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ABSTRACT

Future mitigation targets should consider whether a country’s short-term is appropriate and sufficient to achieve the

long-term goals. In this study a major top-down approach, burden sharing, was used to derive a mitigation path allowing

achievement of long-term goals by country. Various weighting scenarios, including the Analytic Hierarchy Process (AHP),

were constructed to comprehensively consider the various principles used for burden sharing, and consistent results were

identified. Using our indicators, we compared the level of additional effort required for Nationally Determined Contributions

(NDCs) and Long-term low greenhouse gas Emission Development Strategies (LEDS) by country, and suggested implications

for setting future mitigation targets in major countries, especially South Korea.
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1. M2

71597 (climate crisis)= 172 A& 7Hsgt @A
JgsE % 2 AWl iR UFECHWorld
Economic Forum, 2019). A& o|A tiH] 2T A5
%9712 gt Aokl AR O WolgoiA L 9o
(Menon et al., 2007), F o= 1.5C BT FASHL QL
o O EAT2 AT, 7199712 QR HiiE
Folua FANIE B2 F3 Wrhn ek 20159
‘7l 7153} 3]9)(United Nations Climate Change
Conferences) o 4] Ae1¥ T}2] A (Paris Agreement)o]| A]
L RE BAE0] 24T FRERE At 71T
8ol SXeteE St A4 AAZE +HEUL, o]

AP

et GARZ A A(United Nations: UN)ol 7274
7]9o(Nationally Determined Contribution: NDC)E A|&5}
Ak sHAEE, @A7EA] AEE NDCO| A7 A&H e
A 21417] "ol 3CE dolAe 293t J3E Ao
2 A AETHUNEP 2019). 2CHEth 4 Yal(well below)
o Yo7l 1.5C k8g S0t ‘o Ed A2 E5R
(Paris Agreement’s Long-Term Temperature Goal; ©]3} %
A2EyS 2HN] AN 2R NDCE 4% 24T
Z a7} dth(Rogelj et al., 2016).

202092 247EA SRR A0 Qo 3] 523t o
ojtt. &3l Z=-2 NDCE dYSHupdate)otrl 2050 7=
EH A7 Aga

gas Emission Development

HFH A2 Long-term low greenhouse
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LEDS)’= UNO| Al&sfjof 3ttt /el 71935 4439
(UN Climate Action Summit)’o|4}& 700] =717} 20207}
A @ FEET JHE NDCE AlEshl, o] F71oA=
ol A7) FHIA) BaFY BRES AHSAR ALl
CHUNEP 2019). < FHA%S NDC A5EHE 7|E
1990 thH] 40% ZF=of|A 55% =02 AgkxAstalD),
272 20604 o H BAZYS PHSALT S ol
3 ApLe. oI 402 A 2030 NDCS} 2050
LEDS7} 2174 A7125 9ol BeteieAlg Brle) 9
S ZjERoR sk BHE o) 2590 /FEE 4
At A5 £S5 AXok= Zlo] Hasit

A7H LE BE G4 Ao chre sk Aol
AZEolgth 11 F @Y = B9 H % (normative)
Y| APl SBEL  BALAUETIE carbon
budget) )t 71201 AL TS w7PEE Idohs &
SH(burden sharing)¥o] ¥ HWHo 2 FEEQIN, 7+
zug 448 2§ PHost /Felo) it A
AN tf-g AF 5= EFst= Tt 710l AjtE
Qlth(Fleurbaey et al., 2014; Zhou and Wang, 2016; Héhne
et al, 2018). HZ]of wjz} Fgof Hhgs= 40t £9 4
37} o) Aolsio] tloret AAES FUHOR Wl
Zo] "3} (Klinsky and Dowlatabadi, 2009) °]& 23l
bRe] ASAE Roldlel BivlE AN mEste
o] 2859 th(Ramanathan, 1998; Vaillancourt and
Waaub, 2004; Cho and Kang, 2006; Baer et al., 2008;
Klinsky and Dowlatabadi, 2009; Lee, 2016; Moon, 2016;
Oh, 2018). kAT, 7|& ASEE AFolA= Y5 LRvt
2 TEEAG Tt UAS BPSERE A1EA Rof
HRo] ©esto] olE &% ATE dRtEkslole oA

HAIZE AAH.

N

T

ok

55}7] §lstel ke

£ Aol AL olgt 2L wAS 2

3} Zo] ATE AYHTE. 4 71E0] =ol=gld hE
49l FEEY 9A5S wE pefsigon, 71E A7l
A A4 PEe E ATolA B3 A8tk 2w

H|
H
re

N

oj¢H|N HEZ 7IHIeE THEAE AHste WHES
AlSEA 7] (Analytic Hierarchy Process: AHP)& Z-&9]
of 7}SAE whdetetaitt. 1 Axt 1977] & FA(196
N GA=E T EHE HGo = T F 7HR7} o=t g
= 7Y & dS BT=E oY 57 E(mitigation
pathway)E E=&5H31H. ol YHE =7PE $47] 45
239} vl@ale] 15C 9 20 X174 A|BE0] g
7 9 2748 w8 228 AT ANES EE9
o &2 A9 A= % I7HE 24AVEA AEER Y]
%W 4gge] $2 BuARI B AR sldH,

BaE o gol FHHG. A A HPAT
E HE-AYsoh A3 A A" A=
g y8oR 2 AFoA 1 HEEE 4F ol
Uetil= 7159 AL, 7R Fo W, AS5E v
o AAHA 283 ol8H ARES AW Al4d
ATZAT}E Fo=3} o] sl At AAMEE &
SoPH. pRAY e 2 A5l 248 ¢ ¥FF A

2 AN

Rl

A7d BRE HgHos GAs] JAE HEER
£ st og AAste Aol AEstAnt, 549 SAIY
A ekt o|sjEHA S0l Aol et Ree b, &
o BEd ZQIAO]l gt geol= olfAY] of¥t
(Fleurbaey et al., 2014; Zhou and Wang, 2016; Pan et al.,
2017). olH& 4F SolME 7 Fao] FelHoz a
78 5 9t nY £22 Eaely, ARo] YHEES
B7kst7] flsl ot ALHE0l AlEE Atk (Fleurbaey
et al,, 2014). o]2|3t ==lo] HHILH A|F2 WEO|HA

2u] A7 ALY 2oz & itk

it
ol
e

BEOGAE B&A [ 7o) LU7A BEER

1) State of the Union: Commission raises climate ambition and proposes 55% cut in emissions by 2030 [cited 2020.09.17]. Available

from: https://ec.europa.eu/commission/presscorner/detail/en/IP_20 1599

2) China pledges to become carbon neutral before 2060 [cited 2020.09.22]. Available from:
https://www.theguardian.com/environment/2020/sep/22/china-pledges-to-reach-carbon-neutrality-before-2060

3) QE A7 ABOIAE “carbon budget S ‘TAAAPOE Hosto] ATAR, B ATNNE Y L& F59) AL HolAA
%71 Al FF SEGHE olitEEa FRulEFelFe B AuiE HE9] ] s SarFHEdE T §olE AMRIth

4) =9 Wgo| A, ojuel WS o] gl 2AVA HETE E°lAY FFE SHsk=H 2T =8 EE HlE FEE Ure A
oJulgtt(Fleurbaey et al., 2014). Y2 Ego H-&ot= W 7|E(criteria)o] weh ¥MiE5-8FS ddstAY ASLaFE £t
o, 71%&& GDP, A+, 2A47IA wiE&% 59 X H(indicator)Z A E th(Zhou and Wang 2016).
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StekAl ZERES E5H 271 2030 ¥ 2050 24TtA ZAE=H LIt 549
FAow HdAst= AARE A3.1%2+= 2008EFE 20124 71& E¥9A & 5 R0l =9 7IHEE 71 5
B AR AA 2ATIA HEFE 19909 EET E5 S5kl ASEREE BUksH] Yd) odRt HHe
% O AEIE AL BEE BT YA ABS AT = wAo| Amsloisiet. 2 s ol met T
AR 291 AGBM (Ad-hoc Group of Berlin Mandate)5)]| o] tf2E & ojr HHo] gL Hojytta o 4 gith
C 2o RNE HRY YA s olF £H (Hohne et al, 2018). AW, 15 B £ Hre] 7Y
LA MEY EE DEE TPAE A A, kA AHo] Asle] ATH BALARETE EL gE
AHs: HERgHS EURE FAGSHE(marginal B FE EEche ASEHC| TH URCE oF &&

abatement costs) Y3}, YEHE: EUS By ®FHOl <AF
o ¥ (triptych approach)®)’ 5)°] AH|QFE cth(Jansen
et al., 2001). 2-9] AQtol Bk %02 oxba A<
3} ofepo] F2 thEolgr.

71 & HS}o| st R 7E 3d (Intergovernmental Panel
on Climate Change: IPCC)’9] ‘A|5x} H7}X A (Fifth
Assessment Report: ARS)OJA = 31384 =Eg #AH
100] 7je] 478 vfFoz @ o] Felslol ATk, o
Tol wet 29 dHE7F B A, &Y A7), aEE
2A7A FF 5ol el HZE Y8 7€ ASEE
WHE 77HA] HEE ERota 72t B 29E ol 7 A
AHE AAISHA o]F B3l 7 At oARET Aol
ro HHolgte Aol Aol EA L e {39
TR detE A3 YebdS skl
Zhou and Wang (2016)2 7]& Y= AUE o}k A
He vl 7RISR, 243}, Ao, £hE &R/t
R EAS At tFEE(T7%)9 AFE0] =7t
942 E4S FP5A, £ Rl EE HESET
g o] et o] 9 A8 &2 v
stalom, AEEdo] 7MY FH(73%) Lo E YE
T} Hohne ct al. (2018)= SA7kA Z2ERE Brls
7| 9% kg EEe A T IREEH onel 7]
$4 WAl ofg 7P AR BRE PR 22t
a1} AREE Festltt. Aol B=H JIHE A
T 08 EA40E Qs Aoldt 37t At =&HY, 7t
Z+o] Agetdo] th=al HSHA] hor = of- HiHo|

S Agsha g 5 ek

LN

s

St A3V A&AH 02 3= o] Yti(Jansen et al., 2001;
Fleurbaey et al., 2014; Zhou and Wang, 2016; Hohne et
al., 2018). A NAZ o2 FojH FAAQ ASEH 1Y
AHT7} gls oA L olet 2ot 7+ Yo &
7P Bt =8 2o tigt ofsfo] =& & 5 3
ow, A2 tE osigAEANA a7E 4 = 7IHE
5t= 9 =235}k (Fleurbaey et al., 2014).

22 2% 28

7|1& AEEE AFolA s ot Do ZIRtste] &
ol olFolzn ATol we HgW Yxo| Aolal
Den Elzen and Lucas (2005)= T £33} {7 &H35}
FK(United Nations Framework Convention on Climate
Change: UNFCCC; o]t @ehol 4 =05l 354 9%
< 37 B539(egalitarian), FHF2](sovereignty), 2 H
A} Hk(polluter pays principle), 52 & FH(ability to
pay principle) 2.2 7 2]5}9t}. Cho and Kang (2006)-2 A
77 QACEER, oA e, FA%)E 299 4
2 Zgoto] ofg] £4 kg FAstaL S ERRE 29
/) OECD #742 3oz 2k 2.4 glof m2 20304 7+
Z2H o7 Bot v|ES v -2 435199 ) Baer et al. (2008)
< F 7 £7 712 7, 584 £l 7A
S ool ©Y ARE AT AYAPAE
(Responsibility and Capacity Indicator: RCI)E 1195}al
M=ol dsire 4 29 712 AAEE Hl
H3l= A A (right to development)) ¥ 2] 2-& 3}of| F

5) LEHA TS Aol 19956 AR FARESOIA AAE =olA]
6) REEZ U2 Yue qgolo] 2719 R8T ARFAoR AFI Zrlole Al REo] HeHdoy dx 1 Welst B

Aot FEA4 94 F YA Fua 3559 o] m3E
71F7190 718 FHket Agel wigt vl 23S £ ddde gA B Y9FoE =9)Fth(Moellendorf 2002; Klinsky and Dowlatabadi
AREE v F7toll AYE AFSHAH(Gupta and Bhandari, 1999;

7

-~

2009; Fleurbaey et al, 2014). 5 Y29 A& w2 AdF

Héhne et al.,, 2006) EEoA A|QJ5= Zo|H(Den Elzen and Lucas, 2005; Lee, 2016) T2 Y22 HYsl= WAooz ALy &
of ste] exizh B WHoR ol8F 4 flrie ol SHolth ole] ZERY Hgo) Yo} BATL We SEe SA] ol
= ZAo|th(Lee 2016). EZE, QJFoA A== MAI=7I= Lutdog i} Fgfo] Zof o]o wE Hgo] Ay ghA FHAZIEH]
80| YolHohne et al., 2018) &4 AR T =4 HAUZC| 8432 AL 37t Ad==d EolA Add F ol=gt 55 Hj
A2 A oot AT S8ASH B0 o] a<lo] F St ool B ATOIME 1HaHA YSkchKo, 2020).
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| HEs8T
effectiveness)®)o] 7|HFsH A} v WatHT} Lee
(2016)+= IPCC (2014)°)1A4] AAE FBAdof 7]9tet= Y|
7H] £ 92E olgsto] AEEES P 74 &
G H2of 7HSAE Foishy] HsiA 7St =4 E4
TAAZ 4E =4 A7 a2 s 425
Y5l o] F T EEH 9 AAE o8-St 8+
°] NDCE H7Islith. Moon (2016)2 7]E°] A|be
RCIO| FS(equality) ¥&2 F7t= IRt

(Responsibility Equity Capability Indicator) FH<
skl 7 Yo 7RIS g Foltt A% Ah
Tgsto] 2= ol 23} Agto] At 20309
85 9 7|5AY B HSZ 527 =7 AR H
WEAS}ATE Pan et al. (2017)2 IPCC AR59] A=
FH9 B 9FE 7|vto 2 g oA 7R B4 HE-
sto] 2 Ao s HFEEE
(2018)= PB4 &8/ 7|5kt

2 584 2,

H]-8 884 (cost
o}
=

ut

H|
H
re

- ooy

=

Sto] 1171 2= titt 4588 E9ES vl B4

st

71& 7FeA Fol e A A Foj(discretionary
setting)’ @} o]sTA ALY QlAE ®EFsh= ‘A=t A
(expert survey)’©] Qlow HE7} HES 0|83 A=
A A o7 EtslR] ¢ti(Lee, 2016). Baer et al. (2008),
Moon (2016), Oh (2018) 5 ¥ AFoA= A3t 79l
o] wtstol 7HSAE AASHAY 1L EE 92 ¢
9] £2 Upro] EAQMS A5kl B YR 55 7t
FAE Folsto] £A513h. 7IAE =&5H7] 9% A4
& HhH O g Ramanathan (1998)2 AHPE, Vaillancourt
and Waaub (2004) 2 PROMETHEE W& 8% A&
AljrstR o AA| A-8ofli= o] 2] Z53ATh Kesternich
et al. (2014)= 120997 =7}9] =A] 7| HS} HFHAA
52 o Bu A g e A5 ZASGC
o, Lee (2016)% 11370 FATANES 4oz 7 o
0] 7153 o] 100] H=2 MRtk 7% Ao
A ged Bg 947 AEAE 0 B} Pt

Table 1. Weight setting method and weight of existing studies

Weight setting L . . .
Study method Principles and weights used in the burden sharing
Ramanathan, Expert survey Prin(.:iple Egalitarian ‘ Pol'luter pays ‘ Sovereignty
1998 Weight Methodological proposal only
Vaillancourt Principle Egalitarian Polluter pays ‘ Sovereignty ‘ Geography Energy
and Waaub, | Expert survey ] ]
Weight Methodological proposal only
2004
Baer et al.,, | Discretionary Principle Polluter pays Ability to pay
2008 setting Weight 0.4 0.6
Principle Egalitarian Sovereignty Ability to pay POI(I;;?I p)ays
Kesternich Preference 12.7% 10.0% 14.0% 18.8%
et al., 2014. | Expert survey Polluter pays Consumer pays Consumer pays
ZEW Principl Etc.
(ZEW) rineipie (1990~) (2011~) (1990~) ¢
Preference 19.3% 11.5% 11.2% 2.6%
. - . Right to
P 1 Egalit Pollut Ability t
Lee, 2016 Expert survey rineiple gaittarian O uter pays bility to pay development
Weight 1.5/10 3.5/10 2.5/10 2.6/10
Moon, 2016 Dlscret-lonary Prlna?lple Egalitarian ‘ Polluter-pays ‘ Ability to pay
setting Weight Equal weighting
Oh. 2018 Discretionary Principle Polluter pays ‘ Ability to pay ‘ Effectiveness
’ setting Weight Equal weighting

8) Wokol ‘H R
Ao TR § AHS PSRN Tl Yol F& of
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= (Contraction and
C&C), ‘st 37 F4l(Centre of
Science and Environment)!0)’, TAIE ¥ (multi-stage
approach)!), A HIW, FAFAMETF 4T 5°] 3
TH(Den Elzen and Lucas, 2005; van Ruijven et al., 2012;
Clarke et al., 2014). 0|2} Z2 WHE2 A& +4 W&
2 Hlolg ARG 7]7te] whet Ayte] zpol7t A RE7IE
o] 9¥ Yzt vt B AdrME 7153t nE
2g 928 Tejslo] okel 2y A9E saelolt
HEOIA 7Hee] AFaso] 72 AFE Tt B
Aol otk A, =olsole olg A% F Ynute
31 ick. Hgol o] g ¥t Arjael Aze glo
8 2o Jolrt 7] wgo] 9 AR
29 Zdo] gt Aol W& 4 9l ow(Klinsky
owlatabadi, 2009), 7]& oA HAE SEA= A
X] A9 BE B 93]S 1Eths ek
07 YUEGTH(Kesternich et al.,, 2014; Lee, 2016).
gﬂﬂ, AR 7HEH] Rol7} gojHol At HES ol8d
Aool T ASE ZARSF 7RO 7iThel P S H85)
A th(Kesternich et al., 2014; Lee, 2016). 7}&2]9] J9J4
ol Aute] ABYE oo, AES o8 A% ol

Convergence:

ot rﬂs oo

|
%]
o
o
and D

i [‘ll‘ r«{lj

Table 2. Overview of the burden sharing principle

E5t 271 2030 % 2050 2A7IA ZAEZT IYIt

AR ZHANAAE WEGol= Aol F ©
o] Zasith AlA, 7|& AT HRES —‘—:—%Zé A B
=7to] g5t ASEES FHSHUT. A FFollA
A& FA= BE GAZO g o2 st "7} ok
2 d7e A52E0IA 2 HHAL e ¢

& AFolA ARSE 7HA] o] a2 dolA 3
3 AHP HES 53 &3 7528 53 S¥ol &

£
1
Hd
il
g%
pilly
o

£ o= AtolA AHE AEEE V1%, Al §
of B, =7Pd S-SR vl AL, AME AR 55 T
AHoz AwE,

vl 7] AE5EE (BT

= 7‘?&—7,‘—9])(Den Elzen and
Z =35l AV 2R
AT dHE A5 7HEE =& BE e
oA TolA HEE= 7|EdAEE 20199, EEAE=
20309 EX 205040|H, G717 2020~2050 0]t}

7 93] A A8 WA % S3L e 2ok

N

Principle Concept Application method Feature
Eaual emission allocation per person | - Need to drastically reduce emissions in
All human beings on earth have q .. P p . developed countries with high per capita
. . . (emissions from global mitigation .
Equality equal rights in greenhouse gas emissions
. path are allocated as a percentage of .
emissions . - Relatively advantageous to underdeveloped
the population by country) .
countries
Polluter Pollutants bear the burden of | Share mitigation burden in proportion | - High burden on countries with high GHG
avs efforts in implementing pollution | to contribution to global warming emissions since the past
pay prevention measures (cumulative GHG emissions) - Emissions applied after 1850/1990
Ability Share the burden in proportion to | Share .mitigation burden in proportion - The higher the GDP, the higher the burden
to pay solvency to national GDP
Each country has the right (right | Global mitigation path emissions are | - The change in emissions is relatively small
. to maintain the status quo) to | allocated according to the ratio of | - There is a view of institutionalization of
Sovereignty L L .. . . .
maintain the current emission | global reference path emissions to inequality that rewards developed countries
level national reference path emissions and punishes underdeveloped countries

9 A AR A7H eAAA 7
2 g5ty ERA|F =
:qu ARARCN- 5 ko

10) ol4tajgha

=Ed 4= A¥e F5

2725 T Z(contraction)d}1!, th2 o2 7+ =719 109 vj&Ho| £
Z 07 ZY(convergence)dt == St} o

g ASAZIA &AL A% TheR HiEF sl v 7Pl 71xste,
.

sustainable emission rights)’E& A3t B

1) S oele] St ol B POl W ofd] AGo2 ok A00) S8l e A B YYF S2E Y AL
a9 Wi WA oeko] Jwsie, 19193 B AR o8 A9 FEF AN mpwch
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3.1.1 S

5 (equality: EQ 559 A2 W V1R
# RE o7k T/ o] 83 53t PalE 495 &
A7k HiEo] QoA TStk Zigel Z]RER(Den
Elzen and Lucas, 2005). 3g ¥z #8&sto] 7|7t
2R G4 ApE And 1Y WS RES 75
= 71 ¥HS o3 $43 ZHGupta and Bhandari

1999; Bohringer and Welsch, 2006; Mattoo and
Subramanian, 2012).
w = G717 yd e A A 1AFuE5]85F
POP( L5 R Y - O [

MPy) : Z71280QC EE 150) 849€ 9% AT 25
A2ol yduL WEY

POP,,  yd= A AAAT

Bs7lE0] mE EF7IE A 9] ydE HiE5E
F= 9 A (DollA e A= 10 HiE 58] i
=7k g A= QIS Hoto] T 4 Ut ]
BEZ0] AArS vk Stk (van Ruijven et al., 2012). 0]
712 A&5H AEEEo] 85 A7l 20209 F-F
= oA wiE AEglo] 1ol BlEste] HjE5&
gol 4 E7] 2ol 7|Ed e WiEd & AxH A
st EA7F Qltk(Bohringer and Welsch, 2006; van
Ruijven et al., 2012). 0|5 H&3l1x AA 47|17 =
ot FAFO 585 SAFHUEIN S A5kl At
=94 AP MET FS5ES 485t ?:]'5% 2ETE
sttt AA EF7E &9t A (9] HARAujES

Bt ohg 47 2

rlr <.

CarbonBudgetf,;)Q =

CarbonBudgetl{ : #5720 w2 g97)2 BA i

w
POP; ) : A= 19 yd=

4 2)% 2050¥7X] 9] EALHuESSES e
o} 2271 Qs AL o]dl SARANEIES U
B 20195 E 20508712 ] BjZ 4= o]t} Hy

i

ot N =

Mt
ot
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re

- oty

28 2237 Q94 SE Y EY FEES 48
S 1 45 ES Qs Agstel thedt e &
) s4g AHST e maHs B5AY
of W TGV ZAS i yd: MiEFS of 4

37 2t

BE,
_ (i,2019) (y—2019)
EQ;.,) = POP; ) X o5 ——X (1—=r(;))" 3
(iy) POP,; 519 ( ( )) 3)
2050

E EQ; ) CarbonBudget “)

EQ,,,) : EQ71ZNA GA= 19 yd& wiE 58

24 Gt @E ol8F HANE B9 78 4

rr

()

ATt

3.1.2 GA &

Zow Apeusil et FACr
A AT HiERh)l vlEste] AEEaTdE ST
(Den Elzen and Lucas, 2005; van Ruijven et al., 2012). &
A9 Ax wjE&ARY WS o2 Zth(Moon, 2016;
Oh, 2018).

CE;,

CER ) = OE,") (5)
RN(HR), m = CER; ) <X RN, (6)
HR, = BE, — RN(HR) (7)
CER;, ) + 3= 09 ydE wHu&g u%

CEli,y) « FAF 19 yd= xuiad

CE, : yd= A A7 SHMEF

RN(HR)(; ) : HR 7% A= 09 ydE 45803
RN, : yd= d A7 #50aF

HR; ) - HR 71%00A 3AR 9] yd% wj&s] 83
BE(i,y) AR 19 ydE VISR RMES

AFE ANH AQ) 7129 FHEY A A71E
Xh'su 7H8% 1850 olof A 1 l=91
7} zﬂ-/\-]g].
Qﬂ]/\}-zﬂ‘ AL pul o = -

Action Tracker: CAT)7} 1&gt J—]‘ o] ‘EX|o| &, E



Al ZE

ol
Ol

t

0

A Ag 9 ArZEokLand Use, Land Use Change and
Forestry: LULUCF) H&9] vj&3F2 A|QsltH. 1
ol A BN A BlFo] ATH o
1 A7 9| E8HAIA o] 7] wEo|th(Forsell et al., 2016).

3.1.3 g

& (capability: CA) 7|2 A g HZof 7|5t
st HAF AEHIERFS FARY gFS Uetdl= A
H9l GDPo]| uv|#|5te] EYgtth(Den Elzen and Lucas,
2005). ZAT of A= HiEs&ES o A 2o
(Moon, 2016; Oh, 2018).

" GDP, v
CA.y = BE;,,)— RN(CA),) ©
RN(CA);.,) - CA 7Z0I2] FA1E (9] ydE wj2sle

%1:
GDP(l-A’y) A 19 yde GDP
GDP, : yd= #AA GDP
CA(.,) + CAZNZANA FAF 09 Y= W2s83

3.1.4 JHETHE

I =Tt §(grandfathering: GF)2 FEF9 &
o= 7102, 9 FAl= =7 H BE =7
£ @AY HiESEs FAT 5 e EEel ddRAdE
(status quo right)y< 7HIth= 7ido] 7]9HsHcH(Rose et
al., 1998; Den Elzen and Lucas, 2005; Klinsky and
Dowlatabadi, 2009). 0]& ZF=EFof Z&5l= "4l 7]
z420 WaY BT S5 429 WEseTe ¢
F5l= Zo|H(Rose et al., 1998; Den Elzen and Lucas,
2005; van Ruijven et al., 2012) o]of wz} X & ZH=HoG
FANA 7EB = & tel 22 A5EC] a7HH
(Bohringer and Welsch, 2006; Clarke et al., 2014). ZA=+
o] A ui&o]-85F2 3 43 ZH(Rose et al., 1998;
Bohringer and Welsch, 2006).

GFi.., = (1= R(,))x BE,) (10)

Al HEETS S8 M 2030 Y 2050 SAJA AESE Bt 5653

MP
W) ) an

R\ = (1 _

(y) BE,,
GF’(zy) . GF 713049 gA i9] y‘rjE SRR
R, + A AF2A7NAETF F5E

MP,

y) ¢

BHEY Yo gt AuEkE Aol BT
L shza 8ol Holstt. Ui AXWE 48
@ A= AZS FHsE| ofgr] gl 5
tiofst &S 1I8ok= A o] " QsltH(Vaillancourt and
Waaub 2004). Z} {20 7|9gt A58 22 2346}
A} 7FEA] Fof7t o] &Hrt o]F o83 BA 9] y
We #i&6-85E o 43 Zoh(RAE 7R &
2 10]t}).

_,d
AT o
ofl AN oX
10 fr

EP(i,y) = W:(]EQ(’Z,Q/) + I/I/hrHR(Iy) (12)
+ WeaCAGiy) + Wy GE )

(VVeq+ Whr+ VVca+ W]le)

2 A= dAE 7R Fojof| AHPS} APA+o] |
Hed A8olo] GARE ASHEE TEohal 23E ]
A -FASHE o] &H A BE U vl 7Rt
I} Z} AA, Kesternich et al. (2014)0] 1209] 7]} =271&
o E HAE7t At st =&5d £ f3E A
EES olg3he ZEWGUAAATAE), B4, 55 7}

=

re
r
-+
=
X

U A7 D ANEAE o= AHP
EE3 7RSAIE CAHP 7} J1Zo|t

AEEE FIHNA S8 AR o8 93] 7t 43
A& HAsH= ZolH, o]& I3 7FEA] Fofof o|siA
ZF oA whgsts We] 2851 lth(Zhou and Wang
2016). Ramanathan (1998)3} Cho and Kang (2006)< ©]3}]
AR Zrofsto] AEEEol =95 Yies TEFo
2 Este] & Z2AE &S] g R 7HA|
Folo] AHPE Z-&d ZS ARt Ed7|EALT

12) NDC ratings and LULUCF [Internet] [cited 2020.08.16]. Available from: https://climateactiontracker.org/methodology/indc-ratings-and-luluct/
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554 =
F(Multi-Criteria Resource Allocation)!13)’0|4 AHP= 3-8

st OJALAA 7]Ho|tl(Ramanathan, 1998). AHP= Z-35tH
opa EAel ths) AEstel Bk Aol dhet 15
o|YB|E £ A5l o] 7[¥to &g St 7412;@ =)
A RS 9l HAY dijke =&l & = 71
=0 v 7HA] ASEH 939 AHH 7]%7\] Alito]
8 HZHo|HE AHPY 7F&A| AMY TA7ZIA] o]-&3tth
AHP A2 AAIFS 5] €73 -71%F A AE7Kdw
ARLRE HA-AREANE o E ofHdy 3 A
ol AP J Y. BF 3770] FFsIen o] F U
/d Hl&o] 0.15 o5}l 34 (HE SARF 231, Hd-Al
A 1179)2] SH= ol-&stirh. A SARRE Hd-Al
DA T1E 2F 7R A0 F-ou]gt Zpol= ERlER] 2ttt

=
=

=R mo oy

bl

Y AEJIE Aoz Sk B 10l AHP AEJA =
B 93 3 odd Rate] dhjHoR w2 USSR
ofsle Ao& Uehdt) 8HH, 1200] 27} AEZE g4
o7 MRS 533t Kesternich et al. (2014)2] Ao A=

Table 3. Weight for each mitigation pathway

o - ofeyst
5 9AE 7ESA] Aol 24 ¢t ol %t At 2=
o] ZH&Ego] ATk Yo] Aojstel AAH WA
Zopx]= Zlo] 7]QlgtcH(Kesternich et al., 2014; Lee,
2016). & AFolA AREE 7RIS Elskd off Table
33} 2

s 0481 4,
0.4
0.277 0.284
02 0148217 HT
- ms e
egalitarian polluter pays  ability to pay sovereignty
Bpartician  Byouth and civic groups
Fig. 1. Weight for the principle of each survey group

Principle . Polluter pays Ability .
Approach Equality Polluter pays (-90) to pay Sovereignty

Equality 1 - - - -
Responsibility - 1 - - -
Single criteria | Responsibility (‘90) - - 1 - -
Capability - - - 1 _
Grandfathering - - - - 1

ZEW 0.245 0.293 - 0.270 0.193
ZEW (°90) ” - 0.293 ” ?

Equal 0.25 0.25 - 0.25 0.25
Multicriteria Equal (50) - - 025 . .
RCI - 0.5 - 0.5 -
RCI(*90) : - 05 = ]

AHP 0.155 0.469 - 0.280 0.096
AHP (°90) ” - 0.469 ” ”

1) Based on the historical responsibility criteria, the timing of calculating the cumulative emissions was divided into after 1850, and after

1990, when international climate discussions were active.

2) The principle that Kesternich et al. (2014) considered in deriving the weights is the same as in this study, but the polluter pay principle
is divided into four criteria according to the responsible subject (polluter, consumer) and the timing of the cumulative emission
calculation, and surveys respondent preferences in the same hierarchy as other principles. Therefore, there is a problem of overlapping
response principles. The preferences of the criteria based on the pollutant burden principle were averaged and used as weights, and the
total weight of each principle was adjusted to be 1 and applied to this study.

o]—lﬂ-ﬁ 1

1_.

13) SR 7122 Lesle] AR AU ARHC
L o188 A5A AL Al A8 Lol SRelel 2ek

Journal of Climate Change Research 2020, Vol. 11, No. 5-2

2AE thed.



S1a1Al AEEHS £8 271 2030 U 2050 2UTHA AESE Wt 566

B Q7E £2E J34RE ol8ste] AR 43
E2HE vws] Y8 27 FEE A HE(Additional
Reduction Rate Indicator: ARRI)E ©o]&3dlo] A7 53
245 Al Aed 51 v F7i2 28% Y F
S QopHgiTh ARRIE TSI} 7t}

- target
Emisson(;- 4"

ARR](%): (,J. target
Emisson(s)

permit

— Emissong; ) 100
X

(13)
Emisson(y’" « i=7t 2030NDC ®x=
2050 LEDS= w2
Emisson{’{i;'{”t CiEEARY 20309 B
2050 j&5]8F
Emisson(i" : i27k 2030 NDC Bx)&e
ARRIE= i 7} 2030 NDC ¥= 20501 LEDS 23
W&o 4 27 ZE2A R0 20308 X 2050 HiE
5l8EF 7F AXE ¢ 27} 20309 NDC EHujE&spos
Uegte] WiE-goltt. ARRIE= ZHo| A&e EER7}
o1gFa] A4 20 WiEHET 2 49 ¢ 7S 7HAH
g =7t ASER A4S 18T dart itk W
E ARRIZL 29 3t& 7H A9 GAS A5ER7T 5
5| 9829 Uehdtt

3.4 ME Xz

AEEEo] 44 A7ER G0 Rt A4 7

2 9 ASHE WiEd, A VIEFEE HED,
GDP ¥ QI49} A2 A AA A=7 85ttt 574

2 &5 98 B ®©B7F Zd(Integrated
Assessment Model)’0] o] &= Qlom 2z} Rdoj uket
heFst 4271 =& Hh(Rogelj et al., 2018). AF2] AT
& =071 A= vget A2E SEHLE 18t
L Aol H4&3s| HQlt}. CATE IPCC ARS®} “1.5C £
X 314 (Special Report on Global Warming of 1.5C) 9]
tlo]efHo]AE ETE 2 H(overshoot)o] AL §laL,

o] Atg}gtAA| 7 (Carbon Dioxide Removal)@} =<, A+
9 7|e} EXR]o]-&(Agricultural Forestry and Other Land
Use) F& o] 44 3k o=t 384 =74
25 ZHIstA 0|9 FYFh(median)T} AHERIZE H OIS
AlF195taL 9lom 2 Ao sFARE o]ttt A
AT 9 GAE 2A7EA 7R 2 GDP, QI AT
A H+= ‘CERP(Climate Equity Reference Project)’ 7} 22
o= YA EQl ‘Climate Equity Reference Calculator’©]|
A A&t AARIOFE o853t & Ao o]-&H 7]
THREY} AEHE Ame BE 2AVIAE YR 5
| LULUCF F-3& vj&=Z ZI3ith ofdff Fig. 2+ A+
oA o] &H AFF 7|EB=E AEe} 2T H 1.5C &1
2l Febote A4 A5 =9 S Bk (median)2} A
3AHERI(3Q) A=E AlAERt Aot

<t o [+e] O ol <t w o o o <t w o« o ~ <t 0 0 o
- = — A 00 N NN NN MMM o g N
(=] o (=] (=] o =] (=] (=} o <o o (=] o (=] o (=] (=] (=] o
a8 AN AN a AN ddea N A
—*—baseline *=2°C 3Q *=2°C median

"71.5°C 3Q 1.5°C median

Fig. 2. Global GHG emissions by emission pathways

2R AL Adiel, BAU, H$HAFYE 5 thof
st Hou 242 7HA7] = gk UNO| Al&d 34 &
Ao Z3HfEsFo] PAIEo] A g2 HE £ AolA
o]l &H AFE ooty HHHESHFOE HESIUT} EU
9] A% < NDCE AFxAoto] 7|29 Fxet A=
L BHE 3 BAGH) n]2o] A9 NDC7} 2025 0]
EXAZAT B F7He} Bl fJo Azt AEol 2030
A7HA] fAI" = 7gste] 20308 ZEE AR
Z22 o}z ZAAHOZ LEDSE A&oHA gto}
20609 oA gAFH A4S Atk ol EW

15) £4: Climate Action Tracker [Internet] [cited 2020.03.10] Available from: https:/climateactiontracker.org/global/temperatures/
16) ol AolEcIAE RCI WL Hgoto] FHRHS ST glon B 107/1FS Yo B ARE TEte] AT et
Z&X4: Climate Equity Reference Calculator [Internet] [cited 2020 .03.22]. Available from: https://calculator.climateequityreference.org/
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2 2030 NDC Hi&EFo| A 2060 ErAZH71A] A7F
2Fo] dAsict= 7S] 20508 ERE ALASH T
9] LEDSE: &7 =95 57] QK(Lee et al., 2020)S

DT - ottt

A% 9 Vg 9289 2RAY) ey X
ey
O

B GBS} W9 B 4% 342 1 3

Table 4. Quantifying the mitigation targets

Qe §2, wA

of the parties to be analyzed

o,

g %
=

e %A}%(Euzs, UHL, %,
)8 FEERs 0L P

2030 NDC 2050 LEDS
Quantization Quantization
Target Target
(MtCO2eq) (MtCO2eq)
EU(a) 40% mitigation compared to 1990 3,242
— Carbon neutral 0
EU(b) 55% mitigation compared to 1990 2,581
26~28% mitigation in 2025 L
USA 4,281~4,445 80% mitigation compared to 2005 1,317
compared to 2005
X 60 to 65% less carbon intensity .
China 12,632~14,737 Carbon neutral until 2060 4912
compared to 2005
L 80% mitigation compared to the
Japan 26% mitigation compared to 2013 1,042 281.6
base year
S. Korea 37% mitigation compared to BAU 536 proposals 1~5 178.9~425.9
X 25% mitigation compared to BAU, . L
Mexico . . 623(conditional) 50% mitigation compared to 2000 311
conditional 40% reduction
(a) EU28 (b) USA (¢) China (d) Mexico
) 1) (0]
6000 18000 800
16000 =
4000 14000 égg ==
2000 12000 500 \
10000
o 0 8000 :gg
2000 6000 200 ‘
4000 100 1
-4000 2000 o
-6000 0 O m WV O N WX dT KO
8000 SE88388:8:4
—GF  —ca HR e —ca R —GF  —CA HR
HR(30)—EQ NDC(a) HR(90)—EQ NDC HR(90)—EQ NDC HR(90)=—EQ NDC
NDC(b) =#=LEDS LEDS LEDS LEDS
(2) ) (2)
8000 18000 s
00 oo o o
0 12000 e
2000 10000 12632 a0 i
8000 300
0 6000 200
2000 4000 A222 100
000 o [}oﬂ\smﬂm:ﬂ-—«ﬂho
—AHP ——AHP(90) —ZEW —ZEW  ——ZEW(90} —Equal —iip — AHP(90) —7EW —ZEW  ——ZEW(90) —Equal
—7EW(90) —qusl  —Equal('90) —Equal(90)==RCI —RCI(90) —ZEW(90) —Equal Equal(90) —Equal(90)=—R<| —RCI(90)
——RCl ——RCI('90) NDC(a) ——AHP = AHP('30) NDC ——RCI ——RCI('90) NDC —AHP = AHP('90) NDC
NDC(b) LEDS LEDS LEDS LEDS

Fig. 3. Single(1)/Multi(2)-criteria mitigation pathways suitable for achieving 2°C (The points on the graph
indicate the NDC and LEDS mitigation targets by country; unit: MtCO.eq/year)
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Table 5. ARRI of mitigation targets by parties according to multicriteria mitigation pathways

ZEW Equal
Temp. 2T 1.5C 2T 1.5C
Type NDC LEDS NDC LEDS NDC LEDS NDC LEDS
Resp. 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990
USA 57.7 | 580 | 684 | 67.8 | 99.8 | 100.2 | 98.1 974 | 542 | 544 | 60.8 | 60.4 | 943 94.7 89.1 88.5
China 3.5 1.5 |-30.2-| -31.4 | 232 | 203 | -11.1 | -12.5 53 3.6 -26.7 | -27.8 | 258 | 233 -7.2 -8.4
Japan 69.6 | 78.0 | 74.8 87.9 | 108.9 | 121.3 | 103.8 | 1194 | 66.5 73.6 | 682 | 794 | 1042 | 114.8 | 96.0 | 109.3
EU28(a) 76.6 | 75.0 124.5 | 122.1 71.3 69.9 116.6 | 114.5
67.2 | 59.6 103.9 | 949 56.8 | 50.3 91.5 83.9
EU28(b) 51.6 | 50.0 67.2 | 59.6 46.3 | 449 92.6 | 89.5
S. Korea 17.5 21.6 | 30.6 | 394 | 472 | 533 59.4 | 69.8 179 | 215 304 | 379 | 47.7 | 529 | 59.0 | 67.8
Mexico 13.0 16.3 6.8 13.3 | 40.6 | 455 38.1 45.8 13.0 15.8 6.5 12.1 40.6 | 448 | 37.8 | 444
Average 37.3 39.0 | 543 572 | 642 | 66.2 86.0 | 89.4 | 36.0 | 374 | 48.1 50.5 | 62.1 639 | 78.6 | 815
RCI AHP
USA 70.5 71.0 | 110.7 | 109.8 | 128.3 | 129.1 | 154.7 | 153.6 | 649 | 654 | 89.9 89.0 | 113.9 | 114.6 | 126.0 | 1249
China -17.3 | -20.6 | -62.1 | -64.1 0.0 -5.0 | 420 | 444 | -5.0 -8.1 | 43.1 | -45.0 | 13.5 8.0 -23.9 | -26.1
Japan 95.2 | 109.4 | 130.5 | 152.9 | 150.3 | 171.5 | 172.7 | 199.3 | 73.6 | 86.9 86.0 | 107.0 | 116.0 | 135.8 | 118.2 | 143.0
EU28(a) 113.9 | 111.1 1436 | 1307 182.1 | 178.0 1949 | 17979 90.6 | 88.0 056 | 835 146.1 | 142.2 1377 | 1234
EU28(b) 88.9 | 86.1 ' ' 157.1 | 153.0 ' ’ 65.6 | 63.0 ’ ' 121.1 | 117.2 ' ’
S. Korea 7.2 142 | 355 50.5 | 42.1 52.5 74.3 92.0 9.9 16.5 20.8 | 349 | 39.6 | 494 | 512 | 67.8
Mexico 18.6 | 242 | 202 | 313 | 469 | 553 | 49.1 62.3 13.5 18.8 6.9 17.3 40.6 | 48.5 36.4 | 48.8
Average 453 | 48.1 | 101.3 | 106.2 | 81.2 | 84.6 | 1429 | 148.7 | 389 | 41.6 | 69.6 | 742 | 69.1 72.3 | 104.6 | 110.0
1) ARRI of South Korea LEDS is the average of five proposals
%o} A EE RCOA 718 2 ARRIE 7HACh olgh 4.3 830| HEY B2 Y ASSE T}
2 A 71 HlEs-8Tol] Adolgt Aol 7HEA] F .
o2 =& utgdgl Aol ofgfl Fig. 49} Table 6014 & & Sl%0| = A5E
= - = j=3 Z} Q] o 0o .9_ IER=]
T2 BYIEO) S31e AR ving ARRIE Ah Ol TP IR G 1SS HROP S 185087
= Q3] =35l 2
L o] selgt gEy wFe cgude og o A8Y B HS KNS VIS MEN 8T A%

(Umbrella Group)’©] 4319, F=2 BASIC (Brazil,
South Africa, China, India)ol|, g+=3} WA= -4 AA
A 715(Environmental Integrity Group)ol] &3ttt A1
Folzt vt Aol 3= =7He0] Jdde=® P55t
A=9] A4S oL avF oz JfKst] Al +AH4E E
A2 Ago] H|$%t 27 ARRIE 183 AL &<l

7t 2l i”?J~ 1850%‘1 B &3 HR HA=73=0A
NDC&} LEDS(SH 2% 2C B8 240 Agst vhd, CA
¢ EQolM= R ASER(RDHY WieTS v 239
HlEgs 2050 597 A5 R0oA= dddes
YE AxE HQlth Table 62 BH, 2T, 1.5C9 2
3 250 wet ARRIF 7HE A2 429 SR77F BHd

o

.

|

g} 2> QIT}HS), t}. ARRIZ} 7H ﬂ—% 2T @4 H2E= NDCE] 4% RCI

o]1 LEDSQ AL AHPolth 1.5C 94 AZJAE =

AEEHR BT AHPQ] ARRIZ} 7F% &t ARRI7} At

= AL 97EE SRR S kY o] ¥ Aotk
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Fig. 4. Korea’s Single(1)/Multi(2)-criteria mitigation pathways suitable for achieving 2°C (The points on the
graph indicate the NDC and LEDS mitigation targets by country; unit: MtCO.eq/year)

Table 6. ARRI of South Korea mitigation target

Global path Median 3Q

Temp. goal 2C 1.5C 2T 1.5C

Target type NDC LEDS NDC LEDS NDC LEDS NDC LEDS

Responsibility | 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990 | 1850 | 1990
AHP 9.9 | 165 | 20.8 | 349 | 39.6 | 494 | 512 | 678 | -1.7 | 3.6 | 11.1 | 243 | 35.6 | 45.1 | 43.8 | 59.8
ZEW 175 | 21.6 | 30.6 | 394 | 472 | 533 | 594 | 69.8 | 5.9 93 | 212 | 295 | 43.1 | 49.0 | 525 | 62.5
Equal 179 | 21.5 | 304 | 379 | 47.7 | 529 | 59.0 | 67.8 | 6.4 9.2 | 21.1 | 28.1 | 43.6 | 48.6 | 52.1 | 60.6
RCI 72 | 142 | 355 | 50.5 | 42.1 | 525 | 743 | 92.0 | 6.5 | -0.8 | 233 | 375 | 37.7 | 47.7 | 64.8 | 82.8

1) ARRI of LEDS is the average of five proposals

Fig. 49} Table 69] & HEL2 CATZ} Al&ste 15
AR SIS FE3 Aot} o] Af, YUt 2T
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