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*is paper investigates the low-carbon product manufacturer’s different decision behavior in the offline traditional retail channel
and online e-commerce channel when the carbon trading market has been established. *e low-carbon product manufacturer is
both in the carbon trading market and product market. In the former market, the manufacturer can gain profits by selling its
emission quota. In the latter market, the manufacturer has two sales channel options, the traditional offline retailer and the online
e-commerce platform. *ese two channels make two supply chains, the manufacturer-led offline one and the e-commerce
platform-led online one. *is paper combines the carbon trading market with the product market, formulates different
Stackelberg game models, compares the manufacturer’s decision under two channels and the impact of channels on the carbon
emission, does sensitivity analysis, and verifies the conclusions with numerical examples. Our findings are (1) the establishment of
the carbon market will help the manufacturer reduce its carbon emission, especially for those sensitive to the carbon price and
those with toomuch emissions; (2) whether the manufacturer turns to the online channel depends on the consumers’ sensitivity to
the sales service, and consumers’ attention will guide the way to the online mode; (3) which mode is conducive to carbon emission
reduction relies on the product type: the e-commerce platform does well for daily necessities of mass production while the
traditional channel is better for experience goods.

1. Introduction

Traditionally, the manufacturer used to sell products
through the offline retail channel. Up to this day, with the
rapid development of information and Internet technology,
the birth of Amazon, Jingdong, and other e-commerce
platforms opens up a more convenient option [1], which is
transforming the consumers’ shopping style with rapid
momentum. In contrast with the traditional offline mode,
the online one features convenient access to the product
distinctively and the low cost to promote it. *e manu-
facturer has to pay the sales revenue proportionally to the
e-commerce platform when selling through it. *e income
ratio for the platform in the whole sales revenue is called the
commission rate.

While the manufacturer provides consumers with var-
ious products, it also does with carbon emission, which will

lead to an unpredictable influence on the globe. Data from
NASA showed that the carbon dioxide level had reached the
highest in the past 650,000 years (https://climate.nasa.gov/).
So, consumers, with their increase in low-carbon awareness,
are preferring low-carbon products. A poll from Accenture
said that 72% of the respondents are willing to purchase low-
carbon products and pay a higher price (https://www.
businessnewsdaily.com/15087-consumers-want-
sustainable-products.html). As a result, the manufacturer
will invest more to carry out carbon emission reduction
transformation and produce many low-carbon products.
*us, the manufacturer producing low-carbon products
along with its upstream and downstream enterprises forms
low-carbon supply chains [2].

To address the carbon emission problem, governments
have tried many measures to promote low-carbon prod-
ucts. *e EU initiated the carbon trading mechanism
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(https://www.thebalance.com/carbon-emissions-trading-
3305652), which gets accepted widely because of its mar-
ketization property and has been applied in China [3],
Australia [4], New Zealand [5], and Europe [6]. *e
concept of carbon trading was originated from the UN
Framework Convention on Climate Change and the Kyoto
Protocol. *e latter regards market mechanism as a new
way to solve the problem of greenhouse gas emission re-
duction; that is, carbon emission right is regarded as one
common commodity, and manufacturers are encouraged
to save carbon emission quota through technological
progress, which can be exchanged with other manufac-
turers. Carbon trading can internalize their original ex-
ternal cost, thus forming a forced mechanism to promote
manufacturers to carry out emission reduction innovation.

*e current research studies on carbon trading mostly
focus on the traditional offline channel [7, 8]. However, the
e-commerce of the online channel is a more and more
potential option for manufacturers to sell their products.
Since manufacturers’ ultimate goal is profit, they will weigh
whether they can profit from the carbon trading market and
which channel is more beneficial between the offline and
online mode. We aim to answer the following questions:

(1) Under what conditions can manufacturers be
profitable in the carbon trading market?

(2) Under what conditions can manufacturers turn to
the online mode?

(3) What effects of the offline mode and online mode
have on manufacturers’ carbon emission?

Our study contributes to the related research by an-
alyzing the supply chain decision after putting the
manufacturer into both the carbon trading market and the
low-carbon product market and applying the carbon
trading into the online e-commerce supply chain mode.
We formulate two Stackelberg game models to describe
the low-carbon product manufacturer’s decision behavior
and compare the effect of different factors on its channel
selection and carbon emission reduction. Results show
that the carbon trading mechanism provides the manu-
facturer with a flexible carbon emission decision option
and can guide it to reduce emissions consciously and
effectively. However, the manufacturer’s condition to gain
profits is that the carbon market scale is located in a
specific interval. From the view of channel selection, the
commission rate plays an important role. It is concluded
by combining the carbon trading and channel selection
that which mode is conducive to the emission reduction
depends on the product property sold by the
manufacturer.

*e rest of this paper is organized as follows. In Section
2, we review the related literature. In Section 3, we elaborate
on the problem and give the necessary mathematical ex-
pression. *en, after low-carbon supply chain decision
models are built in Section 4, we compare the results of
different models and do managerial insights and sensitivity
analysis in Section 5. In Section 6, we do numerical ex-
amples. And lastly, conclusions are made in Section 7.

2. Literature Review

Our research is closely related to two streams: carbon trading
and supply chain channel selection.

2.1. CarbonTrading. Carbon trading is human beings’ active
strategy to deal with global climate change. Simulation re-
sults of Cheng et al. [9] showed the success of the carbon
trading system to achieve emission reduction goal. *e
region starting the carbon trading system has reduced more
carbon emission distinctively, which can also maintain
sustainable economic development at the same time [10].
*is was achieved by improving technology efficiency and
transforming industry structure [3, 11, 12].

However, Liu et al. [13] and Jiang et al. [14] thought there
are still some challenges for the carbon trading market, for
example, incomplete mechanism, inaccurate quota alloca-
tion, and the absence of real-time carbon price. Caparrós
et al. [15] found that the emission trading system, though
designed in its original intention to encourage manufac-
turers to reduce carbon emission by new technology, might
result in manufacturers’ production reduction. Jaraite and
Di Maria [6] concluded based on Lithuanian data that EU’s
emission trading system did not help reduce emission at all.

Later, carbon emission in the supply chain was taken
into research. Cheng et al. [16], after building the supply
chain cooperative decision model combining carbon trading
and carbon tax, showed that highly intense carbon policy
does not mean manufacturers’ emission reduction and low-
carbon production increase. Chen et al. [17] investigated
how to regulate carbon trading in the case of uncertainty
with stochastic programming. Benjaafar et al. [7] integrated
carbon emission concern into the operation decision about
procurement, production, and inventory management and
studied the effect of the cooperation between multiple
companies on emission reduction. Pang et al. [18] studied
the influence of carbon price and consumers’ environmental
protection awareness on carbon emission in the supply chain
and found clean manufacturers’ unit carbon emission in-
creased with the carbon trading price while other manu-
facturers stood opposite. Wang and Wu [19] considered the
carbon trading behavior in the closed-loop supply chain and
revealed that product recycle helped reduce carbon emission
but high initial carbon emission did not. Xu et al. [20]
studied decision and coordination in the dual-channel
supply chain under cap-and-trade, suggesting that gov-
ernments should achieve coordinated development of
economy and environment by starting carbon trading. Xu
et al. [8] explored the emission reduction decision in the
make-to-order supply chain and concluded that manufac-
turers could adopt green technology to reduce unit carbon
emission and the optimal production would not be affected
by the increase in carbon price.

2.2. Supply Chain Channel Selection. Product sales can be
divided into single channel, multichannel, and omnichannel
[21]. However, dual-channel, one mode among multi-
channels, is mostly focused. Dual-channel means the
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addition of direct sales or other channel besides the tradi-
tional retail, in which consumers determine their purchase
channel based on the product price and service level [22–24].
After considering the supply chain with the traditional retail
channel and direct online channel, in which the manufac-
turer provides customized product online while provides
standard products offline, Batarfi et al. [25] found that the
customized product sales through the extra online channel
could increase its profit but also bring conflict. Yoo and Lee
[26] discovered that the online channel did not bring much
lower price andmuch higher consumers’ welfare necessarily.
Bernstein et al. [27] also found that new channel did not
mean better returns when analyzing the feasibility for the
retailers in the transition from offline sales to mixed modes.

*ere are two special ones, BOPS (buy online and pick
up in store) and O2O (online to offline) in the dual-channel
mode. Gao and Su [28] argued not all goods suit the BOPS
mode, even for regular customers, but it can attract much
more new customers. Gallino and Moreno [29] found that
the BOPS mode would lead to the decrease in online sales
and the increase in store sales. Chen et al. [30] analyzed the
pricing strategy of the offline mode and online mode in the
mixed dual-channel and the influence of supply chain power
structure on pricing.

In different modes, it is vital whether consumers accept
them. Jia [31] investigated two e-commerce modes, self-
owned platform and others-owned platform, and came to a
conclusion that the channel service level and the sensitivity
of consumers to channel service would influence the supply
chain desicion. Li et al. [32] compared the relation between
direct online sales and brand stores and revealed that if the
brand store was established first, the manufacturer might
introduce the direct online mode; otherwise, it might not.
Zhang et al. [33] showed that the optimal channel is pure
offline mode, dual-channel mode, and pure online mode,
respectively, corresponding to consumers’ acceptance de-
gree of the online mode, low, medium, and high. Lu and Niu
[34] found that the channel acceptance played an important
role in affecting equilibrium price when then the traditional
retail channel and e-commerce channel were compared.

Based on the above literature review, most research
about carbon trading focuses on the offline supply chain
channel, while the e-commerce is rarely touched. However,
the online sale has been trending. So, we should extend the
carbon trading from the offline mode to online one. From
the view of channel selection, the offline mode, together
with the online mode, will result in the free rider problem
with high probability, which will decrease the supply chain
profit [35]. And, multiple channels are easy to cause
channel conflict [36]. In the supply chain under the carbon
trading market, the manufacturer, as the primary source of
carbon emission, will take into account the revenue from
carbon emission and product sales together. *us, this
paper investigates the channel selection problem between
the offline and online modes from the manufacturer’s
perspective and analyzes which channel is conducive to
carbon emission reduction under the carbon trading
background.

3. Problem Description and Basic Relations

3.1. Problem Description. Suppose there is a low-carbon
product manufacturer located in the region where has
started a carbon trading system. So, the manufacturer is
contained in the carbon trading market and product market.

*e manufacturer brings carbon emissions during
production. *en, it will make process improvements to
reduce emissions. Afterward, the manufacturer can attract
consumers preferring low-carbon products and sell its
carbon emission quota to gain profit in the carbon trading
market.

*e manufacturer can sell its product through the tra-
ditional offline retail channel or online e-commerce plat-
form channel. What is different from the offline mode is that
themanufacturer has to pay some proportional sales revenue
to the platform as the feedback for providing the sales
channel in the online mode [37]. *e ratio of the income for
the platform in the whole sales revenue is called commission
rate.

*erefore, we will investigate two supply chains, the
supply chain consisting of one low-carbon manufacturer
and one retailer and that consisting of one low-carbon
manufacturer and one e-commerce platform (abbreviated as
the platform if no ambiguity exists). In different channels,
the manufacturer has contrasting status [38]: it is the leader
in the product-oriented offline mode while it is the follower
in the channel-oriented online one [39]. *e manufacturer’s
profit comes from carbon trading and product sales.

3.2. Mathematical Notations and Relations of the Supply
Chain. In this subsection, we provide mathematical nota-
tions and relations corresponding to the supply chain
member. Some notations are listed in Table 1, which will be
used frequently in this paper.

(i) Manufacturer

*e manufacturer sells its product at the unit price
of P to consumers in the e-commerce platform and
wholesale price of Pw in the offline mode to the
retailer.

It is obvious that E< Ê. According to Nair and
Narasimhan’s research [40], the manufacturer’s cost
for process improvements is functioned as

Cm(E) � α(Ê − E)
2. (1)

(ii) E-commerce platform

According toWu’s research [41], the platform’s cost
to serve consumers can be formulated as

Cp Lp( ) � βL2p. (2)

(iii) Retailer

To gain much revenue, the retailer will try its best to
sell products. *en, its sales cost can be expressed as
[41]
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Cr Lr( ) � cL2r . (3)

As well known, more cost has to be invested in the offline
service than the online one because of the channel difference
in the amount of target audience and the convenience of
promotion. *erefore, we suppose c> β.

3.3. Demand Functions for Different Markets. Demand
functions of different markets are given as follows:

(i) Offline channel product market

In the offline mode, the product demand is domi-
nated by the product price and retailer’s service. *e
demand function of the product can be formulated as
[37, 39]

q1 Pr, Lr( ) � Q − d1Pr + d2Lr. (4)

To let the following gaming process hold, we suppose
4d1c> d22, 4d1β>d22.

(ii) Online channel product market

In the online mode, the product demand is domi-
nated by the product price and platform’s service.
*e demand function can be expressed as [37, 39]

q2 P, Lp( ) � Q − d1P + d2Lp. (5)

(iii) Carbon trading market

*e carbon emission reduction can increase the
low-carbon product sales after consumers’ envi-
ronmental awareness rises and helps the manu-
facturer profit from the carbon trading market. As

the trading is concerned, carbon emission quota can
be treated as common products. Similar to the
inverse demand function of common products that
of Pc with the carbon emission can be functioned as
[7]

Pc(E) � Φ − φE, (6)

where φ is used to measure the influence of emissions on the
carbon price. Positive Pc means that the manufacturer can
gain profit because of its low-carbon emission, while neg-
ative Pc indicates that themanufacturer has to pay cost for its
high emission. Obviously, we have Φ − φÊ< 0. Otherwise,
manufacturers with too much emissions cannot be punished
so that they do not have initiative to reduce them, which is
contrary to the original intention of opening the carbon
trading market.

Also, let ec denote the carbon emission per unit product.
*en,

ec �
E

q
, (7)

where q is the product demand. *e smaller ec is, the better
the low-carbon level of the product is.

4. Supply Chain DecisionModels under Carbon
Trading Market

In this section, we formulate two supply chain game models
corresponding to the manufacturer’s sales channels.

4.1.Model I:OfflineChannel. In the traditional offline supply
chain channel, the product demand function is

Table 1: Mathematical notations.

Notations Meaning

C *e manufacturer’s unit production cost
Pw Unit offline wholesale price
P Unit online retail price
Pr Unit offline retail price
Pc Carbon price in the carbon trading market
Ê *e manufacturer’s carbon emission before process improvements
E *e manufacturer’s carbon emission after process improvements
α (α> 0) Elastic coefficient of carbon emission reduction cost
β (β> 0) Elastic coefficient of service cost
c (c> 0) Promotion effort level coefficient
θ (0< θ< 1) Commission rate
Lp *e platform’s sales service level
Lr *e retailer’s promotion effort level
Q Product market scale, a large enough positive number
d1 Sensitivity coefficient to the product price
d2 Sensitivity coefficient to the product service
Φ Carbon market scale
φ Sensitivity coefficient to the carbon price

4 Mathematical Problems in Engineering



q1 Pr, Lr( ) � Q − d1Pr + d2Lr. (8)

*e manufacturer’s profit from product market is

Im1p Pw, Pr, Lr( ) � Pw − C( )q1
� Pw − C( ) Q − d1Pr + d2Lr( ). (9)

*emanufacturer’s profit from carbon trading market is

Im1c(E) � PcE − Cm(E). (10)

*us, the manufacturer’s total profit is

Πm1 Pw, Pr, Lr, E( ) � Im1p + Im1c

� Pw − C( ) Q − d1Pr + d2Lr( )
+(Φ − φE)E − α(Ê − tE)2.

(11)

*e retailer’s profit is

Πr1 Pw, Pr, Lr( ) � Pr − Pw( )q1 − Cr Lr( )
� Pr − Pw( ) Q − d1Pr + d2Lr( ) − cL2r ,

(12)
and the supply chain’s profit is

Π1 Pr, Lr, E( ) � Πm1 Pw, Pr, Lr, E( ) + Πr1 Pw, Pr, Lr( )
� Pr − C( ) Q − d1Pr + d2Lr( )
+(Φ − φE)E − α(Ê − tE)2 − cL2r .

(13)

During the gaming process, the manufacturer and the
retailer form a Stackelberg game, with the former as the
leader and the latter as the follower. *e manufacturer
determines its wholesale price Pw and carbon emission level
E; then, the retailer determines its retail price Pr and service
level Lr. *eir gaming problem can be formulated as

max
Pw ,E
Πm1 Pw, Pr, Lr, E( ) � Pw − C( ) Q − d1Pr + d2Lr( )
+(Φ − φE)E − α(Ê − tE)2

s.t. max
Pr ,Lr
Πr1 Pw, Pr, Lr( ) � Pr − Pw( ) Q − d1Pr + d2Lr( )

− cL2r .

(14)
*us, the optimal decision of this model is obtained as in

Conclusion 1.

Conclusion 1. When the manufacturer sells its low-carbon
product through the offline channel, the optimal decision is

P∗w �
C

2
+ Q

2d1
,

E∗1 �
2Êα +Φ
2(α + φ),

P∗r �
C

2
+ Q

2d1
+ Q − Cd1( )c

4d1c − d
2
2

,

L∗r �
d2 Q − Cd1( )
8d1c − 2d22

,

Π∗m1 �
Q − Cd1( )2c

2 4d1c − d
2
2( ) +Φ

2 + 4αÊ(Φ − φÊ)
4(α + φ) ,

Π∗r1 �
Q − Cd1( )2c

4 4d1c − d
2
2( ),

Π1 �
3 Q − Cd1( )2c
4 4d1c − d

2
2( ) +Φ

2 + 4αÊ(Φ − φÊ)
4(α + φ) ,

q1 � Q − Cd1( )d1c.

(15)
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See Appendix A for the proof of Conclusion 1.

4.2. Model II: Online Channel. In the online e-commerce
supply chain channel, the product demand function is

q2 P, Lp( ) � Q − d1P + d2Lp. (16)

*e manufacturer’s profit from the product market is

Im2p P, Lp( ) �(P − θP − C)q2
�(P − θP − C) Q − d1P + d2Lp( ), 0< θ< 1.

(17)
*e manufacturer’s profit from the carbon trading

market is

Im2c(E) � PcE − Cm(E). (18)

*us, the manufacturer’s total profit is

Πm2 P, Lp, E( ) � Im2p + Im2c

�(P − θP − C) Q − d1P + d2Lp( )
+(Φ − φE)E − α(Ê − tE)2.

(19)

*e e-commerce platform’s profit is

Πp2 P, Lp( ) � θPq − Cp Lp( ) � θP Q − d1P + d2Lp( ) − βL2p,
(20)

and the supply chain’s profit is

Π2 P, Lp, E( ) � Πm2 P, Lp, E( ) + Πp2 P, Lp( )
�(P − C) Q − d1P + d2Lp( )
+(Φ − φE)E − α(Ê − tE)2 − βL2p.

(21)

*eir decision process forms a Stackelberg game, with
the platform as the leader and the manufacturer as the
follower, in which the platform gives its service level L first
and then the manufacturer decides its sale price P and
carbon emission level E. *eir gaming problem can be
formulated as

max
P,E
Πm2 P, Lp, E( ) �(P − θP − C) Q − d1P + d2Lp( )
+(Φ − φE)E − α(Ê − tE)2

s.t. max
Lp
Πp2 P, Lp( ) � θPq − Cp Lp( )

� θP Q − d1P + d2Lp( ) − βL2p.
(22)

Similar to the proof of Conclusion 1, we have the fol-
lowing conclusion.

Conclusion 2. When the manufacturer sells its low-carbon
product through the online e-commerce platform channel,
the optimal decision is

P∗ �
4Qβ(1 − θ) + C 4d1β − d

2
2θ( )

2(1 − θ) 4d1β − d
2
2θ( ) � 2Qβ

4d1β − d
2
2θ
+ C

2(1 − θ),

E∗2 �
2Êα +Φ
2(α + φ),

L∗p �
d2Qθ

4d1β − d
2
2θ
,

Π∗m2 �
d1 4Qβ(1 − θ) − C 4d1β − d

2
2θ( )[ ]2

4(1 − θ) 4d1β − d
2
2θ( )2 +Φ

2 + 4αÊ(Φ − φÊ)
4(α + φ) ,

Π∗p2 �
θ 4Q2β(1 − θ)2 − C2d1 4d1β − d

2
2θ( )[ ]

4(1 − θ)2 4d1β − d
2
2θ( ) ,

Π2 �
4Q2β2d1(1 − θ)
4d1β − d

2
2θ( )2 +

d1C
2(1 − 2θ)

4(1 − θ)2
+ Qθ − 2d1C( )Qβ

4d1β − d
2
2θ

+Φ
2 + 4αÊ(Φ − φÊ)

4(α + φ) ,

q2 �
2d1β

4d1β − d
2
2( ) +(1 − θ)d22 Q −

Cd1
2(1 − θ).

(23)
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5. Result Analysis and Managerial Insights

Conclusion 3. *e manufacturer has the same emission
reduction level in Model I as in Model II.

It is shown from Conclusion 3 that the production, only
related to the manufacturer who assumes the emission re-
duction cost and obtains the carbon trading revenue by
itself, is not associated with the offline retailer in the tra-
ditional supply chain and the online platform in the
e-commerce supply chain. *erefore, the carbon emission
reduction level is only decided by the manufacturer, and the
product sale will be crucial in the manufacturer’s decision.

Conclusion 4. *e establishment of the carbon market helps
the manufacturer reduce its emission. *e amount of
emission reduction increases with Ê and φ while decreases
with Φ and α.

See Appendix B for the proof of Conclusion 4.
Conclusion 4 tells us that the establishment of the carbon

trading market for manufacturers is feasible and conducive
to emission reduction. *e market mechanism creates a
suitable environment for manufacturers to actively reduce
emissions; this mechanism will drive the manufacturer with
large initial carbon emission to reduce much more emission
for getting more trading space; manufacturers sensitive to
the carbon price also tend to reduce more emission so that it
does not have to cost much to get emission permit and can
earn revenue by selling its emission quota. In fact, there are
also factors against emission reduction. When the current
carbon market scale is rising, it means that the corre-
sponding industry is facing many difficulties in reducing
emissions. As a result, this manufacturer’s emission will rise
more or less. If the elastic coefficient of carbon emission
reduction cost increases, it suggests that the current unit
emission reduction cost has increased so that excessive
emission reduction will make the manufacturer’s cost go up.

Conclusion 5. *e manufacturer has negative profit in the
carbon market if

0<Φ
Ê
< 2α

�����
1 + φ
α

√
− 1( ), (24)

and positive if

2α

�����
1 + ϕ
α

√
− 1( )<Φ

Ê
<φ. (25)

See Appendix C for the proof of Conclusion 5.
Conclusion 5 indicates that if the carbon market scale is

too small and there is no enough demand to encourage
carbon trading, the manufacturer cannot sell its carbon
emission quota and get profitable from the carbon market.
*erefore, the manufacturer’s condition to obtain profit is
the carbon market must rise to a critical scale, which is
2α(

���������
((1 + ϕ)/α)

√
− 1) times of the manufacturer’s emission.

Only above this critical scale dose, the manufacturer has the
desire to reduce emission. *is critical scale multiple is
decided by the elastic coefficient of carbon emission

reduction cost α and the sensitivity coefficient to the carbon
price φ.

Conclusion 6. In the e-commerce mode, the product price
P∗, the platform’s service level L∗p and profit Π∗2 , and the
supply chain’s profit Π2 all increase with the commission
rate θ. *e manufacturer’s profit rises with the increase in
the commission rate if d22 < 2d1β and rises up then falls down
if d22 > 2d1β.

See Appendix D for the proof of Conclusion 6.
Conclusion 6 shows that if occupying a higher pro-

portion of profit in the supply chain, the platform can help
add its profit and have subsequent desire to improve its
service level to attract more consumers, which is conducive
to the rise of the supply chain’s profit. However, this affects
the manufacturer’s profit. When the platform’s elastic co-
efficient of service cost β is relatively small (d22 > 2d1β), the
manufacturer still has space to increase profit, but most
profits are eventually been possessed by the platform with
the rise of commission rate. It also can be known from the
proof that the difference between d22 and 2d1β decides the
manufacturer’s space to increase profit. If this difference is
really large, the manufacturer has enough space to maintain
growth; otherwise, the space will be narrow. If β is quite large
(d22 < 2d1β) , the platform will try to grab profit in the supply
chain to offset its cost for improving the service level, which
makes the manufacturer’s profit fall down with the increase
in the commission rate.

*e manufacturer will raise product price to secure its
profit, expecting that the loss caused by unfair profit allo-
cation could be made up by high price and sales. *is
demonstrates the manufacturer’s awkward situation under
the case led by the platform; after the price is raised, the
supply chain’s whole profit rises, but its own part is still on
the decrease.

It follows from the above conclusion that when θ is close
to 1, the product price P will approach infinity. *is is
produced because the platform excessively occupies the sales
income while the manufacturer tends to increase the price
for expected profit. *is will results in the negative q2. *us,
to ensure the research practical, we reset the range of θ. Since

q2 �
2d1β

4d1β − d
2
2( ) +(1 − θ)d22 Q −

Cd1
2(1 − θ)> 0, (26)

we have the following conclusion.

Conclusion 7. 0< θ<max ((4Qβ − Cd1β)/(4Qβ − Cd22)), 1{ }.
Conclusion 8. In the product market, the manufacturer has
more profit than the e-commerce platform if

0< θ <
4d1β − 2

�������������
d1β 4d1β − d

2
2( )√

d22
, (27)

and the platform has more if
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4d1β − 2
�������������
d1β 4d1β − d

2
2( )√

d22
< θ< 1. (28)

See Appendix E for the proof of Conclusion 8.

Conclusion 9. *e manufacturer’s criterion to sell online is
as follows:

(1) θ ∈ (0, min θ2, 1{ }), if d22 < 2d1c.
(2) θ ∈ (θ1, min θ2, 1{ }), if d22 ≥ 2d1c, where

θ1 �
8d1β (β + c)d22 − 4d1βc[ ] − ��

Δ
√

2cd42
,

θ2 �
8d1β (β + c)d22 − 4d1βc[ ] + ��

Δ
√

2cd42
,

Δ � 64d21β
2 (β + c)d22 − 4d1βc[ ]2 − 32d1d

4
2β

2c d22 − 2d1c( ).
(29)

See Appendix F for the proof of Conclusion 9.
Conclusion 9 implies that whether the manufacturer

selects the online e-commerce mode depends on the sen-
sitivity coefficient to the product price and that to the
product service. *e change of these two coefficients will
affect the suitable commission interval for the manufac-
turer’s channel decision. When the sensitivity coefficient to
the product service is small, the service level affects the sales
little, so the effect of the platform on the revenue is small.
*e manufacturer’s expectation to gain more profit than
offline and occupy more sales revenue can be achieved when
the commission rate is low. Conversely, if the service level
affects sales greatly, the platform should be expected to
provide better service for attracting more consumers.
However, the essential condition for the platform willing to
cooperate is obtaining much more revenue. *erefore, the
commission rate should be raised in this case.

Conclusion 10. *e manufacturer’s carbon emission per
unit product through the online channel is lower than that
through the offline one if

c< 1

2d1
. (30)

*e manufacturer’s carbon emission per unit product
through the offline channel is lower than that through the
online one if

c> 2β

4d1β − d
2
2

. (31)

*e manufacturer’s carbon emission per unit product
through the offline channel is first lower and then higher
than that through the online one if

1

2d1
≤ c≤ 2β

4d1β − d
2
2

. (32)

See Appendix G for the proof of Conclusion 10.
Conclusion 10 reveals that the online mode does not

necessarily result in better carbon emission per unit product
than the offline one. It depends. If both c and β are small, the
e-commerce platform can sell more products. *ese are
products with low sales cost, for example, goods involving
daily life. If c> (2β/(4d1β − d22)), the proof shows that the
offline sales have surpassed the online one greatly. *is
corresponds to goods needing much offline experience. If
(1/(2d1))≤ c≤ (2β/(4d1β − d22)), the online product sales is
first lower then higher than the offline one with the increase
in the commission rate in the e-commerce platform mode.
*is demonstrates that for goods in between, we can rely on
the platform’s advantage in customer acquisition, improving
the service level after the commission rate rises, to stimulate
consumers’ demand for the low-carbon product. In this way,
the platform’s advantage is put to fair use, which can play a
positive role in reducing carbon emission.

6. Numerical Examples

In this section, we elaborate on the above conclusions with
numerical examples. Suppose Q � 100000, C � 3, Ê � 35,
Φ � 300, ϕ � 10, α � 5, β � 2, c � 5, θ � 0.4, d1 � 2, and
d2 � 3.

6.1. Carbon Emission Reduction Analysis. *e manufac-
turer’s carbon emission reduction relation affected by other
factors is shown in Figure 1.

It can be known from Figure 1 that the manufacturer’s
amount of carbon emission reduction monotonously in-
creases with the initial emission amount and the sensitivity
coefficient to the carbon price and monotonously decreases
with the carbon market scale and the elastic coefficient of
carbon emission reduction cost. *e factors influencing the
manufacturer’s emission reduction behavior include two
types, internal and external. Internal factors are initial
emission amount and elastic coefficient of carbon emission
reduction cost, while the external ones are carbon market
scale and sensitivity coefficient to the carbon price. In fact,
there is always one factor conducive to emission reduction
and one adverse to that, no matter for internal factors and
external ones. Once the initial emission amount and carbon
market scale are settled down, the significant influencing
factors turn to be the sensitivity coefficient to the carbon
price (external and conducive to) and elastic coefficient of
carbon emission reduction cost (internal and adverse to).
*erefore, the governmental supervision department should
promote manufacturers’ sensitivity to carbon price by
moderately strengthening carbon emission control, which
can guide manufacturers actively to speeding up emission
reduction. Meanwhile, government subsidies and other
measures that lower manufacturers’ emission reduction cost
are also useful in boosting their initiative.
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6.2. Analysis on the Manufacturer’s Profit from Carbon
Market. *e manufacturer’s profit change in the carbon
market affected by other factors is depicted in Figure 2.

After making Figure 2(a) with (Φ/Ê) as the independent
variable, we can find that the manufacturer’s profit from the
carbon market is 0 when (Φ/Ê) � 7.32, negative when
(Φ/Ê)< 7.32, and positive only when (Φ/Ê)> 7.32. How-
ever, the constraint, (Φ/Ê)<φ � 10, actually leaves very
narrow space for the manufacturer to gain positive profit,
which is demonstrated more distinctively in Figure 2(b).
Based on the current parameters’ value, only the blue area
above the green plane is where the manufacturer will be
active in the carbon trading market. Flexibly, we could
expand the manufacturer’s profit area by enlarging the
sensitivity coefficient to the carbon price. Consistent with
the analysis in Section 6.1, this highlights the significance of
strengthening carbon emission control by governmental
supervision departments because the governmental super-
vision to promote the manufacturer’s sensitivity to carbon
price is a “kill two birds with one stone” strategy, not only
stimulating the emission reduction but also further helping
the manufacturer gain profit, which will form a virtuous
circle.

6.3. Profit Analysis of Manufacturer and E-Commerce Plat-
form in Online Mode. *e influence of the commission rate
on the e-commerce supply chain and its members is dis-
played in Figure 3.

As can be seen from Figure 3, with the increase in the
commission rate, the manufacturer’s profit experiences a
significant decline after a slight rise, while profits of the
platform and the supply chain rise obviously (Figure 3(a)).
During the cooperation between multiple parties, the
platform relies on its leading status to set the commission
rate.When the platform raises the commission rate to add its
profit, the good result is that enough funds can ensure its
ability to improve the service level (Figure 3(b)), but the bad
result is that this move lowers the manufacturer’s profit, so
the latter has to defend its interest by trying to raise the
product price (Figure 3(c)). *e rise of product price is the

adverse factor for product sales; however, consumers clearly
prefer the utility produced by better service level, so the sales
can still mount up even though the manufacturer raises the
price (Figure 3(d)).*is also reflects how important the sales
service is in the e-commerce supply chain, which is critical to
attract consumers. *e reason that the increase in the
manufacturer’s profit is not easy to detect at the beginning,
combing the proof of Conclusion 6, lies in that d22 and 2d1β
satisfy d22 > 2d1β, but the difference between d22 and 2d1β is
too small, which squeezes the manufacturer’s space to in-
crease profit so that brief profit rise is soon ruined by the
increase in the commission rate.

6.4. Analysis on Whether the Manufacturer Selects Online
Mode. Based on the given parameters’ value, we make
Figure 4(a), showing the change of the manufacturer’s profit
in the online mode and offline mode with the commission
rate. In Figure 4(a), d22 < 2d1c holds. In order to contrast, we
reset β � 3.4 and d2 � 5 so that d22 ≥ 2d1c holds, and we
make Figure 4(b) similarly.

It can be seen from Figure 4(a) that if d22 < 2d1c, the
manufacturer gets much more profit from the online mode
than offline mode when 0< θ< 0.81. Figure 4(b) demon-
strates that if d22 ≥ 2d1c, this case holds when 0.30< θ< 1.
Relatively speaking, when the effect of the service level on the
sales is not large (Figure 4(a)), the manufacturer’s profit
experiences continual fall after slight rise with the increase in
commission rate, which is consistent with Figure 3(a).
Figure 3(a) tells that the critical point of commission rate is
0.6. *e manufacturer has more profit than the platform
when the commission rate is smaller than 0.6; on the
contrary when that is larger than 0.6. *us, after the
commission rate goes beyond 0.6, although the manufac-
turer’s profit starts smaller than the platform, its profit is still
higher than the offline mode until the commission rate
reaches 0.81. When the effect of the service level on the sales
is large (Figure 4(b)), d22 ≥ 2d1c, and the difference between
d22 and 2d1β is big, the manufacturer is given enough space to
raise profit. As can be seen, the increasing interval has been
extended to θ< 0.9.
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Figure 1: *e manufacturer’s carbon emission reduction: (a) change with Φ and Ê; (b) change with α and ϕ.
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6.5. Analysis on Carbon Emission per Unit Product of Online
and Offline Mode. Based on the parameters’ value set at the
beginning of Section 6, we make Figure 5(a) showing the
change of the manufacturer’s carbon emission per unit

product of the online and offline mode with the commission
rate, in which c> (2β/(4d1β − d22)) holds. For further
comparison, we provide two more group values of β, c, and
d2. One is β � 0.15, c � 0.2, and d2 � 1 so that c< (1/(2d1))
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Figure 2: *e manufacturer’s profit from the carbon market: (a) change with (Φ/ϕ); (b) change with Φ and Ê.
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Figure 3: Changes of the supply chain’s decision with θ in the online mode: (a) change in profits; (b) change in the platform’s service level;
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is satisfied, and then we make Figure 5(b); another is β � 1,
c � 1.1, and d2 � 2.8, meeting (1/(2d1))≤ c≤ (2β/
(4d1β − d22)), and we make Figure 5(c).

Figure 5(a) demonstrates that under the condition
c> (2β/(4d1β − d22)), the offline mode produces lower
carbon emission per unit product. As mentioned earlier, this
case corresponds to products relying on offline experiences
and needing much promotion efforts. *e online channel,
although convenient, is not omnipotent and not suitable for
all kinds of product sales. Figure 5(b) depicts the case for
products with low sales cost, in which both the elastic co-
efficient of service cost in the online mode and the pro-
motion effort level coefficient in the offline mode become
smaller, so the influence of the service on sales falls down.
*e e-commerce is applicable for selling this kind of goods.
*e sudden rise of Pinduoduo is similar to this situation. In
Figure 5(c), the supply chains have large space to adjust their
carbon emissions per unit product. *e online mode has the
same carbon emission per unit product as the offline one
when θ � 0.79, before which the offline mode has lower unit
emission and after which the online mode shows its
advantages.

However, all these three figures imply that, no matter
what the case is, the platform will provide good service with
the rise of the commission rate to attract consumers and
raise product sales. *e platform’s behavior has led to good
results so that the online mode could cause a continual
decrease in unit emission. *erefore, we can adjust the
supply chain to the state as we expect by changing the
commission rate between the manufacturer and the
e-commerce platform properly.

7. Conclusions

*is research investigates the low-carbon product manu-
facturer’s supply chain channel decision between the online
and offline mode when there is a carbon trading market. *e
offline supply chain mode consists of one manufacturer and
one retailer, in which the former is the leader. In com-
parison, the online one compromises one manufacturer and
one e-commerce platform, with the former being the fol-
lower. *e manufacturer could get profitable by selling its
low-carbon products in the product market and trading its
carbon quota to cover its emission reduction cost in the
carbon market. We reach the following conclusions with
practical value.

First, the carbon market establishment is conducive to
the manufacturer’s carbon emission reduction, especially for
those sensitive to the carbon price and those with many
emissions currently. *e carbon market trading mechanism
could motivate manufacturers much to reduce carbon
emission. However, some industries with a large carbon
emission base and some manufacturers with a high elastic
coefficient of carbon emission reduction cost are still facing
many challenges. Governments should provide subsidies
moderately to increase their initiative. Furthermore, to be
more conducive to emission reduction, the manufacturers’
necessary condition to be profitable from the carbon market
is that the carbonmarket scale should not be too small.*us,

it comes to that carbon trading market mechanism is not
universally applicable. Only in proper carbon market scale
interval can manufacturers be motivated.

Second, when manufacturers select the supply chain
sales channel between the online mode and offline mode,
they have to, on the one hand, experience the status change
and, on the other hand, weigh their profit gain or loss. In the
online mode, the commission rate represents the manu-
facturer’s power in the supply chain. A low commission rate
makes the manufacturer have more profit than the platform,
while a high one benefits the platform. As manufacturers are
concerned, whether they could select the online mode to
gain more profit depends on the property of products they
are producing. If consumers are not sensitive to the sales
service, manufacturers must fight for a low commission rate;
otherwise, if consumers take the service level seriously, the
e-commerce platform should provide better service. High-
quality service from the platform could help the supply chain
gain more profit as a whole. Hence, even though the
commission rate has risen to a little high level, the manu-
facturer can still enter the online mode.

*ird, which channel is conducive to carbon emission
reduction between the online and offline mode depends on
the product type. For daily goods from large-scale mass
production, the platform can make full use of its conve-
nience to sell more products, making the online mode help
reduce emissions. For goods needing experiencing in per-
son, the offline channel works better than the online one. For
products between these above two types, the platform can
raise the commission rate properly. After getting more
profits, it will improve its service level, making the online
supply chain mode conducive to reducing emissions in the
same way.

However, there are still some limitations in our models
to be further addressed. If consumers prefer low-carbon
products, the low-carbon level of products might affect their
purchase desire, which affects the product demand in the
end [42].*en, to what extent will this influence the demand
and would this change the supply chain member’s decision
behavior? *is research will combine the product market
and the carbon trading market better.

Appendix

A. Proof of Conclusion 1

We get the optimal decision of this model by the backward
induction method. In expression (12), the Hessian matrix of
Πr1 with respect to Pr and Lr is

H1 �

z2Πr1
zP2

r

z2Πr1
zPrzLr

z2Πr1
zLrzPr

z2Πr1
zL2r




�

− 2d1 d2

d2 − 2c
 . (A.1)

It is easy to see H1 is the negative definite matrix.
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Let (zΠr1/zPr) � 0 and(zΠr1/zLr) � 0. Solve these si-
multaneous equations, and then we can obtain the reaction
functions of Pr and Lr as follows:

P∗r �
2Qc + 2d1c − d

2
2( )Pw

4d1c − d
2
2

,

L∗r �
d2 Q − d1Pw( )
4d1c − d

2
2

.

(A.2)

Substitute them into expression (11) and let
(zΠm1/zPw) � 0 and (zΠm1/zE) � 0; then, we can reach the
manufacturer’s optimal wholesale price and carbon emission
level.

B. Proof of Conclusion 4

(i) It follows from Conclusions 1 and 2 that the man-
ufacturer’s emissions in two modes are

E∗1 � E
∗
2 �

2Êα +Φ
2(α + φ).

(B.1)

*en, its carbon emission reduction is

ΔE � Ê − 2Êα +Φ
2(α + φ) �

2Êϕ − Φ
2(α + φ).

(B.2)

Based on the hypothesis in Section 3, φÊ − Φ> 0.
*us, ΔE> 0; that is, E∗1 � E∗2 < Ê.

(ii) It is derived easily from the expression of ΔE that it
increases monotonously with Ê and φ and decreases
monotonously with Φ and α.

C. Proof of Conclusion 5

According to the above conclusions, the manufacturer’s
profit in the carbon market is

I∗m1c � I
∗
m2c �
Φ2 + 4αÊ(Φ − φÊ)

4(α + φ) . (C.1)

We take the numerator of this fraction as the function of
Φ,

f(Φ) � Φ2 + 4αÊ(Φ − φÊ). (C.2)

*en, f(Φ) is a parabola pointing upward with two
intercepts on the Φ axis, Φ1 � − 2αÊ(

���������
((1 + φ)/α)

√
+ 1) and

Φ2 � 2αÊ(
���������
((1 + φ)/α)

√
− 1).

Because Φ< 0, we have that the manufacturer’s profit in
the carbon market is negative if
0< (Φ/Ê)< 2α(

���������
((1 + φ)/α)

√
− 1) and positive if

(Φ/Ê)> 2α(
���������
((1 + φ)/α)

√
− 1).

Moreover, in the carbon market, Φ − φÊ< 0. *is
conclusion holds.

D. Proof of Conclusion 6

(i) P∗ � (2Qβ/(4d1β − d22θ)) + (C/(2(1 − θ))).
It is obvious that both (2Qβ/(4d1β − d22θ)) and
(C/(2(1 − θ))) increase with θ.

*us, P increases with θ.

(ii) L∗p � (d2Qθ/(4d1β − d22θ)).
Since 4d1β − d22θ> 0, it is obvious that L∗p increases
with θ.

(iii) Π∗p2 � ((θ[4Q2β(1 − θ)2 − C2d1(4d1β − d22θ)])/(4
(1 − θ)2(4d1β − d22θ))) � θ[(Q2β/(4d1β − d22θ)) −
(C2d1/ (4(1 − θ)2))].
Because Q is a large enough positive number, we
only consider terms with Q2, that is,
(Q2βθ/(4d1β − d22θ)), which increases with θ.

(iv) *e manufacturer’s total profit

Π∗m2 � ((d1[4Qβ(1 − θ) − C(4d1β − d22θ)]2)/(4(1
− θ)(4d1β − d22θ)

2)) + ((Φ2 + 4αÊ(Φ − φÊ))/
4(α + φ)).
We represent the manufacturer’s profit in the
product market as

Π∗m21 �
d1 4Qβ(1 − θ) − C 4d1β − d

2
2θ( )[ ]2

4(1 − θ) 4d1β − d
2
2θ( )2 . (D.1)

*en,

Π∗m21 �
d1 4Qβ(1 − θ) − C 4d1β − d

2
2θ( )[ ]2

4(1 − θ) 4d1β − d
2
2θ( )2

� d1
4Q2β2(1 − θ)
4d1β − d

2
2θ( )2 −

2CQβ

4d1β − d
2
2θ
+ C2

4(1 − θ)
 .

(D.2)

Because Q is a large enough positive number, we only
consider terms with Q2, that
is,((4Q2β2(1 − θ))/(4d1β − d22θ)

2).
Let f(θ) � ((β2(1 − θ))/((4d1β − d22θ)

2)) , then

df(θ)
dθ

� −
β2 4d1β − d

2
2( ) − (1 − θ)d22[ ]

4d1β − d
2
2( )3 . (D.3)

Because when d22 < 2d1β, ( df(θ)/dθ )< 0,
(4d1β − d22) − (1 − θ)d22 ∈ (4d1β − 2d22, 4d1β − d22),
meaning that Π∗m2 decreases withθ; when d22 > 2d1β,
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( 4d1β − d
2
2 ) − ( 1 − θ )d

2
2 ∈ ( 4d1β − 2d22, 0 )

∪ [ 0, 4d1β − d22 ),
(D.4)

indicating that Π∗m2 Π∗m2 first increases and then decreases
with θ.

(v) *e supply chain’s profit

Π2 �
4Q2β2d1(1 − θ)
4d1β − d

2
2θ( )2 +

d1C
2(1 − 2θ)

4(1 − θ)2
+ Qθ − 2d1C( )Qβ

4d1β − d
2
2θ

+Φ
2 + 4αÊ(Φ − φÊ)

4(α + φ)

�
4Q2β2d1(1 − θ) + Qθ − 2d1C( )Qβ 4d1β − d

2
2θ( )

4d1β − d
2
2θ( )2 + d1C

2(1 − 2θ)
4(1 − θ)2

+Φ
2 + 4αÊ(Φ − φÊ)

4(α + φ)

� 4d1β − d
2
2θ

2

4d1β − d
2
2θ( )2Q2β + 2Cd1d

2
2θ − 8Cd21β

4d1β − d
2
2θ( )2 Qβ + d1C

2(1 − 2θ)
4(1 − θ)2

+Φ
2 + 4αÊ(Φ − φÊ)

4(α + φ) .

(D.5)

Let f(θ) � ((4d1β − d22θ
2)/(4d1β − d22θ)

2), then

df(θ)
dθ

� 8d1d
2
2β(1 − θ)

4d1β − d
2
2θ( )3 > 0. (D.6)

Since Q is a large enough positive number, Π2 increases
with θ.

E. Proof of Conclusion 8

*e manufacturer’s profit in the product market is

I∗m2p �
d1 4Qβ(1 − θ) − C 4d1β − d

2
2θ( )[ ]2

4(1 − θ) 4d1β − d
2
2θ( )2 . (E.1)

*e platform’s profit in the product market is

Π∗p2 �
θ 4Q2β(1 − θ)2 − C2d1 4d1β − d

2
2θ( )[ ]

4(1 − θ)2 4d1β − d
2
2θ( ) . (E.2)

Since Q is a large enough positive number, we only
compare terms of Q with the highest power (square) during
the comparison of their profit difference in the product
market.We denote them by I

⌢∗
m2p andΠ

⌢∗
p2, respectively; then,

I
⌢∗
m2p �

16d1Q
2β2(1 − θ)2

4(1 − θ) 4d1β − d
2
2θ( )2

� 4d1β(1 − θ)
4d1β − d

2
2θ( )θ · Q2βθ

4d1β − d
2
2θ
,

Π
⌢∗
p2 �

Q2βθ

4d1β − d
2
2θ
.

(E.3)

*e necessary condition for I
⌢∗
m2p <Π

⌢∗
p2 is that

d22θ
2 − 8d1βθ + 4d1β< 0. (E.4)

Solve the follow equation with respect to θ

d22θ
2 − 8d1βθ + 4d1β � 0. (E.5)

*en, we have θ � ((4d1β ± 2
�������������
d1β(4d1β − d22)

√
)/d22).

*erefore, I
⌢∗
m2p <Π

⌢∗
p2 if

4d1β − 2
�������������
d1β 4d1β − d

2
2( )√

d22
< θ <

4d1β + 2
�������������
d1β 4d1β − d

2
2( )√

d22
.

(E.6)
However,

4d1β + 2
�������������
d1β 4d1β − d

2
2( )√

d22
> 1. (E.7)

*us, I
⌢∗
m2p <Π

⌢∗
p2 if ((4d1β − 2

�������������
d1β( 4d1β − d22

√
)/d22)

< θ< 1.

F. Proof of Conclusion 9

It follows from the above conclusions that

Π∗m1 �
Q − Cd1( )2c

2 4d1c − d
2
2( ) +Φ

2 + 4αÊ(Φ − φÊ)
4(α + φ) ,

Π∗m2 �
d1 4Qβ(1 − θ) − C 4d1β − d

2
2θ( )[ ]2

4(1 − θ) 4d1β − d
2
2θ( )2

+Φ
2 + 4αÊ(Φ − φÊ)

4(α + φ) ,

(F.1)

Π∗m1 and Π∗m2 have the same profit in the carbon trading
market, so we only compare their profits in the product
market. And, since Q is a large enough positive number, we
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only compare terms of Q with the highest power (square).
We denote them by Π

⌢∗
m1 and Π

⌢∗
m2, respectively; then,

Π
⌢∗
m1 �

Q2c

2 4d1c − d
2
2( ),

Π
⌢∗
m2 �

16d1Q
2β2(1 − θ)2

4(1 − θ) 4d1β − d
2
2θ( )2.

(F.2)

Further,

Π
⌢∗
m2 �

16d1Q
2β2(1 − θ)2

4(1 − θ) 4d1β − d
2
2θ( )2 �

4d1β(1 − θ)
4d1β − d

2
2θ( )θ · Q2βθ

4d1β − d
2
2θ

� 4d1Q
2β2(1 − θ)

4d1β − d
2
2θ( )2 �

Q2c

2 4d1c − d
2
2( ) ·

8d1β
2(1 − θ) 4d1c − d

2
2( )

c 4d1β − d
2
2θ( )2

� Π
⌢∗
m1 ×

8d1β
2(1 − θ) 4d1c − d

2
2( )

c 4d1β − d
2
2θ( )2 .

(F.3)

*e necessary condition to gain more profit in the online
mode is

8d1β
2(1 − θ) 4d1c − d

2
2( )

c 4d1β − d
2
2θ( )2 > 1. (F.4)

After simplifying the inequality, we have

cd42θ
2 − 8d1β (β + c)d22 − 4d1βc[ ]θ + 8d1β

2 d22 − 2d1c( )< 0.
(F.5)

Let

f(θ) � cd42θ
2 − 8d1β(β + c) d22 − 4d1

βc

β + c
( )θ

+ 8d1β
2 d22 − 2d1c( ).

(F.6)

*en, it is a parabola with respect to θ, going upward.
It is obvious that 4d1(βc/(β + c))< 2d1c.
(i) if d22 < 4d1(βc/(β + c))< 2d1c

In this case, the axis of symmetry of f(θ) is negative,
its intercept on the vertical axis is negative, and
among its two intercepts on the horizontal axis, one is
positive and another is negative. *us,

θ ∈ 0, min θ2, 1{ }[ ]. (F.7)

(ii) If 4d1(βc/(β + c))< d22 < 2d1c
In this case, the axis of symmetry of f(θ) is positive,
its intercept on the vertical axis is negative, and

among its two intercepts on the horizontal axis, one
is positive and another is negative. *us,

θ ∈ 0, min θ2, 1{ }[ ]. (F.8)

(iii) if 4d1(βc/(β + c))< 2d1c< d22
In this case,

Δ � 64d21β
2 (β + c)d22 − 4d1βc[ ]2 − 32d1d

4
2β

2c d22 − 2d1c( )
� 32d1β

2 2d1 (β + c)d22 − 4d1βc[ ]2 − d42c d22 − 2d1c( ){ }.
(F.9)

Let

Δ1 � 2d1 (β + c)d22 − 4d1βc[ ]2 − d42c d22 − 2d1c( ). (F.10)

*en,

Δ1 � 2d1 (β + c)d22 − 4d1βc[ ]2 − d42c d22 − 2d1c( )
� 2d1 β d

2
2 − 2d1c( ) + c d22 − 2d1β( )[ ]2 − d42c d22 − 2d1c( )

� 2d1β
2 d22 − 2d1c( )2 + c 4d1β d

2
2 − 2d1β( )[

− d42] d22 − 2d1c( ) + 2d1c
2 d22 − 2d1β( )2.

(F.11)
Hence, Δ1 is a parabola with respect to (d22 − 2d1c),

going upward. Its axis of symmetry is
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−
c 4d1β d

2
2 − 2d1β( ) − d42[ ]
4d1β

2

� c

4d1β
2 d22 − 2d1β( )2 + 4 d1β( )2[ ]> 0.

(F.12)

*e discriminant of the quadratic equation corre-
sponding to this parabola is

Δ2 � c2 4d1β d
2
2 − 2d1β( ) − d42[ ]2 − 16d21β

2c2 d22 − 2d1β( )2
� d82c

2 − 8d1d
4
2βc

2 d22 − 2d1β( )
� d42c

2 d22 − 4d1β( )2 > 0,
(F.13)

which means that Δ1 has two intersections on the horizontal
axis. It is easy to obtain the smaller one is

d22 − 2d1c � 4d1c. (F.14)

However, d22 < 4d1c; that is, d22 − 2d1c< 2d1c. *erefore,
within the range, Δ1 is always positive; that is, Δ> 0. It
follows that f(θ) has two intersections on the horizontal
axis. And, both the axis of symmetry and intercept on the
vertical axis of f(θ) are positive. Its two intercepts on the
horizontal axis are positive. Here, d22 ≤ 4d1c, so d22c≤ 4d1c2.
*en,

8d1β (β + c)d22 − 4d1βc[ ] − 2cd42

� 2cd22 4d1β − d
2
2( ) − 8d1β

2 4d1c − d
2
2( )

< 8d1c2 4d1β − d
2
2( ) − 8d1β

2 4d1c − d
2
2( )

� 8d1(c − β) 4d1βc − d
2
2(c + β)[ ]

< 0,

(F.15)

and 8d1β[(β + c)d22 − 4d1βc]< 2cd42, namely, θ1 < 1. *us,
θ ∈ [θ1, min θ2, 1{ }]. Based on the above analysis, Conclu-
sion 9 holds.

G. Proof of Conclusion 10

It follows from Conclusion 1 and 2 that the online channel
produces the same carbon emission as the offline one. We
only need to compare the demand in these two modes.

q1 � Q − Cd1( )d1c � Qd1c − Cd21c,
q2 �

2β

4d1β − θd
2
2

Qd1 −
Cd1

2(1 − θ),

2β

4d1β − θd
2
2

∈ 1

2d1
,

2β

4d1β − d
2
2

( ), 0< θ< 1.

(G.1)

Based on the fact that Q is a large enough positive
number, after comparing the expression of q1 and q2, we
have

q1 < q2, if c< 1

2d1
,

q1 > q2, if c> 2β

4d1β − d
2
2

,

(G.2)

q1 > q2 in the beginning and then q1 < q2 if
(1/2d1)≤ c≤ (2β/(4d1β − d22)). *us, Conclusion 10 holds.
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