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Executive Summary
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9] A2l (commodities) 2 1A =, 7] G o] HiEH Lol A Ech= H]-E-2 &AM
AFo] miZ=-917H(cost of goods sold)oll HFYH kAL 71745t} ojul, EBITDA(Earnings
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cClit)= Scope, (i,t) x CP(t) (1)

o47]A4] Scope, (i,t )= 7194 i7}F tA1 7ol vlE5H= 2 ulE%H(tons of CO2e), CP(t)

06 ¥ 719do] #A|] B4 HE ALY ¥R § - Fpkel ois 214AR1 A FALeE fA R4S saysiohal 71
SoH, 4713 7H](DA)E 7199 B 1182 YRS $15F A1 0 & AFgohe 212 sk ¢h& 4= Qloh
oiRh SAlol 71o] % BhA 714 9] AfGoll whet Bha JoFRl Apake] A4k} 7Hs/d & QIAISHL ool o
Sk A=Ak} vlllﬁ—’%% Yo G5 AR = 7E & QIS Zlolth 2 Aol A= AT (Bouchet & Le
Guenedal, 2020)5 F215}0] EBITDAZ B2 29453t
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EBITDAE Z4A|7]= 2102 of| 3. olof whe} g4 714 A5of] )
A& (Earning shock: ES)2 EBITDACIA] Bt4 B E B]-8-0] 2}2|ok= H|F 02 7|
ok &, tAldoll 719i9] A 7HA AFol mh2 o] Ha g, S SAE(ES)S of

20| Lehd 4 9t

ES(it) = CClit)

= ZarroaG © 01 @

o714 CC(i,t )= 91o] A)olA el vkt o] ¢A1Ho] 7]%i7
8% 6182 LrEPUm], EBITDA (i t)= tA14 7]24ie) EBITDAS Uerdich Al
A

N
i
e
rm
B>

Viit) =[1—ES(,t)] < Vii,t; CP(t =0)) 3)

oA71M V(i t; CP(t = 0) )& T4 7HA0] 455k Bk B9(F, B4 7Ho
A (t=0)2k 22 g0l HF= 39) 2 tAIFelM 719
Aol wet 719 71x|9F EBITDAS] H]8o] YHE 4 7]

07 5,34 7IRt o5t 2ol 719 7kx]+= EBITDA®] 97 <(multiple) & &% gto.2 2@ 4 Jlrkal 7Pdeieh.



EBITDAS] B|&(F, T4 7HA /5ol whe o] 24 E, £9)E HlEH o= st
2 o 4 ek

oleidt BYo) Ytk 24 B4 ol AusH| Hdtoln], BUHOR e

(o]
9J%o) ek B3| 25t ofa7] wholch, & o] HAjo] ek o) JFL o
u] %0 2 wjolsli o] S ofashe 2 BA O ok gL WlETt

o HAoA = ek 7o) ol 719 Zhxlol of we JakE mlxl Aol thet =
B2 Awstoltt. o[ TAoAE 1 A 7o 2 ghh 770 WiFo] 7|gle] A8
of ol o g YL vx=AlE 2HHAR DA Bk o] 98] B AT HYATE
w2} Merton(1974)9] H= S 23E 7|5 By o Aesiolct, o] mao| thet 71
3 e thawt g,

B4, Merton oA tA1 E2pARe] A7ERI (719 7431, V(i ) AHE] A7k

il(E(i,t))Q}HiHS’J *l”ﬂil( (4, ))ETJ"J?} Yoz FAHL FANLS Tt 22

A7NM Vi AR SAME A7, ps SAREe] 3 At &
’gol™, W= Wiener processg 2J0|ett}, FAH o] T F7.20] FA/ 3 Mg o= F/d
o} QIttal 7Pgahi, RE7I(T)ollA o) AR2o] A7) e oot | 9]
7429l 2 g4I YT A 71T whebA tA] o] xR o) A|47|(E)E Black-
Scholes(1973)9] 541 7H4 27 Bl osf th5af o] AE 4 QU

08 Thok 27 Al o] AR Aol A Bha 7ol 719 7HI(=1/ (4, t; CP(t = 0))°ll dFete whd=]o] Uoks gha
Aede] ol FiH oz AA FE 7He/do] Utk &gt T35 BYoli B 5 A& o ESTHE At
ZFsto] 7119] A S AbZ6)] wlRo) g AAA npzlA] ek 9l3le] oJFko] A A
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E, = V,N(d,)— De """ N(d,)
In(V,/D)+(r+o%/2)(T—t) (5)

where d, =

of714 re BAPOIALE, NOE B2 37 FAREGS, T A7 275 ojn)

th. ofuj, AHE o) HEA (0 p)a} ZxPare) HEA (O 1) Tto's lemmad] 2]8f thgat 2
SA]o] Ayt

V. oF Vi

O’E:EWUV:EN(dI)UV (6)

=, 229 AZHA(V )2 M54 (0,)2 A(5)2F ()22 THE BliE AU

LIS o
Al BFZ A7

AS TEAT]E sz A 4 ok HEA o= na tAIg ) 714 iSf AR (16, t)
Z AR & qb7)(T)ollA Q] B 7Fx|(D)eF v L gho 24 tA] o] B & (Probabil-
ity of Default: PD)& b2t o] AF=S 4= Sl
PD(i,t)=Pr(V(it) < DIL)
=Pr(In 11, t)+(u—021,/2)(T—t)+UV\/ T—te < InD)
[ InV(i,t) —InD+(u—o3/2)(T—1t) j
=Pr > €
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(B4 HiE) (Hd viE) (71et 2H Hi=)
Aol AP 2fsAU SAIsHE | flAPE SRt A7), ouA] | SlAbe] ZRx|ARS ol A A
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ETF 49| 50] A z38lal MEAJo] 2 710 2 BAEQ]ch Ihikunle & Steffen(2017)2 43 Ul =4 3 e
(green fund)] /g5 A Aa} 27 54 HEO] 0152 UREAQl o] Hlsh 2 x5kQlck Tk AR
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Aol thg L EZ2| Q0| H Y= o] 2H2H| 8] [-ofn|eh Malr EA¥stA] ¢b7| wio|th
(Berk & van Binsbergen, 2022). 20501 Et45H-2S 9fs)] Ala 29l =
5] AlgstHH, 7] ol ohet FARRFe] 2|54 Q1 #hod(engagement)Zt 7T 5-Q.5F
A, Ak ZEZL RS ST uf of2f5t @45 AHs| Hhdsto] ZEZTR S

AR7HA] ofe] ZEZZ|Q o] AAEHJ o, 7| HEAATE 22 s A
PARAAZF 7R Eeta X5 5] flel AR W Ee dkeket et 2
Oh <E [I-2>= Aea REELQ 4 W ES 2| Al 7HA 2 Agefstal glon thx
o= (D ALY (screening), @ B (tilting), ® %4 3Hoptimization) 49| ZLE
Za) @ 74 W 2o] A Qlth(Bender et al., 2022). &3t 1HAIGS ECiE Zh2}
o] M WHAlZ 7kokal W S AR E AR

<H 112> FHE S EXt 24

Rule-based %% Algorithm-based 3%
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A _5\_/\}—0-10 Ezlh]& 5
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MSCI 5 22H 2| $ARQA7 AFESHE S A S 8] A|7F QU2 <3 TM1-3>-2 3l €]
A7|& B 7|TEAR] H 7HA] AT e AlIE BolFEEd dAA] 8 229 V)
TEARbE 2 08k AR Bs 7| G2 (0]l gk Abd)of] tish vl AE| B A3 Hd2F
S At} o2fgt A3 e WAl HeEke] 7)ol PEstal olslst] 419, Adat
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Fossil Fuel Free Index A]2]27} Qlt}. ¥+ ETFZ+= SPDR S&P 500 Fossil Fuel Reserves Free ETF(SPYX)

7} 3k
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S-2luete] 77 S&P Korea A|4+& 2A| 2 Sh= S&P/KRX B4 a8 I3+ E 4|
a7} ol2igt WAl o & JtE|Qlom, 2021 29 o] FF5H= 452 ETF7L SAIE Y
oo of2l <Y TM-3>00l M & 4= 3150, slid BY A= 2-2|ut A1tz
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:1) 23 U 98 FAu 7 AW200 A4 fy] 2340l B9 LERY
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28) e 58 JR1FY ETF7HdAE=lch
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2F9) 719, A8 T B S
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— Industry
Wiy = w]ndustry,t S UI7 t X (]- + CWA) X F

*
Az | WieZl9i9 HE RS
Ex|E . §n§u9im/t 224U 71 7t &S5k AR (mdustry) H|Z
*
(Wi 4) ~w Y 719 0] AL U BIF

. CWA E2H)5 7FEA](carbon weight adjustment)
-, 9] &ho] 10] B HE8}Alg

JfHE R EAYokES 7|Z0 2 1029 180 R U

-7} 291 AP ZA] of B TCFD Haeh §hY of i 4kl FQ =5 J12i5to]
CWAE %9

‘v &% A2 TrucostE £ &1

Hol HiE%F | TCFD 2o AR 27F 274 At
. Al Harek 72 | Lowx0.5 | Midxl | Highx3
v Elgs 40% 20% 40% 120%
1 L 35% 17.5% 35% 105%
N 23 30% 15% 30% 90%
v Elgs 30% 15% 30% 90%
2 L 25% 12.5% 25% 75%
7FEA] N 2 20% 10% 20% 60%
(CWA) vk 200% 10% 20% 60%
2% 3 K LSt 15% 7.5% 15% 45%
N 23 10% 5% 10% 30%
v s 10% 5% 10% 30%
4~7 0|k 5% 2.5% 5% 15%
N 23 0% 0% 0% 0%
v Gl 0% 0% 0% 0%
8 neky -5% 2.5% -5% -15%
N 2 -10% -5% -10% -30%
v bl -10% -5% -10% -30%
9 neky -15% 7.5% -15% -45%
N 23 20% -10% -20% -60%
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I &4 2232 vt 34 ZEZ 2| Q A7) 2ot

My

A2} o 2438 4 Y BHE ek

<E I1I-5> A%{2} 2rAlo] 2Bt W MR OfA]

g A. 5434 (objective functions) llA|
N
@© H=et3 Y2 ) Std(Rpf - RBM) = std(Z]l(wi - wi.,BM)Ti)
=
T ESE 4 o8

i, BM
Noector _ 2
sector w § w . y
@ —‘[E—Z]-H]%—QJ f‘l_“_i]- . &!Ei H]%l—; 1 [ sector 5ect0r,B]L[}
sector i=1 Wy, ctor, BM
Negr — 2
%7} H] — 1 V! wcountry wcountry, BM }
. z2
]v;:ountry i=1 wcauntry,B]l«[
Ewicarboni
® 2 A4 o] e 913 Z
H)-& Z w; gy carbon;
i
- carbon;: ¥4 2L T BhA 97 184

g B. A2k 7 (constraints) A

ORI, -std(R,; — Rp)) < K, (K=50bp,...)
@ ek Hig 2 RN Ewicarboni

- Ex ,EE‘L; puLi i .

o3 2= < R, (R=50%,...)

Z w;_ gy carbon,
K3

FEHF A w, <20 0w, gy,

- AE] 1] & Aok

3 ExH|1Z Wyt [Wee ctor, 53— 5% Wie or 1y +5%)]

- 57} H|F Aok

. wcountrye [wwunny,BM_ 2%, wcountryﬁBﬂf—'— 2%]

F ) NEEE 9] Y T HIx|ntE DAL FAH]F-S Z2E W, W, 50 2 40|
2) EE%EJE LH &]Ei E?“l %7]' H]_é_ = 7—P—'}-’ws ectory ww“"“'yg'
A2 S&P Global, MSCI, FTSE Russell Bgh4 2|4 4 W2 231

47 o= E0] MSCI9] 7%, 24 8ll(optimal solution)7} FHE|#] ko |25} 24|9] AlofzAS dAER ¢
ﬂo]*ofl XH Xéo =1 “:]'(dﬂ J—]alg +10bp)



| FHolM = 7 HFEARAE s ASARIAPE S 4 s EEA Ae] A
QAo tht x| 9l EU 7]% #lx]ut=(EU climate benchmark)Z #|A|5F3Act. 2019¢
29 EU 9|3)¢} 8¢ =2 7| S H3tof| tf-Soh= Hasd REEDQ oigh A2 A Alst
7] St wix|eta 71 7dshe ol geldiar® 35 1Y 2] (European Commission)
= 7|30l Bt 714 M E7F 15 (Technical Expert Group)“2 A743510d, 20201 7
Y EU 7% ¥lix|mt= 9 2] oig 2] 43te] 7|4 9715 HAshe 32& =5
T} EU 7| % #iX]0t=+= IPCCY] #at4] S/ & 7IRho 2 Aekh 2187 A =9] At
= G@A517] Yt 2 At AEH 2R HYojHt, 7|$ Hix|uf3= EU 7|5 3% #lx|o}
F(climate transition benchmark: CTB)2} EU mt&] &% AA| ¥l x| ot (Paris-aligned
benchmark: PAB)2 4J%=4|, EU CTBE= TCFD7} A% 9l o2 Bgdt ofg) Fap
O 2 RE 2pHS B ok= Zlo] 54 o|H, EU PAB+= IPCCY| 1.5°C Al =z =
212 Q1 Zghof| A A} Sk 7| HEAAE flsl A= ]l

<H Ill-6> EU 7|= HIX|0I39| R 7|=

= 7)12 EUCTB EU PAB
TA| 4 o] e 919 HlF 30% 50%
A o] geka 22
(YoY?e!arbomzthn) 7% 7%
Scope 3B|EF 11&] & 2~4d 2~4d E
. . /\-h]‘:_} A-] [e] 7<4047]-/\ zja_z] Ag/l\l-
E-5 A (exclusion) s ’ 1018wt 2= oo

A& State Street Global Advisors(2020b)

<E MI-6>2 F 7HA] EU 7|% wix|ot=9] 2 7|2S 8|ust Zlo|t}h, & wixjut=
T A e 7%2] 2EtAst 2 E wEths HolA 5 YskA|RH EU PAB= 25 Hil
Al(activity exclusion) 8710] Qa1 Z7] B4 thH| BhAZoFE ZhA80] 50%2 EU
CTB(30%)°ll H|sl AA3gt 7|2 873}, 2| olli= MSCI, S&P Global, FTSE Russell
5 =2 A$ARIAR= EU 712 x|t 7|28 f2s 98 245 A6 1o

™, olgfet A= F2 EU 7|5 #ix|nta 20 She 284 J 25 w=riA #ix|at

48 European Commission, 2019, Handbook on Climate Benchmarks and benchmark’s ESG disclosure.
49 ARIALE], 1A, 719, S871 e tiashe 35%1 0.2 /3 HE7t AF
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1. €4 2lA3E 125t 24 X EZ e AA et

= Bx|4pebo] MeElE5 F4sehe A8t /Al = A th(Bolton et al., 2022).%
ek o] T2 7|2t o2 91t =t =07} ES] AT 2ol A
Ve 5 72 VRS SAHoR g9k A5 80| 541 Qe AoE 1
otelct tjEA oz A9 dle] AP4(Swedish 4th Pension Fund)& nj= FA] TEZ
229 gha S WE MIX|utA(S&P500)E et 5517 flal S&P Carbon
Efficient Select 2|5 M2 Hix|ufa 2 afeigict st =gk m3fA 28] 7]Z(Fonds
de Réserve pour les Retraites: FRR)< MSCI2F Amundi 2H:H-83}F & 2{5to] MSCI
9] Low Carbon Leaders A4 A|2| 22 7idgia & sjA] 2 -8xpato] Tt Al
T 8AES AL ZEEL QS 2 sk o)k =] &5 ARHEAAF
(Common Retirement Fund: CRF)Z} Z 2] ol w29 E] 4 F-(California State
Teachers Retirement System: CalSTRS)- Z}2} FTSE Russell Climate Transition #|
42} MSCI ACWI Low Carbon Target A|=2& M2 #lx|nta = AYsto] A= &
UH 225 sl DA A 4eof 57| FAfskaL Qlet. o] ejoj & o] 27t EEka A5 5
&ohe ETFE 0] A=A, dut Fxpxpol| 7] g5k vl o= &4 gA3E &

U 4 A it Algshal Jlom gAFHE REET L F£ARo) X1 o] Holx]al qltt.

3. 8 FAAS) Heka EEZeQ 74 v}

2 oM 9 4708 Aekh ZEZe]0 B ek X|40] 74 PHES B £
A Aol M8 stol, Wl SQ3 HIE BMsk 2 WS S-S shetsha o
o}, o] do] AL g Aol ZESe| 20 9% % 4018 S4e) WEE M4
sstui SAlo] Bhh RS BHE EEE S 75T 4 A 4F5H Zlo] 2]
o 2 8o BA A0S BT 33 FAAG EAR BE0A Aekh Exlol e 45

50 52 Bolton et al.(2022)014 AA|S W &of 7|23t x]4=o]th MSCIQ] 749~ PABS w2+ MSCI Climate
Paris Aligned #|4=¢} CTBE w}2+= MSCI Climate Change A7} 11, S&P Global2 EU 7]% Hlx|ot 35
7|8k0 2 ThE PACT(Paris-Aligned & Climate Transition) 2|4 Al2]27} Qlct.

51 S A4 B A4 tiH] B Eab=-2 50% A &= F4Al7|H 22]80] 0.5% olske AAIH 2o =

52 FTSE Russell Climate Transition A|4> A]2]Z& FTSE Russello] /51l Qle geta 2|4 Al2|2E
5}, MSCI ACWI Low Carbon Target Z|4~= MSCI ACWI A5 BA|42 3h= 2|25} 4] o] ekt %)
Zo|tt.
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S Ae7] 9 719 Tl Bk iR A S SR Ak F e
(National GHGs Management System: NGMS)* Q. = £-&| ZZ5}3{th. NGMS
H7} e ATA 2 AR 0 2 AlRelT Qe BEE et ulE A e 7]wto
HlE WA, ol AHEIA, ST AN 5, 719A £ A Bele] 24
Wi 357} olpEl Hlo]E|2 DBskslo] ) LAk A7 A 4
Adolth, 718 7Y T 247k HHZ Y2AZE NGMSOA 1 3715k BAIA
HIES S dA S 57 AF=olt). b o= oy A T& & o3 s ] U
T SR 3 Y dAZ M E AlEckaL, 22 5 59 F IS HiE
HolA| E=t, 0]2] A AX 54 8E T A o|PA|7]9] 2A7A BiEF It

7N} o] F opr|at 2274 2HdS A 129 F 2F 257 37T NGMSell A
—_L
H

I> rlr oh‘. ol
S Jﬂ riok

IIE
rLllo
X
rdo
ol
ol
rr
>,

>

ol N

Sk 71 AA &9 2A7EA viEF2 A4 viE(Scope 1) 3G A 719t HE& A
Abeh=d] Bl &&= 1 vl E(Scope 2)2 23 oh= 7idolot > AR ] HlEH 7] &
= olatSt A FE(tCO2-eq) 0™, Hold 2 HofAl= oAt AE(tCO2) e
Eolghs HYS E85tth 24 ol dAtRe] 719 = AR olE= EHIRE A
7199 aet misto] 2k E FE5IUTE o] 9 471 AlE, A 74 miE

S 218 DataGuide 2 5-€ 1519}

B Hof| A AbE-gE NGMS BiE3 Ak3 = 2011876 202171 0|ct, 7| 2417}
» &S T2 Akset 3 o, NGMSollM YAts7t M E52 02 F7ls= /\] 7)(c}
& off 12€) 5 et AE = viE TS ol A 12¢ T 7|20 SIS vy
Fol a7HE= 7192 247 HiETe] 5RHCO2 o)l Al Bl 1.57HCO2 o) /d<l
WdE 2Yshe AR ATEHER, Ao 2ohe 7192 F2 7| dolo.*
=ZZ o

Aoz FAol e 7|42 NGMS HiET A& 7F EAlsHHA], 2Ao Be

53 ngms.gir.go.kr

54 S2F5H7ER A0 FL

5 Aol 42 37) H 68 U8 JlE0 2 A T WA ARl 2 WEE AT, 2 3o
H]—;H oz xl;g]o] Z]—O] g L}E}uq

56 ©2FH7E AT X1]19Z® 2L SR A8 2 Mol| wh=w, 2A7EA HjETfo] 57HCO2-eq o1del o
A 2 1.5tC02-eq o141 AFGAS BRI AA 2 A= 1L, 12.59HC02-eq ©14d] Al 2 2.59HCO2-eq ©]
A AL GV AR AT U R F GA AmE Yot AR AR ol Sl A i
ST ARE AH O HiEFE tiAgTh

A Ay} ok A

- R S M

Hr
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1. BkA 2lA3E 183t 2|8 T EZa] 9 Al HHot

oF F7F 9 AFAE ARt Qe A7 - AAYHA 7ol e 71T
SPAC Aol A ALl sH3iT.
<E [M-7>2 24t 71949 it 24714 B &5 F0|& Hoja1 gt vl
=7 549 71% CH_EE UH, EE 7Y 4= 201148 177700014 20214 32974
7]50] 20129, 2014 F Z&|of] A
9@% @E Oéfz;% 77] % Aoz MM AFE7|de] £7F mid sod 201% 2Hg-
ShZlo g Holth 24 o 719 ekt vl &7 2011 212.6tCO200 4 2021
259.4tCO2%, 71 4= 7t &7 A A s] S7ket A o= yepdtt, v 2A7EA Z9t
HEAEN A 7Sk =71 A A7FA HEF2 20119 684.8tCO2011A41 20187t
A 25| 271t o]F 20219 679.6tCO2E ThA 7hAsH |2 Uehdth £3] 2020
Lil%wi 13 7P 4l 24, AR 72|57, o] & Algh 5 o2 SATA HiET

o] 2 Fo= At A 7|t 27| =7F WA viETS] 31% S EE E7IU Bl

Z ol iPX]éﬁ U, 0l% 38%2 1 b]F0] SolgthmEE vl% 34%). Wibgoz &
A A A7 0] S A7EA BT S-2lutet ARl ol A fo]u]a u] 5 st
Qi 7o 2 Froc)

(T 7H, tCO2 %)

Ede | Ve | BRI S | U A eSS H] S (=2AHAA)
2011 177 212.6 684.8 31%
2012 210 216.0 688.0 31%
2013 222 208.3 697.3 30%
2014 271 226.8 692.1 33%
2015 277 223.7 692.6 32%
2016 288 225.9 693.7 33%
2017 309 233.6 710.6 33%
2018 314 246.1 727.0 34%
2019 320 259.7 701.2 37%
2020 326 249.1 656.2 38%
2021 329 259.4 679.6 38%

1) 718 A HiET 8719 710l He A=E 9y
2) At ul S B0l T 71 LAZRA HilET TAIE O]
3) A vlE S %*a }i SAHEAIE oA F7Not= 57 2A7EA Bl S-S o]
Ak : NGMS, DataGuide, 3742 =712 A7 A 57
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SO2 B4 B2 7| A tEA S AT E] ffs) 22 7S] FAAE
W AI7FE B S-S A EQITE <3 [1-8>2 24 9] 7|Fo| H&= AxEE HE 7|9

o]
Tt AIZEE AT A U] B E-S Qokst Aot HlolE| ek Al 4] Ataet ulET AHE
o] A7} 1d 0] 7] wio]l <3 IM1-8>9] 7% e 20121 5E] 2022 7}A] o] T}, BA]
A2 ARl 20121 Foll= i F7199] Fat Al7FEl0] 64029 = A Al
52.4%% AAY oLt o] T Hlgo| Haf F7ste] 24 7|t 720223 el = 44
AU B2 7149] A7EEY H|Fo] 63.1%% S7HICE HiES AP AIFERE LA A
HEH S7REHAE U 72.6%, ZAEAG W 11.6%S 2AI9Hh viES 3715k
3 uiEAAAC] 23 710l = A7FSHAE UIF A7 Ae
4 SAct. gh, %aura} FAAE sk QlEAQl KOSPI200 )40l 23
& S 76.5% % U THY 2 g 7] o] Ao 2314 2
O

= ]%”HE*O%%%E% |2kl & & Aok

O

4 rlr e o
N
e
1o
>
N

<E I1I-8> 24 Chat AT7I00] AZFE HIZ
(29171, 29, %

A B2 5 Al71E s

A 75 | KOSPI200 FAL
2012 177 640 52.4% 57.0% 61.5% 4.6%
2013 210 681 54.3% 59.1% 63.4% 7.8%
2014 222 698 54.4% 60.2% 64.4% 7.4%
2015 271 797 57.1% 65.0% 72.6% 9.4%
2016 277 888 61.1% 68.8% 74.8% 12.2%
2017 288 1,097 60.9% 68.9% 73.8% 16.5%
2018 309 906 59.7% 68.7% 74.1% 7.6%
2019 314 1,027 62.5% 71.8% 76.9% 7.3%
2020 320 1,443 64.1% 75.1% 79.2% 8.3%
2021 326 1,513 59.9% 70.3% 74.5% 10.1%
2022 329 1,268 63.1% 72.6% 76.5% 11.6%

F BN AR L IREUET A Ve e+ )
}=: DataGuide

57 719 5 712 51 20229 T 7|E, R7FSHAIG 32.9%, TAGAIR 4.5%, KOSPI200 A4=2] 7%
53.5%°]c}.
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. &t4 g A3 S 133 34 TEZT

o

A7) wyor

= o v

2 7]909] A|71%9) 7158 T (cap-weighted) 4:0 52 AFZal R, Q2jute} 24
A FA 4]

=
4l KOSPI200 A|4=9] 0] &3 -FARSH FEfE BRITH< 1 [M1-4>). &
g2

=
H =
Qo] gt 4082 v 109 B mEZe] 0
)

27149 § = Bl 7Hste] A7
N 7HE o el ES ALtst Aot o] £ §-2 T&% AEA REE D] @ o] Hix]ntA
40 E2 AFGHLE <O T1-4>9] BM'2 B 7] 2] g4t 0] 591 HetA X EZ ]| Q.
o] Wix|nte 7 40]go|u ‘MKT'Q ‘K200 27} 97124 - TATAR GHat 4:0]
& 2 KOSPI200 A|422] 2 420 &5 Lpepdit}, OgoA & = Q50| HE 7|HS E
2 AHESH Wi otE ol E-2 P-E|uet FAXGS thiEshs £ A 54
o|1 Qltt. YW ol 58 V|0 R HE 7| Tt Hix|uta 0] 53t Lt 44
7 gtk 42050 JTA| = 0.950] 8, KOSPI200 A|4=2+2] A kA= 0.980] &t

_60 L e [ Ay [y Sy
P~ o~ o D o D o D o D o D o o
2999390593395 9595539593953
M O < T IO LW O OMNSMNSWWOOO OO 4 AN NM
o =~ A A A A A A A AN AN NN N NN

— BM — MKT K200

5

ol

Z:1) BM, MKT, K200 22} 2 7]9] 0 & whE #lix|oba 2|4 42015, FAA
o g2 FAAE Yehd (=I& 7|ZF: 2013.01~2023.06)
2) FAAE St 082 7S AAEAE AL TFE T 0 ER A9

} 3t 42) 8, KOSPI200 2|5 4

S <7 MI-5>0fl A Hoja, Aol 2ehd B 471U of2] AlEjof a7
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TE7FFARE 202 g, 7 (3 1E)= dF AlEoA Tha Zpol7h
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wolth AZFE BIE-2] 749 IT AE| H|Fo] L& 7|FollM o A Y], ol 4
g77L, SKstol YA 5 AR thg 2] A7k H|F-o] Z Wol| A vl 7] whEolct.
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=
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7194 % 715
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1. BkA 2lA3E 183t 2|8 T EZa] 9 Al HHot

O

5k} 58 BAJof| ARS-H NGMS B &3 A&7} 2011 H 2 E] 2021 E@7HA]o| B2 TEZ
2 B2 ol 2 HF A2 20126 129 TRE 2022 129 D71A] 11 S| 2 11243
o}, 1 2 gstchn 7Pg5te] 4221 8-0] 742 2013 1€HE] 20234 62 (AF& 717+ H)7}
Zo] A8 AR5 AMESIAT

i 71l A Y& (carbon risk)P-2 Tho] ERoA] A5 E-8H SAaYekE
(carbon intensity)& 718t 2 SHSHHTCFD, 2017). B4+ 7|He] 2A7FA
Bl EEF(TH9): tCO2-eq)S W& (el winke o 2 e v &2 A o|5t=t|, mi&Y
H] 2A7IA i Efo] 245 B 9I3o] Attal & 4= ok ZEET| Q9] Tha 9
Ade 7ESE o gHa -‘?46\:4 7\159} = FAISH] /Il A 2789] A (21)2F
o] E2HH|F o & 7t 3t BT ok (weighted average of carbon intensity) &

H A ®E= AREoE) A(22)9] fHiF BEAT oF I (aggregate carbon intensity) 2} 41(20)
7t B4 HiE3F(weighted average of total carbon emissions) = g7 4t}
EEED Q0 &4 QY ARHE RPIA R s A 77t 245 A @4 AP =
o] =32 ofnlgitt.

0o
|

5]

Ju}

o N m o

B4 230 WA 35 2dedut HE A329S YSIeIth E5 239y
2 7] 9] ehazlobe 2 7120 A9l ove] LYY FBE B4 FUH|20)A A9

28 W42 S&P Globalol A ARgsh= HIE24 alE dRteheidlh). o= S5
Hnte ZEZ 2| Q H]Fo| BAB|F 2HACWA)E HE3] HallM BlSS A=A
Sh= "rAolt). i 129 2 HiX|oha. U A U BE S5S 24 Al AR VIE
O2 1028 A5 Wi, AFHER 4t CWAS EUZ H|E2 24T of7|A
CWAE g2 9 A 27} 245 FAH|ISS S50 Wz 9 A7t 4248
AHEZ T WA o= eItk off A(24) 5 EH F540) Y ZEED L FAf

58 AL B HjEEFo] 45X (missing)Q! 7192 WX ok FUH A REE A 2|53l

59 2 AollA] A £hA 9132 7| SRS B AR QIS o8 $)¥ (transition risk) 2] /34 0.2 o) 4= Qlrt.
A7k HH%E*OI T o g B2 7] B9, T ga 7HA 4Gl w2 Ak 9 ) ul-go] 371 o)t
7197k219] A2 olofd 4= Qlrk



I (Wi e WA BEL U M1 30 29) ) BB 291 HIZ)ol (14 CWA) S
FoIA S ), P RE $59) £AIF G| B B2 A4S oJuditt,

1+ CWA)F

wi,ncw L L]p qp(

where CWA € [—40%, —30%, ..., +30%, +40%] « K (24)

, K<1[0.1,0.2,...,1.9,2]

CWA= &4 o 237t 7Hg 2 102919 73-9-oll= -40%2 75t tha 929
L 30002 2AAISe] 3712 10%4 HAsIQIch IR 98 A 57} 7P 22 129
= CWAZLol +40%0°]H, $7F LFR1 5, 6291 2474 7L 0%0lth. Tha 0.2 A](24)
o] gy mlenlg K= 989 = (degree of tilting) S LERU= wi7iHR1E, K7}
HAPE BT A2 H=5 doshs FAlolth oM AEd oAl K7 191 7390l
al, K3Yol 0.10]% —49%7-8 +4%7HA] "Eshs Zo]a (et 4+&2] €H), ' A gk
OJ %%OﬂbCWAE -8006F-E] +80%7HA| 2 A3tk et 452 €8). ol oY
g g0l mhE thefet Alue] & AR 7] figtolot,

Al4)0ll T2 BlF g8 JE=5 Qokehd <& IM1-9>9F 2t} oS 7] flal #X]
AR U A U 107] S5RF 26k 2 59 H]F2 10% = 2ol 7Pkl &
+ 2% mEfn|g Kol meh 298 2 4(24)9] AU = 24 H A EO%—;—J— U
th K7k 7P8 212 A9(K=0.1)0le B4 9l3lo] 7 2 35
%0.1)8HE Z01E 9.6060] L, Hh} 2 BhA o] 7 Ze E
1 735 27891, 5kl 2912 2% EE%EJQ H|Z-o] Z7[H]Soll H]s] 40%(—40%x1)UP

Sk 1492t 6900l Tt oA & 4= 10l Al(24)0ll whet A3 (linear) 4 2.

H| o] AL, nefu|g K7t 37145 1 A =7F A2kt ol2igh WAl

A|AFA AR S&P Globalof|A] BhA §-& X]—’F(carbon efficient indices) Al &=
S 7hsk i (pure tilting) 2 H&3E Zolth B& o] o=

o AL Akt ek 24 @E% FAs= A= A &

HA = e 5 QS ZAlolth, §4 S50y AlE 9] HlF:
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1. €4 2lA3E 125t 24 X EZ e AA et

<HE 11-9> 2 =A% of|A|

948 | =7 J ohetoje|(r)E 299 REETQ HF (W)

=9 | HF 0.1 0.2 0.9 1 11 || 19 2
It 10% | 104% | 10.8% 13.6% | 14.0% | 14.4% 17.6% | 18.0%
x| 10% | 10.3% | 10.6% 12.7% | 13.0% | 13.3% 157% | 16.0%
3ud 10% | 10.2% | 104% 11.8% | 12.0% | 12.2% 13.8% | 14.0%
4th 10% | 10.1% | 10.2% 10.9% | 11.0% | 11.1% 11.9% | 12.0%
5 10% | 10.0% | 10.0% 10.0% | 10.0% | 10.0% 10.0% | 10.0%
6 10% | 10.0% | 10.0% | - | 10.0% | 10.0% | 10.0% | - | 10.0% | 10.0%
7t 10% | 99% | 9.8% 91% | 90% | 8.9% 81% | 8.0%
gt 10% | 9.8% | 9.6% 82% | 8.0% | 7.8% 6.2% | 6.0%
gth 10% | 97% | 94% 73% | 70% | 6.7% 43% | 4.0%
100 | 10% | 9.6% | 9.2% 64% | 6.0% | 5.6% 24% | 2.0%
A | 100% | 100% | 100% 100% | 100% | 100% 100% | 100%

FHlx . R EZ L 2 7F FUT AVFEAS 2= 107 S5z - FE 7

OpR|ERo & 2|43} iAo 8 Aea ZEED QS F/d5t7| 95 AT (Anders-
son et al., 2016; Bolton et al., 2022)°l|A] AA|SH B F- MSCI ¥ S&P Global 5 A|4*
A x}7} 7}1} ko] %516]»‘;— BF4) 0 260 2| X5} 24| (optimization problem) & F-/d 5}
42 A 5 ol B4 AP S EolH FAlo HiX|up= 2|40} F
= = XEEY QE Fh= Aoloh. thA] Hof|, Ylx| k= tije] gha

= 9] 23t 0l 2= 913 Q 9l(common risk factor)ol] s AR &
BEE e XEEL QS FE5h= Aot o] & ol A3} £Al|e] FAT4E wilx|u}
3 22)4 the] 28] & (tracking erron) = 75kl U7 £F o)) LEZLQ EhA
A A7 AAE AAROZ Sh= A3 FA1E 45U

5
e Aol
1

60 2 Hojl A 2703 MSCI Low Carbon Leaders A4 A|2| 29} EU 7|5 w2 7]HE 2|4~ S&P2] PACT(Par-
is-Aligned & Climate Transition) A|4* Al2]Z 5-0] O;lq
61 HIxota fUHA0] /g3t ol Fof TSt HHE 7P S Fasteh(e]: <3 -4>).
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2Hstandard deviation)2 JoJstct. 1g]go] BE4E XA LEEZ| Q) 9F-4
o] & oA Mx|ntaef fARE E4S 7HE Zlojoh, §HH, ofel] Ajofx A2 A&ka
ZEED R0 & Y (=l Hd HAaofr) S Rt &4 9o oA HE
(Q(1—7r) olstz 9= 21 ou|gttt. 071X Q= WiX|nta LEEL| Q9] 7h5i+ &
APl 4, RS B shagiopolt, Aok el A 7V FR 3 wist
e, r& LEZ 2] Q9] ek 9§ 7H=E(reduction rate) o] 0]t THof #ix|uta of
H] 500 =] Bk 9HE 29l EEEe|o.8 TS IA S 12 052 st
k. 2 o] BAof| A= 1l r& 20%(0.2)5-E1 80%(0.8)7HA] 5%(0.05) T = 117
shelA] 245 £412 Et o] 9] Al(25)0] The Aokz7 AL LEZe| o u|Zo] Bt
QA Q) 2 7o|c
Minimize TE(trackmg error) = std(R RBM)
(25)

where Zqiwi = Q(l_'f’), sz‘ — 17 wi > 0 VZ

3 BA40] v|FWyy) Y NESE I+ 595 B4k 24t ﬁc‘i & (variance—covariance
matrix) 29| gt Aol ), /4(26)9] wz‘,BMT—]- Ti% 7N

Ul v B 4] 050 o]

A o7l FRE]F W= [wl,- ,wp] S Zﬂszlé EIRETPARE
ek Gt= ARESIITE Alefx 2] A9 wol| tis 7heet 12} B 4] £ B-54] FH

2 Aolso] glom @ 7}xel AL Aeric)

P
rlr
o
< |
i
-
_l

std(Rpf — RBM) = std(Z(wi — wi7BA1)rl»)
= std((W— W) R) (26)
= /(W= W) Z(W— Wy,

62 EZ?|Q EA|Fo| GolwA FAlo] ulEe) Fo] 10] HES Seick
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I B4 BlA3E T35t 17 TEZa]Q A7 vot

_I

S 4 Q& Aot oiRk A8y :rL(Gﬂ' Andersson et al., 2016)°l|4] A Ag%o0] =
‘AL A ALt B} HEo] 46k 2Hgoll A 2Hestimation error)7}
g 4 Qlo] 319 Al (spurious correlation)”} LR 7HsAJo] Qltt. wlhetba]
ALE FZx5fo] 4](26)9] 22 BEALZEAPHS F& 213 2 9l(risk factor, I
B])o] Bit-z24t 3} & Q Qlof thet wiEk(beta, factor loading) = x|¥sto] 27
gttt ol 7HEE5 422 gof| H|sl WE 7t diAl4=0] 74 exp7F 20, ROl H ot 24
3ho] 520l 3-F A .llol thgt =& = & WXt fAFSHA 7HA 7h= F2of Bt
517] wjZo|o} WE 2ago] g8 {2 whe o] ' & Farskith(MSCI Barra,

2007; Andersson et al., 2016, Bolton et al., 2022).

o)

A27)2 A (26)2] FATFE HE]o] a3 2A4t B 9 S5 HEE g e g
FHTH Zoloh AEEE 495 HE(R)E HWE] 2P o2 BHsHH Of +ult Zal(f:
A9l HE] u: ZAp), o] EE 4](26)9] Y= HE]o] BAkFEAM PHQl 2,9t F
= wEjol] it vek(), 7hatee] BAKA) o2 BHECES kA S5 AR
FHS Aldbehs oAl W o] EAa-2At -1} wlE]of tigt HelE AlLteto] X245}
TAE iastdt. o714 WE|Q] EAk-Z-2A4k E 3} vieb= 22 59 HE olE8S
g-gsto] ALttt Agelshd, A1(25)9] Alefxe RHESHHA A(27)9] EARE
F|adshe A9t FAIE o]AQ1 WS o] &7t ZAHE f&%ﬂ‘}iﬂ(numerically

approximate solution), ©|& %23} W3 2H83 Aeth TEZ Q9] 24 H|F

= ofgttt

std(Ry;— Ryy) = /(W= W) X(W— Wiy)

= (W= W) (82,5 + A) (W= Wy)

X = Var(R) = Var(Bf+u)
= Var(ﬂf)-l— Var(u)
Zﬁﬁfﬁ + A

63 A(27)2] 225} ZAIE 2w 7Ajede] BAAS X
ch2x] okotct B4 Axtol 7HAA A g ofs £

Sl5HA] ekot ]2 Q1 TASH (numerical solution) 7} 7]
Aol A A 23S S F4]0 2 =05ttt
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A&s 2435t Y-S B7] oA AAS HE BY-S AAsof oh=tl, & Ao
Me 4] 71l &) Yot dE B AT S Farsto] skt FAAAe] 2ol E
PoHS A AYchs WE 2ES P15l £E2 29 S 1ot HFA4 0
2 35719] 352891t 18709] At 918 I ESE B E-S AEfstqlTt Ay dTtoll A= 1]
= FAAH U 68719] 291 &S AR83HH} Qlth(Andersson et al., 2016). §H A1 A]
o] WE] 2ol ot ZpA|SE 5 Igol| thet A2 B& 25 FEII

t}. 24 Az}

UM S R ES EURE Sh FANHO] XA REED QS FEoiEAL 2
Al 2329, @8, 243} HHol| ot AxbE Aol = Qofst 7t i o] E4-S vl as)
EO BN, Sejuet FAAGOA AEta ZEED QO] 15 Y A 7F5A (feasibility)

ARESE LEE P Q ] B2 sljQ]o] 9 A|pArdRtet 7]

2 AZ@TE o] Yol H A8
AP EEBY GAFUS A% T 5T THY 0 BEIT Uk PAO
2,24 A0S B2 Seuel 2AAY U Heks Sate B8

< Zlolth.

A AFEY B 285 Aeka ZEZE 00 gits AuEA} <1 6>
S5 249 A5 UER L ok 39 2%l 19 T52 FAF U 2004 A9
Az ore(4](21))2] HIH ™ A)el HiIX|nk=L TiH]

Azsteict ot A ey mlebn]E ot 2065 E 40%7H] 20 FA o R
T} kA 919 A E A9 10%2] S5 Aok ZEED| Q0] g4 9

& oA Bt & oz Fxs) 7] Wheo

64 Mgkt ZEZe|ooL Wixuta REZR 0o B4 Y ARS 474 Q, Qe T o), g oY Fasl
1— @/ Q= Altatct.
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Aoy REED| Q9] g4 9 o] IX|utA thH] 629 7hAsto], 22 10% H]&9] 5
232]9(50% )ell vls] Ba fde o R e 20R Btk gt ehagiofy (4]
(22))2] ZAEE o A Yepdtt, ¥ 1]2)8 STolA] B71e 49 e AFe2]do]
= 23 ol v]sf dlxjota 27t of 2 2o lEch A AFz2de] U 3
&2 9F0.146% % 22 &2 S5 A|d ZEET]2(0.063%)0l| H|5H 28] ]/

o o1%<i111-1o>ow£%¢9mom AT A9 34%8 A F2 ~30)
o 32185} R, A AR (=103 AR 459 PTG S 2§15 A2
2] (@=34%) EEE2| 0] Tkt 9 A& YA go] 03]7 o 27| BHE} F2
) ABE Aol A2l deks Bl Tel ol slgol 3 A2 3 4 9l

2z
ol2{gt QI tlojg e} 22| EAJoA 22 = URA|TH AlE AFEd 2 %‘L% 2
Fe g2t v aslS w A B4hindustry diversification) SR04l E3H4 Q1 ZEZ 2]
QE F/d5t7] ofF7] wiEoth &8 54 AdTS & A osto] s &= AAske
ZEEYQ(of: A S HIA)E el o] 4 FApARe] x|&AQ1 7|
i (engagement)”} oL LESE DEA {RIS A|F5H] o2 Do) FA| Hrt. A
HH 0 & AFe) HPAQ] AEkA REER]Q 1/ AgYo] Thehelal, A A5k nletnlE

& 4 AA|E,

65 <17 MM-5>0A] & 4= Ql%0], FnGuide?] 719 AlEl= A ol H#], 270, AP, 7] A, B4Aau)A, o &
7171 -Hpel @, F-8, IT- A7}, SAAH] 2, fEeje] AlE|2 B&Hrt
66 AAulch A =S AE7F QB HARQARE F2 A MEZF B2 ol 4] 1.9)F ME]E UeRgtch Hixnta B
U A AlEje] Al7FE 8] F-2 gt 12.5%0]ch
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<H [11-10> ME| A32| H|
(F91: %, tCO2/27H, BTk CO2)
g 232 5 238 3=

) A 38y
= ok=.
(T=10%) (T=10%) (T=34%)

A% AT Ias Pk P A= s
ARS A Jle] & 0% 0.146% - 0.063% - 0.148% -
WA(BHAZ k) 0.157 0.059 (-62%) 0.078 (-50%) 0.047 (-70%)
Shat Ebaz ok 0.068 0.039 (-43%) 0.042 (-38%) 0.038 (-44%)
WA (A vl Z2) 5.82 371 (-36%) 3.74 (-36%) 3.69 (-37%)

F: 1) MARE, A U 5% Ade)y ZEBe oo wlg 9 i oY AEE /1A
o i,

A3 vlasty] ofs) ZEZ 20| T4 9IS A4 tiH ‘1].: 50%% %O]% ZEZT
L5 7|For Ao HQITHEU PAB 7| o). S5 (HH) 28 "’ ldd ] Aol
HEZ7IAHE)SZ 107] 2E5o2 U F 298 2 HSS B shs S A8kl

<& MM1-9>9F <1 MMI-10>2 F5 Y ¥ (security tilting)2 A 3Y5F A &ha L EE L
20] &4 Y i £F2 o2 A RE 7IE2® UEhd Axto|th, obA 232 At
oF m7hA] 2 Hilx|upa ZEE] 20| T 1Y v 7“\%§ Aetr ZEZQ A}
£ SASIIH. <28 9>+ €1 ZEZF 9 73+ Tayfe(Td A, A(21)
%}3'—))9} ‘?iﬂt'}ﬂ oiHl g4 9 dae(d B)é EO%Z—%H], 29 H|Fo] o2tnlH
of Act.

6&% 50% *EEOVMOHH%»&% u%a}DlEi( )H o] E|ofof 5l o]
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Minimize std(R ,— Rp,,)
23z 7|8k 243 of
’ (si]r‘ien]in; B where w; =0 ViE[1,...k],

+ optimization) Eqiwi < Q(1—r), Ewi =1, w; =0 V1
i i

88









#, 7192 A4

=
=

oftc}.

| -

ATRIol A Bh4E AlLke] @ 2ol wet gk 7120

AAF

o] 7]l vl 2=

3

=

ke

‘CH

N
A, A =2 2

&t
o] E4go] 24

al

A

704

ERS
= 714
ot

=

F
=)

A

1}

x=¥

T2 e

=

T

o} A A

7149 A
e

=4l 7]

| -

e

|

=
=
ju

)}
)& Zolm) FAlo] £4t 20)59] 2

He Zolt} o= Exiatel 2|47k

% A3}
offz} o]} AAIH A era Aol e 2 -
Blo] 1] 7] gkt AR AulE Ariol = fo)m]

|

sto] g4 2lAde] vhga st

7+ &435] 2= et o]

= 712

=
==y

[e]

EO.

[S)

A Urebt, ol 2oz =&

F71A]
2ge T

.

A

°

2
509 91%2

e} o}

':li‘

o

o

|48}



ol

[e]

a e B4 s AR A *1
%35t TEZ ] 0 o] BhAZE S A A EAlof Exlxle] 7]3]H] 8-S X 45l8F 4 9)
LN

H

o

Uehidth £8] £aate] Shagd 2ol B 14 EeB o8 A3}

39,
fto
PAY
lo
U
N
u
rol
i

al
Aol e B dojsl Mol et A Aske Ao b2k Bolion &
7HAo] 44 202

g
V= E.ﬂri <] %40] XVP}XIOH @”’6] Rk ek %E—ZVI?SLL ZEED Q] 7]d

Fe Brstch EAhs olef3 B 2498 BE B 00 917 Bl Aol FR 3
Q42 Tejsjof stof, olet B o ek nliF W Rt ek, 7|2t AR R
A7He 2w ) QAT 7] Tx}xu TEBYQES BAZY 2o R 2
Ao R ARAS §F 7155 OIS w2 S FFoE AE Fesi)

SEL S0l 2T i em s WEold shelet 2ol peluers B

W Exprt B8] 2 Ao BrhEtAT
T+ Ao #ix|upa 2 =9l 713 _,_x}x}% =7
2021 59 =AeH(coal divestment)S dodﬁ}jl
24 208 Ui Uob 2 ek 0k Ak ] 9 el 19
A AL ARl HEsto] e geha A5 L Sal ETFES Ao, A7 79
Hlgk ke AT Yok 1) ofgieh ofel <17 IV-1>ollA & 4 Y%, 2 A
o] Ao} HykslA| o ETFO] £xbat SA17F A4 o] 5 2| &alA] 71
BollA 220 &f20] W) o) MIEA R PHo] BETE S

AT 2 7| BEARe] 4271 7o) gI%17] wjo]r},

N >'_u
lo
H
5
E
JE
[ e
(N
i
A
O I-'L

92



<321 V1> S e X4 ETFO] £XHE Z0[2} 5 X3 959
N

A. 7|EX|5= B ETF &=XHA BHA| B.ETF && 1t2 f2¢
(=k1: pts, o} (ks]: o}l
e Y=g 4 HamEA #
— J|zeel S22 M X2 ED EIAGEB
120 BHENAV(R) EIABEC
3 S Enk=r=J0l 53
7|= A
100 : R 2 7|9t B
LT 7 o’ 7|ZestC
%0 1 7|2 D |
7|=tH%tE
7ot E2UETF YT 7|23t Active
60 1 1 1 1 1 1 1 1 1
N D W H N W0 W —H N W 0 -600 -400 200
e QP8 H Q2 Q 49 o
— — — — o~ N o~ o~ ™ o
(o] [\ (o] (o] (o] o [\ o (o] [\
o o o o o o o o o o
~N ~N ~N [\ N ~N ~N N ~N ~N
F 11) BEo| 2o gekh 2|4= SKP/KRX §4 88 IHRE #4229k KRX 7| &1t £ 24 z|40]H o5
7|12A42 SH= 10712] ETFol| thsl LeRd

2) 4 22 FEUL 77 EAHNAV)oA] 47 271 NAVOl 4 S405-S 3t ghS 2htsto] AF
5, 712245 AR A S 71E 02 (=100) A4 F7He B8
A}&: KRX (7]7F: 2021.2.5~2023.5.31)

Ag7H = =dl siEAANAK-ETS)E &l F/dE T 74 o] Ak H-gol gt
LATIA ZHE 8918 A3 Al BEHA| EPE Ao 2 Hrido) thoh % ehazy 2

BE 9] sliMe g4 7149 <
prlc1ng)7} HAFA 0 2 o]2ojZIthH Ex

© dF2
e Zlolt. sl ejef m7RA| &= 9-2juet A B ol 5] Hlold 4= gle
B2 a8 Pl ARRAE 58 7 eRe ths e AlESloF g Aol ga g
9] TS A HolAk E7E QIASHAL, & dloflA A E ZEERQ HAFTHS

=
o ges 212 902 BEHE W ast Yck

do
:
ru

93






Abstract

In recent years, the international community has been demanding for more ex-
tensive and intensified greenhouse gas reduction efforts and actions to promote cli-
mate change response, which has become a major challenge and issue for compa-
nies and capital market participants. The Korean government has declared carbon
neutrality by 2050, revised 2030 NDC upward and proposed detailed implementation
plans. Also, the EU has announced a proposal to introduce a carbon border adjust-
ment mechanism, which might accelerate internal and external efforts for climate
change. In this regard, the carbon price is expected to increase gradually, and there is
a global consensus that the carbon price must increase further than the current level

to achieve the goal of carbon neutrality in 2050.

Based on this background, this study aims to estimate the impact of rising car-
bon prices on Korean companies and industries through a simple model, and this
study is purposed to to highlight the importance of carbon risk and the need to pro-
actively manage the carbon risk for domestic companies and capital market partici-
pants. In addition, by investigating and introducing various decarbonization invest-
ment methodologies that have been discussed and utilized overseas, we hope to
help domestic financial investment companies and institutional investors effectively

manage their portfolios’ carbon risk.

The results of our analysis of the impact of carbon price increases on domes-
tic companies are as follows. First, the increase in carbon price, which is generally
following the carbon neutrality pathway, leads to an increase in financial losses for

companies in almost all industries. Second, this increase in financial losses leads
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to a worsening of credit risk, such as default. This trend is more pronounced in in-
dustries with high GHG emissions. Finally, we examine the impact of carbon risk in
a model that takes into account the interaction among industries and find that the
cost shock of carbon emissions is estimated to have significant spillover effects not
only on high-carbon industries, but also on their associated low-carbon industries.
The results of this empirical analysis suggest the importance of carbon risk for do-
mestic companies and capital market participants and the need to prepare for it in
the future.

Next, we investigate portfolio construction methodologies that investors can use
to effectively manage carbon risk. Regarding this subject, our findings can be sum-
marized as follows. First, internationally, there has been an ongoing discussion about
how to reduce the carbon risk of a portfolio while still having similar risk-return char-
acteristics to benchmark indices. Second, the key to these low-carbon investment
methodology is to minimize the uncertainty of capital returns and the potential for
greenwashing while maintaining the carbon neutrality of the portfolio. It is the most
important to provide decarbonization incentives for companies in the portfolio by
managing portfolios in such a way that investors could continue to invest and take
engagement to the firms as a shareholder. Third, by applying the decarbonizing port-
folio construction methodology used abroad and using GHG emission data of listed
companiesin the Korean stock market, the simple empirical results show that by set-
ting appropriate parameters, an optimal portfolio can be constructed that achieves
carbon neutrality of the portfolio while minimizing the opportunity cost for investors.
Based on the contents of this paper, we expect that the Korean capital market will
be able to utilize those decarbonizing investments methodologies in various ways in

the future.

The impact of carbon risk on domestic companies and the implications of decar-
bonization methods and practices that have been consistently utilized overseas are
quite clear. However, the Korean capital market still has not yet been able to vitalize
decarbonizing investments for the most of domestic investors. Carbon risk is likely

to materialize in the near future, and Korea economy will not be an exception. As we
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Abstract

move toward carbon neutrality, the impact on invested companies and portfolios
will be clear if the carbon price reaches the adequate level. Therefore, investors need
to consider carbon risk as a material risk to their investment portfolios and promote
efforts and actions to response the risk. Voluntary efforts by domestic companies
and industries will be also important, but it is very critical that investors, as share-
holders of companies, set carbon neutrality targets and promote sustainable invest-

ing for the future.
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<HE ¥ 2> F0 U OF X 7122 35 21t

] 73 GRS | P(GRS) | Ala,| | Ala|/4|r;||4]a?
357 ZE291 + 187 AFY] 291 141 0.065 0.172 0.55 0.34
3571 35821 + 771 A% 291 1.56 0.024 0.234 0.66 0.48
3570 &-&8%! 178 0.004 0.257 0.65 047
Fama-French(1993, FF) 389! 3.21 0.000 0.427 0.92 0.86
Carhart(1997) 42211 3.13 0.000 0.407 0.88 0.79
Pastor-Stambaugh(2003) 52212 3.21 0.000 0.386 0.83 0.76
Fama-French(2015) 52919 2.86 0.000 0.358 0.77 0.59
Hou-Xue-Zhang(2015) 42914 2.81 0.000 0.445 0.96 0.82
FF 3291 +77] 4k 291 3.23 0.000 0.440 0.95 0.92
FF32°1 + 1871 2F¢] 291 2.78 0.000 0.402 0.87 0.78

1) Carhart(1997) 48212 FF 38210 RHE(RET[-12, -1])& Z7I5t 28
2) Pastor-Stambaugh(2003) 52212 Carhart 42210 §-54J(Amihud)& 715t 23
3) Fama-French(2015) 58912 7] FF 3810l $~9/J(OP/E) 2 FAHAT growth) & 719t 25
4) Hou-Xue-Zhange(2015) 42212 A1%-221(MKTRF), 72 22I(SIZE), 4~J/d(ROE), FAHAT growth) 291
o7 FAE 4201 By

CFe GRS A4 23 A77Hde = g2 %
Qla} 187 Akl 291 B3 & GRS F-BA%2] P-3Ho] 0.065%2 10% WA ol M= o
5] BAHCE |olgh grolt}. A AR E 7| 7ok o 1 23S et A4
7ol ol&Esh= APTS] B4/ 388110 7i4et 2=, 474 oJn|& njefst] of

Q10| 7
k. 24 7125} o, A2 EAl w2 o) SRS Ged 4 9l i 21l
1

A AR 7 BB EA B F2) 0348 Fol7] Slof He| PO AEEY
o) 5018 £}, 0|2 ET|Z YL AAL FA5HCk. Tebi 200095 0] &
F 24 20| YOS oL E APATET FIAE 4 Qs el B 4
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