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IMPROVE THE SUSTAINABILITY OF SUPPLY CHAIN: THE ROLE OF
CARBON ABATEMENT AND BLOCKCHAIN TECHNOLOGY

YUNFEI YAO!, TINGTING L1U?* AND GUIXIAN TIAN?

Abstract. This paper analytically explores a supply chain where a manufacturer sells products
through a retail platform that can operate under either a reselling or agency selling model, correspond-
ing to Scenarios R and A. The model incorporates consumer valuation discounts based on the platform’s
retail channel and sensitivity to carbon emissions. The paper first examines the manufacturer’s invest-
ment decision in green technology to reduce carbon emissions and then analyzes the platform’s adoption
of blockchain technology to disclose information about the manufacturer’s actions. The analysis shows
that the manufacturer consistently prefers to invest in green technology over taking no action in both
scenarios. However, the platform’s decision to adopt blockchain depends on consumer acceptance of the
product: blockchain is deployed when consumer acceptance is high, and not when it is low. The study
further identifies two key factors — consumer acceptance and environmental sensitivity — that critically
influence the supply chain members’ choice of operational model. Specifically, as consumer acceptance
of the product increases, both the manufacturer’s and platform’s preferences shift from Mode RN/RT
(Reselling, No blockchain/Retail, No blockchain) to Mode RB (Reselling, Blockchain) and Mode RT
(Agency, Blockchain) to Mode AB (Agency, Blockchain). Conversely, as consumer environmental sen-
sitivity increases, preferences shift in the opposite direction, from Mode RB (Reselling, Blockchain)
and Mode AB (Agency, Blockchain) to Mode RN/RT (Reselling, No blockchain) and Mode AN/AT
(Agency, No blockchain). These findings highlight the interconnectedness of consumer attitudes toward
sustainability and the operational decisions of supply chain members.
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1. INTRODUCTION

Over the past four decades, the frequency and intensity of extreme weather events and natural disasters have
significantly increased due to global climate change, posing increasingly severe challenges to human survival and
development [17,49]. Addressing global climate change and reducing emissions to foster low-carbon economies
have become a consensus within the international community. The initiative of corporations is transitioning from
a focus solely on maximizing profitability to adopting a novel growth approach that recognizes the importance
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of societal and environmental well-being. With organizations embracing a dual mission of profitability and
sustainability, the efforts to mitigate climate change are prioritized. According to the 2021 Global Institutional
Investor Survey published by MSCI', in response to the pandemic, 90% of investors from large institutions with
assets exceeding $200 billion indicated their intention to increase investments in ESG (i.e., environment, social,
governance). It is more and more significant that, sustainability has already become an intrinsic component
of business decision-making. Both consumers and corporate buyers are progressively taking carbon footprints
into consideration when making purchasing and investment choices. Consequently, companies have substantial
market prospects to distinguish themselves by offering products or services characterized by low- or zero-carbon
footprints. According to a report released by NYU Stern School of Business in 20212, products marketed with
sustainability as a selling point contributed to over half (54.7%) of the growth in the packaged consumer goods
market from 2015 to 2019. The growth rate of these sustainability-focused products exceeded that of non-
sustainable products by more than seven times. In China, Business Value Magazine and Interface News have
released the “China Sustainable Consumption Report” for six consecutive years®. The report reveals a rapid
increase in Chinese consumers’ concern regarding corporate social responsibility, rising from 21% in 2017 to
52% in 2019. Additionally, the influence of price factors on consumers’ sustainable consumption behaviors has
significantly diminished.

Promoting green development through technological innovation is an inevitable choice to achieve carbon neu-
trality goals. To accomplish energy conservation and emission reduction targets and foster the development of a
low-carbon economys, it is crucial to vigorously advance energy technologies and engage in innovative green and
low-carbon technology [11,32,47,51]. Green and low-carbon technology innovation is beneficial for enhancing
resource efficiency and reducing resource consumption [25,29]. It serves as a key approach for addressing cli-
mate issues, advancing low-carbon urban development, and establishing a low-carbon economy and sustainable
development model [48]. Tt also represents an effective pathway for China’s transition from a high-carbon econ-
omy characterized by high energy consumption, high emissions, and high pollution to a low-carbon economy
characterized by low energy consumption, low emissions, and low pollution [56]. Google not only adopts green
technologies in the energy sector but also employs innovative approaches in the design and operation of its
data centers to reduce carbon emissions. They utilize advanced cooling systems and intelligent energy manage-
ment technologies to maximize the energy efficiency of their data centers. Furthermore, Google is engaged in
sustainable city projects, applying intelligent technologies to enhance urban energy utilization efficiency and
environmental sustainability.

Given that the traceability of product carbon emissions information significantly influences consumer
trust and company performance, some companies are actively enhancing the transparency of their products.
Blockchain technology provides a new and effective solution for information disclosure for companies due to
its several technical characteristics such as immutability, transparency, traceability, and security [4]. Further-
more, recent commercial applications of blockchain technology have demonstrated that businesses can benefit
from product information disclosure using blockchain technology, as it addresses critical trust issues related to
product-related information [12,13,27,40]. Supported by blockchain technology, information disclosure on retail
platforms plays a more crucial role in consumer purchase behavior [24]. Therefore, how to leverage blockchain
technology to solve the problem of product information disclosure is an important topic in both academia and
industry during the blockchain era [4,26,52]. Retail platforms have the capability to leverage their advantages by
adopting blockchain technology to disclose product carbon emissions information to consumers and implement
incentivizing measures to promote green consumer behavior. Such measures not only respond to consumers’
expectations for sustainable products and enhance consumer loyalty but also, through the transmission effect
of e-commerce platforms, impact the supply side and encourage upstream manufacturers to take more proac-
tive actions, reducing carbon emissions and engaging in sustainable production activities. In fact, research has

1 https://wuw.msci.com/documents/1296102/22910163/MSCI-Investment-Insights-2021-Report.pdf

2 https://www.stern.nyu.edu/experience-stern/about/departments-centers-initiatives/centers-of-research/
center-sustainable-business/research/csb -sustainable-market-share-index.

3 https://corporate.zalando.com/en/technology/leading-way-sustainable-fashion.
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already demonstrated that if e-commerce platforms implement more proactive consumer communication and
incentives, consumers’ green choice behavior can be changed and enhanced. For example, the Zalando Group
added a dedicated section for sustainable products on its website and prominently displayed stars next to sus-
tainably certified products. This single measure effectively increased the proportion of consumers choosing (at
least one) sustainable product from 18% in early 2020 to 50% by the end of the year®.

The observed real world industrial practice, including deploying blockchain technology to disclose information
and the abatement of carbon emission, motivates this research. On one hand, the manufacturer has an incentive
to invest in green technology, so as to reduce carbon emission. On the other hand, the platform inclines to
deploy blockchain technology to disclosure the manufacturer’s environmental action to consumers. Therefore,
it is necessary to deeply explore and understand the interaction between platform blockchain adoption and
manufacturer green investment strategies. What’s more, in the supply chain, the manufacturer and platform
usually cooperate in two modes, i.e., reselling format and agency selling format. The selling format usually affects
supply chain members’ strategic decisions. Based on the above analyses, this work focuses on the following key
issues:

— Whether the manufacturer has an incentive to invest in green technology to reduce carbon emission?

— When the manufacturer invests in carbon abatement, whether the platform has an incentive to deploy
blockchain technology to disclose related information to consumers?

— How does the consumer’s acceptance of products, preference for the product’s traceability information and
environmental sensitivity parameters influence the manufacturer’s and the platform’s optimal decisions?

— How does the selling formats affect the manufacturer’s and platform’s strategic decisions, that is, the green
invest and blockchain adoption decisions?

To solve the above research questions, this paper consider a supply chain including a platform and a manu-
facturer cooperating in reselling or agency selling format. We investigate their decisions concerning whether to
adopt blockchain technology and whether to invest in green technology. According to the selling format in the
supply chain, this paper divides the research into two scenarios: Scenario R and Scenario A, to specify the sup-
ply chain members’ optimal selections. In each scenario, all the strategy combinations of the green investment
decisions and blockchain adoption are investigated in three modes by formulating a Stackelberg game model.
For each modes, the tasks performed are as follows. Firstly, consumer’s utility functions are constructed, and the
demand functions are then obtained. Secondly, the manufacturer’s and platform’s profit functions are built and
then the equilibrium solutions of each mode are determined. Following this, a sensitive analysis ensures, delving
into the supply chain member’s optimal wholesale and retail prices, carbon reduction level and information
traceability level.

By examining the supply chain member’s optimal decisions, this paper has some major findings:

— The manufacturer prefers to invest in green technology rather than taking no action, which indicates that,
the manufacturer always obtains more profits in Mode RT /AT than in Mode RN/AN.

— The platform’s decision on whether to adopt blockchain technology depends on consumer’s acceptance
of products. When consumer’s acceptance of products is low and moderate, the platform prefers not to
adopt blockchain, i.e., Mode RT/AT. However, when consumer’s acceptance of products is high, blockchain
adoption is preferred by the platform, i.e., Mode RB/AB.

— Two parameters play decisive roles in the manufacturer’s and the platform’s decisions: the consumer’s accep-
tance of products and the consumer’s environmental sensitivity. As the consumer’s acceptance of products
increases, the manufacturer’s and the platform’s choices both change from Mode RN/RT (Mode AN/AT) to
Mode RB (Mode AB). And as the consumer’s environmental sensitivity increases, their preferences change
opposite, that is, from Mode RB (Mode AB) to Mode RN/RT (Mode AN/AT).

— The manufacturer’s and the platform’s mode choices are always analogous. When the consumer’s acceptance
of products is high, Mode RB/AB is preferred by the manufacturer and the platform. That is, they both

4 https://newwezhanoss.oss-cn-hangzhou.aliyuncs.com/contents/sitefiles2035/10175544/files/180278.
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expect to develop green technology to reduce carbon emission and adopt blockchain technology to disclose
information. When this parameter is low and moderate, both of the manufacturer and platform prefer Modes
RT/AT.

The study makes the following major contributions.

— To the best of our knowledge, this paper is the first to investigate the joint decision of the manufacturer
and the platform in the context of sustainable development and blockchain era. This paper obtains some
interesting findings that not only contribute to the existing literature related to blockchain adoption, but
also provide some important managerial insights to the relevant practitioners on sustainable supply chain
management.

— This paper, considering consumer’s perception of carbon emission, blockchain technology, discusses con-
sumer’s acceptance of products, environmental sensitivity and preference for information disclose by
blockchain on the supply chain member’s decisions. This research perspective bridges research gap between
supply chain management and consumer perception, which has not been considered in previous literature.

— Finally, important conclusions, such as that the manufacturer and platform have analogous preference in
different scenarios, are obtained, which are insightful for promoting blockchain application in the context of
sustainable supply chain management.

The remainder of this paper is organized as follows. Section 2 reviews the relevant literature and discusses
the connections between this study and previous research. In Sections 3 and 4, the paper introduces the model,
analyzes the six operational modes across the two scenarios, and derives the equilibrium outcomes. Section 5
investigates the optimal decisions for both the manufacturer and the platform, addressing the primary research
questions. Finally, Section 6 presents the conclusions, offers managerial insights based on the findings, and
suggests directions for future research.

2. LITERATURE REVIEW

This study is related to the existing literature in three streams of research: (i) green investment and sustain-
ability; (ii) blockchain technology and information disclosure, (iii) supply chain operations with reselling and
agency selling formats. But it also deviates from the existing literature in some essential aspects.

2.1. Green investment and sustainability

This study belongs to the research line of green investment and sustainability. Several scholars are interested
in sustainability and financial performance in the supply chain management. In the seminal work of Clark et al.
[15], they explore the relationship between sustainability and financial performance. Their findings suggest that
integrating sustainability factors into investment decisions can lead to better financial outcomes, supporting
the notion that sustainability goes beyond social responsibility and has tangible economic benefits. Eccles
et al. [16] investigate the impact of corporate sustainability practices on organizational processes and financial
performance. They find that firms with strong sustainability practices exhibit improved operational efficiency,
risk management, and financial performance, providing evidence for the business case of sustainability. Yunis
et al. [55] examine the relationship between green investment, firm value, and financial performance in emerging
markets. Their findings indicate a positive association between green investment and firm value, underscoring
the potential financial benefits of environmental commitment.

Other researchers concentrate on green investment and investment strategies. Horvath and Krick [21] pro-
vide a comprehensive survey on the definitions, organizations, and investment strategies involved in sustainable
investing. Their review contributes to a better understanding of the evolving landscape of sustainable invest-
ment, emphasizing the diversity of approaches and actors within this field. Scholtens [42] conducts a literature
review on integrating environmental considerations into financial decision-making processes. The study high-
lights the importance of incorporating environmental factors into financial decisions and discusses barriers and
opportunities for further integration, contributing to the understanding of sustainable finance. Besides, other
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paper focuses on corporate sustainability practices and organizational processes. Hawn and Toannou [20] explore
the interplay between external stakeholder pressures and internal firm actions in the context of corporate social
responsibility (CSR). Their research sheds light on how external pressures and internal motivations interact to
shape CSR practices within organizations.

Moreover, several scholars have focused on supply chain optimization and sustainability within specific con-
texts. Tirkolaee et al. [50] develop a novel mathematical model to design a sustainable closed-loop supply chain
for masks during the COVID-19 outbreak, aiming to minimize total costs, pollution, and human risk. Similarly,
Mondal and Roy [35] investigate a multi-objective, multi-product, multi-period supply chain planning model
to ensure the continuous supply of resources between production centers and hospitals during the pandemic.
Shokouhifar et al. [45] propose a mathematical model for designing a closed-loop food supply chain network,
with the goal of minimizing both economic and exergetic costs. Mardani et al. [34] apply structural equation
modeling to assess sustainable and green supply chain management practices. Hamidoglu et al. [19] explore the
establishment of a collaborative market environment involving farmers, agricultural enterprises, and consumers,
examining their willingness to adopt low-carbon practices in response to market prices and government policies.
Mukherjee et al. [37] incorporate repairable defective products into an uncertain supply chain environment,
evaluating and validating the impact of four carbon taxation policies across various real-world scenarios, while
also exploring the sensitivity of key parameters. Other studies, such as those by Paul et al. [38], Ali et al. [2], and
Mondal et al. [36], also address issues related to supply chain sustainability and management. However, these
studies often focus on specific industries, production environments, or product types, and may not fully consider
the diverse needs of different sectors or organizations of varying sizes. Moreover, there is a lack of comprehensive
assessments of the long-term benefits and sustainability impacts of green investments, underscoring the need
for more empirical research to complement theoretical models.

The existing literature suggests that integrating sustainability factors into investment decisions can drive
financial outperformance, enhance organizational processes and performance, and contribute to firm value. Fur-
thermore, these reviews emphasize the importance of incorporating environmental considerations into financial
decision-making and highlight the complex dynamics that shape corporate social responsibility (CSR) prac-
tices. However, most of this research primarily focuses on the financial dimensions of green investment and
sustainability, particularly the relationship between sustainability practices and financial performance. It often
overlooks other critical aspects, such as the social and environmental impacts, policy implications, and the role
of stakeholder engagement.

In contrast, our paper contributes to the growing body of research on green investment and sustainability
by focusing on the manufacturer’s environmental concerns, specifically the carbon emissions generated during
the production process, which can be mitigated through green investment. While few studies have examined
the manufacturer’s incentives to invest in environmentally friendly technologies across different supply chain
structures, our research bridges this gap. We provide actionable insights for manufacturers, offering constructive
suggestions for enhancing environmental protection through strategic green investments (Tab. 1).

2.2. Blockchain technology and information disclosure

This paper also falls into the research stream of the application of blockchain technology in the supply
chain. Blockchain technology has been applied and developed in many industries, such as finance and supply
chain management [4,39,59]. Goli et al. [18] discuss the role of blockchain technology toward a sustainable
energy future, including technology, organizations and people, and the impacts during emergency situations
and economic uncertainties. Recently, Tansiti and Lakhanl [24] discuss the fundamental features of blockchain
and identified some applications in the digital world. Specifically, blockchain can distribute ledgers that can be
verified, stored, and easily shared, and smart contracts are a potential application of this technology [14,41]. Bai
and Sarkis [5] apply blockchain technology to increase transparency in sustainable supply chains and evaluated
blockchain selection decisions by developing a group decision making model. In addition, Choi et al. [13] develop
a monopoly model of Nash game between two platforms with price as an exogenous parameter, and derived a
balanced product information disclosure strategy when implementing blockchain technology.
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TABLE 1. Summary of the relevant literature.

Articles Selling format  Supply chain structure Can(?n Blockchain Env1rqnment
emission  technology  analysis
Barman Reselling One reseller and one manufacture v v
et al. [7]
Barman / One manufacturer v v
et al. [6]
Barman / / v v
et al. [8]
Bhunia et al.  / / v v
(9]
Li et al. [28] / / v v v
Ma et al. [33]  Agency selling, One online platform and one v v
reselling manufacture
Zhang et al. / One OEM and one TPR v v v
(58]
Huang et al.  Agency selling, One e-Commerce platform and one v
[23] reselling manufacture
Zhao et al. Agency selling, One platform and one manufacture v
[60] reselling
Luetal [31] / One supplier, one online retailer, v
one offline retailer
Liu et al. Reseller, An individual manufacturer and an v v
[30] market individual e-platform
Xu et al. Marketplace, A manufacturer and an online v v v
[53] reselling platform
This paper Agency selling, One platform and one manufacture v v v
reselling

Product information disclosure is a hot topic in practice and academic fields, and effective disclosure of prod-
uct information is an effective way to solve consumer uncertainty. Therefore, many studies focus on information
disclosure strategies. Zimmer et al. [61] propose an information disclosure model to achieve retailers’ competitive
advantage by satisfying consumer demand. Shulman et al. [46] find that companies may benefit from disclosing
less information. In addition, by constructing a disclosure model in a dynamic sequential screening environment,
Zhang et al. [57] show that companies can benefit from disclosing more information if the associated disclosure
costs are reduced. Different from the above work, this paper considers the manufacturer to reduce carbon emis-
sions of products, and the retail platform use blockchain technology to disclose manufacturer’s carbon emission
reduction information to consumers. Babaei et al. [3] focus on blockchain technology to design innovative and
environmentally-friendly supply chain network with two-step authentication.

This paper differs from the above literature in two aspects. This paper analyzes whether the platform will
adopt blockchain technology based on the consideration of carbon reduction decision taken by manufacturer.
Besides, this paper assumes that retail platform has an incentive to adopt blockchain technology to disclose
the carbon reduction information of products and bear the corresponding adoption costs. The literature has
proposed the use of blockchain technology to improve the transparency and sustainability of supply chains, but
may not have fully considered the costs of implementing these technologies. The literature has proposed the use
of blockchain technology to improve the transparency and sustainability of supply chains, but may not have
fully considered the costs of implementing these technologies. The literature has proposed the use of blockchain
technology to improve the transparency and sustainability of supply chains, but may not have fully considered
the costs of implementing these technologies.
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2.3. Supply chain operations with different selling formats

Some papers focus on understanding and analyzing the dynamics of supply chain operations in the context of
reselling and agency selling formats. Some scholars have studied the role of sales model in promoting coordination
between upstream and downstream members of the supply chain, and analyzed the impact on the overall perfor-
mance of the supply chain. Yao et al. [54] examine supply chain coordination under agency selling and reselling
formats. Their study explores the implications of price commitment agreements on achieving coordination in
such supply chains and highlights the impacts of pricing strategies on supply chain performance. Abhishek et al.
[1] analyze the strategic sourcing decisions of wholesalers and their impact on downstream retailers and overall
supply chain performance. They explore how wholesalers build sustainable supply chains, compete on quality,
and establish advantageous relationships with retailers through sourcing strategies. Huang et al. [22] examine
the coordination challenges in a two-echelon supply chain involving reselling, trade-in programs, and agency
selling. They propose coordination mechanisms and strategies to enhance supply chain performance.

In addition, some scholars pay attention to the interaction between competition and sales model in supply
chain. Chen et al. [10] investigate the competition dynamics among online sellers involved in agency selling and
reselling. They explore the impact of information updating on competition outcomes, shedding light on the
strategic choices made by sellers in the realm of online agency selling and reselling. Shen et al. [43] develop a
supply chain model encompassing a manufacturer, a platform retailer, and a traditional reseller. The platform
retailer assumes the role of a channel leader, possessing sufficient power to dictate contractual terms such as
the revenue-sharing rate and slotting fee. This study discusses the optimal determination of the revenue-sharing
rate by the platform retailer and the manufacturer’s decision between adopting a dual-channel or sole-channel
approach. Shen et al. [44] propose a stylized model featuring one manufacturer and two retailers. The dominant
retailer commands a significantly larger market coverage and possesses the flexibility to choose its preferred
selling format. In contrast, the weaker retailer’s influence is limited to setting the retail price. The study
examines the dominant retailer’s choice between functioning as a platform retailer or a reseller, as well as the
manufacturer’s decision regarding channel selection.

Different from the aforementioned work, this paper based on the background of supply chain sustainability,
dividing the research content into two scenarios according to the selling format: Scenarios R and A. And
this paper analyses the impacts of the selling format on whether the manufacturer conducts carbon emission
reduction and whether the platform adopts blockchain technology to disclose relevant information.

3. MODEL SETTING

This paper considers a supply chain in which a manufacturer (“he” in the following paper) could sell products
to consumers through an online platform (“she” in the following paper). The manufacturer and the platform
could cooperate in reselling or agency selling format. This supply chain structure is very common in practice.
For example, Apple sells iPhone and iPad on TMALL in Apple’s flagship store but sells on JD.com through
JD’s official self-running store. The main difference of these two selling formats is whether the manufacturer
or the platform decides the retail price of the products. In the reselling format, the manufacturer wholesales
products to platform with w and the platform resells to consumers in retail price p which indicates that the
platform controls the pricing power in this format. While in agency selling format, the manufacturer directly
sells products to consumers with retail price p and pays for the platform a commission fee v which is a proportion
of his profits. Thus, the manufacturer retains the pricing power himself in this format.

Consumers are environmental friendly who care about the greenness of the products, and are sensitive to the
carbon emission. The manufacturer decides whether to invest in green technology or not, through which can
reduce the carbon emission level of the products. Without green investment, the consumer’s utility function can
be written as

U=0v—p—n-eo,
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where v is consumer’s valuation of the manufacturer’s products which uniformly distributes between 0 and 1,
that is, v ~ U[0, 1]. Consumers are environmentally friendly, § represents consumer’s acceptance degree for the
products, which depends on whether the products are environmental or not. When the manufacturer doesn’t
invest in green technology, consumer’s acceptance of the product is lower, that is, 0 < 8 < 1. And consumer’s
acceptance # = 1 when the consumers realize that the products are green, that is, the manufacturer invests in
green technology. 7 is consumer’s sensitivity of carbon emission. eg represents the initial carbon emission level
of the products without green green investment. Thus, when the manufacturer invests in green technology to
reduce carbon emission with level e, consumer’s the utility function is

U=0v—p—n-(e—e).

e is the level of carbon emission abatement after the manufacturer’s investment in green technology, eg — e
shows the ultimate carbon emission level after green investment. Consumers cannot identify the greenness of
the products. That is to say, the manufacturer’s behavior to invest in green technology cannot be informed to
the consumers. This may impact the sales of the products for that the consumers are environmental friendly
and hurt the platform’s profitability eventually. To overcome this problem, the platform adopts blockchain
technology to disclose the information about the products to consumers. The adoption of blockchain technology
can significantly improve the consumers’ utility through three ways. Firstly, through blockchain technology, the
platform can clearly inform the consumers that the manufacturer invest in green technology. Thus, the consumers
realize that the products are green and their acceptance degree # is improved to 1. Secondly, through the
blockchain technology, the product’s carbon abatement level e is revealed to the consumer. Finally, blockchain
technology can enhance the level of product traceability, i.e., I. Once blockchain technology is adopted, the
platform needs to decide the product traceability level, denoted as I, which shows the scale and scope of
product information. In general, when providing more information about product traceability, the customer’s
utility increases by a- I, where a represents the consumer’s preference for the product’s traceability information.
In this context, consumer’s utility function can be shown as

U=v—p=—n-(eo—e)+a-l

where « represents the consumer’s preference for the information disclosed by the platform.
Consumers will make purchase when the utility of buying a product is larger than not buying. We obtain the
consumer’s demand of products in different modes

do—1_ MR
0
PR HCTOR)

dy =175 (co—e)+a-T—p,

where the superscripts N, T, B represent three different modes in this paper: without green investment and
blockchain adoption, with green investment but without blockchain adoption, with green investment and
blockchain adoption. What’s more, the manufacturer’s investment cost in carbon abatement is %62 and the
platform’s cost in information disclosure through blockchain technology is %I 2, The manufacturer’s and plat-
form’s costs concavely increase with carbon abatement level and information disclosure level, respectively. Here,
a quadratic cost function implies that it is increasingly more costly to exert more effort to reduce carbon emis-
sion and provide product information. The notations involved are presented in Table 2. According to the selling
format in the supply chain, this paper constructs two scenarios: Scenario R and Scenario A. In each scenario,
considering whether the manufacturer invests in green technology and whether the platform adopts blockchain
technology to disclose environmental information, this papers build three different modes: Mode RN, Mode RT,
Mode RB, and Mode AN, Mode AT, Mode AB, which represents no investment and no blockchain adoption,
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TABLE 2. Notations and descriptions.

Notation  Description

Parameters

y Commission fee charged by the platform.

0 Consumer’s acceptance of the products, 0 < 0 < 1.

v Consumer’s valuation of the products, v ~ U0, 1].

n Consumer’s sensitivity of carbon emission.

o Consumer’s preference for the product’s traceability information.

€o The initial carbon emission level of the products without green green investment.
d Consumer’s demand for the products.

U Consumer’s utility function.

™, TP Profit functions of the manufacturer and platform.

Decision variables

e The level of carbon emission abatement after the manufacturer’s investment in green technology.
1 The level of product traceability information provided by blockchain technology.
p Retail price of the products.

w Wholesale price of the products.

with green investment and no blockchain, with investment and blockchain technology. In total, there are six

modes, we explain them as follows:
Scenarios R: the manufacturer and platform cooperated in reselling format,

(a) Mode RN: neither of the manufacturer and the platform take actions, their profit functions can be shown
as Moy = w - dy, TN = (p — w) - dn.

(b) Mode RT: the manufacturer invests in green technology, but the platform doesn’t apply blockchain technol-
ogy, their profit functions are 7if = w - dr — ser?, mp" = (p — w) - dr.

(¢) Mode RB: the manufacturer invests in green technology, and the platform apply blockchain technology to

: : : : : RB _ 1.2 _RB _ 172
disclose information, their profit functions are my;° = w - dg — 5%, 7p° = (p —w) - dp — 51°.

Scenarios A: the manufacturer and platform cooperated in agency selling format,

(d) Mode AN: they both take no actions, their profit functions are iy = (1 —7) - p-dn, TN =7 -p-dx.
(e) Mode AT: only the manufacturer takes actions in green technology investment, the platform takes no action,
the profit functions are given by 74" = (1 —v) - p-dr — %ez, ol =~-p-dr.
(f) Mode AB: they both take actions, and we obtain their profit functions as % = (1 — ) -p-dg — %62,
AB _ . p.dn — L]2
Tp Y-p-dB — 5147
The channel structure and interactions between the manufacturer and platforms are shown in Figure 1. The
sequence of events for each mode of operation is described as follows:

(a) Mode RN: in this benchmark mode, the manufacturer first decides the wholesale price wgrn of the products
and then the platform sets the retail price prn to consumes.

(b) Mode RT: the decision sequence in this mode is as follows. First, the manufacturer decides the carbon
abatement level egr, which incurs a cost of %eRTQ. Then, the manufacturer sets the wholesale price wgrt to
the platform and the platform sets the retail price pgr to consumers, eventually.

(c) Mode RB: the manufacturer first decides the carbon abatement level egp at a cost of 2erp?. And then the
platform decides the information disclosure level Igzp at a cost of %IRBQ. Next, the manufacturer and the
platform sequentially decide the wholesale price wrp and retail price prg.

(d) Mode AN: the manufacturer decides the retail price pan to consumers directly.

(e) Mode AT: the manufacturer invests in green technology to reduce the carbon emission and decides the
carbon abatement level ear. Then the manufacturer decides the retail price par.
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FIGURE 1. Channel structures. (i) Scenario R: (a) Model RN, (b) Model RT, (c) Model RB.
(ii) Scenario A: (a) Model AN, (b) Model AT, (c) Model AB.

(f) Mode AB: the manufacturer invests in green technology to carry out carbon abatement at a level of exp with
a cost of %e 2. Then the platform deploys blockchain technology to disclose environmental information Iag
with a cost of %I ABZ. Then, the manufacturer decides the retail price pag.

4. EQUILIBRIUM RESULTS

In this section, this paper first displays the detailed model settings in Scenarios R and A, and then calculate
the equilibrium results of three modes in two different scenarios. Because this dynamic game contains multiple
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rounds of strategic interactions, backward induction is applied to derive the subgame perfect equilibrium in this
paper.

4.1. Scenario R: reselling format

In this scenario, the manufacturer cooperates with the platform through reselling format. In this format, the
manufacturer wholesales the products to platform and the platform resells the products to consumers. According
to whether the manufacturer invests in green technology and the platform adopts blockchain technology, this
paper divides this scenario into three modes: Modes RN, RT and RB.

4.1.1. Mode RN: without green investment and blockchain adoption

In this mode, the manufacturer doesn’t invest in green technology to reduce carbon of products. Thus, there
is no initiative for the platform to adopt blockchain technology to disclosure related information. Thus, the
manufacturer’s and the platform’s profit functions are shown below:

~eq +
WﬁNZw'dNZwRN-(l—n 0 pRN)7

0

N = (p — w) - dx = (PrRN — WRN) - (1—

M€ +PRN |
0

Using backward induction solution, this paper obtains the equilibrium wholesale and retail prices in mode RN
as follows:

WRN = ————,
RN B
Prn = f
The manufacturer’s and platform’s equilibrium profits are

aRN* (0 —mn- 60)2

M - 89 9
aRN* (0 —n- 60)2.
P 166

It can observed directly that the total profit is divided proportionally between the manufacturer and the
platform. The wholesale and retail prices, the manufacturer’s and the platform’s profits are all positively related
to the consumer’s acceptance of products and negatively related to the product’s carbon emission. This indicates
that, the supply chain members should make efforts to improve the consumer’s acceptance and reduce the
product’s carbon emission. These analyses give supports for the following conclusions in our paper.

4.1.2. Mode RT: with green investment but without blockchain adoption

In this mode, the manufacturer invests capital to carry out green investment, in order to reduce carbon
emission in the productive process. The manufacturer’s and platform’s profit functions are showed below:

1 . — 1

WKR/IT:w'dT7§62:wRT' <1n (60 G;T)+pRT) 7§6RT23
-(eg—e +

WST:(p—w)'dT:(pRT_’LURT)'(1_77 < gRT) pRT)'

Through backward induction, this paper obtains the equilibrium results as follows in Proposition 1:
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Proposition 1. When satisfying 40 — 172 > 0, the equilibrium results in Mode RT are

e :77'(‘9*77‘60)
RT 40—7]2 )
wRT:W7
pRT:W'

Thus, this paper derives the equilibrium profits of the manufacturer and the platform

* 1
RT* _ 2
™ = 2(40_,,72) (0 n 60) s
* 0
BT — 7 g p.en)?.
TR

It is obviously that the total profits still proportionally distribute between the manufacturer and the platform
as same as in Mode RN. Resorting to sensitive analyses, this paper derives Lemma 1.

Lemma 1. The following are sensitive analyses of the decision variables in Mode RT with respect to consumer’s
acceptance (0):

(1) % >*0 if n < deg, ag%T <0 ifn > deg; whenn < 4eg, ma”g“ > 0 and ag%T > 0. W*henn > deg, aggT <0
and ag%T < 0 if T(n? — ny/n? —dney) < 0 < F(n* + ny/n? — 4ney), otherwise, ‘%ggT >0 and 8’5‘;” > 0.
OﬂﬁT*

When 1 < 2e9, 25— > 0; when n > 2eq. 8”;“5* < 0if 0 < 3n(n —eo), otherwise, a%%T* > 0. When

4 ART* 4 aRT* o1 2 2
5€0 <n <deg, 55— < 0; when n < geo and n > deg, “Fp— > 0 if 5(3n — deg — V% — 40ne, + 16e2) <
0 < £(3n—deg+ V9% — 40ne, + 16€02).

(2) When n < 8ey, ae‘j]T < 0; when n > 8ey, ae‘:‘,T > 0 if 0 < tn(n — 8eg) and negative otherwise. When

] 5
267 Qwg Opy mBT* . 267 dwg Opy
0<e < pEwr R aﬁT >0, —O‘ZT > 0 and gn > 0; when e <€) < 1, aﬁT < 0, B%T < 0 and
RT * RT * RT * RT *
ﬂgn < 0. When n > 4ey, 87%‘;[7 >0 4f 0 < ney and awa“fy < 0 otherwise; when n < 4eg, BW# <0 if
RT *
0 <ney and C%# > 0 otherwise.

It can be easily verified that the carbon abatement level changes with the consumer’s acceptance of products
depending on the relative relationship between ey and 7. When n < 4eg, the manufacturer have more initiative
to invest in green technology when consumer’s acceptance increases. When 1 > 4eq, the manufacturer is less
likely to invest in green technology as consumer’s acceptance increases. The wholesale and retail prices both
increase with 6. Besides, the increase of 6 first decreases and then increases the manufacturer’s profit, the
threshold is § > 1n(n—2eg). When 6 < £(3n—4eo + V92 — 40neo + 16€92), the platform’s profit is decreasing
in #. These indicate that the manufacturer’s and the platform’s profits does not monotonously change with
the consumer’s acceptance of products. When it comes to consumer’s environmental sensitivity, the carbon
abatement level, wholesale and retail prices and the manufacturer’s profits are all firstly decrease and then
increase with the increasing of 1. However, the platform’s profit presents the opposite tendency. This indicates
that the manufacturer’s incentive is not always aligned with the platform’s.

We resorts to numerical analyses to investigate the impacts of consumer’s acceptance of products (6) and
consumer’s environmental sensitivity (7). The equilibrium results in Mode RT changes with 6 are shown in
Figure 2A. It is obvious that, when parameters are set eg = 1, n = 0.1 and a = 0.2, the equilibrium wholesale
price, retail price and carbon abatement level all increase as 6 increases. This is due to the consumer’s increasing
acceptance of products brings more market demand which gives the supply chain members more initiative to
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FIGURE 2. Variations in the equilibrium results in Scenario RT with respect to 6 and 7: eg = 1.
(A)n=0.1,a=02. (B)n=0.2,a =0.2.

charge higher prices. The manufacturer’s carbon abatement level is also increasing with 6 but the increase is
slowing down as 6 becomes larger. Besides, the manufacturer’s and the platform’s profits are first decreasing
and then increasing with . When the consumer’s acceptance is very low, the manufacturer has no motivation to
invest in carbon abatement cutting down the consumer’s purchasing desire and resulting in decreasing profits.
When consumer’s acceptance increases, the manufacturer invests in carbon abatement which brings higher
consumer purchasing desire and results in increasing profit for the manufacturer in reverse. The equilibrium
results in Mode RT changes with 1 are shown in Figure 2B. The wholesale and retail prices are both decreasing
with n which indicates that the platform should cut down her retail price to satisfy the consumer’s higher
environmental sensitivity. And the manufacturer would also decrease his wholesale price when the impact of the
consumer’s higher environmental sensitivity transfer to upstream supply chain. However, the carbon abatement
level presents a first increasing and then decreasing tendency with 7. The manufacturer first invests in green
technology for higher consumer preference but as the costs becomes larger, his initiative becomes smaller. What’s
more, the manufacturer’s and the platform’s profits both show a decreasing tendency when 7 is small. This is
rational because of the lower wholesale and retail prices.

4.1.8. Mode RB: with green investment and blockchain adoption

In this mode, the manufacturer invests in green technology to reduce the carbon emission of the products.
And the platform deploys blockchain technology to inform the consumers about the environmental information
of the products. Thus, the manufacturer’s and platform’s profit functions are shown below:

1 1
7T1I\{/[B:w'dB—§e2:’wRB'[1_77'(60_6RB)+04'I_10RB]_§€RB2a

1 1
o = (p—w)'dB—gfzz (pRB—wRB)'[1—77'(BO—GRB)+G'I—PRB]—§IRB2'

We derives the equilibrium results in this mode and display below in Proposition 2.

Proposition 2. When satisfying and (a? — 8)2 — 1612 > 0, the equilibrium results in Mode RB are

. _ 16n-(1—n-eo)

e =
BT (02 =) — 1612
. a(a?—8)-(n-e—1)
Tre = 2 2 2
(a2 —8)" — 161
. 4(a*—8)-(n-eg—1)
WRB = )

(a2 —8)% — 1672
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. 6(a? —8)-(n-e —1)
PrB = ’
B (a2 —8)* — 1612

Substituting these equilibrium results in the profits functions, this paper obtains the manufacturer’s and the
platform’s equilibrium profits as follows:

rpe _ 8(n-eg —1)”
™M = P} ’
(a2 —8)" — 1602
3
rpr  —(a? —8) (n-ep— 1)
™ = 5 2
2[(@2 _8)? - 16172]

This paper resorts to sensitive analyses to explore how the equilibrium results and profits change with
consumer’s environmental sensitivity and consumer’s preference for the environmental information, and exhibit
the results in Lemma 2.

Lemma 2. The following are sensitive analyses of the decision variables in Mode RB with respect to consumer’s
environmental sensitivity (n) and consumer’s preference (a) for the environmental information:

. 9 . . . 9 .
(1) 2522 > 0. When eg?(a? — 8)" > 16, 282 <0, 2488 < 0 and 2522 < 0; when eo®(a® — 8)° < 16, 222 >0,
* x B> . 4+4/16—ep? (a2 —8)2 4—1/16—eg? (a2 —8)? . *

&g% > 0, ag% > 0 and Trg’n > 0 if =& 46600 (@2=8)° - n < :eoo (a?=8) , otherwise 6({;;7‘3 < 0,
Bw;{B 81);{5 d ‘ﬂ'gB* Wh > 1 2 _ 2 BFBI'B* > . h 1 2 _ 2
ot <0, 5B <0 and —5— < 0. en 1 = fgeo(e” —8)", =h— > 0; when n < 5(a” —8) e,
RB* 2 RB* 2 RB*
Oﬂ# < 0. When n > eg[(a® —8)" + 1617, Wgn < 0; when n < Leo[(a® —8)" + 1607, Wgn > 0.
) * BI* o * o * o RB* RB*
(2) %o >0, 2ie 5, Qs 5, s 5 2T 50 T )

From Lemma 2(1) it can be observed that the manufacturer would invest more in carbon abatement as the
consumer’s environmental sensitivity increases. However, the platform’s information disclosure level changes
with the consumer’s environmental sensitivity depending on the interaction between the carbon emission before
green investment ey and the consumer’s preference for the information «. When these two parameters are
small, the platform will increase the information disclosed level when consumer’s environmental sensitivity lies
in the moderate level. But the platform would reduce the disclosed level when the consumer’s environmental
sensitivity is relatively low or high. These also apply to the wholesale and retail prices. When the consumer’s
environmental sensitivity is higher than a threshold, the manufacturer’s profit would increase as 1 becomes
larger. But the platform’s profit shows the opposite tendency when 7 is higher. These hinges on the reason
that the manufacturer and the platform take different actions when the consumer’s environmental sensitivity is
high. That is, the manufacturer invests more to reduce carbon emission which brings more consumer demand
and raises the wholesale price. However, the platform decreases the information disclosed level, which hurts the
consumer’s utility and negatively impacts the retail price of the platform.

Lemma 2(2) shows that the manufacturer’s carbon abatement level and the platform’s information disclosure
level are both increasing with the consumer’s preference for the environmental information. This indicates
that both the manufacturer and the platform have more incentive to take actions as consumers are more
information sensitive about product’s environmental impact. What’s more, the platform will put up the retail
price which brings her more profit as result. The platform’s action gives the manufacturer chance to charge
higher wholesale price to enhance his profit. Generally speaking, the consumer’s preference for the environmental
information would boost the manufacturer’s and the platform’s actions, which is beneficial for the whole supply
chain’s profitability. It is also worth noting that, the information environment is optimized which eliminate the
consumer’s concern about the products’ environmental property.

The numerical analyses investigate the impacts of consumer’s preference for environmental information dis-
closed by the platform (a) and consumer’s environmental sensitivity (7). Figure 3A shows the changes in
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(a) (b)

FI1GURE 3. Variations in the equilibrium results in Scenario RB with respect to o and 7: eg = 1.
(A)n=0.1,6=0.2. (B)§ =02, =0.2.

TABLE 3. Equilibrium results.

Modes w p e I

M P
RN 0 —mn-eo 3(0 —n-eo) _ _ (9*71‘50)2 (9*71'60)2
2 4 86 1660
w200 -e0) 800 <o) n @ n-eo) @ n-co)” 00— n-co)®
460 — n? 46 — n? 46 — n? 2(46 — n?) (460 — n?)?
RB 4(@®—8)-(m-eo—1) 6(a®>—8)-(n-eo—1)  16n-(1—n-eo) a(@® —8)-(n-eg—1) 8(n-eo —1)° —(@® —8)%-(n-e0 —1)*
(a? — 8)2 — 1672 (a2 — 8)2 — 1672 (a? — 8)2 — 1672 (a2 — 8)2 — 1672 (a2 — 8)2 — 1672 2[(a? — 8)2 — 1612]2
AN 0—n-eo (1=7)-(0—n-e0)’ Y- (0—n-e0)’
2 46 460
AT 6-(0—n-eo) nl—v)-00-n-e) (1=7)-(6—n-ep)? 70 (6—n-eo)®
n?(y—1) +20 (v —1) +20 2[n%(y — 1) +20] m?(y = 1) +20]2
(@®y=2)-(n-eo—1) 2n(1—7)-(1—n-e) ay(@®y—2)-(m-eo—1) (1=7)-m-e—-1)°> =(y@®y=2)% (n-eo—1)°
AB -

(e2y=2)2 =220 —7) (e?y=2)2 =220 —7) (a?y=2)2-20>(A—7) (®y=2)>—2n2(1—19) 2[(ay=2)>2—29>1—-9)]?

equilibrium results in Mode RB with «. It can be observed that, the wholesale and retail prices, the carbon
abatement level and the information disclosure level all increase with av. What’s more, the manufacturer’s and
the platform’s profits are also increasing with «. As the consumers show growing preference for the environ-
mental information, the platform decides to disclose more information about the carbon abatement level so as
to cater the consumer’s preference. Although more disclosed information brings the platform more cost which
hurts her profits, the consumers generate more market demand which offsets the cost caused by information
disclosure and improves the platform’s profit. From Figure 3B, it can be found that the carbon abatement level
shows a first increasing and then decreasing tendency with the changes of 77. And the wholesale and retail prices,
the information disclosure level all decrease with 7. The rationale behind these results hinges on that when the
consumer’s environmental sensitivity is relatively low, the manufacturer’s increasing investment in carbon abate-
ment hurts his profits and this impact transfers to the downstream platform’s profit. What’s more, when the
consumer’s environmental sensitivity becomes higher, the lower level of carbon abatement would bring a larger
decrease of the consumer’s utility which hurts the demand and brings negative impacts on the manufacturer’s
and platform’s profits (Tab. 3).

4.2. Scenario A: agency selling format

In this scenario, the supply chain members cooperate in agency selling format. In this format, the manufac-
turer directly sells products to consumers and the platform charges a proportion of the manufacturer’s profit
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which is called commission fee. This commission fee 7 is exogenous in this paper, which is widely used in the
previous literature.
4.2.1. Mode AN: without green investment and blockchain adoption

In this mode, neither the manufacturer invests in green technology nor the platform adopts blockchain
technology. Thus, the manufacturer’s and platform’s profit functions are showed below:

7 €0 + PAN
i = (1=7) - p-dy=(1-7) pax- (1—09>,
-eg+p
w§N=7'p'dN=7'pAN'(1—7H9m\I>'

This paper obtains the equilibrium retail price as

0—n-eo
* = —
Pax = 9
Substituting the equilibrium price into the manufacturer’s and the platform’s profits function, this paper
obtains

2
AN* _ (1—7)-(0—n-eo)
™ = )
46
2
AN* _ v-(0—n-eo)
T =
46
It can be observed that, the total profit is divided between the manufacturer and the platform according to
the commission fee 7. What’s more, the retail price and the supply chain members’ profits are all increase with
the consumer’s acceptance of products. This indicates that, the manufacturer’s investment on carbon abatement
will benefit the supply chain operation which supports the following research of this paper.

4.2.2. Mode AT: with green investment but without blockchain adoption

In this mode, the manufacturer invests in green technology to reduce the carbon emission and decides the
carbon abatement level exr. Then the manufacturer decides the retail price par.
The manufacturer’s and platform’s profit functions are showed below:

n-(eo —ear) +par) 1
0 2

1
WﬁT:(l—'Y)'p'dT_262:(1_7)'pAT'(1_ ear’,

(€0 — €eaT) + pa
W§T=7-p~dT=7-pAT-<1—” (€0 QT) pT).

Using backward induction solution, this paper obtains the equilibrium results shown in the following Propo-
sition 3.

Proposition 3. When satisfying n?(y — 1) + 260 > 0, the equilibrium results in Mode AT are:
pr . —7)-(0—n-co)
AT n?(y—1)+20

6 (0-n-c)
PAT =2y — 1) 20

Then this paper obtains the equilibrium profits of the manufacturer and the platform

7TAT*_(1—’Y)'(9—77'€0)2
Mo 2pP(y - 1) +26]
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TATF 79 (0 —n-eo)’ .
[7%(y — 1) +26]

It is obvious that the profit distribution between the manufacturer and the platform is rearranged as a result
of the manufacturer’s action on carbon abatement. Through the sensitive analyses, this paper discusses the
impact of consumer’s acceptance of products and environmental sensitivity on the equilibrium results. This
paper shows these analyses below in Lemma 3.

Lemma 3. The following are sensitive analyses of the decision variables in Mode AT with respect to consumer’s
acceptance of products (0) and environmental sensitivity (n):

(1) agjéT > 0. When ey < 117(1 — ), 61573T > 0; when e¢g > %77(1 — ), 8;8:ng <0 if %{77(1 _ ) -
Vil —=y)[2eo +n(1 — ]} < 6 < ${n(1 — 7 \/77 1—79)[2e0 +n(1 —7)]}, otherwise 6;5ng > 0. When
eo > n(1—7), aﬂM " >0; when eo <n(l- 'y) <0 zf& < n?(1—7)—ney, otherwise 2 > 0. When
n(l—7) <2, s 977( —7), ~ W > 0; when 2eo > 91— ) or 29 < 71 —7), - <0 Zf {3n(1 =) -
20—\ 92 (1 —7)? + dealen — 5n(1 — Y]} < 0 < H{8n(1 ) —2e0 +1/92(1 - ) deoleo — 5n(1 — )]},
otherwise Wg;* > 0.

(2) When 2e9®> > 0(1 — v), % < 0; when 2ey? < 6(1 — 7), % > 0 if 20

4e02—20(1—7)
1=y

5 * * .

2oty 460 20077 ptherwise, aeAT < 0. When 2e? < 6(1—7), agff < 0; when 2e® > 6(1—7), 61{;% > 04f

0(1—y)— \/9(1—7)[9(1 —7)—2e0?] 0(1—)++4/0(1—7)[0(1—~)—2e02]

<n <

- eo(1—7) <n< o) , otherwise ﬁ < 0. When 2eq < n(l —7),
873;[7 > 0; when 2eq > n(l —7), dTrM < 0. When 2e¢* < 0(1 — ), Wgn < 0; when 2e¢? > 0(1 — ),
aAT* . 0(1—y)—+/0(1—y)[0(1— 72e2 0(1—~)++/0(1 0(1—~)—2e02 mh T

B0y (1-7—/ iouiw)( N=2ed] ) 00 V 60(17)£y)( N=2e0%]  herwise T < 0,

It can be observed from Lemma 3(1) that, the manufacturer will invest more to reduce carbon emission level
as consumer’s acceptance of product increases. This result is different with the situation in Mode RT. Because
in Mode AT, the manufacturer controls the final pricing power and only share with the platform a proportion of
his profit. Thus, the manufacturer has more incentive to reduce the carbon emission to attract more consumer
demand which offers the manufacturer probability to retain more profits himself. The retail price exhibit complex
change tendency changing with 6, that is, it changes with the consumer’s acceptance parameter depending on
the initial carbon emission, consumer’s environmental sensitivity and the commission fee. The same situation
occurs in the manufacturer’s and the platform’s profits. When the initial carbon emission level is relatively high,
the manufacturer’s profit increases with 6. However, when the emission level is relatively low, the manufacturer’s
profit first decreases and then increases with 8. When it comes to the platform’s profit, if the initial carbon
emission level is in the middle range, the platform makes more profit as consumer’s acceptance increases. If the
emission level is too low or too high, the platform’s profit exhibits a first increasing then decreasing and finally
increasing tendency as 6 increases.

It can be derived from Lemma 3(2) that, the carbon abatement level, the retail price and the platform’s
profits show analogous change tendency with the consumer’s environmental sensitivity. When the initial carbon
emission is high, these three equilibrium results all decrease with 7. But when the initial carbon emission is low,
these three results increase with the consumer’s environmental sensitivity if n is moderate, if 7 is too low or too
high, they decrease with 7. Besides, the manufacturer’s profit shows relatively simple change tendency, that is,
it first increases and then decreases as the consumer’s environmental sensitivity increases. These results reflect
that, when the manufacturer makes the decision of investing in green technology to achieve carbon abatement, he
would consider the initial carbon emission level, consumer’s acceptance and consumer’s environmental sensitivity.

Next, we resort to numerical analyses to verify the observations in Lemma 3. Figure 4 presents the changes
of equilibrium results in Scenario AT with respect to parameters 6 and 7. Figure 4A shows that the price and
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FIGURE 4. Variations in the equilibrium results in Scenario AT with respect to § and n: eg = 1,
v=0.1.(A)n=01,a=02. (B) §=02,aa=0.2.

carbon abatement level both increase with 8. When consumer’s acceptance of products becomes higher, the
manufacturer’s incentive to reduce carbon emission becomes weaker because he no longer needs to obtain the
consumer’s demand through environmental action. Both the manufacturer’s and the platform’s profits increase
sharply when 6 is larger than a threshold in Scenario AT than in Scenario RT. This is because in Scenario
A, the manufacturer controls the pricing power of the final products and he could charger higher retail price
when investing more in green technology. From Figure 4B, it can be observed that the retail price and carbon
abatement level show analogous tendencies with them in Mode RT. What’s more, the change tendencies of
supply chain member’s profits are also analogous with them in Mode RT.

4.2.8. Mode AB: with green investment and blockchain adoption

In this mode, the manufacturer invests in green technology to carry out carbon abatement at a level of exp
with a cost of %e aB2. Then the platform deploys blockchain technology to disclose environmental information
Iap with a cost of %IABz. Then, as in the base mode AN, the manufacturer decides the retail price pag.

The manufacturer’s and platform’s profit functions are shown below:

1 1
7TI\A/[B:(1_7)'p'dB_562:(1_'7)'pAB'[l_n'<eO_eAB)+04'I_pAB]_§eAB27

1 1
W?B27'2?'6513—5]2:’7'1%13'[1—77'(60—6AB)+04-I—29AB}—§IA132-

This paper derives the equilibrium results as follows in Proposition 4.
Proposition 4. When satisfying (a?y — 2)2 —21%(1 — ) > 0, the equilibrium results in Mode AB are
21 =7)-(1—n-e)
€AB = 2 2 ’
(a®y =2)" =2*(1 =)
@y =2)-(n-e—1)
AB — 2 2 2 ’
(a®y =2)" =2n*(1 —7)
(@*y=2)-(n-e—1)
(a2y —2)° = 20*(1 —7)

The manufacturer’s and the platform’s equilibrium profits are:

* J—
PaB =

LAB* _ (1= (n-eo—1)*
Y (ary -2 —2p2(1 )
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3 2
ams _ (@ =2)"-(n-c = 1)
P = 5 2’
2[(e?y = 2)" = 2n*(1 = )]
In order to explore how the equilibrium results are impacted by the parameters: consumer’s environmental

sensitivity and consumer’s preference for the environmental information, this paper uses sensitive analyses to
show the results in Lemma 4.

Lemma 4. The following are sensitive analyses of the decision variables in Mode RB with respect to consumer’s
environmental sensitivity (n) and consumer’s preference for the environmental information (a):

(1) When 0 < n < (2-0®y)leo (2=0®y)/eo?(2-027)*H2(v=1)] - De, < 0, otherwise 25 > 0. When

= = 2(1—7) 7 On an
20—7)  9pap 9l3p o . 4(1—7) Opip
€o S W, Tn Z 0, W Z 0 and an Z O, ’(,Uhen €0 > (a2'y—2)2+2(1—'y) B an 2

0, s > 0 and mp o > 0 if 2(1—7)—v/2a27%¢p?[a2 (y—1) —4]+87eo (a2 + 1) +4[(v—1)* —2e02]

an an 2¢5(1—7) = n =
2(1*7”\/20‘272602[a2(7*21;?&?“)7602(0‘2+1)+4[(771)272602], otherwise 81(;‘}7B < 0, 62‘;;73 < 0 and W‘g:* <
0; when 72.;2:;) <e, < <a27—42()12_+72)(1_7)7 agjf > 0, 6({;}73 > 0 and vr%j > 04 n <
2(1*7)*\/20‘272602[042(’Y*;L;gii;eo?(a2+1)+4[(771)272602], otherwise 62‘}7‘3 <0, ag‘*;]B < 0 and Wf’g:* < 0. When
ep = %, BWB%]B* < 0; otherwise, 8”(%]3* > 0.
(2) %n 50, 2he 5, Whs 5 2T 5 9T

Lemma 4(1) reflects that, the carbon abatement level shifts with the changes in 7 first decreasing and
then increasing. This indicates that the manufacturer’s incentive to invest in green technology displays a non-
monotonic tendency with consumer’s environmental sensitivity. The consumer’s high sensitivity on the product’s
environmentally friendly property would harm the manufacturer’s incentive to reduce the product’s carbon
emission. The platform’s retail price, information disclosure level and profit present identical changes with 7
and the changes depending on the initial carbon emission level. When eq is low, they all increase with n. But
when e is large, they first decrease and then increase and finally decrease with 7. Thus, the platform makes
decisions on information disclosure level considering not only the consumer’s sensitivity but also the initial
carbon emission level. Moreover, the manufacturer’s profit changes in n also affected by the initial carbon
emission level. When eq is small, the manufacturer’s profit monotonically decreases in 1. However, when eq is
large, the manufacturer’s profit presents contrary tendency.

From Lemma 4(2), this paper observes that all the equilibrium results present a monotonically increasing
tendency with the consumer’s preference for the environmental information. This hinges on the rationale that
when consumers prefer more environmental information, the manufacturer would have more motivation to
invest in green technology, thus the carbon abatement level increases. Correspondingly, the platform intends
to disclosure more related information to the consumers so as to attract more consumer’s purchase. Because
the manufacturer and the platform invest in carbon abatement and blockchain technology, respectively, the
manufacturer charges higher price to cover their cost. What’s more, their decisions stimulate the consumer
demand which bring them more profits as a result.

We use numerical analyses to visually demonstrate the findings in Lemma 4. Figure 5A shows that, the
manufacturer’s profit is much higher than in Scenario RB which hinges on the manufacturer’s pricing power
which endows him the right to charge higher retail price without the participation of the platform. Figure 5B
indicates that, the descent of manufacturer’s profit is more drastic than the platform’s. This comes the rationale
that as the consumers are more and more sensitive about the carbon emission, the manufacturer’s action of
reducing investment in carbon emission brings increasingly serious negative impacts on his profits. But the
platform only charges a proportion of the manufacturer’s profit which weakens the harmful impact on profit.
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(a) (b)

FIGURE 5. Variations in the equilibrium results in Scenario AB with respect to « and n: eg = 1,
v=0.1.(A)n=01and § =0.2. (B) § =0.2 and a = 0.2.

5. COMPARISONS

In this section, this paper first investigates how does the manufacturer make decisions of whether to invest in
green technology to reduce carbon emission indifferent scenarios. This paper then discusses whether the platform
would intend to adopt blockchain technology to disclose the carbon abatement information to consumers at an
adoption cost. Finally, this paper summarizes the optimal decision combination which is preferred by all the
supply chain members.

5.1. The investment in green technology

This paper explores in this subsection to analyze the manufacturer’s decision of whether to invest in green
technology. Through the green investment, the manufacturer could reduce the carbon emission which is beneficial
for the environmental sustainability. In the model setting, the carbon abatement could improve the consumer’s
utility who are environmentally sensitive. And the manufacturer could expand market demand of his products.
this paper compares the manufacturer’s profits in different modes in the two scenarios to verify his optimal
decisions.

This paper first compares the manufacturer’s profits in Modes RN, RT and RB, to obtain his optimal decision
in Scenario R. The results are shown in Proposition 5.

Proposition 5. In Scenario R, there exists two consumer’s acceptance thresholds 67 and 63 (0 < 07 < 05 < 1),
such that:

(1) When 0 < 0 < 67, there is WII\DZT* > WIBAN* > WII\DZB*, the manufacturer prefers Mode RT;
(2) When 0F < 0 < 65, there is it~ > 7iB" > 7lN" " the manufacturer prefers Mode RT;
(3) When 05 < 0 < 1, there is mi>" > 7t > ", the manufacturer prefers Mode RB.

This paper derives from Proposition 5 that, in Scenario R, the manufacturer would always prefer to invest in
green technology to reduce the carbon emission level rather than not invest. It is obviously that, investment in
green technology can reduce the carbon emission level effectively which brings positive effects in the consumer’s
utility. Thus, the consumers will make more purchase and expand the manufacturer’s product demand. What’s
more, when consumer’s acceptance of product is low, the manufacturer always intends the platform not deploy
blockchain technology. This is rational because when consumers have low preference for the product, no matter
whether the manufacturer and the platform making efforts to promote the product’s environmentally friendly
property, they would not purchase more products. Thus, although the manufacturer would make investment
to reduce the carbon emission to improve the products’ environmentally friendly property, he would not want
the platform to make more additional efforts which may bring extra costs. However, when consumers have high
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preference for the manufacturer’s products, he would not only make investment to raise the consumer’s utility,
but also hope the platform also play a more effective role. Thus, the manufacturer prefers to invest in green
technology by himself and the platform deploy to adopt blockchain technology in this situation. German energy
company Naturstrom collaborated with Lition to launch a blockchain based platform in the energy market,
enabling consumers to purchase electricity derived from renewable energy sources®. The platform leverages
blockchain technology to trace the origin and usage of energy, while utilizing smart contracts to ensure the
authenticity of the renewable energy supply. Consumers can access the mobile application to view the carbon
footprint and type of electricity they have purchased.

This paper then makes comparison of the manufacturer’s profits in Modes AN, AT and AB, to obtain whether
he would invest in green technology in Scenario A. This paper obtains the results and show them in the following
proposition.

Proposition 6. In Scenario A, there exists two consumer’s acceptance thresholds 05 and 0 (0 < 05 < 0} < 1),
such that:

(1) When 0 <6 < 63, WﬁT* > wﬁN* > 7T1\A/[B*, the manufacturer prefers Mode AT;
(2) When 05 <0< 65, myt > m" > mlN", the manufacturer prefers Mode AT;
(3) When 05 <0 <1, 788" > 7" > 7", the manufacturer prefers Mode AB.

Proposition 6 shows analogous results as Proposition 5. When consumer’s acceptance of products is low and
moderate, the manufacturer’s optimal decision comes into invest in green technology. As explained before, when
consumers show low acceptance for products, the manufacturer investing in green technology could achieve
some goals, such as, establishing environmentally friendly brand image, attracting more environmental sensitive
consumers, enlarging brand influence in the society. Besides, when 6 is extremely low, the manufacturer wishes
the platform not to adopt blockchain technology. This is because the platform could completely improve the
consumers’ acceptance through blockchain technology, which will damage the manufacturer’s profits. When
consumer’s acceptance lies in the middle range, the manufacturer’s preference changes from investing in carbon
abatement to hoping the platform deploy blockchain technology and to taking no action. The rationale behind
this result lies in the same reason as described before. What’s more, in this scenario, agency selling format is
adopted in the supply chain, the manufacturer controls the pricing power of the final products and only pays
a proportion of commission fee for the platform. Therefore, he may wish the platform do not apply blockchain
technology to disclosure information, which would bring prohibitive cost and do harm for his total profit. When
the consumers very prefer the manufacture’s products, the manufacturer would like the platform to deploy
blockchain technology rather than not. Because in this situation, he wants the platform to make efforts to raise
consumer’s preference for the products together with him. Through this way, the supply chain members in the
upstream and downstream can play a synergistic role which will bring more consumer demand to the largest
extent and result in more profits for not only the manufacturer but also the platform.

We resort to numerical study to analyze the joint impacts of consumer’s acceptance of products (6) and
consumer’s environmental sensitivity (1) on the manufacturer’s mode choices. We suppose that eg = 1, « = 0.2,
v=0.1.

It can be discovered that the optimal decisions of the manufacturer and the platform are slightly different
under different scenarios. Figure 6A shows that, line 1 divides the area into two regions: in the left side of line 1,
the manufacturer prefers Mode RN but he prefers Mode RB in the right side of line 1. This result indicates that,
as 7 increases, the manufacturer’s preference changes from deploying blockchain technology to not; while as 6
increases, his preference is opposite. The increase of consumer’s acceptance of product induces the manufacturer
to incline to the platform’s information disclosure action. This comes from the reason that the adoption of
blockchain technology could dispel consumers’ concern of product’s environmental property which significantly
raises the consumes’ utility. Figure 6A also demonstrates that, line 2 divides the area into to two regions, the right
side of line 2 represents that the manufacturer prefers Mode RB, while in the left side the manufacturer prefers

5 https://www.lition.io/about.php.
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FIGURE 6. Mode preference for the manufacturer: ¢g = 1, « = 0.2, v = 0.1. (A) Scenario R.
(B) Scenario A.

Mode RT. As consumers are more and more sensitive about the product’s carbon emission, the manufacturer
prefers the platform not to deploy blockchain technology. The rationale behind this result hinges on that, the
adoption of blockchain is costly and results in an increase in the manufacturer’s cost which hurts his profitability.
It can be inferred that, when consumers are highly sensitive about the product’s carbon emission, the reduction
of carbon emission contributes more than information disclosure. Thus, manufacturers usually intend to take
actions by themselves to reduce carbon emission other than resorting to platforms’ adoption of blockchain
technology. From the comparison of Figures 4A and 4B, the manufacturer’s mode choices are analogous in
Scenarios R and A.

5.2. The adoption of blockchain technology

In this subsection, this paper analyzes whether the platform incline to adopt blockchain technology to dis-
close the information about environmentally friendly products. this paper compares the equilibrium results in
Scenarios R and A, respectively, to identify the platform’s initiative.

First, this paper compares the platform’s profits in Modes RN, RT and RB, to obtain the platform’s optimal
decision of whether to deploy blockchain technology.

Proposition 7. In Scenario R, there exists two consumer’s acceptance thresholds 0% and 0§ (0 < 07 < 05 < 1),
such that:

(1) When 0 < 6 < 0%, there is WET* > 7T11§N* > WBB*, the platform prefers Mode RT;
(2) When 0% < 6 < 6, there is ﬂ'lI}T* > wEB* > ﬂglj\\l/[*, the platform prefers Mode RT;
(3) When 05 < 6 <1, there is 7T11§B* > 7T§T* > 7T§N>k7 the platform prefers Mode RB.

This paper observes from Proposition 7 that, the platform’s optimal decisions are always analogous with
the manufacturer decisions in Scenario R. When the consumer’s acceptance of products is relatively low, the
platform would prefer not to adopt blockchain technology to disclosure carbon abatement information rather
than adopt blockchain technology. As is well-known, the deployment of blockchain technology is costly and
prohibitive. In this situation, the consumer’s purchase desire is extremely low, even though the platform make
efforts to disclosure information to the consumer, it makes very little difference. Besides, in this scenario,
reselling format is applying in the supply chain, the platform controls the final pricing power of the products,
she would be more likely not to adopt blockchain technology when consumer’s acceptance is low. This result
comes from the reason that the platform is always risk averse, she intends to avoid the market risk from the low
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consumer demand. Thus, she would not to adopt costly blockchain technology in this situation. However, when
the consumers exhibit discernible preference for the products, which means that efforts of the manufacturer and
the platform will bring obvious growth of the consumer demandant information to consumers. Carrefour has
developed the Food Trust platform in collaboration with IBMS. Thus, in this situation, the platform would like
to adopt blockchain technology to disclose environmentally friendly information to consumers so as to benefit
from the demand growth. Global retail giant Carrefour collaborates with its suppliers to trace the supply chain
of poultry products using blockchain technology, and disclose relevant records about the information of each
chicken from hatching to slaughtering on the blockchain”. Consumers can obtain information about the origin,
food safety, and other details of the product by scanning the QR code on the product packaging.

This paper then compares the platform’s profits in Modes AN, AT and AB, to verify whether the platform
would like to deploy blockchain technology.

Proposition 8. In Scenario A, there exists a consumer’s acceptance thresholds 65 (0 < 0% < 1), such that:

(1) When 0 < 6 < 07, there is Wlﬁ‘T* > W?N* > WéB*, the platform prefers Mode AT;
(2) When 05 <0 < 1, there is WSB* > 7T§T* > WSN*, the platform prefers Mode AB.

From Proposition 8, this paper derives that when consumer’s acceptance of products is lower than a certain
threshold, the platform prefers not to adopt blockchain technology but hope the manufacturer to reduce carbon
emission through investment in green technology. As the consumer’s acceptance of products increases, the
platform’s optimal decision changes, she would like to adopt blockchain technology than not. And she prefers
the manufacturer to invest in green technology to reduce carbon emission. In agency selling format, the platform
charges a proportion of the manufacturer’s profit, so she always prefers the manufacturer to improve carbon
abatement level which can bring more consumer demand and benefits the platform’s total profits. Besides, when
consumer’s acceptance of products is very high, the platform has more incentive to adopt blockchain technology
to disclose carbon abatement information which can bring more demand from the environmental consumer and
result in more profit for the platform.

Figure 7 shows the platform’s mode choices in Scenarios R and A. The platform presents analogous pref-
erences with the manufacturer considering the impacts of consumer’s acceptance of product and consumer’s
environmental sensitivity. A slight difference exists that the impacts of the two parameters (i.e., § and 7n) are
obvious for the platform’s optimal options than the manufacturer’s. As shown on the figures, the two lines are
further apart in Figure 5 than in Figure 4. The intuition behind this result lies in the fact that, the platform’s
decision of adopting blockchain technology to disclose information directly influences the consumer’s acceptance
of products. The blockchain adoption significantly improves the consumer’s acceptance which brings an obvious
increase of the consumer’s utility.

5.3. Discussion

In this study, this paper has investigated the manufacturer’s decision of developing green technology and
the platform’s decision of adopting blockchain technology in Scenarios R and A. The insights obtained from
the analyses provide some guidance to manufacturers, platforms in related supply chain and policymakers. For
manufacturers, they have two incentives to develop green technology. On the one hand, green technology can
reduce the carbon emission of the products. The consumers in the market are environmental sensitive, they
prefer the products with lower carbon emission level. Thus, manufacturers carbon abatement action would
satisfy the consumers desire which attracts more environmental sensitive consumers. On the other hand, if
the manufacturer reduces carbon emission, the platforms have the incentive to disclose the environmental
information to consumers, which is beneficial for the manufacturers’ brand image, and enlarge their brand
influence in the society. From the above two reasons, this paper finds that the manufacturers’ investment in

6 https://www.carrefour.com/en/news/food-traceability-carrefour-blockchain-pioneer-europe-has-joined-ibm-food-
trust-platform-take.

7 https://www.carrefour.com/sites/default/files/2019-12/carrefour_press_release_81018_eng.pdf.
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FIGURE 7. Mode preference for the platform: eg = 1, & = 0.2, v = 0.1. (A) Scenario R. (B)
Scenario A.

carbon abatement could help them establish a wider customer base and gain more marketing opportunities.
Interface, a globally leading commercial carpet manufacturer, is committed to reducing carbon emissions and
environmental impact®. They have invested in green technologies and innovated a closed-loop manufacturing
model to minimize resource consumption and carbon emissions through the green, high-efficiency reclamation
and reuse of discarded carpets’. Additionally, they continuously enhance their level of green technologies by
utilizing renewable materials and improving production processes to reduce environmental impact'®. These
environmental initiatives not only gain recognition and support from environmentally conscious consumers but
also provide the company with a competitive edge and sustainable profit growth. This paper finds that the
platforms usually prefer to sell products with lower carbon emissions, such as JD.com, Amazon. They usually
prefer the manufacturers to take actions to reduce carbon emission. Besides, in promoting green consumption
initiatives, it is evident that e-commerce retail platforms can play a more proactive role. Thus, the platforms
have the incentive to adopt blockchain technology to disclose the product’s carbon abatement level to consumers
which not only attracts more consumption but is beneficial for the manufacturers to enhance their total profits.
According to a report released by NYU Stern School of Business in 20211, products marketed with sustainability
as a selling point contributed to over half (54.7%) of the growth in the packaged consumer goods market from
2015 to 2019. The growth rate of these sustainability-focused products exceeded that of non-sustainable products
by more than seven times.

6. CONCLUSIONS AND INSIGHTS

This paper examines a supply chain in which an upstream manufacturer sells products to consumers through a
downstream retail platform. The manufacturer and platform cooperate under either a reselling or agency selling
model, depending on who controls the pricing power. The manufacturer’s production process generates carbon
emissions for each product sold, and given that consumers are environmentally conscious, the manufacturer
faces the decision of whether to invest in green technology to reduce these emissions. However, consumers

8 https://www.interface.com.cn/collections/carbon-negative
9 https://www.interface.com/US/en-US/sustainability/sustainability-overview.html

1Ohttps://www.interface.<:om/US/en—US/more—from—interface/press—room/interface—commits—to—absolute—emission—

reduction-efforts.html.

11 https://www.stern.nyu.edu/experience-stern/about/departments-centers-initiatives/centers-of-research/

center-sustainable-business/research/csb-sustainable-market-share-index
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are unaware of the manufacturer’s actions and perceive a discount on products sold through the platform’s
retail channel. As a result, the platform has an incentive to disclose relevant information to consumers via
blockchain technology. On the one hand, blockchain technology can significantly increase consumer acceptance
of the products sold through the platform. On the other hand, consumer utility improves in proportion to the
level of product traceability enabled by blockchain. However, both carbon abatement and blockchain adoption
incur costs for the manufacturer and the platform, respectively. This paper defines two scenarios based on the
supply chain’s selling format, each containing three distinct modes: (1) no green investment and no blockchain
adoption (Modes RN and AN), (2) green investment without blockchain (Modes RT and AT), and (3) green
investment with blockchain adoption (Modes RB and AB).

By investigating the optimal decisions of the manufacturer’s decision in green investment and the platform
decision on blockchain technology, we have obtained the following findings. This paper finds that, the manufac-
turer and the platform display different attitude towards the actions to boost the market. The manufacturer
always have an incentive to invest in green technology rather than taking no action in both scenarios. However,
the platform’s decision on blockchain adoption depends on the consumer’s acceptance of products. The results
also show that the consumer’s acceptance of products (f) and environmental sensitivity (n) play decisive roles
in the manufacturer’s and platform’s decisions. Specifically, the manufacturer’s and platform’s mode choices are
always analogous and are mainly impacted by the consumer’s acceptance of product (6). When the consumer’s
acceptance of products is low and moderate, both the manufacturer and the platform prefer Modes RT and
AT, that is, they both expect to develop green technology to reduce carbon emission and not adopt blockchain
technology to disclose information in the supply chain. However, when the consumer’s acceptance of products
is high, Modes RB and AB are preferred by them. What’s more, the consumer’s acceptance of products (8) and
environmental sensitivity (1) play opposite roles in the supply chain member’s mode choices. As the increase
of consumer’s acceptance of products, the manufacturer’s and the platform’s choices both change from Mode
RN/RT (Mode AN/AT) to Mode RB (Mode AB). The increase of the consumer’s environmental sensitivity
leads the supply chain members’ mode choices change opposite, that is, from Mode RB (Mode AB) to Mode
RN/RT (Mode AN/AT). That is, they are both less likely to take actions, including reducing carbon emission
and disclosing information. Furthermore, they always prefer Mode RT (Mode AT) than Mode RN (Mode AN)
which indicates that, the supply chain members always prefer the manufacturer to invest in green technology
rather than taking no action. Besides, sensitive analyses show that, the consumer’s acceptance for product
and preference for the environmental information play analogous roles for the supply chain members’ decision
variables and profits, they all increase with € and «. But the consumer’s environmental sensitivity (n) plays
different roles in the decision variables.

Based on the analyses, we have gleaned several managerial insights that are beneficial not only for the sustain-
able management of supply chain members but also for government and regulatory bodies. Firstly, this paper
offers guidance to manufacturers on the decision to invest in green technology for carbon abatement. Generally,
a manufacturer would opt to invest in green technology to reduce carbon emissions, regardless of the level of
consumer acceptance or environmental sensitivity. However, consumer acceptance of products significantly influ-
ences the manufacturer’s preference for platform actions. When acceptance is low to moderate, manufacturers
prefer that platforms do not implement blockchain technology due to its substantial costs. Conversely, when
consumer acceptance is high, manufacturers favor platforms disclosing related environmental information to
consumers, even if the adoption cost is prohibitive. These findings indicate that manufacturers are incentivized
to reduce carbon emissions through their own technological innovations and also wish for platforms to disclose
environmental information to consumers. Such disclosures can help manufacturers cultivate an environmentally
friendly image, attracting more consumers who are concerned about carbon emissions. To encourage this, manu-
facturers should consider sharing the costs of blockchain technology with platforms, collaborating on blockchain
development, and increasing the commission fees shared with platforms. The study also suggests that consumer
acceptance of products plays a decisive role in the platform’s optimal decision-making. Platforms are more
likely to adopt blockchain technology to disclose information when consumer acceptance is high. In contrast,
when acceptance is low to moderate, platforms prefer that manufacturers focus on reducing carbon emissions.
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Although information disclosure is beneficial, the high cost of blockchain adoption can be a deterrent. Therefore,
platforms might seek cooperation with manufacturers to achieve a mutually beneficial outcome. Furthermore,
the paper finds that the selling format in the supply chain does not significantly influence decisions, but it
does interact with consumer acceptance to slightly affect the decisions of manufacturers and platforms. When
an agency selling format is used, profit fluctuations among supply chain members can be more dramatic than
with a reselling format. Finally, this work proposes several meaningful suggestions for governments. Authorities
should design policies to support manufacturers’ technological innovations aimed at greater carbon emission
reductions. Additionally, governments should provide fiscal subsidies to platforms to encourage the adoption
of blockchain technology, which, despite its high cost, is beneficial for supply chain operations and societal
development. In conclusion, this paper put forward academical and practical advice for the supply chain mem-
ber’s. Manufacturers should invest in green technologies and collaborate with platforms to share the benefits of
environmental disclosures. Platforms should assess consumer acceptance when deciding on blockchain adoption
for supply chain transparency. Governments can play a pivotal role by providing fiscal incentives and subsidies
to foster a sustainable supply chain ecosystem. Both academic and practical explorations should continue to
evaluate the integration of blockchain technology in various sectors to understand its broader implications on
supply chain management and societal benefits.

The present study acknowledges certain limitations that suggest avenues for future inquiry into the realms
of carbon abatement and the application of blockchain technology within supply chain management. Initially,
the analysis does not incorporate the impact of compulsory governmental policies on carbon emissions, such
as domestic carbon taxes or the carbon border adjustment mechanism applicable to international trade. Fur-
thermore, the research posits that the incentive to adopt blockchain technology resides solely with the platform
operators. However, it is essential to recognize that market manufacturers, including entities like IKEA, Tesla,
and Interface, also possess motivations to innovate with blockchain technology to enhance the dissemination
of carbon emission data throughout their production processes to end consumers. Moreover, there is a subset
of manufacturers who are inclined to collaborate with platforms to establish blockchain infrastructure, thereby
ensuring greater transparency of their carbon emissions from the upstream production phase to the down-
stream retail sector. Consequently, subsequent research endeavors could beneficially integrate the incentives of
manufacturers into the analysis.
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APPENDIX A.

Proof of Mode RN. We solve this mode by backward induction. For any given wholesale price wrn, we first characterize
the equilibrium price pry that the platform set to maximize her profit 7B. By taking the first- and second-order
angN _ 1 — 7e0+2PRNHWRN

0

. o . ) .
partial derivatives, we obtain ai‘):gN ) , we derive prx = 7%. Thus, 78N = wry - 1-
P —
aprnZ 0 <0
”‘EOJgT’RN) = 7MRN(’76°2799+1“RN). By taking the first- and second-order partial derivatives of mi" with respect to wr,
oriiN _ —neo+0—2wgN)
] = 26 . R .
we have al;ng . , we determine that the equilibrium wholesale price is wiy = %(9 — 1 - eo); thus,
M J—
dwrNZ 9 <0
the equilibrium retail price is piy = 2(6 — 1 - eo). Substituting wiy and phy into the profit functions, we derive
1
RN* 1 2 _RN* 1 2
™ :@(9—77'60)77&9 :@(9—77"30)- g

Proof of Proposition 1. By taking the first- and second-order partial derivatives of 7% with respect to prr, we have
argT —1— n(e—eo)+2pRrT —WRT
0

o . — ] . _
BSTFE‘N , , we derive prp = e=c0)Fotwrn 50); HTWRN  Thus, ma! = wer - (1 — Lle0=—CrD)+P ;RTHP) — lerr? =
dprr? 0 <0
—wnntn(e—eq)0lunn—ent®® By taking the first- and second-ord ial derivatives of 75T with
55 . By taking the first- and second-order partial derivatives of my; with respect to wrr, we
RT
Omy _ n(e—eq)+0—2wrr
) = 20 . L .
have al;:gT . , we determine that the wholesale price is wgy = %[0 + n(e — eg)]. We then substitute
OwRrT?2 =79 <0
the above results in 75" and take the first- and second-order partial derivatives of miy with respect to egrr, we have
amiT _ nP(e—ep)+(n—4e0)0
9 0 . " _ P .
asigf 2 ! , when satisfy 40 — 1> > 0, efr = %. Substituting it into prr and wrr, we derive
derr? 40 1
Wi = %Z';O). PRT = %. Substituting ey, wir and pir into the profit functions, we derive my =
1 2 _RT* 0 2
a0 = n- o)’ et = g (0= - eo)” -

Proof of Proposition 2. Taking the first- and second-order partial derivatives of 7RC with respect to prz, we have

BﬂgB

5 =al +n(e—eo) — 2prB + wrs + 1 ) _

BSiRBB , we derive prp = n(e 60)+0é21+wRN+1. Thus, 71_11\3./[B — wgp - [1 _q. (60 _

5y = —2<0

PRB 5 5
erB) + @ - I — prB|] — %emg2 = —tue Hn(e_ezgg"'e]wRN_eRB . By taking the first- and second-order partial deriva-

N> _ me—ep)tal—2wrp+1
. . ) = 2 . .
tives of 7L with respect to wrg, we have a?R‘SB , we determine that the wholesale price
™M, =-1<0
2

Swrp
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is wrs = [al +n(e—eo)+1]. We substitute the above results in 75" and take the first- and second-order partial deriva-

orfP _ alItaln(e—eo)+l] _
8

. . ol . _
tives of 7P with respect to Irp, we have azREB ) , we derive Irp = —%. We then
P _ af
oTne? = 8 1<0
substitute the above results in 7 and take the first- and second-order partial derivatives of mi° with respect to erp,
arBB 16n(1—neg)—e[(a>—8)%—167]
derB (012—8)2 . 2 2 2 ¥ _ 16n-(1—n-ep) . . .
we have BB (a? g 10y , when satisfy (o —8)" — 1619 > 0, egp = (a2 to2 Substituting it
derpZ ~ (a2-8)2
. . 4(a?—8)-(n-eqg—1 6(a2—8)-(n-eq—1 2_8).(n-eg—1 . .
into pre, wrs and Igp, we derive wig = %, PhE = %, nB = %. Substituting
* : : : RB* 8(n-eo—1)2 RB* _ —(a?—8)%.(-eg—1)?
eRB, Whp, Pap and I into the profit functions, we derive my = (a;j;%)&ﬁ’ ™ = W- O

Proof of Mode AN. Solving this mode for a given proportion fee v, we use the first and second order partial derivatives

gwﬁN _ _ (1=v)(neo+2pan—0)
0
of mif" with respect to pan, and obtain ;AEN ) . We derive the equilibrium retail price pAy =
™ — _ 20—y
oan? — 0 <0 . .
(6 —7 - ep). Substituting it into the profit functions, we have i = = &1 =7)-(0—n- e)?, maN" = =y (0—n- eo)’.

1
2
O

Proof of Proposition 3. For given ~, taking the first- and second-order partial derivatives of T with respect to par,

iy _ _ (1=m)[0+n(e—e0)—2pan]
OpaT 0 . e . . _ n(e—eg)+6 .

we have 92, AT . We can derive the equilibrium retail price par = +—5%"—. By taking the
T = -2 <0

omft _ n2(1—7)(e—ep)+0n(1—y)—2neq
. . . AT - dear 26
first- and second-order partial derivatives of my with respect to err, we have

2_AT
Oy _ nP(—y) _ 1
depr? 20

. « ) (O—n-e . . . . « 0-(0—n-e . .
when satisfy n?(1—v) —20 < 0, eip = %. Substituting it into par, we derive pir = ﬁ, Substituting
* * . . . * 1—~)-(6—mn-eq)? * 0-(0—n-eq)?
e and phir into the profit functions, we derive may = %, T = %- u

Proof of Proposition 4. Taking the first- and second-order partial derivatives of 7’ with respect to pam, we have

37rﬁB _ (1

= = (L=7)[n(e —eo) + ol —2pap +1] ~

;AABB , we derive pap = %. By taking the first- and second-order par-
ap:h]g? =-2(1-7v)<0

onpB _ yolItryn(e—eq)+1] _ I
2

. . . . 81 . « e—e
tial derivatives of WQB with respect to Iag, we have ZAI]?B , we derive Iap = —W.
A Y !
TAB 2
We then substitute the above results in 7{{® and take the first- and second-order partial derivatives of m{{® with
omi _ 201=q)(eeo)n® +(—mn—e(a®y=2)’
e - a2~y— . 2 *
respect to eas, we have 32:5[3 —(azw—2)2+(2nzzlflv) , when satisfy (a?y —2)" —2n*(1 —v) > 0, ek =
dean? = (az'y—2)2
2 2
%. Substituting it into pap, and Iap, we derive pip = %, AB = % Sub-
Suting et a. D x ‘ons ive PAB¥ _ _(1=m)-(neg=1D)? _AB* _ —v(a?y=2)%(n-eq—1)?
stituting egg, pre and Izg into the profit functions, we derive my~ = @iy —22(1—7) P = Saroai—2
O
Proof of Lemma 1. (1) Ocry _ M. Thus, 6Bz > 0 if n < 4eo Oefyy < 0if n > 4deo.
26 (46—n2)2 » o0 = > o6
dwhr _ 2[n2(neq—20)+46%] bk _ 3[n*(neg—20)+40%] 2 2 . . : .
Yhr (4907#)2 , BET — (4577]2)2 . n°(ney — 20) + 46° is a quadratic function of 6, which opens up

and has positive values when § = 0 and § = 1. When 71 < 4eo, A < 0, thus 1(ne, — 20) + 46% >0. When 5 < 4eo, there
is two roots in the feasible region. Thus, if i(nz —ny/n? —4ney) < 6 < i(n2 + n4/n? — 4ney), it has negative value, and
has positive value otherwise.
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Omy T (neq=0)(n*—2neq—20)
20 (46—n2)2

always negative. When n > 2ey, it is positive if < %77(77 — ep) and negative otherwise.
T (neq=0)[n? (neq=36)-+46(neg+0)] 2 . . .

16 —?)? , n°(neg — 30) + 46(ne, + 0) is a quadratic function of 8, A = 9(n — e,)(9n — 4e,).

When §eo < n < 4dep, A < 0, it is always positive. When n < %eo and n > 4eg, A > 0, thus, it is negative if

+(3n — 4eo — VN2 — 40ne, + 16e02) < 0 < +(3n —4eo0 + /9?2 — 40ne,, + 16€92) and is positive otherwise.

,n? - 2ney, — 20 is a liner function of 6 and monotonically decreases. When 7 < 2eo, it is

defr _ 0(n”—8neq+46)
2) == (46—n2)?
negative. When 7 > 8ey, it is positive if 6 < in(n — 8ep) and negative otherwise.

, n° —8neg + 40 is a liner function of § and monotonically decreases. When 1 < 8ey, it is always

dwg 20[26(n—2¢g)—n%eg] Opy 360[20(n—2eq)—n2eg) BT —26(neq—6)[20(n—2eq)—n%eg) 2 . .
RT Q RT Q P — 0 (0] — —
o (10n?)? o 40 n2)? ' ~om w05’ . 20(n — 2e,) — e is a liner

function of eg, which 1s monotonically decreases and has positive value when eg = 0 and negative value when eg = 1.
Thus, when 0 < eg < it is positive and when 20

2+49, zras <€, < 1, it is negative.
RT *
aﬂgé = 6("6(04;0;)75353 W . (ne, — 0)(4eo — n) is a liner function of f. When 1 > 4eq, it is monotonically increases and
is negative when 6§ < ne,. When 7 < 4eo, it is monotonically decreases and is positive when 6 < ne,,. O

Proof of Lemma 2. (1) 25k = 16<1*2’760>“4*?f‘j;i;;’jolﬁi]*fs‘"’(**8"‘30*4), 16(1 — 2neo)a’ — 256(1 — 2neo)a® + 256(n> —

8neo + 4) is a quadratic function of  which opens up and A < 0. Thus, 868%}3 > 0.

oIty _ a(a®=8)leo(a®=8)°+16n(neg=2)] Odwhp _ 4(a®—8)leo(a®=8)>+16n(neg—2)] php _ 6(a-8)[eo(a®=8)° +167(neg=2)]
on [(o2-8)2— 1692 ]2 » On [(a2-8)2—1672]" »om [(a2-8)2—1602]
2T (1-neg)(0®=8)%{[(02—8)® +1612)eq =320}

. eo(a? — 8)2 + 16n(ne, — 2) is a quadratic function of n which opens up

on [(a2— 8)2 167213
and A = 16 — eo®(a® — 8)°. When, eo?(a® — 8)% > 16, it is positive. When eo?(a? — 8)% < 16, it has two roots in the

4 —en2(a2—-8)2 41— —en2(a2—-8)2
+1/16—ep?(a? —8) <n< £/ 16 :20 (a2 —8)

feasible region. Thus, it is negative when T
0

, otherwise it is positive.

RB*
3”3/17] — (- ’76[‘2)[3‘)687;2 16120(; —8)°) , 256m — 1660(042 - 8)2 is a liner function of 7 which monotonically increases and
o -
have negative value when 1 = 0. Thus, it is positive when n > 1—16@0(042 — 8)2 and is negative otherwise.
defip _ _ 64an(l—meg)(a® —8) Ay (1—meg)(a®—8at+48a?y —64a —1289%4512) 6 g4 2.2 2
(2) da - [(O¢2 8)2 16772] > 0 Do - [(a2 8)2—1677 ] ( 8ar + 4805 64

2 2
12802 4 512) has positive value in the feasible region. Thus, IRB > 0. 81523 = 80‘(1[("20);&2 712) ;]rm" > o, apl;B =
a —16n
lZa(lfneO)[(a278)2+16n DrM B _ _32&(&278>(177160>2 p _ a(a? 78) (1—neg) [(a278) +48n2]
[(a2—8)2—16n2]" >0, RN PR T L T [(a2—8)2—1672]" =0

d

de 2(1—9)[2e0—n(1— p - —260)+262 .
Proof of Lemma 3. (1) =T = = (l[n;(?y[ilo)Jrg(G}Q 0l > o, far = 1 (1[n;()»§zelo)+229§j2 , 2(1 = y)(ney — 20) + 20% is a

quadratic function of 6 which opens up and A = 4n®(y — 1)[2e0 — (1 — v)n]. When eo > in(1 —~), A < 0, it
is always positive. But when eg < 2n(1 — 'y) it has two roots in the feasible region. Thus, when 1{n(1 —~) —

V(@ =7)[2e0 + n(1 =]} <0 < 2{n(1 —7) — /n(1 —7)[2e0 + n(1 — )]}, it is negative and is positive otherwise.
AT *

6”{% = (1 '7)("‘5?_2‘9()7[’7 1()14:2’;3 (neq+0)] 7]2(1 - 'y) — (neg + 9) is a liner function of # which monotonically decreases.
When ey > n(1 — «), it is always negative. When eq < n(1 — ), it is positive if § < n2(1 — 7) — negy, otherwise it is
negative.

AT *
I — = 1(nea=0)ln* ([2722@1‘9”’2’;5’; 20(neotO] 121 — 4)(30 — ney) — 20(ne, + ) is a quadratic function of 6 which opens

down. When n(1 —v) < 2e, < 9In(l—7), A § 0, it is always negative. When 2e9 > 9n(1 —7) or 2e0 < n(1—7), A > 0, it
has two feasible solutions in the feasible region. Thus, when §{3n(1 —~) — 2eq — \/97]2(1 — )2 +4deoleo — (1l — )]} <

0 < 2{3n(1 —~) —2e0 + \/9772(1 — )% + 4eoleo — 5n(1 — )]}, it is positive and is negative otherwise.

derr _ (1=7)0[n*(1—v)—2(neg—0)]
(2) =
an [n2(v—1)+26]2

6(1 —~), A <0, it is always positive. When 29> > (1 —~), A > 0, it has two solutions in the feasible region. Thus,

when 2e9—+/4e92—20(1—~) <n< 250+\/4602729(1 )

1—v

, (1 — ) — 2(ney, — 0) is a quadratic function of n which opens up. When 2eq? <

, it is negative and is positive otherwise.
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At _ O[(1—7)n(20—neq)—20¢g]
on (% (v—1)+26]
0(1 — ), A <0, it is always positive. When 2¢o? > (1 —v), A > 0, it has two solutions in the feasible region. Thus,

6(1—7)—+/0(1=)[0(1—7)—2e0?] <n< 0(1—=7)+/0(1 =) [0(1—v)—2¢0?]

, (1 —¥)n(20 — ney) — 20eo is a quadratic function of n which opens up. When 2e¢? <

when o= coi=) , it is negative and is positive otherwise.
AT *
a”gf} = 9("50_[‘?2((1;:’1)516;’9_]2’7(1_”] , 2e0 —n(1—7y) is a liner function of 17 which monotonically decreases and has positive
value when 1 = 0. When 2eo < n(1 — ), it is always negative and is positive otherwise.
AT *
Wgn = 29”(”50*9[)77[;’8:”1*327;‘;’];29)729601, n(1 —v)(ney — 20) — 26ep is a quadratic function of n which opens up. When

2¢02 < O(1 — ), A <0, it is always negative. When 2e0? > (1 —v), A > 0, it has two solution in the feasible region.

Thus, when 6(1—)—+/0(1—7)[0(1—7)—2e0?] <n< O(1—1)+/0(1—)[0(1—~)—2e0?]

, it is positive and is negative otherwise. [J

eo(1-7) eo(1-7)
Proof of Lemma 4. (1) 6‘;7;‘3 = (1_7){(1_2’760)ﬁzgszgé:zzzxt:j]]g_mz_4%0_2)}, the part in the biggest bracket is a

quadratic function of 7, which opens negative and negative value when n = 0, we bring n = 1 into this func-

—(!2 € —C¥2 € 2 —Oéz 2 —_ E* .
tion and derives that it is positive. Thus, when 0 < n < 2=a?y)leo(@=a?+V/e?2—a2y)?+2(y 1>]7 88/:]13 < 0, otherwise

. 2(1—7)
%hn >
n
I _ ay(@®y=2)[a*y’eq+v(—4a’eo—2n’eo+dn)+2n’eo—dn+deq] OPAp _ (oPv=2)[a"v’eq+ry(—4a”eq—2n"eq+4n)+2n> e —dntdeq]
e [(o27—2)2—202(1—)” o om [(a2y~2)?—2n2 (1)) ’
" 1— 2_ 442 —4a?eg—2n%eg+4n)+2neg—4n+4 .
and W%n — (=nep)y(a”=8)7[e 7(;2:1;)2::2(1:’&%4' m+2n"co—4ntdeo] They have the same part in the square blanket.

It is a quadratic function of 7 which opens up and is positive when 7 = 0. A = 4(y — 1)[2e0*(a?y — 2)2 + (v —-1)]
When eq < 7\/22(1_“*)7 7V22(1_“’)’
a‘y—2 a‘y—2
4(1—v) 2(1—y)—/2a242e02[a2 (y=1)—4]+87e02 (a2 +1) +4[(v—1)2 —2e0?] <
(a2y—2)242(1—7)’ 2e0(1—7) =
2(1—7)+v/2a272e92[a2 (y=1)—4]+8ve02 (a2 +1) +4[(v—1)2 —2¢0?] V20-v)
s 2e0(1—) "otz <€ <
4(1—v) 2(1—y)—/2a242e02[a2 (y—1)—4]+87e02 (a2 +1) +4[(y—1)2 —2e0?]
(a?y—=2)2+2(1—7)’ 2e0(1=7)
positive, otherwise negative.
omiP” _ 201=m(neg=D)[(e®v=2)%eg—2(1=7)n

the function has positive value. When ey > it has roots in the feasible region. When

eo > it is positive when n = 1. Then, when

, it is negative, otherwise positive. When

it is negative when n = 1. Then, when n > , it is

], the part in the square bracket is a simple function of eg. When ey >

on [(a2y—2)*—2n2 (1-)]"
ég(;%;’)g, it is positive, otherwise negative.

(2) depp _ 8ayn(1—v)(neg—1)(a’y—2) > 0.

Oa [(a2y~2)*~2n2 (1))

% - (l_neO)W[QGWSiizifg;ﬁizzzlfjﬁz7_7’27+n2_2)], the part in the square bracket is a quadratic function of n and
the constant term and the value of this function when 1 = 1 are both positive, so this function always has positive value
in the feasible region of 7. Thus, agiB > 0.

9pip _ 2av(1—neg)[aty?—2v(2a2+n?)+2n?+4]

= (o227 —2m? (1] , the part in the square bracket is a quadratic function of a® which opens
a2y-2)?—2n2(1—~

up and A = —8(1 — 7)7*n* < 0. Thus, ZZA& > 0.
orfi®" _ dan(y=1)(a®y=2)(1—ney)”

Oa [(a2y=2)2=2n2(1-7)]"

orpP _ ay?(a?y=2)(1-nep)?[(02=2)* 612 (1—v)

> 0.

]7 the part in the square bracket is a quadratic function of a? which

O [(a2y—2)%—2n2(1-7))?
opens up and A = —24(1 — v)y*n? < 0. Thus, aﬁfj* > 0. O
Proof of Proposition 5. We compare the manufacturer’s profits in Modes RN, RT and RB (ﬂﬁN*, i and TrIIC}B*).
First, we have T~ — may " = % > 0. Thus, mit > my .
Then, we have m — miy = Mfl(e), where fi1(0) = (40> + BO + C), A = —[(a2—8)2 -
167 < 0, B = 2ney(a* — 16a* — 16n% + 32ne,) + 64 > 0, and C = —ne*(a’ — 16a* — 169> + 64) < 0.
Besides, A = —4096(ne, — 1)2[7760(—%6044 + 2 +a® -2 —nfe? —1] > 0and f1i(f = 1) = (ne, — 1)*(—a* +

160% + 161°) > 0. Thus, f1(0) opens down and has only one roots in the feasible region, that is 67
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m{iﬂ(l — neo)\/[l + n2e0? + neo(%a4 —n?2—a2+2)]+ 16m3eq — 32neo? — 0427760(&2 —16) — 32}. Generally,
B < alN" when 0 < 0 < 0%, 7B > 7iN" when 07 < 0 < 1.

. * * 2
Besides, we have my — my = 2(7]2749)[(04;78)27167;2]fz(e)’ where fo(0) = (D6*> + EO + F), D = [(o* —8)" —
169?] > 0, E = —2ney(a* — 1602 — 16n* + 32n¢e,) — 64 < 0, F = n?es*(a? —-8)% + 16n°(1 — neg) > 0.
Besides, A = 1024(ne, — 1)*[ney(a* — 16a® + 32) — n’(4e,”> — & (a® —8)% -1 > 0 and fo( = 1) =

a?(ney — 1)2( 2 —8) < 0. Thus, f2(f) opens up and has only one roots in the feasible region, that is
05 = m{lfﬁ( neo)\/lneo( 4— 16cz2 +32) + 772[(460 — (a2 — 8) |+ n* — dndeo + 4} +16n°eo —32n%eo” —
o’neg(a? — 16) — 32. Generally, it < 7" when 0 < 6 < 03, Th2 " > 7k When 05 <0 <1.

Comparing 67 and 927 we have 0] < 65. Summarlly, 7TMT > 7ENT > rBBY when 0 < 0 < 0F, 7857 > mi" > i
when 07 < 0 < 03, mi2” > 78" > 7BN" when 05 < 0 < 1. |
Proof of Proposition 6. We compare the manufacturer’s profits in Modes AN, AT and AB (mj; ANT AT and mf‘/[B*).

First, we have 7l = — mi¥ " = % > 0. Thus, 7" > 7"

Then, we have ma> — map = bt f3(0), where f3(0) = (GO®> + HO + I), G = (0427—2)2 -

49[2(a2w—2)2—2n2(1—7)] )
2 (1 — ) > 0, H = =2neg[(a®y = 2)" = 20°(1 = 7)] + 2(ne; — 2) < 0, and I = n’eo’[(a’y —2)" —2p°(1 — )] >
0. Besides, f3(0 = 1) = (ney — 1)’ [ey(a’y — 4) — 2n*(1 — 7)] < 0. Thus, f3( ) opens up and has only one

roots in the feasible region, that is 05 = W[Qeo( — 1)77 + 277 eo? + neoaly(aly —4) + 2 4+ 2(1 —

neg)v/1+ n2e0? + negla?y(a2y — 4) — 2n2(1 — ) — 2]. Generally, 74 < 78f" when 0 < 6 < 05, 73" > 7" when
05 <6 <1.
. AB* _ _AT* _ y-1 _ 2 _
B(&Sldes72 we have iy ™ = 2[(a2ﬂ{72)272n2(1;7)][7]2(771)+26] f4(0), where f4(0) = (JO° + K6 + L), J2 =
[(a®y=2)" —2*(1 = 9)] > 0, K = —2neg[(e”y—2)" = 20°(1 = Pl + 2(nep — 2) < 0, L = n’eo’[(a*y—2)" +

2n%(ne; — 1)(y — 1)] > 0. Besides, f1(6 = 1) = a’y(ne, —1)*(a®y — 4) < 0. Thus, fi(6) opens up and
has only one roots in the feasible region, that is 6; = m{%f’eo(v — 1) + 2n%e0”® + a?yneo(a? —

- f\/ neo - 1)2{2 +2(y = 1)%nt +deon?(y — 1) + [(2¢,° + (v — 1)(a?y — 2)°]n + 2e0(a*y? — 4oy + 2)}}. Gener-
ally, ABY < T when 0 < 0 < 60, mhE" > 7" when 65 < 0 < 1.

Comparlng 05 and 937 we have 05 < 05. Summarily, 78" > 785 > 788" when 0 < 0 < 0%, mil > i >
* * * * *
when 035 < 0 < 05, 7dE" > 74" > 74" when 05 < 0 < 1. O

Proof of Proposition 7. We compare the platform’s profits in Modes RN, RT and RB (7p BN* v and WBB*).

First, we have 787" — aBN" = W > 0. Thus, 75" >~ .
Then, we have 71'13,]3 —WI;R,N* = mhl (9)7 where hy (9) = (A92 +BO+C’)7 A= —[(052 — 8)2 — 167}2}2 <0,
B = —8(a®—8)’(n%e0® + 1) + 2neo[20® — 2405 + (192 — 32n%)a* + 512(n° — 1)a® + 256n%(n> — 8)] > 0, and
C = —nPeo[(a® —8)% —1672]" < 0. Besides, hi(0 = 1) = —(ney — 1)%(256n" — 32(a? — 8)* + a%(a? — 8)%) > 0.
1

Thus, hi(0) opens down and has only one roots in the feasible region, that is 03 neoa® —

(@r—sp—1oP |
(4172602 + 24neg + 4)046 — 32(77360 — 37’]2602 —6nep — 3)&4 + 256(277360 — 37’]2602 —2nep — 3)a2 +256(77560 — 877360 +8T]2€02 +
8) — 2(1— neo)\/(a2 — 8)%{2n2e02(a? — 8)® — neo[n? — 64n2(a? — 8)% 4+ 2(a? — 4)(a? — 8)*] + 4(a2 — 8)}}. Generally,
3B < 7BN" when 0 < 6 < 6%, EB > 78N" when 6% < 6 < 1.

Besides, we have 782" — 781" = 2(n2749)2[<a;78)2716n2]2 ha(0), where h2() = (D6* + EO*> + FO + G), D =

—[512n" + 64(a® — 8)2172 —2(a? - 8)4] <0, E = 1024n°eo — 128n%¢o(a® — 8)2 —16n%ep*(a? — 8)3 + dnepa®(a® — 8)3 —
16(a® —8)° > 0, F = —5121%¢0 + 8an*eo?(a® — 8)> — 16n%e0(a® — 8)° — 2n%(a® — 8)*(a2eo® — 8eo® — 4) < 0,
G=—(a®— 8)3774(7760 —1)® < 0. Besides, A = 1024(ne, — 1)2&7760(044 — 1602 + 32) — n*(de,” — =(a? — 8)2 -1 >0
and ho(0 = 1) = —a?(n — 1)*[(a* — 24a% +192)n* — 8(a® — 8)2772 +2(a? — 8)3 > 0. According to the properties of cubic
functions, ha(6) has only one roots in the feasible region, that is 65. Because of the complexity of expression of 6§, we do
not give the expresswn but 05 is indeed a feasible solution of ho(6) in the feasible region [0, 1]. Generally, 752" < 781"
when 0 < 0 < 65, 782" > 787" when 65 < 0 < 1.

Comparing 65 and 05, we have 0% < 05. Summarily, 757" > 78V > 788" when 0 < 0 < 0%, 787" > 7BB" > RY,”
when 6% < 0 < 67, 78B" > 7B > 7BN* when 65 < 6 < 1. O
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Proof of Proposition 8 We compare the platform S proﬁts in Modes AN, AT and AB (7p AN AT and ﬂ?B*).

AB* _ _AN*  _ v _ 2 _
Then, we have 7p ] T = BT A h3(0), Where hs(0) = (HO* + 10 + J), H =
2 2 3

[(*v=2 —2°(L=)]" > 0, [ = =8n’eo(1=7)" + 8n’eg(a®y =2)°(1 = 9) + 20’y —2)"(n’eo® — ymeya’® +

1) < 0, and J = 772602[(052’)/—2)2—27]2(1—’)/)] > 0. Besides, h3(8 = 1) = (ne,—1)*[4n*(1 —~)* —

41 — 7)((127—2)2772 + a2’y(a2’y—2)3] < 0 Thus h3(9) opens  up and has only one roots in the feasi-

ble region, that is 65 = [<a2772>2712n2(1ﬂ) {[e®y*ne0 — a®y3(n%e0? + 6meo + 1) + 2a*4%[3 — 2n°e (1 — 7) +

3n%e0? + 6neo] — 4a’[3 — 4ney(1 — ) + 12n%e0® + 2meo] + 4n°ey(1 —7)° — 16n°ey(1 — 7) + 8772802 + 8 —

(1 *7760)\/ (a%y = 2)*{n%e0?(a?y — 2)* + 2neo[An* (1 — 7)* + (a?y — 2)*[(a?y — 2)* — 4n2(1 — 7)]}. Generally, 7p"" <
N when 0 < 0 < 0%, 768" > 7AN" when 63 < 6 < 1.

. AB* _ _AT* _ — _ 3 2
Besides, we have 7p TP T e mP (P oD r2al ha(6), where hq(6) = (K6° + LO° + M6 + N),

K = 2[(a®y -2 —202(1 —)]" > 0, N = 5(1 — 7)%(neg — 1)%(ay — 2)° < 0. By calculating, we obtain that f4(6)
monotonically decreases in [0, 1]. Besides, hs(0 = 1) = ov(ne, — 1)2[n* (1 — 7)* (a2 —60>y+12)—4n*(1—) (a®y — 2)°+
2(a?y —2) ] < 0. Thus, h4(0) always has negative value in the feasible region. Generally, 722" > 737"

Summarily, 751" > 7rpN > 758" when 0 < 0 < 0%, 788" > 7T > 7AN" when 05 < 6 < 1. O
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