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2 71HstE Qe A AAIA R S 7]% B AAxje o] Ay HlEe} e
7V S7¥eta, dlgde] wEA st dth AARES S BAE B8l 7
B3} 5 WA (Mendelsohn et al., 1994; Deschenes and Greenstone, 2007)
I =E A2 (Graff Zivin and Neidell, 2014) & #3A)17]12, EAR] & (Patz et al.,
2005) 2} XA E<FYA (Hsiang et al., 2011) & =7FA)171H, H-=XF(Bernstein et

—_

al., 2019) & H]5E3 S5 <A (NGES, 2023) o F44<1 &k nd A
o=z d3sta vk AXNAAE BN E 7] FAskE dAIFQ] 98] ¥ ol g}
A714Q0 AA Aol HAA dakS v Aow EMHEATH(Dell et al., 2012;

Burke et al., 2015; Kahn et al., 2021).

olefgt FgolA, A= AT} IATIFES 7SS AAA A 24% <
Aska ket 71552 E Aok Atk (World Bank, 20105 IMF, 2019; CRS,
2022; ECB, 2023). iAoz dalgel, 2030 NDC (571pd4719)), ez

53 5ol e, ek A AAFQ 247k 5 JEE Bl WA A+
P 2% ASZS YT oA the] 2. 0°C (& 1.5°0) & Agkeles AL 5%
2 &, 2030 NDC& %7}% S 7HE wEo] RS AI7](2030d) & FAIA L
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(20183 ®i=F he] 40% 75 2 2050d ©asd @S Adsta, olE ¢
ARAAL S FHst Uck

o, Ak WRolA ol2g ©A s E3EvF A EEA (efficient) Q1419
el A=dE o] F a3t (Nordhaus, 2019). 7]5HA3ke} Ader ZAA) 4

FEolAe Fain] &2 &84 212~ (physical risks), #EHE-2 ol (Ee A%
(transition risks) 2 A3 = 3t}
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(Famgat 2Eng) o 2 HasRivka Fojd = e, 92 A5 A
AEH g2 2dichs thdl G 2 A (Fu e A% & TP o= B8
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e 22U 7Rl Atk felyete] 247 eillEd FolE YEhla 9l
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(Figure 1) Annual Greenhouse Gas Emissions in Korea (Unit: MtCOzeq)
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Note: The emissions from 1990 to 2020 represent the observed net emissions, and the emissions
from 2021 to 2050 are projected as a straight line to align with Korea’s net-zero goal by

2050.
Source: Greenhouse Gas Inventory and Research Center (2023).
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Aol Z130sh AAA g 34 el e gh HEuEe wE neld 9

£ e g3t ZEuge] §S Arslele et £8H BattE PR o
= QA A (@A v & EFeta, felvRke] tlEARl vas B A
Zz o2 Hlw A

Qs 71E A7elMe 2] ofele Aol & ¢ vk
B =2 L v 2ok AN S & el AHeE 71F
W7HEY (RICE 23) & avhsta, & A7olA a3t Al 7Ex¢] 22b4dA] a1 (d
T % GDP 71d%, 7158} daidr, AlelA lg) 3 U] 7] A A AluE] 2
el A A gttt AgelMe 34 23s E45, ANZAA= 23= 4

715k 2 Qlgh AAA & 372 2018 =EBAASHE A1 oL gt
¢ William Nordhaus w57} 7H&d 71924 F¥H7FLE RICE (Regional
Integrated Climate-Economy) 2&-& 7|¥ke 2 3t} (Nordhaus and Yang, 1996).
RICE 232 71538t 233 AXNAAS Y= stz S3AA 71este} 4
AQg7re] B BAE SEHH R BRe Biolth 53] A7 ] & (Ramsey,
1928; Cass, 1965; Koopmans, 1963) 7|¥ke] AA|ZAA| & o|@t Hojx] 7|35}
HofelA] Bg ARRE = Fe7|Rke] o ex]A| 2

ohE, RICE 292 1990dd) o] F Al wido] F7h=A] & 9loem, 53] %
Uizt 7 =717} obd ofe] w7ke § A Hom Foiglo] vt} tide]
BAA B]& Fo] oYt} o]o] we} I AFelA= RICE 2& 9] HlolE WA
o] RICES0+ B3 (Gazzotti et al., 2021) & AF&-3}9ith RICESO+ 28 RICE &
P2 710 oy HA ATE Wds T8 B 9 3 E dulolEsith Y &
5], 107] =7F 9 A9 dide] BE 570 =7 9 Aoz Azl o, g
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4) RICE50+ R3& olg Fiolr theuke 4 gtk hitps://github. com/witch-team/
RICE50xmodel
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vets 7 S7bR FEE] Selvket tidke] 71ewst AA1A v (7] g 9
afH]g B ea 7EHE) o] kst o)

w Aol AE RICESO+ 23E 7|wkem, 577 =7F 9 A o] gadig=
(social planner) 7} 22} A}=+2] A ZFE -8 (intertemporal utility) = =t3}sh7] st
o =] &H] ({¢,}) & B ASTE ({1, }) & AHstes B4grE 4453
o} 6 R e HHA G| BolM A2 A= oM (3 Zﬂ%‘) 2Rks A%
ote W, & EoMe &M oo g2 5 A2E 23 7P FeAew
715 st diAgty. 72+ =7t Sste —E‘Xﬂ% Aoz Rl offje} 2o
™, 7 A RG] opd 7TRY (dE & 2 () = 3 718 B (T] =

T(E,)) & 7|4 Akt 8

T C(l*a)
max Z t
a C L —
{}{l’}t:2020 (1—0)(14- )(t 2020)

s.t. Q =AK'L'™"
Yi=@Q —2,—D,
C=Y,— 1, C, >0, Cyis given

5) the, RICE

=L

g 2PS
ok

6) RICE50+ 2@lA Q17 2 AAAQ] Selxe] Fa 27k A 27HE Wl 7D = 7
2Eo] glom, vwA 4 wvke XA 2 nEiske] 137 Ades R glrkh
zt =7ke] AL - ﬂxﬂﬂ 715 nAE ¥, Z2 W 7S 2 57k AR -
Al mAE G Y Tkl AR - A - A2)A 5ol 7Nk, RICES0+ 23
=7k %LT% olg3t 545 st gtk RICES0+ 2gel =7F 2 A pEe
Gazzotti et al. (2021) & ZaL

(ZF RICE50+) B A (L AATAE) AAA vES FHA 2=
B4 7FEH) 82 BE CGE (Computable General Equilibrium; G4 Fsd vkt
Bo F471ssh, CGE 232 A714<1 v -5 F4sk=d A7F EAg

™

7) Sl A (Zh & Vehle EHE Yagon, o FMe A9L (2 TAsI
8) 71Fwao] A AR Bow Qal] 715 AA FRARGNNE BE BAH
o 33 e i(d T2 9 A FRE S gl

(analytic solution) & =&3}7] o9
BEAAQ 82 £33 ATE ZA5 (e, g. Golosov et al., 2014), ©]& <& Axje] A7k
o] 4ge 4 9t (Dietz et al., 2021). RICE E'@‘é,] ]3?—51538 Nordhaus and Yang

A
(1996) & #Fud 5 Slrh
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oh ohel @b g A PE(e,) B weldht

FHe U4 FEor Fodr) ok, Ba U o2 RE 215 (—i) o 2
{ct b D ol o1 Ageln 2 A =24 6) A+ AR 2 (e b ()
S Yelu), RE 5770 F7b 2 Ao Apale] AHS o o4 ulEA] efe 7E A
B2 ongith 10 o] A&g @ gh 7% A e AT wa wjETe 2%
Bk ohel, A =vle) v ulEe A A7A J3HskE zesing, <&
Az ope} nE Zvke] AAle] G (AAA w1 S njAtk, ARHew 7=
o #A AL vhE Frle] Ao oE&geh 1y

2. M AR HE

(1) OPT

OPT Alu] &&= HA AAdE @/ddhe Aluel o=, 5771 2 =7ke] P4
7Y 7141 A7} (forward-looking) @141 7] 5 8k2 13E 7321 4 H]*"k(ﬁ%?‘fﬂﬂl
&+ A0 8) & Hnsbehe HAH o ga AStst Ao aHE (3L AE8)
& 233 dxpH o 7)1gHstel] uhg FAA wge] vl 7] 41 f‘]UrELA
< 7 ok

(2) BAU

BAU (business-as-usual) AlUg] 2 7] slof] thal th-go] A& o|Fx|#] &
= A8 7Pt gavt A8 AEEA 7] WZEol2) ghamEel mE 953
= Aol Fajr]go 2 Yehu, Zhare] A A= ol gt 9ls)v] 8- vkl

O:

o

10) £28e 234 (numerical) 0.2 T8, HA3 Tza#l0l GAMS (General Algebraic
Modeling System) & A}-8-3} T}

11) 71Zmske) oot Auke e 227 RE ola)l A28 AR s ek nAg. oS
Ef=o] Bt 71 8-S ZFAaAA S A A4 71EHE) 71ESHE Ao R o &3, X]—
T2 AnHErs} (consumption smoothing) & 93] A&&& Z7F71th (Chang and Yoo,
2023).

12) Ajera ez Yehlwd, p,, =0, V ¢, i.



ae) 71 Fs AAA v g 240 G en wa 2EN LS BT nse 13

3 A7) AAEE AT A 2HE(E2 A58 & 2FIH )

(3) NDC

NDC AUz e shelgioke] Anw 7t 2/} Agdon BEE 20308 #7

APA 719 (Nationally Determined Contribution; NDC) & BAIsh= Alygl et} %
guets X3t 57 B 17 9 A9E I3 NDCE 20309l 22d35hk= A
o2 7Hgsisith. felvteke] A% 2 4 - IEEek 5314] (20183 oY) 40% 7
%) & gt €A A2 20205 E 2030d71A] Ao m pEslEE
7Pgsiaiem, 2030d & 94 olFe 4 =yt HA AALY AERE wE

oht, 2 AellM SR B5-E F el weh 53 (2030 NDC) 240
7Fedt A-%7H BT = Ao dE 501, &5 A7 GDP7E w4 ¢] st

o 2 NZ Alve] = 2050 BHaad @45 7Pt @A 1009707} |
= 277} 2050d A b‘-/] A S s om (Net Zero Tracker, 2023), £
Al eolde By W 570 BE =7 B A 9o] 2050 d el TAaFH (EulEE=0)
< @5k Aoz 7PgeiSith 15 NDC Alye] o9} nixy A2 &4 5742

A AUzl o 7P ZE Iyl BYs A4Hh oE S0, BAU AlUg] 2oAe
&S kA 2om, NDCe NZ AuE] L glolre A AA BE 5717t
4 (2030 NDC &= 20509 ©4FH) & @43t) o]df wa) & At
=7ke] ©h 55 o|gd wE FRAME A 9] A (7|3, FAEEFA 5)
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202005 Aoz 7Pgsigien, 2050d gasH
o] A AAY BEE WETL 16 NZ 04/\] 2050
T A5 (BAA vl go] =7t TN YT A4, BRTYH FRE TV)5k A

R

2 713

(1) &7| 7t - 3H MY

¥ ATE J1FHEE A8 JAA vE P 9FE e A S P B
$049 048 AAoR TSI R WAE 7] AF @ A4 Aotk

National Academies of Sciences, Engineering, and Medicine (2017) & #7] Q14
9 7AA Aol AE BEAdS 71eRske] A vlE, *‘—575] T)efH] & =2
Ao S VA T8 AR AXsRlrh v &2 BuER Qs T
], BAaEEE F H A R oEdTh v S, %7]@&%% Syl
Zof| w2 A Fsu]do] FTIsh] wWiEell, 7141 Q1T 2 Ao B4
Tafr]ge] 9447 v dddErh. < Rennert et al. (2022)% SEE
(probabilistic) U+ % A AW A5 5 AFEsle] o|9} #A AXE 3183k
I

el & S4et

Zuelel A2 A7

o

Sentet ) AT Al A, FEF AFAA 2L

Jaht, & A7oe £49 HE 95t BE 777t 59 A171 (20509) o] ©AadH
= Fske A= 7P eiith

16) Akdow VeRW, p, =1, fort < 2050, V i.

17) o] ¢ AFAFoA nelete Fo B aihae 7FUAE 25 (Gillingham et al.
2018), 71%%3% (Dietz et al., 2021), ©4&7=7]E& 2 7H3=H]8 (Emmerling and Tavoni
2018) o] Slth

18) ﬁsﬂﬁ?cﬂw 471 AT 2 GDP Aluele F&A 2 £ SSP (Shared
Socioeconomic Pathways, &EA}3] ﬁli]ﬁoi) A ees FEEAJ] AUt ofd 2

FEAQ Al ely, olo wl F EIHAE A &3tk olE o, 571 SSP A

Ugles 2315 Algteln, Avzied & —?z 3 2

,
T
T,
2,
o
il
>
>
oo
i,



d=re] 71 5HE AAA w8 Fr deln gt g AEYeSs BF st 15

TS TE9] 1] fJste] afele] A9 X}E%— AHgShE dial =71 22 B4
S 7o R Ay FASIRTE 1920 AR R, F4HE, APLE, IAlEelEAE
T AT 38ERE 47} 59 F o SFell T2/ (randomness) & o4t
e g fElveke A7E Adeislon, o FEEA A M de A}
5= HPgolth o2 9sle] BAIA (2023) o] 1970~20223 B, Al
&, IAIEolEA ARES FEsth 4 QM & A%, e Ao,

randomness= N(0,s2)023, FEZHA} 2L d=gke] EFAAES on|dich

A E cm, () =m,_ (z)+ randomness @)
S Aol Net.mi, ()= Net-mi, (z)+ randomness

{%’&‘% f, (@)= f,_,(x)+randomness

Fevete] gEEA A7) BA A2 A4 F4ske tial Muller, Stock and
Watson (2022) (©]% MSW) % Rennert et al. (2022) (°]% Rennert) 2] (B&2
A) A A5 & /\}%"6}@‘1}. MSWe AZFH o= 10004 N =71e] g% 1004
b GDP A%E SE8H R F451319H, Rennerte A&7} o7& Hhg o]
NS 16] £945 WIS AT, A7 Agske g GDP AU A
A A E MSW¢ Rennertd] AFRE AFR-3l o]+ vl #th: AA
MSWe} Rennert7h Ak f-ejuete] A7) A A2 F2lvet 24 271 24
A Am S=ypEAT (2022), =3P A (2022) AF=e}F w9 frAke 7
25 Bt &4, MSWolA] Hol5o|, €} =7}e] x| A4S meskr] & 7|
W kel 44 Aot SRETE e oldt. E drdde g3Aes
Feluehe ot BE S7te] #EE4 GDP A% =7 dastEz 100971
Z7te] Az olEAS mEle] &3 MSW 2 Rennert®] AHAE Algat= Ao

19) Rennert et al. (2022) & $2lvzlel tig F&27 A+ AW A8E A|lFstn o), AT
o] BAA (2023) A52 283 A 333 OJ?L Al vl AR R =& AFE A
AlslaL 9t} o2 B0}, 21008 7]F Rennert et al. (2022) @] 25%, 50%, 75% £ AT
ZAw-e 239wl 279wl 31WRkQl Wi, Azle] 4 Ao AE 209 7E 229RE 246t
oz A U]—E]Oi\ﬂr

20) & A8E o

21) B AsE ol F

dlA o]&7Fs3lth: https://www. climateeconlab. com
oA o]-&7Fs3lth: hitps://doi. org/10. 5281/zenodo. 6932028
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siaEige A2 F A2 %

o] F™sitin Adesich
Felvet o 5670 =7 2 A9 gEeA 7] T 9 GDP A Alve o=
Rennert®] 4% AH2E AHsIlth. AapA o= 2 AtollA & RICESO+ 292 =7}

%A 2ol w2t 577 =7t B

Ao

o4

1 Z]de] Q1 & GDP 7] WY ARE FEE
2 PSSk Bl e 2300087149 A ARE ARsisieH, AlE
of 2e%= AIA S aeldte] 1007] Ae dolFEdte] AHesisiTh

(Figure 2) Probabilistic Population and GDP Forecasts for Korea Used in this
Research and Comparison with Government's Official Projections
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- TT T W
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Real GDP (Unit: trillion KRW)

b=

5
g
g

2020 2030 2040 2050 2060 2070 2020 030 2040 050 2060 2070
Year Year

(a) Population Forecast (b) GDP Forecast

Note:

This figure displays 100 randomly sampled forecasts, with the grey area representing the
5-95% confidence interval. The dotted black line represents the mean value of the
forecasts, while the solid black line indicates the median value. In (a), the population
forecasts are compared with projections from Statistics Korea (2021) : SA (Slow Aging),
RA (Rapid Aging), LM (Low Net International Migration), HM (High Net International
Migration), LB (Low Birthrate), HB (High Birthrate), CB (Current Birthrate), HLE
(High Life Expectancy), LLE (Low Life Expectancy). In (b), the GDP forecasts, based
on 2005 prices, are compared with projections from the Ministry of Economy and Finance
(2020), Korea Development Institute (2022), and National Assembly Budget Office
(2022) : MOEF _highl (high economic growth scenario of MOEF), MOEF_high2 (high
population growth scenario of MOEF), MOEF_med (medium economic growth scenario
of MOEF), NABO_low (low economic growth scenario of NABO), NABO_med (medium
economic growth scenario of NABO), NABO_high (high economic growth scenario of
NABO), KDI low (low economic growth scenario of KDI), KDI_med (medium economic
growth scenario of KDI), KDI_high (high economic growth scenario of KDI).

Source: Statistics Korea (2021), Ministry of Economy and Finance (2020), Korea Development

Institute (2022), National Assembly Budget Office (2022).
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Nordhaus 257} RICE E&ell A3k o|akls= dele] vjg|g<=clt}. o] 7]
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%3k Aot} (Tol, 2009; Nordhaus and Moffat, 2018). ¥ WA= Howard and
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(Figure 3) Climate Damage Functions Used in This Research

Howard
100% o

75%

50% o Kalkuhl

259 Nordhaus

Climate Damages (% of GDP)

0%

0 2 4 6 8 10
Temperature Increase (°C)

Note: Climate damages are represented as a percentage of GDP. The damage function by
Kalkuhl and Wenz (2020) varies by regional climate or economic states, making it complex
to depict in a single plot. The figure presented here is for informational purposes only.

22) o] Qo EAA g &Y B A7 E pes] & FEsEE Dell et al
(2012), Burke et al. (2015) %°] itk
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% AAS Bodlq A4 BAEE Stem (2007) ol 03] =AY
A2 FolAdth (Nordhaus, 2007; Weitzman, 2007; Arrow et al., 2014). ©]& 3oF

_O
FA dellM ) d7bRl o] Al W8-S nsof ske 547, & A9
o

DY

o
wE} vg A7 Righely] wieldh mEbA, @AM e Tt RleE
ARgSte] W& T ke WA o w dle A mE BedAS AlPAes 1

Halal JTHIWG, 2021).

(Table 1) Social Discount Rate Used in This Research

Elasticity of Pure Rate of
Quantile Marginal Utility of Social Time Social Discount Rate
Consumption (a)  Preference (p)
20% 3. 4% /year (2020-2050 average)
(Default Value of the 1.45 0.015

4. 3% /ve 2050-2100 av >
RICE Model) 5 /year ( average)

2.8% /year (2020-2050 average

( )
25% 2 0. 00001
' 4.0%/year (2050-2100 average)
4.3% 2020-2050 ave
75% 1 0.03 3%/vear E 020-2050 a\erage;

4.9%//year (2050-2100 average

Note: The social discount rates in the last column are specific to Korea and represent the
average of all simulations. The default parameters from the RICE model have been
employed for the 50% quantile value, as this is akin to the median value of the
constructed joint probability distribution.

= AT e JR dYs) AMSte tidl, SEEAoE A4 &
A& BEFAS nEsITh ol & 918l 18599 BASAE e ® Ade &
Hlo] A gE &Y (o) I AT E (p) ol gt AE2AE =813 Drupp et
al. (2018) ¢ 275 &8sty FAH R, Ao AR E @A (o) Z AR
Mo&(p) ol wigh 185709 HWE 7ptoes AFEERE (joint probability
distribution) & Fg3t1 o, ol& B A& FES FE3IGch tvh A&
gloldel AQEE AR S 7RO Z2NEE delglon, dExAte] @ &

(18570) 7t A& BAR FVAQ gho] obd 25%5}
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(Figure 4) Optimal Paths for Major Variables for Korea
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Note: Yellow represents the OPT scenario, blue the BAU, green the NDC, and purple the

NZ.The shaded area represents the 5-95% range, while the dotted line indicates the
mean value. All values depicted are on an annual basis. The values are based on 2005

prices and have been converted to Korean Won using the 2005 exchange rate (1,012

KRW/USD).
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(Table 2) Estimates of Economic Impact of Climate Change in Korea Under
Different Policy Scenarios (Unit: trillion KRW, present value)

Policy Climate Carbon Abatement Total Economic Inefficiency

Scenario Damages Costs Damages Level
OPT 502 (2, 051) 18 503 (2,059 n. a.
BAU 672 (2,992) 0 (0) 672 (2,992) 169 (1,023)
NDC 426 (1, 275) 1,113 (3,259 1,539 (4,534) 1,035 (4,147)
NZ 305 (781) 2,212 (4, 120) 2,517 (4,901) 2,014 (5,582)

Note: Standard deviations are presented in parentheses. The values are based on 2005 prices
and have been converted to Korean Won using the 2005 exchange rate (1,012
KRW/USD). The present value calculations use the social discount rate determined within
the model.
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Economic Impacts of Climate Change in Korea:
Accounting for Climate Damage and Carbon
Abatement Costs*

Jonghyun Yoo®* - Yohan Choi*** - Jinho Oh™***

Abstract

This study evaluates the economic impacts of climate change on the Korean
economy, encompassing both climate-related damages and the costs of carbon
abatement. Employing a probabilistic approach, the analysis incorporates
uncertainty across three significant factors identified in the literature: long-term
population and GDP forecasts, climate damage functions, and the social
discount rate. The findings show that the overall impact of climate change on
the Korean economy amounts to 503 trillion Korean Won (KRW) when
implementing optimal economic and climate policies. Furthermore, the
ambitious carbon reduction targets set by the Korean government, such as the
2030 Nationally Determined Contributions (NDC) and the 2050 Net Zero goals,
significantly escalate economic costs by three to five times (to 1,539 and 2, 517
trillion KRW, respectively), primarily due to substantial short-term carbon
abatement expenses. However, the extensive uncertainty surrounding these
estimates suggests that one cannot definitively label the rapid carbon reduction
targets as inefficient. This highlights the necessity of fostering discussions on
optimal climate policies that are in harmony with economic growth amidst
significant uncertainty. The study also underscores the crucial role of supporting
research on climate change to reduce this uncertainty. The analysis employs the
RICE model, a widely recognized climate-economy integrated assessment
model based on optimal growth theory.

Key Words: climate change economics, climate damages, carbon abatement costs,
optimal carbon policy, 2030 NDC target, 2050 net zero, climate
uncertainty, climate-economy integrated assessment model
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