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HAXHHAT @ H20H M 1=

[ A &

SEjvebs AlA 8919 oluA] tham] F7FR oYy A =g A EQ ouAd
= 20179 71 33912 OECD 3H9] <ol M==] slehe]dal, 2019).
o] Ikslet SEASHGDP) & w9l elux|Fleke A Eslt Aol
th B4 oluA] AR WA AHeS JEhd o AlSsleE A aE 88}
7k A AT, oyA] v 8 Sl A FfEr]|E g
S2ueke] oA dekezt AR =S olf F R $Eluete] A
drz27F Ay FAlolgke AS #S 4 stk 20184 71 GDP A4te] <F
3%5 AABh= AbHEellA HFelUA] vz AL 61.4%e thrlect
(MIAAALTE, N19). o] FAAE Af3hstat 13 BEaele] A% o]
21Zn] o] g AR|ge) 53, ARsEh 12 g4 v Al E
o wlal] A7AAQ] A wETFe] W ATl et} =) 7bel| 71

s Nk A 4«] b dolum | AR A ue &

ﬂ”ra} 2030% 7k 2017 Hﬂﬁak ﬂi‘ﬂl 24.4% % #‘6}7“5}% SRE Al
(A -2 3HF, 2020). oM S FRE "agiaviee] =oF
= THd= A *ﬂﬂH 71593 HSell ASHoz Yt sl
FAE, 2020). o1& 3 et A= FxaeA, ssdA A, Al
A °1]L17<] oAl AL AeES =ddsisich st oA od5d nhet
ol feluete] At oA van]-vlas TR, "R Al o]dd
o FHofrh gAolnh ©amiEdta AAow qla] Al Ak

7rEo 2 olgt Holr) o 2 ALS|A n|E-g o)A S itk whamE7t
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439, 2019). -F2tete]
Asl7] fsiA= dA%
= ofo} ot

olggt A3ellA] 7|3} S-S FIg Al 19 A5E AyAEES F5
33 QITHIEA, 2019). freddtelAE 20129 olUAE8A S E8f oy
& A AAE FAEA gick ol AF oyA] &8 AAo] oA 5

2392 08 A TA2 AR AT ek oA EEE Fol

) m&‘l
1ﬂ

A?L

M

ok

o

=

& L 715 Sl slel EAolEt & 5 ik 59 %ﬂb}a‘rﬂ} Z
o] thanl-AHAaE oA 2uFEE st = Ikl HAle] wiete]th
Joll $elvebe oz Egel Hd T4 lAskal 20194 84 <lvA=
& EHEATA 3E, 2019).

B dTelAe efuete] 2AVEA WEE Bl el dikew, o
Lﬂﬂ el “7}7M HEe] SHelA “JﬂiJJ} ?'{Wr %‘H%‘—i W Eell A =

%‘:}. DA %‘—17]71_}3 ﬂ‘n‘%ﬂ] AAE 4 9len Bl Zﬂ.% dlolenks
Qo7 37| wfito|r}. wdk < E-8) (multiplicative decomposition)”} 7155}
= Aol HA ol g E3l7t 7bsstek
vt Ak e Eﬂ"]ﬁ 7H8A3 9l A7 SIdaL o dFellA] S
5 skt sholch 2 eR o]F oA HAo A3k IDA uF WA
el DA FolA% Ang(1994)0] Aokt 233t timlx|o} #(Log
Mean Divisia Index, LMDDE &-83}7]2 gt} o}&e] £ od-fox= At

%2,
(o
2
N
o
2,
b
r&’l
O>~
ol i
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HAXHHAT @ H20H M 1=

o] & 7|4} 3} (Production-theoretical Decomposition Analysis, PDA) ¥4 &
+ 23tk Zhou and Ang(2008)-> *-5-o= ‘34015 A6l CO, W3k

g Hallske WS Alklch g dlole g &-8ste] A4PH A (production
frontier)& 7§ thi AAl Aakre] #E& ilrﬁ‘rﬁm ghggic). ol5
Al TP ol U A 4w BhwlE GDP 59 AlEwkew wjEek HAo] sbs
S 3lodrh. oWl o4 LMDIS} PDAE ZAgste] f2lviele] vl

ste] g} ol LMD} 4Edt #4 =79

:‘
)= -
T BiEly AJ,MJ]% 845 whdslx] Eehtke HE A 5 9ldd

el # 84F Apdsta AEFskelr] $13k wh o A|gro] & 7]Hke
IDA7} o] &85 9l 53], Ang(1994)e] H-5-o2 A|kgk LMDI 7|4ke]
7ol FRE olFa slk LMDIE €43k IDA7} Ang and Choi(1997)
2 Ang(2005), Ang and Liu(2007a, b)2] el o&f d3k(zero)e] #=|He]
A A= G A IDAS] 27191 A, AP A), Rk A, cdgkel di’E 7t
AE B RIS whEolgke Aol SR E Y] wiolch

B QoM AEshe 'Rk (carbon intensity)oll teh HaliAl 2

A7k i E=F e Aol 22 AAE Rk el Al s

o
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HAXHHAT @ H20H M 1=

g8 T Wl AGEY] oluA] Aokwe] HslE A sigich 1 A4

71%2] wstel Aoz A o] olA] Aokwe] Fhie] F8<le]}
AL #3rh. Wang et al.(2015)9|4+= PDAE 913 Da3k 243 £Ad
A 7F EABIA = 7] A Sl AuEs AlAE R Ehdch

Zhou et al.(2017)3 Wang et al.(2018)¢|A= HEWHE ©] A&3}s}e]
IDA-PDA &4 A7-& Adsisict. ol= i vragds Aol ok 37}

5 7FsAE el 'agtsel tigh AAA P 34959 A elA e
838 A7t & < olvk

9o} o] 3o Abele] 79 PDAE LMDIS} Z3ste] AJate]& 7]uke]
LMDI 719& 247k v Eaj el &8st AR, 58 e

%8 FHo] FHE olReh olel ol R T2 sk Ag RS 3

;i mlm

rle

1. 24 25

Fefuete] '] el 2ag Ame A AL wiEY
2 oouyx] 4mjEk AR GDPolth. EslEAS 9)a 19908 F-E 20181714 €]
AeE FAssich Alkdted A" GDP Ae A =7REAER

o]
H
(https://www.kosis kr) 2HE] $A3F0 o] Al R o =] Lv]=F A5
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= [EA(2020)9] World Energy Balances #t82%5 ARg-3lgict. ou#] Am|z
- A e ENEe ARSI zEE] S8 A" - ARl
(20200¢] At 13 oAlUA] 3 APAlS &8s A5 E 53k
mp| ko 2 AR AV wlERFe] S %
E (https://www.gir.gokr)ol| A W7lsl= 7} 2471~ olulEe] A8 25
ek

B Aol ARSRE AT wiEEE E ouA] 2l AR GDP AlEe
A7} Aolsle] HE e Y EFAAE 7R ek 2 el = vt
AT - AR Q0149 AT TEAS] offv#] W-dx A 7S 2483
7F A7k e FEde S Ao gt v

3} Ao
2SI ATINE F 109 ATES FEaln i, =
ATl 1) F A8 9 A, SUelds 49T & 1}

A é‘ﬂ%% —Er%iﬂﬁl% sk g-3ic) ol <FE 1>o Al 1A AR FA ] &

%7} A7}~ O]HJIEE]-J 35 IEA(2020)4 -9l Transport equipment
¢} Machinery7} 71etd| 2 o2 F3so] slch olelgh o] f= & ol
H—‘ o] = 7 o] oA AAanE(dY 2 o AREEF A9 BlF

= B83to] ATk iSRS Walsieleh AR QMR A9 <E
>ol vehd - R o] B2 oFS A3k, B AT Wl 2
FEA) ok 1T 9 mAolE, mAlol 4} 9 A1) SELULUCH) )
S5, 12 QM E S ATA W S R 2 95Uk

wAZEA Ml ER] o] & o]t &

ool AReln BRe] ouA] Agle g Y U ez Lm]e v)
F& Bgate] 4 AYFEOE Pulstedeh ¥ AL HALE AT
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Hb, Ak whEREE Afele) ) U Rlgk g4

“ ’

itk webd g Ffel vla) oA amlE,

Ae] wlek] Eateo]

B A din] 2271~ wilEek

o S| slololek A A4 5 ek
(& 1) 2sli2Mof AIEE M 25 HA
o/ EHEE IEA(2020) =7t RATIA QlHIEL|
[EEES XS 1AZa. % 7‘}
Iron and steel/Non—ferrous 1A2h. BIHF4
metals 1A202. 252

FATAE Az

2C. &A1

Al Al

2 skl Al

Chemical and petrochemical

1A1b. AFA4

1A2c. 3}t

2B. 3}sh4ky

Non-metallic minerals

1A2f1. ¥4

2A. FEA

Transport equipment

A AES
71 D A Az

Machinery

1A2f6. 7|E}A| =

1Alc. ZAGE 2 7]e}

e . .
s Mining and quarrying o117 Akl

lA‘jZe. /\]QE% 7],_7_ ul

o 1l .l ] 6 =
SAEE AzxY Food and tobacco chil A2

Paper, pulp and printing/ | 1A2d. E= Az 2 ol

= Wood and wood products 1A2f3. V5 2 ExA)
A 2 AR Alxy Textile and leather 1A26. A 2 715
a] Transport 1A3. &%

/\}_OJ /(_] H] v/_\_tﬂ

Commercial and public

1Ada. AH1/3-5

I3 A, =k 9 ALs| R services
548 =4
&8, ®H7 2
A3 EA| A 8] 229
31 2 7]epAu] Ay
A5 v - AR(2014)E v R AR S A5
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Mol Eol7k= 249F w7l
A 7heks] Awstas) gheh E AdFelA = 7 RA R AR AATE F T
A A e L 1 b
H(E,)E FElnput)Z, JHEAHY,)Z doEsk(c,)s 44 s
(desirable), B]A % (undesirable) At&(output) @ th. 22w F i8] ¢4
A 27 Ak 71e oflfel o] 4138 o= qlch(Zhou et al., 2017).

Sy = {(Eit’ Yi, Cnt) 1 By can produce (Yita Czt)} M

714 oA Fol=kat A5 A2 Aol w8l s A4 derha
714 &cH(strong disposability). &, o|#gt 74at 2 Er}sAdolze= 7 E
(B, Y, C,)ES, °|AL F,, > E,(Z& Y, <Y, 4dd (£,7,C,)<ES,
(F (F,Y,,C) ESy)s &gtk Solrh. 183 ofgt AirteA
(weak disposability)®] 7= gl=dl oA =k (£,,Y,,C,)ES, °li
0<=60<1°% (E,,0Y,0C,)<ES, & WHE3rhes Lot}

Zhou and Ang(2008)e] w2™ fo} 22 37 A4 7| 5,5 FETE

& (Constant Returns to Scale, CRS) 7} 3lollA] A& E2+H4¥ (Data
Envelopment Analysis, DEA)S &-§-3}o] o}efje} 28 A3 FAZ F3g
_/FA /\/\qi
7
Sy = {(Em )/;t7Qt Ezz w = By, Ezz i = Y Z%Cn = Cy, @
Z; Z 0,Vi} l

- 115 -



HAXHHAT @ H20H M 1=

PANA e i8] AFAE SJuldteh R WA oA Alekae oy
A

A Fels A AEEe] A ARV vk Al A AR 2 H]

A
it
fru
R
o
!
L
ACh
ol
—{)

(Shephard distance function)el] thaljA] <o}i
o} B8 o (A U] 43t As AFEEe Wi Ase Ar =
olgfje} 7ro] Aot 4= 9lch(Zhou and Ang, 2008).

DAE,Y,C)=sup{¢;,.(E/¢, Y,C)E S} (3a)

Dig/(Eiw Yi, Cn) = inf{m-: (Eit’ Yit/mv Cit)e Sn} (3b)

A Ba)e FolAl (B, Y, A oAl FoiEke] wlgs 24l
Dif(By Vi Cy) 2 17k (By/ ¢ Vi G )E S 0171 S1%F Bazzlele}. whef
DAE,, Yy, C,) > 1 olghd sl At 71%-e nlagaolehs ojvjo]ch ul
W2, DAE, Y, C,)=101" HfAelet owlolth A (3p) Folxl
(By, Yy, Cp) e/l AsAbEES #Adseiel okd AXa Ak
D (Ey, Yis Gy) = 17V (B, Yie/ni CE Sp0171 918 FzAdeleh. whek
DB, Y. Cy) <1 °l2pd s A 7]Ee wlagHolzle ovlold
DBy, Yy, Cy) = 10181 FgHo]zh= ovlo|r}.

9ol olFd wpel o] PDA i mdS FE3] YeAe
DB,y Yip Co)y DBy Vi C) (1714 pge {t.t+1}) o gre] Hes}
o} oelel@ p, g AAE b ukek pob g7k B wels Ba)h (b))
a7F 2A18HA %= A97F dthZhou and Ang, 2008). ©]& ¢8| Wang et
al.(2015)0] AAE WS Ea 45 Aoz PDA 223 2458 73
th(Zhou et al, 2017). 42]¢] 717k 7ol Whsled, oh33} 22 FHA3 LAE
=7 "ok

T

N
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Ma0|2 J|3t 26 % ZABF (X0 X$S 0Se Fuf HAHCIS HsRel 24

AT

[DI(E,, Y, C)) " =min ¢, (4a)

iq? 1q?
subject to Zzl i = O
Zz p = Yiq’
EZL ip — +Xi,~

/, = 07X1 = O7VZ
pgE{t,t+1}

[D (B Y, C, )] = max 771 (4b)

Zq’ 1q?

subject to Ez w = B, T\
Z’Z p == 77; iq’
EZ 1p - L(17

2, =0\ =0,V
pgE{t,t+1}

o A s AR A A RS ZzzEZp = &3 sk

A4 A5A 2 5L ek FAolth o4 e AAEA 4 HE o
UALHIE 3 o] HA A oA Fdgelet Bek (da)e] FAYS
= Folal oA gm] Rt HA AR o] Felerel Felgolela
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B ik wbef @Al eluAan] FEHE, )0l EEAelzb A A

4
U] FHD]2 B, )3 Rl el A E AR Gl e lo] AbEE,

4b) =3k AR iAo s sHo] rhestr A HAH AAH AdE Aew

3 @A A s ke Azl ofvlgth

Ez-q
D; (E Y.C) = mar, ———— (4a”)

Q0 g’ g z;

EZL ip

subject to ZZZYZ =Y,

= iq

221 7[) 1q+Xi,

2, = 0,x;, = 0,Vi
p,q< {t,t+1}
Y,
DI[) <Elq7 )//q’ a(1) = minz/ 7 (4b’)

subject to Zz = E,+t A\

“ip

Zzz zp zq7

sz/\ =>0,V1
nqe{ut+1}

3. B3l B84 73. PDA-LMDI

H ogFode= AAYD A (time-series manner)
4

o
=
D43 4714 Wakeds W4 WeeE BT $Asa At 71E

=
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4
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HHAXIZHNAT @ H20A M1 Z
Zyn[ it Em i, Ciy) ® Dierl(Eit’ )/it’Qt)]l/2

CL == v )
Vi DXE Y C) » DY (B Y 6]

Zyzt[ it Ezthztht) ¢ Dz‘f+1(Eizv quzs)]l/?

By Yy
{Di}f(EL’t’ Vi Cyy) o Dz']t?Jrl(Eit’ Yitacit)]
D\ (B Vi G |

Di?(EiH}/it’C;‘t) }

« 1 X[ Dif(Eit’YmQ:t) T/QX Cit
Dii/(EiN Yii: Cit) Di?f/Jrl(Ez’t? Vi Cyy) By

x 1/2

X Df(Eit’ Y Ciy) X [

CIL = Clyg X Clpg X Clppy X Clyp X ClypeX Clyp X Cly o X Clys — (8)

>
—~

NE olF= A8 7 A A Q= 7sA 28T 5 sth(eA
). A B9 A Clyg, Clpg, Clpg, Clgp, Clype, Clyp, Clygc,
Cl v 27 AAkate] E3Houtput gap), FA171% 3K potential structure),
QA k= 3 (potential energy intensity), ol A] AH] WA & 3}Henergy
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(B 2) 2Sx3 X5 SHA ZsizA Ant

HX HX MS MSIl3 - E}

T [ |0 B B (200 | o [ e | 5,
A= | Fo| | 2=z AH| | M| 7E| MEF | MI|E zotz | 4 S
T MARM | S | MAY g5} = R

1991 | 1.2040 | 0.8433 | 1.2752 | 0.7857 | 1.2273 | 08082 | 1.0167 | 1.0124 | 0.9989

1992 | 1.1686 | 0.8425 | 0.8219 | 09238 | 1.2093 | 08400 | 1.3072 | 1.0637 | 1.0557

1993 | 1.1413 | 08175 | 0.2305 | 1.7841 | 1.2101 | 08710 | 2.6987 | 1.0236 | 1.1170

1994 | 1.1103 | 0.8504 | 0.0609 | 34389 | 1.1383 | 0.8997 | 51626 | 1.05636 | 1.1023

1995 | 1.0965 | 0.8575 | 0.0593 | 35039 | 1.1029 | 09149 | 52459 | 1.0486 | 1.0838

1996 | 1.0432 | 09329 | 0.0754 | 31737 | 1.0460 | 09400 | 4.6357 | 1.0300 | 1.0940

1997 | 1.0186 | 0.9730 | 0.0532 | 37554 | 09872 | 09748 | 55114 | 1.0634 | 1.1066

1998 | 1.1020 | 0.8411 | 0.0491 | 3.8920 | 1.0922 | 09048 | 55626 | 1.0411 | 1.0126

1999 | 1.0750 | 0.9711 | 0.0513 | 38564 | 09686 | 09302 | 51576 | 1.0161 | 0.9746

2000 | 1.1230 | 0.8942 | 0.0591 | 3.7403 | 1.0888 | 0.8691 | 50401 | 0.9130 | 0.9666

2001 | 1.1058 | 0.9281 | 0.0606 | 3.6459 | 1.0391 | 0.8874 | 48370 | 0.9471 | 0.9575

2002 | 1.1078 | 09402 | 0.0507 | 3.9638 | 1.0083 | 0.8900 | 51322 | 0.9566 | 0.9229

2003 | 1.0994 | 09424 | 0.0520 | 3.9330 | 1.0035 | 0.8979 | 51365 | 0.9523 | 0.9336

2004 | 1.1073 | 09771 | 0.0675 | 34828 | 0.9831 0.8882 | 4.3847 | 0.9294 | 0.9056

2005 | 1.0814 | 1.0517 | 0.0590 | 37051 | 0.8897 | 09236 | 45003 | 0.9530 | 0.8760

2006 | 1.1023 | 1.0379 | 0.0519 | 39410 | 0.8702 | 09231 | 47169 | 0.9499 | 0.8418

2007 | 1.1148 | 1.0341 | 0.0533 | 39416 | 0.8592 | 09178 | 46068 | 0.9233 | 0.8127

2008 | 1.1111 | 1.0131 | 0.0552 | 3.8833 | 0.8457 | 09323 | 45830 | 0.9240 | 0.8058

2009 | 1.0780 | 1.0276 | 0.0589 | 3.7400 | 0.8160 | 09642 | 44672 | 0.9515 | 0.8164

2010 | 1.0472 | 1.1009 | 0.0522 | 4.0158 | 0.7855 | 09847 | 47670 | 0.9414 | 0.8382

2011 | 1.0545 | 1.0408 | 0.0499 | 41023 | 0.8401 | 09613 | 49949 | 0.9359 | 0.8489

2012 | 1.0556 | 1.0515 | 0.0513 | 39997 | 0.8285 | 0.9603 | 4.7809 | 0.9603 | 0.8321

2013 | 1.0714 | 1.0286 | 0.0527 | 3.9223 | 0.8459 | 09449 | 46620 | 0.9656 | 0.8203

2014 | 1.1339 | 09349 | 0.0519 | 3.9570 | 09258 | 0.8916 | 4.7084 | 0.9383 | 0.7944

2015 | 1.1368 | 0.9615 | 0.0524 | 3.9627 | 09119 | 0.8351 | 45784 | 0.9264 | 0.7774

2016 | 1.1439 | 0.9608 | 0.0520 | 3.9546 | 0.8979 | 0.83%6 | 4.5071 | 0.9368 | 0.7590

2017 | 1.1571 | 0.9548 | 0.0550 | 3.7964 | 09035 | 0.8787 | 43032 | 0.9575 | 0.7546

2018 | 1.1298 | 0.9791 | 0.0535 | 3.8748 | 09147 | 0.8363 | 44359 | 0.9628 | 0.7945
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1991 0.8433 | 1.2752 | 0.7557 | 1.2273 0.9989
1992 0.9981 | 06415 | 14078 | 0.9857 1.0568
1993 09720 | 0.2792 | 15832 | 0.9999 1.0580
1994 1.0407 | 02631 | 0.999% | 0.9405 0.9869
199% 1.0094 | 09684 | 05278 | 0.9634 0.9832
1996 1.0771 | 1.2539 | 0.8825 | 0.9531 1.0094
1997 1.0460 | 0.7052 | 1.3166 | 0.9423 1.0115
1998 0.8628 | 09191 | 0.8769 | 1.1076 0.9151
1999 1.1527 | 1.0436 | 0.9508 | 0.8874 0.9625
2000 09197 | 1.1239 | 09833 | 1.1251 0.9917
2001 1.0354 | 1.0255 | 1.0006 | 0.9554 0.9906
2002 1.0107 | 0.8387 | 1.1159 | 09715 0.9639
2003 0.9976 | 1.0238 | 09153 | 0.9975 1.0115
2004 1.0389 | 1.2824 | 0.8940 | 0.9788 0.9700
2005 1.0691 | 0.8724 | 1.1914 | 0.9077 0.9673
2006 0.9876 | 0.8802 | 1.0021 | 0.9777 0.9609
2007 1.0031 | 1.0132 | 0.9428 | 0.9841 0.9655
2008 09796 | 1.0272 | 09861 | 0.9341 0.9914
2009 1.0052 | 1.0680 | 0.9802 | 0.9688 1.0132
2010 1.0638 | 0.8781 | 1.1108 | 0.9657 1.0267
2011 09424 | 09552 | 09535 | 1.0715 1.0127
2012 1.0031 | 1.0279 | 0.9517 | 0.9897 0.9801
2013 09691 | 1.0242 | 1.0059 | 1.0260 0.9859
2014 0.9170 | 0.9830 | 1.0295 | 1.0907 0.9684
2015 1.0248 | 1.0067 | 0.9902 | 0.9869 0.9786
2016 1.0000 | 09954 | 0.9982 | 0.9842 0.9764
2017 0.9857 | 1.0526 | 09633 | 1.0105 0.9941
2018 0.9997 | 09776 | 1.0607 | 1.0254 1.0529
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ABSTRACT Korean carbon intensity change:
Production-theoretical Decomposition Analysis
(PDA) and Log Mean Divisia Index (LMDI)

Taeyoung Jin* and Dowon Kim™**

The purpose of this study is to decompose carbon intensity change
with Korea’s industrial greenhouse gas (GHG) emission, energy
consumption, and real GDP dataset from 1990 to 2018. We adopt
integrated approach of Traditional decomposition analysis, log mean
Divisia index (LMDI) and production-theoretical decomposition analysis
(PDA) based on Shephard distance function, which can consider
environmental technology factor. The empirical results show that while
energy use and desirable output productivity can improve carbon
intensity, slowed technological change in energy use and desirable
output cannot decrease it. Especially, energy use technological change
has made GHG emissions and economic activity coupled, which
indicates that energy use technological change has rapidly slowed
down. In addition, considered emission factor has not improved carbon
intensity, A increase in investment on environmental new technology
to construct new industry that can vitalize value-added will be needed
along with energy transition policy for mitigate emission factor.

Key Words : PDA, Distance function, Industrial carbon emissions,
Decoupling index
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