oooogoggg (SCC)DDDDD
How should we use the social cost of carbon ?

goot
OKA Tosihiro

oo ooobobbbobbobboboodddddddooooooooog
00000002 00000000000000000000O0O0OOD 200000000010000
00o000o0000o00oo00oooo0o0oo0oooooooooooooog 1000CO,0 100
0000000000000 U00oO0o00U0o00o00DU0o00O0O0D0O0oO00DU0oDoOO0o0oDUOoooooooO
0000000000000 00O0DO0OO0 (SCC: social cost of carbon) 00 OO ODOOO 1t 0 COq
goododdooooooooooooooboboboboboboobobbobooddddoooooooooo
000ooooooooooooU0ooUooooooDoo sSCCooUUpooooooooooooooooon
goooooooooobooooobbooobob oo oo ooobboooooo
000000000 D00D000 (Nordhaus 2015)0000000000000000O0O0O (IAM)ODOOO
SCCOODUOUOonooOooO (Pindyck 2017a, 2017b) 00000 SCCOOODOOUOOOOOOO
oooooooooo

SCCOOU0O0O0OO0U000U0UUUDUDDoDooooDoooOoOOOOOOOoOoOUOOoOoOoSccooon
Joo00o00o0oUooooodooUodoodoo0ooooooooosccounooonooog
gosCCOUiooOooUiooOooUooOo0UiooooUooOooUooooUooooooooo

00o00oooDoDOoooooDOooDOo 200000000000000000DO00DOO0OO0OO0OOO0O
oo000o0oooo000U0Uoo0O00U00ooO0O0ooDoUo SsCccooUUuoooooUoUuooon
JooDoooooooDoooooo SCCodunoooopoooooooooooooooooon sccod
0000000000000 o00O00O0O0000000DU0DO0OOOOOoDOoDOoOOOoSsccoooooano
od0o0o0oooooUooooooooooscCudbopooUoUUUopDoooUUooooooooo
good

1 DOOoO0oDOOoOo 200000

cooooooooooobobobooboooocoboobooooooboobOoboooooboOoobooonn
gobooobooooboooooboOooboooooooooooOoOooOooOooboOooobooOoOoOooooo
goboooooooooobooooobooooooooobooooobbobooooDooooooD0—0oDo0oo
gobooooooooooooboooooobOoOoooooooooo—GO0oOooOoOoOoOobOboOoOoboooo
goboooobooooooooobooooboooooooooobooooooboooboooobooooooDooa
0000000000000 0O00000000000O0000DO00O00O0D0O0 (COOoooooDon)
gboboooooooooboboobooooboboboooboooooobOoboboobooobooobooono

l 000000000000 000000 oka@econ kyoto-u.ac.jpll

20000000000000000000000000270000000000000000000000000000000
355500 20190 10 1700 ‘Economists’ Statement on Carbon Dividends’ 00 0O (The Wall Street Journal)O
The Economist 10020200 50 2300 ‘Seize the moment’ 000 0000000000000 CO,00000OOOO
goboooooooooooooooooobobooooooboOoooooooOooooooboOooooooOoOoboOoOooooon
oooooo



gogboooobooboobbooboobboon
ooooo 4000000000000 OOOOOOOO0OO0OUOoOoOoOOOOODOoOOooooo
0000000000000 0U0O000U0OD0D0OD00O0O0O0O0D0OO00 (Kneese 1964, p.111-118)0
gogbooboooboobooobuooboobboobuoobboobUoobboobooboobDboob
goooboooobobooooobooboooboobooooboooboboob0@mobobobobooo
000000 (Baumol and Oates 1971)0
googoobooboobbooobooboboobbooobooboboooboooboboobboOooboDbOoon
goooooobooobooobooooboobbooobooboboboobooboobDboobooDbo
gogbooboooboobooobuooboobobooboobboobUuobboobooboobDbooo
0000000000000 00000000000D0OD0000O00DO (Baumol and Oates 1971,
pp.44,45)0
googooboobooboobooobooboooboobbooobooboboobooboboooD
gogbboobooboobobooboobboobooboooboobobooobooboobboon
gooboboboooooooooboobobobobobobobooooooboboboboboobooo
gooboobobobooooooboooboooboboboboboboboooooobDobobobobobog
ggbooooboobooobuooboobbooboobboobUuobbooobooboobDboon
0000000000000 0DO0DUOOoODO (Dales1968)0 0000000000 OODOODOOODOO
gogbooboooboobooobooboobboobooboboobuoobboobobooboobboon
goobobobooooooooobooboboboboboobobooooooobooboboboboooo
ggbobooboobboobooboboobooboooboobooobooboboobon
gogobobooo—-ooooboooobbooobbbooob b oobobooobboog
o goooobobobooooooobooboboobobobobooboooDobDoboboboboo
gobooboooboobooobooboobbooboobboobUoobbobobooboobDbooo
gooboobobobooooooooooboboboboboboboooooobobobobobobooo
gogboboooboobooobooboobbooboobooobooboboobobooboobboon
gooboboboooooooooboobobobobobobobooooooboboboboboobooo
goobooboboboooooog
goobodobobooboobooobooboooboobboboboobboooboobboooboboOog
000 (Weitzman 1974) 00 0000000000000 O0OOD0ODOOOOOOOOOODOUOOOOO
gogbooboooboobooobooboobbooboobbooobuoobbobobobooboobboob
goooobogoobooooooboooobobooooboboooooboboobobobobobobOooo
gogboboobooboobobooboobbooboobobooobuoobobooobooboobboon
gogbooboooboobooobuooboobobooboobboobUuobboobooboobDbooo
gooboobobobooooobooobooooboboboboboboooooobDobobobobobooo
gogboobooobooboooobuooboobbooboobbooooba
gboboooooboooooooboboboooooboooooobobobobobobobooooooo
gogbboooboobooobooboobbooboobooobuoobobobobooboobboon
gooboboboboooooboboboboo
gboooooooobooobobobooooboobooboobDoboobobobobobooooooooDbo
gooooboboooobobooobbbooobboooobbooobDbboobbbooobLbooo
dod00000o0o0oO000oO0o0o000000000U00000000O0O00OOOoOoOODDOOOO 2°C



0000000000000 000D0O000D0002020000 40080000 /t-CO202030 000 500
100000/t+-CO, 0000000000000 0O0OO0DO0U0DDO0ODOO0DUO0DODOOODOODOO
00oDoo0oooooooooooooooooooooooooooooooog2eCcooooooog
JdoodooooDoooooDooooooooooooooo2rooooooooooooooooog
000000 201900000 ‘Economists’ Statement on Carbon Dividends’ 0 M O000000O00O0O
gooooooobbobb-0booogoobb oo bboooobobb oo ooobbooo
gooboooboobooooboobooboboobog

ooboooboboobooboooobooboooobooboboooDboobbooobooboboooboa
gD obobobobbobbobbbboboddddooooooogooo
O0DO0O0DEUDOOOOOO (EUETS)0D0D02009000 20160000000000 5000 /t-CO,00
00000000000000000000000000000 (MSR: market stability reserve) O 0O O
0000000000000 D0O00O0000O0OO (CPE: carbon price floor) 0 2013000000000
Jopvdoodood0o00o0o0ooooooooo0do0obD0ooDoDooDooDoooooooooooooog
ggooboobodobooooboobbooboboobuoobbooboo

jodooooooooobobobbbbodoodoooooDoDooobbbbbboboooooa
0000000000000 CEPS (Centre for European Policy Studies) 000000000000 0O0O
OUO0O0O0OEUETSOOO0OOOCOO0OO0OO0OOCOOUOO0OODOOOOOO0OOOOUUOOOOUOOoOoooooooon
00000000000 (Roberts and Spence 1976) 000000000 (Hepburn 2009) 0000000
gojoooooooobbobobbbbotboooooobD bbb oL Do O
goooobbooobbooobbuooobbbboobbooobb oo ooobbo
(Flachsland et al. 2018)00000000000000O0OO CO,0000DODOODODOOOODOOOO
oooooo co,iiiioooouuduuoooooooouoguouoooooooouoouooon
g obbbbbbbbbbbbodddiooooooUo ™
goboobooboobobooobooboobobooboobboobUoobbooDbooboobobooo
pgoobddddoooooooobobbbobbbbbbbbboddddiooooUU U ™
0000000000000 U00ooo0U000o0o000000U000D0O0UOUO0OEU ETSOOOO
00oDoo0o0oooooooooooo0ooo00o0oo00o0oo00o0oo000o0o000EU ETSO
gl oooooooooooobobbobobon

goboobobooboobboooboobboooboob bbb booboobbooboo
Joooo SscCuinooooonoooooooooooooonoooo sccuonouonoonoooonog
goboobooboobboooboobooboboobUoobbo0obUoobDbooDbooboobobooo
pgoodddddooooooooboobbbobbbbbbbbboddldidooooUUU ™
goooddddodoooooooooooobobobobobobbooboobboboddddoooooooooo
goooooooboobbbbobbobodoooooboobob b0 Lo ooOo
gooooooooobobooooobooobooobb oo oo oo boboooooo
gogoosccuiuuooooouuooooouuoooooouooooooooooooooon
0000000000000 0000000000000O000 (DOD00D0O00O0D)0D00O0O0DOOooO
goboobooboobobooobooboobbooboobboobUoobbooDbooboobnbooo
goobooooooo



2 DOOOoOooo SCC

oobooboobobooooboobooboobo0oboboooobobobOobbo™WooobooDbOoo
000 (Nordhaus 2015) (00 0000000000000 DOO0OODOOODOOOODOOODOOOODODOO
goobooboboboooooobooobooobobobobobooboooooooobooboboboboooo
0o0oooo co,0fnoopooooo0ooopoooooooooooooDoooooooooon
01010%00000000000000000000000 3% 000000000000000000
2500 /t00000000000000000D0OO0U0ODO0OOOODOOOOOOOO

000000000 1t000000000000000000000O0O0D00O0O0ODOOOODO (SCe:
social cost of carbon) 0 00 OSCCO 2015 00831/t-CO, 00000 3% 0000000205000
$100/t-CO2 OO O (Nordhaus 2017)0

sSscCOooooouooooon

e ] CO,00UIU0DDOODOODUDDODDOOODODUDOODOODDODOUDDODODOOODODOODODODOO
cooboboooboooooooooobooooboooOoooOoOoOoOoOOoO0OobOboOoobooOoboOooOooDooo
000000000 CO, 0000175000 280ppm 0 20000000000000000O00O0O
0000 3°C(00D 1.7°C)000oooo

e JI00OO0OOOOOOOOOOODOOODOOODOO

D(t) = 0.00236T 47 (t)?

00000000000000000D(H) 00000 (GDP)OOO0Tar(t) 00000000
O—Tar(t) =3[°C] 00 D(t)=2.1%0 Tar(t) = 6[°C] O O D(t)=8.5%—0
e 00 0.002360 2600000000036 00000000000000 2% 000000000
00100000000 DICE-2013RO00Tol00DODO (Tol 2009) 0000000 TolOODO
0000000000000 000D0000000 (Nordhaus 2017, Nordhaus and Moffat 2017)0
¢ 25% 000000 Tol000DDO0NODDOON0DOOONODOOON000000000000000
000000000000 00000000000O00DOD000 (Nordhaus 2013, p.11, 2017,
Nordhaus and Moffat 2017) 00000000
—0gboobobobobobooooobog
- o0oooo—-o0oooooobobobooooog—
- gobooboooboobo—CLbbooboobboobuoobboOon0—
—0oood
000000 25% 0000 ‘argely a judgmental adjustment’ 0 0 0 O (Nordhaus 2013, p.11)0
e 0000 D(H)DDODOODOODOO

Q) = [1 =AY (®)/[L + D(¢)]

00000000A(()0DO000O00C0OO0O0O0O0O0OLOOLDY(®)ODODOODDODOUODOODOOOOOO
000 (GDP)(D0ODDODOODDODOO0DODDOOD)(Nordhaus 2017, 2014)0
e J0OOOODOOOOOOOOODOOLODOOOOOOOOOOOOODOOOODOOOODOOOOO



000 (0000000000000 DO0OO0)DoooOoooo

D000000c¢() 0 100000000LE 0D000RE 00000 (= (1+p)7L, p=
0.015)(Nordhaus 2014)0U[c(t)] 000000 U(e) =ct7*/(1-a) 00000000 (Nordhaus
2017, 2014)0

e SCCOOODO (t=0)CO,0 00000000000 DE)(t=1,2, ,Thae) 000000 W
0000000000000 ¢t=00000000000000 (Nordhaus 2017, 2014)0

e J00D2017000000DO201500 3100 /t-CO, 0000DO0ODOODO 3% 000 205000
o00o0o0o0oood

o00oopoOoOoooo sccooooUoooooOoooOooooOooooooooooo Sccoonn
gobooooboooooooooboooooooobooboboooooooooooooooo

3 Uboogooooooo
0000000(2017a) 00000000 (IAM)000O0 SCCOOOODOO0OOOOOOOO0O

e J0DUIODOIUOD—DOOODOODOOODDUOUUO—DOOOODUOODDODOOODOODOO
gooboobodooboboobooboooobooboobbooboobboobboobboobog
000000 (Stern 2007, Nordhaus 2008)0
O00000IAMOOOO0O0OD0O000000000000000000000000
0000000000000 00000000GhbPOOOUODOOOOOODOODOOOOOOOOO
goboobogn
IAMOOODODOOOOOO0O0OO0ooooooooo0oooooooooooDooooooooOog
gbooooooboobobobobooooooobobobobooo

OoooooolIAMOOOOOOO0OO0OO0O

1. 00oo0ooOooooooooo
2.00000000000oooooooooooooooooooooooooon

3. J00000O0UoOoooUolIAMOOUOOOOUOOO

4. JAMOOOO SCCOOU0OOOOU0ODOOOUOD GHGOOOOOOOoOooooooo

0000000000000 00OD000O0OD0000 (Pindyck 2017a)0

1.IAMOODODO0OOOO0OO0OO0O0O0O00000000000000000000000000IAMOO
00000000000000000000000000000000000000O0000000
000000000000000000000000000000000000000000000
000000000000000
2. JAMO SCCOOO0D0O0O0O00O00000
Da0000000000000000IAMOO0OO0OOO0OO0O000000000 SCCO 2000000
00 (Stern 2007)00000000 11000000 (Nordhaus 200800000000 (U.S.



Interagency Working Group on Social Cost of Carbon 2010, 2013)0 33000000000
ggbobooobooboboobooboboooobga

ObOoSCCOOODOODOOODODOOODOOOOOUOODOODOODOOOODODOOOOoOOoOOn
g oobobobobbobobboobooog

OcODICEOOUODOOIO04°CO0 GDPOOUODOOOODOOOODOO %0000000000
2000000000507 COOD00O00O0OD0ODO0ODOD0OO0DO0OOOO30000000
0000000000000 o00oo0oo0o0ooDooooooooooIAMOOOOO
gooboobooboboobtoobobooboobobooobooboboobooobooooag
goooooooooogao

O000000lIAMOOOO0OO0O00OO0O0000O00000O00O0000

1. 000000000000000000A0

2. IAMDOOO0O0UOOO0O0ODOOOO

3. 0o SsccopooooScCoUipuooopouooooUooooScconooooooouoo
0000000000 0000o0oUDOUooUDoOoooo SCcCo IAMOOUOUoOoooooo

oo scCOoooUiooooooooooOoooOoooooooUoOoUoO0oooOoooOoooOoooOn
0000000000000 00 (Pindyck 2017b, p.351) 000000 SCCOODOOOOOOOOOOO
gooo0o0o0o0o0oooooOoOOO0O000DOD0DUC0O0OOOIAMOODOOOOOOODOODOOODODOOO
00000000 SCCcU0bDUbO0OUO0bD0bO0O0bOUObO0DO0OO0O(l)BAUDO GHGOOOO
00000()0000000000000005000000 1340000000000 GDhPOOOOO
0000000000000 0O0Uh0000 GDPO 20% 00000000000000000O GHG
0000000000000 0000000D0O(v)D000D00000DO000D0DO0UO0OD0ODOOOnO
000000000000011 0000000000 101.24000/t-CO, 000 SCCOOOOODODO
oooon

4 OO0OoooooOon

00000000000 (Pindyck 2013) 00000000000 O0OO0OODOOOODOOODOOOO
0000000000000 00D0000000000D00DD000DO0O0O000O000 (Nordhaus 2014,
p.299) 0000000000000 0O0O0OOOODOOOOODOOOODOOOOODOOOOOOOOOOO
0000000000 (0O0D0O0OU0L0)r0D00000 (DODODOLDO0DDO0OOUOUDO)pOOODOO
OgO0O000000O0DDOOOD «ODOOO

r=p+ag

0000o0ooooooooo010oooooog p0dddd0dlDe=10000000000000
000 13%000000000000000r=0.0140000000000000000000000
0000000 (Nordhaus 2007) 000000000 p=0.00100000000000 45%00000
0000ae=2000000000000000000000SCCOO0OODOODOOD (DODODDODOO
18600)0000000O0O 20600000 (Nordhaus 2014, p.284)000000000O0O0O0OOOOO
oobbooobooooboob0 cODoobOO00obObOOoobOo0ooobOOooooDo
O00o0o0o0o0oo0oOoooOoo IAMOOOOOO0OOO0OOO0OOO0O0O0OO0O0OOoooOOO



gogboobooobooboobbooboon

1)—001 T\
Yy 7 T

000 (r*=2/°C))00000D0DO0ODO0DOUDOODOOO SCCO 14600 00O0ODOOODO
0000000000 oooooo 40000000000 00000000000DODODO0DDOODOOOd
gdooo0oOoooo sCccoooooooooOoOoOoOoOoOUoODOOoUOIAMOOODOODOOOOODOOOO
0000000000000 o0oo0o00000o0o0oD000o0oooo0 IAMOOOOO0O0O0O0ODOoooQO
(Nordhaus 2014, p.299)0

O000lAMO0O0OO0O0O0000000000000000000000 IAMOOOOOoOOoooon
00ooomIAMO SCCOOO0O00ooUU0uooooooooooooooooooooooooon
000000000 o0o0o000000ooo0o00o0oUoooooo0on bt then’ 000000000
0000000000 000oo0o000ooooo0ooDoooooooosCccooooooooon
0000000000000 000O00000O00000O0000DO0DMOD0ODOO (0 p30H)ODODOO
OIAMOO0O00O000000000000000000000000000000000000oooOoo0g
0000000000000 00000000000000000D0O00 (DO0D00)0D00O0OOOOo
goobooboboboooooboooboooboboboboboboboooooobDoboboboboboo
gogboobooobooboooobuooboobboobuoobboobUoobbooboobboobDbooo
0000000000000 0U00O0000DOU0000ODOU00D0ODOUO0DD(D)oDoOOoOoOoO

O000IAMOOO0O0O0O0000000000000000000000000000000O0o0OO0OO0
goooboboboooooooooboooboboboboboboboooooobobobobobooboog
goooobobobooooobooobooooboboboboboboooooobDobDoboboboboo
goboooobooboooobuooboobobooboobboobUuobbooboobboobDbooo
gooboooboboboooooooobobobbobb0 bbb boboobob oo
000000o0oooooo0oo0o0oooooooo sCCoouuoooooooooooooooon
goooobobo

00000000 0oo0DoO0oo0o00ooO0O0oooOooooO SccuonooUuooopooooon
0000000201700 00000000000000O0DOOOOOOODOODO SCCOOO (Nordhaus
2014, p.274)00000000D0O0DO0OOOOLOOODOOOUOOUOOODOODODOOOLDOOODOO
o000 0o0ooU0000000UU0000o0o0oODoOUOOOOooO sccoono
0000000000000 000000000000201300000002015000000000 SCC
018600/t-CO,000000D0DDOOODDDOODO 17700 /t-CO. 000000 3% 00000
000000205000 SCCOOODODOODDOOO (3100 /t-CO.0000000 51.500/t-CO,00
O (Nordhaus 2014, p.284)0 0 0000000000000 O00OM OO0 200000000000000
0000000000000 00 (O pp.284-285)0

00o0000ooooooOooo0oU0UoooooooOoU0oDUooooooGbPpOOooDOoOoooOoO
20000000bO0oO0b00obDOoOobLDOobO0O0dbDoOOo0DbDoODbobOU00obUoOobOobOOUDbDUbODOO
gooboobobobooooooooooboboboboboboboooooobobobobobobooo
00000o0ooo0o00000ooooDooo0oo000ooooooooooOg CoO;ooooooon
00000D00D00D0000 t00000000000 Mar() 000000 F(H) OO0

Mar(t)

+ Fex(t)

7



00000000000 (Fex(t)0000000)(Nordhaus 2013, p.17)0 0000000000000
O Tar(t) 0O

TAT(t) = TAT(t — 1) + & {F(t) — ngAT(t — 1) — gg[TAT@ - 1) — TLo(t — 1)]}
TLo(t) = TLo(t — 1) + 54[TAT(t — 1) — TLo(t — 1)]

0000000000 (TLo() D000D00)000000000000 ()0 F() 00000000
E(00000D00)000000000000000000

Mar(t) = Mar(1750) + o E

goboooboooooooooboooooocoobooooon

Mar(1750) + o E
Ma7(1750)

Tar(t) = plogy
000000000000000 D(t) =¢Txr(t)20000000000

Mar(1750) 4+ 0 E1?
M 7(1750)

D(t) = ¢ |pnlog,

gooooo
aD(t) Tar(t)

oE P MogaMur(t)

0000000000000 0 oD(R)/PE0DNDONDDONDOOTAar =p/log200000000000
000 (0 1)O00O0O00O00O0000DD00O0U0OD0OO0U0OL0O0ODO0OO0DO0DDO0OOLODODDOOOUODO

TAT( t )

Mur(t)
Myr(1750)

Hlog,

log2

0 Mq(1750) Ma(t)

01 000 CO, 000000

gobbooobooooooooobbooooboooboooooboooooDoog

oooooOosccOoUiooUioooUoo0ooOo0oooUoooooooooUooooooon
gobooooboooooooooboooobooooooooooooooOooooboooobooOoooooa
goboooooooooooobo0oooooooooooobooooobooobooobooooooDooboOo
0000oo0o0oO0o0oooOoOooo SsSccoouooooooouo SsccunooooooUoooUuooOn
oooooooooooOo sCcCopooooUUoboooOoOoUoUooOoOOoOooUOobDoOOoOooUOUbOoDO
goboooo



5 SCCoOOOnoooO

cooboooooocoobOooOoOooOoOoOoOoOCoO0OobOOoO0OobOOoOooOoOOoOoODbOOoOOObOOOoDO
ooooooopoo2eCO0OD00O000DOOOOOOOODOO SCCUOODOOODOUOOOOOOOODO
00o0oU0o0oooo0ooOoooU0ooooooOIAMOOOODOO SCCoOoUoOooooopOooon
oooooooo0oooO0oooooOoooooOoOooooOo Ssccoooooooooo

ooosCcCOOoOoO0ooOooooOo0ooOoooOoOoUoOoooooooooooooOosccoon
00000000 (D0DO0D0OU0O00)00D0 GDPOOD (UOLODOD)ODODDODUODODOO
oooooooO0o0o0ooO0o00oOO0O0U0OODO0D0O0ODO0O00UD GbPOOODODODOODODDODOO
oooooOoosccOoooUoUooooUoUoooOooUoOo0oooUoooUooOooooooOn
000 GDPOOOD COL1t00D00000OD (000000 DODOODODODDODOOO)ODDOOO SCC
0000oo0o0o0o00oo0o0oOoo0ooOo0oooOoooOoSccooUoooooOoUooooooOoOn
goboooboooooooooboooon

o0o00o0o0oo00o0oU0ooooo GbPOOOOOOOOODOOUUUODDOODODOUDODODOODODODOOODOO
gbooboobooooobobobooooOooboobobooOoboOooobOobOOobOOoOobobOoboOooOoooOoOoDO
gboboooooooooooboobooooobooboobooooooobooboooboooboobooooDo
wIPOOUOOOOOODOUOOOOOODOUOOO0OO WTAOOOOOOOoOooolooooooooooooo
00000 Xooooooooooooooooooooooooooooooooooooooooo
000000000000 oo0oo00oo00o0D 2000000000 XO00OOOOoO Ap0oOO
000000000000 0000D EDDUOOODOODOD (DO0OOD0ODOUOD)O Dy, OODODOOABEC

p q

AN \C 5! J N, I 5

A N Li™y,

o N 5 M S\ A S

B Uy A y

! : ~ DMx \\\ = Dl"ly
\ '
DHX \DHyDl-Iy

0 Xy Xo Xx 07y ve y

02 0O0O00O00O0C0oOoOO0O0O

gooooooooooooooooooooooooooooooooDooo000 Xooooooo
oobooooood

Ooo0oooYyOoOoooooooooooooooooooooooYy oD XOoooooooooxao
00oo0o0ooo0o0ooo EQOOO COOO0OOOO0OOOOOODOOOOOOOOOODOOOYO
ooooooo Dy, 00 D}{yDI:IDI:IDDDDDDDDDDDDDDDDDDDDDDGDD HOOO
0000000000 Xooooooooooooooooooooooooooooooo XxXoooo
oo0o0ooooO0o0ooOo0o0oo0YooOoOd gO0O0000O0O000DO0O00bLODOO00ODoO0Y
000000000000 YOODO0O0ODOD0O0O0DO0O0000000D0000 AqOOOODODO0OODOOO
ooooO0oo0oooooooooOO0OO0O0 HOODO IODODOOOODODOOOOOOOJKHIOOODOOO



0000o0o0ooooooooooooooooo yooooooooo

00 ¢U0O000 X0O0O0O0O0OO0oooooo0oooooooooooooooooooooooooo
O00000X0OO0OUOUOOODOUDABECOOUOOOOUOOOOOUDOOOODOOOOODOOOOOOO
gooooo0o0oO0DO0D000gOODOOO0OO0OXOOOOOOODODODODODODODDODDOODODDOOODO CoOOO
000000000 (000000 0000)00000 FOOODODODODODOOUOOODODOOOOO
000000000000 0o00o0o0o0o0 ABECOODOUDO0O0O0ODO0O00ooooooooooooo
gobooooood

0000300 z000000Yy 000O0O0COOO0OO0O0OODOOOCOOOOOOOOOOOOO0O0O0
0o0ooooozZz000fooo X, Yyooooooooooooooooooooooooooooooo
ooo0oooo00ooo0o00oo00oooO000ooOD EO0 GOOOOOODO FOO Looooooo
0000000000 (000000000000 0)000000000000000DO0DOO0D0O0O0
gooooo

0000000000000 0ooOo0O0000DoOOO000ooooOoOO00n Co,0OnDoDnoO
goooooooooooooooOOoOO0O0O 30w —wOOOOOOOOOOOOOOOODOODOOOOO
oooooooooo0ooooD Dy, 00000000000 DODOO0O0O0DOOO0O00OOO0 MNPODO
000000000000 00D000000 r(up—w)00000000000O000DODOO0ODOOOO

r S
N\ 5! T\\\R Sy
Ar \.\ u AS N,

ra :P H Su S \‘\\Q SV
RIS o[y N N
i H \\ D H \\\\\ DI

Mu \\ Mv
: \ !

i : DHu \DHVDHV

0 U Ug u 0 v v v

03 0Doooooooooooooo

0000000 oo0o0000ooo00o00o00ooo000o0o0ooo0o00o00Ar00o0ooooon
0000000000000 00oooo0o0oDoo00oo00oooo0o0ooo00ooooonO0 MNPO
gooboboboooooobobobobobooooobooboobOobobooon

gbobooooobooooobobooboboboboboooboobobboobobog spbvooo
0000000000000 D0O0O00 Dyy OO Dy, 000000O0DO0OOOOOOOOOODOOOO
0000000000000 AsO0000000000000O00000000000O00O000O0OO0
O QRIUDOOOU0OOO0O0OUDODOOOUDODOOCO,000UOOOODOO

0Oo0 CcCo,0000oooooooooooooooooooOOOO00D0DO0DO0O00DODOOODOOOOO
000 0000000000000 000000oO0D0O00oOD0oO0oODO0obO0oDODO0oDOOobOO0obDOoDbOoDbOoDbOo
gobooooooooobooOoloCooooooooOoOoOoOoUOOoOOoOoODO00bODOoOoOobDbOOoODDO
gogbooboooboobooobooboobbooboobooobuoobbobobooboobboob
goobobobooooooboboboboboooon

goooboboooobbooobboooobboooobobbooobbbooobbbooooboboo

10



ogbobocooooooooboooooooooooooooboobooobooooboooooooobooOooog
gobooobooooooooobodoooooooooooooooooobooooooooooonoa
gbooooooooooobocoooooboooboooboobOoOooOoOoOooOoobooOoOoooOoOoOooOobooOooog
00000000000 000 ED0 GOODOOODOO 20y 000D0OD0)00000DODO0O0ODOOO
FOOLOUOOx» 0Oy)000O0O0O0O0O0ODO0OOODO D’HyDI:IIZIDDDD EO0OO0 XOOOOOOO
Dy, 00000000O0OCOOO0O0DOOODOO0OO0ODOOODOOOOODOODOOOOOODODOOO
gobooobooooooooobodoobooooboooooooooooooboooooo0ooooonog
O0ooooooono (Pigou 1932, p57) 000000000000 DO0OOOOOOGDPOOOOOOO
goboooooooooooobooooboooooooooobooooobooobooobooboooooDooboOo
ooooooolooooooooooooooooooooooooooooooooon
ooobooooobooooboooooooooboooobo0ooooooooOoboooDboOooobDoboOooDO
gobodoobooooboooooboooobooooooooooOoooOooOoboOooboOoobooOoOoOoOooOoa
0000000000000000 200 X00yoooooooooooooooooooooooo
ooooooo0o0ooo00bo0D X0YooO z,y0000000000O0DOOO0O0ODOOOODODOO
000 p,q0D00000D00 p2x+¢qyU000000ODO0O0ODOOOD (DOODO)0D0OOO (DODDOODO
00000) 0000000000000 00000D000DO00000D000DO0O0DO0O0DODO0ODODO
00o00b00O0000O0b0O00O000000U00O00 (DDbODLO0O0O0ODO0ODO0OLD)UDDOO0ODODODO
00000000oooooooooooooooooooooD0 X0y Ooooooooooooooo
gobooobooooooooobodooboooooooooooooooooboooooo0oooonog
goboooobooooooooobooooboooooboooooooooobooooboooboooOooooa
oopboooooog
oo00000o0oooooOoO0o0O0OoO0oOoooooOoOoOGbPOOOOOOOOOOOOOOOOO 2
gooooooooooOooooooooooooooooooooooDoOoo0 Xoooopoooooo
000 ApOO0O000OO0OO0D0DOOOOOOOOODOOOOODOOOOUOOOD ApzpOOOOOOO
00YOODOOO AqyoUO00D0O0O0O00O0O0D0OO0O0ODOODO0ODO0ODOO (D0D0DO0D0DDOODO0OOOOOO
000)0X0YOOOOOOOOOOODOOOOOO0OOOO0oOOoOo0ooOoOUooooOoOooooooo
(00)00D0XO0YOOUOOUOOUOODOODUOOOUOODOODODODUOOUOODODDODODODOUODOOO
gopoooo
ooooooooooooooo00—XOooOYOoOOo—OoooOOooooooooooooooooooo
00000000000000000000000000000000000000 D(¢) = 0.00236T(¢)?
0000 GhbPOOOOOOOODOUODOUOOOD GDPO 1+ D(t)D0000D0OO0DOODOODOODOOOO
ooboooooooooon
ooobooooboooooboooooooooo0oobooooooooooooDbDoOoooDooboOooDO
ooooooooOoOooooOoOoooooOooooowIPOOOOOOOOOOOOOOOOOOODOO
000000 (Nordhaus and Boyer 2000) 00D 00000000 OCO, 00020000000 (2.80
56°CO0)0000000COO0OOOLOOOOLOOOOOODODOOOOOODOODOODOD GDPODO
0000000000000 O0D0O0o000 (Nordhaus and Boyer 2000, pp.74-76)0 000 199500 10
0000000 25°CO000000000000000DO0O0OOO0O 0.07%0-0.51%, -0.55% 00000
0000000000000 000O000000L0O000DO0000O00D0DOOD0DODOOGDPO 1%0O
0000000000 (00)0 50000000000000000D0O0ODOODOOOODOOODODOO
gobocoboooboooooboooooobooboo0ooooOooboOoOoOo0oOoboOoOoboOobOOoOobOOoOooOoOooobog

11



00000000000000000000000000000000000 WIPOOOOOOOOOO
ooooooo
00000000000000000000000001000000000 WIPOOOO 20000
0000000000000000000 (0 pp.80-82)0000000000000000000000
0000000000000000000 5025%(00 10%)0000000000000002.5°C00
000000000000000000 1% 00000000000000000000000000 (0
pp.85-87) 0000 0000000000000 000000D000000000D00000000000
000000000000025°CO000 1.2%06°CO00 68%000000000000000000
0000 GDPO 30%00000000000000000000000000000000000 (00
yO0OODO u(y) 000 —yu”(y)/u/(y)) 0 4000000000000000000000000000
000000000000000000000000000000 25°CO0000000 221% 0000
00 1.2%000000000000000000 WIPOOOO 044% 000 (0 p.90)0
00000000025°C00000000000000 GDPO 045% 000000000000
98% 0000 044% 0000000000000 (0 p.91)0000 GDPO 0.50% 000000 900
045% 000000000000000000000GDPO 1.5%0000000 68% 0000 1.02% 0
00000000000000000000000000000000000000000000000
00000 WIPOOODOOOOOOOODOOOODOOOOO00O0O0000 GDPOOODOO0O0OO0O000O
000000000000000000200000000GDPO000O0O0O00000000000O
0000000000000000000000 WIPOODOOODOOODOOOOOO0O000000000O0
000000 GDPOOOODOODOODOOOOOONOOO0ON0O0N000000000000000
000000000000000000000000 GDPOOOOOOO0OO0O000000000000
0000000000000000000000
GDPOOOOO0ODOOO0ONDOOO0ODOO0OODOO0OOOOWIPOOODOOO0O0D0000000000
00000000000000000000D0000000000 2013000000000000000
00000000000000M@[DICE/RICED]O000DODOONODNOODNOO0DOON (20000000
00000000000D0000000000000D0000000000000000002013000
00000000000000000000000000000 M (Nordhaus 2013, p.11) 0000000
0000000D0D0000D0000D0000002% 0000000 (0)000000000000
00000 200000000000000000000000000000000000 10000000
000000000000000000000000000000000000000000000000
000000000D0020000000000000000000000000002%0000000
0000000000000000000

00000000000000000 WIPOOOOOOOOOOOOO0O00000000000000
0000000000000 00000000000000000000000 SCCO000000000
000000000000000000000000000000SCCO000000000000000
0000000 GDPOOOO CO,1000000000SCCO0D00D00000000000000
ooo

000000 100000/t+-CO,00000000000000000000000000000000
000000000000000000002000/L0000000000000000000000
000000000000 40000000000000000 (0000000000000000)0
00000000000D0000002000/LO00000000000D0000000000000

12



il =S
(USD)

p+0.2

BEOTEHR
FEFRER

wm2E (L)

04 00OO0O0O0OODOOO

goboooooooooooobooooooooooboooboooon

O0o0o0oo0oo0oo0 GbpOOOOOOOOOO0OOUOOUDOOODOOODOOD ILOO
gobooooboooooooooboooooooooooooooooooobooooboooooooa
0000000000000 000000000D0O0000 02000/LO00D0D0O0O0O0OOOODOOO
oooooooooOooooobC pOODOOOCOOO0O0ODOOCOOOO0Op+020000000000
goboopbOOO0OO0ODOOODOOOODOODOOOOOODOODOOOODOOOOOODOODOO2D00
gobooooboooooooooboOoOoooOoOoooOoOoOoOoOoOoOoOOoO0OobOOoOoOobOOOoOoOoDOboO
oono

HE FREUHE

SCC

CO25kH q* CO28EE:
(a) (b)

05 SCCUOOUoOoooOono Cco,upouoon

O0o0o0o0oooOoooOoooOo sccooUooUooooUooUooUoooooooUosO
(1)J000000 CO,0000UOUDUDDODUDOUD (b)DDODDODDOODODDODODDOODOOOSCC
0000o0o000o0o00o00 ¢g*f0boo0o0boo0o0oooooo SccoonoopoUuooonoo
000000000000 4000000000000 000000000000 OOOOOOOOOO
gopboooooooooooobbo0ooooooooooooboooooooobooooo

OoooOooosScCooiuooUiooUooooUooo sccouoouooouooooooon
ogobooooooooooooboooooooobooooooboooooDooag

osO000000000000000O0O0O0O0O0O0OOOOOOOOOOOOOOOOODOODOOODOOO
gbobooooooooobobobooooooooobooboboooboooooobooobooobooDa
goboooooooooooobo0ooooOoooooooobooOoooo0oooboooooooooooOo
goboooboooooooooboOoOooboboOoOoooooOoOoOoOoOOoOoOobOOoOoOobOOoOoOoOooOoo

13



gobooooboooooooooboooooooobooooooooooboooobooooboooooooa
gobooobooooooooobodoooooooooooooooooobooooooooooonoa
goboooboooobooooobooooboooooboooooobooOoOooOooOooboOoOoobooOoOoOooooa
goooooOooOoOo0ooooooooOOOoOoSCcCOOUUUOoOoOOOOoOoDOoDOoOoOoOooOOoOoDODOO
goooooooooooooooooooooooooooooooo 1obobooOOOOOODOOODOOO
gbooboobooooooobooboooooooobooboooooooobbooboooboobobooooDo
gobooobooooooooobodoobooooboooooooooooooboooooo0ooooonog
oobooooooono

6 00O

scCOopoOopoUooOoOoU0oooOo0ooOoOoo0ooOooOoDoOOOo0D0ODOOO0OOoDODOOOOnO
000o0o0oO0oU0oO00oOoUoO00oOoooOoOooOoOooO SsCccUuoOoUoOoooOoooOoooOon
owlpOOOUOOOOOODOOOOOODOOOOOOOODODOOOODODOODOOOODODOO
goboooobooboooobuooboobbooboobboobUoobbooobooboobDbooo
gobooooooobgoobooooboboboobboooobDboooboobooboboobooDbOo
goooooOoooOoooooosCcCooooooooUUooUooOOOOO0O0DOoDOoDOoooUOooOobODOO
goobooboboboooooboobooboboo

goon

[1] Baumol, W. J. and Oates, W. E. (1971), ‘The use of standards and prices for protection of the

environment’, Swedish Journal of Economics, 73, March, 42-54.

Dales, J. H. (1968), ‘Land, water and ownership’, Canadian Journal of Economics, 1, 791-804.

Flachsland, C., Pahle, M., Burtraw, D., Edenhofer, O., Elkerbout, M., Fischer, C., Tietjen, O. and

Zetterberg, L. (2018), ‘Five myths about an EU ETS carbon price floor’; CEPS Policy Insight,

No. 2018-17.

[4] Hepburn, C. (2009), ‘Carbon taxes, emissions trading, and hybrid schemes’, in The Economics
and Politics of Climate Change, edited by D. Helm and C. Hepburn, 365-384. Oxford: Oxford
University Press.

[5] Kneese, A. (1964), The Economics of Regional Water Quality Management, the Johns Hopkins

RS

Rress, Baltimore.

=

Nordhaus, W. (2007), ‘The Stern Review on the eocnomics of climate change’.

Nordhaus, W. (2008), A Question of Balance: Weighing the Options on Global Warming Policies.
New haven, CT: Yale University Press.

Nordhaus, W. with Sztorc, P.(2013), DICE 2013R: Introduction and User’s Manual.

Nordhaus, W. (2014), ‘Estimates of the social cost of carbon: concepts and results from the

=

= &

DICE-2013R model and alternative approaches’, Journal of the Association of Environmental
and Resource Econommists, Vol. 1, No. 1/2 (Spring/Summer 2014), pp.273-312.

[10] Nordhaus, W. (2015), ’Climate clubs: overcoming free-riding in international climate policy’,
American Economic Review, 105(4): 1339-1370.

14



[11] Nordhaus, W. (2017), 'Revisiting the social cost of carbon’, PNAS, 114(7): 1518-1523.

[12] Nordhaus, W. and Boyer, J. (2000), Warming the World: Economic Models of Global Warming,
MIT Press.

[13] Nordhaus, W. and Moffat, A. (2017), ‘A survey of global impacts of climate change: replication,
survey methods, and statistical analysis’, NBER Working Paper Series, No. 23646.

[14] Pigou, A. C. (1932), The Economics of Welfare, 4th edition, Macmillan 000000000000
000000 400000000000000000000000000D0COO0OO0ODO0O 195300

[15] Pindyck, R. S. (2013), ‘Climate change policy: What do the models tell us?’ Journal of Economic
Literature, 51, no. 3: 86072.

[16] Pindyck, R. S. (2017a), "The use and misuse of models for climate policy’, Review of Environmenta
Economics and Policy, 11(1): 100-114.

[17] Pindyck, R. S. (2017b), ’Coase Lecture—Taxes, targets and the social cost of carbon’, Economica,
84: 345-364.

[18] Roberts, M. J. and Spence, M. (1976), ‘Effluent charges and licenses under uncertainty’, Journal
of Public Economics, 5 (3-4): 193-208.

[19] Stern, N. (2007), The Economics of Climate Change: the Stern Review. Cambridge University
Press.

[20] Tol, R.S.J. (2009), ‘The economic effects of climate change’, J. Economic Perspectives, 23: 29-51.

[21] U. S. Interagency Working Group on Social Cost of Carbon (2010), Social cost of carbon for
regulatory impact analysis under Executive Order 12866.

[22] U. S. Interagency Working Group on Social Cost of Carbon (2013), Thechnical support document:
technical update of the social cost of carbon for regulatory impact analysis.

[23] Weitzman, M. L. (1974), ‘Prices vs. Quantities’, Review of Economic Studies, 41, October, 477-
491.

15



