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RESEARCH ON DUAL-CHANNEL SUPPLY CHAIN PRICING
AND EMISSION REDUCTION DECISION-MAKING
CONSIDERING CARBON EMISSION FALSE REPORTING
UNDER CARBON TRADING MECHANISM

ABSTRACT

In order to cope with the increasingly severe environmental problems, many
countries have formulated and implemented greenhouse gas emission reduction
policies. Carbon trading scheme has been widely recognized as a market-driven
carbon emission control strategy. However, the effective implementation of this
mechanism depends on the accurate disclosure of carbon emission data of
enterprises, which may lead to the disclosure of sensitive information such as
resource costs and business plans of enterprises, thus weakening their competitive
advantages and affecting the enthusiasm of enterprises to participate in the
disclosure of carbon emission information. In other words, the promotion of
carbon trading policy has the difficulty of carbon information asymmetry, which
may cause the cheating behavior among enterprises.

In a dual-channel supply chain, the information flow between channel
participants usually presents an asymmetric feature. This kind of information
asymmetry, coupled with the individual's retention of private information and the
pursuit of profit maximization motivation, often leads to the frequent occurrence
of false information reporting behavior in the dual-channel supply chain. In

addition, government subsidies, as a means to encourage low-carbon innovation,
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have different impacts on the optimal decision-making of supply chain in the
context of information asymmetry. At the same time, with the increasing
environmental awareness of consumers, enterprises are facing higher
requirements in terms of social responsibility, and in the case of information
asymmetry, different corporate social responsibility (CSR) strategies also have a
differentiated impact on supply chain decision-making. Therefore, in the context
of carbon trading mechanism, it is of great practical significance to explore the
effects of government subsidies and CSR on manufacturers' misreporting
behavior and optimal decision-making of supply chain members under the
asymmetry of carbon information in dual-channel supply chains.

Under the background of carbon trading mechanism, this paper establishes a
two-level dual-channel low-carbon supply chain consisting of a single
manufacturer and a single retailer. Considering that dual-channel manufacturers
lie about the initial carbon emission information of products, a manufacturer-led
lying model is constructed. From the perspectives of environmental benefit,
economic benefit and social benefit, the influence of manufacturers' misreporting
on the optimal decision of dual-channel supply chain members is analyzed.
Secondly, the carbon subsidy policy is introduced in the context of carbon trading
mechanism. Considering the government's carbon emission reduction subsidy or
carbon emission reduction cost subsidy to manufacturers, the manufacturer-led
false and carbon emission reduction subsidy model (SR model) and false and
carbon emission reduction cost subsidy model (SD model) are constructed. The
influence of manufacturers' misreporting on subsidy effect and government
subsidy on manufacturers' misreporting decision are discussed. Finally, the CSR
factor is introduced into the dual-channel supply chain and considered together
with the initial carbon emission information asymmetry, and the manufacturer-
only CSR model (MC model), the retailer-only CSR model (RC model), and the
simultaneous CSR model of the manufacturer and retailer (CC model) are

constructed under the manufacturer's misreporting behavior, and the impacts of
v
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the different CSR assumption strategies on the manufacturer's misreporting
behavior and key indicators in the supply chain are compared. and key supply
chain metrics. According to the above research content, the main research
conclusions of this paper are as follows:

(1) Manufacturers' misreporting decisions are closely related to carbon
trading prices and misreporting coefficients. If the carbon trading price is below
the threshold, the manufacturer will choose to "underquote", and when the carbon
trading price is above the threshold, the manufacturer will choose to "overquote".
Regardless of the price of carbon traded, the social benefits of "over-reporting" ("
under-reporting ") by manufacturers are smaller (greater) than those of "under-
reporting". Punishment and incentive measures can effectively restrain
manufacturers' misreporting behavior when certain conditions are met. If the
carbon trading price is lower or the initial carbon emissions are smaller, the
penalty measures are more effective. Otherwise, vice versa. The social welfare of
punishment measures and incentive measures are negatively correlated with
consumers' offline channel preference coefficient, and incentive measures are
better than punishment measures in most cases.

(2) The negative or positive effects of manufacturers' misreporting on carbon
emission reduction, total market demand and manufacturers' profits under the two
subsidy strategies mainly depend on the level of carbon trading prices. Under the
manufacturer's misreporting behavior, the size relationship between the sales
price under the two subsidy strategies is complicated. When the two subsidy
coefficients meet certain conditions, there is a situation that the sales price of SR
model is always greater than that of SD model. In the case of "overreporting" by
manufacturers, the carbon reduction cost subsidy strategy has a greater positive
impact on environmental and economic benefits. If the government aims to
maximize the environmental benefits, it should choose the carbon reduction cost
subsidy strategy. If the goal is to maximize social benefits, the carbon emission

reduction subsidy strategy is a more appropriate choice for the government.
Vi
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(3) No matter what kind of CSR commitment strategy, the level of CSR
commitment does not affect the manufacturer's decision of misreporting. The
social welfare of the manufacturer in the case of "underreporting” is not
necessarily greater than that in the case of "underreporting", and the social welfare
in the case of "overreporting" is definitely smaller than that in the case of
"underreporting”". Under the manufacturer's misrepresentation behavior, the
carbon emission reduction and total market demand of the manufacturer's
misrepresentation and only the retailer's commitment to the CSR model are the
largest, followed by the manufacturer's misrepresentation and commitment to the
CSR model. When the carbon trading price is high, the selling price decreases as

the proportion of CSR borne by the manufacturer increases.
KEY WORDS: Dual-channel supply chain, Carbon trading mechanism,

Misrepresentation, Government subsidies, Corporate Social Responsibility
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M PS> P 2) #F p>1, W PR <P, FHp >ph, W f(p)<0, 1)FF 0<p<1, NI
PR < PW 2) 47 p>1, N PSS pWR,
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ph < pl, <0, Xt vp, e[0,+0), FH f,(p,)<0, WIFF0<p<1l, M PR <pP™; ¥ p>1,
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(i) 24 k—s(s+ B) <0 H kA—-28(s(2+A)+ 1+ 1)) >0 I, f,(p,) M FRHE N IE, 2
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U PSR > PN ph <p, <phs W f,(p)20, DEO<p<l, U PF >PYW, )% p>1, N

PR <PV,

BifsR 14
T& i//k\‘ 4-8 E-l(] Uk Eﬁ . (1) eSD* _ gND* _ 2eo (/B"' pe)(ﬂ_ﬂ*pe)(l_p)
Bl
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<ﬂ E 1ﬁjzﬂ E.O 1 |)'||J SD* ND* DSD* DND* SD* ﬂ
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Bl
fs(p.) =281+ ) p + (KAL-t) -2 A+ A)p, + 2k(AL-1) B, THX, f,(p,) ZKT p, HIIFH
T — T REREL () BIAIBIR A, =16k B2(L-t)(L+ A) + (287 (L+ 1) —K(L-1)2)* >0 ,
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W 49 WIUEW: ¥ SR MM E SD MM mMHEEFEZH: ()

eSR* _ gSD* _ 25, (+p.)

AR » F(B+p.)=25(8+p.) +(25° =3kt)(B+ p,) +3ks(L-t) , L y=S+p,
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f(y)>0, BID® >D®, %>z, #Hy, <y<y (y,—B<p.<y-pB), W f(y)<0, &

D <D%®, X<z,
B 16

G i 4-10 I S < B pse _psor _ 26 H,(B+p)
AlBl

f,(B+p,) = (B+p.)* (kt+258) + (B + p,)(B(25* —3kt) — 2ks(L—t)) —ks(L-t)(s —38) » & Y= B+ P, »
M) £,(y) = y? (kt + 25 8) + y(B(2s? — 3kt) — 2ks(1— 1)) —ks(L—t)(s =3p) - f,(y) 5 P — P> HHHA
PR . BAR, L) Rk Ty WIF DA B — ot SRR, £ (y) B A ) A

Ay =B (25° +3Kt)* + ks’ (k(1-1) —65°) , H.O<y<y=min{ /3"(;“) ,\/%—s} , WU

L k(1- k _ k e _ k
(DZ A, <O, ,f3 (2 ) >\/§—s,ﬁ&y=\/§—5050<y<y (0< pe<\/§—s—ﬂ),

MTEAR f,(y)>0, P >pS,

@014, >0n, (XA \/% —s iy = (RO ) g R 2 4

2 2
SR, BNy, = 2ks(1—t) - B(2s% - 3kt) +, /A, ) Hily, = 2ks(L—t) - B(2s* - 3kt) - JA, ) 0
2(kt +2s/3) 2(kt + 2s3)

i) % s-3820 B , W & y, <0<y, . #& O<y<min{ 3k(1—t)

A

—B), M f,(y)>0, PF>pP,

3k(1—1)

( 0<p, <min{

3k(L-1)

(ys_ﬁspe<

(i) 24 s-38<0 H p(2s? —3kt) - 2ks(L—t) >0 BF , f,(y) Xt BR o S, Uh A i 2

3k(L-1)

(0<p, < [F5—= =), WIEH f,(y)>0, P >P®",

Ve <V;<0. £ 0<y< w

(iii) 24 s—38<0 H. B(2s? —3kt)—2ks(1—t) <O I}, f,(y) X FR Bl Ay E A8, b i 2

0<Ys<V¥so
4 k(1- k@- k@- H
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(b y, < 3k(l_t)<y5, Mo<y<y, (0<p, <y, -f< 3k(12_t)—ﬁ)EﬂL, H f,(y)>0,
PRSP y <y< 3k(:;_t)(y6—,8$pe< 3k(1_t)—ﬁ)lﬁ, H f,(y)<0, P® <p™,

(©) # y6<y5<,/&2_t) o Wo<y<y, (0<p<y-f< 3k(1 V_p ) s
Vs <Y< 3k(12_t) (y,—fB<p,< Bk(lt —p) B, A f(y)>0, PRSPy <y<y,

(Ys=B<p.<Ys—B)B, A f,(y)<0, PF <P,

BfsR 17
MC* _ MC* _
T& 1‘//8 5-1 EI(J iF EU% . (1) oe — 260(ﬁ+ pe)(ﬂpe /8) . ob — 2k€‘0(ﬂ,pe ﬂ) :
op A, op A,
MC* _ ! MC* MC* MC*
Uy _ 2k& (AP, =)o (i)?é <p,> )ﬂj‘% 20; 2 S0, M oGm0, <B,
op A, op op A

MC* MC* mc*
)R”Jae <0; b <0; o, <0,

op op op

oP™" _ 26,(2pp,(1+ (B + p.) —k(B(2-x) +4p,)) ‘
(2) = ) et
op 2A,

h*(p,) = 2k(x — 2) Be, + 2(2 8% (1+ A) —kA)e, p, + 481+ A)e,pl » W h'(p,) 5 P /op 5 AHH R ) H
W, A, hi(p) &R T p B DA LW —J0 ZREKE, h'(p,) 1A 5 K
A, =4@Bk(Q2-xX)SA+ )+ (kA-282A+A)%)e2 >0, LT h(p,) FIEE SRR IRA 2 38

ht(p,)

. . 1 k/1—2ﬁ2(1+/1)—\/8kﬂ2(2—X)(1+/1)+(k/1—2ﬂ2(1+/1))2
5 /\ N =
oo, o oa A~ p D) <0 M

p;eu:k/1—2,82(1+/”t)+x/8kﬁ2£(12ﬂzl>2(i;/1)+(ki—2ﬁ2(1+/1))2>0O BT ops0, B,

12 aP Mer M2 12 ap Mer
0<p, <p2i, & <0; Hp,>plhf, H 20
op op

ik 18
- ‘ eV —2a(B+p.) oDMe  _2ak
A 5.0 [T BH . — e . — .
HEWS 5-2 WIERH: (1) — A <0; ~ A <0;
oun® _ ake (1-2a) —2ax(L—2a)(2k — (B + p,)*) - (2k&] —a(l—2a)(A, + k) B %
oa A, ’
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h'(x) = akx® (1 - 2a) — 2ax(1 - 2a)(2k — (B + p,)?) — (2kd, —a(l—2a)(A, + kx)) » h*(x) &R T x 11—

_%k-28+p)

JC R B B, B OkB-x)-2(8+p)*>0 A 1H 0<x<xM -

2 2
h(xMC) = 2k <0 - S Fj iy x°:%>o, HxO—xMC=W>o, i

X' >x" o A, =4al-2a)A' s A =a(l-2a)(2k—(+p,))? +k(2kS] —a(l-2a)(A, +kx) , Tt

W
()4 0<a<y2if, 1-2a>0, WE)JFHF L, A'>0, FrEla, >0. %h'(x)=0f#f

X a(l—2a)(2k — (B + p,)?) ++Jall—2a)A’ Hid = a(l-2a)(2k - (B +p,)*) —Jald-2a)A’ CFLI

ak(1-2a) ak(1—2a)
e _ auMer
WX <0<x™ <X, MM 0<x<x" i, fHAN(KX) <0, —"—<0,
o
(i)H¥Y2<a <1, 1-2a<0, h'(x)FFHFET,
. auMC*
(@#FA'>0, WA, <0, FO<x<x"Hf, fHAN(x)<0, —1—<0,

(b)# A'<0, WA, >0. BN (") <0 Hx®>x", Frelbii 2 o<x™ <x <x. #

MC*
0<x<x™ I, THA h(x)<0, ag’“ <0,
[04

MC*

(i)Y a =12/, f1(x)=k(2e,(p, +(B—-1p,)p)—-a)<0, éﬁz <oo,,TL)3)? a <05
(04
MC* MC* MC* 2
ae — zpeo pe (ﬂ+ pe) >O ; aD — kaeo pe > 0 ; aum — kaeo pe5l > O
oA A, oA A, oA A,
MC* ’ MC* 2 o1
oe :2k(,8+r;e)§1>0 , ob™ 2k 5; 0 ,
OX (A,) ox  (A,)

ouy®  k*h*(x)—4ka®(3—x)1-2a)*(B+ p,)* +4a’(1-2a)* (B +p,)’

m

x 4(A,)°

h?(x) =a’x*(1—2a)? —6xa’(1—2a)* +a’ (13— 44a +40a°) —4e,(p, + (B —A1p.) p) (@l —a) + &) - 1]

B H (k) =k?h?(x) — 4ka® (3— X)L —2a)* (B + p,)°* +4a’(1-2a)* (B + p,)*» HK) &KX Tk FI—JT

TIREREL, Ay =-64a°(1-2a)*(B+P.) () <00 HH A, <OAFFh(x) >0, H(k)
I, E&i—’lk>2(é%se)zﬂﬁ fHAH H(K)>0, El] U \

P _a(k-26(p+p,) 6PM°*:peope(2ﬁ(ﬁ+pe)—k) P k2B )RS
oa A, A, ox (A
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X k-2B8(B+p,)20 ,

MC*
ioo<p << —pn, P

MC* MC*
Lo, P P
2p3 oa oA OX
k opMe” opMe” opMe”
k-28(8+p,)<0, Blp >—-pHt, <0, >0, >0,
BB+ p.) P> B . Py ax
B3R 19
RC* _ RC* _
B s3 M E . () 0 _2aBrp)up-p) D _2eUpn-f)
op B, op B,
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op B, A op op
RC* RC* RC* RC*
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op A op op
(2) aPRC* — eo (2/8 pe (1+ﬂv)(/8+ pe) B k(2,3(1— X) +ﬂ“pe)) , 16
op B,
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R, h¥p) &R T op, WWH O W B — 6 = KK %,

Ahz(pe)

h?(p,) M I 1 =X
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(KA —-2B°(1+A)) + /Ahz( (KA=2B°1+A) - JA,,
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oPRe”
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>0,
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frof i k. WK, hi(p) 2R T op, Mg SR, h(p) B9 K A K
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e
o
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3 aURC* Sy 3 auRC*
h(pe)ZO, am 203 ZS‘260(:|'_ﬂ’p)pe-I_Zeoﬂp_a<0’ )I_\“Jh(pe)<0’ am <0,
[04 [04

B3R 21
. . e 2pe,p.(B+p,) oD 2k pe, p
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St iy po o SE 2P LD A g e KT A
45+ A) 45+ A)
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