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Abstract: Taking into account the consumer has a low carbon preferences, under the dual driving force of environment
production and economic benefit, the manufacturer invests in the emission reduction technology in the production process
and sales process, such as introducing the emission reduction equipment or cleaner production technology. For a two-
echelon sustainable supply chain that includes single manufacturer and single retailer, this paper studies the coordination
efficiency of consignment contract on this supply chain under cap-and-trade regulation. And then we explore that how
the manufacturer rationally chooses the way of investment in emission reduction, i.e., whether the manufacturer should
invest in production and sales processes or only in the production sector. Finally, a numerical example is undertaken to
illustrate the theoretical results, and the robustness analysis and optimization of the parameters are carried out by using
the Taguchi method. It is found that when the carbon cap is stipulated by the government is higher than a threshold, the
profit loss rate is less than 25%, and the consignment contract can achieve better coordination. In addition, compared
with the emission reduction investment only in the production process, investment in both production and sales sectors is
more sustainable and profitable.

Keywords: cap-and-trade regulation; investment of carbon reduction technology; Stackelberg game; consignment
contract; coordination; low-carbon supply chain; Taguchi method
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3 (sh*,8P%) — My (s7%) =
t(2k2d3 + B%€2 + 2ukBdo&)  3td?
S(t— 2ukB)( — aukB) 1682~ O

HI1 73 B SR, 2 25 7 A A A5 S AT IR B
) 22 8 R DL R 1) 38 7o R 22 g T AN AR A 7 3
TR HE B O

SE B S R, 5 5 P RN R, 7 HCpR SR ) i
oG A A 7 R R A A (R I EAT R HE P BT RE NS S
BLPAS5 FA 5 M) B AL (R 1 i A M O B v, BEAME g
S OO SR I )3 S R R . DRI ) 1
DR SR 1] 32 T [ AR N2 A2 £ 28 7 MV B A1 7 ) AT
IRHFBCAR BB



%54 HEE KRR S BORT 8 A3 M BT H 4 2 44 69 WA 1091
3 HElayr e, DA 4 5 5076 A 72 2 5347 AR WA L, 25 4 32

T THE IS AT o B R ERAR 5 R AT SRR, I
X 2 B B RS AR RE B (& A 1) BEAT 20 By 5451 23 M v
SHIMEW FFR:dy = 50,6, = Br =B =2,p =
300,c¢ = 150,a = 5,k,, = k. = k= 0.1,t,, = t, =
t=15,u =5,¢ = 300.

TE XA 1A o 73 5 J9AAE A 7= P15 3R AT e
BRI BEAAEAL 7 B AT S AT Rl e R 4% 5%
IS O 5 3 1] 1 W, B BUR A RE TR B
FROHE 0, R K Z A b, BVE H R # o 55
eI, B BT R 45 R B, B B R0
At R ) B 1 R S R B AR, R b, 24 i e R AR
7 AR B IR S8 HEAT IR IR BN, A R PR A o KT
468.8, W 3 Ao 75 25 %0 LR 5 il i P AXAE
A PR IR HEAT BRSNS, R iR R A ¢ KT
937.5 I, ME I K 3 Ay A 23 #E25% LA, Bl &7 &
L) LA R RO AEFE I OR. 5 — T L 0 T
[P 7 PRI B BRI, 15 28 7 A B A5 S AT R HF B AR $%
BN PR 453 2% 238 AN T AN AR P A el e R 4% B2

2 G B TR A P AR B PR Y AT RHE R B

VA R7INT B
N T R FUAE AR IR RA A IR 1 B AT IR HE R
ARHE LT, 25 200 i 3 7 AR AR 265 e AR 4D 2 e
T2, TR B AE A8 XU I IA B = 1) B4 2 B4R,
PR R S (URRE RSB0 2 B
1 36 7 R 2 ) e SRS AT T A R o S 6 R 4
Mr. H A SEE R 8 NS M S R ia i &, A I
AEHERE R AT SEIR BT, FEAE VPN R S H AR AR
B (& W) I 45 1 B (SN ratio) fi7 & () —Fh vk,
FCH A SRS 1 B A BRI (1 Bk A
JHERI S %, EEARIAE Z 0770 DL D &K
IO AE AR 2 A5 B, I BAZ 5 1L Re 6% Sl R 4k
A0Sl T A SCHE AT I G H bR i 7 A
FAE A, 0 S2a SR R A s B e

Et (Taguch!1):
SN = —10log (%Z(mj)*). (16)

J=1

0.40 y Hor ;M RS S AL T I R R, 78 1% 5
0.35} — A" 6y B g ) 2 2 7 R o A B R T R
. 0.30 AE .
S sl o 1) 3 8 7R 2 M L S B B 5 2
020l TR By €5 @, K Mt BRSNS AHERIR, w A1 ¢ R8P
o1s . AT IR 2. AT 708 B Y L (20) 1F S M B, T R
0 4 8 12 16 20 A58 B A P Ly (22) TE QM e, 2 KT 1 673
/10’ TE B SR PR E —10 %, 7K 7 2 2 7% 7 481
1 A BERBRER ¢ BI{L#EEE SEEUE LR +10 %.
2 HIESFEL SRR RL ISR
) Bm ¢ “ P b A SN ratio
A C D E x1 xo x3 Ta
No.1 1 1 1 1 3170.5 3440.5 3470.1 3800.1 70.7539
No.2 1 1 2 2 2849.8 3119.8 3149.7 3479.7 69.900 6
No.3 1 2 1 1 1953.9 22239 2507.0 2507.0 67.086 6
No.4 1 2 2 2 1695.1 1965.1 1922.0 2252.0 65.707 1
No.5 2 2 1 2 3346.6 3616.6 3598.9 39289 71.1389
No.6 2 2 2 1 3964.4 42344 4296.3 4626.3 72.5905
No.7 2 1 1 2 2391.0 2661.0 2650.7 2980.7 68.454 1
No.8 2 1 2 1 2876.2 3146.2 31949 35249 69.996 1

P 2 R 3 73 3l Dy i 11 a7 15 P B 280z ]
FIEAZREF 7 72 53 M. BT F SR 36 4 g e o
b EL A 0 B i 8 FEARUE K/ R, 1 5K (16) W
P EL 4 (SN 7B K {125 30 B2 (0 22 /NP1, ey 1

27 W, S8 as by Mt HALE, S50 8, A e X5 M LL
ISE IR B 3, BB KL By, A ey £E KT 210 1O 15 T
Ll R, 28 e va ML, FE7KF1 HIEM L ERCOR. B3R
30T DL, By, ¢, a A, S8 8l 35 T FR) AR 90 R A i 2,
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S Y ke, XoF 1) 385 G A0 52 MR RE FEE ARG B8/, BT B 2
7 A LA S & EE RS B, 0 My,
2.

FS R . WA R L (2°) 2K, R T35
(61 L4(22) T AHENE. F2 4R VKT 1 Fom e S5
SR 2 —10%, K 2 %73 45 B4R

A B € D E FOERE F 110 %.
71 *=3 HIEFFEAEREE T ES T
m .
& 70 KU HME  AdjSS  AdjMS F1il PE
ﬂ _________x__%_____
B g Bon 1 95296 95296 26738  0.004
{Iz
= ¢ 1 215824 215824 60557  0.002
68 a 1 08331 08331 2338  0.040
1212121212 Ko 1 00724 00724 203 0290
2 IR SN ratio BTN [E tm 1 34146 34146 9581  0.010
= S L L e — e 2 00713 0.0356
FER M E SR L WK 4 s, Ho: N
. . . &t 7 355033
d()\ /67‘\ p\ krﬁntr%msﬁ\m‘ﬁ%‘%7u$ucﬁxﬂ
F4 FTEFIEER SRR NEFREE
dO 57‘ P kr tr %(1E
e SN ratio
A B C D E Y1 Y2 Y3 Ya
No.1 1 1 1 1 1 5997.6 4263.1 59413 4161.3 73.7443
No.2 1 1 1 2 2 5915.5 4263.4 5864.8 41683 737105
No.3 1 2 2 1 1 11582.0 8818.2 11786.0 8893.0 79.9829
No.4 1 2 2 2 2 11028.0 8470.2 11219.0 8542.2 79.604 8
No.5 2 1 2 1 2 11375.0 9059.4 11419.0 9032.4 80.0175
No.6 2 1 2 2 1 12109.0 9543.9 12315.0 9630.5 80.5583
No.7 2 2 1 1 2 72202 5212.1 7158.9 5096.8 754515
No.8 2 2 1 2 1 7694.7 5436.0 7747.7 5384.5 75.9397
B 3 F12 5 93 A o T Ui 2 T A M L 32 RN A 15 e L s i S5 2 M i T R 4S8 S8

MIEAEREFI 7 220 W%, I3 W] W, S p i £

A B C D E
80
g
" 78
2 —%——— 4 -t ——1>
K
& 76
74
1 21 212121 2
3 FEE/ SN ratio EINE
=5 FERIEERLEFESH
KU HEHE  AdjSS  AdjMS F1 P
do 1 3.0315 3.0315 199.98  0.005
B 1 1.0866 1.0866 71.68 0.014
P 1 56.8049  56.8049 374728  0.001
ky 1 0.0476  0.0476 3.14 0.218
t, 1 0.2595 0.2595 17.12 0.054
R 2 0.0303 0.0152
&t 7 61.2604

do~ Br~ p ke FE7KT 2 IS M B ROK, ¢ FE KT 1
fEME L oK.t 5 H] L, B B0 s p X 224 A R A
AR B2, LIRS B dy M B, Mk, At X
[EiRERINE AT E S RE i

4 4 #®

AR HE TRk PR AAS 5y B, 26 8 VH 2 38 A Aok
UF AR A B AR B B, B 5T 1 25 45 B2 2000 P 4 it 9L
BRI, T 5 R (Stackelberg 1925 1 45 77)
T S PUE B A U A = e, B O
(Stackelberg 18 2% (1 R fifi ) ¥k € A AE A2 7= A 45 347
RCHERE AR A% B8 340 A2 5 AE 77 2R 1 AN 85 2045 35 35 AT Ok
HER AR #E BT, DL L s IR K T B Je R FU )& e A0
T T AE AR 77 RN B PR T DR R R H B I ) e A 1R
H ARG S AU AR P I AT IR BRI BT AT L
G e E, da Y SRR ] 4k B B 2R 4 AT R Ay
Mr. FEM TG R DLW T 1) MR o & T H—
%] L BT, ) 45 2% 2RI T 25 o, B 24 BURF 132 5E H BR
B R I, 27 5 L) Be i SEIL A AU B 2) 5%
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BEAT IR A B BE A BB FE KT~ v (R3S 24 353 5
), i HL 28 G A A 36 R R P 0 0K 3)
SR G0 A R B, B R K 1 3 i R 2 5 e 1 R
Wi 10N S 2

AL FUR PRS2 2 LA 20 AN B )i
P PR RS — S IR 5 O X T 3R E R R b
KV AAH NS HEME. RN AR WA A
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