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Economic Effects of Imposing a Carbon Tax

on Animal Protein Foods

Kyeong Won Woo

Department of Resource and Environmental Economics,

The Graduate School, Pukyong National University

Abstract

The problem of climate change is gradually becoming more serious.
In climate change, which was called global warming in the past, the
increase In greenhouse gases does not simply increase the
temperature of the earth, but causes abnormal weather such as
floods, forest fires, typhoons, and droughts all over the world.

As a result, countries around the world are making great efforts to
reduce greenhouse gas emissions. Unlike the Kyoto Protocol, which
imposed reduction obligations mainly on developed countries, almost
all countries are now participating in greenhouse gas reduction
through the Paris Agreement. However, despite these efforts by
countries around the world, the IPCC reports that climate change is
accelerating over time.

Accordingly, the world is aiming for carbon neutrality that

_Vi_



completely eliminates greenhouse gases beyond simply reducing
greenhouse gases. As a result, carbon—neutral policies are being
discussed in areas such as agriculture, livestock, and fisheries, in
addition to energy and manufacturing sectors with high carbon
emissions. Therefore, there is a possibility that the carbon tax or
emission trading system, which i1s a representative carbon reduction
policy, can be applied to these industries.

This study analyzed greenhouse gas reduction policies for beef,
pork, chicken, and aquatic products (fish) markets, which are major
domestic animal protein markets. A total of four scenarios, from a
scenario in which a carbon tax is imposed only in the beef market
with the highest greenhouse gas emissions, to a scenario in which a
carbon tax is differentially imposed in proportion to the carbon
emissions of all animal protein markets, are assumed to reduce
carbon emissions and economic welfare. analyzed.

As a result of the study, from an economic point of view, economic
welfare decreased the least in the scenario in which the carbon tax
was imposed by applying the domestic carbon credit price. However,
from an environmental point of view, when the Pigou tax based on
F. Funke’'s research was imposed, carbon emissions were reduced
the most.

Based on the above results, it is thought that this study can be
used as basic data when meat tax is introduced in Korea in the

future.
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Qi =d+ePy (25)
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24 23}

1. 7128 AF
Tl o] & WMo VxFTAEE <G V-1>o AAE| Utk
<E V-1> 2 7| ZSAH T

chel - 2, ¥)

Variable Mean Std. Dev Min Max
oF TaE 103,000 28,200 55,700 175,000
o 74 3,156 870 1,391 5,349
o F AEHF 0.0902493 0.021686 0.0515052 0.1646274
Harl Fo% 26,600 6,712 10,600 47,600
A7) 74 29,193 13,653 13,595 56,340
7] AEHF 0.2029033 0.0515004 0.120251 0.3454301
HA 7] a7 110,000 18,700 61,100 146,000
A5 7H4 17,800 5,665 7,810 39,356
A 7] A EH 5 0.5355918 0.0455284 0.4302328 0.6641021
i) e 107,000 28,700 44,700 178,000
wa7] 74 5622 915 2,654 8,542
a7 AEHS 0.1712556 0.0444744 0.0905938 0.2881985
ANE FN SR B9 Eow guyoy), Bt kgow @
Aste] AL AAARE BF kg o2 SUFAG. HA D




2a7)e] AS FFHoZ 29 66005 A
2 FEA dude] vl ufg ko kgd Hit 7HE o] 26600¢ 0=

ol P A EFHFL oF 0%E F HAR =& HFE A Fr}

(= )

Variable Mean Std. Dev Min Max
ofF FTHH 103,000 28,200 55,700 175,000
ol F 74 4,537 1,403 1,968 8,006
7] FFEF 26,600 6,712 10,600 47,600
2a17) 744 35,377 14,636 16,182 67,59
A 17] FFF 110,000 18700 61,100 146,000
H A7) 7HA 18,692 6,250 7,567 41,610
i) a9 107,000 28,700 44,700 178,000
Sa7] 74 6,010 1,414 2,762 10,181
2 A E7HE 412 40 306 587
H A A2 7HA 587 50 427 781
S AtE A 514 53 342 628
ol A7 1,975 942 0 4,500
ol 744 405 199 100 860
AA D 7HA 1,172 534 326 2950
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<¥ IV-5> AIDS A= Fd &t

& 317] S 2 317] Sa7] ol &
00029719 | 0035117 | 00509675 | -0.000829
A3
In# 3271744 (13,11 5%) (-522%%%) | (~10.71%%x) (-0.21)
00355117 0.120106 ~0.0513905 | -0.0282715

INAALINZEA | o) | (114desr) | (818656 | (-5.54%0)

-0.0509675 -0.0513905 0.0951046 0.0421779

©}
INFILAZEA 7 | (-8.18%%8) (12.40%55) (8.23%x)

- 20000829 | —0.0282715 | 0.0421779 | -0.0331777

In #7144 (-0.21) (~5.54%%) (8,23 %) (~4,82%5%)

Stoner} 2 00137005 | -0.0532938 | 0.0259031 0.0090986
(0.72) (—2.9255) (1.83%) (0.92)

N 02163729 1.428621 ~0.4601817 | 0.1002766
°T (-0.59) (4.08#5%) (~1.74%) (0.55)

.+ 10% Olat 72, »* 5% O|aF 72|, »++ 1% O|s} F<l.




<E INV-6> AIDS H|EAH(OiM)7tZH e 4 =8 Z 3}
417 9 %) 7] T3] o 7
R —055>4928 | -00461138 | -0.3283008 | -0.0296415
237)
(—1444%5%) | (=3.30%%%) | (~10.48%%%) (-0.68)
~0.2111823 | -0.7224571 -0.3810914 | -0.3672557
-
A7 3271 (-3 Alsxx) | (-2649%%%) | (~6.60%x) (~4 57s5)
o ~0.2627547 | -0.0789102 ~0.470566 0.450083
<1 J—7]
(—9.12s55) (~5.98s5) (~9.78ss5) (7 485x)
- ~0.0101795 | -0.0438053 0.2326355 ~1.376721
Tr (-0.47) (~4.18%5%x) (7.28ss5) (~17.08%%)
1 % 10% 0|5t 572, ** 5% 0|5t 72|, *** 1% 0|5l F<f.
<E IV-7> AIDS EA(SA)7IAEHN FH AL
2 317] s 2] 37] S| oF
~0.338839 0.1365996 ~0.0947075 0.1937177
& 317]
(-9.69%3) (10.74555) (=3 AT ) (4.5155%)
0.360574 ~0.2401591 0.2355108 0.2223322
o7 317]
(10.74#%%) | (~12.25%%x) (6.42535) (3.93%)
- ~0.0799355 0.0753046 ~0.2734073 0.6386038
g 317]
(~3.41 %) (6.4255) (~6.10%55%) (11.24s5)
3 0.0861637 0.0374639 0.3365354 ~1.277373
B (4.515%%) (3.93%xx) (11.24s55) (~16.73%%%)
2 1« 10% O|3l 79|, ** 5% 0|5l 72|, **~ 1% 0|5l 72
H A7 A o] A 2ar]el oFE AL BE AFe FAHXA
7F BAACR FoatA vEeluth AAAEEAd Y] REE BE S(0)
o7 Yehy 89 WH {ite= Aow Vvt a8y (Fav)e

n57b S()o teht B

SEaL,

Tz

aLzl)



Ha7), ALY, g B oolFe] a4 (42), (43), (44),

o]
(45)9} o] Aotdrt. Ao A9 FolA} Wolalst gl YAF

Ape] ZpA ol AlgE A Fa glo} EeEFA] gk

Ind 7| F 5% =2 2717 8, L, + v SALR, ,, (42)
+In% oA,y + AW T v WS + A d o v WS

InH A 7] FF % = A AL 7, + InBEAE, (43)
+ A S 1 A A

G175 F =nSGa177t4,  +IhSFAANE, | m
+ingobe),, + AW W5 4 A A u W

A A B A

O

v B0 30/MEHEe] E3tE 3 T2 5~ 6/MEH S o] & wet 9
A F3F b oF 24709 AlAE Al gt webA] A A FE ST E
FAs7] 38 2470 Ao WMFE o] 833
A= oF 170~180¥ H 9] 110kg H] S =S =3dlstaL
FAES dA T webA A F8k 1F oF 100~110€ 9 Al A7 2 A
Sholl whe} 47§ Mo WE ol g on, Fo] A AF7Igto] °F 35
o]

oo]7] w&Fo 1719 Ao WFE o] &3}



oo A dFES ddnaEAds Mg (oldE 9, 2018). 1
1} J. Hartmann et al.(2000)¥ 28 AFoA AAZ FAEY] FFed
e T AFE o] E AFNANE o7 TEEY
b 22y o Jo A Est 3 Alake Ak 2, 9, dA T
AR 2ol mpel tekstr] wiel 54 AIAE A7)t
A7 E=AT sHAIRE o] H g o] ' AAE AASA B
I ZskA e Apol® la] e d el df=ro] WA = Qvh. wEkA 2
ATl = 1L AlA7E Qg 7HA |

RSk

OH
U?‘J

FE OLSE #4371 & olgil, A74¢, 534 &4

i
::4"

Z}7} Breusch-Pagan 774, Breusch-Godfrey #A, EAISAAS-=

ol g3te] AW, 1 A} <E NV-8>e] A4 = Ack

<E N-8> B4 AMHY AT
2R A4 [ AR E A3 U= 04 23
271 <-()1.i78291> (ol.i695789> 224
A 3271 (*851648) <0102050889> L7
#27) i) | 0000 191
7 (07311 (0000w 210

F1: = 10% 0|5t 72|, »+ 5% O[5t 72|, =*x 1% 0|35} 79,
Z2: Breusch-Pagan A& 2| #FIHdE “iteto| s2dko[ch ¢f.
Z3: Breusch-Godfrey A&l A FI7tdE2 “Rp7|AEH0| =X stX|] Z=Ct ¢

A A7) FF5e A$ Breusch-Pagan 7 74. Breusch-Godfrey
AN 5 AF7HAES 714sHA Xal st 7F 3 A7) wo] &4
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<E NV-9> 17| s3&s 8 21

Heyg A5 Std.Error t-value
A177+4 %.10%5116*93 0.0600492 3.25
A 2714 7043%1%6;26 0.2265923 -0.89
Folx 714 ;8:38(1):2? 0.0624734 -4.83
A ’%%i%z 0.048473 -1.82
24 ;8:333283? 0.0590436 -11.20
34 [gjéggiff? 0.0607635 -8.21
44 [gjgggifi? 0.0567654 -6.87
54 Eg:(é)l(é)l(l)f*gié)g 0.0604638 ~7.30
64 Eg:gggfgg? 0.0587701 -7.88
74 [8,‘333332? 0.0588827 -7.33
84 Eg.'égfffi? 0.0596087 -3.25
9¢ Eg.'éfgfff 0.0597789 -2.40
104 &%%%ﬁi% 0.0594519 -7.36
114 @%%%ilf) 0.058413 -6.91
124 ;gfgggfi? 0.0595921 -4.25
Ol <é%g(3)32§) 1.616339 11.72

R-Square
T« 10% O3k 72, #* 5% O[5f o[, *xx 1% O[3} 72




<E IV-10> =H X117 3g&r =4
Heyg A5 Std.Error t-value
A 271744 o.(og gggez 0.0574192 0.17
A 2714 7043.15917;78 0.3370624 -0.65
ATy o.(ogg;@ 0.0203894 0.23
24 ;8:8??353? 0.0270691 -3.26
3¢ O('g.l638332)8 0.0325737 0.41
44 70('8%45143)02 0.0367441 -0.93
54 72)'%774312}39 0.0411637 -1.81
64 Egég?fii? 0.0433614 -3.05
74 Eg:ggjfif? 0.0420983 -2.96
84 ;gféggii? 0.0398831 -2.71
94 _%%825512%9 0.0379556 -2.26
104 o.(ogggfg)g 0.0357177 0.94
114 068?58622*1)5 0.0306591 1.75
12€ o.(og(l)ggjlg 0.0228172 1.34
Chn ( é%ggiii) 2.188447 9.08
rho
R-Square

= .
T

« 10% Olst 72|, »x 5% O[St Fof, «xx 1% 0|5} 72|,




<E N-11> 5317| 338+ 38 23

Heyg A5 Std.Error t-value
S 317714 %%%2328*83 0.0923906 3.05
AL g 74 nggggfzf 0.1541078 -6.18
Ho}g 714 ;8:8255*33)3 0.0321491 -3.07
e I 254
24 [gjégifff? 0.0685893 -2.89
34 70{8%%1532)66 0.0607897 -1.47
44 70('8.1817212)02 0.0689094 -0.16
54 R I Ay 2.8
64 %%20701*1*93 0.0469318 4.84
74 %%%%24*8; 0.0473754 9.16
84 3)',10%54%3*33 0.0561251 2.95
9¢ 70('8.‘25892%74 0.0652294 -0.71
10¢ o.(ogi(l)g?9 0.0623912 0.82
114 70('8.‘2%7805 0.0591007 -0.69
12€ o.(og (2)32)28 0.0585593 1.20
Ol ((2)%32522) 0.8735094 25.72

R-Square 0.6365
o« 10% O[5t F2|, *x 5% 0|5t F2|, *xx 1% O[5} F2.




<E IV-12> o7 3=28&8s =8 €2
Heyg A5 Std.Error t-value
o 7714 O(' é%i?ff 0.064151 2.06
HAZEF714 70('98?3427)03 0.029712 -0.32
FA ;8:88(1)3:% 0.0331383 -13.23
24 ;8:33(?5*23 0.0399799 -8.40
34 ;gjgggfi? 0.042405 -11.77
44 [gjéggifi? 0.046314 -8.34
54 [8,’338331? 0.045574 -6.91
64 ;gfgégii? 0.044529 -45
74 Eggggfff 0.043763 -2.48
84 ’%.1005112*9)8 0.042815 1.05
94 0(8%%)52)4 0.041633 4.85
104 %%%10?*63 0.039371 3.98
114 ((25.10%%%‘7*8; 0.033201 6.04
12€ %%%%ilf’; 0.000416 -4.75
35 ( éz)'ggfi ) 0.5395796 32.80
rho 0.4075625
R-Square 0.7733

F0 % 10% Olst 72|, *x 5% 0|5t F2f, **x 1% 0|5t 72,




Q17 G5 F4 A% H17) FES) B 0] AAage
0.1953696 0. = H] &=
02% 4+ste Aoz Vet FHAE B 5 Qe AR ArE

- 02014626014, SAIA o2 FrolstA] Al YERY AMETFA ] A7) &

SolA 74l 1% &
T AY(FADYu MG Ag= -0.0882120]a, Ao REE fo
sto] FA|o] A E wfo] FHFS Faste AoRE YERT whA
Tow 1dg ZlEom 3 2 gudFY Ase EF 2()o)H, A
Hogw Fodt wels SAHoR 199 FFEe] 7hE Be Ao
1l

Cochrane-Orcutt ¥HEFdHol &) ==% #Hx 7] sa5dsrs 99

grlue A%E Asetns BE BA40w fod)

0(1

tEbk o
PulelA 7HE B2 Hlee AAsks ThEHE(RErtE )0l AR =
o] AR W x Faf WA Ao Helth waka A FF

= FFstelof sy, £4S 98 dPYAT (1A <, 2012)
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28 H37] FFIFE QAR W55l f95
A etk B AR 028208808 Hiv] 7ol 1% e=d
el oF 028% E7heh: Aom veuth AmztAn gl
A Zbzb - 09524748, -0.09853752 Wol#l b4 e weAde] o %



el =, ol S APH F AFEHY HFol ¢ E7] wEl Ao
2 Kt}

npx]9t o 2 Cochrane-Orcutt HHE-FAHo| o8] =&H olF Fae
= fR7EAe el fFoeA yEuA Ekod, FEEHAdS
0.13012930.2 &5 o, 8¢S A9 RE Adgrs Y34
Eb ek

)
o
o
o
_O|L
N
do
:(){:r
o

I
5
ko
N
1
uu?
1%
ox
o
oy
v’
i
o
s
)
o,
o
N
Ry

A
=5
=2
L
w
V
_\3
A
=5
=2
-
N
v
A
e
=2
L
Q1
Y/
3
N
>,
it}
2
X0,

<E V-13> T3 3E3H4

Fo7lAeE A (BA) .
AR Er ST EECEE St YA
37 -0.34 0.14 -0.1 0.19 0.20
H X 31.7] 0.36 -0.24 0.24 0.22 0.11
g7 -0.08 0.08 -0.27 0.64 0.28
o F 0.09 0.04 0.34 -1.28 0.13
. aad Ml ARZ[o[A] Sr=2let

<E IV-14> 3T Heffgk & 744

(e B, &)

Variable P A F Hed kgd 714
& 317] 26,600 29,193
A 327 110,000 17,800
"$17] 107,000 5,622
o] 7 103,000 3,156




© kgCOz¢d, @)

I

100gd @937 F

(

et
Al akgt

I

]

17.88
19.45
24
20.3
08) 22 7IExZ
HE[OEL) /22

HA

=0.
z

4

W=7
343
38
20
2.2
16.1

<
o

3.3
Alice et al.(2022),

S| EaMELTE (F

IV-15>

<#

Mo

=X 17,

CECE
FH of 7

B A 371
O FE O{RO{Fot AA0fF HRMAHF(0.92

R.W.R. Parker et al.(2018),

2107,

F2:

INE=E
F1:

)
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<E IV-16> HM I XY SFAHE

(k2 : %)
5 A&

A5 Z7} 21.36
FEAAES =7} 6.51
FAALS 7} 2.16

A4aE =7} 0.23

AA o 417

AFZ: M. Springmann et al.(2018).

olelo] FFUtaF EF) AAY AiteA HAst= FHES AL
Zo wrddtth F. Funke et al.(2022)1 A= 427], SR L7], 7t57F 5
79 AR olM TSt 247 B 4SS edEdY oRAdes
2717 f8f ol Ao awi7tA S QAdske o sh=rtell wsko] 14
3t F. Funke et al.(2022)¢] A+ A3}, Ha7]e] A&nj7b4 -2 oF 55%,
Ve e 24%, A7 18% Q1 HEojok dthal ST o] & Al
ol A&t thS3 Z

<E V17> F % J7I2F HH 134

(=H - . %)
25 H 74 (A) A& (B) AM(A*B)
237 29,193 55 16,056
A 37 17,300 24 4272
H$37] 5,622 18 1,012
XI2: F. Funke et al.(2022)



F E D FAHE A W EE e BHA
2 BaAY wEE AgAE sld AA

o A ATk waol FIehs AlEolvh a7

— =

, A7), Harv], o F

°of T%F lkge AT W dAHe= SavlEFS <E V-18>3 Zrh

<E IV-18> 1kg M Ltoll wtE EFHiEE

(=H2l: kgCOseda, %)

T garmEd = GHAFFHF | 1kgd SAHEH
4317 343 17.88 61.3
=] 17] 38 19.45 7.4
a7 20 24 4.8
o F 38 20.3 0.67
A= : R.W.R. Parker et al.(2018), Alice et al.(2022), Al Z2|2kZ MK .

A dFx2 MEA AHAE &St o, wepA Hu ©AivHA
< WEd HEelgn HEE S vk Ad 19 7H2021.11.01~
2022.10.31) =Wl wi=A(KAU 22)¢] Hd71A 2 26,587 o] Ak (3H=A
2, 2022). EF AALHAME 2T BES 245 Y8 x5 =7}
o HA diartAae Bg 50~100€27F HojoF ot ¥ tH(World
Bank, 2022). ©]Z A 14d7H2021.11~2022.10) B3l 12709 0=
A A 247t BT oF 63500004 127,000 8 F-3hstojof g



V-19> S24

o

Tkgoll Fat== ShaA

(EH2l: kgCOeq, &)

o kg2 e A e A
T - _
° SAEF CERHES (AAL A7 F)
237 61.3 1,630.5 77837
A 37 74 196.5 938.7
H$37] 4.8 1276 609.6
o F 0.67 17.8 85.1
A2 a2l S HAIR HEZE M A28 (2022) .
Aldg e AAAuE <F IV-20>~<3ZE IV-25>0] Z+ZF A A = o]
=3
<E IV-20> H37] SFAH & Al AlLtZ[2(M. Springmann)
(=t : kg, ®, kgCO.eq)
T& A4 A A4 ¥
A &l 2 26,600,000 25,911,555
B A7} A 29,193 31,415
RN v 2]
A1) 3 }ﬂ} 29,193 25,415
2o W) A5 A 1,141,961,470,588 1,083,621,132,983
A A2 A 1,941,334,500,000 1,842,140,172,605
B vl & 1,631,335,440 1,589,114,204
A &) 2 110,000,000 110,368,429
v A7} A 17,800 18,342
RN A 2]
%) 7.7] 3 }} 17,800 18,342
2o W) A5 A 4,079,166,666,667 4,106,536,149,546
A A2 5 A 8,900,000,000,000 8,959,719,844,259
EF vl & 813,010,000 815,733,061

0]
s



(2H2: kg, ¥, kgCO.eq)

T® A8 A A3 ¥
A o 107,000,000 106,585,344
2H| A 7HA 5,622 5,544
o517 *ﬁﬁx}{}zﬂj 5,622 5,544
2 H| A AY 1,113,988,888,889 1,105,391,822,745
RSS! 1,074,203,571,429 1,065,873,743,013
Bl & 513,600,000 511,609,652
A o 103,000,000 103,137,348
2H| A7+ 3,156 3,188
o7 A2 7HA 3,156 3,188
2 H| A=A 126,979,687,500 127,356,986,940
R A2 A 1,250,261,538,462 1,253,559,736,030
A& 68,999,700 69,091,710
% AP[AFA 6,462,096,713,644 6,422,906,092,214
ZF A AAFA 13,165,799,609,890 13,121,293,495,907
AU AT + AAAAFA 19,627,896,323,534 19,544,199,588,121
Z B2uEF 3,026,945,140 2,985,548 627

<IE IV-21> SFAM HH Al AlHE[2(F. Funke)

(2F2: kg, &, kgCOweq)

T® A3 A A3 ¥
7 2 = 26,600,000 24,722,922
2H| A7+ 29,193 34,893
A1) A *&Z}{}@ 29,193 18,837
ZH A AY 1,141,961,470,588 987,320,504,361
RS 1,941,334,500,000 1,675,675,820,929
Ehvl & 1,631,335,440 1,516,217,228




D kg, ®, kgC0.eq)

T® A8 A A3 ¥
A o 110,000,000 110,819,359
2H| A 7HA 17,800 22,395
%) 7.7] Ay &X}{}Zﬂ 17,800 18,123
20 2FF- A 4,079,166,666,667 4,061,000,538,366
A AR A 8,900,000,000,000 8,940,710,356,659
Bl & 813,010,000 819,065,880
A o 107,000,000 95,713,463
2H| A7+ 5,622 7,765
271 Ay &X}{}Zﬂ 5,622 3,493
2 H| A=A 1,113,988,888,889 891,821,815,215
RIS 1,074,203,571,429 858,343,272,649
A& 513,600,000 459,424,625
A o 103,000,000 105,876,268
E~ P4 ! 3,156 3,834
A7 3,156 3,834
2| A A 126,979,687,500 197,476,914,519
A 2k A 1,250,261,538,462 1,254,456,744,180
EAn & 68,999,700 70,926,512
Z AHAFA 6,462,096,713,644 6,137,619,772,460
Z A AAFA 13,165,799,609,890 12,729,186,194,417
AU AFA + AAAATA 19,627,896,323,534 18,866,805,966,877
F B4nEF 3,026,945,140 2,865,634,244




<E IV-22> Et2A|

=E

Al AlLtE] 2(KAU 22)

(2H2l: kg, ¥, kgCOeq)

2 A4 A A4 ¥
7l = 26,600,000 26,411,662
2H| A7 29,193 29,790
A2 7+A 29,193 28,159
EaL PR 1,141,961,470,588 1,125,850,496,346
RS ! 1,941,334,500,000 1,913,935,643,788
Ean & 1,631,335,440 1,619,784,965
7l = 110,000,000 110,140,185
2H| A} 7HA 17,800 18,083
A7 17,800 17,887
E PR 4,079,166,666,667 4,083,427,863,886
AR5 A 8,900,000,000,000 8,909,565,385,897
Ehn) & 813,010,000 814,046,105
A ) 107,000,000 106,428,515
ZH| A} 7HA 5,622 5,711
- A &Z}{}Aﬂ 5,622 5,515
Ea PR 1,113,988,888,889 1,102,129,856,720
R S 1,074,203,571,429 1,062,729,000,497
Ean) & 513,600,000 510,856,872
A ) =& 103,000,000 103,084,022
Bl o | 3,156 3,194
A2 7HA 3,156 3,176
EaL PR 126,979,687,500 130,521,704,760
RIS S 1,250,261,538,462 1,248,838,736,030
Ean & 68,999,700 69,055,986
A& 6,462,096,713,644 6,441,929,921,712
F2} %Ay 13,165,799,609,890 13,135,068,766,212
3+ AARTA 19,627,896,323,534 19,576,998,687,924
v & 3,026,945,140 3,013,743,929




<E IV-23> EtAAM H3 Al ALl 2(M A 23H)

(22l kg, ¥, kgCO.eq)

2 A8 A A4 ¥
A 26,600,000 25,700,512
Bl o ! 29,193 32,041
A2 7+A 29,193 24,253
ZH| A AY 1,141,961,470,588 1,066,098,449,233
RS ! 1,941,334,500,000 1,812,139,037,919
Ean & 1,631,335,440 1,576,171,257
A 110,000,000 110,666,145
2H| A} 7HA 17,800 19,167
A 27+ A 17,800 18,228
Ea | P B 4,079,166,666,667 4,098,172,075,593
AR5 A 8,900,000,000,000 8,947,601,036,442
Ehn) & 813,010,000 817,933,480
7 ol = 107,000,000 104,275,148
ZH| A} 7HA 5,622 6,044
- A &Z}{}Aﬂ 5,622 5,105
AH| A A 1,113,988,888,889 1,058,176,753,847
R S 1,074,203,571,429 1,019,494,617,607
Ean) & 513,600,000 500,520,710
A ) =& 103,000,000 103,399,519
2H| A} 7R 3,156 3,336
A2 7+A 3,156 3,251
A H| A AY 126,979,687,500 143,962,827,207
RIS S 1,250,261,538,462 1,243,452,963,829
Ean & 68,999,700 69,267,338
A& 6,462,096,713,644 6,366,410,105,881
F2} %Ay 13,165,799,609,890 13,022,687,655,798
g+ AAAF A 19,627,896,323,534 19,389,097,761,678
v & 3,026,945,140 2,963,892,784




<E IV-24> AL 23 B 3HEc 1

d

(22 - E, MY, tC0eq, %)

T M. Springmann et al. F. Funke et al.
7 2 = -688.4 -1,877
A M2 7HA () 2,222 5,700
- AR 7HA (9) -3,778 -10,356
, 2 H A A -58,340,338 -154,640,966
A AEAFS A -99,194,327 -265,658,679
e & -42,221 -115,118
7 2 = 368.4 819
5 AuREA (") 542 4,595
A | ALATEA () 542 323
o B S S 27,369,483 -18,166,128
7 R AFAFS- A 59,719,844 40,710,357
e E R 793 6,056
7 el = -415 -11,287
o | ERATEA (") 78 2,143
; AR A () 78 2,129
, En:) PSR -8,597,066 -222,167,074
RSS! -8,329,828 -215,860,299
v & -1,990 -54,175
A o 137.3 2,876
W 27HA () ) 678
of | AAtA7HA () 32 678
S Bl | P S 377,299 70,497,227
R SR 3,298,198 4,195,206
e & 92 1,927
F AH[AFA -39,190,621 -324,476,941
(H3}&) v (0.61) v (5.02)
Z AAAFA -44,506,114 -436,613,415
(H3&) v (0.34) v (3.32)
BAA T -83,696,735 -761,090,357
(M3t&) v (0.43) v (3.88)
F B4 EF -41,397 -161,311
(H3t&) v (1.37) v (5.33)




<E IV-25> AL 2H H3g 2

—

(etel @ &, ™3, tC0eq, %)

d

T® g2 A (KAU 22) B A (AA23)
A o & -188 -899
4 2R A7HA () 597 2,848
- A 7EA (1) -1,034 -4,940
, 2] AR AY -16,110,974 -75,863,021
R SR -27,398,856 -129,195,462
IS -11,550 -55,164
7 2 = 140 666
5 AuREA (") 283 1,367
A | ALATEA () 87 428
o B S ) 4,261,197 19,005,409
7 R AFAFS- A 9,565,386 47,601,036
IZENE 1,036 4,923
7 el = 1 -2,725
o | =RATEE (") 89 422
; AR A () ~107 517
, Ena) PSR -11,859,032 55,812,135
AR A -11,474,571 -54,708,954
IZEaE -2,743 -13,079
7 2 = 84 400
W2 7HA () 38 180
of | AAA7HA () 20 9%
S Eal| P S 3,542,017 16,983,140
RS -1,422,802 -6,808,575
IS 56 268
F AT s} -20,166,792 -95,686,608
(H3}&) v (0.31) Vv (1.48)
Y AE A} 54 8t -30,730,844 -143,111,954
(H3&) v (0.23) v (1.09)
F BAAA TS -50,897,636 -238,798,562
(M3t&) v (0.26) v (1.22)
F B4 EF -13,201 -63,052
(H3t&) v (0.44) v (2.08)




7], A7), Fa7e Fa

o]

=

=

z;f_
A% WA e %7

3 A A

-

12 A3} F. Funke et al.(2022)2] <ol A

BB

-16
-85
-85

-1,334,049

-2,267,883
-24

-36
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(BH @ &, ™M=, tC0eq, %)
TE A ¥ W3l gk

A = 106,675 -325
2B A7 A () 5,561 -61

YA A7 A () -
o517 Y H<< ) 5,561 61
2o v A5 A 1,107,239,503 -6,749,386
A A2 5 A 1,067,695,235 -6,508,337
IS 512,042 -1,558
A = 105,311 2,311
Z2H] 2 7HA () 3,101 -55
o7 A7+ A () 3,701 545
m 2o W) ALY 132,741,479 5,761,792
Ay 2k 2} 5 A 1,307,026,265 56,764,727
B u) & = 70,548 1,548
F AvAF AW 6,457,977,537 -4,119,176
(M3g) - v (0.06)
ZF AT AW 13,209,866,228 44,066,618
(¥3}&) - 2(0.33)
F BAH AU 19,667,843,765 39,947,442
(¥3&) - 2(0.20)
Z giu &% 3,025,303 -1,142
(B3 = v (0.04)

TAFE s REa Ag Al AAAY S Sty @A HEEe
#Fashs Ao & v a8y FolEs va AREEE ofF L142E0
Z ol& 7€ WMlE%HY oF 0.04%0° &3t}

o §HAY Y% da AR 2dE M F dE FAAE kg
T HEFHLS o= HERAE Qs soh, 4 Ay FAkE
kg® 2200099 BEFS AF A &A Ha7ld 600092 FAE H i}
St A9 st 824 A ga3E MR e Aoz YEhdt kgW
2200099 Hzg A Al F 4% 27 Eo) ©AaE AGAA, M A
7] HFAe B A 47 1H B3 fARSE A3E YERT A
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)
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I

(el @ &, Y, tC0eq, %)

T2 BEF AF §F sl g
A B 26,030 -570
2HA7HA () 26,066 -3,127
A1) *@*&Z}ﬂ% () 26,066 -3,127
2| A AY 1,093,556,163 ~48,405,308
A AR A 1,859,045,476 -82,289,024
EAvE 1,596,387 -34,949
7 2l = 109,111 -889
aH| 274 () 16,493 -1,307
%) 7.7] < *&x}ﬂ% (%) 16,493 -1,307
M| A AY 4,013,516,177 -65,650,489
R S 8,756,762,568 -143,237,432
B A& 806,441 -6,569
A o & 95,097 -11,903
2R 27HA (L) 3,388 -2,234
S A *JXM? () 3,388 -2,234
Eap PSR 879,921,746 -234,067,143
AR5 A 848,495,969 -225,707,602
B & 456,464 -57,136




(et - &, M=, 1C0.eq, %)

TE BzF AF F sl gk
Ao 187,734 84,734
M 27 () 1,128 -2,028
o7 k744 () 23,128 19972
N 20 A A 421,837,458 294,857,770
A 225 A 4,153,476,506 2,903,214,968
ISENIEaE 125,763 56,763
Z 28 AT} 6,408,831,543 -53,265,170
(M3lg) - v (0.82)
Z RS 3 15,617,780,520 2,451,980,910
(M3g) - A(18.62)
F AAHF A 22,026,612,064 2,398,715,740
(¥3g) - A(12.22)
F g4 nEFA 3 2,985,055 -41,390
(M3l&) 3 v (1.38)
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