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Abstract

Despite expectations that carbon neutrality policies will have varying impacts across industries and regions, responses
remain uniform and fragmented. For a successful regional transition toward carbon neutrality, strategies must consider
internal and external conditions shaped by industrial structures. This study classifies industries that are likely to be
sensitive to carbon regulations and decomposes regional economic growth factors to offer planning implications. The
analysis covers 17 regions (Si-Do) in South Korea from 2010 to 2019, identifying five industrial types using cluster analysis
based on carbon emissions and response capacity indicators: low-emission—medium-capacity, medium-low-emission—
medium-high-capacity, medium-high-emission—medium-high-capacity, high-emission—medium-high-capacity, and low-
emission—low-capacity. Dynamic shift-share analysis is then applied to decompose employment changes into national
growth, industrial structure, and regional competitive effects. The results show that even industries with high response
capacity may experience job losses depending on regional conditions. Moreover, regions with the same industrial type
can exhibit different growth factors. The findings highlight the need for differentiated regional strategies based on growth
factors, beyond general industrial responses to carbon neutrality.
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7|29] dFe F2 945 25 U 2L w1 e
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ae 83| ashA Yoieth. I A A S43
W8 QA= A7) Wil A B2, A =, AT
Z, WA $F 5 A oo g 2pashe gaFy Heko] g
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of ugt G vX A7 A= L Qlek(Zol £, 2010;
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a2 B3ttt olF B3l BAFY A i3l ol A %
A 2HHQ] Tt HoF B7HE o, AYEA A ol
2 9ole Hafge=n Aoy ApHsta A i3-S AAg
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g F3Fol gl AUl did], 20499714 2249 19T &59]
WO R 19% A AR J&ct, ol#d IF2 X9
2 g2/ Yehted], 53] gotrjolet otz aztofA] 7Hg 2
AE 747 e Ao 2 JERITHKotz et al,, 2024), 24
2} E3t o] 2§t Yol AR gt Ax=el vls] A 4
F Az vlFe] #2 AATFRE B3kl 9o, Alzge
ujEgFo] oF 65.9%1 SRITHAAEE ¢, 2021), T3] A+
o] =¥ fE|uEoll A BraAl7E AlEE -9 GDP AFE]
HEF 0.08~0.32%p HL3H= 2R FASAENAE 9,
2021).
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shift-share analysis)& 2835t} & 5o AlA 1904
(107 & B4 71702 A A t1~12, £2~t3, -, 19~
10 7|70 AE 25 Pl Aok,

3. BMxi=

Az YF SIS SN NS 2 SaEt g o
o HEoR FHIAHE 1), BAuE REL A0 FAl
AHAoR w2 7P54S ulai, e D viE A
o} 72 AL wiE o) Heke 27 viEo] milE Ak
42 A1) 2ol Welo] o 2 Jake we 7H5Ao] A, o
S e REo o] ueh A 02 PR W FAl] S
3 4 Gl ke oulshh, ol YEO] Agl B 427 29
g oA A3 Wkl 3 4 gk P g
2 7158 4 9ok,

249] A7k Mgk 201095E 019972 ARG
g, ol 20204 o] FEUHOR 9lah AN Jao] Az M
48 2% 7Hs40] Q7] ot tiit xze] SR ol
3 Q2 A7AE 202098 71202 B, 4% T
A% FEREANQER] FEE 7j2e B 95

Table 1. Definition and source of indicators

S ER o u A A AR S7RATES WiE T SR
BAIARS] AEE ARFE 2A7FS HIEE RAREIA A
TSI A A8LEA = ATARIARAL, FAA
ot FrPRA2: FggARdzAL, didEle TAAEE
AhE 283k

TR FIR ARE sk IO AxY 1091 o1
ARAIE dPdeR sl ok 2010~201949 F7PHA]
o 2A=E AlFshs FFAAEARAL7E 109 I ARIAIE =
AFstA] 371 Wigolet, 2ev 20194 71 A2 &gl
A1 10Q) vl ARIAIZ 2FAJ81E B]F0] 4.9%C] B33t (Rl
YT, 2024), oIE ALJ3tEihe ghaujE WHAA & A
o] 240l 2 FE7} glotal wekstainh

FHZ Rol@FEH % UAASE S S8 57 A
o AR FARE = 102 ol AFIAIRERE oh 2t 109)
ok AFJAE AL gidel] EREE FAEY THTARIAIR
ALAEE ol 8SHAT

1) EHAHIE 22

Mgk 9 A2 0|23 S ARE ThE o X go] ul3) B
& ago] Wot 38 7% tholt. 53] Selueks Agel o
3 oUix] 49 SIEET} ok A5t BaAT A FFHo) WA
T A9 $AH Jao] F 4= ek WebA] BAFY W ofuiR]
Qb Zlo] A ofufx] el F ek Ag- 7k Anjero] u]

Categories Indicators Definition Unit Source
; Share of coal, oil, and gas consumption i Korea Energy Agency
Fossi fuckdependence in total energy consumption (2019) 4 (2024)
Cumulative carbon emission E)Zlér?gl_ag_le;arbon Sl b million tCOx écg;z)Energy Ageriey
G Average annual carbon emission o Korea Energy Agency
Carbon ~ Carbonemissiongrowthrate oo e (2010-2010) % (2024)
Fese Carbon emissions per unit of value tCO: per billion Korea Encegy Agency
Carbon intensity added (2019) P % ERW (2024), Statistics Korea
(2024a)
Energy consumption per unit of value toe per billion orea EnesnyAgency
Energy intensity ad de?dy(201 9) ption p ?(RW (2024), Statistics Korea
(2024a)
; Proportion of regular employees in o s
Ratio of permanent employees total employment (2019) % Statistics Korea (2024b)
Employment growth rate :’;\;eer?zt_:j&%n_n;;ll S)m Bkt % Statistics Korea (2024a)
Response i Average annual value-added growth o 5
capacity Value-added growth rate rate (2010-2019) % Stafistics Korea (2024a)
Labor productivity Value added per employee (2019) m'”'%lézxv PEM Statistics Korea (2024a)
; R&D expenditure per 1,000 employees ~ million KRW per ~ Statistics Korea (2024a),
PAD experoliniie (2020) 1,000 employees  Statistics Korea (2024c)
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& 3R g ARSIt Xia et al,, 20115 Yuetal.,
2018).

GaFH2 @770 24T = e FE7L ohE} 3 F o)
3 A2oEAQ A wtgtitt &, 32 sy 4
Aljo] 3fFoby o] FAAIgoz A= AL AHFeE &
7Hssict, AA iiEE 2A7EAE di7] Fofl ZEsH Aol
% FEE vAEE, o] gt e fFof THHYang et
al,, 2017), olofl w2} 2010~20199 A= F2 GSavfEerS
gagy 8 AE2 4485 HYang et al., 2017; Zhang
and Hao, 2017; Zhou et al., 2019). E3F #A GaujEgo]
A RHgste v|E o] Fake wetdd 4 e o g, 2010~2019
Y ABe gulE SR E4 A RE ZHSHGI,

S 9 oAb B g AANE 7 BAE A
BHOE s (oIt RE AAVE TSI wF, A2,
NS Este] HATMASE SATIAE A} tebd B
2012 % oA AHge] Mokt Aele] BEAS Ui 3
83k 2|37} 2 4= ckXia et al,, 2011; Wang et al,, 2015;
Yang et al,, 2017), A&7Fs8 WAE YalMls 247k A=
ik ohzt FAA A= FAOl BA4E Zavt Qi oo &
AFoME S2FNEE IR djy] SaulET, oyA]
AAIES FIP7HAY ] ojuvx|avjgos A 74 &
o] F5 R dju| gaulE 9 ofuz] A9 BlaE4do]
Ackes AL Yujgic,

2) thS g2 &=

g5 W AL v AAFU ¥ O’ 2RE
Uehdtt, 4t 719 @713 o8 2 20y AL E
< HaFo M digsin, ol 7led4lE B3 230 s
23 o|al AT o] 7] wfEo|tHHanoteau and Talbot,
2019). §73 #AI7F A3 QAIE| B} §H o] Fof A= 720
78] A7 SAjo} SATAE 2uge A, 1Mo
B g0y BiE 7 4 UTHWen et al., 2023;
Wang et al., 2025). Shang and Xu (2022)= =2 A4 3
73 AP gaulE e 7)o aigol AdashA|ut AR e
2 F718he foluljt URFE-E Aokar Wit ofgt ol 23 9%
< 3-8 Fefot AHEE ojdA o= vehdrt 7leoAed o
FTYUFE 7I1EY AAGEE HIFoE 2R 7led AFEL
2 =Yg 7HsAdol A, AU 7= olojd 4 UtHMo,
2023; 2024). 5, TAIZ A 7lEFAlS FE LR 7] %)
2l Q1A A& FHA7| L2 (Zhang et al., 2024), A<, o
AlA], chifE Abdol] gk 3-8 A 7H= Al Y 4= ItHHuang
and Sun, 2023; Wang et al., 2025).

ol5 HIFoE ©aFH olgo WhE TEHAY ¥ L Hs=
ojujsts AL EA HIE, YAk $718, P 571, 1Y

F P, ATNEEE A2 AYsc AEEA v
0199 71E WA B F HER2AY 18T ZPRLL
u], Axfe] F7H B 37HS 242 2010~201941 A
F B 4 37 U R 37HRE ARSI, =5
S 0194 71E FAE 199 RIS Sulsel, A
Al 2009 71 B4R A B Az 2gsk,

1. 7leSAE

& e THZAE S8 o187t ARF2| 7laFAFeIH,
FE0} IS A7) 29 gholok, BaghE FAM 7 A E
Ao viEET e AFE tEfEo® wofd = e,
AHA 2t A7t Aot frofRiAls BEE = gl Aol gt
A o) BAE EAs] fisiA 2 ARS8k

2. 2EEM Zn}

THEN 2 7 ARE B 0, BEWA 12 RES T 7
ook ASH 2w 2ot dERTHS RS A9 A3
g 23 e = YEitiad 1), 2-9 8 A 1

Table 2. Descriptive statistics of indicators

Indicators Mean sSD. Min. Max.

Fossil fuel

dependence 47:300

24859 5700 96.400

Cumulative
carbon
emission

111.659 231844 0867 1,060.350

Carbon
emission
growth rate

3.762 4783 -10.483 11.691

Carbon

intensity e

923868 21800 4254600

Energy

intensity HGeAia

378262 55600 1,499.300

Ratio of
permanent
employees

81.919 13.064 53.700 98.300

Employment
growth rate

Value-added
growth rate

Labor
productivity

R&D
expenditure

0971 2322 -4.365 5630

2919 3.081 -5.386 8.383

273.930 397911 84600 1973.100

4,714.031  8161.307 284669 39,071.429

Note: N=24
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Figure 1. Dendrogram of hierarchical cluster analysis results
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RS 38 AS7hs v e ERjof jith

8 25 AE-F- 9% A odokE, AR BE Y
7171, 71784 & 71edrA e 41 AFC g T
Z A8 F I7F AZY B ol8k= A Gl AR,
s A% AR T 4717F A2 Bt olgelnh. o|= Q13 #+% 2
€ BaFH ARRE 20E 9l 7 AE AR
Het, o ghalE F7RS BaEoh B4 YERed, ol
G AL ST ThE AAIZ Q] B 4 9l wEbA] 3
Z3E SR HlET % A TiAle] dasttt,

8 3(F E-F- 19T AL 2as, dg U AR
AlE Azoltt, o 782 TaulE A& F 47 AR Bt
Bt ot Aol 2 #elal 2 9 e AR o ddrh
e A% AES0] AAEHE ALl A2 B2 ¥
SRR @] o g g WA 24E S8 de T < A
o, A71Ae2E 7ledA] 74 A% E 259 s Ak Al
= 5 724 Ago| Aol

98 4QEE-F - L AR BRHAIE A2 U 55 A=
Yoz g}, Be gaulE AR AR Y BatEok ot 1t
Ao} Gl A vl 7hsAgo] Eth oS IF A& F7PHA
T7HEE AlQlshaL Al Bt olde s vehdth 13 339
AR 271202 & S20] AT & e, A His®

Categories Indicators

Fossil fuel dependence

Cumulative carbon emission

Carbon emissions Carbon emission growth rate

Carbon intensity

Energy intensity

Ratio of permanent employees

Employment growth rate

Response capacity Value-added growth rate

Labor productivity

R&D expenditure

Type 2 Type 3 Type 4 Type 5

Mo aws awr | o

Type 1

‘ _M% o3 _*ﬂ

Figure 2. The result of K-means clustering
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Table 3. Manufacturing industry classification results

Type no. Type name

Low emission—medium
capacity

Manufacture of
Food products

Beverages

Tobacco products

Wood and of products of wood and cork; except furniture

Pulp, paper and paper products

Rubber and plastic products

Fabricated metal products, except machinery and furniture

Other machinery and equipment

Motor vehicles, trailers and semitrailers

Other manufacturing

Medium-low emission—

Pharmaceuticals, medicinal chemical and botanical products

Electronic components, computer,; visual, sounding and communication equipment

= !

2 : : :
medium-high capacity Medical, precision and optical instruments, watches and clocks
Electrical equipment
Medium-high emission— : ;
3 mediurn-high capacity Coke, briquettes and refined petroleum products
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capacity Basic metals
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Other non-metallic mineral products
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Furniture
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