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q;, MR EWHER N 0 = qu,- R REZH
ATRETE , AN SR B I 2 PRIBHEI 4R (the mar-
ginal abatement benefit, MAB) F il P I HE % A
(the marginal abatement cost, MAC ) & J HE 4R
SRR, BRI £ B, R MR A, DHE LA C,
it pR AL
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AU IR AT AT, 2 i il 2 AR ) 52
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00, (a=Q) , b0, 4% [ELARIC IR A, 43
Wt B8 4 B(0) = (ag - L) HLMAB(Q) =
b(a-0Q).

1BUE 25 I HE AR €, B T H [ 2 i il HE
IRV, S A FE S A HE R P66, Rk
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Hrr e, > 0, Fm 4 E i bR a4 ih 26 1 23,
MAC.(q,) = cyq, . EERBHEENAR C(q,) =
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m(0,,¢;,q,,Q0) =b6, [ao_gJ_Ci (2(L)
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(social dilemma)” , B4~ A F) £5 FEE AR F 25 2 ]
14 i 58 2 S BCEER AL 42 3R RS,
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RN IH 58 R AAH% ( Stackelberg) sh A28, BA
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LIRS, Bl G A LA B AR 45 d R Ak
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AR T4 Bk bR s HE I 5 B MAC (q,) =
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SRIG IR, N, — > A5 = E o
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alition game) '™/, ZESE— B A E K [ ik
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FE R AR Z2 A7 IR 5 TR SR DL i
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HAbZ 5 AW R AL, 645 5w =5 8] | 32 AT e L
(payoff) 45 A7 58 2 1Y T fif FIERR A9 AR,
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e de)a ARG A7 33 JF A FE RTAT 25 # R I
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AJIE ( tradable pollution permits ) F 35 A5 4 4% ( Bk
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Ho w R 0 E AR A T UL Bk HR AR Y B
RBE G Ak 52 5L AR i Q7 Fl MAC R
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2) &5 il s

WK AR SR A, 75 0 4% Il B
BCUsHE R ¢, , MR 01 A B S R = q,
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T, o Ak 5L AR 2 B R 28 b e
1hFrE
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Hobt Y7, = 0, BFESCH REIL AR A A

R H AR (B 7, gt i SRR 2
GF 2 EZE R LR (B 7, RIE)
AR, TR o AR o B R LR ML) (a zero-sum
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L5 TR AERTRR AR T A LR
PR BSR4
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reW ieW

R4 R 5% ] P K R A e e LB AR T
IR R IBE B el g, LR RO A i AR B 1)
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RSB AN RR . A, i B GA RT AT,
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ieW

SE IR LTI 4/ NE SR, BRSO IE. R,
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AYIBCEA. 78 T SCHYBLLES S (3R 1) A B 9k 52
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2 BESH

TEXARAEHEX TR T ARER (1) ~ =X
(4) N 4 FiEZEERN R RS B AR, T X R
)8 Pl i Wk 1 Mk 2 p(11) ~ 3L
(18) . FARHE T A58 R 32 0 iR B BR A I 5T
AR,

A3 0 3 AR — RIT R S RIS
TS5 1 S R X IR AR RR S A T B 5E S
AR S T 1) A1 FS 2580z AR 7 P F ] 8007 1 o AR A A
R EAE R, SRAS A2 6 W 0 1 ot G IR e T
“CEVEIFIRT RN AR LI =R AEdE XS
FREAFT G IABLAS RN A LERL I, S5k 2
(18 &1 B8 850 187 R ) S50 ) 3540 A 23 SR Rl s A28
AR, TSR T SRR il 2 T 22
5 FE ) JHERCR 1 1 sk R R i 21

ANERESN BRSNS (externality ) , 43 4 1EAb
FRPEFN G MRS, i 3 A HEBORAT S MR,
Rz Te A7 A A NSt 2 52 45, 2080 itk
PH A BTG 1] At N SAS I 2. 1 s A — A
TEAMPERIAT A, B2 5547 A Al A N st 23k
fit , N TCHEARATAE W AR JC v 1) At e 2%, an 2R
BB AR s SO A AN .

P[] 540 f T PR AR R B B . 24 3 25 o
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Table 1 Nash equilibrium and socially optimal
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Table 2 Equilibrium outcomes of Cournot and Stackelberg games
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abZ@, ab 2@
Pt g = - g = A ;
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M58 A VE g rh 2 s 3 2 A0 2Bk HE 0, X%
A EFREE A A, it S H BTN,
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w1 FHESEENAEIET 2Bk HE
i (BRI AR ) 2 22 R Al 1R AN AN B 5 ) A
B, 25 5, SR O S5 AN b B R

ANERE B 5 R A

. o a -1
20=0-0= 1 T500 >0
a‘ey (N -1)°

2N(N7-:(y) (y >+ 1 >0

HE— 2 HR 5% SN0 Bl A 25 R A AR A i
R

1) AQ Ay KGRI %y < /N Y,
AQ Bl y 3R MG K, B y BB/ 2 y 2
IO B, BYSEAS /NS 25 FCISE ANk e A, e Bt

All =1 -1’ =

BEWE A TER SR /).

2)TE AIT b E 5, T y A2 B AT Tt
FA ¢ HEARMIG K. HAR, B ¢ AAE Xy SRR
KB AESLS(N) = (VN +8N -N)/4 . D4
y < S(N) B, AIT B b 34K/ ; 2y > S(N)
F, AIT B b 35K, @y 5 S(N) #EiT,
AIT R, BB VEBA R B S(N) ZHIM,
N AR, HE T 1 Fns N o= 200 Y,
5(200) = 0.99 .

AL E o, fRgr A= (1), X (12) A
1 Al — g AR 3 R LA g iE, O T
DATEASEAELER 7 (2 8 ) 15 2775 0 40 iE .

XTHEER 3 g 4 FOCR AT LA, HA Y
c =b HEEREE, y = 1 SNEEOS R, B
A AAEE. BT, 2R G VE AT A B = il HE i
e B R, A LA BT A S
G4 BR A VRV HE , B T AR ME TR RS R A 1

R3 MBHES b,y BHHXFR

Table 3 Relationships among externality effect, ¢ , b and y

FH | e b y P e LN et e S
1 MR /N ¢ K 1 fok A TR £ [ T S BRI, S BRIGH A 17
2 K| b K q° /N II° ) A TTH) A5 E AR UHE , 2 BR A TSGR B b 1978 RITHE
3 AL ~ 1 AQ KR VIR YN A ITHER L BREAE AT Al e, (B4R (AR /)
4 x| X ~1 AQ K VIR UN ATTHR EREVEA U IR P A, HL MR R

T3 —J7 W AR FREE T & A B AR
R L 0, A BRI AR R ¢, T
AR B ST B S B0, AN IR [ AT LA R
AR AR AR AR o Wi e A A A L AR
re W S 22 PVRFAE. TR I, I B A (L4 ) 8%
IO AR EAUAE 1 AN RSO 4 5 e 2 e 7

0 (13) Fiab (14) 1, o, = %%@ﬂﬁzﬁﬁ

WS BRI A 2 L. B 5 R, 3R (11) |
K(12) 4R (13) (R (14) TEXFR ST

) L - ﬁ B .
SUAELEANH I i Et (13) 3R S ATHE, 0
B b B Y o, BORTIREK. T 2 bR A

mace = — % ap o, mAE AT R
1 ”’Z“’i

FEHE AR R , TSR T e Wi RS 114 [ SR
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Table 4 Countries classified based on the benefits and costs of abatement in the climate coalition
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Table 5 Comparison of three effects under symmetric and asymmetric conditions
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Table 6 The formation process of stable coalition under symmetric hypothesis
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Table 7 The number of members in stable climate coalitions under the differing benefits and costs of abatement
a* N ‘
0.01 0.05 0.10 0.25 0.50 1 2 5 10 20 50 100
0.01 3 3 3 3 2 2 2 2 2 2 2 2
0.05 6 3 3 3 3 3 2 2 2 2 2 2
0.10 11 4 3 3 3 3 3 2 2 2 2 2
0.25 24 6 4 3 3 3 3 2 3 2 2 2
0.50 41 11 6 4 3 3 3 3 3 2 2 2
1 68 20 11 6 4 3 3 3 3 3 2 2
’ 2 101 35 20 9 6 4 3 3 3 3 3 2
5 144 68 41 20 11 6 4 3 3 3 3 3
10 167 101 68 35 20 11 6 4 3 3 3 3
20 182 134 101 58 35 20 11 6 4 3 3 3
50 193 167 144 101 68 41 24 11 6 4 3 3
100 197 182 167 134 101 68 41 20 11 6 4 3
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Table 8 Coalitions size and global and national abatement, net income
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3.1.3 RBEBFAHBRIETS FKHE

8 B TRIE Y y (H T, B2 Bk A 75 2
ASTEVECE B R Bt A, DA R RE T 4 R e rp
(R A ER 55 4% B HE B R U 5 0 22 57, T4 I E
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b% 0.000 1 0.01 1 100 10 000
c 0.01 0.01 1 0.01 1 100 1 100 100
100 1 100 0.01 1 100 0.01 1 0.01
aN 196. 10 67.33 1.99 1.01 1.00
a* N 197 68 3 2 2
Lk
Q° 999.90 990. 10 500. 00 9.90 0.10
Q" 999.92 990. 15 501.91 10.00 0.10
Q° 1 000. 00 999.95 995.02 666. 67 19.61
Qe 1 000. 00 999.58 507.39 10. 00 0.10
1r 49 999 975 499 926 49 992 648 3744 374 375 37 437 500 98 9 827 1
I 49 999 975 499 927 49 992 696 3753 375 321 37 532 109 99 9922 1
1r 49 999 975 499 975 49 997 500 4975 497 515 49 751 244 3333 333 333 98
#H
q° 5.00 4.95 2.50 0.05 0.00
q 5.02 5.00 3.76 0.10 0.00
q 3.85 4.93 2.49 0.05 0.00
q 5.08 14.29 7.39 0.10 0.00
q" 0.03 0.21 2.46 0.05 0.00
q° 5.00 5.00 4.98 3.33 0.10
7’ 249 999. 87 2 499.88 249 963.24 18.72 1 871.88 187 187.50 0.49 49.14 0.005
t 249 999. 87 2 499.63 249 963.24 18.73 1872.68 187 268. 28 0.49 49.26 0.005
! — 2 499. 64 249 963. 61 18.77 1 876.67 187 666. 52 0.50 49.61 0.010
¢ 249 999. 88 2 499.88 249 987.50 24.88 2 487.56 248 756.22 16.67 1 666. 67 0.490
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Table 9 Influence of cost effect on abatement and net income
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Table 10 Simulation results under asymmetric conditions
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Game analysis of stable global climate coalition under multiple effects

ZHANG Zhongxiang' , ZHANG Zhong-yu®"
1. Ma Yinchu School of Economics, Tianjin University, Tianjin 300072, China;
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Abstract: How to establish a global climate coalition with broad participation, stability, and significant abate-
ment effect has been an urgent issue for the international community. This paper divides the climate coalition
models into the externality effect, timing effect, and cost effect ones. The equilibrium results of non-coopera-
tion, full cooperation, a two stages static game of Cournot coalition, and a three stages dynamic game of Stack-
elberg coalition are compared under symmetric and asymmetric conditions. The stable coalition sizes are deter-
mined by simulation. It is found that the positive effect of externality effect and the negative effect of timing
effect would offset or dominate each other under certain conditions within the coalition. When the cost-benefit
ratio is close to 0, the net benefit of the coalition is small, with the timing effect becoming dominant. Leaders
will reduce abatement and induce followers to increase abatement. This will atiract more participants and form
a stable grand coalition eventually, which explains the “cooperation paradox”. The cost effect stems from a-
symmetry among countries, which makes the externality effect no longer strictly positive and creating the need
for payment transfers. For countries with high benefits and low costs, the timing effect is the greatest. For
countries with high benefits and high costs, the cost effect is the greatest. The simulation results show that
when costs and benefits present a skewness distribution with negative covariance, the more pronounced the a-
symmetry, the more stable and effective the abatement effects of coalitions.
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