace of technological 

development, as shown in Formula A1.64)

  (STEP 2) Step 2. The secondary impact of transition risk, spread through the supply chain , is 

analyzed using the input-output model, as referenced in Kim Jae-yun and Park Hye-jin (2024). We 

estimate the extent of the carbon cost burden () of emissions-intensive industries, as estimated 

earlier, being transferred across all industries. First, if the cost structure of each industry's 

production activities is expressed as an equation, based on the column (vertical) of the input-output 

table,65) an equation, "intermediate input + value added = total output," is established, as shown in 

Formula A2.   
          ⋯  (A2)

                 where  : input of industry i necessary for production of industry j, : price of product of industry I,
 : import of industry I necessary for production of industry j,

 : price of import of industry I,

 : value-added of industry j, : unit price of value-added of industry j.

   refers to an intermediate input produced by domestic industry i;  refers to an 

intermediate input imported from overseas industry i;  is the value added of industry j; and  
refers to the total output of industry j.

  Here, if we assume that the α (0.5≤α≤1) of the carbon cost burden () calculated in Step 1 
is passed through to product prices, Formula A3 is constructed. However, in this paper, considering 

that emissions-intensive industries with a high carbon cost burden belong to the upstream sector, 

which has relatively significant leverage in pricing, the carbon cost pass-through rate, α, is set at 

a value between 0.5 and 1.66)

64) However, according to the definition of carbon cost burden (), industries with a faster pace of 

technological development earn profits from carbon reduction, resulting in a negative (-) value for the 
carbon cost burden.

65) Unlike the Leontief model, which analyzes demand based on the column (horizontal) of the input-output 
table, this model analyzes the supply side based on the row (vertical).
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   
         ⋯  (A3)

  By rearranging Formula A3 as the matrix terms for product prices, we derive Formula A4. Here, 

 ,  , and  represent the price matrices for prices of domestic products, imported products, 

and value added, respectively.  ( ) and ( ) are domestic and imported input 

coefficients, respectively, and   refers to the imported input coefficient matrix, while   indicates 
the diagonal matrix of the value-added rate.


         (A4)

 
 ≡



 

     ⋯ 
⋮ ⋱ ⋮
 ⋯       ≡

 
 ⋯ 

⋮ ⋱ ⋮ ⋯    ≡
 

 ⋯ ⋮ ⋱ ⋮ ⋯ 

  When comparing the price before applying the carbon cost ()67) with the price after applying 
() and passing the carbon cost through, using Formula A4, Formula A5 is constructed. Formula A5 
suggests that the price transmission effect caused by cost pass-through from carbon-intensive 

industries can be measured using  
  . In particular, the increase in carbon cost 

burden (↑) increases the diagonal elements of 

, causing prices to increase in all industries 

through 
(= 

 
 

 ⋯).

  
 (A5)

  Next, by summing the direct impact of transition risk estimated in Step 1 and cost pass-through 

among industries in Step 2, changes in production (output) by industry and valued added (total 

output - intermediate input) are derived. Changes in value added by industry comprise three 

factors, as outlined in Formula A6. 

∆value-added = a(carbon cost directly borne) +

b(production cost) + c(production cost increase) (A6)

  - (a) Direct carbon cost: Industries subject to the emissions trading system, such as 

carbon-intensive industries, directly bear the carbon costs (=   ) that are not passed 
through to other industries, resulting in an increase in production costs and decrease in value 

66) This paper used the average of estimates obtained in the range of α (0.5≤α≤1). If the range of α is 
extended to a value between 0 and 1, the estimated production and value added of each industry may be 
different.

67) This refers to prices with "   " in all industries.
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added. However, industries not subject to the emissions trading system do not bear the carbon 

cost burden directly.

  - (b) Decrease in production: When the β (0≤β≤1) of the increase in product prices () due 
to the carbon cost being passed through to all industries is passed on to final demand 

(consumer prices), consumer prices increase by , thereby reducing final demand. A 

decrease in final demand has both direct and indirect impacts on production in each industry, 

causing production contraction and decreased value added.68)

  - (c) Increase in production costs: If the β (0≤β≤1) of an increase in product prices () due 
to the pass-through of carbon cost across all industries is passed on to final demand 

(consumer prices), intermediate goods prices will rise by  , which is the portion of the 
cost not passed on to final demand, leading to a decrease in value added.

  In summary, transition risk affects the production and value added of each industry through both 

direct (carbon cost imposition) and indirect (production decrease and product cost increase) paths. 

However, the impact of transition risk is estimated in the form of a range, depending on the extent 

of pass-through of carbon-intensive industries (0.5≤α≤1) and range of product price increase 

being passed on to consumer prices (0≤β≤1).69) In this paper, we use the average of estimates 

obtained based on these ranges of α and β to analyze the impact of transition risk, and then 

analyze the impact on value added in other industries if the carbon cost pass-through rate (α) 

changes.

68) Specifically, let   be the price elasticity of demand by sector j and  assume that the products of firms in 

each industry are homogeneous and the cross elasticities of demand between industries are  zero., Then, 
a decrease in final demand is transmitted to a decrease in production (∆) through the 
supply-and-demand equation (total output = intermediate demand + final demand) in the input-output model 

(  ) and the production induction coefficient (   ): ∆    ⊗.
Here, ⊗ is the product of the price elasticity of the demand matrix () and the change in the 
pass-through of producer prices to consumer prices ( ). It  shows the change in final demand due to an 
increase in consumer prices. For the price elasticity of demand, we used the figures from Kim Jae-yun, 
Jeong Seon-mun, and Lee Seong-tae (2023).

69) Regarding the relationship between producer prices and consumer prices, some studies have confirmed 
that producer price change is passed on to consumer prices (Woo, Lee, and Ng, 2019; Ozpolat, 2020; 
Ahlander, Carlsson, and Klein, 2023). However, other studies have found that there is an  relationship 
which is statistically insignificant between producer prices and consumer prices (Wei and Xie, 2022). 
Therefore, by setting the rate of product price change being passed on to consumer prices (β) between 
0 and 100%, the impact of transition risk is estimated within that range.
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BOX 3 Domestic Chronic Risk Impact Estimation Methodology
  The impact of domestic chronic risk is estimated using a climate damage function, referring to 

the studies of Kalkuhl and Wenz (2020) and Lee Ji-won (2023). Kalkuhl and Wenz (2020) and Lee 

Ji-won (2023) estimated the impact of changes in temperature and precipitation on productivity 

under the Ramsey growth model, as shown in Formula A7.

  ∙  (A7)

  Y represents domestic gross production (GDP); F(·) is the production function; K is capital stock; 

and L is the quantity of labor. T is a climate vector consisting of temperature and precipitation, 

which is assumed to affect labor productivity, A(T), and total productivity, Ɵ(T).70)71) In the long 
term, it is assumed that per-capita total productivity increases in tandem with the labor productivity 

growth rate (= ln ).
  The impact of temperature and precipitation on GDP per capita is expressed in Formula A8,72) 

with s being the savings rate, and δ, the depreciation rate.

ln ′        ln
′       ln ln  ln   

(A8)

  The first term, ′ 
, refers to the short-term level effect due to changes in temperature 

and precipitation (
). The second term,    ln ln  , indicates a temporary 

effect of temperature and precipitation that converges toward zero in the long term.73) The last 

term, ln
, represents the long-term growth effect of temperature and precipitation.

  Based on the above formula, a climate damage function is constructed as in Formula A9. Using 

this formula, Kalkuhl and Wenz (2020) and Lee Ji-won (2023) estimated the impact of temperature 

and precipitation changes on economic growth through an empirical analysis.

ln  ∆
 ′      ∙ ln   

(A9)

70) Ɵ(T) refers to the impact of changes in temperature and precipitation, such as reduced agricultural 
production due to declining land productivity, on total production.

71) To simplify the analysis, it is assumed that changes in temperature and precipitation (T) have no impact on 
capital stock (K) and the quantity of labor (L).

72) For detailed mathematical expressions, refer to Kalkuhl and Wenz (2020).

73) These results were found under the assumption that, according to the Ramsey growth model, the 
long-term growth rate converges to the labor productivity growth rate.
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  The climate damage function in Formula A9 analyzes the impact of temperature and precipitation 

by dividing it into a short-term level effect G(T)ΔT and long-term growth effect F(T). Meanwhile, to 

incorporate the non-linear impact of rising temperatures and precipitation into the long-term growth 

effect, F(T), a quadratic function is employed. 

  Using an empirical analysis for global samples based on Formula A9, Kalkuhl and Wenz (2020) 

found that rising temperatures have a negative effect on economic growth. However, through an 

empirical analysis with domestic data, Lee Ji-won (2023) discovered that rising precipitation 

negatively affects economic growth. This paper comprehensively reflects the impact of temperature 

and precipitation damages by averaging the climate damage function of Kalkuhl and Wenz (2020), 

which identified the effect of rising temperatures, and the climate damage function of Lee Ji-won 

(2023), which analyzed the effect of damages caused by precipitation, to measure the impact of 

domestic chronic risk.
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BOX 4 Overseas Chronic Risk Impact Estimation Methodology
  The impact of overseas chronic risk is estimated following the study by Kim Jae-yun, 
Jeong Seon-mun, and Lee Seong-tae (2023), using quantitative and input-output analysis. 
The model assumes that overseas chronic risk is transmitted to the domestic economy 
through both import and export (Figure A3).

[Figure A3] Overview of Overseas Chronic Risk Analysis Methodology
Import Path Export Path
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due to climate damages
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Decreased demand for Korean exports

⇓
Changes in industrial productions

Source: Kim Jae-yun, Jeong Seon-mun, and Lee Seong-tae (2023).

  

  First, in the import path, decreased agricultural production and price increases in trading partner countries 

due to rising temperatures affect domestic industrial production through higher import prices. This impact is 

estimated in two phases : a supply shock in trading partner countries (first phase) and a domestic shock 

(second phase). 

  (Shocks in Trading partners in import path) The impact of rising temperatures on agricultural and marine 

product prices is estimated for each trading partner. For this, the relationship between temperatures and 

agricultural and marine product prices is analyzed using the panel analysis in Formula A10, after which changes 

in agricultural and marine product prices by country are estimated by applying the future temperature increase 

scenario (2023-2100) of each trading partner.

ln  ln       
 ∆ln         

(A10)

   represents the agricultural and marine product price index of country c;  refers to the 

temperature of country c; and  indicates the fixed effects by country.

  (Shocks in domestic industries in import path) The impact of rising agricultural and marine product prices in 

trading partner countries, leading to higher domestic import prices, on the production of each domestic industry 

is estimated. First, by calculating a weighted average of the change in agricultural and marine product prices 

of each country based on the share of domestic imports, the increase in import prices (∆ ) is determined. 
Next, the effect74) of rising prices of imported agricultural products on overall domestic prices is estimated 

74) An increase in the prices of imported agricultural and marine products raises the prices of products that 
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through the input-output analysis, as shown in Formula A11.

∆     ∆   (A11)

    and   are price vectors of domestic goods and imported goods, respectively, and   and  are 
the input coefficient matrices of domestic goods and imported goods, respectively. Formula A11 is derived from 

the equation related to the input structure of "domestic intermediate inputs + imported intermediate inputs + 

value added = total output." Lastly, we estimate the impact of rising domestic goods prices (∆ ) on the 
production of each industry through reduced final demand.

  Next, the export path covers income reduction caused by rising temperatures in trading partner countries, 

leading to a decrease in demand for Korean exports. The impact consists of a demand shock in trading 

partner countries (first phase) and a domestic shock (second phase). 

  (Shocks in Trading partners in export path) Changes in income due to rising temperatures in trading partner 

countries are estimated. Using the climate damage function of Kalkuhl and Wenz (2020), as reviewed in Box 3, 

the decreases in real GDP of trading partners due to rising temperatures is estimated and then used as 

changes in income by country.

  (Shocks in domestic industries in export path) The impact of decreased income in trading partner countries, 

leading to reduced demand for Korean exports, on the production of Korean industries is estimated. First, 

using Formula A12, the elasticity of domestic exports to trading partners' income (i.e., change in domestic 

industry's exports corresponding to change in trading partners' income) is estimated.

∆ln   ∆ln ∆ln   ∆ln  ∆ln   (A12)

    is the exports of domestic industry i to country c;  is the real GDP of country c; and  is 
the real exchange rate of the Korean won relative to the currency of country c.  refers to the elasticity 
of the exports of domestic industry i to the income of country c. Changes in the exports of domestic 

industries from 2024 to 2100 are obtained by applying the change in trading partners' income (shocks in 

trading partner) to the elasticity of exports to overseas income. Finally, changes in industrial production, caused 

directly or indirectly by changes in exports, are estimated through the input-output analysis, incorporating the 

production inducement effect.

use these imported goods as intermediate goods and then increases the prices of products that use these 
domestic products as intermediate goods, causing a chain reaction of price increases.
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BOX 5  Industries Vulnerable to Transition and Chronic Risks
  Industries vulnerable to transition and chronic risks are listed in Figure A4. This figure lists the 

top 30 industries in terms of reduction of value added around 2050 under the 1.5℃ Action 

scenario, where transition risk shocks are significant. Similarly, it also lists the top 30 industries in 

terms of decrease in value added around 2100, under the No Action scenario, where chronic risk 

shocks are significant. 

  By considering the impact on value added, as in Figure A4, and each industry's share of the 

domestic economy (based on value added), this paper selects the following industries as those 

vulnerable to transition risk and explains the detailed analysis results: basic metal products 

manufacturing (steel), coke and refined petroleum product manufacturing (refining), chemical and 

chemical product manufacturing (chemical), other non-metallic mineral product manufacturing 

(cement), motor vehicle, trailer, and semitrailer manufacturing (automobile), and electricity, gas, 

steam, and air conditioning supply (electricity generation).75)

[Figure A4] Impact of Transition and Chronic Risks on Value Added by Industry

Transition Risk: under 1.5℃ Action Scenario1)

75) The electricity generation industry is expected to recover from transition risk shock around 2040, and, 
therefore, is not included among the top industries in terms of decrease in value added under the 1.5℃ 
Action scenario around 2050. However, considering that the industry is currently generating the most GHG 
emissions, it was chosen as vulnerable to transition risk.
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Chronic Risk: Under the No Action Scenario2)

Notes: 1) Based on 2050.
       2) Based on 2100. 
Source: authors' own estimation. 
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BOX 6 Flood Damage Estimation Methodology

  Natural disasters, as the main cause of acute risk due to climate change, occur in the form of 

typhoons and floods in Korea (Ministry of the Interior and Safety, Annual Disasters Statistics). Thus, 

the acute risk analysis of this paper focuses on typhoons and floods. Regional typhoon damages are 

obtained by segmenting the NGFS' total typhoon damages in Korea , depending on the impact of 

the typhoons. Meanwhile, since there are no regional flood damages at the reference point (2023) 

was used together with the estimate on reflecting the domestic situation, future heavy rain (daily 

maximum precipitation) 

1. Estimation of daily maximum precipitation distribution and derivation of the 99th percentile and 
median of daily maximum precipitation by region during the scenario period

  As flood damages are caused by heavy rain. In order to estimate future flood damages, it is 

important to understand how climate change will effect heavy rain. Accordingly, this paper takes 

annual maximum daily precipitation (AMDP) as a proxy of heavy rain. The distribution of daily 

maximum precipitation is estimated by assuming that the daily maximum precipitation in a year (yi ) 

follows the Gumbel distribution, which is often used to estimate damages caused by natural 

disasters in the Extreme Value Theory.

  Specifically, it is assumed that annual maximum daily precipitation (yi) observed over the past N years 

follows the Gumbel distribution, where the location and scale parameters are α and φ, respectively. The 

likelihood function of these parameters is given in Formula A14.

 ∼       
    exp exp exp    expexp    (A13)

  …     
    (A14)

  Meanwhile, due to the small number (N) of data, daily maximum precipitation is estimated using 

Bayesian statistics. That is, the average temperature and precipitation intensity (annual precipitation / 

number of precipitation days) by region are used as explanatory variables (X) that explain the Gumbel 

distribution function's parameters (α, φ), reflecting the impact of future climate change.

      ∼                 (A15)
      ∼                 (A16)

  To estimate parameters as in Bayesian statistics, covariance parameters,     and    , 
are defined. The prior distribution of regression coefficients and covariance parameters is constructed 

using normal distribution and Cauchy distribution, respectively, as shown in Formula A17. The posterior 

distribution of parameters and predicted daily maximum precipitation is estimated using Markov Chain 

Monte Carlo (MCMC).
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 ∼      ∼      ∼    ∼     (A17)
  The average temperature and precipitation intensity by climate scenario and region during the scenario 

period presented by the Korea Meteorological Administration are applied to the probability distribution of 

annual maximum daily precipitation estimated above, thereby estimating the 99th percentile and median of 

annual maximum daily precipitation by region. If these values are divided by daily maximum precipitation 

by region at the reference point (2023), we can derive the increase in the 99th percentile and median of 

predicted daily maximum precipitation by scenario and region for the future scenario. 

2. Calculation of standard amount of flood damages by region

  To relate the daily maximum precipitation to flood damages, the reference amount of flood 

damages by region is estimated. The reference amount is the estimated flood damages at the 

reference point (2023), which reflects the regional distribution of maximum precipitation to 

incorporate the regional characteristics of heavy rain. In addition, to account for the potential 

increase in damages due to worsening climate change, the reference amount is estimated more 

conservatively than the flood damages corresponding to the heavy rain level at the reference point 

. These estimates represent a proactive buffer against the impact of climate change and support 

scenario analysis from a conservative perspective. 

  The reference amount of regional flood damages is calculated as follows. Regional flood damages 

based on the share of maximum precipitation (A) and regional flood damages based on maximum 

damages (B) are summed. After this, weighted averages are calculated using appropriate weights(A: 

20%, B: 80%) . The weight is calculated using a simulation technique to ensure that the weighted 

average value closely matches the domestic flood damages (nationwide) presented by the NGFS.76)

  To calculate the standard amount, first, we consider "regional flood damages based on the share 

of maximum precipitation (A)," which is obtained by dividing the nationwide maximum flood damages 

according to the regional share of annual daily maximum precipitation estimates (by region). The 

share of a region refers to the ratio of the annual daily maximum precipitation in a region to the 

nationwide sum of the annual daily maximum precipitations . Maximum damages (nationwide) refers 

to the highest value among flood damages nationwide recorded after 2011.77)

  Next, by identifying the maximum value of annual flood damages (regional) after 2011, regional 

flood damages based on maximum damages (B) is calculated. Maximum damages refers to the 

damages in the year when the largest heavy rain occurred in a region after 2011.78)

76) By comparing the standard amount of regional flood damages estimated based on past domestic data with 
the flood damage estimates of the NGFS using the global climate model, the suitability of future flood 
damage estimation can be ensured. 

77) Although the flood damages caused by Typhoon Rusa in 2002 were larger than the damages suffered 
thereafter, the data analysis period is limited to up to 2011. This is because, due to the government's 
establishment of climate change adaptation infrastructure such as expanded drainage facilities, actual 
damage has decreased for natural disasters of the same intensity.

78) The standard amount of regional flood damages includes the maximum damage that reflects data from 
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3. Estimation of regional flood damages by climate scenario

  By multiplying the reference amount in Section 2 above by the 99th percentile and median 

increase of annual daily maximum precipitation for each climate scenario and region during the 

future scenario period, estimated in Section 1 above, the flood damages by final climate scenario 

and region are derived.

  This methodology has several strengths. First, annual daily maximum precipitation during the 

scenario period is estimated using the Extreme Value Theory. This approach reflects the 

characteristics of heavy rain by region in the past in Korea as well as average temperature and 

precipitation based on future climate change predictions of the Korea Meteorological Administration. 

Second, regional flood damages are derived by incorporating the regional characteristics of heavy 

rain and increases in potential damages due to future climate change into the standard amount of 

flood damage. Third, by relating heavy rain estimated through daily maximum precipitation to 

expected damages, a risk value based on scientific evidence is presented. 

  This research has some limitations. Climate change analysis in terms of climate physics is not 

sufficiently included in this study, and the analysis of socioeconomic aspects of climate change 

adaptation, such as the government's expansion of drainage facilities, is not fully provided. These 

limitations are expected to be addressed in the creation of subsequent climate scenarios. 

vulnerable districts in a region. This is to consider potential damages, such as localized torrential rains, which 
become more likely due to future climate change. 
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