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Decomposing the Decoupling between GHG Emissions and Value
Added of Industry Sectors
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Abstract: We analyze the decoupling index between greenhouse gas (GHG) emissions and
real value—added, using domestic GHG emissions, energy consumption, and real value—
added data by sector from 1990 to 2018. The log mean Divisia Index (LMDI) analysis is
applied to decompose the decoupling index into energy intensity and emission change
factors. Korea’s decoupling of GHG emissions and economic growth intensified in the
2000s, mainly induced by the energy-intensive and transportation sectors. In addition, the
main driving force behind the decoupling index was derived from the energy intensity
improvement effect. Finally, the emission factor change effect in the commercial and public
service of high value—added industry makes GHG emissions and economic growth more
deeply intertwined.

Key Words: GHG Decoupling, Decomposition Analysis, Ghg Emissions by Industry Sector,

Energy Intensity

* FAR, NUAAAATY AT
o SRR, UAAAATY HAT7Y



102 » 2A%M H20H M3

l. M2

International Energy Agency(IEA)(2020a) ol W= 7|& HA FA|
Al 20309 A AlA olAFtEAREEE 36Gt] B ACE dSHh
715835t AZgol tigt A AAS] BAol E& EolAHA A AAY =
=52 7|FH dSs7] Sl A&LAQ FHAAE FEAHT
20159 o @Gol A hA] 3F ¥ 7|3} of-3of| of s
St Al71E v o]of Hsto] f39] Fo=50] ©AaE 4T vy
S5 FAthE Hasd 2 Akl 7| $ st 540w Hi$<
A2FsATHR-78 71 - g oF, 2020).
Syt g @A 20309 714] BAU(business-as-usual) ] <
AZIAE 37% AESHATHE AgS AASHATHEE R, 2010). 2 573
H 7| SHIS 7| 2A YN = 2ATA ASER T FAISH =
U A58 SHE 25.7%°14 32.5%% &= stAH@AR AT S,
2019). oF&8 205097H4] ©42FHE AAsHthe 1S dYole &
A A7 7| 5HS} f-gof WykEo] Ukl QIeH@ARARYE, 2020).
olgRt HRE A5 ¢ vt AR SHEAYA L} wiEEA
ALt F2 ArE2 =Ystlty. 18T ofye} = I wEolehe
H S Ao ARG FEe] EeAsts festal itk 4= A
SHA| Fo A HEASEE o|FUle AS A BRE AIFRES BT
AR AYoE AT AS FEPHAII THALE, 2020).
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A A AAZH 719 4L 3 F2Y|= FA(Environmental
Kuznets Curve, EKC) 7Fd& 7|Hto 2 Ags] e A7t Ad=o] @
IStk FRYZ FAol BA7E AAoHHA ghalETFo] Zo] 37t
sttt 4 ASSE olollAe gaEjEFe] SolEthe Mot o
HHO R ZEE-750](2012004 gH=9] oA YAE F3 A2
o2 ggsto] EKC 7Hd AAE A &slal, 2474 wiEskat FAA
A 2H9] o U g F419 2A4E ERlekgict ghE, AHE(2013) of
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oA BEXoto| gt At & 5] %18 Folt}. De Freitas
and Kaneko(2011)> Bz 9] Ao 3

A, 2A7EA wiEHa AASE 7&4 523}t A¢E A4lel
th. Xie et al.(2019)% F=9] Ag RZoJA G523} A5F ALksto]
HASHRITE 19859 FE 201697149 717kl E523} B 3ol o
7F A AR vE As AT 1AL o v X deeiet oA 4]
7He] BB RoF AR AP YL FA FRoF MYt 22 GRS
AAISt= [Rlolith= AZ BHWlth. Engo(2018)9] AtolA %= De
Freitas and Kaneko(2011)2} FARRE A+ Wi E0] A-EE o 7HHEY
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7129] 2ATIAR} AA % 119 HEZst A
o} avE A E A shglom, Zhdgt
(chain rule)y& & A8 A 4B 7He] E5x5}
A st A 42 YoM RS SYste] A /dE
ZAZIA WiEFT oflUA] v, BEUPHA] ARE AT BaTt ik
ZATIA HET AR AUA BT ARISE, B57HA 5= A
5] 7185t e 2ATIASHH EAE (https:/ /www.gir.or.kr)9] 2417}
AQHED HIAE FASATHRAZIASHY HAE, 2019). =W ©f
YA 4B A4 H G 52020)2 BRR7HAIZ 12} ol | A 35 A=
£ &-8513AF [FAQ020b)Y] World Energy BalancesZH-H U A] 3F
(Total Energy Supply, TES)D & AFAHEE Z|Fo A 4H|(Total Final
energy Consumption) AA2E &850 A FEoA £AH U &
U= G4h, AQFEEE oA 55F 7\}&::- Attt
i’“ﬂ*ﬂ AV 7o HE X3t ASE AREE AHET] 9f6) 4
ARTE Ad RIPHA AtwrE et *e‘xa] WM Ame =718
AlZ " (https://www.kosis.kn)ol A =8t =7F 2A47FA QIHIEZ S}
[EA9] ofvA] WA A RIPIA] Ame Az o8 AYRE £57A4
AE 7ML 7] Pzl A7) gt 2 e YT o7t it
oA WE A} A4 BIP7EA| 9] B 'E‘%‘Zﬂzﬂ Y2 olu] AgY A+
oA @o] o]Fofx & v} QOom(EMIE- AR, 2014 M- AR,
2020; R} 5, 2020), & A A= A o&;u T ERAAE AR
Sto] =7F 2A7IA QJIMEY Y] RS SYTTh
E Dol & A olA] ARERE A=) AFYEE EF AAZF vt Sl

=
5 7

1) World Energy Balances 20204 WA €] 14} oA F5-F(Total Primary Energy
Supply, TPES)2] &0l & oY A] HFF(TE)LZ vlfto] &SI Tt
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A AFolde F 147149 FARE E7E ARSSIAAEE, 2A47FA
A E et EFAA 7} Adoloto] %@6}71 oAU A oFE #T
S 4 ot waEE REQ FY2 Attt (E 1)9] 1EA(2020b)
137HA] AR B7E Ao, Al B2 R ofi&o E &
715ttt 2 A9 H9] ol ZE o=z iﬂl%h} Al BEIPHA,

ST WSS BE RES nYstL A goug 7t 4AY §

an

(FE Dol o229 2538 A=Y, AFE, A% 2 Fer)7] AR,
A7)0 Az, 714 2 A ARYe 7é‘-r Transport equipment®}
Machineryi TEEo] Ut} 2AVIA HIE A= o] F 7HX] &

oA F&29] AdRAAA 7[R RO & Footal St Wi

l S AFARZOIA A ARG oA AFEFHHE 9 F AR
AL B BEoto] LATIA wiETEZ EHlstoith

BA9] B SATMATAHEAE (2019 WEH yAAE 9 7]
oA 4ol 23EE Ao E YRR, s Fizo] FPE T Hejrt
Aths S 1Este] EA0fA A Qlstitt. o] Qo AZIA QIHE] A
of YehARE Alojd F22 H7E EXo]E, EXo]&HE}F U Ak
S5(LULUCH), A543 9] T271ad 257k E8ERt o] Qlo] &
Ao A A5ttt mRE o R, w7t ZATIA QIMIE A & Fia
AR ok 1Ala. 3347] 2 @ B4t F-2oA 9 viEsk 4ed M8 ¢

QoJulA| Aujer HFS Agstel 2 AYREOR Hejslo] Il
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=/ISAZE IEA(2020b) SAMTIA QHIE R
1A2a. 24
1224 MxY ——
Iron and steel/Non—ferrous 1A%b. HIES%
o metals 1A2f2. 24
IATIZHE HE
[l |'o 1|E 1| =] 2C g——’_-“—*l_fg
FIA U MOMHE M= 1ATb. MH|
Chemical and petrochemical 1A2c. sfst
slsk2xl gl 515 of -
setEd 2 SIEtHIE HAY 2B. steqity
o 1A21. HIZ2&
HIZSYEME HEY Non-metallic minerals —
2A. BEMY
EYH| HAY Transport equipment
ZARE, TA Y FE)7| MEY
= - = _ 1A2f6. 7 |EFRIZ
T7 |3 HEY Machinery
71A 3 HH MZEY
SAEE HXY Food and tobacco 1A2e. ABEE 713 ¥ GHi M=
int— 1A2d. BX, HIX| L Qlaf
=3, 20|, Ol 2 =R | Paper, pulp and print =
ing/Wood and wood products 1A213. Lt 2l 25
A8 Construction 1A2f4. 44
e YIEHE MEY Textile and leather 1A26. 84R 2 7=
T|EF MR A A A £2|H|  Non-specified(industry) 1A5. OISR
258 Transport 1A3. =&
AN I SA%E
=28 ¥ 2
HE AL
TOoeLd"
FEENY
Commercial and public
AAMH|IAY At/
; I‘I:l 'I |—k:| ; services 1A4a. OI:I/oo
S, I Y AR
WSAH|IAY
9=, H1Y I AIBISX|MH|AY
=8t 2 7|EfAHIAY
1Adc. =91/2101/ 0
SO Agriculture/Forestry/Fishing ; 1; =
oy

Held 22

¢ | Mining and quarrying |1A1C. THSZ 2l 7|Ef O] At

Nz TEE S(2020)2 HIZ2Z IFz
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G 20 At A" B A, ouz] sHeF 2 24744 B &g
el 20184 712 TEA7F A= o] Qict. —ag_xﬂw}x} HEE oyA] &
HgF 9 2A7RA v &S 202090 HRE ARV HAlojlng B A
A= 1990A+FE 2018749 ARE gt B4 MYt

(F 2) 224 ME BILX], OHX| AHY L 2M7tA HiEZ (2018)
AfojHo HE 2P| OlEX| AHIZ | 247tA HiEY
ST (10242) (ktoe) (GgCOzeq)
Iron and steel/Non-ferrous metals 62,579 23,813 138,034
Chemical and petrochemical 90,233 21,822 103,899
Non-metallic minerals 14,190 7,383 52,982
Transport equipment 49,628 7,363 26,666
Machinery 204,590 21,576 51,271
Food and tobacco 21,679 4,203 8,879
Paper, pulp and printing/Wood and 13.891 5.121 9132
wood products
Construction 91,741 750 2,170
Textile and leather 14,503 4,746 9,581
Non-specified(industry) 10,970 5,092 6,869
Transport 62,522 35,645 99,696
Commercial and public services 948,011 49,841 105,462
Agriculture/Forestry/Fishing 32,109 5,437 33,706
A 1,616,544 192,793 648,347

deld B0 tisf = A F77HA] " ouA] AE,
ZA7ME BET ol EO#—’ET‘%. AL 7] —?—ﬁl B 27} "EE% oA

St B4 7)7E ) AASA( 471 o2 21194 - Alﬂoﬂ we} 5
Aok o= Yehdth sxjut 1 712717} 7 m#mg E}Eﬂl epg
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(EP/DP),
~ (EP/DF), M

4 AoA DIE E5235} A4x(Decoupling Index), FPR} DF e 247}
3+4 4 4= (Environmental Pressure)™ 28 91(Driving Force)< WEh
oA P 2618, 2019). ¥l OECD(Q002)°04 AAE  FHl=
(DI=1- (EP/DF)t/(EP/DF)%)O]X]E‘E, 2 AFoA = E5x3t A5

o] Wistgele BAs] ) MFH A4S AFSFT 4 (D3} 2ol ¥
Folol = A49] 27] sfajut gebd B A% AH 7} oulshs vl g
AR et

(O 1) YAHEE AE R2IPIR] & O] AHIE, 247HA BE2 £01(1990-2018)
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E) WSlase PRk Begae 2sisth WEAS e of
A T 9] 2HT AT WSS QRlske(BF= GHG/ TE5> o
A ATk B 3 o) ARS8l FUH ofuiA] FeS oJulgint

(EI= TES/Y).

(GHG/Y), (GHG/TES), (TES/Y),
Pl = TGrcrv),  (GHGITES),  (TES/V), @
SATIAY BRI S TA 0EY 2 2 T HEr, 24
7kA BE R0} Ae] MARHA D)ol 55 AF ARl wet 252
St AstE L S-S UEe, 4 S F23 HPOoR SHsie
Y= ‘%E‘r”*ﬂr A 99 SHolA R HA A5 wiEAS MR

= A wiEAs Hept gexst A vjAle 92 UE

o, F A A5 oA ko] MSAR( e AT oA AT
HoP7} ge 2ot Ao nAE dFE SHT

2A7EA B3} 249 #steQl BAol= 2B Divisia A
(Log Mean Divisia Index, LMDI)E AR&3tt}. LMDI= Divisia A4& H}
FOo g 3 7ISAE HokdS Boliohet, IAE HY1A ¢l E6E=
E4o| tHAng et al., 1998). ESH 24 A
4 G Fzero)oll tier FA8E BF WEHAZ 5= Qe Aol AtHHA
%, 2015). 2IF AREsE7] wiiol Akzoll F0) ]
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ADI, = ADI pp+ ADI g ©
A = Pl Dl BE/EF, ©
g, EF 11’1 (D[g_t/D[g,tf 1) o EE* I/EE()
_D[f_'D[ t—1 E]t/E]t
A = —" » 0
DI{LE[ In (D[g,t/D]g,tfl) I E[t* 1/E[tu (7)
V. 24 Z3

2 AoA = EExete] Mata ]l #A42 sl S-EiuEt 1371 Bk
=oll dish Ad F7H " ofuA] anE, 2AA EE ARE 5
shaint. 53] 2AZMA e AR ouA] B2 ARAL2RE | vy
SRR oFUEt 54, AR ARITHY =R E | iEFE A £
GotaL Slck. #40] @A 2 A7) el 4 & Qe BE s} A
T AWEIA A (OH 2o A Q)9 Q)22 E Akt L2t
2 AR 2A7EAS} ouA] dE R} A5 Fol7} 1o} Qlt.
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Ax o] mpxjutel 2018 oA Y

=l

SN H293 H1S

oF 86%5 AHAIRtT.

(H 3) 28X3} X+ 22 Zat
J|EAETHY 7|EHEHE
e [waas [omme [ | wEAe [ omEd [
alcii=an alclx=ay < Bistg Hate =

1992 0.0178 0.0310 0.0488 0.0178 0.0310 0.0488

1993 | -0.0051 0.1091 0.1040 -0.0239 0.0791 0.0552

1994 0.0171 0.0797 0.0967 0.0233 -0.0305 -0.0073
1995 | -0.0083 0.0872 0.0789 -0.0264 0.0085 -0.0179
1996 | -0.0161 0.1045 0.0884 -0.0080 0.0176 0.0096

1997 | -0.0158 0.1169 0.1011 0.0004 0.0123 0.0127

1998 -0.0281 0.0491 0.0209 -0.0135 -0.0666 -0.0802
1999 | -0.0622 0.0563 -0.0059 -0.0348 0.0080 -0.0268
2000 | -0.1083 0.0998 -0.0085 -0.0460 0.0434 -0.0026
2001 -0.0840 0.0674 -0.0166 0.0237 -0.0318 -0.0081
2002 | -0.0655 0.0249 -0.0406 0.0174 -0.0413 -0.0240
2003 | -0.0505 0.0047 -0.0458 0.0145 -0.0197 -0.0052
2004 | -0.0731 -0.0047 -0.0778 -0.0229 -0.0091 -0.0320
2005 | -0.0546 -0.0498 -0.1044 0.0168 -0.0434 -0.0266
2006 | -0.0492 -0.0871 -0.1363 0.0042 -0.0361 -0.0319
2007 | -0.0590 -0.1069 -0.1659 -0.0099 -0.0197 -0.0296
2008 | -0.0554 -0.1180 -0.1735 0.0030 -0.0106 -0.0076
2009 | -0.0405 -0.1214 -0.1619 0.0139 -0.0024 0.0116
2010 | -0.0424 -0.0921 -0.1345 -0.0012 0.0285 0.0274
2011 -0.0371 -0.0858 -0.1229 0.0052 0.0064 0.0116
2012 | -0.0287 -0.1089 -0.1376 0.0076 -0.0222 -0.0147
2013 | -0.0167 -0.1339 -0.1506 0.0109 -0.0240 -0.0130
2014 | -0.0380 -0.1415 -0.1795 -0.0199 -0.0090 -0.0289
2015 | -0.0496 -0.1475 -0.1970 -0.0108 -0.0067 -0.0175
2016 | -0.0691 -0.1487 -0.2178 -0.0180 -0.0027 -0.0208
2017 | -0.0404 -0.1852 -0.2256 0.0250 -0.0329 -0.0078
2018 | -0.0267 -0.1578 -0.1845 0.0130 0.0281 0.0411
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— SO O U E o Bl AUcte| Hotzat EEC AR

$x8t A47t /|2AE thet FFL ol W) e, zAE
£ vhqol 245 2 Wash ek o] £ ATOIAL BH711L A

7 & Uteo] BA5lt £4 717K1990~2018) Well EA4st=
Q1 IMF At AlA] F-8917] Al CE HYiro], 7|EA%e wat &
23} 2| BgkaRlS EA45HH (& 4 Zo] Yepdr

=7t AL A= DExst g itk 7HYstE BA7]7o]
S5 G5R3t A5 A IEE webA 201899 HExst
19909S 71202 ZA5t9E o 7 AA SH = A2 AdA
digolet & &= Utk 2 Aol BAEZ] A S Farsto] A 71X
2 BEA77HS Yo BA3E A7K1990~1998, 1999~2009, 2010~2018)
1990955 1998A7HA] = B&23t A7} AohA] QL Q5] 715t
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tiH], 199995E 200997H4] 9] E5237} o HEA XPH AR 1
Efdt.

2010 o] 20189 A HiEAS WHIta = Hv|SHARE &
gQloz g5t glod, ouA ATy ¥atayt JA] 19994
200999] &3to] H|g] HEx3st QQlo] A2 ZOoE UEhdtt
19994 tiH] 200992 AARE o2 LATFAS} HA A 71
237} As] Wol XPH Zo® yehted, wiEgAse] it 5

i

X

o

el

(TR =: A )
ue)

of

X

oF oz A-gohe W ARJREY oA A&HF Hib] B7H] A
SR EeR3t X459 FAa 8910 & ZHESHYltt. 20099 AFYEE
oA 19994 div] ol A] &8|F S4 div] F77HEA] Ak S7F A3
P Z20= AT & Slrh EZF 200099 &5 A3 HRoA= %
FEolA A9 ARie] o] =R e, AR AT S7H= A

—

#lEAS7E kSR, oA v e] DRAE Age F712 Q
s Uekd @golet & & girt.

E
p

E 4) 71ZA=0| ME YEZ8 K| ZHEROIEH=1E)

EEc NS HiEA% ke .

B4 | Soueoim | maw | omen | U
1990-2018 0.8257 -0.0267 -0.1578 -0.1845
1990-1998 1.0311 -0.0281 0.0491 0.0209
1999-2009 0.8447 0.0588 -0.2115 -0.1527
2010-2018 0.9429 0.0098 -0.0801 -0.0703
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o]} ¥zt alof thsf AwEct.
(a9 6)2 Al 7 29 E5x3} AF F0l& HoEth oyA|

2 AFAE 1990t ¥ LATIA viEo] AA 44 523 4

v Z | 3 | &

L 71EAEE 20009% o]FE AAstol T2 Fgo] UEtdt &

u 7V7¥A] AAES] Z1Rtol=t & 4

A EIW7HA] AR S7tol| Blel 2A7EA 50|

HEolgt & 4 9t} (& 5)9] i) 2

39] th7t oA ek gl 7|RISIER o | A F ok AFQ]ofA]

FE77HA] oF & 9] BAkE 91RF ol| A Bl A7 S o &

Ut o]= A HFA Aol ek oA AHFF o EA Aiet

AA|3t}(Jin and Choi, 2020).
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5 22l 39 o A Yt ] WEA AT
It 1990drfelt B UL A4HOZ F73 HhA 20009
e s Ed A9 09 We} BT, 22 4
$RRY APHOZ B f BIpHAG 2AA BT BFRE A
D47 B 42 Held 5 YA HojR AnE Avnd of
AP S, 5 BRAA ol v e SaMEF WL
o388 Fxot U9l F02 ek, ol 49l Mabh JrjH oz
2 9520 A90E Age) b B2 BFRAE 0|21 Yt

O:| H = _ H = Hi = _
NS L ame | mvs | U2 | amer | gws | MF | o | see
e e Ha

1992 | 0.0821 |-0.0161] 0.0661 | 0.0271 | 0.0433 | 0.0705 |-0.0188| 0.0837 | 0.0648
1993 | 0.0382 | 0.0479 | 0.0861 | 0.1595 | 0.1594 | 0.3189 |-0.0777] 0.2082 | 0.1305
1994 | 0.0768 |-0.0124] 0.0645 | 0.1386 | 0.1331 | 0.2717 |-0.0176] 0.2110 | 0.1934
1995 | 0.0804 |-0.0892|-0.0088| 0.1422 | 0.1656 | 0.3078 |-0.0115] 0.2391 | 0.2276
1996 | 0.0283 |-0.0724|-0.0441] 0.1493 | 0.1426 | 0.2919 |-0.0067| 0.2918 | 0.2851
1997 | 0.0539 |-0.1163|-0.0624| 0.2062 | 0.0640 | 0.2702 | 0.0223 | 0.3455 | 0.3678
1998 | 0.0747 |-0.1639|-0.0892| 0.1066 |-0.0604| 0.0462 |-0.0042| 0.2085 | 0.2043
1999 | 0.0319 |-0.1793|-0.1474] 0.0899 |-0.1079|-0.0180| 0.0183 | 0.2439 | 0.2621
2000 |-0.1498] 0.0140 |-0.1359] 0.1195 |-0.1393|-0.0198|-0.0047] 0.1305 | 0.1258
2001 |-0.1083|-0.0535|-0.1619] 0.1230 |-0.1408|-0.0178| 0.0384 | 0.1272 | 0.1656
2002 |-0.1028]-0.0975|-0.2003| 0.1274 |-0.1157| 0.0117 | 0.0757 | 0.0955 | 0.1712
2003 |-0.1213]-0.0690{-0.1903| 0.1433 |-0.1042| 0.0391 | 0.0833 | 0.1052 | 0.1885
2004 |-0.1467|-0.1066|-0.2532| 0.1332 |-0.1465|-0.0133] 0.0567 | 0.1102 | 0.1669
2005 |-0.1296|-0.1579|-0.2874| 0.1715 |-0.2064|-0.0349| 0.1180 | 0.1282 | 0.2462
2006 |-0.1342|-0.1528|-0.2870| 0.1774 |-0.2433|-0.0658| 0.1727 | 0.0723 | 0.2450
2007 |-0.1628]|-0.1543|-0.3171] 0.1704 |-0.2644|-0.0939| 0.1732 | 0.0597 | 0.2328
2008 |-0.1525]-0.1258]-0.2782| 0.1829 |-0.3410|-0.1581| 0.1875 | 0.0788 | 0.2663
2009 |-0.1421]-0.1493]-0.2914| 0.1845 |-0.2929|-0.1084| 0.2462 | 0.0955 | 0.3417
2010 |-0.1488]-0.1214|-0.2702| 0.1741 [-0.3700(-0.1960| 0.2474 | 0.1440 | 0.3914
2011 |-0.1484]-0.0695|-0.2178| 0.1806 |-0.4146|-0.2340| 0.2144 | 0.1199 | 0.3343
2012 |-0.1133]-0.1075|-0.2208| 0.1676 |-0.4325|-0.2649| 0.2457 | 0.0859 | 0.3316
2013 |-0.1051]-0.1174]-0.2226| 0.1568 |-0.4166|-0.2599| 0.2605 | 0.0342 | 0.2946
2014 |-0.0943]|-0.1160{-0.2103] 0.1445 |-0.4122|-0.2677| 0.1667 | 0.0055 | 0.1721
2015 |-0.1141]-0.1495|-0.2636| 0.1464 |-0.3865|-0.2401| 0.1608 |-0.0031| 0.1576
2016 |-0.0897|-0.2043|-0.2940| 0.1642 |-0.3689|-0.2047| 0.1406 | 0.0182 | 0.1588
2017 |-0.0743]|-0.2161|-0.2905] 0.1413 |-0.3695|-0.2282| 0.1856 |-0.0422| 0.1434
2018 |-0.0864]-0.1881|-0.2746] 0.1492 |-0.4060|-0.2568| 0.2246 |-0.0647| 0.1599
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