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Comparative Analysis of Regional Integrated Assessment
Models of Climate and the Economy

In Chang Hwang*

ABSTRACT : An integrated assessment model of climate and the economy (IAM) has been a standard
tool for the economic analysis of climate change and policy recommendations. Since policy measures to
address climate change take places at a national level, a regional integrated assessment model of climate
and the economy (RIAM) is gaining more importance. A RIAM is a useful tool for the assessment of
regional (or national) impacts of climate change. This paper investigates the main features of the currently
available RIAMs. The focus is social welfare functions and the regional aspects of climate change. The
comparative analysis shows that there is a huge gap between the economics of climate change and its
applications to RIAMs. As an application, this paper examines the effect of social welfare functions on
optimal solutions of the RICE (Regional Integrated model of Climate and the Economy) model. It is found
that optimal climate policy such as carbon tax or emissions control rate is very sensitive to the
assumptions on social welfare functions of RIAM. It is better for each country to have their own RIAM
as a basic tool for national climate policy-making and for international bargaining in greenhouse-gas
mitigation. This is because a country’s own preferences such as efficiency, equity, and sustainable
development as well as national circumstances can be reflected in RIAM. The Republic of Korea has not
developed its own RIAM yet. The comparative analysis and the numerical model in this paper can be a

stepping stone for the development of such a national model.
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L 2A 7|ZHSFEAM s 7| S A5 A 9 71 & (Regional integrated
assessment model of climate and the economy) 2] AL A7} AR F£Q IAZ &8
)31 Qltk 71 EH S| s AE 7F ) d(IPCC: Intergovernmental Panel on Climate
Change)©} A5} B7Ha Aol 4 AAISI3L Qe Aol £47A 2% e ole]
37 FAAE -7 o571 o] 1 Aol 275 0| FHClarke ctal., 2014).

AFAAE A o7k o] A ATH ) 7| TS AL el o) Yot
T 2R3 AR &85 4= Qlt) n|=29] AL AubAE 217) 15 (Interagency working
group on social cost of carbon)o| 4] 7| T AA E3 &S LA Z Bt o] THEE B ILA
£ 4i7kskar QITHIWGSCC, 2013). 3|4 © & n]=tof 4= DICE (Dynamic Integrated
assessment model of Climate and the Economy) (Nordhaus, 2013), FUND (Climate
Framework for Uncertainty, Negotiation and Distribution) (Anthoff and Tol, 2014a),
PAGE (Policy Analysis of the Greenhouse Effect) (Hope, 2011) 5 =A4|Z o2 de| &
GHAL e 7 FAA LG 2 AFEIE B2 v o] ARS)Z] H]-g(Social
cost of carbon)2- A} %’5}51 Qi g=+9] 7 2-ofl+= A F-E(HM Treasury) 8O 2 7] &
w3} 7 4| 5}of| T3t AE B 114 (Stern, 2006) S WH716}131 PAGE 28-S 284 24 7|
RSP Aok k)

AN A = 7] 37 A5 7 l 7ML viE o2 2[4 0) 7| S HIP A S EA 5}
A Fh= mgo] ] AFYHIL Stk A O R ofyA] KUy EH(Energy
Modelling Forum)o| A1 3= 1976 ¥ 5E] 2 Al F8 o {27 5 A4 m s of theh vl
ATE 4385kl It Weyant et al., 2013). Anthoff and Tol (2010)-2>FUND X &2 &+

ol F7HA D E 7|53 tf-g- ko] whE A SaAE AFET HE Qi ofgfoll=
Z| Lol TRt AR A e, ol A AR, 7] 58} 28 5 AL e 7| 8 Al E -

A g7t m o] AtE 5 A o] AT TS| Ak Qe

1%

1) E3 o=t AR 20020 = g4 0] AFS]Z H]-&of ¥ o 3t 2]l 2 31A|(Clarkson and Deyes, 2002)E
WIS B H A AN o] A A B8E 4T TGRS A /1% O AL
Sl $rtH(Pearce, 2005).

2) o|& £9], Ackerman et al. (2013a), Bosello and De Cian (2014), de Bruin (2014)-& t}ofst 24714

29



A o 5] 7] S A A o }Eﬁg
g wEY 0 AARE] B ¢
2008). 7414 0.2 g o] myo A Fhat-o
7ol Z e 397t ol 2y o) Auke s A a%—‘o—r
o] AA R LA B R 5 wd 71@7&11%&&1@%%7}563 01]*1
& =9 2 Rt 28 24 7] F sk

I“TT
o
N
N
N
s/
41
_?L

@l 9212 B A5HT] glojA = ofug)
= olofeb 3 4= Qlekd) Eak MM 0.2 T4 7|5 us} Aol o] 4Hlel We| 2 K
7] ol ek H& ek (Nordhaus, 2013), A 57ke] @41} A2k whofar 4=
QL 715 AAE YA B hm o] §S W asitn g 4 oL}, TaAsto] 2o 7]
FANEL-A AR ARG S Be 5 1) A GAAE BAA 0 AHEte
= d3t= % a1 QItHWong, 2012).4)

T e 7 FHskRAIsh Belskel 72 AAFsAMHEF(CGE: Computable
General Equilibrium) 2. &2 &85t A7} 53 5| o] Qe84 €], 2014; AL 9],
2014). CGE 232 Kenneth Arr owﬂ- Gerard Debreu?] Uut#3 o]2& AAF 71551
Yoz S8 47 Lol & 4= Qi 7| T sHEA o A A e k]
5 QoA AAE 7SS F o] ﬁxﬂ Hof| v 2] = vgay-E P o AR-E
o B W oY A7 AR\ FIAT AN AR 0O 29T 9
A 7| e AT AES dLEsto] SR ATE WRIIFe 2 A ALS] RS
Z|diststr] $1%t 7159 §Véi—',‘( *ﬂ & S 5)= AEshe AR g ol

3 % QekS) oI 1 FAAE TN A G S BE A o= Hojet
9] (2012)7} 9k, Aozt 9] (2012)= 7| T ske] A A JFE F3HH 0.2 BAjsl]
913l PAGE 235 &&=t PAGE B3 o] A H-E-2 weh A= Aifof 714
2 M gol w402 7| SHs}7) shato] v Ak RS EAIFICh Chae etal. (2006)

FE

=29
=
M=

o

A0S B oA 4R, s 435S nee TSR RS A
3) World Development Indicators (World Bank, 2015)]] wt2H, 2014¥2 7]FC =2 $H=9 GDP= #
AJA 10901 2A7EA wiEsF2 2 AlA 790l

4) Tl Wong(2012)2 A28 /| FAAEE- AR FL Ao}y Heke PAGE BgolH A5H 44
QA% Aol 1EAE Age] TAloINole] BN iAo Ak

5) FHZole A ALt sEo] ol wel CGE 7|He Wyt 7|3 A RYSE A=l ot
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TAREE A 0 2 PAGE Ef’f‘—% 2k-g-off h=2] 7| -3} ujsfju] 8= A=t
o] =2 wUollA 7]+ A G 7S st et A A A=A
A3 TS ?u = S vln A5k} sk LA A o2 o] =FL 2
2 7|5 3A S - A BV S R SshlaL, 37l
71 o] = 7hE 7|3 HHEY F o
U2 = FaFS A H O T 2743} 370 At A2 ARS| g of| et = 7 7R A

ohi
%
QL' o

L](Botzen and van den Bergh, 2014), /\]-Q Aol w2 7] 37 A 9] 7 o]
Fib= o2 B of| A B4 3tk Stanton et al., 2008; Anthoff and Tol,
O]3l R L 7] B ET AP S 2] vhA|st 2 4o A HES AT

7174 A 55 71 X & (Integrated assessment model of climate and the economy)-2
APHIRAS H7| ) BT B S8 Blots 502 ok
Ao 7] wislo] Bt Tk Zui AR el 2w
and Kolstad, 1999a: 3)”o]2}kal A o]&t 4= Qlt}. o] X &
she Aol 2t ol alel 4 AL 5] Slel 715 iekal AR5 el o)
(interdisciplinary) 53 195 A] 6= o]}, o1 Ao 4] Alr} 7|54 A 55
A 7} 1 & (Regional integrated assessment model of climate and the economy)-2-

SANES 7RSS x| AHZ A ESE A O]E]—

A FAH 02 s o] BEET U N FAAFEA GG kS =
o 22 Ao S1ch o o] -BolAHe AT H A ABFAT: Hchatol S
BHS A0 R 2A3}E ]S 9I5) A B0 1§ 5 PAGE 5% (Hope, 2011)&

F7) Al gk
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(B 1) 7|23HSE-X9gt2e

HI

e 7S AAE A7

_ ., ... |RICE, FUND, WITCH, MERGE, CETA-M, GRAPE
A b‘ ]_ 9 b & b 9 9
Fel s e AIM/Dynamic, CRED, AD-RICE

IGS/EPPA, SMG, WORLDSCAN, ABARE-GTEM,

Akt G-CUBED/MSG3, MS-MRT, AIM, IMACLIM-R, WIAGEM
HBgE MiniCAM, GIM

Al B o] PAGE, ICAM-3, E3MG, GIM

H|8-2| 45} DNE21+, MESSAGE-MACRO

Z=: Stanton et al. (2008) 2] 52 w2 ¥ t}2 13 0 & HYP L AL A FA S HE 232 2751k

Stanton et al. (2008) G A| 7| E A A5 7 of| T gt B A5 4=3Y3t v It
Stanton et al. (2008)2 A&} LRI Aglo] By L=, EoHAA], FHA, 7|sHst
o} gEulg 5 471x 2 S 02 Ay b dhs, o]
A 7| S A of| w2 = FokE T A o2 A Erhs Foll A Zpel 7t Stk E
3t o]HH Lo A+= Stanton et al. (2008)2] A-TLolA+= ThFA] 9ekd WITCH &3
(Bosello and de Cian, 2014), CRED X.&(Ackerman et al., 2013a), AD-RICE % (de
Bruin, 2014)9]| tfj gt B4 &= 7|9t} o2 & 50 tj sl A &= Stanton et al. (2008)
T ol% A E 2 @ HA U= oItk

2. ASFATS H33
PEET P RPN
Amw g4 1 8 H(utility function) & A17k, B7H(X) ), SAFAHA, o
9] Aref|(state of the world) 5-of w2} =5 gHAFSH ZHS 9]u|gtc}6) o]ufj A}5]5-
et it A 8ol &80 de, O 2, Aol
A% (preference) AN, FAIT: TR So] Ik A TAIRRS) AH T

6) B2 FelAT N SAANE BE REel AFTANGTT EAeksrlo] dalaE By o)t
(Ao, 1959, 3o} = /33 AU aRol s (o4 Sid el Baskn & Uiz o
A3 Slehe AolA ASEATRe] 2AZ sk BUeh AAIste] A8 A AW Wotsol
1 ohq.

7) ABA|A o= &elg(discount rate), 3HA A8 T4 X|(elasticity of marginal utility), 2]A=0f Tt €

32



A2 7R ER G o 7] g2l olstollds HA Ael e gl AR AE A
HEQT A A Q] A v 28R E A TE 5

W B8 AOIA A EA B2 Aee st Aehd &9 2HlE &
3 2A| E= Aol ] A Em WHEES YE = A E2A 7] A T A

A7l g o) A= A 2 o2 -2 CRRA(constant relative risk aversion) &-8-3F
=
=

uve)=c' "/ (1-n) (1)

7|4 C> 0+ 4|, Ue E-8350|H, ne 3HA| a8 B4 A (elasticity of marginal
utility) & 2| [Rhe). ol tj o] 7] %7 Al S - A & 7PE?%* A n= 1~22] H ol
A A7 E TS

o] 2]4 © 2 Hwang et al. (2016)> CRRA $F<=& U133 HARA (harmonic absolute
risk aversion) F-23=5 A2-3) 0, Sterner and Persson (2008)} Ackerman et al.
(2013b)2 CES(constant elasticity of substitution) 835 ARt H|A|AF A Skt
£o1] 2H]2 A Ao ke Peo] CES A= e A3 2o,

U(C)= 1 (=)t Vg T () @)
o] 71 A E>0+= B A& A 8l 89 9] AH], o+= T A BH4d X|(elasticity of substitution),
B A4 AERE golo] ul &L ofughey.
5 935}

Ackerman et al. (2013b)-2 E 3} Epstein and Zin (1989) 0] A| kst ch2-3} -2 § -85}
22 DICE 2§ o) 243t u} Qlch

U, = [(I—T)C’-l-r(etUt"Jrl)ﬂ ”]1/” A3)

I(risk aversion), =50 thdt El|l=(inequality aversion), X]<7}s*d(sustainability)ol] tf3t e &
o] izsPQr,]-

8) <4l 1204 1=19) ©f EEIH4E 24T} ek
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A7)0 A t= A 7E, 12 &1 Q1 AK(discount factor), 1 7 0+= 2| A 3.0f T3 Ej I, p =
0+= thA| ©d 22| &<=(p=(0-1)/0)E 2Jm|gtct.
Epstein-Zin -85 7| £-8-0]2 a-85re}t da] AJ7tof tigh

A
of thgt A 57} Bl A TS Refa M w5 9o m, n=pl A9 75

(Epstein and Zin, 1991).
71FZ AT B ol A WA A A B SR T B

o] Tel-e-2 2838k 3 2|5 2)(discounted utilitarianism) =7} -9} c},

b

Fe | A% AEesns | sggag | TEIATT O
RICE Q‘OL%,% —7—%‘;—1%1— 14 1.5%/d Negishi 7]5=%]
FUND Qg@%;;%@ T4 1%d 2|52 75A
WITCH Q:%%%g%@ 02?;%’@?;2;@ 918 (Nash &)
MERGE Q%%%f%z%@ %%(é],jté ;%)@4% Negishi 7}%%]
CETA-M Q%%%i;j‘;%@ %%(123 Zﬂ%;o“% Negishi 7154
GRAPE Q%%‘iﬁ;%& 7 2% ETERAPIERY
AIM/Dynamic QQ‘%,% -7—2%1— A 5%/ Negishi 7]5:%]
CRED BUELSEE | BN EE | zese
AD-RICE Q‘OL%,% ?—z%& 1A 1.5%/3 Negishi 7}5=%]
PAGE gechgdely | B 0TIV gaqgorn)

T 2y JAEo] FUNRE Ao m B A MAs 7|eo R 2T Alofoh Bk AR 8-
o}2-9] B S04 AHE 4 k. RICE(Nordhaus, 2010), FUND(Anthoff and Tol, 2014a),
MERGE(Manne and Richels, 2005), WITCH(Bosello and de Cian, 2014), CETA-M(Peck and
Teisberg, 1999), GRAPE(Kurosawa, 2004), AIM/Dynamic(Masui et al., 2006), CRED(Ackerman
et al., 2013a), AD-RICE(de Bruin, 2014), PAGE(Hope, 2011).
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i% Q‘ﬂ‘?ﬁi% /\] {Pﬁiﬁ)% ] 7] S A S - A B g o A A
© SEEIAMA ARG W2
o] %(oq 0.1%)S A]—Q—X]J} Aest 2 9] w2 3131 9t} E ek MERGEL CETA-M 1.8
Ol Aol 8wl 5% DRek=d), 012 18] B8 FILo] 2 Yol
of Al7] 2AE =2 513 gtk AD-RICESF WITCH 232 99 #A RICE 23
(Nordhaus and Boyer, 2000)2] 218 HMA1S 2 8311, o] 5 Ry oA &el&s =
7] A 3% A AJZtsto] ud A7 Bl&= itk o] A Y ARt whet sk W
UIRE O 2 A2 S04 2 FBWT & W ol ek 4 5 L HrhelAE
A2 HEEQl-8-2 483117 It Arrow et al., 2013).

PAGE 592 A1 BEIsA G Aielel 10 g
o 7] stel AT 7 AlA F v A B]-8-2 Anthoff et al. (2009)°] At
S84 7 ety weights) S A48 SIS, of 2ol AL 2 B
&2 9] ol AAsHT. FBA 7 A= ARl A7 obd Tl fju]-g-akof Hhe
She 0.2 AuR7}e] 2548 Wls) 7| F81s} 9jo)ul 88 2SR WAl
ol = TG T H o Aol TRt Aol A Fof A= EA o] i3t Apof| Al F2o1#]
AR E 2 A A4S A 4 Q7] W]t 442 FUND 233 PAGE
Lo ol Wale F = LHshe s Wt 2 ARgskal glon 4]

Al
=

_Cl

-

F

Dy = g(g) D, )

o714 €= A 27K))2) 4wl T A A Bt 44, D 270 weje) g
Dy A A % T8]H) 8, ne A TS BN E oujaie, (T ¢) j =7te) 4
4 71 o},

AT E) g 71 FAAE TR G 5§ AT WIS B Bl /| FAAE

9) 4| H|E F = F@EE= Ao ek A& Ramsey 340 whe} 88 IRIE(AIMEH),
BA I E, b‘]'zﬂﬁg- A ol ulet 24 EcHRamsey, 1928).
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T o] Z-8H vl 3= ARl R= & 11714 o|th(Botzen and van den Bergh,
2014). 32 Chichilnisky (2009)%= 7|2 A3 SA3H= 8719} 2441 9] ALE]TAITH
(Chichilnisky, 1996)& H]1.3}%1.2. 1, Botzen and van den Bergh (2014)+= & A 7}-A] ¥
4 F8 AR S 14715 AABHT: o/ dRoll M= Erk 3§15k AHe]

=
Lol 28 vl e AR ST E THA SR A EYT: o5 tha A A

[¢]
o upo o] Ad7bsAa BT e, B AT VAT e, B2
g

ox,
)
r
re
o

>

(B 3) AMEzdes 25

Chichilnisky (2009) | Botzen and van den Bergh (2014) ojH oL
Discounted utilitarianism|Discounted utilitarianism Discounted utilitarianism
Chichilnisky Chichilnisky Chichilnisky
Green golden rule Green golden rule Green golden rule
Ramsey Classical utilitarianism Classical utilitarianism
Overtaking criterion Sustainable discounted utilitarianism |Sustainable discounted
Lim inf Inequity aversion utilitarianism
Long-run averages Epstein-Zin utility Inequity aversion
Rawlsian rules Prospect theory Epstein-Zin utility
Basic needs Ambiguity aversion Ambiguity aversion

Maximin Maximin

Minimax regret Minimax regret

Generalized maximin/maximax Limited degree of confidence
Limited degree of confidence

Safety first

N
==

W QI TR} 22 B 2kS 251 S5 9l Chichilnisky (2009)& ZAISol A A8 vt 9]

dhsEAel ABlFARIE A 4715 4 0] P04 7heks| HlIA O, Botzen and van den
ergh (2014)1= AF2) FAVGR 0] EA2 B} 7157 4w ko] TeiAS BT o) ¥ 91
7ot el A FAFE 4714 2 P eteka G E B B,

=Z.
T

@ -

i

) A47ksN A ASEIES

A457Ps 3t BIe ABIF AL Thg Al ol Aushe 4 gtk of Al
Chichilnisky (1996)7} A| A| 3t ¢ X457 15-3F Al S (sustainable preference)’ AF3] S 454>
£ olHl dAtol| A MEA Ltk Aot} -4 4 &= Chichilnisky o] AF2] -4 3tp=
0<A<1 H9JoflA G ol=A|qL, o Atof A= 0} 15 ZRT FE(0O=A=1)Z L2
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W) = (1= 2 1, U, + A6 (0) 5)
oA7]olA g=1, 2, =+ = Alth(generation), W= AFSISARE, 1> Sele 5
(discount factor), ¢ (U) = thg = UpR| e At o] -8, A= ubA e Aol A FofE

7%ﬂ-ﬁwqﬁmwmwaﬂ@MhﬁhU<ww+

9=
9] 412 TABHE 78 450 ghol nhet 4714 Tl AL FARE The B
o Lhebd vhe} o] of ] Thabst ALl AR S Xk 5

(B 4) X&7tsd 2 Aleledes 2R
A r Ao Ay gh B
r<1 FES A3 T
A0 = w7 FeFY
0=r=1 A&7t gl A3 3o | <4 6> A%

A=1 0<r=<1 =AGEE

0<A<I 0<r<1 A&7Hs5 Ao

F AT 0=h=1,0=r=10]7] tjiZof 9] Fi7= 7Hsth = M E EFAITE

A <4 5>of A A=00] A = Aleoll tisf re<1 L 73 A thF-22] 7]+ Al
A=A FHG7EmGoA  ARESHAL Qe AES A83H FElFo(discounted
utilitarianism)’ A}S] &AM SE=7] El o} Chichilnisky (1996)2] % 9]k o] A}S] S S~ =
e o] A|&7Rs/dS R SHA] §Fal(h=0) vl Ao &8 lste] Flkeith
(re<1). A=0% 73-f-olli= w2 Alh7} AHESHA] ez A& &0, 2(U)— — o)l
NS FATRE ol 5 917 ol
A=00]H A = A|chof thaf re=1Y 79 < 1A 2] F-2]F2](classical utilitarianism)’

AFBFAAE e DA BF ABSARAE TARE 8 T
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T A ARt uRb7EA| = mlef o A&7 bs Y ALESHA] R ITHA=0), ‘3L
2 FEF2] AL Aol A= ml el Al o] B8] F At o] A8} FUR 7S
THAH(rg=1). LA 52520 ALS] A Bkt Qa2 A8t 5250 ALS] A
3F4=0] o] g3k 2}o]H-& Stern B AE S| =AY(Tol and Yohe, 2006; Weitzman,
2007; Stern, 2008) | A &= & Edjulzo] 2| 7] S 3 A8k 34 A=A 5 Sk
ot

A=00|H A} ofef Ala} -2 2715 W51 Asheim and Mitra (2010) 7} A A gH < 2] <
7h53t eole-S 2835k 2] 3= 9(sustainable discounted utilitarianism)’ AF3] A EH>

7} 5.

r.‘h = 1 (if C’]z < C’h) (6)
r, <1 (if G, = (ng)

o710l g2 AA AT gox= vl Al SJwigtct.

9] Aol oJu|gh= vl ] o] 50| AR ET 5 A Foll= Eelee 4835
T AR 5 A ESHARE B2 mlgo] 50| AR ET W Aol 1L
A Fel5 AR & A8tk Aolth oA Taff ‘A&7 EeleS
283t g o] AR ARk o A= el o] A&7k e sHA] At (h=0) ||
Al o] 8- ehelste] Akste], @A Rt vl Atz 7hde o= dleH o=
o]l Alch o] B85 SIshA] ekt gHAkRtTh

A=1¢ ] <24] 5> Chichilnisky et al. (1995)0] A|¢}3 ‘=M 3FE(green golden
rule)’ AJB|5AIE7] EICk o] AlSl S AIgol Al E AlTe) 82 Tefa}A] ekaO-l)
o2 o] 2|47 154 RHe Tegch ThA] Wel e ALl T Aol A 2] A
Z715 0] SHE|E B B S ALSIFAlo] L 1A% et

ulREkO 2 0<)A<I Y 7§ <2] 5>+= Chichilnisky 7} A| Q15 < A &7158E A5 ALS]

T AT o] AR Aol A @ Al ] a8 n|E Y] A&7 A= S A
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A& =] 31 QITiTol, 1999; Chichilnisky, 2009).
<3t 2>0f| A A|AIFE HEel o] FAY T 29| 7| TGS - A B ol M=
e 283 BT AR SRS 285k qlen, A Aol gl 7] A
HEsr diid ElES 483 325 ARleddrE A8kl ItK(Cline,
1992; Nordhaus, 2013). Th2 AL3| S35 o8 Aol
A |3 Qlok FAH 0.2 TAH Falael s TAES
25 BT Tol (1999)2] A7} 90w, A4/l 7 o188 A8 Belae] 4}
3] 5SS ALE-SE A= DICE 282 2831 Dietz and Asheim (2012)0] Qlt}. of
A 7 AA R RT Bsto] =R E ARl A e B AL

AetrE A8 A= jich

ot
o

3) W94 BA A TRRS

A BIsto] A TS QUSSR Th A3t 2ok | FAATE-A
Bl mGold BEAUY ANE A7) PHAE A A
7 gl o] A2 o] g B2 WS QB HolekiE & 4= Glek. o] AL Tol
(2001)0] A|2ket 55 31 (inequality aversion)’ AFE| T TS o] 4l AT A A
B/ QNFBHEE 20 2, Tol (2001)9] AR FA oI okl Aol4] 7153 ()
o] gict.

T W 0
I/V;;/()ba,/ = ij 1 i ¢ if ¢ # 1 (7)

A71A j= NE =7FE= A Y, Wie A 98 ARS8, o= =850l et ei=
(inequality aversion), © =0+ 7152 & oJu]tcHd, o7} 57 0 == Qlth). o] 49|
A o7t A-FE B85S JYste= el ¥ AXIth 1% P
v} §li= CRRA #8350l 4] SHA| -8 B x]7} 3f

L o
(curvature) & ARSH= 0188 gk Aol A 2Helat 5 2




9] A2 FAHE A 84S gl uet B4 B AT b Eof 1
EPW Hho} o] of 2] Thaket AR FAIRIE 23k 4= e

(& 5) SEY & A2t

T o) o H]aL
Tol 99 0=>0
Felel /5A 43 0=0
Bernoulli-Nash 8- =1 0=l
Maximin approach ol oo
Maximax approach o
e e I o B 0=0
0=wi<l Ao o ls =
7|t 070 | 19 9% fARH E57ks
T A 0=wj=10]7] fzof] §19] E7=7Fett e M S AL * vl 2o VA 73
2 Negishi processS Zg5lo] | FHE T2 71522 A Lsl= A2 BA35i]

HA 9 Aol A 2= joll sl w=1°] Tol (2001)°] A3t =85 2] 9] A2] A
47 Bw, B35 Yolshs Yol wiek ot Fehel AT BEE
ok & S0 0=00] ¢ A2 7l A 2 ALe| At T AR FEj7) HaL
(<3 2504 A A8 F2)72] 7153 £3), =101 7 x|l 2] Al T A g
3 Ef| Q] Bernoulli-Nash -5-& 0] A}5] A SH4=7} = TH(Tol, 2001). o7} %F2] vk
3] AL 10,0, = min(W,) 7} St o] 714 7hdet ze] FAL 2
118 8}= Rawls (1974)_4 A3 &AW SF~(maximin approach)7} Elt}. W2 o7} 9]
WERoR S9ks] AR W, = max (W) 7} Ho] 74 B3 2jo] AL 294

0 2 1 HF= A3 5 ST El tHmaximax approach).
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& AR&staL Qlh

HRAERe 2wy 1o] Al 07091 9ol w10 A 07091 -9 FAMSHA| R
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41 Negishi 7]——5X] £ 0|83} /\}ill?— 3314~ RICE, MERGE, CETA-M, AIM/Dynamic,
AD-RICE 2§ Soj4] 28-E|¢]om, 7)1 2] <] o] S-S T4 ShAH= FE(w=1, 0=0)
O] At2] 5 A3k CRED, GRAPE, FUND HL&of| 4] 2]-8-%] }1th. ]| = Negishi 7+

A2 AgoHe BYSL AR A ERAS K W, BRI 1ENS A8
75 B Tefshs Zloleka g 4+ 9lek. 3 Bemoulli-Nash £ 9] AH] 54y

T4, 0=1)=Tol (2001)0] 8] 5 $]3H 52 © 2 -85t v} 9] © ], Maximin A}3]
S A1, @ T 00)= Roemer (2011)7} Z2-g-Fich. oF2] Maximax AF3]EAHEHo
1ol )& 715 3RS el 283 A gl

£ B B SRS

Aol AL A el tgt o] 37} R3] B of| e E= K gho] BHEE
X FE R F:0] X A L(parametric uncertainty) o] W< Zho] TR A 0 2 55}
g2t oS0 7T 4-H(stochasticity) Hput SHEH7E Fdh= ghofl weh Y
O] Atz At FA gepinth o] Hgt B8-S 2415 ] 18l A At A= AR
5 2 7]t a-80]2(von Neumann and Morgenstern, 1944)&- AR89ttt 7|t a-8-0]
2ol ZAT AR T = tha A o] dojd ¢ Qe BE ASE ek Al
7850l T Th= AR A(Wo) 2] 7| HINE-2 Bat)S ALl A gk 2 A esh= W4
olck

S
W=e[W,]= Y p,W, (8)

s=1

A7]oN A s(=1,2, -+, S)= B = T A7 T = Q= A Hi(state of the world),
s

pEs7h AT = Y FES ougitt. ojuf mE sof s 0<p=1°]H Y p =1¢]

s=1

o e 71503ES Mg e QAAtolu] gl 2e 5= Sl ALl A4 1L B B
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DICE, FUND, PAGE & @A 7{& e o 28531 Qe thiio] 7| 78 Al 3 ofl A
S-S flek A R e 7 e Qlck

o, Allais Ao A 2 E2]uzo] 7|t Aol Eo] AA| AFE9] 8-S &
SFA] Foh= 7497 H Y Qletl BAIStol A= o] & AT 4= gl Tt
o]250] FE3| Al71E o] YTh10 o]F: olstof A= 7| H AT F o A-&-5]
A E SH LR A AR SRS A E QT

Millner et al. (2013)-2 Klibanoff et al. (2005)0] A|¢F3t th2-u} Z+S ‘K T A 3|4
(ambiguity aversion)’ A}3] 3 3+~E DICE X.& o] -85} 1} Qlth

0= [ o f vwan|as )

o] 7] A Se} A= 1 g O] W=7} F{ 3 4= Q)= 3 M(state space), T=Sof| gt -ERE
(distribution function), f&} ¢+ A<= 7F& Zk= 3h4x(real-valued function), 6= SJAA
AAL7}FzEA Q= Aof| tf gt AR | A)(HE+= BHEH-3Z)(subjective prior distribution)-& 2]
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LG/ Blup ARl AT ofujshe vhe T Hagel 2l A 7Pk Aat 2
AP AR E AR ol tfel] A ekolar kA 1 2|41 2L QA b 5= ek
= Aol o5 50121001 9] A7t 710 EEste] a(eflE 501 2.5°C)2hb(e
5 501 L0C)E 27} Bt A 2 SHE R 2 e 2 g Evha shak vkl

AT} SR L] B parameter)] a2} b 25| 211 ekl el /]y
Aol 2o W2 AR FANSE A 8T 4= Ik el ahbol e JAA ALY 7
Ao] H3k51A) ehrh(e] 2 Sol, ackb 4| BIAsI] Wwo| SEHE
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ox,
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10) Allais o4& 2gHs10] B3LA4 slolxe] ARA% ol 20| Pt Kk AAF Y-S Beckhoudt et
9\}]\

i = U
al. (2005)3} Bikhchandani et al. (2013) 5= #3138 4 "4'
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Anthoff and Tol (2014b)-2> Savage (1951)¢] t}2-1} 7+ ‘Minimax regret’ AF3]SAY
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W= MinsES[Maa:ZeZL(z,s)] (10)

L(z,s)= D(z,s)—D*(z ,$)

oA71A SeF Z= 2z} Aol ARt 7Hd o= Qe el A S H(state
space), = 2|7 kS o]u]gtch. Mindt Max = 747} 2

th L& QA A #} 7} 7k 5}
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1. RICE 2§
o AollA= tEAQ 7| A2 4B 7125 ¢ RICE(Regional Integrated
model of Climate and the Economy) ® -2 2H-8-5}0] A}S| S skrof| w2 7|5 A AH]

of Hgje} Tof upg 7| S A S A H ) o|uf 2ol A A & KE E o] AF

11) Weitzman (2009)9] 1227 2344 ®=
W&ol

12) SN WBAL Teie APl AgRol A AR SIE Maximin AFS] A0} Maximax A2l AR
FE < 1057 AR Ao R ABSAREE Aolet Asoleka & 4 otk

13) ohE WAoR AE AR el e U750l Kahneman and Tversky (1979)°] Aol
(prospect theory), Quiggin (1982)2] A E2]& 7|t & -&(rank-dependent expected utility) o]2 £o]
=l ORI 713 B AR A8 Bk {loh

jatad
O[)lv

351414 (deep uncertainty)o] 2Ju]dl= Hl7} o] 2|3t
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HSHl -5 ol W2 A A e A E Stk

RICE &2 A 2|3t ©el 2] <] 118 9] DICE 23 (Nordhaus, 2013)2 2| o & A&
e+ 2122 Nordhaus and Yang (1996)°] #5- 712t o] of 2 22| 717 2Hd= AA
2| 2010 WA o] AFE-E| 31 )t Nordhaus, 2010). DICE &1} ul2k7}2x] 2 RICE
TS A Tt FEE 2L qlo] e ol £7] Wi ol o Fofl e W 7|+
AAET AR R RS 7|2 Fo] Ho] g,

2010l B RICE 532 Excel Wel2 v 25 71 9=t AA742] 7hAof ufet 3
< thoksHA EAlet| 98l A= GAMS(General Algebraic Modeling System)2} 7+
A T2 o] {851tk GAMS L2172 S do] Hold #oluet =2
Holl A Aoz H22120 SolverE 288 = Q17| wiiZofl Qg & o]ar et A=
AbESE 4= QUoh 14 whebA o] =20 4=2010d B RICE 235 GAMS &2 1700
2 L2611 270 A A AL SRS X 4a) 23S AEeklth. GAMS HH
RICE X 9] A= Hefj 2% o] -5 ZH(Nordhaus, 2010)2} H]1lsto] 1 2=
RIS o] ol M= A T2, 4], = gF 5k Bl sto] giF5E RICE 2010
HEo 7|2 gh= T2 AR oW, Aot F2lof wheh Aute] 28 2 ARS| gk
£ 29 285k

RICE 2 oA 8 5h= 7|24 ¢l o]opr] 2= thh Pt} &2 RICE 2g & 2
Tt 71 FAAR A ool A AAIakE olop] T2 o] 714l ufe} ekt
Bo] HHE|E Bk a7 B gt Sl T o A S S-S <HE 1> Ei
Nordhaus (2010) Za1s 4= Qlch

AL &), B4 5= S AR 54
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fu

<l
r 0
1w
rlr
o,

AL olitehek s Bt

AR T TR QRS AR T e 95 E i externality) S HHAIAIITE FAIA
0% Yhy] FOR hEEH LAKAL 75 A2 S vet Slon AR Y 5 285
AN R E FEE L AOHS B0k o]F RO R WEsto] Ao Bt
7182 A5 AT olu) A THEY 8- LANA o] et S71eks We R 2E

14) GAMS Z2Tgof| djgt B} ZpAIgH W82 ths AH|o| Ao A okg 4= r(http:/www.gams.comy).
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=25k, A 7o) Aot AARE B ol A ARG o A H O] e} Foll whet
e R Ayt 3715 ey
A7t 7120] -2 ol 2] 7HA] AL A2 A ke d otk A L' A
TR ez Qsf s e o] = IRk At B4, thAt L Qltols, B
2 ek e, ek okt Wl7] A(dengue fever) i -2 2 of hik, AAY I} Hul(heat
wave)o| W2 AR, WHF o | 2] =8 S7L, B, &9, B4, 7R 2 7]*0*1H‘3H 2
= QIg g u e e} 7| TRAAE b, Ak, A, W 5 ATl El, AEEo
EA YA A wed 5o waf7 A o= Qlek TR E LE(Greenland)gP =4
vl wlsto] B3, sk« thermohaline circulation)®] W3}, AlW|g|o} FI15E
(permafrost) 9 Ao = 78] ] vi|&t o W= Sk &> ‘ﬂl A<54] AfiH(catastrophe) o] &
A 7s /45 Qlek o] =g 713 skz Q1% ulalu]-§-2 Aol A A E o= 3= At
U &9 5ol tigt wlsi= A &f A7 (market) ﬂé‘ﬁ‘ﬂl%ﬂr YA AH| 220 Zho] Al
A A E A b= ASoll it s 24 2] wlA % (nonmarket) ] 3j1]-§-2 2 S-S 4=
Ut
o) 7/% 7|32} 38} WAS A0 AR o] gl el oAl AAAE T}
b An g ulgom ol aTE YRalsly) 913 AAE sel ) ek EH o
il A A =, A, ol U A AR (U A] A& o B A7 old A A L =2
W), 7|$ st 2534 5ol ol sFrit). et 7] s AS AldYsh= Hlofl=
H]-g-o] WAYs}7| u ol ARl 2| o= o] 3t 7| S A B8yt 7] g Fo = IRt
yafjul-g-= A% vjaeto 2 229 7| S HIP M O] W8-S A sfoF gttt o] FA
@Xé%l 71 s o] whet FAIRE S WE= 2 E T old] SAME A= HIAIA
= L 3F5to] AbS]of| A AATSEAL AH| Sk A SFek 8- O] oFS Al - s tA o= A
3}o] AFS] A T A(social welfare) S H ) dlol= AL X2 3ich

P

Lol

2
=1‘?‘
Az M
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SH= S ofmlgitk. o] %49 71@7%1%@ A o{ 7ol Az el 2lo)m ArhA

= © oAFAA7I )7 EAfste] 7 AIA AFE AR
2 HYhataly] a2 kA 4% S Aok o2 A Stel vt 714
o} vl ezt g S 2o] ofLje} A 27k sl Ak 715 st
A el /1 A ol @c}. w}awlﬂ AGEAL

o> r&

ek 3710 12 5.5 {0] 1 Ao 8 = Sick Sl /| s ol A1)
H
o

d=7e2 BE A B sto| He|= R o2 A9|d Vs o] wthe HollA ¥
T golE 2480 He e dasHA|Rh Bl HA Ao A o] =7PE ek w)
£ 24 7|5 e Alof tigt A= Aldol s 28T HhE ol Hash| we
of o] =ZolA= AU S THOE A ET10)

Gl A A AlA

L gkl 2 Uehil 5= gl ol ARG A 71 A1 E 28t whlo] ufet 9
A BA| 71 A7) E 4= QItH(Stanton, 2011; Abbott and Fenichel, 2014). 27} o] A A = 9k
o] @A) 1S AAE T A BRG] 2 LT iz AEAE Bl 7]
S 29 Negishi 7} 2] o]t} -2|9] 7kl = 7P 2 7 A1 & 7 F2

8= HF2] 0] 31 Negishi 71522 = 2} 214l 712 (shadow price) Q] 942 71d 7123
% Hg5he aloleh 44 R EEOI S19f W 719 BB AR

ko] Bol uheh % 717 W) 5SS ek ek

SR B B G E BeTIThE HolH AT B 4
A1, 0] 7% BRI A A AE T A B AR S g Hchet
She FROIN TESRtIA AAS T R 2 Zo) 2 ool FAH M

o
i)
-lN
L
;{~ re

15) B2 7|5uskthgaeel thal ol27kx) ARskE Salo] E4isHs 2L oh7] whize] ofefo
B ogl 7bsat W4l § shteta ofsfalof ate.
16) vjEHA YT} Belgt MPATL2ZL Kim (2004), Yang (2008), Anthoff and Tol (2010) So| itk
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4= Stk o)== A& Aot @l 50| fHske (TR0l 7hde 7=
of| A o] =71 wjZolck. thA| el HA| &-8-A7e] W & of] what A A 5= el 4] 450
] ok = o] LA EZT oA £50] FHe] ol = AR T A AlA F AL
S 77 A A & o] 2 7)o E gt v LASST A S
7FR O] th i WhE A o5& WA A o] 4] ghth= HollM e 7 A= SIS
ZE3L Q).

Negishi 7}5-2] = 7 4 7150] A E2] o4k A|oF ol 4] 2] e 31w = gt

£ S A Walras ool =23 sh= 5943 7H5%] o] th(Negishi, 1960). ThA
2F3)| Negishi 715 %]+= @A 2] A2 o] A& whdet AA1 4 g Hol| =Esles st
= A4S 23 Q). 2y o) & 7| SRt EA o] IR H8E A AN =7t
SRS A o2 Fopxitk= EAIES 2L ek A 7] Foll EAsh=
A7EA 0] i ELEL AALA 0 B N AELT7HEA viESE A o] F oA, Negishi 7}
SAE A8 HeliAe BB FAE = Qs A E ol A B B

)°] e ojof g Aot

N
i
o)
2

3. $ARY 2

oFA QlFstaRol oyl Mol ¢ BAAL RICE 23 9] 3-8 A} F 7|55}

ek} P ARSI ARS8 S8 AT A AT TA A 0. of 3t
ol A A A Bl %] 5 o] -G-8 ATHE 2Aol A Al ALBl ARk £ 5 A EA
EREER R E Ry E R PR L S L FURAE SR
FABhLR oA 7H o] AHSEIL Qs WhALS IrhE ARSI A 0R X
S7Ps AT BN L TR A G TR AFAUSE AR O, 2
A} BRI AR ABLSASS A 85k 89 RICE 7|2 u
B 0b7H) 2 CRRA B892 AR OhE 399 A S eSS 288 o
T 2ol A] T4l 71E AFEeA ol A H Gl vk AT Bl
o ol Al a2 AT 3] ofgiths WolA o]t 220] AT A R E oju]g)
L At & 4 gl

TR 19 2025K19) BAU #123, £%) Hl&eHOptimal), 2C B 2y whEe
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i g ol ontl
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