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Abstract: Blockchain is widely used in the manufacturing industry. This paper establishes a dual-
channel supply chain composed of a manufacturer and an e-retailer. A monopoly manufacturer
conducts indirect online selling through retailers as well as direct offline selling. The manufac-
turer chooses to adopt a self-built blockchain traceability system (SBT) or a third-party blockchain
traceability system (TBT). Game analysis is developed to depict the pricing decision for the manufac-
turer and e-retailer. The optimal pricing decisions of the supply chain between manufacturer and
e-retailer for different blockchain traceability strategies are obtained. We explore the influence of
consumers’ traceability awareness on the decisions of dual-channel supply chain members when
adopting different blockchain traceability strategies. The main results show that when the fee paid
to the blockchain service provider is low, the manufacturer will prefer to adopt TBT. Moreover, we
prove that consumers’ traceability awareness, the cost of adopting TBT, the blockchain traceability
technology level, and the research and development cost factor of blockchain technology could affect
the decisions of supply chain members. Finally, some management suggestions are provided.
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1. Introduction

With the rapid development of Internet technology, it is popular for consumers to
purchase products via online channels. In particular, the continued outbreak of COVID-19
since 2020 has pushed more and more consumers to shop online. According to the Statistical
Report on the Development Status of the Internet in China, by the end of December 2022,
the number of China’s netizens had reached 1.067 billion, and the Internet penetration rate
reached 75.6% [1]. In 2022, China’s e-commerce transactions reached CNY 4382.99 billion,
an increase of 3.5% compared to 2021. According to the first-quarter financial statements
released by Walmart in 2023, net e-commerce sales in the United States (Walmart) grew by
54%. More and more brand manufacturers are selling products via e-commerce platforms.
At the same time, brand manufactures sell products offline via direct-sale stores. For
example, the manufacturers LVMH, Nike, and Mengniu sell products in direct-sale stores
and on Amazon, JD chaoshi, or Tmall chaoshi at the same time.

However, products sold on e-commerce platforms can be inauthentic because con-
sumers cannot distinguish inauthentic from authentic products before purchasing them
online. Even when products sold on e-commerce platforms are officially certified by the
brand manufacturers, consumers still have doubts about their authenticity [2]. The authen-
ticity of products sold on e-commerce platforms by brand manufacturers such as Apple,
Gucci, and Kering can be difficult to determine. According to reports, nearly 90 percent
of Apple product chargers sold on Amazon’s U.S. website are fake. Brand manufacturers
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such as Kering and Gucci have sued a major Chinese online platform over fakes [3]. On-
line deceptive counterfeits have destroyed consumers’ trust in brand manufacturers and
e-commerce platforms.

Blockchain technology has been seen as one of the most promising technologies
in providing information transparency and traceability [4]. Blockchain technology can
effectively guarantee the reliability, authenticity, security, and timely feedback of transaction
data, and can be used for the anti-counterfeit traceability of products [5]. It also helps
all authorized businesses access information on the blockchain [6], allowing consumers
to grasp information relating to product production and distribution. In reality, some
manufacturers prefer third-party blockchain traceability systems to carry out product
traceability. Alibaba provides blockchain traceability of products‘ originality for fashion
brands [7]. JD provides a blockchain traceability service for brand companies such as
Wuliangye, SK-II, and Yili based on an anti-counterfeiting blockchain traceability system.
Amazon provides blockchain traceability for Nestlé’s new coffee brand, Chain of Origin, to
display information on where the coffee beans are grown, roasted, made, etc. Analogously,
the products sold on anmo-malls such as Frog Prince and Runben are traced through third-
party blockchain traceability. By scanning the QR code of product traceability, consumers
can obtain information on the origin, batch, logistics, and distributors of products based on
blockchain authentication.

Other manufacturers prefer to develop blockchain traceability systems to carry out
product traceability. For example, Nike developed NFC + blockchain to carry out product
traceability. By scanning NFC chips on the commodities, consumers can see the style,
shipping warehouse, and shipping time of the commodities through blockchain authen-
tication, which greatly improves the consumers’ experience and protects their rights and
interests. NFC+blockchain has been applied to nearly 130,000 pairs of Nike’s 17 popular
shoe models. De Beers established Tracr™ to track the journey of diamonds throughout
the value chain, ensuring consumer trust in the origin of De Beers diamonds. Dalian
Xinyulong also developed a blockchain traceability system for sea cucumbers. Consumers
can trace detailed information on sea cucumbers regarding their breeding, release, fishing,
processing, finished products, and other links.

Enterprises using the blockchain traceability services of third-party blockchain trace-
ability systems may display limited traceability information because the traceability level
is fixed and constrained by the third-party blockchain traceability platform. A self-built
blockchain system could choose a more suitable traceability level and provide more com-
prehensive traceability information. This is helpful for attracting more customers. How-
ever, it requires significant research and development costs. It is an interesting question
whether dual-channel manufacturers and e-retailers should adopt self-built or third-party
blockchain traceability systems. The cost of self-built blockchain traceability systems is
higher than that of third-party blockchain traceability systems, but the blockchain traceabil-
ity level may be lower than that of the third party.

Some studies have shown that consumers have traceability awareness. Wu et al. [8]
and Fan et al. [9] proved that consumer traceability awareness could affect the adoption
of blockchain technology in the supply chain. However, the overall impact of consumers’
traceability awareness for blockchain traceability strategies on the dual-channel supply
chain is unclear.

Considering consumers’ traceability awareness in a dual-channel supply chain, we
will focus on the following research questions:

(1) What are the equilibrium decisions when adopting a third-party blockchain traceability
system (TBT) and a self-built blockchain traceability system (SBT)?

(2) How do different blockchain scenarios in a dual-channel supply chain affect supply
chain members’ optimal decisions?

(3) Which kind of blockchain scenarios are beneficial for the e-retailer and the manufacturer?
(4) What is the impact of consumers’ traceability awareness on supply chain members’

decisions when adopting different blockchain traceability strategies?
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To answer these questions, we develop a game model to describe a dual-channel
supply chain. We consider a setting in which a brand manufacturer sells the same product
through two channels: a direct offline channel and an online retail channel. In this setting,
the brand manufacturer can adopt a self-built blockchain system or third-party blockchain
system. We first simulate the equilibrium strategies of the two participants in two scenarios:
(1) with an SBT and (2) with a TBT. Meanwhile, the effects of several parameters on optimal
strategies are identified through sensitivity analysis. Finally, we obtain conditions under
which the brand manufacturer should adopt an SBT by analyzing the impacts of consumers’
traceability awareness on the optimal strategy and profit of both parties.

Our research shows that SBT does not always benefit the manufacturer and e-retailer
using a dual-channel supply chain considering consumers’ traceability awareness. When
making the decision between SBT and TBT, a manufacturer should focus on the impact of
consumers’ traceability awareness on their traceability strategy. We find that a selection
of blockchain technologies in an online indirect sales channel and an offline direct sales
channel is associated with blockchain research and development cost, consumers’ trace-
ability awareness, consumers’ channel preference, and the blockchain traceability level.
These findings will provide useful managerial implications for dual-channel supply chains
adopting the blockchain traceability strategy.

This paper is divided into the following five parts: the first part is the introduction,
which introduces the research background and problems; the second part is the literature
review, which summarizes the status of related research and presents the innovative
points of this paper; the third part is the model construction, which puts forward the
hypothesis of this paper and constructs a dual-channel supply chain model adopting a
TBT and an SBT; the fourth part is the simulation analysis, which explores the influence of
consumers’ traceability awareness on dual-channel supply chain decisions; and the fifth
part is the conclusion, which summarizes the main findings of this paper and puts forward
corresponding management options.

2. Literature Review

We explore the impact of different blockchain traceability strategies on dual-channel
supply chain decisions considering consumers’ traceability awareness. The research is
related to two steams of studies: the application of blockchain technology in the supply
chain and dual-channel supply chain management.

For the application of blockchain technology in the supply chain, some of the literature
has analyzed the application conditions and setting of blockchain on the supply chain via
qualitative analysis or empirical analysis. Based on bibliometrics and network analysis
methods, Moosavi et al. [10] pointed out that blockchain can improve the transparency,
traceability, efficiency, and information security of supply chain management. Wang and
Yang [11] proved that trust-building and supply chain flexibility in the supply chain can be
affected by the information transparency and security of blockchain technology. Maher and
Ashish [12] found that the most prominent drivers affecting blockchain adoption in the sup-
ply chain are the comparative advantages and external pressures of blockchain technology.
Some scholars focus on the impacts of blockchain technology adoption and capture it with
mathematical models. Niu et al. [13] analyzed the conditions for multinational companies
to adopt blockchain technology. Pun et al. [14] studied the role of blockchain technology on
optimal decisions and analyzed the conditions necessary to adopt blockchain technology
in combating counterfeit products. Choi (2019) [15] analyzed the role of blockchain technol-
ogy platforms in diamond certification. Dong et al. [16] studied the impacts of blockchain
technology on the decisions of food supply chain members. Wu et al. [17] pointed out
that the allocation ratio of blockchain traceability costs could affect blockchain technology
adoption strategies in the fresh product supply chain. Wang et al. [18] analyzed the impact
of blockchain technology in the port supply chain, considering blockchain technology
costs. Orji et al. [19] found that technical factors, government policies, and the availability
of specific blockchain tools affect blockchain application based on ANP modeling in the



Mathematics 2023, 11, 4312 4 of 21

freight logistics industry. Choi and Ouyang [20] found that using a blockchain-based
product-sourcing certification platform is beneficial for both firms and consumers, and that
fixed service costs and fixed setup costs could affect a blockchain-based product-sourcing
certification platform. Fan et al. [9] proved that the consumer awareness of traceability
and blockchain costs affects the introduction of blockchain technology by supply chain
members. There are also several studies focusing on the application of blockchain tech-
nology in government regulation and food traceability [21,22]. Our study expands this
literature stream by analyzing the impacts of consumers’ traceability awareness in SBT and
TBT. We find that manufacturers will adopt SBT when consumers’ traceability awareness is
high enough.

Research on dual-channel supply chain management is popular. Some of the literature
has focused on solutions to channel conflicts [23–25] or operational decisions in dual-
channel supply chains [26,27]. Some studies have explored the impact of a dual-channel
strategy [28–30]. Some scholars have explored the impact of channel price sensitivity,
consumer loss aversion behavior, and government subsidies on supply chain decision
making based on dual channels. For example, Pal and Sarkar [31] proved that channel
price sensitivity could affect the profit of dual-channel supply chain members. Based on
the reverse supply chain perspective, Xu et al. [32] analyzed the impact of consumer loss
aversion behavior on the recycling pricing and profit of each node in the supply chain.
Abhijit et al. [33] showed that government subsidies are beneficial for the suppliers and
manufacturers of a three-layer green supply chain model with a dual-channel structure,
and they can reduce the cost of green products. Song et al. [34] studied the impact of
manufacturer fairness concerns on dual-channel supply chain members’ decisions under
government subsidies and showed that when manufacturers focus on equity, product
greenness increases with government subsidies. Other scholars have also explored the issue
of channel selection. Xiao et al. [35] proved that unit production cost, the marginal cost of
product variety, and customer adaptation cost affect a manufacturer’s choice of whether to
adopt dual channels. Wang et al. [36] explored the opportunity for manufacturers to choose
between a physical plus a direct electronic channel and a physical plus a consignment
electronic channel. Differently from the above works, this paper investigates the impact of
consumers’ traceability awareness on the supply chain members’ choice of dual channels
between self-built blockchain traceability and third-party blockchain traceability. We find
that consumers’ traceability awareness has an impact on the decisions of members of a
dual-channel supply chain.

In recent years, some scholars have analyzed dual-channel supply chains based on
blockchain technology. Some scholars have explored the impact of factors such as produc-
tion cost, premium effect, labeling cost, operating costs of blockchain, direct sales costs, and
demand fluctuations on the adoption of blockchain technology [6,37]. Some scholars have
explored the impact of blockchain technology on decisions in dual-channel supply chains.
Xu et al. [38] discussed that blockchain technology can help products become greener and
more profitable for manufacturers and platforms. Zhang et al. [39] found that applying
blockchain technology is beneficial for manufacture and retailers of dual-channel supply
chains. The longer a product is traceable, the lower the price of the online traceable product
will be. Zhu et al. [40] studied a dual-channel supply chain dominated by brand manu-
facturers and showed that the adoption of blockchain technology is always beneficial for
retailers; however, the adoption of blockchain technology is not always beneficial for brand
owners. Only when the total market’s potential improvement effect is sufficiently large
is the brand owner willing to adopt blockchain technology. Other scholars have explored
the interaction between blockchain technology adoption and channel selection. Li and
Li [41] found that the online direct sales plus consignment sales approach is more suitable
for manufacturers who introduce blockchain technology. Li et al. [42] found that genuine
companies take the initiative to degenerate the established dual-channel sales model into a
single-channel sales model due to the adoption of blockchain technology. Wang et al. [43]
found that when the cost of blockchain and the service level of traditional channels are low,
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adopting a blockchain platform can incentivize manufacturers to open their online channel.
Differently from the previous studies, we focus on the selection of a blockchain technology
and the impact of this selection on the decisions of dual-channel supply chain members.
We find that the selection of a blockchain technology in an online indirect sales channel
and an offline direct sales channel is associated with blockchain research and development
cost, consumers’ traceability awareness, consumers’ channel preference, and blockchain
traceability level.

Our paper is closely related to the following works that consider blockchain adoption.
Fan et al. [9] focused on the impact of consumers’ traceability awareness on the introduction
strategy of blockchain technology in a single-channel supply chain. They found that supply
chains adopted blockchain technology when consumers’ traceability awareness and the cost-
sharing ratio of blockchain technology met certain conditions. Zhang et al. [39] explored
the impact of blockchain introduction on pricing decisions in online direct channels and
offline indirect channels. They found that with the increase of traceability sensitivity
coefficient, the sales price of traceability products decreases, and the retail price of offline
standard products increases. Similar to this article, Zhang et al. [6] studied the impact
of blockchain technology introduction on the decisions of dual-channel supply chain
members in offline direct sales and online indirect sales. Additionally, they found that unit
blockchain operating costs, direct sales costs, and demand fluctuations could affect supply
chain members’ adoption of blockchain strategies. Different from the above works, this
study explores the impact of consumers’ traceability awareness on blockchain traceability
strategy choice in online indirect sales and offline direct sales. This study constructs a
dual-channel supply chain model based on SBT and TBT, respectively, and identifies the
conditions for adopting SBT and TBT for dual-channel supply chains. Then, we analyze the
impact of consumers’ traceability awareness on the decision of dual-channel supply chain
members to adopt one of two blockchain traceability strategies. We find that when the fee
paid to the blockchain service provider meets a certain condition, the manufacturer adopts
TBT; however, when consumers’ traceability awareness is less than a certain value and the
blockchain traceability technology level of TBT is less than a certain value, the online price
of the e-retailer adopting SBT is higher than that of the e-retailer adopting TBT and the
offline price and the wholesale price of the manufacturer adopting SBT are higher than
those of the manufacturer adopting TBT. Consumers’ traceability awareness could affect
the equilibrium decision of supply chain members; that is, the online price of the e-retailer
and the offline price of the manufacturer and the wholesale price of the manufacturer
increase with consumers’ traceability awareness when adopting TBT and SBT.

3. Model Construction
3.1. Problem Description

We consider a dual-channel supply chain consisting of a manufacturer M and an
e-retailer R. In the supply chain of the branded product, the brand manufacturer usually
plays the role of the leader, while the e-retailer plays the role of the followers of the
same status [40]. The manufacturer is the leader of the dual-channel supply chain. The
manufacturer sells a homogeneous product through a direct offline channel and an indirect
online channel. The manufacturer and e-retailer use blockchain technology to trace the
information of the product, and the cost of adopting the blockchain technology can be
shared among the supply chain members. The manufacturer determines the wholesale
price of the e-retailer w and the direct sales price of the offline channel pM. Then, the
e-retailer decides the sale price of the online channel. As the supply chain adopts the
blockchain technique, consumers can scan the two-dimensional code on the product’s
package to check the traceability information and further judge the quality of the product.
The structure of the benchmark model is shown in Figure 1.
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Table 1 shows all the notations in this paper.

Table 1. Parameter description.

Notation Description

α Potential market size, α > 0.
c Unit cost of producing the product, 0< c < θα

1−b .

θ
Consumer preference for purchasing products through online channels (Consumers’ channel preference),
0 < θ < 1.

b Price elasticity coefficient between channels, 0 < b < 1.
β Consumers’ traceability awareness, 0 < β < 1.
G Fee paid by the manufacturer to a third-party blockchain service provider, G > 0.
g1 Blockchain traceability technology level provided by a third-party blockchain technology enterprise, g1 > 0.
f1 The unit verification fee paid by the e-retailer to the manufacturer in the TBT scenario.
f2 The unit verification fee paid by the e-retailer to the manufacturer in the SBT scenario.
k Research and development cost factor of blockchain technology, k > 0.

pB
R1 The online price of the e-retailer when adopting TBT.

pB
R2 The online price of the e-retailer when adopting SBT.

pB
M1 The offline price of the manufacturer when adopting TBT.

pB
M2 The offline price of the manufacturer when adopting SBT.

w1
B The wholesale price of the manufacturer when adopting TBT.

w2
B The wholesale price of the manufacturer when adopting SBT.

g2 Blockchain traceability technology level of self-built blockchain system, g2 > 0.
DB

R1 The demand of the e-retailer when adopting TBT.
DB

R2 The demand of the e-retailer when adopting SBT.
DB

M1 The demand of the manufacturer when adopting TBT.
DB

M2 The demand of the manufacturer when adopting SBT.
πB

R1 The profits of the e-retailer when adopting TBT.
πB

R2 The profits of the e-retailer when adopting SBT.
πB

M1 The profits of the manufacturer when adopting TBT.
πB

M2 The profits of the manufacturer when adopting SBT.
πB

S1 The total profits of the supply chain when adopting TBT.
πB

S2 The total profits of the supply chain when adopting SBT.

3.2. Adopting TBT

In the TBT scenario, the manufacturer and e-retailer adopt a third-party blockchain
traceability service provided by a third-party professional blockchain technology research
and development institution. The manufacturer and the e-retailer have a Stackelberg game
relationship because the manufacturer dominates. When the manufacturer chooses to
adopt TBT, the e-retailer follows and adopts TBT. Firstly, the manufacturer pays a fixed
fee for the TBT service and determines its wholesale price and offline direct sales price to
maximize its own profit. Referring to Fan et al. [9], the manufacturer and e-retailer pay a
certain fixed fee, G, in exchange for the blockchain traceability service. Subsequently, the
e-retailer shares the fixed fee for TBT with the manufacturer and determines its optimal
retail price based on the manufacturer’s decision. Referring to Li et al. [41], the e-retailer
pays the unit verification fee, f1, to the manufacturer in the TBT scenario. Referring to
the assumptions of Cao et al. [44], the demand for the product in the dual-channel supply
chain is assumed to be a function of the relevant selling price and the traceability level.
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The demand functions of the indirect online channel DB
M1 and the direct offline channel

DB
R1 can be obtained as follows:

DB
R1 = θα − pB

R1 + bpB
M1 + βg1 (1)

DB
M1 = (1 − θ)α − pB

M1 + bpB
R1 + βg1 (2)

The profits of the manufacturer and the online e-retailer using a third-party blockchain
traceability service are as follows:

πB
R1 =

(
pB

R1 − w1
B − f1

)
DB

R1 (3)

πB
M1 =

(
w1

B − c + f1

)
DB

R1 +
(

pB
M1 − c

)
D

B

M1
− G (4)

The total profits of the supply chain can be obtained as follows:

πB
S1 =

(
pB

R1 − c
)

DB
R1 +

(
pB

M1 − c
)

D
B

M1
− G (5)

Lemma 1. In the case of TBT, the optimal decisions for a manufacturer and e-retailer in a dual-
channel supply chain are, respectively:

pB∗
R1 =

(b + 1)
(
b2 − 1

)
c + (θα + βg1)

(
b2 − 3

)
− ((1 − θ)2α + 2βg1)b

4(b2 − 1)
(6)

pB∗
M1 =

(
b2 − 1

)
c − (θα + βg1)b − (1 − θ)α − βg1

2(b2 − 1)
(7)

wB∗
1 =

(
b2 − 1

)
(c − 2 f1)− ((1 − θ)α + βg1)b − βg1 − θα

2(b2 − 1)
(8)

Proof. See Appendix A. �

Substituting (6)–(8) into the profit functions of the e-retailer and the manufacturer, the
optimal profits for the manufacturer and e-retailer and the total profits of the supply chain
at this time can be found, respectively:

πB*
R1 =

((b − 1)c + θα + βg1)
2

16

πB*
M1 = 1

8 (b2−1)

(
−b4c2 − 2c(θα + βg1 + c)b3

+
(
−α2θ2 + (2c(θ − 2)− 2θβg1)α + 4c2 − 6cg1β − β2g1

2)b2

+
(
4θ(θ − 1)α2 + (−4βg1 + 2θc)α − 4g1

2β2 + 2cβg1 + 2c2)b
+
(
4θ − 3θ2 − 2

)
α2 − 2(θ − 2)(−βg1 + c)α − 3(−βg1 + c)2 )− G

πB*
S1 = πB*

R1 + πB*
M1 = ((b−1)c+θα+βg1)

2

16
+ 1

8(b2−1) (−b4c2 − 2c(θα + βg1 + c)b3

+
(
−α2θ2 + (2c(θ − 2)− 2θβg1)α + 4c2 − 6cg1β − β2g1

2)b2

+
(
4θ(θ − 1)α2 + (−4βg1 + 2θc)α − 4g1

2β2 + 2cβg1 + 2c2)b
+
(
4θ − 3θ2 − 2

)
α2 − 2(θ − 2)(−βg1 + c)α − 3(−βg1 + c)2 )− G
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Lemma 2. The impact of consumers’ traceability awareness and channel preference on the online
price of the e-retailer, the offline price of the manufacturer, and the wholesale price for the model in

the TBT scenario is as follows: ∂pB∗
R1

∂β > 0, ∂pB∗
M1

∂β > 0, ∂w1
B∗

∂β > 0, ∂pB∗
R1

∂θ > 0, ∂pB∗
M1

∂θ < 0, ∂w1
B∗

∂θ > 0.

Proof. See Appendix B. �

Lemma 2 suggests that when a dual-channel manufacturer and e-retailer use third-
party blockchain traceability services, consumers’ traceability awareness has a positive
impact on the offline price, online price, and wholesale price. As consumers’ traceability
awareness increases, the offline price, online price, and wholesale price increase. Con-
sumers’ channel preference has a positive effect on the online price and wholesale price.
As consumers’ channel preference increases, both the online price and wholesale price
increase. However, consumers’ channel preference has a negative effect on the offline price.
As consumers’ channel preference increases, the offline price decreases. This is because, as
consumers’ traceability awareness increases, both the e-retailer and manufacturer increase
their profits by raising their retail prices, while the manufacturer also extracts profits from
the e-retailer by raising their wholesale prices. Similarly, as consumers’ channel preference
increases, the e-retailer earns more profit by raising retail prices, while the manufacturer
lowers their prices to attract more consumers and squeeze the e-retailer by raising their
wholesale prices.

3.3. Adopting SBT

In the SBT scenario, the manufacturer builds their own blockchain system. In con-
trast to the TBT scenario, the manufacturer must decide the optimal level of blockchain
traceability technology because the research and development input cost is related to the
traceability level of the blockchain technology. Let the blockchain technology research and
development input cost be h. According to the assumption of the previous literature [45],
h is assumed to be a quadratic function of the blockchain technology traceability level
h = 1/2kg2

2; g2 expresses the blockchain technology level; and k denotes the blockchain
technology research and development cost coefficient. In the SBT scenario, the game se-
quence is as follows: first, the manufacturer decides the blockchain technology level, g2,
and then determines the product’s online wholesale price and offline direct sale price to
maximize its own profit. Subsequently, the e-retailer determines its optimal retail price
based on the manufacturer’s decision.

The demand functions for the manufacturer and the e-retailer are as follows:

DB
R2 = θα − pB

R2 + bpB
M2 + βg2 (9)

DB
M2 = (1 − θ)α − pB

M2 + bpB
R2 + βg2 (10)

The profits of the manufacturer and e-retailer are as follows:

πB
R2 =

(
pB

R2 − w2
B − f2

)
DB

R2 (11)

πB
M2 =

(
w2

B − c + f2

)
DB

R2 +
(

pB
M2 − c

)
D

B

M2
− 1

2
kg2

2 (12)

Thus, the total profits of the supply chain are as follows:

πB
S2 =

(
pB

R2 − c
)

DB
R2 +

(
pB

M2 − c
)

D
B

M2
− 1

2
kg2

2 (13)

Lemma 3. In the case of SBT, when 0 < β < 2
√

k(1−b)
b+3 , the optimal decisions for the manufacturer

and the e-retailer are, respectively,
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pB∗
R2 =

2b3ck +
(
2k(θα + c) + 2β2c

)
b2 +

(
((θ − 1)4α − 2c)k + 2β2((2θ − 1)α + 4c)

)
b − (6θα + 2c)k + 6β2

((
θ − 1

2

)
α + c

)
(b + 1)

(
8k(b − 1) + 2β2(b + 3)

) (14)

pB∗
M2 =

β2(2c
(
b2 + 3

)
+ 8bc + (1 − 2θ)α

)
− 4k

((
1 − b2)c + bθα + (1 − θ)α

)
(b + 1)

(
8k(b − 1) + 2β2(b + 3)

) (15)

wB∗
2 =

(2β2(c− f2)+4k(c−2 f2))b2+(((2θ−1)α+8(c− f2))β2+4αk(θ−1))b+((4θ−2)α+6(c− f2))β2−4k(θα+c−2 f2)

(b+1)(8k(b−1)+2β2(b+3))
(16)

g∗2 =
β
(
−b2c − (θα + 2c)b − (2 − θ)α + 3c

)
4k(b − 1) + β2(b + 3)

(17)

Proof . See Appendix C. �

Substituting (14)–(17) into the profit functions of the e-retailer and the manufacturer,
the optimal profits for manufacturer and e-retailer and the total profit of the supply chain
in the TBT scenario can be found, respectively:

πB*
R2 =

(
k(b − 1)(θα + bc − c) + αβ2

(
θ − 1

2

))2

8(4k(b − 1) + β2(b + 3))2

πB*
M2 = 1

(16(b−1)k+4β2(b+3))(b+1)
((
(
−2b2θ2 +

(
8θ2 − 8θ

)
b − 6θ2 + 8θ

−4)α2 − 4c(b − 1)(b + 1)(bθ − θ + 2)α
−2c2(b + 3)(b + 1)(b − 1)2

)
k + 2(4θ − 2)2β2α2

)

πB∗
S2 = πB∗

R2 + πB∗
M2 =

(k(b−1)(θα+bc−c)+αβ2(θ− 1
2 ))

2

8(4k(b−1)+β2(b+3))2

+ 1
(16(b−1)k+4β2(b+3))(b+1)

((
(
−2b2θ2 +

(
8θ2 − 8θ

)
b − 6θ2 + 8θ

−4)α2 − 4c(b − 1)(b + 1)(bθ − θ + 2)α − 2c2(b + 3)(b + 1)(b − 1)2
)

k

+2(4θ − 2)2β2α2
)

In order to explore the relationship between prices and profits when adopting TBT and
SBT, we conduct a comparative analysis of the online price, offline price, wholesale price,
manufacturer’s profits, and retailer’s profits when adopting TBT and SBT. Proposition 1
presents the comparison results between the optimal prices when adopting TBT and SBT.
The relationships of the profits of the supply chain members when adopting TBT and SBT
are presented in Propositions 2 and 3.

Proposition 1. The comparative results for the prices of the e-retailer and the manufacturer are
given as follows:

(i) when 0 < β < 2
√

k(1−b)
b+3 and g1 < g∗2 , pB∗

R1 < pB∗
R2, pB∗

M1 < pB∗
M2;

(ii) when 0 < β < 2
√

k(1−b)
b+3 and g1 < g∗2 −

2( f1− f2)(b−1)
β wB∗

1 < wB∗
2 .

Proof. See Appendix D. �

Proposition 1 indicates that when blockchain traceability technology level provided
by a third-party blockchain technology enterprise is less than that of a self-built blockchain
system (i.e., g1 < g∗2), the online price of the e-retailer in the SBT scenario is higher than that
of the e-retailer in the TBT and the offline price of the manufacturer in the SBT scenario is
higher than that of the manufacturer in the TBT scenario. When the blockchain traceability
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technology level provided by a third-party blockchain technology enterprise is less than a
certain value (i.e., g1 < g∗2 −

2( f1− f2)(b−1)
β ), the wholesale price of the manufacturer in the

SBT scenario is higher than that of the manufacturer in the TBT scenario.

Proposition 2. When G ≤ H, the manufacturer should adopt TBT. Otherwise, the manufacturer
should adopt SBT.

Proof. See Appendix E. �

Proposition 2 indicates that the manufacturer should adopt blockchain traceability
services provided by a TBT system when the fixed fee paid by the manufacturer to a third-
party blockchain technology enterprise is low because the manufacturer can obtain more
profits in the TBT scenario. When the fixed fee paid by the manufacturer to a third-party
blockchain technology enterprise is high, the manufacturer will prefer to adopt SBT.

Proposition 3. Compared with πB∗
R1 and πB∗

R2, we have:

(i) when 0 < β < 2
√

k(1−b)
b+3 , k > (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≤ 8(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g∗2

or 0 < β < 2
√

k(1−b)
b+3 , k > (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≥ g∗2 , e-retailer adopts TBT.

(ii) when 0 < β < 2
√

k(1−b)
b+3 , k > (8θ−4)αβ2

8(1−b)(θα+bc−c) and 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g∗2 <

g1 < g∗2 or 0 < β < 2
√

k(1−b)
b+3 , k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) and g∗2 < g1 < 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1))
+g∗2 , e-retailer always prefers to adopt SBT.

(iii) when 0 < β < 2
√

k(1−b)
b+3 , k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≤ g∗2 or 0 < β < 2
√

k(1−b)
b+3 ,

k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≥ 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g∗2 , e-retailer prefers to adopt TBT.

Proof. See Appendix F. �

Proposition 3 indicates that when the research and development cost factor of
blockchain technology is high and the blockchain traceability technology level provided

by a third-party blockchain technology enterprise is low (i.e., k > (8θ−4)αβ2

8(1−b)(θα+bc−c) and

g1 ≤ 8(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g∗2), the e-retailer should adopt TBT because the profits
of an e-retailer adopting TBT are higher than those of an e-retailer adopting SBT. And
when the research and development cost factor of blockchain technology is high and
the blockchain traceability technology level provided by a third-party blockchain tech-

nology enterprise is relatively high (i.e., k > (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≥ g∗2), the e-retailer

should adopt TBT. Otherwise, the e-retailer should adopt SBT (i.e., k > (8θ−4)αβ2

8(1−b)(θα+bc−c)

and 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g∗2 < g1 < g∗2). When the research and development cost
factor of blockchain technology is low and the blockchain traceability technology level
provided by a third-party blockchain technology enterprise is less than the blockchain

traceability technology level of a self-built blockchain system (i.e., k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) and
g1 ≤ g∗2), the e-retailer should adopt TBT because the profits of the e-retailer adopting
TBT are higher than those of the e-retailer adopting SBT. And when the research and
development cost factor of blockchain technology is low and the blockchain traceabil-
ity technology level provided by a third-party blockchain technology enterprise is rela-

tively high (i.e., k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≥ 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g∗2), the e-retailer

should adopt TBT. Otherwise, the e-retailer should adopt SBT (i.e., k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) and

g∗2 < g1 < 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g∗2).
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4. Numerical Analysis

In order to observe the supply chain decision in different situations more intuitively,
each parameter was assigned a value without violating the basic assumptions, and the
correctness of the above proposition was further argued using numerical arithmetic ex-
amples. Based on the previous literature and without loss of generality [7,27], we set
α = 200, b = 0.3, c = 1, g1 = 5, G = 10, k = 6, f1 = 1, f2 = 1.2, and θ = 0.5.

4.1. Blockchain Technology Adoption

By comparing the profits of the manufacturer when adopting TBT and SBT, we de-
termine the optimal strategies of blockchain technology adoption in Proposition 2. To
investigate the impact of consumers’ traceability awareness, β, and the research and de-
velopment cost factor of blockchain technology, k, on blockchain technology adoption, we
draw the impact of consumers’ traceability awareness considering different research and
development cost factors of blockchain technology, as shown in Figure 2.
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Figure 2. Blockchain technology adoption decisions of the manufacturer.

Figure 2 shows the interactive effect of the three parameters on the blockchain technol-
ogy adoption decision of the manufacturer. Regions I and II indicate that the manufacturer
should definitely adopt SBT. The remaining regions (regions III, IV, V, and VI) indicate
that the manufacturer should adopt TBT. With the increase of the research and develop-
ment cost factor of blockchain technology, the selection range of TBT increases. When the
consumers’ traceability awareness is greater, the manufacturer is more willing to choose
SBT. Only when the consumers’ traceability awareness is high enough, as the research and
development cost factor of blockchain technology increases, is adopting SBT better for
the manufacturer.

4.2. Consumers’ Traceability Awareness Impact on e-Retailers

To investigate the impact of consumers’ traceability awareness, β, on the e-retailer’s
profits and price, we draw the changes in the retailers’ profits and price as consumers’
traceability awareness increases, as shown in Figures 3 and 4.

As seen in Figure 3, the e-retailer’s profits in both the TBT and SBT scenarios increase
with consumers’ traceability awareness. When the consumers’ traceability awareness is
higher than a certain value, scenario SBT outperforms scenario TBT because the e-retailer’s
profits in the SBT scenario are higher than those in the TBT scenario. In this case, adopting
SBT could improve e-retailer’s profits.
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Figure 4. Impact of consumers’ traceability awareness on e-retailer’s online price.

In Figure 4, the online price of the e-retailer in both the TBT and SBT scenarios increases
with consumers’ traceability awareness. When the consumers’ traceability awareness is
higher than a certain value, the online price of the e-retailer in the SBT scenario is higher
than that in the TBT scenario. A higher consumers’ traceability awareness means that
consumers will pay more attention to the traceability level of blockchain technology and
the demand for the high traceability level of blockchain technology will increase. Therefore,
products with a high traceability level will be more attractive to consumers. A higher
consumers’ traceability awareness prompts the e-retailer to invest more costs to improve
the traceability level of blockchain technology. The e-retailer will charge a higher online
price to obtain more profits. Comparing Figures 3 and 4, the online price of the e-retailer
will increase with consumers’ traceability awareness, thereby ensuring the increase of the
e-retailer’s profits.

4.3. Consumers’ Traceability Awareness Impact on the Manufacturer

In order to study the impact of consumers’ traceability awareness, β, on the manu-
facturer’s decisions, we draw the changes in the manufacturer’s decisions as consumers’
traceability awareness increases, as seen in Figures 5 and 6.
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Figure 5 shows the impact of consumers’ traceability awareness on the manufacturer’s
offline price. The offline price of the manufacturer in both the TBT and SBT scenarios
increases with the consumers’ traceability awareness. When the consumers’ traceability
awareness is higher than a certain value, the offline price of the manufacturer in the SBT
scenario is higher than that of the manufacturer in the TBT scenario. A higher consumers’
traceability awareness prompts the manufacturer to invest more costs to improve the
traceability level of blockchain technology. The manufacturer will charge a higher offline
price to obtain more profits.

Figure 6 shows the impact of consumers’ traceability awareness on the manufacturer’s
online wholesale price. The wholesale price of the manufacturer in both the TBT and
SBT scenarios increases with the consumers’ traceability awareness. When the consumers’
traceability awareness is higher than a certain value, the wholesale price of the manufacturer
in the SBT scenario is higher than that of the manufacturer in the TBT scenario. Comparing
Figures 5 and 6, the offline price and the online wholesale price of the manufacturer will
increase with consumers’ traceability awareness, thereby ensuring that the manufacturer
obtains more profits.

5. Conclusions

In this paper, we explore two blockchain adoption scenarios in a dual-channel supply
chain consisting of a manufacturer and an e-retailer. The manufacturer not only sells
their products through the e-retailer, but they also sell their products through a direct
offline channel. The blockchain adoption scenarios include (a) the TBT scenario, in which
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the manufacturer and retailer adopt a blockchain technology service from a third-party
platform, and (b) the SBT scenario, in which the manufacturer and retailer adopt the
blockchain system provided by the manufacturer. By constructing game models, we derive
the equilibrium wholesale price, offline price, online price, and the maximum profit of the
manufacturer and the e-retailer in two scenarios. We compare the equilibrium solution of
the supply chain members adopting SBT and TBT. Furthermore, we analyze the influence
of consumers’ traceability awareness on supply chain members’ decisions. The main
conclusions of our study can be summarized as follows:

First, the manufacturer should adopt blockchain traceability services provided by a
third-party platform when the fee paid by the manufacturer to a third-party blockchain
service provider is low. The manufacturer obtains more profit in the TBT scenario when
the fixed fee paid by the manufacturer to a third-party blockchain technology enterprise
is smaller than a certain value. Moreover, we find that with the increase of the research
and development cost factor of blockchain technology, the selection range of TBT increases.
When the consumers’ traceability awareness is higher, the manufacturer is more willing to
choose SBT.

Second, when consumers’ traceability awareness is less than a certain value and the
blockchain traceability technology level of TBT is less than a certain value, the online
price of the e-retailer, the offline price of the manufacturer, and the wholesale price of the
manufacturer in the SBT scenario are higher. When the research and development cost
factor of blockchain technology and the blockchain traceability technology level of TBT
meet certain conditions, the profits of the e-retailer in the TBT scenario are higher than
those of the e-retailer in the SBT scenario.

Third, consumers’ traceability awareness could affect the equilibrium decision of
supply chain members in the dual-channel supply chain. The online price of the e-retailer,
the offline price of the manufacturer, and the wholesale price of the manufacturer increase
with consumers’ traceability awareness in both the TBT and SBT scenarios. Fan et al. [9]
found that the higher the consumer’s traceability awareness, the higher the prices in the
supply chain. However, when the manufacturer’s and e-retailer’s prices reach a certain
threshold, consumers’ traceability awareness has no effect on them. Different from Fan‘s
conclusion, we find that consumers’ traceability awareness always has an effect on the
prices of supply chain members. A higher consumer traceability awareness will prompt
members of the supply chain to charge higher prices in both the TBT and SBT scenarios.

Our findings provide insight into the supply chain members in a dual-channel supply
chain with a choice in blockchain technology. We elucidate the following managerial
insights: first, the manufacturer should pay attention to the cost of adopting a third-party
blockchain traceability service and to consumers’ traceability awareness when determining
the optimal blockchain traceability system for dual-channel supply chains. When the fixed
fee paid by the manufacturer to a third-party blockchain technology provider is relatively
small, or when consumers’ traceability awareness is comparatively small, the manufacturer
can obtain more profit in the TBT scenario. Second, e-retailers should pay attention to the
blockchain traceability technology level and the research and development cost factor of
blockchain technology. When the dual-channel supply chain determines the blockchain
traceability system, it is necessary to compare the blockchain traceability level of different
traceability systems: for example, the completeness of information provided, including the
origin information, production information, processing information, as well as logistics
information. In addition, it is also important to focus on the research and development cost
factor of blockchain technology. Third, supply chain members should pay more attention
to consumers’ traceability awareness. It is helpful for determining the key concern of
consumers regarding product traceability. For example, for the traceability of meat, the
key information that concerns consumers is feed information production information,
processing information, logistics information, and so on. For luxury goods, consumers pay
more attention to the origin information, production information, identification information,
as well as logistics information.
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Finally, we have highlighted some potential directions for future research. First, we
focus on the dual-channel supply chain of a manufacturer-dominated system, in which the
retailer is the follower. In reality, there are some retailers that dominate their dual-channel
system. It would be interesting to study the blockchain choice strategies of a dual-channel
supply chain that is retailer-dominated. Second, we only study a single manufacturer and a
single supplier, and it is also a good idea to study the introduction of blockchain technology
in a system with multiple manufacturers and multiple retailers. Third, it is popular for con-
sumers to return products bought online. It may also be interesting to consider blockchain
choice strategies for dual-channel supply chains considering returns behavior.
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Appendix A. Proof of Lemma 1

The second-order partial derivative of the e-retailer profit Function (3) with respect to

pB
R1 is obtained as ∂2πB

R1
∂pB2

R1
= −2. Therefore, the e-retailer profit function is a concave function

with respect to pB
R1, and there exists an optimal solution. Calculating the first-order partial

derivative of pB
R1 for πB

R1 and making it equal to 0, we obtain

pB
R1 =

θα + bpB
M1 + w1

B + βg1 + f1

2

Substituting pB
R1 into the manufacturer’s profit Function (4) and calculating the second-

order partial derivatives of pB
M1 and w1

B for πB
M1, we can obtain the Hessian matrix for πB

M1:

H
(

πB
M1

)
=

[
b2 − 2 b

b −1

]
The Hessian matrix is negative definite, so the manufacturer’s profit function is a

concave function with respect to pB
M1, w1

B. The first-order partial derivatives of pB
M1, w1

B

for πB
M1 are made equal to 0, and we can obtain:

pB*
M1 =

(
b2 − 1

)
c − (θα + βg1)b − (1 − θ)α − βg1

2(b2 − 1)

wB*
1 =

(
b2 − 1

)
(c − 2 f1)− ((1 − θ)α + βg1)b − βg1 − θα

2(b2 − 1)

Taking the above result back to pB
R1 again, we obtain:

pB*
R1 =

(b + 1)
(
b2 − 1

)
c + (θα + βg1)

(
b2 − 3

)
− ((1 − θ)2α + 2βg1)b

4(b2 − 1)
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Appendix B. Proof of Lemma 2

Calculating the first-order partial derivatives with respect to β and θ for pB*
R1, pB*

M1,

w1
B*, qB*

R1, and qB*
M1, respectively, we obtain ∂pB*

R1
∂β = (b−3)g1

4(b−1) > 0, ∂pB*
R1

∂θ = α(b+3)
4b+4 > 0, ∂pB*

M1
∂β =

−g1
2(b−1) > 0, ∂pB*

M1
∂θ = −α

2(b+1) < 0, ∂w1
B*

∂β = −g1
2(b−1) > 0, ∂w1

B*

∂θ = α
2(b+1) > 0.

Appendix C. Proof of Lemma 3

The second-order partial derivative of the e-retailer profit Function (11) with respect

to pB
R2 yields ∂2πB

R2
∂pB2

R2
= −2, so the e-retailer profit function is a concave function with respect

to pB
R2 and there exists an optimal solution. Finding the first-order partial derivative of pB

R2
for πB

R2 and making it equal to 0 yields:

pB
R2 =

θα + bpB
M1 + w2

B + βg + f2

2

Substituting pB
R2 into the manufacturer’s profit Function (12) and calculating the

second-order partial derivatives of pB
M2, w2

B, g for πB
M2, the resulting Hesse matrix is

H(πB
M2) =

 b2 − 2 b 1
2 bβ + β

b −1 1
2 β

1
2 bβ + β 1

2 β −k


Because H(1) = b2 − 2 < 0 and H(2) = 2

(
1 − b2) > 0, the Hessian matrix is negative

definite when H(3) = 1
2 (b + 1)

(
4k(b − 1) + β2(b + 3)

)
< 0, so 0 < β < 2

√
k(1−b)

b+3 .

Let ∂πB
M2

∂pB
R2

, ∂πB
M2

∂pB
M1

, ∂πB
M2

∂g be equal to 0; the joint cubic equation can be obtained as follows:

pB*
M2 =

β2(2c
(
b2 + 3

)
+ 8bc + (1 − 2θ)α

)
− 4k

((
1 − b2)c + bθα + (1 − θ)α

)
(b + 1)

(
8k(b − 1) + 2β2(b + 3)

)

wB*
2 =

(2β2(c− f2)+4k(c−2 f2))b2+(((2θ−1)α+8(c− f2))β2+4αk(θ−1))b+((4θ−2)α+6(c− f2))β2−4k(θα+c−2 f2)

(b+1)(8k(b−1)+2β2(b+3))

g*
2 =

β
(
−b2c − (θα + 2c)b − (2 − θ)α + 3c

)
4k(b − 1) + β2(b + 3)

0 < β < 2

√
k(1 − b)

b + 3


Then, substituting pB*

M2, wB*
2 into pB

R2, we obtain:

pB*
R2 =

2b3ck+(2k(θα+c)+2β2c)b2+(((θ−1)4α−2c)k+2β2((2θ−1)α+4c))b−(6θα+2c)k+6β2((θ− 1
2 )α+c

(b+1)(8k(b−1)+2β2(b+3))

Appendix D. Proof of Proposition 1

The optimal price decisions for a manufacturer and e-retailer in a TBT scenario
are, respectively:

pB*
R1 =

(b + 1)
(
b2 − 1

)
c + (θα + βg1)

(
b2 − 3

)
− ((1 − θ)2α + 2βg1)b

4(b2 − 1)

pB*
M1 =

(
b2 − 1

)
c − (θα + βg1)b − (1 − θ)α − βg1

2(b2 − 1)
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wB*
1 =

(
b2 − 1

)
(c − 2 f1)− ((1 − θ)α + βg1)b − βg1 − θα

2(b2 − 1)

The optimal price decisions for a manufacturer and e-retailer in an SBT scenario are,
respectively:

pB*
R2 =

2b3ck+(2k(θα+c)+2β2c)b2+(((θ−1)4α−2c)k+2β2((2θ−1)α+4c))b−(6θα+2c)k+6β2((θ− 1
2 )α+c)

(b+1)(8k(b−1)+2β2(b+3))

pB*
M2 =

β2(2c
(
b2 + 3

)
+ 8bc + (1 − 2θ)α

)
− 4k

((
1 − b2)c + bθα + (1 − θ)α

)
(b + 1)

(
8k(b − 1) + 2β2(b + 3)

)

wB∗
2 =

(2β2(c− f2)+4k(c−2 f2))b2+(((2θ−1)α+8(c− f2))β2+4αk(θ−1))b+((4θ−2)α+6(c− f2))β2−4k(θα+c−2 f2)

(b+1)(8k(b−1)+2β2(b+3))

pB*
R1 − pB*

R2 =
β(b − 3)

(
g1
(
(b + 3)β2 + 4k(b − 1)

)
+
(
b2c + (θα + 2c)b + (2 − θ)α − 3c

)
β
)

(b − 1)
(

16k(b − 1) + 4β2(b + 3)
)

pB*
M1 − pB*

M2 =
−β
(

g1
(
(b + 3)β2 + 4k(b − 1)

)
+
(
b2c + (θα + 2c)b + (2 − θ)α − 3c

)
β
)

(b − 1)
(

8k(b − 1) + 2β2(b + 3)
)

wB∗
1 − wB∗

2 =
−g1β

(
(b + 3)β2 + 4k(b − 1)

)
−
(
b2c + (θα + 2c)b + (2 − θ)α − 3c

)
β2

(b − 1)
(

8k(b − 1) + 2β2(b + 3)
) − ( f1 − f2)

When 0 < β < 2
√

k(1−b)
b+3 , (b + 3)β2 + 4k(b − 1) < 0, 8k(b − 1) + 2β2(b + 3) < 0,

16k(b − 1) + 4β2(b + 3) < 0.
Because 0 < b < 1, b − 1 < 0, b − 3 < 0.

When g1 <
(−b2c−(θα+2c)b+(θ−2)α+3c)β

(b+3)β2+4k(b−1) = g∗2 , pB*
R1 < pB*

R2, pB*
M1 < pB*

M2.

When g1 <
(−b2c−(θα+2c)b+(θ−2)α+3c)β

((b+3)β2+4k(b−1)) − 2( f1− f2)(b−1)
β = g*

2 −
2( f1− f2)(b−1)

β , wB*
1 < wB*

2 .

Thus, when 0 < β < 2
√

k(1−b)
b+3 and g1 < g∗2 , pB*

R1 < pB*
R2, pB*

M1 < pB*
M2.

When 0 < β < 2
√

k(1−b)
b+3 and g1 < g∗2 −

2( f1− f2)(b−1)
β wB*

1 < wB*
2 .

Appendix E. Proof of Proposition 2

The profits for a manufacturer in a TBT scenario are:

πB*
M1 = 1

8(b2−1)

(
−b4c2 − 2c(θα + βg1 + c)b3

+
(
−α2θ2 + (2c(θ − 2)− 2θβg1)α + 4c2 − 6cg1β − β2g1

2)b2

+
(
4θ(θ − 1)α2 + (−4βg1 + 2θc)α − 4g1

2β2 + 2cβg1 + 2c2)b
+
(
4θ − 3θ2 − 2

)
α2 − 2(θ − 2)(−βg1 + c)α − 3(−βg1 + c)2 )− G
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The profits for a manufacturer in an SBT scenario are:

πB*
M2=

1

(16(b − 1)k + 4β2(b + 3 )
)
(b + 1)

(( (−2b2θ2 + (8θ2 − 8θ )b − 6θ2 + 8θ

−4)α2 − 4c(b − 1)(b + 1)(bθ − θ + 2)α

−2c2(b + 3)(b + 1 )(b − 1)2 ) k + 2(4θ − 2)2β2α2 )

πB*
M2 − πB*

M1 = 1
(16(b−1)k+4β2(b+3))(b+1)

((
(
−2b2θ2 +

(
8θ2 − 8θ

)
b − 6θ2

+8θ − 4)α2 − 4c(b − 1)(b + 1)(bθ − θ + 2)α
−2c2(b + 3)(b + 1)(b − 1)2

)
k + 2(4θ − 2)2β2α2 )

− 1
8(b2−1) (−b4c2 − 2c(θα + βg1 + c)b3

+
(
−α2θ2 + (2c(θ − 2)− 2θβg1)α + 4c2 − 6cg1β − β2g1

2)b2

+
(
4θ(θ − 1 )α2 + (−4βg1 + 2θc)α − 4g1

2β2 + 2cβg1 + 2c2)b
+
(
4θ − 3θ2 − 2

)
α2 − 2(θ − 2)(−βg1 + c)α − 3(−βg1 + c)2 ) + G

When πB*
M2 ≤ πB*

M1, that is, G ≤ 1
8(b2−1)

(
−b4c2 − 2c(θα + βg1 + c)b3 +

(
−α2θ2 + (2c(θ

−2)− 2θβg1)α + 4c2 − 6cg1β − β2g1
2)b2 +

(
4θ(θ − 1)α2 + (−4βg1 + 2θc)α − 4g1

2β2 + 2cβg1+

2c2)b + (4θ − 3θ2 − 2
)
α2 − 2(θ − 2)(−βg1 + c)α − 3(−βg1 + c)2

)
− 1

(16(b−1)k+4β2(b+3))(b+1)
(((−2

b2θ2 +
(
8θ2 − 8θ

)
b − 6θ2 + 8θ − 4

)
α2 − 4c(b − 1)(b + 1)(bθ − θ + 2)α − 2c2(b + 3)(b + 1)(b − 1 )2)

k + 2(4θ − 2)2β2α2 ), let H = 1
8(b2−1 )

(
−b4c2 − 2c(θα + βg1 + c)b3 +

(
−α2θ2 + (2c(θ − 2)− 2θβg1)α

+4c2 − 6cg1β − β2g1
2)b2 +

(
4θ(θ − 1)α2 + (−4βg1 + 2θc)α − 4g1

2β2 + 2cβg1 + 2c2)b + (4θ − 3θ2

−2)α2 − 2(θ − 2)(−βg1 + c)α − 3(−βg1 + c)2
)
− 1

(16(b−1)k+4β2(b+3))(b+1)

(((
−2b2θ2 +

(
8θ2 − 8θ

)
b

−6θ2 + 8θ − 4
)
α2 − 4c(b − 1)(b + 1)(bθ − θ + 2)α − 2c2(b + 3)(b + 1)(b − 1)2

)
k + 2(4θ − 2)2β2α2

)
.

Thus, when G ≤ H, a manufacturer should choose to use blockchain traceability
services provided by a TBT system.

Appendix F. Proof of Proposition 3

The optimal profit for an e-retailer in a TBT scenario is:

πB*
R1 =

((b − 1)c + θα + βg1)
2

16

The optimal profit for an e-retailer in an SBT scenario is:

πB*
R2 =

(
k(b − 1)(θα + bc − c) + αβ2

(
θ − 1

2

))2

8(4k(b − 1) + β2(b + 3))2

πB*
R1 − πB*

R2 = 1
2((b+3)β2+4k(b−1))2 (β(g1

(
(b + 3)β2 + 4k(b − 1)

)
+
(
b2c + (θα + 2c)b + (2 − θ)α

−3c)β)
(

β
8
(

g1
(
(b + 3)β2 + 4k(b − 1)

)
+
(
b2c + (θα + 2c)b + (2 − θ)α + (8θ − 4)α − 3c

)
β
)

+(b − 1)(θα + bc − c)k))

Let Z = g1
(
(b + 3)β2 + 4k(b − 1)

)
+
(
b2c + (θα + 2c)b + (2 − θ)α − 3c

)
β,

Thus, πB*
R1 − πB*

R2 =
βZ
(

β
8 (Z+(8θ−4)αβ)+(b−1)(θα+bc−c)k

)
2((b+3)β2+4k(b−1))2 .

When 0 < β < 2
√

k(1−b)
b+3 , 4k(b − 1) + β2(b + 3) < 0.

When Z ≥ 0 and Z ≥ 8(1−b)(θα+bc−c)k
β + (4 − 8θ)αβ, πB*

R1 ≥ πB*
R2.

Because 0 < c < θα
1−b , θα + bc − c > 0.
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If k > (8θ−4)αβ2

8(1−b)(θα+bc−c) , when g1 ≤
8(1−b)(θα+bc−c)k

β +(4−8θ)αβ−(b2c+(θα+2c)b+(2−θ)α−3c)β

(b+3)β2+4k(b−1) =

8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g*
2, πB*

R1 ≥ πB*
R2.

If k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) , when g1 ≤ (−b2c−(θα+2c)b−(2−θ)α+3c)β

(b+3)β2+4k(b−1) = g*
2, πB*

R1 ≥ πB*
R2.

When Z ≤ 0 and Z ≤ 8(1−b)(θα+bc−c)k
β + (4 − 8θ)αβ, πB*

R1 ≥ πB*
R2.

Because 0 < c < θα
1−b , θα + bc − c > 0.

If k > (8θ−4)αβ2

8(1−b)(θα+bc−c) , when g1 ≥ (−b2c−(θα+2c)b−(2−θ)α+3c)β

(b+3)β2+4k(b−1) = g*
2, πB*

R1 ≥ πB*
R2.

If k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) , when g1 ≥
8(1−b)(θα+bc−c)k

β +(4−8θ)αβ−(b2c+(θα+2c)b+(2−θ)α−3c)β

(b+3)β2+4k(b−1) =

8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g*
2, πB*

R1 ≥ πB*
R2.

If k > (8θ−4)αβ2

8(1−b)(θα+bc−c) , when 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g*
2 < g1 < g*

2, πB*
R1 < πB*

R2.

If k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) , when g*
2 < g1 < 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g*
2, πB*

R1 < πB*
R2.

Thus, when 0 < β < 2
√

k(1−b)
b+3 , k > (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≤ 8(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1))

+g*
2 or 0 < β < 2

√
k(1−b)

b+3 , k > (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≥ g*
2, πB*

R1 ≥ πB*
R2.

When 0 < β < 2
√

k(1−b)
b+3 , k > (8θ−4)αβ2

8(1−b)(θα+bc−c) and 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g*
2 <

g1 < g*
2 or 0 < β < 2

√
k(1−b)

b+3 , k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) and g*
2 < g1 < 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1))

+g*
2, πB*

R1 < πB*
R2.

When 0 < β < 2
√

k(1−b)
b+3 , k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≤ g*
2 or 0 < β < 2

√
k(1−b)

b+3 ,

k ≤ (8θ−4)αβ2

8(1−b)(θα+bc−c) and g1 ≥ 8k(1−b)(θα+bc−c)+(4−8θ)αβ2

β((b+3)β2+4k(b−1)) +g*
2, πB*

R1 ≥ πB*
R2.
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