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Abstract: Low-carbon production is currently the development direction of enterprises. The gov-
ernment provides low-carbon subsidies to low-carbon manufacturing enterprises to promote the
formation of a green supply chain. To better encourage the development of the green supply chain
by determining government subsidies and platform authentication fees, this paper constructs a
Stackelberg game model that consists of a supplier and a manufacturer, and solves the optimal
decisions of each entity using the backward induction method. This study uses the matching method
to analyze the payoff matrix for supply chain members when choosing between low-carbon and
traditional production. After introducing the online trading platform, the impact of the platform
on the profit of supply chain members is studied, considering whether the authentication service
provided by the platform is completely accurate. The results show that (1) in the green supply chain,
there is a relationship between the enterprises’ profit and the level of emissions reduction, which
increases first and then decreases. (2) The online trading platform is conducive to achieving green
supply chain coordination. The government can pay fewer subsidies to prompt the formation of a
green supply chain and the optimal emissions reduction level of the enterprise is higher. (3) When the
authentication mechanism of the platform is imperfect, the authentication fee of the platform and the
subsidy coefficient of the government need to be set within a reasonable range to avoid the enterprise
adopting traditional production pretending to be the low-carbon type. This study contributes to
research on the green supply chain and provides insights into pricing strategies for governments
and platforms.

Keywords: green supply chain; online trading platform; Stackelberg game; matching analysis;
pricing strategy

1. Introduction

With the increase in industrial activity, issues such as global warming have become
increasingly prominent, and people have begun to pay more and more attention to environ-
mental protection issues. It has gradually become a consensus to establish a green supply
chain and reduce environmental pollution from manufacturing. At the government level,
many countries around the world have introduced relevant policies in recent years [1,2].
China aims to reach its carbon dioxide emissions peak before 2030 and strives to achieve
carbon neutrality before 2060. In 2021, the Council of the European Union passed the
“European Climate Law”, turning the commitment to achieve carbon neutrality by 2050 into
a legally enforceable constraint [3]. In March 2023, the European Commission published
the “Net Zero Industry Act” [4]. In addition, the U.S. government has used policies such
as subsidizing renewable energy and pricing carbon to reduce the use of fossil fuels [5].
The Canadian federal government implemented a carbon tax policy aimed at encouraging
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the abandonment of coal-fired power plants in various provinces [6]. The “green economy”
based on low energy consumption and low pollution has become a global focal point.
Enterprises are an important part of the development of the green economy. Government
subsidies to enterprises are often more effective incentives [7]. Meanwhile, enterprises
are also actively implementing low-carbon measures. Walmart launched the “Carbon
Disclosure Plan” in 2007 [8], and in 2017 it proposed the “One Billion Ton Project”, urging
suppliers to reduce carbon emissions in terms of energy and product design. In 2021, ABB
Electric released the “Carbon Neutrality White Paper” to express its sustainable develop-
ment vision and is committed to promoting green and low-carbon transformation through
innovative technologies. In 2022, Huawei also proposed to integrate green environmental
protection requirements into the whole process of business procurement. Low-carbon
products are not only environmentally friendly but also more friendly to people’s lives and
health. Consumers have low-carbon preferences, and low-carbon products will promote
their purchasing desire [9,10].

In a two-level supply chain consisting of low-carbon suppliers and low-carbon manu-
facturers, green, low-carbon, and environmentally friendly concepts and technologies are
integrated to form a green supply chain [11]. The products can be considered low-carbon
products, generating additional benefits such as government subsidies and increased sales
brought about by consumers’ low-carbon preferences [12]. Considering the whole life
cycle of the production of an electronic product, when the raw materials provided by the
supplier are degradable and the manufacturer adopts an environmentally friendly and
green production method, the product will be considered green and the government will
give subsidies, so low-carbon suppliers should be matched with low-carbon manufacturers.
According to the literature [13], when the government gives the supplier and manufacturer
equal low-carbon subsidies, the overall profit of the supply chain is the highest.

With the development of the internet and cloud technology, new changes have taken
place in the manufacturing model. Platforms such as the Haier COSMO platform and
American MFG.com have emerged to assist the supply and demand sides to achieve
matching. Suppliers and manufacturers can conduct matching and resource interaction on
the platform. Matching platforms like Catalant and Powerlinx1 help companies identify
the partners they should be looking for and then connect them with high-quality business
partners of that type around the world [14]. In today’s globalized market, suppliers
and manufacturers are eager to improve the efficiency of resource matching through the
platform to find partners that bring higher benefits [15]. However, there is an issue in
the matching process, where traditional companies may engage in “lying” and “free-
riding” behaviors in order to obtain the government’s low-carbon subsidy. To avoid
such phenomena, guide public consumption choices, and encourage businesses to shift
to low-carbon production models, a low-carbon product authentication system can be
established. By granting a low-carbon logo to products, low-carbon product procurement
and consumption patterns can be promoted to society. The development of online trading
platforms is a trend and has become an important tool for improving efficiency in various
industries. It provides a new environment for the matching of suppliers and manufacturers.
The low-carbon authentication service provided by the online trading platform has helped
to match supply and demand in the green supply chain.

In this context, this paper considers a two-level supply chain composed of suppliers
and manufacturers, and constructs a game model between them under the government’s
low-carbon subsidy policy. The paper investigates the impact of government subsidy
pricing on the production mode decision of the supply chain members. Then, consider-
ing the Stackelberg game dominated by suppliers, the profit functions under the optimal
pricing of suppliers and manufacturers are analyzed. In addition, with the trend towards
platformization of the supply chain [16], the platform can not only enhance the efficiency
of supply—demand matching but also provide low-carbon authentication services to en-
terprises and charge authentication fees. Aiming at whether there is a probability of
misjudgment in the low-carbon authentication mechanism provided by the online trading
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platform, the optimal pricing strategy of government subsidies and platform authentication
fees are studied to solve the following problems:

1.  How can government subsidies be set to promote both suppliers and manufacturers
to adopt low-carbon production and form a green supply chain?

2. What is the impact of the introduction of the online trading platform on the de-
cisions of supply chain members? What changes will it bring to the setting of
government subsidies?

Therefore, the research objectives include the supply chain, the government, and
the online trading platform, taking into account the game relationship between suppliers
and manufacturers, and making a matching analysis based on the revenue sources and
optimization goals of manufacturers and suppliers. The government aims to encourage
both parties to take green and low-carbon behaviors and cooperate with each other. For the
two situations of whether there is an online trading platform or not, it provides policy
recommendations for the government’s low-carbon subsidies and the pricing of online
trading platform authentication fees.

The rest of this paper is structured as follows. In Section 2, a literature review is
conducted on supply chain decision making and matching of supply and demand. In
Section 3, the basic model of this paper and some assumptions are given. In Section 4, game
models under three different situations are established, the optimal profit of suppliers and
manufacturers under each strategy are analyzed, and the pricing range of government
subsidies to promote the formation of green supply chains is given. The impact of the
introduction of online trading platforms on supply chain decisions is also compared.
In Section 5, numerical analysis is used to verify the obtained propositions and conclusions.
In Section 6, the paper concludes with a summary and further discussions.

2. Literature Review

In the context of the rapid development of the green economy, some scholars have
used econometric methods to study the important factors influencing the development
of the green economy and provide suggestions to the government. These mainly focus
on the following literature: Batrancea et al. [17,18] used an empirical approach to ana-
lyze the relevant variables affecting the green economy in different countries, providing
solutions for the development of the green economy. In addition, they used the panel
first-difference generalized method of moments to examine the energy production and
its primary determinants, deriving factors influencing energy supply for the guidance
of policymakers. Guliyev et al. [19] utilized panel data analysis with structural breaks
and adopted a novel modeling method to study the dynamic impact of renewable energy
consumption on economic growth in European countries. Andrea et al. [20] analyzed the
main methods and models currently available for green economic assessment, studied
whether various models are sufficient to meet green economic development, and provided
recommendations for green economic policies.

However, more scholars have adopted the method of game theory to study the re-
lationship between the government’s low-carbon policy and factors such as consumer
preferences, corporate profits, and corporate emissions reduction levels. Su et al. [16]
studied the pricing problem under different government subsidies in the supply chain,
and discussed the influence of government subsidy coefficients on the optimal decision
making of the green supply chain. Wu et al. [13] studied the impact of the supply chain
structure and the government’s low-carbon subsidies on the profits of manufacturers and
retailers, as well as the conditions that motivate manufacturers to voluntarily reduce car-
bon emissions. They concluded that if government agencies provide equal low-carbon
subsidies to manufacturers and retailers, the effect will be better. Therefore, this paper
only considers the situation where suppliers and manufacturers receive equal low-carbon
subsidies. Wang et al. [21] found that government subsidies can increase the enthusiasm
of developers and contractors to reduce carbon emissions and improve the profitability
of the entire supply chain. Kang et al. [22] used the method of evolutionary game theory
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to analyze the impact of the government’s low-carbon policy and consumer sensitivity
on corporate strategy in the green supply chain. Meng et al. [23] used the Stackelberg
game to construct a dual-channel green supply chain model considering the consumers’
green preferences and channel preferences, and explored the coordinated pricing policy
of products in the dual-channel green supply chain. Sun et al. [24] used the method of
an evolutionary game to study the optimal green investment strategy of manufacturers
and material suppliers in the two-level supply chain. Meng et al. [25] studied the positive
impact of consumer heterogeneity and government subsidies on green innovation in the
supply chain, and analyzed government subsidy strategies under different scenarios. In ad-
dition, some scholars have studied the impact of green credit and low-carbon publicity on
government subsidies and supply chain profits, such as [26,27]. These studies are often fo-
cused on the relationships between government, manufacturers, and retailers, but with the
rapid development of online bilateral market platforms and the emergence of the concept
of “cloud manufacturing”, platforms often play a connecting role in these relationships.

In service-oriented manufacturing based on online trading platforms, the two-sided
market is an important concept. It was first proposed by Rochet and Tirole [28], and many
scholars have conducted research on this issue since then. Zhang et al. [29] proposed four
different service and pricing strategies for the platform by constructing a game theory
model and analyzing the optimal decision making of the platform. Han et al. [30] estab-
lished a bilateral matching model of service providers and demanders under the cloud
manufacturing service platform, which solved the service matching problem between
cloud manufacturing services and demands. Jung et al. [31] designed an online matching
platform to improve participation and matching results by designing selection capabili-
ties. Basu et al. [14,15] studied the interaction between the matching search process and
the identity authentication process in online matching based on the game theory model,
aiming at the matching problem in the two-sided market, and provided insights for the
pricing strategy of search and authentication services on the platform. It can be seen that
game-based methods are widely adopted in solving matching problems based on platforms,
providing strategic suggestions for platforms and participants. The above literature also
shows that there exist information quality issues in such two-sided markets.

Ghani et al. [32] pointed out that the information provided by the matchers on the
platform may be untrue, and therefore, it is necessary to add an identity authentication
mechanism to the two-sided market. Nie et al. [33] established a dynamic game model,
considering the probability that the authentication mechanism misidentifies the credentials,
and studied the optimal pricing strategy under a labor-sharing platform. After comparing
the direct search mode and the online search mode based on the platform, Ref. [15] intro-
duced the authentication service mechanism provided by the platform. They established a
game model between the H-type and the L-type, and analyzed tthe impact of the propor-
tion of different types of matchers in the market on the pricing of authentication services,
providing recommendations for the platform’s pricing decisions.

Currently, scholars mainly study the impact of government subsidies on supply chain
profits or social welfare, providing subsidy pricing strategies for the government. However,
they do not consider the impact of online trading platforms on suppliers, manufacturers,
and government low-carbon subsidy policies. Furthermore, there are few studies that use
the method of matching analysis to study the decision making of supply and demand
entities in the supply chain. Therefore, in view of the research gaps in supply chain
decision making under online trading platforms and the impact of joining platforms on the
government’s low-carbon policy, this paper constructs a game model between suppliers and
manufacturers based on an online trading platform to analyze the matching of supply and
demand. We study the minimum effective government subsidy to incentivize enterprises
to reduce carbon emissions, and the impact of online trading platforms on the decisions of
supply chain members and government subsidies. Table 1 shows the differences between
this study and related studies.
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Table 1. Comparison of relevant studies with this work.
Pper GameThry  OURSUPY MR g e Auieniion
Liuetal. [1] v v v
Shi et al. [8] v v
Su et al. [16] v v v
Batrancea et al. [17,18] v v
Sun et al. [24] v v v
Liu et al. [34] v v v
Jung et al. [31] v v
Nie et al. [33] v v
Zhang et al. [35] v v v
Basu et al. [14,15] v v v v
Our paper v v v v v v

3. Model Hypotheses and Notation

Considering that suppliers and manufacturers form a two-level supply chain, there are
two strategic choices for suppliers or manufacturers: low-carbon production and traditional
production. In the matching process between manufacturers and suppliers, if there is no
online trading platform to support direct offline matching, the matching process will
be inefficient, and the matching success rate is p (0 < u < 1). Considering the existing
cloud manufacturing platforms and other matching platforms [14,35], it is certain that a
search match can be found with the support of an online trading platform, but it cannot be
guaranteed that the other party is of the expected type. The online trading platform can also
provide low-carbon authentication services, and the authentication service fee is a. There are
two cases here [33]: (1) the authentication mechanism can accurately identify low-carbon
and traditional enterprises, which is called perfect authentication; (2) the authentication
mechanism may make mistakes, and there is a probability of y of certifying traditional
enterprises as low-carbon enterprises, which is called imperfect authentication. This paper
assumes that the goal of the platform is to encourage more low-carbon enterprises to
participate in the platform.

In the market, the proportion of low-carbon suppliers is denoted as m, and the propor-
tion of low-carbon manufacturers is denoted as n. That is, the probability for a manufacturer
to be matched with a low-carbon supplier is m, and the probability for a supplier to be
matched with a low-carbon manufacturer is n. This is common knowledge for both the
government and the supply—demand entities. Only traditional-type enterprises may falsely
claim themselves to be low-carbon, while there are no low-carbon-type enterprises that
falsely claim themselves as traditional. When a low-carbon supplier is matched with a
low-carbon manufacturer, the supply chain is recognized as green. In the green supply
chain, as shown in Figure 1, suppliers provide manufacturers with degradable raw ma-
terials, and manufacturers provide green products to consumers after production using
low-carbon technology [36].

low carbon low carbon
production production
I |
I |
v raw v q
: material product
Supplier » Manufacturer » Consumer

Figure 1. Supply chain operation mode.
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At this time, the government will provide subsidies for the supply chain, and the
subsidy coefficient per unit product is A. In addition, the green supply chain also generates
a low-carbon benefit 4, which is due to consumer preference for low-carbon products,
leading to an increase in product sales in the green supply chain. Consumers’ purchasing
decisions are also affected by product value and price. Without affecting the conclusion,
assuming that the product selling price is p, the consumer’s evaluation of the product is v,
which follows a uniform distribution on the interval [0, 1]. To characterize the influence of
product price and emissions reduction level on consumers’ purchasing decisions, this paper
adopts the consumer utility function model: U = v — p + 5(es + ey ). Let eg be the initial
carbon emission level of the entire supply chain, and e; and e;, are the emissions reduction
levels of the supplier and the manufacturer, respectively. All consumers with a value
between [p — d(es + e;,), 1] will buy the product. Then, the demand function [16,34,37] is
as follows:

Q=1-—p+d(es+em) 1)

ks and k;, are the emissions reduction cost coefficients of the supplier and the manu-
facturer, respectively.

The cost functions of the supplier and the manufacturer adopting low-carbon tech-
nologies [21,34] are, respectively,

1 1
Cs = Eksegz Cm = Ekmegn (2)

In actual supply chain decision making, decentralized decision making is often
adopted. Moreover, in the supply chain operation process, the supplier is in the upstream
position while the manufacturer is downstream. Therefore, we consider a Stackelberg
game between the supplier and the manufacturer with the supplier being the leader [38,39].
The decision sequence diagram is shown in Figure 2.

The platform
decides the The supplier decides
authentication fee a the wholesale price w

\ |
Stage1 i Stage3 i Stage5

e |

The government decides The supplier and manufacturer Thq manufactu?‘er
the low-carbon subsidy decide the production method: decides the selling
coefficient y low-carbon or traditional. price p
If low-carbon, determine the
emission reduction level e

v

Figure 2. The sequence of the events.

The variable c represents the product cost, and w represents the wholesale price. When
the government does not provide low-carbon subsidies, and neither the supplier nor the
manufacturer is low-carbon, the supplier’s profit is 77 = (w — ¢)(1 — p), and the manufac-
turer’s profit is 71/ = (p — w)(1 — p). The optimal wholesale price and the optimal selling
price can be obtained using the backward induction method. For the variable p, the second
derivative of the manufacturer’s profit function is —2, indicating that the profit curve has
a maximum value. Therefore, the manufacturer selects the selling price to maximize the
profit. Let the first derivatives of the profits of the supplier and manufacturer are both 0.
Therefore, when not considering low-carbon subsidies, the optimal wholesale price w,;
and the optimal product price p,; are given by

c+1 c+3
Wy = o Pnl = 1

®)
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After considering the government’s low-carbon subsidy, let the unit product subsidy
coefficient be A [40,41], and the subsidy that the enterprises receive from the government is
Al — p + d(es + en)]. The profit of the supplier in the green supply chain is

1
The profit of the manufacturer in the green supply chain is

Ty = (p— @)1= pt+-8lem +e)] + AL = p+dlem +e)] — sknch )

Similarly, when considering low-carbon subsidies, the optimal wholesale price w; and
the optimal product selling price p; are, respectively,

1+c+d(es+em) 3+ 30(es + em) —2A +c
- 2 Pr= 4

(6)

wy

1 I
Substituting this into Equations (4) and (5), then let 387;5 =0, % = 0, the low-carbon

7 dep
emissions reduction levels e, e, can be obtained by the supplier and the manufacturer

when they decide to adopt low-carbon production:

_ 20k (1 —¢) o oks(1—c) ”
T 8kyks — 202k, — 02ks” " 8kyks — 262k, — 82k

s

According to the conclusions from [33,37], this paper argues that the purpose of
the government’s low-carbon subsidies is to encourage enterprises to adopt low-carbon
production, and assumes that after the supplier and manufacturer decide on the production
mode, their decision-making variables are w and p. The level of low-carbon emissions
reduction efforts es, e;; will be chosen once the supplier and manufacturer determine their
respective strategies. Since the goal of this article is to provide pricing decision-making
suggestions for the government and the platform, the impact of the enterprise’s emissions
reduction level on the model will be analyzed more through numerical simulation. Based
on this, a game model between the supplier and the manufacturer is constructed, and a
description of the symbols used in the model is shown in Table 2.

Table 2. Summary of parameter symbols.

Symbol Meaning

0 The low-carbon effect when the product is low-carbon
1 Matching efficiency

p Product selling price

w Wholesale price

c Cost of production

A Subsidy coefficient per unit product

v Consumer evaluation of the product

TTs Supplier profit
Ttm Manufacturer profit

ks Cost coefficient of supplier carbon emissions reduction
ki Cost coefficient of manufacturer carbon emissions reduction
eQ Initial carbon emission level of supply chain

es Supplier’s emissions reduction level

em Manufacturer’s emissions reduction level

m The proportion of green suppliers in the market

n The proportion of green manufacturers in the market

a Platform authentication fee

% Misjudgment probability of authentication
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4. Model Description and Analysis

In this part, models are built for three scenarios: no online trading platform, a trading
platform whose authentication is completely correct (perfect authentication), and a trading
platform whose authentication has misjudgment (imperfect authentication). Effective sub-
sidy coefficient setting and platform optimal authentication service pricing are studied, as
well as the impact of the online trading platform on the formation of the green supply chain.

4.1. Model I: Matching of Suppliers and Manufacturers without an Online Trading Platform

When the online trading platform is not considered, the research problem is a supply
chain matching problem. Assuming that suppliers or manufacturers are completely rational,
they always make strategic choices with the goal of maximizing their own profits. In the
matching process, a low-carbon manufacturer has a probability of m to match with a low-
carbon supplier, forming a green supply chain, which will generate low-carbon benefits,
and the government will provide subsidies for the supply chain. The profit of the supplier
and manufacturer are, respectively,

1

né_l =wun(w—c+A)Q— Ekseg 8)
1

71,111_1 =um(p—w+A)Q — Ekme%1 9)

A low-carbon manufacturer also has a probability of 1 — m to match a traditional
supplier, then, the supply chain cannot be considered green, and neither the manufacturer
nor the supplier will receive low-carbon subsidies. The manufacturer will also have to pay
the low-carbon costs. Then, a 2 x 2 game payoff matrix is obtained in Table 3.

Table 3. Payoff matrix without the online trading platform.

Manufacturer
Low-Carbon Traditional
~ -1 1-1 nl _ nl
Supplier Low-Carbon (gs T ) (7t nle,lﬂm)
Traditional (e, — Cy) (e, )

During the matching process between suppliers and manufacturers, there is a matching
success rate. Traditional enterprises may pretend to be low-carbon enterprises, while low-
carbon enterprises will not pretend to be traditional enterprises, and the types of matched
enterprises are random. Therefore, when directly matched without the support of an online
trading platform, the expected payoff of a supplier adopting a low-carbon production
strategy is

1
il :y[n(w—c+A)Q+(1—n)(w—c)(1—p)}—Ekseg (10)
The expected payoff of a manufacturer adopting low-carbon production is
1
o = p[m(p —w+)Q+ (1 —m)(p —w)(1 = p)] = Skey (11)
The expected payoff of a manufacturer adopting low-carbon production is
7 = p(w—c)(1-p) (12)

The expected payoff of a manufacturer adopting low-carbon production is

7, = u(p —w)(1—p) (13)
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In this game payoff matrix, when an enterprise adopting the low-carbon production
strategy is matched with an enterprise adopting the traditional production strategy, it
neither gains low-carbon subsidies nor pays additional low-carbon costs. Such a strategy
profile is a strictly dominated strategy. For the enterprise adopting low-carbon production,
it knows its expected payoff. Then, based on the backward induction method, the optimal
wholesale price and optimal selling price in the Stackelberg game can be obtained as

1 — 2n —
wh = +c+Am An+25(es+em)(n m) (14)

«  3+ct+Am—An+d(es +em)(2n —m)
pr = 4
Assuming that both the supplier and the manufacturer are risk-neutral, the optimal
expected profits of low-carbon suppliers and low-carbon manufacturers are, respectively,
as follows:

(15)

Am ¢ An om(en +es) On(em+es) 1
1% _ e e _ m S _ m S -
s _’m<4 g7 g Tolemtes) 4 2 1
2
x )\—£+/\—m—&—75”1(6"1—‘_@5)—|—5n(em—i—es)—|—1 _ ek
2 2 2 2 2 2 (16)
c Am  An  Odm(en +es) 1
_”(”_1>(2_2+2+2_5”(67”“5)_2
c Am  An  Sm(emtes)  On(emtes) 1
4 4 4 4 2 4
Am ¢ An om(em +es)  on(em+es) 1
Ix et jdie _ m S o S -
nmym<4 Y +6(em +es) 4 > t1
w1 c_ 3Am N An N 36m(em +es) Onlem+es) 1Y ek
4 4 4 4 2 4 2 (17)
c Am  An  om(em+es)  On(em+es) 1
pm 1)<4 7 4
c 3Am  An  3dm(em+es) dn(em+es) 1
% (4 tr g 4 T 1

For enterprises adopting traditional production, substituting Equation (3) into (8) and (10),
the optimal profits of the enterprises when adopting traditional production can be obtained:

i = B o) (18)
= (1 cp? (19)

To encourage suppliers and manufacturers to adopt low-carbon production, it is
necessary to ensure that the expected profit of low-carbon enterprises is higher than
that of traditional enterprises. That is, when 7}* > 7//* and 7l > 7*, suppliers and
manufacturers will tend to adopt low-carbon production to promote the formation of a
green supply chain matching. The government subsidy coefficient encouraging suppliers
to be low-carbon needs to satisfy A > A}. The government subsidy coefficient encouraging
manufacturers to be low-carbon needs to satisfy A > A},. Then, the government’s minimum

effective subsidy coefficient is A* = max[A], A}, ].
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Considering the relationship between the total profit in the green supply chain and
the emissions reduction level of enterprises, the supply chain profit function is defined
as follows:

il = bt 4l (20)

8n£’g ané’;
/ des ’ dey

Proposition 1. From Equation (19) are obtained. It can be found that if the emissions

1% 1%
reduction level satisfies 0 < es < e}, and 0 < ey, < ey, then aazﬁf >0 Ortsg > 0. Whereas, if

7 den

otk otk . . . . ..

es > ey, ey > ey, then 5}: <0, aZ;,C < 0. Since the analytical expressions of the optimal emissions
reduction level e}, ey, are too complex, these two variables will be studied in the numerical simulation

in Section 5.

Proposition 1 indicates that initially the supply chain profit increases as the emissions
reduction level of enterprises slowly increases, because the emissions reduction brings more
low-carbon effects, increasing product sales and the profit of the supply chain. However,
after reaching e}, e, due to the substantial increase in emissions reduction costs, emissions
reduction costs become the main factor affecting the supply chain’s profit, and the total
profit of the supply chain decreases with the increase in emissions reduction level. The
managerial insight brought about by this proposition is that when enterprises adopt a low-
carbon production strategy, the determination of the emissions reduction level should not
be just a minimal reduction for low-carbon, a moderate emissions reduction level is not only
conducive to environmental benefits but can also increases supply chain profits. In addition,
the government should also consider formulating policies to encourage enterprises to adopt
moderate emissions reductions.

4.2. Model II: The Online Trading Platform with Perfect Authentication Service

In the previous subsection, we discussed the case where suppliers and manufacturers
directly match under the situation of there being no online trading platform. However, this
may lead to some problems, such as the inability to search for enterprises for matching
due to information asymmetry or traditional enterprises falsely claiming that they are
low-carbon. With the promotion and application of online trading platforms, a platform
can improve the success rate of matching in the bilateral market and provide low-carbon
authentication services for enterprises. This subsection considers the scenario where the
online trading platform provides perfect authentication services and investigates the impact
of the online trading platform on the green supply chain.

When a supplier or manufacturer purchases authentication services, it is assumed
to prefer to cooperate with low-carbon types. In the case of no online trading platform,
enterprises cannot accurately identify low-carbon types, so they will not reject the matching
result. However, under the online trading platform, enterprises that purchase authenti-
cation services are more inclined to match with low-carbon types. Therefore, if they do
not match their desired type in the first round, they will reject the matching result and try
the second match to ensure their profits [14,15]. In addition, under perfect authentication,
traditional enterprises will not choose to purchase authentication services because this will
expose their true type. For the enterprises that do not purchase authentication services,
their profits are the same as before. In this model, the decision sequence is as follows:
stage 1, the cloud platform announces the authentication fee a; stage 2, the supplier decides
the wholesale price w; stage 3, the manufacturer decides the selling price p. Therefore,
the profit matrix is shown in Table 4.
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Table 4. Payoff matrix under the online trading platform providing perfect authentication.

Manufacturer
Low-Carbon + Perfect Traditional +
Authentication Perfect Authentication
Low-Carbon + Perfect -1 -1 I—nl _nl—1
Authentication (s 0T +a (Tsta Mmta
li .
Supplier Traditional + Perfect nl—l _l—nl nl—nl _nl—nl
Authentication (M54a Mt (Tota™ T ta

Analyzing the payoff matrix in the case of providing perfect authentication services
on the online matching platform, for a traditional enterprise that does not purchase au-
thentication services, any enterprises that cooperate with them will not generate additional
benefits such as government subsidies. A low-carbon enterprise that has purchased the
authentication service will receive more substantial benefits, but they also have to pay the
extra platform authentication fee. The profit function can be obtained.

The expected payoff of low-carbon suppliers participating in the platform:

1kseg —a (21)

Mg = n(w—c+A)Q+ (1—n)[n(w—c+)Q+ (1 —n)(w—-c)(1-p) -5

The expected payoff of low-carbon manufacturers participating in the platform:

Fhya = m(p =0+ A)Q+ (1= m)[m(p — 0+ 0)Q+ (1 = m)(p —w)(1 — p)] = kuéhy —a 22)

When matching on the online trading platform, low-carbon enterprises have a higher
degree of confidence in believing that the matched enterprises are also low-carbon, so the
optimal wholesale price and selling price in the Stackelberg game satisfty Equation (6). So it
can be simplified to obtain

2 2 2
I n c  Olemtes) 1 n°—n c  Olem+es) 1 1, 5,
S R A DA A Sy OmTE) L 1) g
., ( R e B SR a Skse;

(23)
S(em+es) ¢ 1\[(c A  3blem+e) 1
C(n_p)2(olemtes) ¢ 1\ _A_ doemtes) 1)
(m 1)< 2 2+2>(4 2T 4 1) "
20 — 1\2 20 — 1\?
ni,f_m—m( C+5(Zm+€s)+ ) —<m2—ﬂ’l)< C+(5(Zm+es)+ )
(24)
20 — -1 -2 ~-1\ 1
(ml)Q(CJ“ A 5(Zm+es) )(c /\+35§Lem+es) )kaeia

The profits of suppliers and manufacturers who choose traditional production on the
platform are

il — %(1 — )2 —a (25)
il = %(1 —)?—a (26)

For suppliers and manufacturers to participate in the online trading platform, the plat-
form needs to satisfy the participation constraint and incentive compatibility constraint
when setting the authentication fee [13]. Taking suppliers as an example, for an online
trading platform, the participation constraint is that the profit after joining the platform
is greater than the profit without joining the platform, i.e., 77l , > 7l*, 7/!*. The incentive
compatibility constraint is that after the enterprise joins the online trading platform, it
can obtain more benefits by adopting low-carbon production than traditional production,

ie, ki, > milx.
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Proposition 2. Considering the profit function relationship when the platform provides perfect
authentication, where 7! > nﬂﬂ always holds. By solving this equation, it can be found that the
authentication fee to encourage suppliers to participate in the platform needs to satisfy 0 < as < aj,
where a is the minimum value of the solutions when 7%, (a) — rtl* = 0 and 7% (a) — 7/™* = 0.
The authentication fee to encourage low-carbon participation of manufacturers in the platform needs
to satisfy 0 < ay, < ay,, where ay, is the minimum value of the solutions when nir’[ﬂ(a) — =0
and 7t (a) — 7% = 0. Therefore, the range of values for the platform’s authentication fee is

a* € (0, min[af, ay,]).

Proposition 2 shows that in order to encourage enterprises to join the platform for
matching and trading, the platform needs to consider the individual rationality constraints
of enterprises and set appropriate authentication fees to attract enterprises to join the
platform and produce low-carbon products.

When an enterprise joins the online trading platform, the government needs to
set an appropriate low-carbon subsidy coefficient A to encourage suppliers and manu-
facturers to adopt low-carbon strategies, satisfying the equations 7, > 7, 7"l , and
7l nl -nl

>y, 7

m+a m+a:

Proposition 3. By solving these expressions, it can be obtained that the government subsidy
coefficient for encouraging low-carbon production by suppliers needs to satisfy As > A3, ,; ALy,
is the solution of \ ,(A) — " (A) = 0. The government subsidy coefficient for encourag-
ing low-carbon production by manufacturers needs to satisfy Ay > Ay, . Ay, is the solution
of 7t a(A) — 7T (A) = 0. So, the minimum effective subsidy coefficient of the government
Ap = max[A:+alAfn+a]'

Proposition 4. When a* € (0, min[a%,a},]), we have A}, < A*. And under this model, the optimal
emissions reduction level satisfies e, , > el, ey, > e,

Propositions 3 and 4 imply that the introduction of the online trading platform and the
authentication service exerts a positive effect on reducing government subsidy expenditures.
For the same level of emissions reduction by suppliers and manufacturers, the subsidy
setting will be lower than without the online trading platform, which helps to improve
the emissions reduction level of enterprises in the green supply chain and increase the
total profit of the green supply chain. The management significance derived from this
is that the government could consider collaborating with the platform to assist in its
promotion, encouraging more enterprises to match through the online platform. This would
be beneficial in reducing the government expenditure burden, boosting the platform’s
revenue, and enhancing the supply chain’s operational efficiency.

4.3. Model III: The Online Trading Platform with Imperfect Authentication Service

In actual authentication services, the authentication mechanism often cannot achieve
complete accuracy. Some enterprises disguised as low-carbon types will deceive the
authentication mechanism, and traditional-type enterprises will be wrongly certified as
low-carbon types, with a misjudgment probability of . In this case, traditional enterprises
may purchase authentication services and be certified as low-carbon enterprises by the
platform. Therefore, for the supplier, the probability of being certified as a low-carbon type
by the online trading platform, and that the true type is also low-carbon is

m

P(L|T =15) = mt (1 —m)

(27)
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The probability of being certified as a low-carbon type by the online trading platform,
but the true type is traditional is

P(nls|T = I;) = nm (28)

Similarly, for manufacturers, they are

n

P(ly|T = Iy) = Im (30)

Let Py = P(Is|T =15), P, = P(nls|T = Is), Ps = P(Iy|T = ly), Py = P(nly|T = ).

Under model 1II, the decision-making sequence is as follows: stage 1, the platform
announces the authentication fee a and the probability of misjudgment 7; stage 2, the sup-
plier decides the optimal wholesale price w; stage 3, the manufacturer decides the optimal
selling price p. The payoff matrix is constructed in Table 5.

Table 5. Payoff matrix under the online trading platform providing imperfect authentication.

Manufacturer
Low-Carbon + Imperfect Traditional +
Authentication Imperfect Authentication
Low-Carbon + Imperfect -1 11 I—nl _ni—I
Supoli Authentication (T i) (Tt i T i
e i,
uppher Traditional + Imperfect nl—1 _l—nl nl—nl _nl—nl
. T T (e
Authentication (et T i s+ rmt

In the case of imperfect authentication, traditional enterprises may also purchase
authentication services. There is a probability that they will be misjudged as low-carbon
enterprises and receive government subsidies, but they will not generate low-carbon
benefits §. Taking the supplier as an example, when adopting low-carbon production and
participating in the platform, the profit of cooperating with a low-carbon manufacturer is

1
= (=t A1 p+dlen +es)] - 5kse? —a (31)

A = (- m)@— )1 - p) 9w —c+ A1 - p) — ke —a (2

Therefore, in model III, the expected payoff of low-carbon suppliers participating in
the platform:

Moy =(n+ (1= n))[P3(w — ¢+ A)Q + Py(w —c + A) (1 — p)]+

1 (33)
(1=n—9(1=n)nl(w—c+A)Q+ 1 —m)(w—c)(1-p)] - Sk} —a
The expected payoff of low-carbon manufacturers participating in the platform:
Ty =(m+7(1=m)[Pi(p = w+A)Q+ Pa(p —w+ M) (1= p)l+ o
34

(1 =m =91 =m))[m[(p—w+A)Q]+ (1 —m)(p—w)(1-p)] - %kme%n —a

The authentication fee 4 and the misjudgment probability of authentication <y are
exogenous variables for the supply chain. In this Stackelberg game, the optimal wholesale
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price and selling price also satisfy Equation (6). We can simplify the profit functions

as follows:
by €y Oemte) (1N (e A 3d(emte) 1Y) elks
gy = y(n 1)(7\ 2+ 2 +2 1 2+ 1 1 5 a
n ¢ dlemtes) 1\ (y—1)(n2-n) ¢ Olemtes) 1)\2 35
+§(A 2T o)t Mt s (39)
Slem+es) ¢ 1\[(c A  36(em+es) 1
_ 2 AEm ) B 2N 2y PO\Em T Es)
=D 1)( 2 2+2)(4 2 1 1

A ¢ dlemtes) 1 c A 3d(em+es) 1 €2k
I _ _ oL y%\tmEs) 2\ (S 2 20\Em T Es) ) Emtm
T = (1 1)<2 it g +4> <4 2 4 1 2

A ¢ dlemtes) 1 2 _ ' A o dlemte) 1 2 36

+e) 1

im0 (e - ) (F T )

For suppliers who adopt a traditional production strategy and also purchase authenti-
cation services, the profit of cooperating with low-carbon enterprises is

m = 1=1@-0)1-p)+r@—ct+A)(1-p)-a (37)
The profit of cooperating with traditional enterprises that have purchased authentica-
tion services is

M = -+ (A -p)+ (1= (w—c)(1-p)—a (38)

The expected profit of traditional suppliers who purchase authentication services is

= 1= w—)d—p)+((n+r1-m)(w-c+A)(1-p)+ (1 —n—7(1-n)

 [(n+ (= 1) (@ — e+ A1 p) + (1 —n— 71— n)](w - )1 - p)]) —a )

The profit function is explained as follows: traditional suppliers who purchase authen-
tication services have a probability of 1 — 7 to deceive the authentication mechanism and
be certified as low-carbon suppliers. After that, there is a probability of n + (1 — n) of
encountering a manufacturer certified as low-carbon in the first match if they participate in
the platform with low-carbon production strategies. If they are matched with a traditional
manufacturer, they will reject the first match result and proceed to the second match. In the
second match, there is still the same probability of matching with a manufacturer certified
as low-carbon, and the second match result cannot be rejected.

The expected profit of traditional manufacturers who purchase authentication ser-
vices is

= (1—7)(p—w)(1—p) +7<(m+7(1m))(PW+A)(1P)
+(T=m—=y(1=m)[(m+y(1—=m))(p—w+A)(1-p) (40)
+HU=m= a1 =m)(p-w)(1-p)]) ~a

Using the backward induction method to solve it, the optimal wholesale price w

nl+i
and optimal selling price py; ; can be obtained. Then, ngfl and ngfj_i can also be obtained.
Since the analytic expressions are too complex, we study these variables using numerical

analysis in Section 5.
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For the situation where the authentication service provided by the platform is im-

perfect, to enable low-carbon suppliers and manufacturers to participate in the online

trading platform, it is necessary to satisfy ﬂéi ;> 7k and ﬂéi ;> ﬂs”i*l Under this model,

traditional enterprises may also join the platform and falsely claim that they are low-carbon.
Taking traditional suppliers as an example, when ng‘fl > rti*, traditional enterprises have
the motivation to decide to purchase authentication services. To avoid this phenomenon,
the authentication misjudgment probability and the government subsidy coefficient cannot
be too high, and the authentication fee should not be too low.

Proposition 5. By solving expressions, it can be obtained that the authentication fee for encourag-

ing low-carbon production by suppliers needs to satisfy aﬁ*i <as < aé’;i ;aé*ﬂ. is the solution of

néji(a) — b =0, and a;lfi is the solution of rt;’i*i(a) — 7t = 0. The government subsidy coeffi-
nlx

cient for encouraging low-carbon production by manufacturers needs to satisfy a,, ", < am < alx i
Ix 2 ; I Ix _ nlx ; nlx nlx _
. ; 18 the solution of t,v (a) — 7,; = 0, and a},} ; is the solution of 7,7 .(a) — 73,* = 0. So,

the value range of the authentication fee of the platform is a’ € (max|a i

1%

el minlal, a)).

s+ir@

Proposition 5 indicates that the pricing of platform authentication fees should not
be as low as possible. Instead, it should satisfy the range between the critical value for
the participation of traditional manufacturing enterprises and the critical value for the
participation of low-carbon production enterprises. The setting of a should both ensure
that joining the platform does not become a dominant strategy for traditional enterprises,
and make joining the platform a dominant strategy for low-carbon enterprises.
ami”[ﬂéiir”;fw]

Proposition 6. < 0, the authentication cost is inversely proportional to the proba-

bility of misjudgment.

Proposition 6 shows that the higher the false positive rate, the lower the authentication
fee of the platform should be set. This is because when the probability of misjudgment
7 is lower, P; and P; become larger, P, and P; become smaller, and the benefits brought
by mutual cooperation between low-carbon enterprises in the platform become greater,
and the authentication mechanism has a higher value. The authentication fee can be
increased at this time, which is in line with our general perception. Managerial insights
can be derived from this proposition: the platform should focus on improving its own
authentication accuracy, investing in advanced technologies such as big data analytics to
enhance the accuracy of authentication results, which can increase the economic benefits.

In model III, in order to encourage suppliers and manufacturers to be low-carbon,
the government needs to set an appropriate low-carbon subsidy coefficient A, satisfying
b s e gnlx gang e s qpnbe gl

s5+1 s /s m—+i1 mo 7 mti
Proposition 7. By solving these expressions, it can be obtained that the government subsidy
coefficient for encouraging low-carbon production by suppliers needs to satisfy As > max[A¥, Af, ];

s+i

A% is the solution of néii(/\) - ng’_ﬁ(/\) = 0, and A} is the solution of néj_i()\) — (1) = 0.
For manufacturers, the government subsidy coefficient needs to satisfy Ay, = max[A;, Ay ] As
is the solution of niLl.(/\) — 7th(A) = 0, and A%, is the solution of nzfj‘ri()\) — 7t = 0. So, the
minimum effective subsidy coefficient of the government A = (max[As, Ap)).

5. Numerical Analysis

This section will conduct a numerical simulation analysis on the three game models
established in the previous section, study the impact of changes in government subsidies
on supply chain profits and enterprise decisions, and further validate the conclusions.
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5.1. The Matching of the Supplier and Manufacturer without the Online Trading Platform

Model I mainly studies the influence of the government subsidy coefficient on the
profit of members of the green supply chain and the optimal value of the emissions reduc-
tion level of the green supply chain. Considering the relationship between parameters,
combined with Refs. [34,40], gives parameter values: c = 0.2, = 0.5, y = 0.8, m = 0.65,
and n = 0.58. These values all meet the assumptions and constraints of this paper. When a
supplier of low-carbon production cooperates with a manufacturer of low-carbon produc-
tion, the relationship between the total profit of the green supply chain and the enterprise’s
emissions reduction cost coefficient is studied. The simulation result is shown in Figure 3.

0.7 0.66

0.6

0.55

Figure 3. The relationship between the total profit of the supply chain and the emissions reduction
cost coefficient of the supplier/manufacturer in model I.

Figure 3 shows the relationship between the total profit of the green supply chain
and the emissions reduction cost coefficient under low-carbon production. According
to Equation (7), the smaller the emissions reduction cost coefficient, the more efforts
enterprises will make in emissions reduction, which will further promote the total profit
of the supply chain. However, considering actual situations and Ref. [40], the emissions
reduction cost coefficient often does not reach a very low value. Setting ks = 7 and k,; = 5,
in response to Proposition 1, the relationship between the total profit of the green supply
chain and the enterprise’s emissions reduction level is studied. The simulation result is
shown in Figure 4.

0.4
0.5
0.2
0 0
b
& -0.2
0.6

Figure 4. The relationship between the total profit of the supply chain and the emissions reduction
level of the supplier/manufacturer in model L.
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Figure 4 shows that in the absence of an online trading platform, the total profit of the
green supply chain is affected by the emissions reduction levels of the enterprises. As the
level of emissions reduction increases continuously, the total profit of the supply chain
increases gradually. When e; = 0.1 and e;;; = 0.08, 775 has a maximum value. Subsequently,
the total profit of the supply chain decreases with an increase in emissions reduction
level. Based on this conclusion, this paper investigates what value of government subsidy
coefficient can encourage enterprises to adopt low-carbon production.

Figure 5 shows the profits of direct matching between suppliers and manufacturers
without a platform. When the government subsidy coefficient is greater than 0.37, sup-
pliers will obtain higher profits from low-carbon production than traditional production.
When the government subsidy coefficient is greater than 0.66, manufacturers will be more
willing to adopt low-carbon production, which is conducive to the formation of a green
supply chain.

0.7

[*

w
0.6 - S A

[*

w

m
0.5 777777_111* 4

s

o __ . nl*

0.4+ m |4
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Figure 5. The impact of changes in government subsidy coefficients on supply chain profit in model I.

5.2. The Matching of the Supplier and Manufacturer without the Online Trading Platform

Model II mainly studies the changes in decision making and profits of the supply
chain members after the introduction of an online trading platform. It also investigates how
the government should set subsidies to better promote the formation of a green supply
chain in this scenario.

To better compare with model I, this part uses the same numerical values as model I
for simulation analysis. The government subsidy coefficient is set to A = 0.6, and the impact
of the pricing of platform authentication fees on the profits of the supply chain members
is studied.

Figure 6 shows that the optimal authentication fee a for encouraging enterprises to
participate in the platform is 0.08, which verifies Proposition 2.

For the authentication fee, considering the practical significance of the value and
Ref. [15], let 2 = 0.08. In the matching platform, the relationship between the profit function
of each member of the green supply chain and the government subsidy coefficient is studied.
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Figure 6. The impact of changes in authentication fee on supply chain profit in model II.

Figure 7 shows that the minimum effective subsidy coefficient that encourages en-
terprises to adopt low-carbon production is 0.60, which is significantly lower than 0.66 in
model I, which verifies Proposition 3.

1.2

0.8} e |
m

0.6 4

0.2
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Figure 7. The impact of changes in government subsidy coefficients on supply chain profit in model II.

Under the green supply chain, the impact of the emissions reduction level on the setting
of the government subsidy coefficient is studied, the proportion of the manufacturer’s
emissions reduction level is set to 0.10, and the interval of the supplier’s emissions reduction
level is set to (0, 0.25).

Figure 8 shows that no matter whether there is a platform or not, with the increase in
emissions reduction level, the total profit of the green supply chain shows a trend of first
increasing and then decreasing. Meanwhile, we find that the optimal emissions reduction
level of the green supply chain in the matching platform is higher than that in model I,
and the total profit of the supply chain is also higher.
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Figure 8. Comparison of optimal emissions reduction levels in green supply chains in model I and
model II.

5.3. The Online Trading Platform Provides Imperfect Authentication Service

Model III studies the impact of changes in authentication fees and low-carbon subsidy
coefficients on the profits of suppliers and manufacturers when the authentication mech-
anism of the platform is imperfect, and how to set authentication fees and government
subsidies more effectively under this situation. We set the authentication misjudgment
probability v = 0.2 to study the impact of the platform authentication fee on suppliers” and
manufacturers’ profits.

Figures 9 and 10 show that the authentication fee should be within the range of
0.09 < a5 < 0.23 in order to encourage low-carbon suppliers to participate in the platform.
And to encourage low-carbon manufacturers to participate in the platform, the authen-
tication fee should be within the range of 0.06 < a,, < 0.1. So, the optimal range for the
platform’s authentication fee is in the range of (0.09, 0.10). This proves Proposition 5.
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Figure 9. The impact of changes in authentication fees on supplier’s profit in model III.
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Figure 10. The impact of changes in authentication fees on manufacturer’s profit in model IIL

Comparing Figure 6 with Figures 9 and 10, it can be found that the optimal authentica-
tion fee of the platform has increased under imperfect authentication, which is conducive to
achieving a “separating equilibrium” between traditional enterprises and low-carbon enter-
prises, providing incentives for low-carbon enterprises rather than traditional enterprises,
so that they are more willing to participate in the platform.

The managerial implications are as follows: when the platform performs low-carbon
authentication, the authentication mechanism is not always perfect. But this does not
mean that the platform needs to lower its authentication fees. Inhibiting the “false claims”
behavior of traditional enterprises and promoting environmental benefits should be the
platform’s primary considerations when setting authentication fees. Although a lower
fee can attract more enterprises to join the platform, it may reduce the entry barriers for
traditional enterprises. The platform needs to balance environmental and economic goals,
set a reasonable authentication fee, and provide differentiated services. This can incentivize
low-carbon enterprises, restrain traditional enterprises” misconduct, and promote the
development of the green supply chain. Simultaneously, it is also conducive to establishing
a good image for the platform.

Let the authentication fee 2 = 0.08, while keeping other parameters constant, to study
the impact of the government subsidy on the profits of suppliers and manufacturers.

Figures 11 and 12 show that the government subsidy coefficient must satisfy A > 0.31
in order to encourage low-carbon production by suppliers. And to encourage low-carbon
production by manufacturers, the government subsidy coefficient must satisfy A > 0.6.
Therefore, the government’s minimum effective low-carbon subsidy coefficient is 0.6. At the
same time, it is also found that when the government subsidy is large enough, traditional
enterprises can be encouraged to participate in the platform. This proves Proposition 7.

Comparing with Figures 5 and 7, it can be found that when the platform provides
imperfect authentication, the government subsidy will be negligibly higher than under
perfect authentication, but still lower than without the platform.

The managerial implications are as follows: the government should collaborate with
the platform and help the development of the platform. This can help the government to
encourage more enterprises to adopt low-carbon production, with less subsidy expenditure.
Although imperfect authentication increases the subsidy required compared to perfect au-
thentication, using an online platform is still beneficial overall. Therefore, the government
should actively support the platform’s technology advancement to improve authentication
accuracy. Meanwhile, a reasonable subsidy setting needs to account for the misjudgment
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risk. With joint efforts from the government and platform, low-carbon development of the
supply chain can be promoted in a more cost-effective manner.
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Figure 11. The impact of changes in the government subsidy coefficient on the supplier’s profit in
model ITI.
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Figure 12. The impact of changes in the government subsidy coefficient on the manufacturer’s profit
in model ITI.

6. Conclusions and Future Research

For the two-level supply chain composed of a supplier and a manufacturer, this paper
considers the three situations of no online trading platform, an online trading platform
with perfect authentication, and an online trading platform with imperfect authentication,
and establishes game models for these three scenarios. Each model analyzes the profit
functions of suppliers and manufacturers when choosing different production methods,
and considers the optimal expected profit under the Stackelberg game. At the same
time, the impact of the introduction of the platform on the profit and decision making of
supply chain members is compared, and how to set the government’s low-carbon subsidy
coefficient more effectively to motivate enterprises to low-carbon production. Through the



Sustainability 2023, 15, 4290 22 of 24

comparative analysis of the game profit functions in these three situations, the following
conclusions are drawn:

1. Inthe absence of an online trading platform, the government needs to give low-carbon
subsidies to enterprises to encourage suppliers and manufacturers to adopt low-
carbon strategies and cooperate to achieve Pareto improvement of corporate profits.
When low-carbon suppliers and low-carbon manufacturers cooperate with each other
to form a green supply chain, the higher emissions reduction levels of enterprises can
bring higher low-carbon benefits, but also brings higher emissions reduction costs.
Therefore, the emissions reduction level of suppliers and manufacturers should be
moderate, which is more conducive to the overall benefits of the green supply chain.

2. In the case of an online trading platform that provides perfect authentication, the in-
troduction of the platform makes it possible for low-carbon suppliers to match with
low-carbon manufacturers, which can improve the expected profit of members of the
green supply chain and help members of the supply chain to increase their emissions
reduction level. The government can provide fewer subsidies than in model I, so
that suppliers and manufacturers can choose the low-carbon production strategy
as the dominant strategy, which is conducive to the formation of a green supply
chain, which shows that the introduction of the platform can reduce the government
subsidy expenditure.

3. When the online trading platform provides imperfect authentication, there is a special
situation that needs to be considered: enterprises adopting traditional production
may also participate in the platform. Therefore, when setting authentication fees,
the platform should not only make more enterprises participate in the platform,
but also prevent traditional enterprises from imitating low-carbon enterprises to
falsely claim government subsidies.

Meanwhile, some management implications can be derived: while encouraging the
development of the green supply chain, the government can consider cooperating with
the online platform to achieve a win-win situation in both economic and environmental
benefits. The government also needs to guide the platform to establish the consciousness
of green environmental protection and build a more comprehensive green authentication
mechanism. Enterprises should pay attention to investing in green innovation technologies
to reduce emissions reduction costs and enhance emissions reduction efforts. A good envi-
ronmental reputation will make them more favored by consumers, thus gaining economic
benefits while fulfilling their social responsibilities.

This paper provides effective suggestions for the government to set subsidy coefficients
in different situations, and provides a reference for the pricing of authentication fees
for an online matching platform. Reasonable pricing can motivate enterprises to adopt
low-carbon manufacturing and participate in the online trading platform to promote the
development of the green supply chain. Both the government and the platform should
take into account the triple impact of environment, society, and economy, implementing
reasonable pricing and incentive methods to promote the low-carbon development of the
supply chain. Enterprises should also proactively adopt appropriate emissions reduction
measures to achieve a win-win situation for both economic and environmental benefits.
However, there are certain deficiencies in the research process. This paper assumes that
as long as enterprises are low-carbon, they can obtain government subsidies, but the
emissions reduction levels of low-carbon enterprises is not considered. In the future, it
will be considered whether the emissions reductions of low-carbon enterprises meet the
government’s requirements, and the levels of corporate emissions reductions is used as
a decision variable for further research. At present, some studies consider the benefits
of such platforms. This paper does not expand in detail because the research focus is on
encouraging low-carbon production of enterprises. Furthermore, in recent years, the impact
of the supply chain on social welfare and consumer surplus has also been a research
focus. This paper only provides a partial discussion on this matter. In the future, we can
conduct detailed research on social welfare, etc., and put forward better suggestions for the
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pricing of government subsidies and platform authentication fees, and further improve the
decision-making model.
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