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Diagnosis and Classification of Spatial Carbon Neutrality Transition Vulnerability in Local Governments
- Focusing on Green Infrastructure Adaptive Capacity -
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ABSTRACT

This study aims to develop a spatial diagnostic framework for assessing carbon neutrality transition
vulnerability (CNTV) and identifying its structural types across 229 local governments in South Korea. The
conventional exposure —sensitivity —adaptive capacity framework was reconstructed in the context of carbon
neutrality transition using three dimensions: Carbon emission pressure (CE), social sensitivity (SS), and green
infrastructure adaptive capacity (GIAC). A total of 20 indicators were selected, and principal component
analysis (PCA) was applied to derive representative scores for each dimension. The standardized scores were
integrated into the CNTV index, followed by PI-GIAC quadrant analysis, K-means clustering, and spatial
autocorrelation analysis. The results show that CNTV is shaped not simply by the magnitude of carbon
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emissions, but by the relative relationship between potential transition burdens and green infrastructure
adaptive capacity. K-means clustering identified five structural types: ultra—high-emission and green
infrastructure—deficient high—vulnerability type, socially sensitive and green infrastructure—deficient transition—
burden type, urban green infrastructure—deficient type, low—pressure and high—green infrastructure transition—
stable type, and high—sensitivity and high—green infrastructure management type. Significant positive spatial
autocorrelation was also observed, indicating spatial clustering of similar vulnerability levels. This study
provides an integrated framework for assessing relative spatial vulnerability to carbon neutrality transition by
considering carbon emission pressure, social sensitivity, and green infrastructure adaptive capacity together. The
findings can support region-specific policy prioritization and spatial planning strategies for carbon neutrality

transition.

Keywords: Carbon Emission Pressure, Social Sensitivity, Principal Component Analysis, Government
Typology, Green Infrastructure Spatial Planning
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FEo| PCA A8l Zgot BE A4S FHslal 93-S SRIsKIt) Bartlett 34 HA 94 p € 0.001=
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A 283 sl Arde Tefete] ONTVE A SEA= F2sisith. CNTVE ﬂi—?—S’Jrﬂ CE z, 5 z,
GIAC 78 Z3Rt JgirlpolBg, £ e 0& FHeE -027H 028 et $9 7oz sy,

LO& BTHa a1+ A FloF 22 sk ot 244 Az A8, ol SE2 HA sike] B
Joiid F2olw, CNTV 2| 220] 1 #Fuzfe] sfdste Aoy dAkgke onlshA dedt 4 5+
248t 917](crisis, CNTV > 1.0), 28 F9(caution, 0.2 < CNTV < 1.0), X8 S (neutral, —0.2 < CNTV
0.2), 738k F(stable, =1.0 < CNTV < =0.2), 28 A (leading, CNTV < -1.0)= F-=¥eh. 13F 2o
(gt 9171 - )t AFIeF (e H - Aol B H mAl-gE Wil whet vt EsA LxekE 2]lst
qon, CNTV 52 S8 STHhEEE ARSI 2 %),

’6} Skl AR F25 vl A, IHF 2Rl AAGHPDO] A FEE W GIAC 27} Wol,

delzet 7] Aeqol ek Hopde Fol PRk Fdhe 724 Ed®e HAlth CNTV 9ldd=

%3 ] SAW, 7] FBA, R T 9 S T A S0l 2, ofs ARl "aHiE ofE, 59
HiE 2 - HiE A - AR TR AW Ao A Uehds FAl0 GIAC 27h W2 B3E Bl
Atz A5k 2RE GIAC 27t &3l CE 27F Yot gt FoPgo] gels= #art F3iglon, 244 - 45 4t
H ARG SHOR Hcr HFHE S Bt tadcs Y AR, A FA, Y S8 A
B 50l ol sigRiet. A - 5k91 ARk Al A EFER B 3] ANISIAH.

ofefet Avke gAY et HC’WO] o] g A pEtter AREA gfow, AAYIHP)H
GIACS] 4id Et® 7zl ool 55 E= dofd 4 Ase AKRI 53] 2% A9 AelMe SS 27t
()9 gk Holofete CE 27k Wik 33 GIAC 27k Y2 3¢ ONTVZF 7 APEIRI ofe ARl Rt
7h o e Ao, BAHE QfEle] YAlor 11 olF gefd Ijigmel Aol #5743
F dgk uFRf Al%or ERd & e HoErh
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4.3 PI-GIAC AK2'H - CE-SS-GIAC 3ald 12 24

g g Hepdel o Al FEUCRE AYs] ot W X5 wiepel] Sfel AAGHPL =
CEz + 5. 2)3 J91q1zet A3THCIAC 2)9] A AREHOR FE3IIrHIH 3 ).
A= 22970 71227 R QIPL+, GIACH 6570, Q2(PI-, GIACH 527K, Q3(PI-, GIAC-) 817, Q4(Pl+,

R

O3 2. EAEE 28 ZoFy B3|
ey [ 2710 1.0, n = 37), I %2/(0.2~1.0, n = 60), 0 22(-0.2~0.2, n = 33),
oFY(-1.0~-02,n =46),  M=( -1.0,n=53)
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