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As a weapon for economic development, green finance plays an important supporting and
promoting role in the economic recovery and transformation of enterprises in the post-
epidemic era. By constructing a dual-channel supply chain model, this paper considers
two situations in which manufacturers participate in carbon trading and green finance
loans, and uses Stackelberg game to study the impact of different situations on
participants’ profits and emission reduction decisions. The results show that: under the
carbon trading mechanism, the carbon emission reduction level of the manufacturer is
inversely proportional to the relevant price, and the demand and profit of the two channels
increase with the increase in emission reduction; when carbon trading and green financial
loans are carried out at the same time, participants have lower profits, but with the increase
in emission reductions, it is still a growing trend.
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INTRODUCTION

The outbreak of COVID-19 in early 2020 caused a global economic downturn, and its impact on the
economy even exceeded the 2008 financial crisis (Li, 2020). Due to the needs of management and
control, countries had reduced international flight operations, investment and commodity. Besides,
labor trade was in a downturn. These changes had brought unprecedented impact to the global
manufacturing supply chain. It was obvious that the COVID-19 had brought negative effects on
international trade, service industries, manufacturing and supply chains, and many companies were
facing bankruptcy and shortage of funds (Deng, 2020; Zhang et al., 2021). In the post-epidemic era,
how to make use of the initiative of green finance is very important. Because in the economic
recovery and transformation of enterprises, green finance can promote the green capital market to
actively fight the epidemic and serve and support the real economy with shortage of funds (Li, 2020).
As one of the forms of green finance, green credit can support the development of green supply chain.
By implementing green credit, credit leverage can be used to limit the development of high-pollution
and high-loss industries. It can also provide preferential credit policies for the development of green
supply chain enterprises, such as providingmore financial support for the technical research, product
design, production and sales of the green supply chain industry (Zhou et al., 2020; Xu X. et al., 2020).

In addition to being affected by the COVID-19, there is currently another development issue.
With the increase of the global population and the continuous expansion of economic scale,
environmental problems caused by energy use have seriously affected the normal life of human
beings. Therefore, how to achieve green development and sustainable development has become a
research hotspot. The carbon dioxide emitted by humans in production and life is the main reason
for the frequent occurrence of the greenhouse effect and extreme climates (Claudia and Sophie, 2019;
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Wang et al., 2020; Wang and Wang, 2020). Besides, curbing the
growth of carbon emissions has become the consensus of all
countries around the world. Countries have taken measures such
as introducing carbon taxes, vigorously promoting clean energy,
and shutting down or rectifying low-capacity and high-energy-
consuming enterprises (Xu X. F. et al., 2020; Wang et al., 2020).
Among them, carbon emission allowances and trading policies
have become generally recognized important emission reduction
mechanisms. The process is that the government issues certain
carbon emission indicators or quotas to enterprises to limit how
many tons of carbon dioxide they can emit each year. If the
enterprises save energy and reduce emissions, the indicators are
useless. After that, the remaining part can be sold on the carbon
trading market; on the contrary, if the carbon emissions exceed
the quota, the excess part must be bought in the market with
money. As an important main body of production activities,
companies not only need to bear the responsibility for climate
change, but also face the dual requirements of the government to
reduce emissions and increase profits. At this time, how to
determine the best emission reduction level is of vital
importance (Yang et al., 2017; Che and Zhang, 2021).

In order to explore the development of the green supply chain
in the current environment, another new trend needs to be
considered. With the rapid development of e-commerce,
consumers’ shopping habits are shifting from traditional
offline shopping to online shopping. This change has put
traditional distributors under unprecedented competitive
pressure (Toyo, 2020; Li et al., 2021). At the same time, it also
encourages manufacturers to maintain traditional retail channels
while opening up online sales channels to directly obtain market
information in order to occupy more market shares (Wang et al.,
2020). For example, brand manufacturers such as Dell, Apple,
Nike, Huawei, Xiaomi, Haier, etc., all use a dual-channel model
that combines traditional offline wholesale sales channels and
online direct sales channels to sell products (Benny et al., 2014;
Julien et al., 2021). However, the incompatibility of decision-
making goals between online and offline channels will lead to
intensified conflicts, and there will be problems such as price
competition and resource allocation. This is contrary to the
original intention of forming an online and offline
complementary collaboration channel model (Phoebe and
Takashi, 2020; Li et al., 2021). Therefore, it is necessary to
study the competition and behavior of participants in the
dual-channel supply chain.

Based on the above background, this paper study the emission
reduction strategy of the dual-channel supply chain. To differ
from the previous literature, this paper not only considers the
impact of the carbon trading mechanism on the profits and
decision-making of manufacturers, but also considers that
under the background of the epidemic, companies have
insufficient funds to make green loans to financial institutions.
By constructing a dual-channel supply chain model, to analyze
the difference in profit and emission reduction of supply chain
participants in the above two different situations. Specifically, we
contribute to current knowledge in several directions. First,
compared with the previous single channel research, we study
the dual channel supply chain, which is more in line with the

changes of supply chain under the background of internet
development. Second, unlike previous studies that only
considered one green financial measure, we considered the
simultaneous occurrence of carbon trading and green loans. In
the post-epidemic era, it is more realistic for companies to carry
out these two measures at the same time in order to resume
production. Finally, this paper constructs a Stackelberg game
model with the manufacturer as the dominant player, and
explores the influence of different situations on the supply
chain emission reduction decision-making strategy under the
manufacturer’s leadership. This model broadens the research
thinking of dual-channel supply chain under the background
of green finance, and enriches related research theories.

The remainder of this paper is organized as follows. Related
literature is reviewed in Literature Review. We gave a detailed
description of research problem and model, and present our
model assumptions in Problem Description and Model
Hypotheses. In Model Analysis, We introduced two different
situations and analyzed the model in detail according to the
game sequence.We assign values to the parameters in the formula
obtained after the model calculation, and complete the numerical
simulation in Numerical Simulation. Finally, we present
conclusions and put forward some management implications
in Conclusion.

LITERATURE REVIEW

This paper focuses on the impact of different situations on dual-
channel carbon emission reduction strategies when
manufacturers participate in carbon trading or carbon trading
and green finance loans are conducted at the same time. There are
three streams of literature related to this work: dual-channel
supply chain, green finance, and carbon trading. In this section,
we will review the related literature and point out how our study
differs from them.

Dual-Channel Supply Chain
In recent years, the dual-channel supply chain has attracted
widespread attention in the literature of marketing and
operations management. Related research mainly focuses on
channel selection, pricing decisions, coordination and
optimization. Kevin et al. (2003) analyzed the impact of
manufacturers opening online direct sales channels on their
traditional wholesale sales channels, and pointed out that the
opening of direct sales channels is a strategy for improving the
efficiency of traditional retail channels, which can prompt
retailers to reduce retail prices. Even if the demand for direct
sales channels is zero, manufacturers and retailers can still
increase profits. Chen et al. (2012) studied the pricing
strategies and coordination plans of manufacturers in the
dual-channel supply chain, and found that the price contracts
of supply chain participants can coordinate the dual-channel
supply chain, and then benefit retailers. Ma et al. (2013) studied
the influence of government subsidies on the pricing decision of a
dual-channel supply chain based on the difference between
consumers’ preferences for online channels and traditional
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channels. Chen et al. (2017) studied the price and quality decision
chain in dual-channel supply, and demonstrated the quality
sensitivity parameters of different channels to price and
product quality, as well as profit and consumer surplus, and
proved that the introduction of new channels can achieve quality
improvement. Yang et al. (2017) established four supply chain
distribution models with different channel structures, analyzed
the company’s optimal pricing decisions, emission reduction
decisions, and compared the optimal decisions of the models.
Zhou et al. (2017), Zhou (2019) designed four types of dual-
channel supply chain structures, considering the initial
demand of physical channels and online channels, and
defined the concept of the relative rate of customer channel
preference. The selection strategy of supply chain channel
structure based on the relative rate of customer channel
preference is studied by manufacturers and physical
retailers respectively as decision makers. By constructing a
dual-channel supply chain decision-making model composed
of manufacturers and retailers who have invested in
innovation, Liang and Wei (2020) studied the impact of the
government’s simultaneous use of R&D subsidies and
production subsidies on supply chain innovation, pricing
and profits. Sun et al. (2020) studied the impact of different
power structures on the prices, demand and revenue of
members in a dual-channel supply chain which was
composed of a manufacturer and a retailer. Che et al.
(2021a) studied the emission reduction behaviors and profit
differences of the participants in the dual-channel supply
chain under different government subsidies.

Green Finance in the Supply Chain
So far, there are a considerable number of papers studying the
impact of green finance on supply chain members. Huo et al.
(2014) and Che et al. (2015) considered the impact of capital
constraints and financing costs to study the coordination effect of
supply chain contracts on the supply chain; Also, they analyzed
the lending risks of banks and their influencing factors, and put
forward conclusions which could provide references for banks to
evaluate credit risks. Wang and Zhi (2016) demonstrated that
green financial loans were a financial model resource that aimed
at environmental protection and could improve the efficiency of
the supply chain. Zhou et al. (2017) studied the game model
between the government, banks and enterprises from the
perspective of green credit and found that in the short term,
government supervision could increase the enthusiasm of banks
and enterprises to participate in the implementation of green
supply chains. Besides, under the circumstances, banks would
take the initiative to implement green credit, and enterprises
would also take the initiative to implement green supply chain.
Qin et al. (2018) took the implementation of a green supply chain
by sellers in the downstream of the supply chain as a background,
and studied the decision-making and benefits of implementing a
green supply chain in the case of bank loans and cost sharing
when their own emission reduction funds were insufficient. Zhou
et al. (2020) used the secondary supply chain system of the new
retail industry as the research background, and considered
whether the manufacturer made green financial loans and

additional government incentives. They studied the impact of
green financing interest rates on the profits of participants and the
manufacturers’ emission reduction decisions. They found the
carbon emission reduction level of the manufacturer and the
optimal order quantity of the new retailer were inversely related
to the green finance loan interest rate. Ding et al. (2020) found
that green credit support could help strengthen the tendency to
adopt decisions. The greater the green credit interest rate
discount, the greater the financing ratio. Therefore, the supply
chain could adopt higher-level carbon technologies to gain
greater momentum. In addition, the internal cost sharing ratio
of the supply chain could realize the dual optimization of
investment income and the level of low-carbon technology
adoption.

Carbon Trading
In order to deal with environmental pollution and global climate
deterioration, governments of many countries have issued
various policies and regulations. Among them, the carbon
quota and trading mechanism is one of the earliest and most
effective policies adopted by all countries (Huang et al., 2020).
Through a three-stage game, Subramanian et al. (2007) gave a
design method for manufacturers’ optimal emission reduction
investment, optimal output, and revenue-sharing contract in the
context of carbon emission constraints and carbon trading
mechanisms. Ma et al. (2014) divided suppliers and
manufacturers into high-emission and low-emission
enterprises, bought and sold carbon emission rights
respectively. By using a hyper-network model to study the
output, price, and overall benefits of the supply chain with
and without carbon trading. Du (2015) researched a new
supply chain composed of carbon emission rights suppliers
and carbon emission rights dependent companies. They used
the government-set carbon allowance as a variable parameter to
introduce fairness preferences and social welfare, and studied the
impact of carbon emissions on the profits of suppliers and
demanders. Che et al. (2017a) and Tan et al. (2017) studied
the supply chain coordination issues based on quantity
discount contracts under different carbon emission rights
trading policies. Besides, they compared them with the
situation without carbon emission constraints. It was found
that under different carbon emission rights trading policies,
quantity discount contracts could achieve the coordination of
the supply chain. And the optimal order quantity of the supply
chain without carbon emission constraints was greater than
the optimal order quantity of the supply chain of external
carbon emission rights trading. Wang et al. (2018) considered
the competition between ordinary manufacturers and low-
carbon manufacturers, and constructed supply chain decision-
making models under centralized and decentralized models
to solved emission reduction rates and product sales prices.
They found that the implementation of the carbon
trading mechanism reduced the total carbon emissions, but
higher carbon trading prices would reduce the profits of the
supply chain. The improvement of consumer price sensitivity
made the profits of ordinary manufacturers, low-carbon
manufacturers, retailers and the whole supply chain lower.
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Huang et al. (2020) constructed a Stackelberg game model of
two-level supply chain dominated by manufacturers. By
introducing the emission reduction cost sharing mechanism,
the optimal solutions of decentralized decision-making and
centralized decision-making were given respectively, which
realized the supply chain coordination and pareto
improvement of profits of supply chain members.

By reviewing the above literature, we know that scholars
have done a lot of research on the three aspects of dual-
channel supply chain, green finance in the supply chain, and
carbon trading in the supply chain. However, the existing
research on emission reduction in the dual-channel supply
chain mainly explores pricing decisions, optimal decisions
under government subsidies, and participant cooperation,
and rarely considers the shortage of funds for manufacturers.
In addition, the research on green finance in the supply chain
mostly studies the decision-making behavior of the supply
chain under a single channel, and seldom studies the
situation of the dual-channel supply chain. The supply
chain research under carbon trading is mostly about
government mechanism and channel selection, and there
are few researches about the shortage of funds and dual
channels. Therefore, based on the above research and
practice background, under the background of low-carbon
emission reduction and the economic recovery needs of
enterprises in the post epidemic era, this paper
comprehensively considers the carbon trading mechanism
and green financial loans, constructs a dual channel supply
chain decision-making model, and analyzes the pricing

decisions and emission reduction strategies among
members in two different situations.

PROBLEM DESCRIPTION AND MODEL
HYPOTHESES

Problem Description
In order to explore the dual-channel supply chain emission
reduction strategy considering green finance, this paper
constructs a dual-channel supply chain decision-making
model with the manufacturer as the leader of Stakelberg
and the retailer as the follower. Nowadays, many
manufacturing factories have their own online direct sales
platform stores. In the dual-channel supply chain of this
paper, manufacturers can choose traditional retail methods
to wholesale goods to retail stores for offline sales, while
manufacturers can also choose to sell directly to consumers
online.

By constructing this model, this paper focuses on the effect of
different situations on the profits of supply chain participants and
low carbon emission reduction in a dual-channel where
manufacturers participate in carbon trading and make green
financial loans. The dual-channel supply chain model is shown
in Figure 1.

Model Hypotheses
According to the dual-channel supply chain model, there are
some assumptions.

FIGURE 1 | Dual-Channel supply chain model.
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Assumption 1: To obtain the demand function of dual-
channel supply chain, we adopt the framework established by
Li et al. (2019) and Che et al. (2021a) as follows:

Dr � θA − pri + βpmi + kei (1)

Dm � (1 − θ)A − pmi + βpri + kei (2)

The demand functions imply that demand is negatively correlated
with sales price, and positively correlated with the low-carbon
degree of the product. Consumers are willing to buy lower carbon
products at higher prices. Besides, there is a price competition
between traditional sales channel and online sales channel. In the
functions, Dr represents the demand of traditional retailer
channel. Dm represents the demand of online channel, and A
is the potential market scale. θ (0≤ θ ≤ 1) represents the market
share of traditional retailer channel, and 1 − θ is the market share
occupied by online sales channel. β represents the cross-price
elasticity coefficient of traditional channels and online channels
(0≤ β≤ 1). k represents the level of consumer environmental
awareness (0≤ k≤ 1). e is the carbon emission per unit product
before emission reduction. ei represents the manufacturer’s
emission reduction in different situations. pri is the product
price of traditional retailer channel and pmi is the product
price of online channel. When i � 1, manufacturers conduct
carbon trading; When i � 2, manufacturers conduct carbon
trading and make green financial loans.

Assumption 2: Under the carbon trading mechanism, the
government allocates certain carbon allowances to manufacturers
by accounting for their historical carbon emissions, denoted by Q.
When the total carbon emission exceeds the carbon quota, the
manufacturer can buy the quota from the carbon trading market at
a unit carbon price to offset the excess. Unit carbon price is represented
by pc. Conversely, if the manufacturer’s total carbon emissions are
lower than the carbonquota, themanufacturer can sell the excess quota
on the market at a unit carbon price to obtain revenue.

Assumption 3: The manufacturer’s initial capital is B, and the
manufacturer’s initial capital required to support the optimal
production volume of the dual-channel supply chain is
B � c(Dr + Dm). When B<B, the manufacturer applies for a

green financial loan from a financial institution. The loan
interest rate is denoted by r. So the manufacturer’s financing
cost is R � r[c(Dr + Dm) − B].

Assumption 4: The cost of carbon abatement for the
manufacturer is 1/2Ie2i , I represents the manufacturer’s
abatement cost coefficient. Refer to Chen et al. (2019) and Xu
et al. (2019a), when the investment in emission reduction is
increased, the cost of carbon emission reduction input and the
emission reduction amount have a quadratic relationship. The
manufacturer’s unit manufacturing cost remains unchanged,
and the raw material procurement cost is the main focus, and
other costs are not considered for the time being. Table 1
summarizes all the parameters and their definitions involved
in this paper.

MODEL ANALYSIS

Supply Chain Emission Reduction
Decisions Under the Carbon Trading
Mechanism
Under the carbon trading mechanism, the government first
determines the amount of carbon emissions given to the
manufacturer, then the manufacturer determines the emission
reduction, wholesale price (wi), online price, and finally the
retailer determines the sales price of traditional channels. As
shown in Figure 2, in the dual-channel supply chain, the
manufacturer is the leader, making decisions first from the
perspective of profit maximization, and then the retailer makes
the most beneficial decision on the basis of the manufacturer’s
decision. In the process of decision-making, the information of
both parties is transparent and symmetrical.

So the profits of the manufacturer and the retailer are:

πm
1 � w1Dr + pm1 Dm − 1

2
Ie21 − pc[(e − e1)(Dr + Dm) − Q] (3)

πr
1 � (pr1 − w1)Dr (4)

Substituting formulas (1) and (2) into formulas (3) and (4), the
decision models are:
πm
1 � w1(θA − pr1 + βpm1 + ke1) + pm1 [(1 − θ)A − pm1 + βpr1 + ke1]
−1
2
Ie21 − pc[(e − e1)(A − pr1 − pm1 + βpm1 + βpr1 + 2ke1) − Q] (5)

πr
1 � (pr1 − w1)(θA − pr1 + βpm1 + ke1) (6)

Then solve them by reverse induction. First of all, find the second
derivative of πr1 with respect to p

r
1, then get

z2πr1
zpr

2
1

� −2< 0. So πr
1 is a

strictly concave function of pr1, there is an optimal solution.
Furthermore, by finding the first derivative of πr

1 with respect
to pr1 and making it equal to 0, the optimal response function of pr1
with respect to e1､w1､pm1 is obtained.

zπr
1

zpr1
� θA − 2pr1 + βpm1 + ke1 + w1 (7)

pr1(e1,w1, p
m
1 ) � θA + βpm1 + ke1 + w1

2
(8)

Substitute formulas (8) into formulas (5) and get:

TABLE 1 | Notations.

Parameters Definition

Dr Demand of traditional retail channels
Dm Demand of online sales channels
A Market scale
θ Market share of traditional retail channels
pr
i Product price of traditional retail channels

pm
i Product price of online sales channels

β Cross price elasticity factor
k Consumer environmental awareness level
ei Emission reduction
wi Wholesale prices
e Original product carbon emissions
Q Carbon quota
pc Carbon trading price
c Cost
r Rate
R Financing costs
B Initial capital
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πm
1 � w1(12 θA − 1

2
w1 + 1

2
βpm1 + 1

2
ke1) − 1

2
Ie2 − pm1 [pm1 − ke1

−β( 1
2
w1 + βpm1

2
+ 1
2
ke1 + θA

2
+ A(θ − 1)] + pc{Q − (e − e1)

[A − pm1 − 1
2
w1 + βpm1

2
− θA

2
+ 3ke1

2
+ β(1

2
w1 + βpm1

2
+ θA

2
+ ke1

2
)]}
(9)

In order to obtain the Hessian matrix of the manufacturer’s profit
function with respect to w1､pm1 , further formula (9) is used to
calculate.

z2πm
1

zw2
1

� −1, z
2πm

1

zpm2

1

� β2 − 2,

z2πm
1

zw1pm1
� β,

z2πm
1

zpm1 w1
� β,

So the Hessian matrix of the manufacturer’s profit function with
respect to w1､pm1 is:

H(πm
1 ) � [−1 β

β β2 − 2
]

In this Hessian matrix, the first-order principal is negative,
and

∣∣∣∣H(πm
1 )
∣∣∣∣ � 2(1 − β2)> 0. So πr

1 is a strictly concave
function of w1 and pm1 , there is an optimal solution.
Furthermore, to find the first derivative of πm

1 with respect to
w1､pm1 and make it equal to 0. After the combination, the optimal
inverse function of πm

1 with respect to w1､pm1 can be obtained.

zπm
1

zpm1
� ke1 + pm1 (β

2

2
− 2) + β(w1 + βpm1

2
+ θA

2
+ ke1

2
)

−A(θ − 1) − pc(e − e1)(β
2

2
+ β

2
− 1)

(10)

zπm
1

zw1
� βpm1 − w1 + θA

2
+ ke1

2
− pc(β2 −

1
2
)(e − e1) (11)

wp
1(e1) �

−(βA + epc − pce1 + Aθ + ke1
−θAβ + βe1k − eβ2pc + β2pce1)

2(β2 − 1) (12)

pmp
1 (e1) �

−(A + epc − pce1 − Aθ + ke1
+θAβ + βe1k − eβ2pc + β2pce1)

2(β2 − 1) (13)

Substitute formulas (12) and (13) into formulas (8) and get the
optimal response function of pr1 with respect to e1:

prp1 (e1)

�
−( 2βA + epc − pce1 + 3θA + 3ke1 + eβpc − e1βpc − 2θAβ

+2βke1 − eβ2pc − eβ3pc + β2pce1 + e1β
3pc − θAβ2 − β2ke1

)
(4β2 − 4)

(14)

Substitute formulas (13) and (14) into formulas (1) and (2) and
get dual-channel optimal demand function:

Drp
1 � pc(e1 − e + eβ − βe1) + θA + ke1

4
(15)

D1p
m � 2(A − epc + pce1 − θA + ke1) + eβpc − βpce1

4

+Aβθ + ke1β + eβ2pc − β2pce1
4

(16)

Supply Chain Emission Reduction
Decisions Under Carbon Trading and Green
Finance Loans
Considering the lack of funds, manufacturers apply for green
finance loan financing from financial institutions, and repay the
loans by selling products and carbon emission rights. Under the
situation, the government first determines the amount of carbon
emissions given to the manufacturer, then financial institutions
determine loan interest rates, then the manufacturer determines
the emission reduction, wholesale price, online price, and finally
the retailer determines the sales price of traditional channels. As it
is shown in Figure 3.

So the profits of the manufacturer and the retailer are:

πm
2 � w2Dr + pm2 Dm − 1

2
Ie22

−pc[(e − e2)(Dr + Dm) − Q] − r[c(Dr + Dm) − B]
(17)

πr
2 � (pr2 − w2)Dr (18)

Substitute formulas (1) and (2) into formulas (17) and (18) and get:

πm
2 � w2(Aθ − pr2 + βpm2 + ke2) − 1

2
Ie22 + pm2 (A − pm2

−Aθ + ke2 + βpr2) − r(Ac − B − cpm2 − cpr2 + cβpm2 + 2ke2c + cβpr2)
+ pc(Q − (e − e2)(A − pm2 − pr2 + βpm2 + 2ke2 + βpr2))

(19)

FIGURE 2 | The first decision sequence diagram ecision sequence diagram.
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πr
2 � (pr2 − w2)(θA − pr2 + βpm2 + ke2) (20)

Then solve them by reverse induction. First of all, find the
second derivative of πr2 with respect to pr2, then get
z2πr2
zpr

2
2

� −2< 0. So πr
2 is a strictly concave function of pr2,

there is an optimal solution. Furthermore, by finding the
first derivative of πr

2 with respect to pr2 and making it equal to
0, the optimal response function of pr2 with respect to
e2､w2､pm2 is obtained

zπr
2

zpr2
� θA − 2pr2 + βpm2 + ke2 + w2 (21)

pr2(e2,w2, p
m
2 ) � θA + βpm2 + ke2 + w2

2
(22)

Substitute formulas (22) into formulas (19) and get:

πm
2 � pm2 (A − pm2 − Aθ + e2k + βw2 + β2pm2 + Aθβ + βe2k

2
)

−r(Ac − B − cpm2 + βcpm2 + 3ce2k + βcw2

2
+ β2cpm2 + Aβcθ + βce2k

2

− cw2 + Acθ
2

) − 1
2
Ie22 + w2(Aθ − w2 + βpm2 + e2k

2
) + pc[Q − (e

− e2)(A − pm2 + βpm2 + 3e2k + βw2

2
+ β2pm2 + Aβθ + βe2k

2

− w2 + Aθ
2

)]
(23)

In order to obtain the Hessian matrix of the manufacturer’s profit
function with respect to w2､pm2 , further formula (23) is used to
calculate.

z2πm
2

zw2
2

� −1, z
2πm

2

zpm2

2

� β2 − 2,

z2πm
2

zw1pm2
� β,

z2πm
2

zpm2 w2
� β,

So the Hessian matrix of the manufacturer’s profit function with
respect to w2､pm2 is:

H(πm
2 ) � [−1 β

β β2 − 2
]

In this Hessian matrix, the first-order principal is negative,
and

∣∣∣∣H(πm2 )
∣∣∣∣ � 2(1 − β2)> 0. So πr

2 is a strictly concave
function of w2 and pm2 , there is an optimal solution.
Furthermore, to find the first derivative of πm

2 with respect
to w2､pm2 and make it equal to 0. After the combination, the
optimal inverse function of πm

2 with respect to w2､pm2 can be
obtained.

wp
2 �

−(Aβ − pce2 + Aθ + rc + e2k + pce − Aβθ + βe2k
−pceβ2 + pcβ

2e2 − rβ2c)
2(β2 − 1) (24)

pm2 p �
−(A − pce2 − θA + rc + e2k + pce + Aθβ + e2kβ

−pceβ2 + pcβ
2e2 − rcβ2)

2(β2 − 1) (25)

Substitute formulas (24) and (25) into formulas (22) and get the
optimal response function of pr2 with respect to e2:

prp2 �

−(2βA − pce2 + 3θA + rc + 3e2k + pce + pceβ − pce2β
−2βθA + rβc + 2βe2k − pceβ

2 − pceβ
3 + pce2β

2

+pce2β3 − θAβ2 − rβ2c − rβ3c − β2e2k)
4(β2 − 1) (26)

Substitute formulas (25) and (26) into formulas (1) and (2) and
get dual-channel optimal demand function:

D2p
r � pce2 + θA − rc + ke2 − pce + βpce − pcβe2 + rβc

4
(27)

D2p
m � A + pce2 − θA − rc + ke2 − pce

2
+

pceβ − pcβe2 + θAβ + rβc + βke2 + β2pce − β2pce2 + rβ2c
4

(28)

NUMERICAL SIMULATION

In order to better verify the change relationship between the
variables, this section will compare and analyze them through
numerical examples. First, as shown in the description of each
parameter in Problem Description and Model Hypotheses, the
nature and scale of the research object are presented. Then, based
on these description, we refer to the previous related literature
(Yang et al., 2017; He et al., 2020; Wang et al., 2020; Liao et al.,

FIGURE 3 | The second decision sequence diagram.
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2021) and set the values of the fixed parameters. The values are as
follows:

pc � 15, r � 0.05, k � 0.5, β � 0.5, θ � 0.6,
A � 1500, ei � [0, 4], e � 6,Q � 1000, c � 200,B � 10000

The Impact of Emission Reductions on
Prices
Through numerical simulation, the impact of emission
reductions on various prices can be more clearly
presented. Under the carbon trading mechanism,

substitute the values into formula (12) to obtain the
wholesale price. Substitute the values into formula (13)
and (14) to get the online price and retail price. Similarly,
When carbon trading and green finance loans happen
simultaneously, substitute the values into formula (24) to
obtain the wholesale price. Substitute the values into formula
(25) and (26) to get the online price and retail price. As
shown in Figures 4, 5, manufacturers’ online prices and
retailers’ prices vary with emission reductions. It can be
seen from the figures that as emission reductions increase,
retailers’ prices continue to fall, and manufacturers’ online
direct sales prices also continue to fall. As shown in Figure 6,
wholesale prices vary with emission reductions. It can be seen
from the figure that as emission reductions increase,

FIGURE 4 | Retailer price comparison chart.

FIGURE 5 | Online price comparison chart.

FIGURE 6 | Wholesale price comparison chart.

FIGURE 7 | Retailer demand comparison chart.
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manufacturers’ wholesale prices continue to fall, and they are
in an inverse relationship.

The Impact of Emission Reductions on
Dual-Channel Demand
Under the carbon trading mechanism, substitute the values into
formula (15) and (16) to obtain the market demand for online
and offline channels. When carbon trading and green finance
loans happen simultaneously, substitute the values into formula
(27) and (28) to obtain dual-channel demand. As shown in
Figures 7, 8, dual-channel demands vary with emission
reductions. It can be seen from the figures that with the
increase of emission reductions, the market demand of online

sales channels and offline sales channels will increase, so emission
reductions and demand are positively related.

The Impact of Emission Reductions on Dual
Channel Profits
On the basis of completing the above numerical substitution, we
get the values ofwp

1､p
rp
1 ､p

mp
1 ､D1p

r ､D1p
m in different situations. Then

calculate the profit of the manufacturer and the retailer. Under the
carbon trading mechanism, substitute the values into formula (3)
to obtain the profit of the manufacturer. Also, substitute the values
into formula (4) to obtain the profit of the retailer. When carbon
trading and green finance loans happen simultaneously, substitute
the values into formula (17) to get the profit of the manufacturer.
In the same way, substitute the values into formula (18) to obtain
the profit of the retailer. As shown in Figures 9, 10, the profits of
the manufacturer and the retailer vary with emission reductions. It
can be seen from the figures that as emission reductions increase,
the profit of manufacturer and the retailer increase, therefore
emission reductions and profits have a positive relationship.

CONCLUSION

In this study, we construct a dual-channel green supply chain
model to analyze the impact of different situations on the profits
of participants and the manufacturers’ emission reduction
decisions. Building on the literature on dual-channel supply
chain (Yang et al., 2017; Wang et al., 2020; Che et al., 2021b),
our dual-channel supply chain model consists of a manufacturer
and a retailer, and is divided into online and offline channels.
Consistent with these literature, we find that manufacturers’
carbon emission reductions will affect profits and pricing. In
order to maximize profits, manufacturers need to constantly
adjust their carbon emissions. Through the model calculation
and analysis, the results show that:

1. Under the carbon tradingmechanism, as manufacturers’emission
reductions continue to increase, in order to reach the overall
optimal level of the supply chain, manufacturers’wholesale prices,
online prices, and retail sales prices will drop accordingly.
However, the demand for the dual-channel also increases, and
ultimately the profits of manufacturers and retailers also increase.

2. When the manufacturer is conducting carbon trading and
green financial loans at the same time, as the manufacturer’s
emission reductions continue to increase, the manufacturer’s
insufficient funds need to make a green loan from a financial
institution, and the profit is lower than when the loan is not
available. But it is still a growing trend.

3. In the case that the manufacturer is conducting carbon trading
and green financial loans at the same time, as the manufacturer’s
emission reductions continue to increase, in order to reach the
overall optimal level of the supply chain, the manufacturer’s
wholesale price, online price and retail sales price will drop, and
the demand for the dual channels will increase.

Previous studies only consider the occurrence of carbon
trading, and found that as the level of emission reduction

FIGURE 8 | Manufacturer demand comparison chart.

FIGURE 9 | Retailer profit comparison chart.
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increases, both wholesale and retail prices will fall, but sales will
rise, which will increase the final profit (Miu et al., 2020; Che et al.,
2021a). These findings are consistent with our conclusions (1)
and (2), which shows that our model is effective. To differ from
the previous literature, under the background of the current
national control of enterprise carbon emissions and limited
enterprise funds, based on the existing literature on carbon
trading and green finance (Zhou et al., 2017; Qin et al., 2018;
Huang et al., 2020), this study considers the simultaneous
occurrence of carbon trading and green financial loans in the
second scenario, which reveals how manufacturers should adjust
their emission reduction strategies when their funds are
insufficient.

Based on the above research conclusions, the following
management enlightenment is put forward. For manufacturers,
it is very important to take an objective and rational view of
participating in the carbon trading market and improving the
level of low-carbon emissions reduction (Xu et al., 2019b; Che
et al., 2020) Companies participating in carbon rights trading
in the carbon trading market can not only increase profits by
strengthening emission reductions, but also conform to the
current trend of low-carbon emission reduction, fulfill more
corporate social responsibilities, and improve corporate
image. When operating funds are insufficient, companies
can lend to financial institutions. Although a part of the
financing cost is increased, from an overall perspective,
financing can maintain the normal operation of the
company, and as emission reductions increase, the
company’s profits will also increase (Che et al., 2017b). In
addition to traditional wholesale and retail, companies can
also establish their own online direct sales platform under the

background of the Internet to increase sales revenue by
opening up new channels. At the same time, they must
pay attention to the price competition between the two
channels and maintain the relationship between the two.

For the government, in response to the country’s call for low-
carbon emissions reduction, it should improve the relevant
mechanisms of the carbon trading market and prepare for the
full coverage of carbon trading pilots. Nowadays, the operating
rules and acceptance of carbon trading by enterprises still need to
be improved, and the government should strengthen publicity and
popularization. In addition, the government should implement a
fair and diverse allocation plan when formulating carbon
allowances for different companies. It is not only based on the
company’s annual carbon emissions, but also can be the size of the
company, its low-carbon environmental protection image, and its
main business type. In terms of green financial loans, companies
can try to cooperate with financial institutions to subsidize green
financial loan projects to allow institutions to reduce loan
interest rates to a certain extent, thereby reducing the pressure
on low-carbon emission reduction financing. At the same time,
it is necessary to strengthen supervision to ensure that the
funds obtained from corporate green financial loans are really
invested in low-carbon emission reduction production.

There are some limitations in this research. First, this paper
does not consider retailers’ participation in low-carbon
emission reduction, but only considers manufacturers’
reduction of carbon emissions during the production process.
Future research can consider retailers’marketing efforts on low-
carbon products, and the government can also give retailers
certain incentives and support policies. In addition, only
manufacturers and retailers are considered in this game, and

FIGURE 10 | Manufacturer’s profit comparison chart.
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the government or financial institutions are not included.
Further studies can also try to make game players more diverse.
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