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Abstract  This study analyzes the decoupling trends between direct greenhouse gas (GHG) emissions and economic growth
in Gyeongsangnam-do, South Korea, over the period 2012~2022. The region, dominated by energy-intensive heavy manu-
facturing sectors including shipbuilding, machinery, and petrochemicals, exhibits a GHG emission intensity per unit of real GRDP
(484.4 ton CO,-eq per billion KRW) that substantially exceeds the national average. To address the interpretive limitations of a
single indicator, the UNEP (2011) Decoupling Index (DI) was supplemented by Tapio elasticity classification, LMDI-I (Logarithmic
Mean Divisia Index 1) decomposition, EKC (Environmental Kuznets Curve) stage correspondence, and counterfactual scenario
analysis. DI analysis revealed a nonlinear decoupling trajectory, alternating between strong decoupling (2014, 2019) and negative
decoupling (2017, 2021). Tapio reclassification demonstrated that 2017 and 2020, classified as negative decoupling by DI, were
more appropriately categorized as recessive decoupling, reducing genuine negative decoupling years from four to two. LMDI-|
decomposition using official datasets (GIR, KOSIS, KESIS) identified a structural shift around the 2015 Emissions Trading Scheme
(ETS). The dominant reduction driver transitioned from the structure effect (46.9% pre-ETS) to the technology effect (68.1% post-
ETS), with the latter increasing 4.5-fold. Mapped onto the Environmental Kuznets Curve framework, this indicates that, based on
direct emissions, the region has entered the early phase of the technology-effect stage. However, the technology effect reversed
to positive values in 2021~2022, indicating incomplete consolidation.
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Table 1. Interpretation of decoupling index ranges.

Dl range Type Interpretation
DI<0 Strong decoupling GDP grows while GHG emissions decrease
0<DI<1 Weak decoupling GDP growth rate exceeds emission growth rate, reducing relative emission intensity
Di=1 Coupling Emission growth rate and GDP growth rate are similar, maintaining a proportional relationship
DI<1 Negative decoupling Emission growth rate exceeds GDP growth rate, worsening emission intensity
23l B4, EKC BA th-& siA, Ad-miE AR A Table 2. Tapio decoupling elasticity classification.
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Table 4. LMDI decomposition of changes in GHG emissions in Gyeongsangnam-do before and after the ETS implementation

(unit: 10*t CO,-eq).

Category Total change Economic activity effect Energy intensity effect Carbon intensity effect
Pre-ETS _ o B o B o
(2012~2014) 535.6 +353.4(28.5%) 582.5(46.9%) 306.3 (24.7%)
Post-ETS _ o _ o _ o
(2015~2022) 1,301.4 +364.6 (18.0%) 283.4(14.0%) 1,382.6 (68.1%)
Total -1,837.0 +718.0(21.9%) -865.9(26.5%) ~1,688.9 (51.6%)
(2012~2022) ! : ! ’

Table 5. Correspondence between LMDI dominant factors and EKC stages in Gyeongsangnam-do.

Category Dominant factor Corresponding EKC stage Interpretation
) . . . . Improvements in energy intensity offset
(20F’1r;|§2'|;)51 2 Energy Ezge;;';(y effect f::ar?tyhlzt‘::s;%sgecéi;?)ge the economic activity effect, while the carbon
= P intensity effect also contributed partially.
PosteTs  Carbonintensiyeffect i O e mprovements i carbon intensty became
(2015~2022) (68.1%) Y 9 P Y

carbon intensity effect stage

the dominant driver of emissions reduction.
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