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TE ol 20248 ES(MOE)Q|
AR Sty EERI(KET) 2|
ARl SABIBIRl HE0R O
R Y SRS (Mt
HHS PI0170712022)9] Afgloz
FRHI S,

2 A EAES] g )5S 7|99 71 AR Sl BlATEZA(TCED) daeke] sl =l A
gF 2 2R 9 F53ep dAlele] FrlelSitk E9l, 7|H9] RAVMA FE ke Dofw Evfujsl " ojulE
(residual emissions)& Hefol7| $Iat AA7IRHHNDS) C2A EAES] B8 7hs/dS HESINH. olE ¢Isl =
W 38 8 719e AEE, RBHeA| 8] IDE -201] Scope 1-2 -3 HiZE EA4S EAI9loH, Al
7158 Aol dAATES] AAHES o= i~Tree Eco Forecast RE-E 2-8310d 2024 -2050419] etaze]
F& AR ER &5ttt Algdleld A, | 5 AT} A SHE W 39 20249 ATt Ao &
aAEEEE 2050de] 37.5tC0xq/yr S7Fot, e A3kt Al Z5o] 47141 eaAe] A el Sa3
QAS ARSIt ¢, 7|9 viE ] A& BAAE] AP vuet e B4 v A7 9 8
5 OiiR viE Aol I HIFo] 0.001% nleez ujujsig ot Scope 1 HiE I Adides e
AAelAe 7T-10% 9 AidoR =2 HiFo] SRIE. ol ZAkke] Alxd s Ao tiA
The QuEr= 4548 g 720 we EAE g@add A3t 2= At 719 20t 24 siddE &
122 AR AR08 LA WdE(hard-to—abate) AH10] Fojuls B2 ot B oz 7%
4 9low, 71999 TCFD 71§t FAlelA 71§ a3 digat 7]3] 89lE Aok Hxd 2= &84 &
& AR AfREL)

O mdt 0 o T ok o

b

FAof: EAFE, 72223, oS, A, ESG 3Y

ABSTRACT

Urban forests have increasingly been recognized as nature—based solutions (NbS) that contribute to climate
change mitigation by providing ecosystem services, such as carbon sequestration. However, their potential
within corporate climate strategies and climate—related financial disclosure frameworks remains insufficiently
explored. This study evaluates the carbon sequestration function of urban forests by explicitly linking them to
the core elements of the Task Force on Climate—related Financial Disclosures (TCFD) recommendations, with
a particular focus on the Strategy and Metrics and Targets pillars. Rather than positioning urban forests as
substitutes for direct emission—reduction measures, this study examines their applicability as a complementary
tool for managing residual emissions that persist despite corporate mitigation efforts. The analysis targets eight
major Korean companies, classified into four industrial sectors: steel, semiconductors, chemical, and
information technology (IT). Corporate greenhouse gas (GHG) emissions were examined by Scope 1, Scope 2,
and Scope 3 categories to reflect differences in emission structures across industries. As a representative urban
forest, the Seonjeongneung historical landscape forest, a UNESCO World Heritage site located in central Seoul,
was selected as the study area. The i—Tree Eco Forecast model was applied to estimate carbon sequestration
from 2024 to 2050 under multiple management scenarios, accounting for variations in tree mortality rates,

management intensity, and planting expansion. Simulation results indicated that carbon sequestration potential
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is highly sensitive to long—term management conditions. When both management improvement and planting
expansion are implemented simultaneously, annual carbon sequestration was projected to increase steadily,
reaching a maximum of 1584 tCO. eq/yr by 2050. These findings demonstrate that enhanced management
practices and strategic planting play a critical role in strengthening the long—term mitigation capacity of urban
forests, even within spatially constrained historical landscapes. An offset ratio analysis was conducted by
comparing projected urban forest carbon sequestration with corporate emissions. The results show that, for
high—emission industries, such as steel and chemical manufacturing, the relative contribution of urban forest
sequestration remains negligible, accounting for less than 0.001% of total emissions. In contrast, in the IT
sector—characterized by relatively low Scope 1 emissions—the same level of carbon sequestration corresponds
to a higher relative proportion, ranging from approximately 7% to 10%. This disparity highlights the
importance of interpreting carbon sequestration indicators in relation to industry—specific emission structures
rather than absolute mitigation capacity. Importantly, the results do not suggest that urban forests can replace
formal carbon offset mechanisms or achieve direct emission reductions in carbon-intensive industries. Instead,
they indicate that urban forest carbon sequestration can serve as a supplementary indicator for
residual—emission management, particularly in sectors with limited direct emissions. From a TCFD perspective,
urban forests may contribute to corporate climate disclosures by supporting narrative explanations of
climate—related risks, adaptation strategies, and transition opportunities, Overall, this study provides empirical
evidence that urban forests can function as a complementary NbS within TCFD-aligned climate strategies,

while underscoring their limitations and context—dependent significance across different industrial sectors.

Keywords: Carbon Neutrality, Climate Risk, Residual Emissions, Nature-based Solutions, ESG Management

1. M2

A AARCR 247k~ HiES] &A1 F7hR Qlof 7|e el ZiEstERA, A Bl Ads, B, A
SO 5 I3 7V Y RlEet ot s QIcKIPCC, 2023 WMO, 2024). olell ol = Ak ek=
20159 sRIERS ol AT Bl Argst ofd oyl 2C wgke g fAjska, 1.5C 45714 AlRksk] ¢}
g ¥ HAE Aol Z=o] Ao A7t AR IS BERNDCE Aol ofsfsles sk =AY
2 715kS s}t United Natdons, 2015). g, Stellde 7IR97] theg A ®asd - =37 712
W& B9l 20508 e HHS HASkely, 20308 NDGE 201849 iH] 40% (&0 Aok 5 ©@a%
H AR offe SRt A J|eks wigeiglh. A= AR 28 9IS Sld HasE

2 A1z} =7t 71EAEL & Sl HiEH AA st fT Apgele] 285 53t ollviA] A, 7]
7 AR 7 oV ol 5 ookl A4 g I8k QIrHEAIRA §Fs, 2023).

7192 ol2fet A 550 thesle] ESG(Environmental, Social, Governance) 9e 7slel Ba5d =
B Ao, &7 eAAEINE Sofl 719t e A2ks FASKE ARIPE 7k Qi B, 71s
AFAR ZA ejATEA(Task Force on Climate—related Financial Disclosures, TCFD)2] H11¢kS- 7|55} 2]
23 FAY A EFor 4V Ql=d| AT R(governance), HA=H(strategy), AT (risk management),
2| 9 3 (metrics & targets)©] FHA AAH ] Tt BuE Q4FKTCED, 2017).

TCFD #19t F AE 9 EX(metrics & targets) F=-2 Scope 1 -2 -3 HiESSERG ofy2), #ets A= -
Aulz, ZRAE| iRt Fxjet At F 71 eHst ot AT 72| (opportunity) A3EO] FAE Q5L Qlrk
(TCFD, 2017). 12t @7 7199] A= 2 vz 8& W 5 7164 35 ol J3Ee] Qlol, 45 o
g Sl E7hop Wi tofuliE(residual emissions)& THelob7] 91gt B =0l RE7E Aol

R 7109 ESG Y BAIE SRE vhia] a7 thestr] ol 211718 (Nature—based Solutions, NbS)e] 5=
S QItk NbSe= AfeiAle] Bo, o] 9 Bs Soff 719a) theat SAlel AErdd 54, ARl - A1 we
S A== o2 AHOJEKGriscom et al,, 2017; TUCN, 2023). NbS+= TCEDEwt of2t TNFD(Taskforce on
Nature—related Financial Disclosures), WBCSD(World Business Council for Sustainable Development) 5 8 =A]
o[UAE[EfA 7]4e] 73e]AT e} ESG Aol AE ARtk QITHIUCN, 2023). thEAIQ] NbSQl Ak
< waAe] g1 s, G 9] BETioMd SX 5 TR ARl ARIAE ARt s EARIESR) QR 5

o JU o
pil

SRR ASS(A| A 54 15(83 2335) |55
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56 | g=Z

A5 SR H] a3t S ok 2108 HuEY QriZhao et al, 2024). ofefRt 7lsS A71H R £

9 7i5fel] Slalbe A9 245t e} Bemolnl, Zlola} 371 52 ok Al - 9 Bl ol
Sk =A] 2491e] AR5 7ok 4Hlo] F 4 ek Hansmam et al, 2016).

FAI%] B A W Tk 2] Tso] P A 22 90 olRolAlT glenl, Ake] WA, A 7
73, T <ol wet 7|Eel dsle] digh 7o Aot *JOB} Al Ued 4 ghgol Barsa leiHutt-Taylor
and Ziter, 2022; Wang et al,, 2023). A& T9HAY etazzRio] gut ARl visf Aoz ¥ 4
o, et o|z] ARt HFE LAl A7IAQ Ba APt 247t vk el Zlofeke tiEA]
o1 A7 IEINDS) 2.2 H7HE|Tl QlcHAdetoye et al., 2018; Wang et al., 2023).

olefet EA%®) 7152 oz Wiop] Al chie 84 771 B4Eision], 15 tEAcl o) o
= AFRIH(USDA Forest Service)o] 7Bt i-Tree Ecoolth. i-Tree Eco @4 A& zigo] 7€kt 4= ke
A ) A 729 T olele] BaUe EA%e) B0 oIS AWK Wl 4 LosiNowak et
al., 2008; Sharma et al., 2025), A AAl 13174= ool EEET = AZH TAE 7t =70t Nowak
et al, 2018). ERL D HERE LA AAEA] bRt g7t o] A8 4 glom, g4 AP 2 A, o7
2 A 5 A Aelso] Beld wnlsh A SRS Bl AR 4 slo] AR B 8 2 ot oA
e A5l A Wyt =72 A0] B8 risAo] APATE S U5 B QlciRogers et al., 2015: Ross
et al,, 2020; U 5 2022; Forest Research, 2022; 71&8 5, 2024; Soni, 2025).

S, 7] Tree Eeo 71 A 7 54 37 USIE cho2 48 29 whe AU D b &
2ARFE APete] TAl%o] 719HR) fkRle] High 7]o] FRE AXShE o F2 23S Fol $thRoss et al,
2020 Szkop, 2020). Y& Ao A AulE Exol® Aol LAk TejAE dAAsle] Ao EE= A]
A ]9l Bhh A 7FsA1S =206k 2 HRaum et al., 2019; Shen et al., 2023; Sjoman et al., 2024), TAl%
O] SRS 7|99 27K viE FEob SURE 7ol Hluwsky, 71 ©ASH o dgelA ol
A Sroz Bg st AxS ABMon Wrlst ATl Aol el 7] LAps u}% oq;oﬂ;q:
Scope 1-2-3 AAIE 7HtoR 4T g FX0k 45 S BAh, 7184 45 ofF e HofiiEs
25lr] ot HzA Schog AA7MIsH(NGS) 2] g "aAdo] AAET rKSeymour and Langer, 2021
Korthuis et al., 2024). 12t o]2fgt oo M TAl%0] eaZe] 7158 7198 Scope 729+ ZF AZ5]0]
A AT A 0] dfet ok 385k ke Aol

web 2 e Tree Foo RS $slo] £AE0) 715S Seohe tEY SWRRIY A48 te
He| S ARk, olF =l 78 7199 Scope 12 - 3 g E4¥} Hlwsio] Ades APdsIolth &
5|, mA%ol TR Wl ARl A BES dlluc 14H 2% ofF Bt
T, HiE ot AEoR ZES o A4S gkRo] AR 7oL
G e 7ol e ol o] A3 TS AREE - A SKIsk, 712 59 9 % TG

7|5k 7192 aa g SRl ofrlE pelo] fagh NbS
S e ) T a3 4%, o 9 5% W 7198 PR 5 A0
¢ WA A9 ARRY 48 452 Lol ek

_\.4

)

i

u

2. A4 UM

2 AT 7RSS SRl ARSI 22 EAR] 719 BARRRY] B8 Jhsolis HES| Sl
TCFD dxte] S =L 2K strategy) Tt 21 E 9 Ex(metrics & targets)oll T8 Fol AARKA ol 9
3 94, W 78 71999 Scope 12 -3 2A7EA HiEs} APAE BEote] A5 viE EAS BAOK
ot EEH 2AEA wiERS 7NEO R i-Tree Eco BES 9}30}04 E*]EJ g Ak etk bt

Aarog 71¢e] & ‘7}’\ HEFS TA%] Aol ot fgs AETomM TA%o] 7|9 BAFH &
24 el BEEHH Wohes dofuE TIE Sl Bk 71 29| &8 7150 tist HES 4
otarzt spoict.

iu)

2.1 7|¢o] RATIA HiE: EM BM

7192 FAH o2 B8E= GHG Protocol#t TCFD It 59l we} Scope 1, Scope 2, Scope 3 HiEHS

243t3(7| A 543 15(83 233%)
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i

Tal AL Sltk 4714, Scope 12 71de] AR AfsAY FAGHE AHlolMe] dm Aat 34 Il
A WAk 2RERE, Scope 2= TRt 71, @, 371 5 ollvA] ARgoR Igh THHEE, Scope 32 FEY, &
& AR AR 2 7] 5 7RIS At BAcks Z1eF TREkES ofRIRRKWRI and WBCSD, 2024).

2 dtelals = 8 7190e] AV viE AT Tho] wiE e eRe Hluwsky B4k el 719E
i 2mg 4okl Aejolltt. 941, g Abote] 247k FERANE|(Greenhouse Gas Inventory and
Research Center of Korea, GIR)| AlEH BAME 71 2= L8sloltt. o BAAel 23 7| T4
72 wiEEe] g 9 Aol Bt WE of whak $I7F oF 125,0006C00eq oVS &K WiEEARA S of
2 Aot olket v Rt 2R By YA|E R,

71900] QAZIA HiETRS BARE ARATeME 5, 2017; HhdHl, 2023)2 xsiol, 202295 20247}
2] FE 3G A&0s AL HiEF AFeel &3t 719 Sl 202596 It A& GRIAE Il
g 71719] Scope 1-2 -3 HiEHS BT FARE 671 71 Q(EAS, AHAPE, 4M33AE SKeteldA, LGafs), &
dAR)E 12 24 tiez AAeiglet. ot 71E At F2 AV gl B2 ARyl HEEo]
o] Az aAelgS A8 |, A4 719 axpt vk Uk 7FsAdol Qlrk whEbA] Al F
HiEo] AFog e [T YF(CKHZEHE, Yo|H)S F7islo] 24 gk Sisieict

2.2 i-Tree Eco 7|dt TAlz2| ERAZAZ|ZF ARY

WA ALEBA 7Rl ReE A4S dAaREeR fulaal AARES At SAE thadl 24
FeolAt =4 W IR dti =Aggtolet, A WA OF 24ha F 85% olde] £0= o] glom, £ &
BAEL A Pinus densiflora, 35.2%), LBV Alnus japonica, 18.9%), TN Quercus aliena, 17.2%)2,
oI5 A9 i S50l WA oF 71398 Aeke AR A FEOHKim e al, 2016). o] FAA
(DBH) 15.2~61cm H9]9] 4==o] ZA|9] 359] 2 oPFE AAJohi= &3t 45 94 FXE Hol, Uit 7|24
U EA 3 =20l Hof o] wAd =2 w4 A S A5t 202 grRAcKNowak et al., 2013;
Hand et al, 2019 oG 5, 2024). o2Rt EAJS vlRfOR 2 A= AT JAPRES o84 48 7ks
‘d& AESE] Sl B o ARIE AsElom(Yin, 2014), EAE ARE 7199 ZolullE el =oo &
& 7 A - AwA prorA AR oR AAGkat SIITHGRESB, 2021).

FE QWIED] AmEe APAHOIAG 5, 2020F Fxsto] el $ast ‘2SS a5 ASEA
A= et ‘TP AAMESE A AUARA AR E 7|HEeR FAISIHTHFES] 5, 2016; 2R 5, 2021). 3l
T e A1 AR 71 ARS dhdRlel tisl 75 7P 249 B4 Sle S S HoHE, ofF ol
tAIE 4= s F7HARQI A 5 ARt QMIEE] JRA AFRrt HRER] oot 2 At ofF 20249 V&
Algeelde] 71% e Ak Z-8slelrt

ERAARRF Aol i-Tree Fco v6.19] Forecast RElg E-8519ict 2 mdle wl= AFRIA(USDA Forest
Service)o] 7isto] A AA 1317470l Z-8=l= 5 =AA A=VdE s QitkNowak et al., 2018). 71&
O] YAGAL 719 WA &) ARy WAl de] @7 AS 7Rk AfHlE 9] 2AS Safole] Al mide] B4t
25t TA|&0] o]AAS AUsH] g 4 9o (Nowak et al,, 2008; Sharma et al., 2025), Forecast HELS
0] T ARG offet WAL Al AR T TieRt HSkE HRkAoR 1efet Algelolde] HAekE e
A B o] A7) o E&of AsltHNowak et al., 2018). g REle 59 F724(DBH), 2%, AE,
97t IARE(Annual Mortality Rate, AMR) 52 F£8 92 H4R 5l 5 A a3 73 HSkE whojgh
TAKR] B AR 9 A7t fAARRS A5 £ gltt B2 QHIER] ARE Ve R 20504714 A7
AE5S FAstslom, AlEdlold dak F 20249 S 71E AR E8SIort AUl e TARS] g%t B
2] oo T g 8HE di5sh] ffef A et AMR 20E #aR AAste] dAlekick®E 1 3
Z). B ol 24 tpdoR At AT TR 7R 7eS AFHes Bk ¢t tha Al
ZgElont, fullAR Aot 2 Bodolehs SV dit Al AAfu 31t 2 WAk Al
o1 F2]4 Alofo] EARFKUNESCO, 2002). olefl whz & oA AAet Aue] e A Be Aol
A3 7Fs730l it HFHET TAleo] vl S 3 AR A #ePh e Aol A= A giks
Mo Hlwsty ofsfolr] 91kt 7PA A 2710® AAEGITHHilbert et al,, 2019).

TAE] AURIeE 37F AAE el 92 7|F(baseline) It BHAES AN SHE PR AA &
o (S1: +10%, S2: +20%) 2 2ol om, APALE Farste] ] 478 Wk WeE A IARE(AMR)
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ERAZE| U 7]Qi0] RATIA Atk 2A

B ALRIQE 22| £2 U AR HIE H27(2024-20504 48)

NEEIe] &7t TALB(%) 27+ AlRY IR (%) 32 72t

Baseline-A 3 0 2024-2050

S1-A 3 +10 2024-2050

S2-A 3 +20 2024-2050

Baseline-B 1 0 2024-2050

S1-B 1 +10 2024-2050

S2-B 1 +20 2024-2050
= @%ﬁmﬂksmgkm 2025) AMR 1%+ iAo ot et fA%= 278 AMR 3% ¥ nlE
e HilE, 7hE B9 T o AEHA a9le] kEH 20E 7Pt goR ARt o] ¢ = TA&
e 9o A4 IS AR Adcl] 5t AT TA] £5 AR J9IF 1-3%)E Harste]
2] 42 zjolof w2 etaAe AFS Hlws] 5t A Aue W42 HeE9tkNowak et al, 2018;

Hilbert et al., 2019).

olofl w2} Baseline ALl Q4= AA Szt olfoz]x] k2 Aol el 4 Aolo]| mhE A71H2 ©@AA
g g —5910]- et ol Baseline-A= AMR 3%% 2835} )7} njgst A3, Baseline-B= AMR 1%5
2asle] oot T AR molslt) S1, $2 Aluele ]t RS 71E07 2024 F35E 205087k did
TS5 BASIY] St AR AR AASII S12 & 45 tiH] 10%2] 22, S2= 20%0] g2 714
slo] 44} 2 Aol mE BaEs TS BAson] 2k A7) o) AEleE AMR HSL-A, S2-A
2k AMR 1%(S1-B, S2-B) 2732 #8st] ¥ 420l Thg Aolg FAlel afsiqlct

2.3 7|Y HHETR| A0 2gh Mg 24

7|de] 7R A7k A5 ol E7hsH] WA Hie ofuiEe] tis) kAlge] e ow
71998 4 = 7FsAdS HESHIAL 7199] Scoped A7t HiER o] AdAkES APESIlT) A0S =
A& S2FFE 7199 Scopel RAVEA HIEFOR Ui #toll 1008 Jote] APYotithHong et al., 2024).
Ae B4 sl B4 gl 7199] 20249 Scope 1, Scope 2, Scope 3 HIEH(COxq)S 71FC & i-Tree Fco
Forecast BEg B8olo] A75<] 20249 9 20509 Ade] a7t ©aAeghe ZF7t 4ok, SiEs o]
LAz ofgt ABES ARESISit. ofuf 20504 A 4Py Al BEEAAe] 2 A7) wiE AEAE TR
o H3E 20249 HiERS IR0 1R Al TAKzS] 20509 A RS Brlcke Ba4A
e AESIEEHIPCC, 2018; IEA, 2021). o5 ol @A HiE 2 7IoR vl A TAlge] Alsd
7 She AdA 719=E Bkt siglck
2 Ao ARBRE VdAkE O JEe wiEEARAM ZPEA] eAaAPdat o] FAAQ] e (e Al =2

S Aok ke t2n, ol A3E 7199 Scope'd 2A7EA S ] 9 EAgo] Algste At w®
2A2Fo] 2ok Ahd FRE melely] fgh Hlug AER FJHrKZhao et al, 2010; Hong et al,

2000, Wb 2 0] AHES AR AR Aot A% AAe olulal) o VA ARols, F74,
A4, F& 1A 9 MRV A% 5 e4a349 B5g 9742 7 HOlolA ALJStAH Chen et al., 2020).

3. 9+ Zu

3.1 7|O'|I:l=| lejl.A HHE

202295 2024871 37d <t = 8 7]9S tWdOE Scope 1, Scope 2, Scope 3E THEH 2AEA
HiEge AL Hig S48 2461k o714, 7+ 7190e] Ard A eiE 9}— gaesiglon, 71949
Scope’d RIS AlSlele] F 7FHilE 2] Aol Hlu T 4 A= Ao}l 2, I8 1 2.

A, A% S A AAR R 2R HiEge] TP B A § shie T2 7‘]1 3780 AR
FIXM(cokes)E ESSH U E A= A4 Igof|A HlEo] MAYSHHIEA, 2020; Kim et al., 2022). o= 719
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B2 Q41

=1y

P 7|o| 247t HHEZH(2022 -20244)

(EI9 1C0,e0)

20f 7|2y Scope 2022 2023 2024
Scope 142 70,185,623 71,971,900 71,065,170
Scope 1 68,305,993 70,588,012 69,665,353
HEAF Scope 2 1,879,630 1,383,895 1,399,825
Scope 3 7,107,502 7,419,787 7,216,788
27t Total 77,293,125 79,391,694 78,281,966
Scope 1+2 28,501,000 29,269,000 28,818,000
Scope 1 25,907,000 26,679,000 26,580,000
S Scope 2 2,594,000 2,590,000 2,238,000
Scope 3 2,491,000 3,487,000 5,909,000
Total 30,993,000 32,756,000 34,727,000
Scope 1+2 15,053,000 13,291,000 14,889,000
Scope 1 5,972,000 3,733,000 4,725,000
rannty Scope 2 9,081,000 9,558,000 10,164,000
Scope 3 115,960,000 106,971,000 105,612,000
wrey Total 131,013,000 120,262,000 120,501,000
Scope 1+2 9,082,634 7,324,980 7,574,703
Scope 1 2,942,757 2,338,090 3,762,584
SKslo|=A Scope 2 6,139,877 4,986,890 3,812,119
Scope 3 3,537,388 2,951,027 3,732,101
Total 12,620,022 10,276,007 11,306,804
Scope 142 8,567,697 8,072,360 8,310,445
Scope 1 5,489,586 5,031,867 5,492,228
LGafst Scope 2 3,078,111 3,040,492 2,818,217
Scope 3 1,227,864 11,471,953 19,260,472
si5t Total 9,795,561 19,544,312 27,570,917
Scope 1+2 6,214,656 6,158,540 5,903,386
Scope 1 4,187,39% 3,999,341 3,808,952
ZHAo R Scope 2 2,027,266 2,159,203 2,094,441
Scope 3 11,579,412 8,078,185 13,231,056
Total 17,794,074 14,236,729 19,134,449
Scope 1+2 394,402 423,633 455,962
Scope 1 2,270 1,917 1,677
SKHEEHE Scope 2 392,169 421,752 454,327
Scope 3 856,412 939,437 827,899
T Total 1,250,851 1,363,106 1,283,903
Scope 142 86,991 89,505 121,186
Scope 1 893 2,048 1,493
(0]t Scope 2 86,100 87,459 119,697
Scope 3 209,708 78,706 124,601
Total 296,701 168,213 245,791

Atz EAT(2025: 139); SICHAIR(2025: 25);

ARALZY
oo

148); SKEZEHHE(2025: 137); L[0[E(2025: 202)
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A1(2025: 68); SK510[HA(2025: 72); LGafeH(2025: 103); ZHAID [Z(2025:
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J% 1. 22 7|9 ScopeE 247IA HiE HgH|
etiaf: Il Scope 1, I Scope 2, M Scope 3

o] it ol Ao W] wize] ok dEell ISl Scope 19] HIFC] A Uehts E40] Yok
2 AT B M ojef T ko] SRIEQET], EATO 20243 FHikEF 7,828% tCOxq F OF
89%(6,966%F tCOxq)7F Scope 164 HHAGoH, AAEL FHiEsF 34729 tCOrq Z 9F 77%(2,658%
tCOxq)7} Scope 10]] sidste] 24HlE Q1] E4o] 7]& A7t deks SRIgd 4 ek

A, HHeA| A2 Aol 20219 A AlA BEEA] Z]71elA gt oF 59 tCOxq oA oF 80%7F
Az E 4] (Scope 3 Upstream), A8 2 H7](Scope 3 Downstream) @ACIA] WAsk= 2402 By HE glo
o, o]2 2Ig] Scope 3 HiEQ] HFO] 2 Aoz AR QItHTembey et al., 2023). 2 AFfAE A9
Ae] 20049 FHHES oF 19 2,050% (COq %, oF 84%(105,612,000100,6q)7} Scope 3914 HHAIstL)
gk SKefoldA: & 1,1309F tCO.q 7HHl OF 33%(3,732,101tCOxq)7t 5L W] sfigsld, aid A Hof
o] A%, 7199 7 A kE Aol WAsk= THHNE HiSe] =2 AoR SRIFSIT:

AR, 3¥st Aol Ae, 712 ATl E siESe] 70% oVdol Scope 30x] WAl Aoz BuEal glor
(CDP, 2022; Khemani et al, 2022), = 384 5l teet Wizde] AFEo] I Hojeth & a7
Ayt T3t oot FARE AR LERAIEL LGaFele] 20249 & viEske oF 2,757% tCOeqel™, ©] % Scope
37k OF T0%(19.2604726C0q) S AAFIA. ZEARIES % 19138 1C0q % 69%(13,.231,056:C0q)7H
Scope 30l TAYSH, 719 BE IR 719 #iE TRt F8% GEUS 2RIT 4 il

YA, IT 442 APATINE Scope 1 a2 mmjsh, HlolEAlE 8] AHo] we Scope 29t 4] A%,
ol8, H7]¢ WE Scope 37t F4 viEYoZ XA vt QIthFreitag et al., 2021; World Bank and 1TU, 2024).
2 AoAE ot Aol SRIFGITE SKEZERES] 2024 FuiEsk2 oF 128 tCOxq o Rt
] 3 Scope 2, 2F 35%(454,327tCO%q), Scope 3, oF 64%(827,89%COxq)E Aot HloH] 3t FHiEsF oF
259 tCOseq % Scope 2, 49%(119,697tCO%q), Scope 3, 51%(124,601tCOxq)E HAEC] F 7|d BF 7Hgu
Z0] FE o]F0It}. olof wEt IT 459 etiuig T2 M8 A8l 350 59 J3ke 9= AS K1

==

ek

3.2 EAI EHAZEEE AlLRIQ B4

i-Tree Eco Forecast B2 -85 AAT0 A7t ARk Jdi5g 23 37 $2(AMR)T} A4 i)
Hlgo] wh @At o7t UepdtHE 3, I3 2 FX). Baseline-A XA 20249 A7 eaAERHe
120.7tCOeq/yr2 FA=CH, 2050H0= 145.8t1C0Oeq/yr7HA Z7151%0eE. B Tl 2704 10% AAE
Hhgg S1-A= 20504 151.5tC0qeq/yr, 20% AAKS HHdgt S2-A= 157.7tCOq/yrOR VEhith 1, e
52 7Wdotd AMRS 1%2 W= Baseline—B Z730fk= 20508 gAAg]Ego] 151.6:CO.q/yrl 2 Z7I6H
T, 2 270 1029 20% S Hrelat S1-Be S2-B 217} 152.2(C0xq/yr, 158.4C0q/yrOE 7
Helge 715319k
e 50| FIT B, AA Hlgo] E24E 20509 shaAEfe] ARHoR Zglen, SUg A4 ]
o T & 7WRE B Aol A AGET EA AT R, A Wskeo] A%, Baseline-A ]
2AefF F71E0] Aol wieh Ao Sfjwglom, 53] S2-B AU eellA 7 A Srfislo] e Y

o
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B3 B2| 47 Y AW HIS B0 T2 AILRIE o7t EAZRIN(2024-20504)

ALZ|R 7t TAE(%) | F7F A HIZ(%) | 2024 HZt ZE[HtCOxq/yr) 2050 ¢ZF A2 (tCO.q/yr)
Baseline-A 3 0 120.7 145.8
S1-A 3 +10 120.7 151.5
S2-A 3 +20 120.8 157.7
Baseline-B 1 0 120.8 151.6
S1-B 1 +10 120.9 152.2
S2-B 1 +20 120.7 158.4
- 10
o °
o7
Bl 7
qd 4
W,
|||||||| ”
iéj 0 s e ==l _HNR i =i =
é 1
2024 2025 2030 2035 2040 2045 2050
AL

J% 2. Baseline-A CiH| HI=E EtAZZ|ZF Hols
eiey: [l Baseline-B, [l S1-A, [ S2-A, [l S1-8, Il S2-B

Aat A s e 74, ARRto] Zalel wet FA gae] avpt 37Kk SjIe 4= Qlgich

olfet Ak TAREO] EE e, AAPE EvFEQS HoiFm(Widney et al., 2016), Aot ] 4= 74
o] 714 SAags A FHo] Fa% S ARRIE ol 2 Aol A8gt AR gl AluR|es &
SR Botoolei= didA]e] @4 ARl Ad Aoler ks, TAKRS] el 73Rt
30| gaze] 584 nXe PR Hlwsh] R BAA AutE shilcks Zo] BigFsith ol Fall 7|de
7|53}t A2k oA LARRS] ] ARlE dolE e aHoR vHd 4 §lom of= XA Al
A qolv} wake o) apyt Sriele Ao wekEtkjo et al, 2023; Kim et al., 2024).

o
2L
19,

| FUIO
k=l
v
ok
=)
i
%
ro,

It

3.3 EAlz0] oft 7| Mg

2 delde AT A BaARRE VeoR TP w2 Aol AE S2-B AR (1584
tCOxq/ynE 7IECE, 71U Scope 12 -3 viEsF oiH] AheS APHoIlcE 4 2. 27 4199 A4S,
ZAFeE AL 20509 71E Scope 1 AAfkao] 247} oF 0.0002%, 0.0006%= A= Adafkao] R¥A vet
wrh WA Aol A9, AR Scope 3 HiE©] A 88% o= Aol FHHET o] AdAkEo] oF
0.0001%°] Exsllom, SKetelH2A= Scope 1 HEERO] 3,762,584 CO-q 0= 20241 °F 0.0032%, 20509 °F
0.0042% =0] AAte-S BYlrt 3k AHo] LGaleht ZelAmIS Scope 1-2 -3 4 H9lA viEge] &
of Afgo] oF 0.002-0.007% ol MERCE TAIe] SKHZEMEE Scope 1 715 20249 7.2%, 20504
9.4%°] AE-S Hon dolHs 20244 8.1%, 20509 10.6%= AHACE £ AAE-S 71239t

Aol wzd A7) 9 sjsh AR Wls(hard-to-abate) FREO2A HiEFRS 5] ARfsle bl 7%
A A EAoH, T EARo] AHARI A o] Hlolls R4 fAE Qlo] HofulEs wejshs A
Z NbS2A] ou|E Z}HCKIPCC, 2023; TUCN, 2023). $HH, IT 4kde] SKHZEMEE Scope 1 71& 20244
7.2%, 20509 9.4%2] APE-S HAom, dolHE 202449 8.1%, 20504 10.6%= AdiHoz &2 Ae-S 7]
S315tt. of= 1T ARl o] FHiEd 7t Jidos 27t Scope 1 HiE HIFOl W2 dFold TAke



i-Tree Eco 7[dh =AlE BtAZ2] 8 7|Q| 247tA H4lE 24

H 4. 20242 tH] 20502 7| BHER AILZ|RE Scope EtAeiiE H2H(2024 -20501)

P ALle He Scope 1 AHHE(%) Scope 2 AHHE(%) Scope 3 AHHE(%)
2024 0.000173 0.008623 0.001672
AT
2050 0.000227 0.011316 0.002195
2024 0.000454 0.005393 0.002043
SCHA
2050 0.000596 0.007078 0.002681
2024 0.002554 0.001188 0.000114
AR
2050 0.003352 0.001558 0.000150
2024 0.003208 0.003166 0.003234
SKa10[=A
2050 0.004210 0.004155 0.004244
2024 0.002198 0.004283 0.000627
LGalet
2050 0.002884 0.005621 0.000822
2024 0.003169 0.005763 0.000912
2o
2050 0.004159 0.007563 0.001197
2024 7.197376 0.026567 0.014579
SKEZEHIE
2050 9.445438 0.034865 0.019133
1o 2024 8.084394 0.100838 0.096869
4|0
2050 10.609511 0.132334 0.127126

AR 2@t AdEoR I Ued 4 8-S Hojam, Ak ©@aA] 237t 95 ke A wet
AdiAe R e 4 9eg AARHHZhao et al., 2010).

A& e 7199 ©AaSE Ao TCED 715 3AlA 71ed 7= o $9] ofuiE o] dish

= 71&0l1 SI=AlE Atk Bk AF =AY 7IXE Adn wEhA EAES 9%

H HiE EAol weh A3 5] A BAstA 719 71edEl U] JojukE Teje] ek ko g ofu] gl
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B A TCFD dvete] ek 28 9 BF RS F407 TA&or HRsh 4 9l 14 A
A} 22 LA B4 71%S 2 3 7|99 Scope 12 -3 HIE EAT AASle] AES AHA5)

o} olE Fl A%l 71 BAFH AelM Tolule BEIE Rt Hebe aHo=d B8 s ARE %
2k

o £
> 18
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:

=4 A, 27 - 3t 5 g thlE d3elMe ARG A 1ot wulstglony, IT 4tdat Zo] i
EF Tt diEes A E5] &4 BAPRIAL] Scope 1 AREE HFo] W2 7|PoiE Y EAE
aAR|go] HiE tiH] ArideR 2 HER e 4 ghaS IRISKITKWorld Bank, 2019; 1TU and WBA,
2022; ITU and WBA, 2025). 229 tAE 719 Al 2A4elM%E Scope 3 ZHHiEe] XA vi&e] i 2t
Aoz WHH, Scope 1 HiEZ AIRFERQ] f52ol] MF= ACR KR, IT 4149 viE F27} Al 7220
2 Aolghs BOZHITU and WBA, 2025).

2 ol SKEZERRES} vlo]He] Scope 1 71 Aol 242 oF 9.4%9t 10.6%2 Uehd Auk= &l
TAES] gaARo] 7Y HiEs AxdoR S Aulsi|Erks 4FE HiE X Aolo) weF TAkk
gaAe] 250 Ay siie] defd 4 U2 HoFs ARIE siAEthZhao et al, 2010; Chen et al,
2020). AUE]e A SOl T 4 AT A FHE BHET A 205049 7S A7 SRRl fom|
SH| 71k ERISHITE ol 7199 719 Akgold EARS] /2] 9 Bejet 7t 2Ao] 1A ©aA
2] A Frjjo]l Fa3 391UE AARITE E35E TCED BollA] TA&9] S8 Tt BAAE ol Z¢
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=
N THNE Ak 5 1R AR 78] a9lo2 kgt 4= QILHWEF, 2021).
S, TAleL V1A 15 o)l EvtlelA] Hi FofuliE (residual emissions
£ A7 NN 22 sdE 4 Qe TAlEe] eaAe@Re 7]A9] Scope 12 - 3 viE 54 2471
A ol Ao EN TAlE 71HF NbS £21o] Auf= TCFD @uste] ‘A% ¥ B FEojA] 7|39 715
[e]
=

o
]
g

12
i
T
=
e
37

.
49

AN T vl wiEst AR vlwete] A RS ARRlRE ARIPPE B vh 9lom(Zhao et al, 2010),
WRE= NbS 7[5t 222 Auts 7199] Zofuls s 91zt 719 73] 288 TCED FAle] =3t 2ks ¢
sk §IrHSeymour and Langer, 2021). E3F AA] 719 FA] ARPINE EAE 9 VA7 SES Fof B4
gt SRS Scope 1-2 -3 HEEREe}L AAole] A® X = A A#=2 S5 AR SRl Sitk
(SK=EHIE, 2024; J.Front Retailing, 2024). oI5 53 A& wast 34 o] @45 do] 7|13 g2a o
I 7138] F2g FAlol| 1efohe Hzk ApitoR ARtk 4= ITHWEE, 2021).

ol 2 AT theat 22 AARE Ado A, 2 At AT A VEEA ARE 285t B4
& Folalon, TA%] gaze] 9 A Ar|A7E S2A1 w7le 2ol wet g oS B 4
Ak M2 S29] WHgolA] Zstalrk(Yang et al., 2023). olol] 7|8k A 712 Zofulzol it A4
710} $2& A o7 vwsl] 915t 7MFE AENowak et al., 2013)0]22, o2 UuEsk] sk Hlof=
oL dasih =4, 719 ©919] FHiEE Tl TAel] S 1] vl A Ui ZAkKzo] AREst
£ 2] Gio) it A RE EAsly] figt 21 3A AANowak et al, 2013) 02 F7H, 24 SiA
O] AL EARIE. A, 2 ke 20249 71 A ffel 2016W B 202190 A5 5 QMIERE S8
salrt. 24l B4 Afme] FAR <l =0 2 A B Fx Wbt 86| BHIEA] 25k 7FsAol §lo]
(Esperon—Rodriguez et al., 2023), 3¢ AIZE &£ B71E QRE A71AQ 5 QMIER] 74 AP a5t
(Lin et al, 2021). YA, 2 A7o)A 883t i-Tree Feo Forecast ZIF= 42 8% A7F 1AM AF AR 5
7] A% A= Rl yAsh E8A/de] AlEdlold Iell s 25 7AW, ofof| wlEt njE A1
ANE AA| P=ghol ot A% IS AdtHRoman et al, 2016; Lin et al,, 2021). A7) w=H
i-Tree Eco 7|4t & W&, &4 274 9 eaAefst 2420 Yefas] o, AEd o) 2y 724 7P 5
of wet Bt 11-13% 520 WE s Hol= 208 HEY 9lom(Lin et al., 2021), 53] ZAGES] ¢
b AN TS A7) St 9 AEAEIA oS Aol ol wizkelA] Zgsks S 8Ql0R AAET
CHRoman et al, 2016, Bugmann et al., 2019). oJ2fet E2MA Q9lg e wf, B d79] i-Tree Eco
Forecast Zih= wlef ©azjzre] A #RrE 4408 ANel7|Hrk= TSI AR 45 5 Hel 9 8
5 229 Apolo| wE HaAe|eh PiE TAle A SYS QR AR Ad ARE siilshks Ao Bdst
ok of= A7) A 2 AR AlEElold Aol i SeR]9] A dETE A T A Ajolet HekE 5
of A 9 e AAREE EEY AE dusks 71 Ao ATt UXRKSeidl and Lexer, 2013
Maxwell et al,, 2022). WAt R 2T 7|9 RH Vo= BAE APe] oA Htolehs =97t olFol7]
I QQ|(Tripathy, 2024; Olbert et al., 2025), EAKS] B4AE] 7]%50] 7192 Azt #e] Akt dAE %
A 7V AP7lEt ot 2 AT Ao TAES AT 2 SAEY Anter ASH oz Aifelr|Hrt
£ 39 =29 WA &% 7leAS BMokE ol HEthe HollA SAIE AYH, Aid SRR TAKE
Saze] 285 7|99 TCED 7[5F 71§23 D 7]3] Q%1 FAle] A8 7hsst A=t =24 Ze)lelaE Al
Alohe d A9 2448 FrHGRESB, 2021; C2ES, 2022).

b i e EARC] @] 71eE 719 HiE AR 2 TCED 3A] AAIRE AAlsle] Heos BA
oM, EAzo] dhi HiE A5 $HE dAlcl|Erk: oilE T gt B Hgk aroR 284
AT e E400 wet TAlE ©aAe] 28] A ot geid

NS HojZory 5 7|Ye] 7|5HeF £33 TCFD 7[5t 715 2)A3 Fejod] NbSE Heh Ak or
oto] 88 &= e 7R3 AARITE of2fet TN B At EAES A 715E 71T =2ot
Aslo] T4 ATE Qg 24 B3t =99 2UHE Agithe Holx Qg i

ole
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