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Pricing decisions and online channel selection strategies are playing an increasingly important role in e-commerce. In this paper,
we consider two different types of dual-channel supply chain sales models, namely, an online direct + online distribution sales
model consisting of an online direct sales channel and online distribution sales channel and an online direct + delegation sales
model consisting of an online direct sales channel and an online delegation sales channel. By introducing the customer sensitive
coeflicient and block chain technology into these dual-channel supply chain sales models, we analyzed pricing decisions and
online channel selection strategies in dual-channel supply chains in terms of the adoption and nonadoption of block chain
technology. In the two different dual-channel sales models, the results showed that (1) without block chain technology, retail prices
increase when the manufacturer’s unit retail cost increases; (2) with block chain technology, retail prices are higher than those of
sales models that do not adopt block chain technology; and (3) with block chain technology, the manufacturer should choose the
online direct + delegation sales model to sell its products.

1. Introduction

According to data released by the National Bureau of Sta-
tistics in China, in 2019, China’s online sales revenue
reached 10.63 trillion yuan, and the online sales revenue of
physical goods reached 8.52 trillion yuan, which accounted
for 20.7% of total retail sales of social consumer goods. The
rapid development of e-commerce and information tech-
nology has greatly promoted the integrated development of
the Internet and other domains, and the fast-paced ad-
vancement of the online platform economy has led it to
become an important channel for selling new products.
From the perspective of online sales models, the online
platform sales model includes an online direct sales model
(such as that adopted by Apple, Dell, and other manufac-
turers), online distribution sales model (e.g., Jingdong,
Suning, and other e-commerce platform firms), and online
delegation sales model (e.g., Tmall, Jingdong Flagship Store,

and Suning Flagship Store) [1-4]. Thus, there are two dif-
ferent types of dual-channel sales models in a dual-channel
supply chain. The online direct+ online distribution sales
model consists of an online direct sales channel and online
distribution sales channel, and the online direct + delegation
sales model consists of an online direct sales channel and
online delegation sales channel.

To satisfy consumers’ personalized preferences and
consumption demand for product traceability, manufac-
turers should improve their profits and alleviate the channel
conflict problem. Manufacturers should also address con-
sumer fear and uncertainty with respect to the authenticity
of products, as well as any product traceability problems that
may exist. At present, in the process of product selling,
certain problems persist with regard to the lack of trans-
parency about product information, and difficulties are also
encountered in determining the source of products and
proving their authenticity. Block chain technology is capable
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of creating a unique label for each product, the details of
which can be recorded and tracked, which therefore allows
the customer to quickly trace the source of the product using
this technology. For example, in 2016, Wal-Mart cooperated
with IBM, and block chain technology was used to test the
traceability of mangos in a Wal-Mart store. In just 2.2
seconds, the technology traced the origin of a mango, ob-
tained all relevant information, and determined that this
product was sourced from a particular farm [5]. Moreover,
block chain technology can provide a higher level of visibility
into the supply chain, and it allows participants to trace
information within it. Therefore, this technology can en-
hance supply transparency and transparency throughout the
supply chain. Behnke et al. pointed out that it can be suc-
cessfully used with block chain to improve traceability and
identify the boundary conditions for sharing information
[6]. Tapscott and Tapscott believed that block chain has the
potential to allow the exchange of data between multiple
supply chain partners, and it can increase product trans-
parency and traceability without the need for third-party
maintenance [7]. Due to the widespread use of block chain
technology in supply chains, this study aimed to examine the
following research issue: What is the impact of block chain
technology on pricing decisions and channel selection
strategies in dual-channel supply chains?

To address the above research question, we considered a
dual-channel supply chain consisting of one manufacturer
and one e-commerce platform. We examined two dual-
channel supply chain sales models. The online direct + on-
line distribution sales model consisted of an online direct
sales channel and online distribution sales channel, and the
online direct + online delegation sales model consisted of an
online direct sales channel and an online delegation sales
channel. The paper aimed to (1) explore which dual-channel
retail model is more beneficial for the manufacturer, (2)
evaluate the impact of block chain technology on pricing
decisions in two different dual-channel supply chain sales
models, and (3) determine impact of block chain technology
on the channel selection strategy in a dual-channel supply
chain.

The main contributions of this paper are as follows: (1)
we construct two different dual-channel retail models; that
is, the online direct + online distribution sales model and the
online direct + online delegation sales model; (2) we discuss
the impact of block chain technology on pricing decisions in
two different dual-channel supply chain sales models; and
(3) we identify which kinds of dual-channel sales models are
more beneficial for the manufacturer.

The remainder of this paper is organized as follows:
Section 2 reviews the relevant literature; modeling de-
scriptions and assumptions are described in Section 3;
Section 4 outlines the theoretical model; Section 6 presents
the results and analysis; and Section 8 concludes and pro-
poses directions for future research.

2. Literature Review

Our work is mainly related to two streams of literature,
namely, the dual-channel supply chain problem and the
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impact of block chain technology on the supply chain. In this
section, we review relevant studies from both of these do-
mains. The present study contributes to extant literature as it
investigates pricing decisions and channel selection strategy
problems that arise in a dual-channel supply chain and
furthermore considers the impact of block chain technology
on pricing decisions and channel selection strategies.

2.1. The Dual-Channel Supply Chain Problem. The dual-
channel supply chain problem has been studied extensively
in recent years. However, from the perspective of the supply
chain structure, most of these studies considered online and
offline channel structures or offline dual-channel structures.
To the best of our knowledge, few studies have investigated
the online dual-channel problem.

Many scholars investigated price competition between a
retail channel and a direct channel, where one channel was
an online channel and the other was an offline channel, or
both consisted of offline channels. It is usually assumed that
the products sold on the two channels are homogenous, and
thus the price on one channel positively influences demand
on the other channel. Problems that have been investigated
in this group include price setting (Cao et al. [8]; and Liu
et al. [9]), supply chain coordination (Cai et al. [10]; Chen
etal. [11]; Ryan et al. [12]; and Xu et al. [13], and the strategic
impact of introducing channels (Cai [14]; Chen et al. [15];
Chiang et al. [16]; Kim and Chun [17]; and Yuan et al. [18]),
while considering various conditions.

Some scholars believe that it is necessary for manufac-
turers to introduce online channels. For example, Rodriguez
and Aydin [19] pointed out that a dual-channel structure can
attract more customers, so manufacturers can always benefit
from this type of structure. Hsiao and Chen [20] found that
the introduction of online channels by manufacturers or
retailers can attract online consumers, encourage them to
buy products in physical stores, and reduce the double
marginalization caused by the introduction of online
channels. Zhao and Cheng [21] proposed that the intro-
duction of online direct marketing channels by manufac-
turers will generate benefits such as enhanced performance
not only for manufacturers but also for retailers and the
whole mixed channel supply chain.

However, manufacturers do not necessarily benefit from
the introduction of online channels [22]. Chiangab [23]
found that when the number of customers who prefer
traditional retail channels and online channels is roughly
similar and the willingness of customers to purchase from
non-preferred channels is low, the selection of a mixed
channel structure by manufacturers is the most effective, and
in most cases, mixed channels are preferable to single
channels. Xiao et al. [24] found that the smaller the man-
ufacturer’s unit production cost, the greater their motivation
to adopt a dual-channel structure. However, with the in-
crease in the retailer’s marginal sales costs, the manufacturer
is less motivated. Khouja et al. [25] found that the rela-
tionship between the sales costs of a direct channel and a
retail channel is the key factor in determining the manu-
facturer’s channel choice in a dual-channel supply chain.
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Dumrongsiri [26] found that when the retailer’s marginal
costs are high and the wholesale price and the change in
demand are low, the manufacturer will introduce an online
channel. Wang et al. [27] pointed out that if the manu-
facturer’s online channel unit operating costs or revenue
distribution ratio in the third-party online channel is low
enough, the manufacturer is motivated to increase the online
channel. He et al. [28] considered a dual-channel closed-
loop supply chain where a manufacturer could distribute
new products through an independent retailer and sold
remanufactured products via a third-party firm or platform
(3P) in the presence of possible government subsidy. He
et al. [29] investigated a buy-online-and-deliver-from-store
(BODS) strategy where a manufacturer sold products
through both online and offline channels and employed the
offline retailer to deliver online orders from the retailer’s
warehouse. He et al. [30] studied a single-retailer-single-
vendor dual-channel supply chain model, in which the
vendor sold deteriorating products through its direct online
channel and the indirect retail channel and established the
model of centralized (i.e., the two firms make decisions
jointly) and decentralized (i.e., the two firms make decisions
separately, vendor as the Stackelberg leader) problems.
Zhang et al. [31] studied the “preorder-online, pickup-in-
store” (POPU) strategy for a dual-channel retailer. Under a
monopoly case, they found that the POPU strategy de-
creased the retailer’s market share and reduced his profits.

2.2. The Impact of Block Chain Technology on Supply Chain.
Block chain technology is a sharing database that allows for
the compilation and maintenance of distributed ledgers, in
which stored data are secured to eliminate counterfeiting
issues and ensure whole-process traceability, openness,
transparency, and collective maintenance. This technology
enables all parties to conduct their business securely and
safely and creates a new model of trust for global connec-
tivity. The impact of block chain technology on the supply
chain is mainly manifested in three respects: logistics and
supply chain finance, logistics tracking and product trace-
ability, and process optimization and paperless [32].

In terms of logistics and supply chain finance, Choi et al.
[33] compared the traditional supply chain finance model
with the block chain supply chain finance model and found
that when banking service fees are high enough, the block
chain supply chain finance model is preferable. From the
perspective of information disclosure, Chod et al. [34] found
that block chain technology creates an opportunity to obtain
favorable financing conditions for the supply chain at a
lower signal cost. Yu et al. [35] compared the traditional
supply chain finance model in terms of the credit guarantees
of core enterprises with the self-guarantee supply chain fi-
nance model based on block chain technology for small- and
medium-sized enterprises, and the results showed that the
self-guarantee financing model is more efficient.

In terms of product traceability, Helo and Hao [36]
explored a block chain-based logistics monitoring system
that provides a solution for package-tracking in the supply
chain to support an open and immutable historical record

for each transaction. Based on existing food traceability
schemes, George et al. [37] proposed a restaurant model to
achieve more reliable food traceability using block chain and
product identifiers. Based on block chain technology, Liu
and Li [38] put forward a new global supply chain and cross-
border e-commerce transaction information platform and
theoretical framework of information flow to solve the
product traceability problem in supply chain management
from multiple aspects, such as data management, infor-
mation anchoring, and key management. Kamanashis et al.
[39] proposed that block chain technology allows for true
traceability of goods throughout the supply chain, and it also
supports the prevention of product fraud and counterfeit
goods therein. Behnke and Jannsen [5] determined that
block chain technology can enhance traceability in the food
supply chain by considering five elements: business, supply
chain processes, regulation, quality assurance, and trace-
ability. Our study contributes to this stream of research by
examining the impact of block chain technology on pricing
decisions and online channel selection strategies.

3. The Model

3.1. Modeling Description. Here, we consider a dual-channel
supply chain consisting of one manufacturer and one
e-commerce platform. Depending on whether or not block
chain technology is adopted and while considering the
characteristics of the online channel, we evaluate four dif-
ferent kinds of dual-channel sales models (as shown in
Figure 1).

3.2. Modeling Assumptions. Without affecting the conclu-
sions and to better ensure that the game model corresponds
to a real-world scenario, the following assumptions are
made.

Assumption 1. To simplify the calculation, we assume that
the manufacturer only sells the same product in the direct
sales channel; in the delegation (distribution) sales channel,
we simply consider basic market demand 6[27, 28].

Assumption 2. The manufacturer’s unit retail cost in the
online direct sales channel is ¢; moreover, the e-commerce
platform’s unit retail cost in the distribution or delegation
sales channel is c[28].

Assumption 3. The strength of consumer preferences for the
online direct sales channel is ¢, where 0 < ¢ < 1.

Assumption 4. Both the manufacturer and e-commerce
platform pursue their own profit maximization strategies,
and the information is symmetric in respect to the retail cost
or demand information.

Assumption 5. In the game model, the e-commerce platform
is the leader, and the manufacturer is the follower.
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FIGURE 1: Dual-channel supply chain models. (a) Dual-channel supply chain models without block chain technology. (A) ND model:
without block chain technology. On the one hand, in the distribution sales model, the manufacturer sells the product at wholesale price w to
the e-commerce platform. Then, the e-commerce platform sells the products to the customer at the retail price p,. On the other hand, in the
direct sales model, the manufacturer sells the product directly to the customer at the retail price p,. (B) NW model: without block chain
technology, on the one hand, in the delegation sales model, the manufacturer sells the product to the customer at the retail price p,. The e-
commerce platform publishes the selling information to encourage customers to purchase the products, and it receives a certain sales
commission pp,. On the other hand, in the direct sales model, the manufacturer sells the product directly to the customer at the retail price
P (b) Dual-channel supply chain models with blockchain technology. (C) YD model: with block chain technology, the manufacturer
introduces block chain technology to transform the firm’s original online platform, so that it acts as both an inspection platform and a sales
platform at the same time. The e-commerce platform should pay the inspection fee to the manufacturer. On the one hand, in the distribution
sales model, the manufacturer sells the product at the wholesale price w to the e-commerce platform. The e-commerce platform then sells the
products to the customer at the retail price p,. On the other hand, in the direct sales model, the manufacturer sells the products directly to
the customer at the retail price p,. (D) YW model: with block chain technology, the manufacturer introduces block chain technology to
transform the firm’s original online platform, so that it acts as both an inspection platform and a sales platform at the same time. Similarly,
the e-commerce platform should pay the inspection fee for the manufacturer. On the one hand, in the delegation sales model, the
manufacturer sells the product to the customer at the retail price p;. The e-commerce platform publishes the selling information to
encourage customers to purchase the products, and it receives a certain sales commission pp,. On the other hand, in the direct sales model,
the manufacturer sells the product directly to the customer at the retail price p,.

Assumption 6. It takes some time to test and evaluate the  represents the probability that the product will be certified as
product; without block chain technology, the testing and  counterfeit. It can guarantee that the product is authentic by
evaluation time is ¢; with block chain technology, the testing  using block chain technology, i.e., e = 1.

and evaluation time is T and t > T.

Assumption 7. Without block chain technology, the au-  Assumption 8. To simplify the analysis, it is assumed that the
thenticity of the product is represented by e and 1-e  manufacturer’s production costs are zero.
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Assumption 9. To ensure the profitability of all members of
the supply chain, it is necessary to satisfy the following:
0>A>B,ie, A=pt+y(l—-e), B=T, and t>T.

The meanings of the main parameters and variables
adopted in this paper are shown in Table 1.

4. The Dual-Channel Sales Model without Block
Chain Technology

4.1. Online Direct + Online Distribution Sales Model (ND
Model). In this theoretical model, the manufacturer and
e-commerce platform are subject to a two-stage Stackelberg
game. The e-commerce platform is the leader, the manu-
facturer is the follower, and the decision sequence is such
that the e-commerce platform decides the retail price p™'" to
maximize their profit. Then, the manufacturer decides the
wholesale price w™P and the retail price p)'" in the online
sales channel. The demand in the distribution and direct
sales channels is as follows:

om0,
D" =0-py" +¢p” — Bt —y(1-e).
The manufacturer’s profit is as follows:
ND
[[=(7" D+ (™ —)D. (@
The e-commerce platform’s profit is as follows:
' - (plND 3 wND)Di\]D' (3)

We can determine the demand, profit, and optimal
pricing decisions of the manufacturer and the e-commerce
platform using Theorem 1:

Theorem 1. In the direct and distribution sales models,
demand, profit, and optimal pricing decisions are summa-
rized in Table 2 (the solving procedure can be found in
Appendices).

Proposition 1. Without block chain technology, in the direct
and distribution sales models, we have (QwWNP /dc)> 0,
(@pNP"/0c) >0, (3pYP"/0c)>0; (dwNP"/9p) <0, (apNP”
/9p) >0, (apNP"/9B)>0; (owNP"/dy) <0, (9pNP’/9y) >0,
and (0pYP"/dy) >0

Proposition 1 suggests that the retail price in the direct
sales channel and the retail price in the distribution sales
channel increase when the manufacturer’s unit retail cost in
the dual sales channels increases. Moreover, in the
direct + distribution sales model, the wholesale price and the
retail price decrease when the sensitivity coefficient is higher
with respect to product inspection/evaluation and the
probability of a negative product inspection result.

4.2. Online Direct + Online Delegation Sales Model (NW
Model). In this theoretical model, the manufacturer and
e-commerce platform are subject to a two-stage Stackelberg

game. The e-commerce platform is the leader, the manufacturer
is the follower, and the decision sequence is such that the
e-commerce platform first announces the unit commission rate
to maximize its profit. Then, the manufacturer sets the retail
price pM"V in the online delegation sales channel and the retail
price p" in the online direct sales channel. The demand in the
delegation and direct sales channels is as follows:

{DfW=0—p¥W+¢p§W—ﬁt—y<1—e>,

(4)
Dy =0-py" +¢py" - Bt—y(1-e).

The manufacturer’s profit is

I = (P~ DM 4 [P (1-p) DY, (5)

e
The e-commerce platform’s profit is

NW NW NW
He =p p 1 De ‘ (6)

We can determine the optimal pricing, demand, and
profit of the manufacturer and e-commerce platform and
derive Theorem 2:

Theorem 2. Table 3 summarizes demand, profit, and opti-
mal decisions in the direct and delegation dual-channel sales
models (the solving procedure can be found in Appendices).

Proposition 2. Without block chain technology, in the direct
and delegation sales models, we have (3pN""/dc)>0,
(@pY™" /0c) > 0; (0pN""/9B) <0, (0pY™"/9B) < 0;
(@pN""/3y) <0, and (3pY"" /3y) <O.

Proposition 2 suggests that the retail price in the direct sales
channel and the retail price in the delegation sales channel
increase when the manufacturer’s unit retail cost in the dual sales
channel increases. Moreover, the retail price in the direct and
delegation sales models decreases when the sensitivity coefficient
is higher with respect to product inspection/evaluation and the
probability of a negative product inspection result.

5. The Dual-Channel Sales Model with Block
Chain Technology

5.1. Online Direct + Online Distribution Sales Model (YD
Model). In this theoretical model, with block chain tech-
nology, the manufacturer and e-commerce platform are
subject to a two-stage Stackelberg game. The e-commerce
platform is the leader and the manufacturer is the follower,
and the decision sequence is such that the e-commerce
platform sets the retail price p'P to maximize its profit.
Then, the manufacturer determines the wholesale price w'?
and the retail price p!? in the online sales channel. In the
distribution and direct sales channels, demand is as follows:

{ DIP =60-p{”+¢p,” - BT, -
D)’ =0-py" +¢p,” - pT.

The manufacturer’s profit is

2 =(P7 =Dl +(u "+ =D Fe (9
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TaBLE 1: Description of main parameters and variables.

Symbols

Descriptions

NI~ I x

ST S ED 0= ™me D

e

EER LA

The basic potential market demand
The cross-elasticity price coefficient between two channels
Sensitivity coefficient for product inspection and evaluation
Sensitivity coefficient that the product inspection result is false probability
The manufacturer’s unit retail cost in dual sales channels
The unit commission rate charged by the e-commerce platform
In model #, the product’s wholesale price in the online distribution sales channel
In model n, the product’s premium price in the online distribution sales channel
In model #, the retail price in the online distribution (delegation) sales channel
In model #, the retail price in the online direct sales channel
With block chain technology, the unit verification fee paid by the e-commerce platform to the manufacturer
The fixed fee paid by the manufacturer due to block chain technology
In model », the market demand in the online direct sales channel
In model #, the market demand in the online distribution (delegation) sales channel
In model n, the manufacturer’s profit
In model n, the e-commerce platform’s profit

Model selection: ND represents the online direct + online distribution sales model without block chain
technology, NW represents the online direct + online distribution sales model with block chain technology, YD
n=ND,NW,YD, YW . . . . . .
represents the online direct + online delegation sales model without block chain technology, and YW represents
the online direct + online delegation sales model with block chain technology

TaBLE 2: Demand, profit, and optimal pricing decisions in the direct and distribution dual-channel retail models.

Variables Value
wNP* (A(1+9)* =0(1+9)° +c(=3+¢ +¢* ~¢")/2(-2+¢%)
PP’ ((A=0)(B+2¢) +c(=2+¢*) (~1+¢) +c(=3+ ¢+ ¢* — ¢*)/2(=2 + ¢?))
P (-4(c+0)—30p +c(-1+¢)p + A4 +3¢)/4(-2 + ¢%))
DNP* (2A-20-4(A+0)¢+ (—4A+0)¢” + pA(4+3¢) — (—4+ ¢ )c (-1 +¢) = 2c (-3 + ¢ + ¢* — $*)/4(-2 + ¢*))
DND" (8A +4c — 40+ 6A¢ — 300 — A(4 +3¢) + ¢ (=5 + 2¢°)c (=1 + @) + 2¢c (=3 + ¢ + ¢* — ¢°)/4 (=2 + ¢*))
e (pYP" - )DNP" + (wNP" — ) DNP"
HND* (pyD*_wNDWDNU
TaBLE 3: Demand, profit, and optimal decisions in the direct and delegation sales models.
Variables Value
PAkS (=2(c+0) +20p + 0(=2 +p)p + 2A(1 + ¢) — Ap(2 + @) + cd (p + 2 — pd)/A(=1 + p) + (=2 + p)*¢?)
n" (A(-1+p) (=24 (=24 p)9) = O(=1+p) (-2+ (-2+p)¢) —c(-1+§) (-2(1 + ¢) +p(2 + /4 (-1 +p) + (-2 +p)*¢?)
DYW ((T+P(AC+p(=2+¢) = 2¢) —c(=1+ ) 2+ (=2 + p)p) + O(=2 +2p + 2¢ — pd))/4 (=1 + p) + (=2 + p)*¢?)

DXV (L4 ) (¢4 p(-2+$) = 20) (-1 + ) = A(=1+ ) (2+ (-2 +p)) + O(~1+ ) (2 + (-2 + P)BN/A (-1 +p) + (=2 + p)*?)

NW*
-
He

(YW — DY + [V (1 p) - JDY
ppi™ DY

The e-commerce platform’s profit is

1P < (- - )DL ®

We can determine the demand, profit, and optimal
pricing of the manufacturer and e-commerce platform and
derive Theorem 3.

Theorem 3. In the direct and distribution sale models, the
optimal decisions, the demand, and profit are summarized in
Table 4 (the solving procedure can be found in Appendices).

Proposition 3. With  block  chain  technology,
(w'P’/af) <0, (8pP /of) = (apiP /of)=0; (w'P’/
9p) <0, (9pYP"/0B) <0, (ap¥P"/0B) <0; (AIXP"/OF,,) <0

Proposition 3 suggests that with block chain technology,
the wholesale price in the distribution sales model decreases
when the unit verification fee paid by the e-commerce
platform to the manufacturer increases. However, the retail
price in the direct and distribution sales models is not
impacted by the unit verification fee. The wholesale price
and the retail price in the direct and distribution sales



Discrete Dynamics in Nature and Society

adtf = qm= qx9) Ll

.QmQG - k + b»SV + .QWQG - *quq *Q:\Mu

(P -DF(D+T)g—(1-D)2P+(T— D) P+ )T+ (PE +¥) g + (PT+ €) T — (T — ;D) ¥ + P99 + % + P9T — 98) axd
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models decrease when the sensitivity coefficient is higher
with respect to product inspection/evaluation. Moreover,
higher fixed fees paid by the manufacturer as a result of block
chain technology adoption lead to a decrease in the man-
ufacturer’s profit.

5.2. Online Direct+ Online Delegation Sales Model (YW
Model). In this theoretical model, the manufacturer and
e-commerce platform are subject to a two-stage Stackelberg
game. The e-commerce platform is the leader, the manu-
facturer is the follower, and the decision sequence is such
that the e-commerce platform first announces the unit
commission rate with a view to maximizing its profit. Then,
the manufacturer sets the retail price p}" in the online
delegation sales channel, as well as the retail price p}" in the
online direct sale channel. In the delegation and direct sales
channels, demand is as follows:

e A

D" = 6-p;" +¢p;" - BT.

The manufacturer’s profit is

=(p" =)D+ [P (1 =p)+ f = c]DY -
(11)

YW

The e-commerce platform’s profit is
™ = (pp!™ - £)DI™. (12)

We can determine the demand, profit, and optimal
pricing of the manufacturer and e-commerce platform and
derive Theorem 4.

Theorem 4. Demand, profit, and optimal decisions in the
direct and delegation dual-channel sales models are sum-
marized in Table 5 (the solving procedure can be found in
Appendices).

Proposition 4. With  block
(@pY"V'/0f) <0, (ap¥V'/0f)<0;
(@pi™'/aB) < 0; (oII1V'/OF,,) <0

chain technology,
(@py"" /0p) <0,

Proposition 4 suggests that, with block chain technology,
retail prices in the direct and delegation sales models de-
crease when the unit verification fee paid by the e-commerce
platform to the manufacturer increases. Also, retail prices in
the direct and delegation sale models decrease when the
sensitivity coefficient of product inspection/evaluation in-
creases. Moreover, the manufacturer’s profit decreases when
the fixed fee paid by the manufacturer, as a result of block
chain technology adoption, increases.

6. Result Analysis

In this section, we mainly analyze the impact of block chain
technology adoption on pricing decisions and online
channel selection strategies in a dual-channel supply chain.
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Proposition 5. In the direct and distribution sales models,
comparing the ND model with the YD model, we have (1)

whenﬁ>(2f(2 %)/ (1 + ¢)*(t - ))—(y(l—e)/(t T)),

w'P" > wNP'; when B< (2f(2 (/5 )/(1+¢) (t—T))— (y
(1- e)/(t - 1)), wYP" <wNP*;(2) piP > plND'y(3)
PYP" > pP" (the proofing procedure can be found in
Appendices).

Proposition 5 suggests that, in the direct and distribution
sales models, (1) when the sensitivity coeflicient of product
inspection/evaluation is larger than a threshold value, the
wholesale price is higher with block chain technology
adoption than without block chain technology adoption.

(2) In the direct and distribution sales models, retail
prices are higher with block chain technology adoption than
without block chain technology adoption. This is because,
when the sensitivity coefficient of product inspection/eval-
uation is much higher, customers are very concerned about
the cost of product inspection practices and are willing to
pay a higher price in return for a better and faster service.

Proposition 6. In the direct and delegation sales models,
comparing the NW model with the YW model, we have (1)
YW s pWW L 2) pYWT S pNWT (the proofing procedure can
be found in Appendices).

Proposition 6 suggests that, in the direct and delegation
sales models, retail prices are much higher with block chain
technology adoption than without block chain technology
adoption. This is because block chain technology shortens
inspection times, the authenticity of products can be
guaranteed, and customers are willing to pay higher fees, all
of which contribute to higher retail prices.

7. Numerical Analysis

In this section, we analyze the impact of § and y on the
profits of the manufacturer and e-commerce platform in
different dual-channel sales models. Assuming that
0=100,e=0.5,t=2,T =1, f =10,c = 10, and F,, = 1000,
the impact of f and y on the firm’s profits is seen in
Figures 2-9.

As can be seen from Figures 2-5, in the
direct + distribution sales models, as 8 increases, the profits
of both the manufacturer and e-commerce platform de-
crease. As y continues to increase, the profits of both the
manufacturer and e-commerce platform also continue to
increase. Both the manufacturer and e-commerce platform
make more money with block chain technology adoption
than without block chain technology adoption. This also
shows that the introduction of block chain technology has
led to higher profits for both the manufacturer and
e-commerce platform.

As can be seen from Figures 6 and 7, in the
direct + delegation sales models, as 8 increases, the profits of
both the manufacturer and e-commerce platform decrease.
As y continues to increase, the profits of both the manu-
facturer and e-commerce platform also continue to increase.
The profits of both the manufacturer and e-commerce
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FIGURE 2: The impact of § on the manufacturer’s profit under the ND model and YD model.
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FIGURe 3: The impact of 3 on the e-commerce platform’s profit under the ND model and YD model.
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FIGURE 4: The impact of y on the manufacturer’s profit under the ND model and YD model.
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FIGURE 5: The impact of y on the e-commerce platform’s profit under the ND model and YD model.
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FIGURE 6: The impact of § on the manufacturer’s profit under the NW model and YW model.
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FIGURE 7: The impact of 8 on the e-commerce platform’s profit under the NW model and YW model.
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FIGURE 8: The impact of y on the manufacturer’s profit under the
NW model and YW model.
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FIGURE 9: The impact of y on the e-commerce platform’s profit
under the NW model and YW model.

platform are higher with block chain technology adoption
than without block chain technology adoption. This also
shows that the profits of both the manufacturer and
e-commerce platforms in the direct and delegation sales
models are much higher than those arising from the direct
and distribution sales models.

8. Conclusion and Future Research

This paper examined the impact of block chain technology
adoption on pricing decisions and online channel selection
strategies in dual-channel supply chains consisting of a
direct and distribution dual-channel sales model and a direct
and delegation dual-channel sales model. Depending on
whether or not block chain technology is adopted, this study
analyzed the following scenarios: an online direct and online
distribution sales model without block chain technology
(ND model), an online direct and online delegation sales
model (NW model) without block chain technology, an
online direct and online distribution sales model with block
chain technology (YD model), and an online direct and
online delegation sales mode with block chain technology
(YW model). We compared and evaluated optimal pricing
decisions and the firm’s profit under these different sce-
narios. The following conclusions were reached:
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(1) Without block chain technology, in the two different
dual-channel sales models, retail prices increase
when the manufacturer’s unit retail cost increases.
The retail price in the two different dual-channel
sales models decreases when the sensitivity coefhi-
cient is higher with respect to product inspection/
evaluation and the probability of a negative product
inspection result.

(2) With the block chain technology, in the two different
dual-channel sales models, retail prices decrease
when the unit verification fee paid by the e-com-
merce platform to the manufacturer increases. Retail
prices in the two different dual-channel sales models
are higher with block chain technology adoption
than without block chain technology adoption.

(3) In the two different dual-channel sale models, as f3
increases, the profits of both the manufacturer and
e-commerce platform decrease. As y continues to
increase, the profits of both the manufacturer and
e-commerce platform also continue to increase.

The analysis provides the following management in-
sights: (1) the adoption of block chain technology offers
manufacturers better and faster product traceability. By
adopting block chain technology, manufacturers can im-
prove their retail prices in dual-channel sales models, and
manufacturers should choose an online direct and delega-
tion sales model to sell their products. (2) In the case of block
chain technology adoption, e-commerce platforms should
choose an online direct and delegation sales model to sell
their products, so that they can generate higher profits.

Within the context of block chain technology adoption,
the present study analyzed pricing decisions and online
channel selection strategies in dual-channel supply chains.
In the future, we aim to analyze the impact of block chain
technology on social welfare.

Appendices

Proof. Proof of Theorem 1.

Based on equation (2), the authors can determine
(aHZD/awND) =c— uND — 20N — Bt — (1 -e)y + 0+
(—=c+q)¢ + ¢pYP, (o1INP/opdP) = ¢ —2pNP - Bt - (1-
e)y + 0+ (NP + whP)¢, (3*TINP/0 (wNP)?) = -2, (F*TINP/

owNPaphP) = ¢, (*TIYP 10 piPowNP) = ¢, and
(BZH%D /o( pﬁ\’D )?) = —2. Manufacturer’s Hessian matrix is
HNP = _¢2 _(/)2 ] The Hessian matrix is negative.

(aTIYP/0wNP) = 0 and (ATIYP/9p)P) = 0, and the reaction
functions are PP (uNP) = (2(c+  0) + (c+ulNP+
0)¢ — c¢” — A(2+ $)/2(2 - ¢°)).

wNP (uNP) = (c - A(1 + ¢)+ (1+¢)(0+uNP (¢~
1))/2 — ¢%). Substituting the above reaction functions into
the e-commerce platform’s profit function,
(TP /0uNP) = 0, the optimal premium per unit of product
sold to customers is uNP = (0+c(-1+ ¢) — Al2).
Substituting it into the reaction functions, the optimal
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decision  variables  are ND™ = (A(1 + ¢)* - 0(1+
¢ +c(-3+¢+¢*—¢>)/2(-2+¢?) and pP" = (~4(c+
0)— 30¢ +c(—1 + @)+ A(4 +3¢)/4(-2 + ¢%)).
Substituting pVP", pNP", andw™P" into equations (2)
and (3), the authors can determine the optimal profits of the
manufacturer and the e-commerce platform. O

Proof. Proof of Theorem 2.

Based on equation (5), the authors can determine
@IV opNW) = c = pMY (1 = p)+  (=c+ pYW)g + (1-p)
(~A-p™ +0+pi"9), @MY /9pNW) = —A + c—

e 2(c+ ) +20p+0(-2+p)p+2A(1 +¢) -

13

200V 40+ pYWot  (mc+pYW(1-p)¢,  (QTINV/D
(P = -2+2p, (TINW/0pNYoapYW) = ¢+ (1 - p)g,
(T /0pYVop™) = g+ (1-p)g, and  (TINV/0

(pPYW)?) = —2.  Manufacturer’s Hessian matrix is
HNW -2+2p ¢+ (1-p)¢
¢+ (1-p)¢ -2

The Hessian matrix is negative. (OIIN"/0p") = 0 and
(AT /9pYW) = 0, and the optimal solutions are that

Ap(2+¢)+cp(p+2¢ - p</>)

P =

4(-1+p) +(-2+p)¢’

(A1)

Pl A(-14p)(=2+(=2+p)¢) —0(-1+p) (=2 +(=2+p)p) —c(-1+¢) (- 2(1+¢)+P(2+¢))

2

Substituting the pN"" and pM"" into equations (5) and
(6), the authors can determine the optimal profits of the
manufacturer and e-commerce platform. O

Proof. Proof of Theorem 3.

Based on equation (8), the authors can determine
(aanD/awYD) = ~B+c—f-u"P 200 + 0+ (—c+
PrPY + ¢piP,  (oIIYP/optP) = -B+c-2ptP + 6+ (u'P
+w'P)¢, (’IILP/0(w'P)?) = -2, (O'TILP /0w PopiP) = ¢,
(0°1tP/opyPowP) = ¢, and  (O°TILP/O(pYP)?) = -2

-2 ¢

6 -2 ] The
Hessian matrix is negative. (BHZD /owYP) =0 and
(0I’P/opyP) =0, and the reaction functions are
WP WPy = (=c+ f+B(1+¢)— (0+u'P(-1+¢))(1+

®)/-2+¢*) and pIPWP)=(-2(c+0) - (c— f+u+
0)¢ + cd* + B(2 + ¢)/ 2(=2 + ¢*)). Substituting the above
reaction functions into the e-commerce platform’s profit
function, (OITYP/9uP) = 0; the optimal premium per unit
customers is D" = (2f + 0+
B/2). Substituting it into the reaction functions,
= (2c-B(1+¢)* +

Manufacturer’s Hessian matrix is H'P =

of product sold to
c(-1+¢) -

the optimal decision variables are w'?

pYW* _2(B+f+6(—1+p)

4(-1+p) +(-2+p)¢’

O(1+¢)* +2f(¢* =2)+ (¢* = 1)c(¢p - 1)/2(2-¢%) and
DT = (2fp+2c(-2+¢) (1+

9)— 0(4+ )+ B(4+39) - 2(69+ f¢) - dc(~1+ )/

4(=2 + ¢%)). Substituting piP”, pYP", andw'P" into equa-

tions (8) and (9), rhe authors can determine the optimal

profits of the manufacturer and the e-commerce

platform. o

Proof of Theorem 4

Based on equation (11), the authors can determine
@IV iepWy=c- f-p™"W (1 -p)+ (=c+ pIM)¢p+ (1-
) (—B -p + 6+ pWo), (12" /10p¥™) = B + c-
2p 0+ p\Mo+ (—c+ fpV (1= p)g, (@I
(PP =-2+42p, @I 10pIYapIY) = ¢+ (1- P,
(@YW /0pYWopk™) = ¢ + (1 - p)o, and (e
/0(p¥W)?*) = 2.  Manufacturer’s Hessian matrix is
HYW [ 242 ¢+ (1-p)¢
¢+ (1-p)¢p -2
The Hessian matrix is negative. (oIT,"/0pY") = 0 and
(AITYW/0p¥™) = 0, and the optimal solutions are that

Bp+c(-1+¢)+(-2+p)p(- B+c+9—c</>+f<p)

1

4(-1+p)+ (- 2+p)¢

(A.2)

2

Substituting pY"" and p}"" into equations (11) and (12),
the authors can determine the optimal profits of the man-
ufacturer and e-commerce platform.

Yw* 2(c+0)( 1+p)—(0(2+p)(-1+p)+(c— flp)p —c(— 2+p)¢ +B(-1+p)(-2+ (- 2+p)(p)
p
4(-1+p)+ (- 2+p)¢
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Proof of Proposition 5

YD* ND*
w -—w
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2c-B(1+¢)*+0(1 +¢)2+2f(¢2—2) +(¢>2 - 1)c(¢— 1) A(l+¢)-00 +¢)2+c(—3+¢+¢2 —¢3)
= +

2(2-¢%)
_ (Bt +y(1—e) - BT)(1+¢)* +2f(¢” - 2)
2(2-¢%) '

When B> (2f(2-¢)/(1+¢)*(t-T)) - (y(1-e)/
(t-T), wP>wNP"; when B<2f(2-¢*)/(1+
OP(t-T)- (y(A-e)(t-T)), wP <P’y pIP’—

YW NW _ (A_B)(z(l—P)+¢(2—P))—f(2+¢2p—2¢2)

2(2-¢) (A3)

PP = (BUt-T)+y(1-e)/2(2-¢*)>0; piP'— pP" =
((A-B)(4+3¢)/4(2 - ¢*)>0.

Proof. Proof of Proposition 6.

4 P

4(1-p)-(p- 2)°¢

>0,
(A4)

YW NW* _ (A—B)(l—P)(2+(2—P)¢)—f¢P>O.

)2 P
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