"m Check for updates

Journal of Climate Change Research 2025, Vol. 16, No. 1, pp. 075~091
DOI: https://doi.org/10.15531/KSCCR.2025.16.1.075

ISl AHENS S8t 339 7| 2ATIA UEPE MY Wt DX

HeA - BT
MBS SETEIR SAIHY, MBSt SETee Kie / ASTeln R0l 29us

South Korea’s long-term greenhouse gas emissions reduction pathways:
Lessons from domestic and international studies

Bae, Yoonseo™ and Yoo, Jonghyun™ '

*Master Student, Graduate School of Public Administration, Seoul National University, Seoul, Korea
“Assistant Professor, Graduate School of Public Administration, Seoul National University, Seoul, Korea /
Adjunct Professor, Graduate School of Environmental Studies, Seoul National University, Seoul, Korea

ABSTRACT

This study examines greenhouse gas (GHG) emission reduction pathways in response to South Korea’s Constitutional Court
ruling requiring legislation of annual reduction targets for 2031 ~ 2049. Through analysis of domestic and international cases,
we investigate approaches to establishing reduction pathways, focusing on major economies including the EU, Germany, the
UK, the US, Australia, China, and Japan. Our review of domestic literature reveals that, while several simulation-based studies
exist, they primarily focus on reduction costs without considering benefits, highlighting the need for a more comprehensive
approach. The international review shows that, while Germany has legislated specific annual targets and the UK employs
five-year carbon budgets, most countries have not yet established detailed reduction pathways between their 2030 NDC and
2050 carbon neutrality goals, highlighting the importance of the Korean endeavor to design annual reduction targets. We find
that Germany and the EU have adopted flexible approaches to emission pathways, while the UK emphasizes cost-benefit
considerations in pathway design. Based on these findings, we explore the possibility of using cost-benefit analysis with
integrated assessment models to evaluate various pathway options, demonstrating how this approach can balance economic
efficiency with political feasibility. We suggest several important implications. First, comprehensive research on reduction
pathways needs to be expanded in Korea. Second, flexible institutional arrangements, similar to those adopted in Germany
and the UK, could be more effective than rigid annual targets. Third, we emphasize Korea-specific pathways that reflect
national characteristics such as industrial structure and climate vulnerabilities. Finally, broad social discourse involving various

stakeholders is essential, as the chosen pathway will have significant societal impacts over the coming decades.
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Fig. 1. South Korea’s historical emissions (pre-2020)

and carbon reduction targets (post-2020)
(Units: Million tonnes COeq.)

Note: The points at 2030 and 2050 represent the national 2030 NDC

target and carbon neutrality target, respectively. The dotted line

between 2030 ~2050 indicates a linear approximation of the

reduction pathway that must be established by the National

Assembly following the Constitutional Court’s decision.
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Fig. 2. Carbon reduction scenarios for South Korea (Units: Million tonnes COzeq.)
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Fig. 3. Comparison of carbon reduction pathways across different Korean studies (Units: Million tonnes

C0Ozeq.)
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Fig. b. Korean carbon reduction pathways by sector and industrial segments under different scenarios (Units:

Million tonnes CO.eq.)

Note: CurPol represents the current carbon mitigation policy scenario. NZ2050 represents a linear carbon reduction pathway. NZ2050 lowH2

represents the NZ2050 pathway incorporating advanced hydrogen technologies. NZ2050 limCCS represents the NZ2050 pathway with limited

Carbon Capture and Storage technologies.
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Table 1. Status of post—2030 climate change legislation in major nations and regions

Region or nation o
(Related determination)

Annual emission reduction pathways (after 2030)

Emission targets (after 2030, excluding net zero goals)

(Related legislation or corresponding plan)

Not legislated
)

European Union

Pending legislation

(European Climate Law)

Pending legislation

Germany

(Mandatory legislation of national annual emissions cap
for 2031-2040 required by Federal Climate Action Act)

Legislated
(Federal Climate Action Act)

Not legislated
United Kingdom

set in five-year statutory intervals)

(Carbon budget legislated until 2037,

Legislated
(Climate Change Act 2008)

Not legislated
Q)

United States

Not legislated
(Inflation Reduction Act of 2022)

Not legislated

Not legislated

Australia .
) (Climate Change Act)
New South Not legislated Legislated
Whales - (Climate Change (Net Zero Future) Act 2023)
) Not legislated
) Not legislated . . .. .
China O (Working guidance for carbon dioxide peaking and
carbon neutrality)
. Not legislated
Not legislated . .
Japan (Act on Promotion of Global Warming

¢

Countermeasures)

Note: This table summarizes two key aspects of climate legislation: annual emission reduction pathways and specific emission targets for the

post-2030 period. The status “Not legislated” indicates absence of legally binding requirements, while “Pending legislation” indicates ongoing

legislative processes. Where (-) appears, no specific determination or planning exists.

Source: Formulated by the authors on the basis of the section 3.2.1-3.2.7.
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reduction targets: S1 (78.5%), S2 (80%), and S3 (90%). The LIFE scenario considers measures accounting for key aspects like circular economy

transitions and sustainable mobility patterns.
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Fig. 9. UK’s carbon budget analysis

Note: Panel (a) includes emissions from international aviation and shipping (IAS) on an ARS5 basis, including peatlands. IAS emissions

adjustments applied to carbon budgets 1-3 based on historical data and to budgets 4-5 based on Balanced Net Zero Pathway projections. In

panel (b), M&C refers to manufacturing and construction; LULUCF refers to Land Use, Land-Use Change and Forestry.

Table 2. Cost-benefit analysis of the Sixth Carbon Budget in the UK

(Unit: Million pounds sterling (£) in 2019 constant prices)

Pathways Option 1 Option 2 Option 3 Option 4

Carbon Reduction Costs 0 589,000 651,000 725,000
Benefits from Carbon Reduction 0 879,000 918,000 936,000
Net benefit (Present Value) 0 289,000 266,000 211,000

Note: Analysis presents four policy options with varying ambition levels. All monetary values are expressed in 2019 prices, with present values

calculated using a 3.5% discount rate. Option 1 represents the baseline (no additional action) scenario. Costs, benefits, and net benefits represent

best estimates, with actual ranges potentially varying based on implementation factors.

Source: BEIS (2021)
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Table 3. Cost-benefit analysis of carbon reduction pathways for South Korea

(Unit: Trillion KRW in 2005 constant prices)

Pathways Constant rate (a concave path) Linear Increasing ratio (a convex path)
Carbon reduction costs 175 146 140
Benefits from carbon reduction 631 614 603
Benefits/Costs ratio 3.6 4.2 4.3
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