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ABSTRACT This study examines blockchain introduction and live streaming strategy for a dual-channel
supply chain consisting of a supplier and an e-tailer. The supplier distributes products through the e-tailer
and develops a direct sales channel. Four scenarios are assumed for the blockchain adoption of the supplier
and the live streaming sales adoption of the e-tailer: Neither party adopts blockchain or live streaming sales,
or only one does; The supplier uses blockchain and the e-tailer uses live streaming sales. The two supply
chain members are also assumed to play a Stackelberg game where the supplier is a leader and the e-tailer
is a follower. Furthermore, the profit optimization models are developed under the four scenarios and these
models are then resolved by backward induction to derive the closed forms of the equilibrium solutions. The
impacts of the key parameters on equilibrium decisions and profits are further explored. The results show
that a high information accuracy induces the supply chain member to shift from a low-price to a high-price
strategy under a certain condition. When the e-tailer uses live streaming sales, the supply chain member
should shift from a high-price to a low-price strategy if this sales attracts more consumers in the direct sales
channel. The two members should always work in cooperation, with the supplier using blockchain and the
e-tailer using live streaming sales regardless of the product information and live streaming effect. However,
their cooperation on the introduction of blockchain and live streaming sales is affected by the wholesale
price and the competition intensity.

INDEX TERMS Blockchain introduction, live streaming strategy, dual-channel supply chain, channel
competition, game model.

I. INTRODUCTION

With the advancement of the internet and the evolution of
consumer behavior, the live streaming sales mode has seen
a surge in growth, emerging as a new driving force for
economic expansion. Live streaming sales in the U.S. reach
$50 billion by 2023 and will grow 36% by 2026, according
to a research report.! The development of live streaming
sales in China also exhibits a similar growth trend. The
sales generated from live streaming contributed to a sales
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1 https://www.statista.com/statistics/1276120/livestream-e-commerce-
sales-united-states/

volume of $25.7 billion during the double 11 shopping festi-
val in China in 2022, representing a remarkable year-on-year
growth rate of 146.1%.” Estimates suggest that live streaming
selling in China will experience substantial growth, poten-
tially reaching $3 trillion by 2024.3 Different from traditional
online sales, a streamer in live streaming sales can engage in
real-time communication with consumers on live streaming
platforms, addressing their product inquiries, leading to a low
uncertainty in their perception of products.

2https://WWW.yicaiglobal.com/news/e-commerce-sales-during-this-year-
double-11-shopping-gala-jump-14-to-usd157-billion

3 https://www.globaldata.com/media/banking/e-commerce-market-china-
willreach-us3-trillion-2024-forecasts-globaldata/
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However, the adoption of live streaming sales poses certain
challenges for businesses. Firstly, introducing this sales mode
may lead to intense competition with existing sales modes
for the same products, resulting in low performance for busi-
nesses. Secondly, employing a streamer can incur specific
operational costs or commissions for businesses, unlike tra-
ditional online operations which typically do not have these
additional costs. Finally, this sales mode can also inconve-
nience consumers, requiring them to wait and watch live
streaming. Live streaming sales for specific products usually
occur at specific times, causing hesitation among consumers
sensitive to time costs when considering purchasing through
live streaming. Thus, it remains uncertain whether the adop-
tion of live streaming sales is beneficial to businesses.

Although an online store offers convenience to consumers,
products sold by this store may suffer from a negative per-
ception of low quality and consumer skepticism. On the
one hand, the supervision of product procurement channels
and sales is challenging. On the other, unethical business
practices have expanded on a large scale for the past few
years. For instance, the global economic losses from online
counterfeit products amounted to a staggering $323 billion in
just 2017.% The lack of transparency in production informa-
tion and fraudulent behavior not only undermines consumer
trust in products but also negatively impacts the profits of
businesses. To address these gaps, blockchain as a disruptive
innovation technology is proposed [1]. This technology can
ensure that information about product quality in production
is transparent and immutable to stakeholders in the supply
chain [2]. Moreover, blockchain technology can also improve
consumer purchasing preferences. As a result, this technol-
ogy has attracted extensive attention.

For instance, Walmart partnered with IBM and JD.com to
implement blockchain in specific food (e.g. beef and apple)
supply chains.’ Consumers increase confidence in the safety
of these food products, as they can scan QR codes on the
packaging to track product origin. Luxury industry leaders
such as LVMH and Chow Tai Fook enable consumers to
access detailed product information within the supply chain
using blockchain. The integration of blockchain allows con-
sumers to effortlessly verify the authenticity of products with
precision and confidence [3]. However, the complexity and
high costs of this technology are obstacles to businesses [4].
Other contentious issues also contribute to business hesitation
in using blockchain, such as a higher cost for privacy and
information disclosure corrections, as errors can be perma-
nently recorded [5]. Some businesses even declare refusal to
adopt blockchain technology.®

To respond to demand more effectively, the e-tailer sources
products from diverse upstream suppliers and manufacturers,

4https://WWW.researchandmarkets.com/reports/4438394/ globalbrand-
counterfeiting-report-2018#src-pos-1

5 https://newsroom.ibm.com/2017-12-14-Walmart-JD-com-IBM-and-
Tsinghua-University-Launch-a-Blockchain-Food-Safety

-Alliance-in-China

6https:// shippingwatch.com/carriers/Container/article10602520.ece
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reselling them on e-commerce platforms like Amazon,
JD.com and Taobao. Furthermore, upstream suppliers can
develop direct sales channels to directly reach consumers
in the market. These e-commerce platforms can facilitate
e-tailers in selling lesser-known products. Thus, e-tailers,
rather than suppliers, need to consider whether to adopt
live streaming sales in e-commerce platforms to raise sales
of such products. However, the supplier should pay more
attention to how they can help consumers understand the
quality and safety of products to enhance product reputation,
and thus, need to consider whether to use blockchain. Moti-
vated by the above observations, this work integrates both
blockchain and live streaming sales into a dual-channel sup-
ply chain. In a dual-channel supply chain, four scenarios are
proposed based on the supplier using or not using blockchain
and the e-tailer using or not using live streaming sales. Espe-
cially, three key questions are examined as follows: (1) How
should supply chain members make the optimal decisions
under different scenarios? (2) How does the introduction of
blockchain and live streaming sales affect the optimal deci-
sions? (3) Which scenario generates a win-win situation for
the supplier and the e-tailer?

To deal with the above questions, this work considers a
dual-channel supply chain comprising a supplier and an e-
tailer. The supplier distributes products to the e-tailer and
develops a direct sales channel. The e-tailer resells them to
consumers. The supplier competes with the e-tailer on sales
prices. Four scenarios are analyzed concerning the supplier
and the e-tailer: (a) Neither of the supply chain members
introduces blockchain or live streaming sales. (b) The e-tailer
does not adopt live streaming sales but the supplier introduces
blockchain. (c) The e-tailer adopts live streaming sales but the
supplier does not introduce blockchain. (d) The supplier uses
blockchain and the e-tailer uses live streaming sales. In prac-
tice, a supplier and a retailer typically have a leader-follower
relationship, i.e., play a Stackelberg game in the decision-
making process. The supplier makes decisions first as a leader
and the retailer then makes decisions as a follower based
on those of the supplier. Thus, the Stackelberg game models
under different scenarios are proposed in which the supplier
is a leader and the e-tailer is a follower. Specifically, the profit
maximization models for each supply chain member are pro-
posed and are solved then using backward induction. The
relationships between the equilibrium decisions are examined
under the four scenarios. The impacts of the key parameters
on the equilibrium decisions are further analyzed and several
numerical studies are employed to examine their impacts on
profits for the two members.

This work contributes to the relevant literature in three
ways. First, the impacts of the introduction of both blockchain
and live streaming sales on dual-channel supply chain deci-
sions are examined for the first time. The existing studies
explored only blockchain adoption or only live streaming
sales introduction for a supply chain, but did not examine
their synergic impacts on optimal decisions [6], [7]. Second,
this work is pioneering in presenting scenarios where the
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supplier chooses two scenarios, i.e., not using and using
blockchain, based on the e-tailer choices on not introducing
or introducing live streaming sales. Finally, the closed forms
of the optimal decisions are derived and the theoretical com-
parisons of optimal decisions among different scenarios are
provided. The synergic impacts of the key parameters on a
win-win situation for both supply chain members are further
analyzed and discussed.

The rest of this study is organized as follows. The relevant
literature is reviewed and the contributions are highlighted
in Section II. The problem descriptions are provided in
Section III. The models are formulated and the optimal results
in four scenarios are investigated in Section IV. The optimal
decisions in four scenarios are compared in Section V. Sev-
eral numerical experiments are conducted in Section VI. The
main research results are summarized and the future research
directions are stated in Section VII. All proofs of propositions
and corollaries are provided in the Appendix.

II. LITERATURE REVIEW

This work is related to three streams, i.e., dual-channel sup-
ply chain, blockchain technology and live streaming selling.
These streams of literature are reviewed separately in this
section.

Recent research in the field of dual-channel supply chains
has examined various aspects, including pricing strategies,
market competition, and consumer behavior. Yang et al.
investigated optimization models for suppliers with limited
capacity [8]. He et al. developed pricing models to analyze
the dynamics of dual-channel supply chains under chang-
ing market conditions, and highlighted price competition
[9]. Hamzaoui et al. explored the influence of consumer
loyalty on pricing decisions within dual-channel supply
chains [10]. Additionally, the phenomenon of showroom-
ing in dual-channel supply chains has garnered attention,
with studies such as those by [11] and [12]. They examined
the impact of consumer travel costs on pricing and profit.
Chai et al. explored brand promotion strategies [11], while
Qiu et al. highlighted the potential profitability of virtual
showrooms for manufacturers [12]. Furthermore, some works
have focused on price policies. Kireyev et al. used game the-
ory to investigate the strategic implications of price-matching
policies across competitive scenarios [13]. Shang and Cai
identified the potential for price competition policies to
engender detrimental competition between channels [14].
Lastly, Guo et al. analyzed a game-theoretic model of dual-
channel supply chains with product offerings and price match
guarantees [15].

Traditional supply chains face challenges such as low
levels of information sharing and lack of transparency.
As an effective technology for tracing product informa-
tion, blockchain has been widely applied in supply chains.
Accordingly, supply chain strategies with blockchain have
attracted widespread attention from researchers and prac-
titioners. Chod et al. studied whether to adopt blockchain
in the supply chain [16]. Some works also analyzed the
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impacts of blockchain technology on cross-border supply
chains. Li et al. demonstrated the benefits of blockchain
implementation in a global sustainable supply chain [17].
Zhang et al. developed Stackelberg game models to study
the impacts of blockchain implementation [18]. Blockchain
technology includes blockchain traceability and information
disclosure features. Liu et al. studied the sales mode selection
with blockchain for e-commerce platforms [19]. Zhong et al.
investigated the added value from supplier blockchain tech-
nology adoption to trace and disclose information in a
dual-channel supply chain [20]. Zhang et al. explored three
blockchain technology adoption scenarios in a dual-channel
supply chain [21]. Zhao et al. studied the manufacturer
blockchain adoption strategies in a dual-channel e-commerce
platform supply chain [22]. Li et al. developed Stackelberg
game models to investigate the impact of blockchain adoption
for consumer privacy protection on an e-commerce supply
chain [23]. Liu et al. investigated the impacts of blockchain
on imported fresh food supply chains during the COVID-19
pandemic [24].

The surge in live-streaming sales has sparked considerable
interest in both academic and practical domains, prompting
extensive research efforts to understand its impact. Wongk-
itrungrueng et al. examined live-streaming commerce from
the perspective of sellers and proposed insights into cus-
tomer acquisition and retention strategies [25]. Park and Lin
explored the phenomenon of celebrity endorsement in live-
stream shopping [26]. Fei et al. developed a framework to
study the effects of interaction text on consumer purchase
intentions within live streaming [27]. He et al. explored
the impact factors of consumer live streaming shopping
[28]. In recent research, scholars used game-theoretic models
to investigate optimal strategies. Zhang et al. specifically
explored how product lines influence live streaming strategies
[31], while Zhang et al. assessed the feasibility and conse-
quences of integrating live streaming services into a supply
chain [31]. Furthermore, other studies examined post-live
streaming operational management and addressed topics such
as optimal cooperation strategies with streamers [32], pricing
and quality decisions [33], sale formats, and pricing strate-
gies [34], [35].

Although a host of existing works have examined vari-
ous aspects of dual-channel supply chains, blockchain and
live-streaming selling have received relatively little attention
within this context. Table 1 summarizes the contributions
of the related studies and shows the difference between
this study and the other literature. Previous studies, such
as those by Yang et al. and Hamzaoui et al., primarily
focused on dynamic pricing decisions and the impact of
consumer loyalty on pricing decisions [8], [10]. However,
these studies did not explore the integration of blockchain
technology or live-stream selling into a dual-channel supply
chain. The works by Dong et al. and Chod et al. investi-
gated the blockchain introduction in supply chain finance
and cross-border supply chain, respectively [6], [16]. While
these studies shed light on the advantages of blockchain
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technology in supply chains, they do not consider its interac-
tion with dual-channel supply chains. Moreover, Chen et al.
and Huang et al. focused on live streaming sales for a sup-
ply chain [7], [36]. However, these studies did not address
the integration of live streaming into dual-channel supply
chains. Although Du et al. studied live streaming sales in a
dual-channel supply chain, but neglected the introduction of
blockchain [37]. In contrast, this study fills these gaps by the
following three ways: (1) Both blockchain and live streaming
sales are integrated into a dual-channel supply chain and
their synergic impacts on this supply chain are explored. (2)
Four scenarios are analyzed where neither member introduces
blockchain and live streaming sales, either of the two mem-
bers adopts blockchain or live streaming sale, and the supplier
uses blockchain and the e-tailer uses live streaming sales. (3)
The closed forms of the optimal decisions are derived and the
optimal decisions among four scenarios are compared. The
synergic impacts of the key parameters on a win-win situation
for the two members are examined.

TABLE 1. The comparison of the related works.

Dual- Block  Live

channel  —chain  stream Key contributions

Studied the optimal distribution
Yang et v strategy of a supplier with
al. (2018) limited capacity in a dual-
channel supply chain.
Hamzaoui Explored the effect of
etal. v consumer loyalty to the
(2024) retail channel on pricing
decisions.
Developed a game model to
Dong et al. v address supply chain disruption
(2023) risks in a multi-echelon supply
chain using blockchain.
Realized an ability to secure
Chod et al. v favorable financing terms at
(2020) low signaling costs in
supply chains with
blockchain.
Du et al Investigated the manufacturer
(2023) ' v 4 live streaming strategy in a
dual-channel supply chain
Zhang et Studied the live streaming
1. (2024 v strategy for an e-commerce
al. ( ) )
platform supply chain.
Studied whether an online
Chen et v retailer in a supply chain is
al. (2023) introducing live streaming
selling.
Huang et Y Explored the live streaming
al. (2023) strategy ~ for the two
competitive retailers.
Integrated both blockchain
This study v/ v v and live streaming into dual-
channel supply  chain
models.

Ill. PROBLEM DESCRIPTION

Considers a two-tier supply chain comprising a supplier and
an e-tailer. The e-tailer orders products from the supplier at
the unit wholesale price w and resells them to consumers
through the retail channel at the unit sales price p,. The
supplier also develops a direct sales channel with the unit
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sales price ps and competes with the e-tailer on sales prices.
The two supply chain members, i.e., two members, play a
Stackelberg game where the supplier is a leader and the
e-tailer is a follower. The wholesale price is assumed to be
pre-negotiated and exogenous by the supplier and the e-tailer,
which are extensively used in operational management [38].
In addition, to avoid triviality, the unit production cost is
assumed to be zero under the four scenarios [39].

The supplier products enter the market only after the direct
sales channel is developed, resulting in relatively low per-
formance and reputation within the industry. This delayed
market entry puts the supplier at a disadvantage. As a result,
the consumer perception of the product information from
the direct sales channel is uncertain, potentially leading to
their reluctance to make purchasing decisions, inhibiting the
growth of the demand in this channel [40]. This consumer
perception uncertainty can be presented as a random variable
£ with a mean 0 and a variance o2. Following Wen and
Sigin [41], the impact of consumer perception uncertainty
on direct sales channel demand can be formulated as E[£] —
Var[£] = -2 A larger o2 means that consumers have a high
uncertainty about products.

When the supplier introduces blockchain into the direct
sales channel, consumers can easily access reliable and trans-
parent product information in the direct sales channel, thereby
enhancing their confidence in the product [42]. Following
Shang et al. [43], product information accessed by consumers
can be expressed as I', and its unbiased estimator is given
by E[l'|£] = &. A larger I' means that product informa-
tion disclosed by blockchain shows a higher product quality
and safety. Consumers are satisfied with product quality and
safety information if ' > 0 and dissatisfied if ' < 0. Fur-
thermore, the absolute information accuracy is given by ¢ =
1/ E[Var[£|T"]], where ¢ is the information accuracy. A larger
t indicates that the higher capability of the supplier to disclose
product information using blockchain technology, and the
more comprehensive and accurate product information that
consumers can access through high-precision blockchain.
Moreover, a larger ¢ also means that the supplier invests
more costs in blockchain since enhancing the capability to
disclose information via blockchain requires more funding.
On this basis, according to Ericson [44], the mean and the
variance of consumer perception uncertainty in the presence
of blockchain can be derived as E[§ |T'] = Tt0? /(1 + t0?)
and Var[€ |T'] = 02 /(1 + to?), where to? /(1 + t0?) is the
weight of the product information I'. Thus, the impact of
consumer perception uncertainty on the direct sales channel
demand is given by E[£|T'] — Var[|['] = 02 /1 + to(tT" —
1). In addition, the introduction of blockchain incurs fixed
blockchain costs C, such as blockchain software development
and network node equipment installation [45].

As streaming media gains prominence, the adoption of live
streaming sales by e-tailers has emerged as a prevailing trend.
E-tailers use the immediacy and interactivity of streaming
media to establish direct and immersive with consumers,
surpassing the limitations of traditional online sales. This
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sales mode may attract more consumers who prefer its char-
acteristic, leading to an effect, i.e., the live streaming effect
. A larger ; means that consumers are more interested in
live streaming sales. The live streaming effect boosts channel
demands with live streaming sales but dampens those without
it. Live streaming sales may divert consumers from non-live
streaming channels [46]. Furthermore, the adoption of live
streaming sales involves the choice of streamers, live stream-
ing promotion and others, meaning live streaming sales effort
e for the e-tailer. This sales effort also boosts live streaming
channel demands. Live streaming selling used by the e-tailer
generates a certain cost, which can be expressed as a quadratic
form % /2 [47].

Four scenarios are proposed for the supplier and the e-tailer
as follows: (1) The e-tailer does not adopt live streaming sales
and the supplier does not adopt blockchain live streaming
sales, denoted as NN. (2) The e-tailer does not use live stream-
ing sales but the supplier introduces blockchain, denoted as
NB. (3) The e-tailer uses live streaming sales but the supplier
does not adopt blockchain, denoted as LN. (4) The e-tailer
uses live streaming sales and the supplier uses blockchain,
denoted as LB. The profits maximization models are exam-
ined under the above four scenarios. Note that the superscript
N is the scenario where the member does not introduce
blockchain or live streaming sales, B is the scenario where
the supplier adopts blockchain, and F is the scenario where
the e-tailer uses live streaming sales. Moreover, the subscript
‘r’ (‘s’) indicates the e-tailer (supplier). The notations used
in this work are listed in Table 2, where i € {s,r} and
j € {NN,NB, LN, LB}.

TABLE 2. Notations and descriptions.

Parameters Descriptions

a Market potential, a >0

(% Market share of the direct sales
channel, 0<6<1

p Competition intensity, 0 < <1

w Wholesale price

é Consumer perception uncertainty

r The product information of the direct
sales channel

t The information accuracy

C Blockchain cost

Y7 Live streaming effect

n Live streaming followership factor

D/ Channel demand

I’ Supply chain member profit

Decision variables

vl Selling price

e’ Live streaming sales effort

IV. UNITS

For the supplier and the e-tailer, the optimization models
under the NN, NB, LN and LB scenarios are proposed
to derive the optimal decisions. Furthermore, sensitivity
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analyses are conducted to examine the impact of the key
parameters on the equilibrium results.

A. SCENARIO NN

The scenario NN as a benchmark is first considered where the
e-tailer does not introduce the live streaming sales into
the retail channel and the supplier does not introduce the
blockchain into the direct sales channel. The results of the
benchmark are compared with those of the other three sce-
narios. The supplier decides firstly the direct sales price
p?IN, and the e-tailer decides then the sales price pIr\IN. Con-
sumers cannot obtain product information in the direct sales
channel if the supplier does not introduce blockchain. From
Section III, consumer perception uncertainty for products
is o2, In addition, the direct sales demand consists of two
parts, one part is affected by sales prices, and the other is
converted by consumer perception uncertainty. However, the
retailer channel demand without live streaming sales is only
dependent on sales prices. Thus, the demand functions for
different channels based on the linear demand function can
be formulated as

NN NN NN 2
DN =6a—p. + Bp, " — o7, (1)
DN = (1 = 6)a—pI™ + g™, @

where 6 is the supplier market share, with 6 € [0, 1], B is the
competition intensity between the e-tailer and the supplier,
with 8 € (0, 1). The market is monopolized by the supplier if
6 = 1, and by the e-tailer if & = 0. The competition between
the different channels is virtually absent if 8 tends to 0, and
is extremely fierce if 8 tends to 1.

Therefore, the profit maximization models of the supplier
and the e-tailer can be described as

max I'I?IN = p?NDi\IN + wDI,\IN, 3)
mas TN = 2 — D2 @
Py

The above optimization models (3) and (4) are resolved
using backward induction, and the equilibrium solutions
under the scenario NN are then obtained and are stated in
Proposition 1.

Proposition 1: When neither member introduces the live

streaming sales or blockchain, the equilibrium decisions for
* (1=0)4—BDa+4w+2B(0a—c?) and
- 42—p?)

the two members are pN~
NN* __ [2604+(1—6)Bla—202+2Bw
N - 22—ﬂ2) .

From Proposition 1, the pricing decisions for the
e-tailer and the supply are negatively affected by con-
sumer perception uncertainty. The pricing decisions for the
two members decrease with consumer perception uncer-
tainty. When consumers have a high perception uncertainty
about products, the probability of consumers refraining
from purchasing products is relatively high. Thus, the
two members should use a low-price strategy to attract
consumers.
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B. SCENARIO NB

In this setting, the e-tailer does not adopt the live streaming
sales in the retail channel but the supplier introduces the
blockchain into the direct sale channel. The supplier decides
firstly the direct sales price pNB, and the e-tailer decides
then the sales price pNB. Blockchain can alleviate consumer
concerns about counterfeit products since this technology can
help them understand product information. From Section III,
consumer perception uncertainty is %(rr — 1) if the sup-
plier uses blockchain. From (1) and (2), the demand functions
for different channels are given by

2
DY =6a —p® + pp}® — 2 (1 —1D),  (5)

Di® = (1= 6)a—p® + ppi®, ©)

Therefore, the profit maximization models of the supplier
and the e-tailer under the scenario NB can be described as

max B = pNBpNB 1 ,pNB _ | (7
Py
max N = B — )DNB, 8)
Pr

The above optimization models (7) and (8) are resolved by
the approach used in subsection IV-A, and the equilibrium
solutions are then obtained and are stated in Proposition 2.

Proposition 2: When the e-tailer does not introduce live
streaming sales and the supplier introduces blockchain,
the equilibrium decisions for the two members are

NB*  _ (1=0)d—pHa+4w—2B8(A|—ab) NB*
Py - 4?2_;;2) i zand Py =
20+(1—0 —2A1+2, —1

B 2251_“/32) LB, where Ay = (1+t0)(27 :

Corollary 1: Under the scenario NB, the impacts of the
product information of the direct sales channel on the equi-

. . BpNB* BPNB*
librium decisions: (1) = > 0; (2) = > 0.

From Corollary 1, the supplier invests more costs to pro-
duce products with high quality and safety, which induces
them to have a stronger incentive to raise the direct sales price
and wholesale price. Thus, the retailer also set an aggressive,
i.e., high, sales price to obtain more returns. These results
imply that both the retailer and the supplier should use a
high-price strategy in the presence of the high quality and
safety of products disclosed by the blockchain.

Corollary 2: Under the scenario NB, the impacts of the
information accuracy of the direct sales channel on the equi-

3 NB* ) 9pNB*
Pr— > 0if I > —oz,andpa’—t <

. aph®
> 0if ' > —oz,andpg—t <

librium decisions: (1)

. 8pNB*
0 otherwise; (2) —;
0 otherwise.

Corollary 2 shows that when the information disclosed by
the blockchain shows that products have high quality and
safety, the more comprehensive and accurate information
consumers acquire about such products, the stronger their
intentions to purchase. Thus, the supplier sets an aggressive
sales price to obtain high profits, which induces the e-tailer
to follow them to set an aggressive sales price, avoiding
their monopolization of the market. Conversely, when the
blockchain discloses products to have low quality and safety,
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high information accuracy helps consumers to understand
the low quality and safety, leading to fewer orders from the
supplier in the direct sales channel. Thus, the supplier reduces
the direct sales price to attract consumers, resulting in a low
sales price for the e-tailer. In summary, when the blockchain
discloses products to have sufficiently high quality and safety,
the supplier and e-tailer should shift from a low-price to a
high-price strategy under high information accuracy.

C. SCENARIO LN

Under the scenario LN, the e-tailer introduces the live stream-
ing sales in the retail channel but the supplier does not
introduce the blockchain into the direct sales channel. The
supplier decides firstly the direct sales price pAL,N, and the
e-tailer decides then the sales price p];N and the live stream-
ing sales effort level ¢N. Live streaming sales of the retail
channel may affect the direct sales channel demand since this
channel may have potential live streaming sales followers.
Thus, the direct sales channel demand depends not only on
sales prices and consumer perception uncertainty but also
on the live streaming effect. In addition, the retail channel
demand with live streaming sales also consists of two parts,
one part being affected by sales prices and the other being
converted by live streaming sales. Thus, the demand functions
for different channels are given by

DN = 0a—pN + pplN —np — o, ©)
DN = (1 —0)a—p™N + BpN 4+ 4 €N, (10)
where n (n > 0) is the live streaming followership factor.
A larger n indicates that more consumers in the direct sales
channel are attracted by the live streaming sales of the e-tailer.

Therefore, the profit maximization models of the supplier
and the e-tailer under the scenario LN can be described as

max [N = piNDN + wDN, (11)
LNy2
e, MmN = (pEN — w)DIN 1 (12)

The above optimization models (11) and (12) are resolved
by the approach used in Subsection IV-A, and the equilibrium
solutions are then obtained and are stated in Proposition 3.

Proposition 3: When the e-tailer introduces live stream-
ing and the supplier does not introduce blockchain, the
equilibrium decisions for the two members are pi‘N* =

i + S o = Bt ad pN =
2
B0l o Ll ke where §) = (1 - 6)(2 — B2) + 6B

and 8 = 0% + nu + Bl — w).
Corollary 3: Under the scenario LN, the impacts of the
live streaming effect on the equilibrium decisions: (1)

pN . aptN . 5eLN* .
2 0ifn < B,and i < 0 otherwise; (2) 6‘2“ > 0if
—p2 LN : gpN .
n = %, and B‘T < 0 otherwise; (3) %u > 0 if
_ Q2 9 LN* .
n =< 25 and 12{ < 0 otherwise.

Corollary 3 shows that when the live streaming selling
has fewer followers in the direct sales channel, the supplier
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loses fewer orders. However, a high live streaming effect
raises concerns for the supplier regarding the outward shift
of more demands, leading to an aggressive direct sales price
to resist losses. Meanwhile, the retailer invests more sales
efforts in the live streaming sales to attract more consumers,
especially in the direct sales channel, resulting in a high cost,
and thus, they have a stronger incentive to raise the sales price.
On the contrary, more live streaming followers mean that
the supplier has less demand in the direct channel. Note that
live streaming followers are consumers who demonstrate a
market preference for engaging with live streaming, and more
live streaming followers means a larger number of consumers
who favor live streaming sales. The supplier has a stronger
incentive to less the sales price to obtain more orders when
the live streaming effect is high. Accordingly, the retailer does
not need to put in much sales effort since live streaming sales
have more followers, leading to a low sales price. Therefore,
when live streaming selling used by the e-tailer has fewer
followers in the direct sales channel, the two members should
use a high-price strategy and the retailer should use a high
sales effort strategy under a high live streaming effect. The
two members should use a low-price strategy and the retailer
should use a low sales effort strategy otherwise. Furthermore,
the two members should shift from a low-price to a high-price
strategy, and the retailer should use a sales effort strategy
similar to the pricing strategy when the live streaming selling
has sufficiently more followers in the direct sales channel.

D. SCENARIO LB

Under the Scenario LB, the e-tailer adopts the live streaming
sales in the retail channel and the supplier introduces the
blockchain into the direct sales channel. The supplier decides
firstly the direct sales price pi‘B, and the e-tailer decides then
the sales price p-B and the live streaming sales effort B

In this scenario, consumers can obtain product information
and may be affected by live streaming sales of the other chan-
nel, in the direct sales channel. The retail channel demand is
affected by live streaming sales. Thus, from (5), (9) and (10),
the demand functions for different channels are given by

DB = 0a
DB =1

2
B4 Bp® — 1o (1 —D) =, (13)
—B0)a —p-B + BpB 4+ 1B, (14)

Thus, the profit maximization models of the supplier and
the e-tailer under the scenario LB can be described as

max l'lLB =Py BDLB + wDLB C, (15
Ps
LB 2
Lrga)ﬁB HLB = (pLB W)D];B - %, (16)

Pr

The above optimization models (15) and (16) are resolved
by the approach used in Subsection IV-A, and the equilibrium
solutions are then obtained and are stated in Proposition 4.

Proposition 4: When the e-tailer introduces the live
streaming sales and the supplier introduces blockchain,
the equilibrium decisions for the two members are
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LB*  _ By [2(1-0)+B0(B+D]a—BIA 1 +nu+platp— W)]
pr - 1_’32 2(1— ﬁZ)

oSBT 7[(2752>(1fe)]azf;:)aewwﬂm Wl it gng
pLB* Blu+(1—0)al+0a 2)77/t+ﬂw A . where Aj = (t{‘thld)g ]

Corollary 4: Un(der the scenario LB, the impacts of the
product information of the direct sales channel on the equrlrb—
>0,2) 2 5 0;,3) 3 =0.

From Corollary 4, the two members should always use a
high-price strategy when the blockchain discloses the high
quality and safety of products. The pricing strategies for the
supplier and the e-tailer under the scenario LB are similar to
those under the scenario NB when the product information
changes. These results imply that whether the e-tailer intro-
duces live streaming sales does not affect the relationship
between the pricing strategy and the product information
when the supplier introduces the blockchain.

Corollary 5: Under the scenario LB, the impacts of the
information accuracy of the direct sales channel on the equi-

apLB*
L£r
¢ at

< 0 other-

9
P; 2’ and

librium decisions: (l)
0 otherwise; (2) "“at > O if [ > —o2, and 3“8LtB

e (3) 2 2 0 2 g 2 -
wise; (3) > 0ifI" > —0o~, and s < 0 otherwise.

From Corollary 5, the supplier and the e-tailer are sug-
gested to the following guidelines when the blockchain
offers high information accuracy: the supplier should use
a high-price strategy and the e-tailer should use the high
price and high live streaming sales effort strategies when
products disclosed by blockchain have the high quality and
safety; Otherwise, the two members should use a low-price
strategy and the retailer should use a low sales effort strategy.
If the product quality and safety disclosed by the blockchain
are sufficiently high, the two members should shift from a
low-price to a high-price strategy and the retailer should the
sales effort strategy similar to the pricing strategy as the
information accuracy changes. Furthermore, the pricing and
sales effort strategies under the scenario LB are similar to
those under the scenario NB when the information accuracy
changes. Whether the e-tailer introduces live streaming sales
does not affect the relationships of the pricing and sales effort
strategies to the information accuracy.

Corollary 6: Under the scenario LB, the impacts of
the live streaming effect on the equilibrium decisions:

ap™” ; 2-p2 ap,®

(1)% > Olf?’] < TZ, and%
. 2—

2) Bfm > 0ifp < Tﬂ and 24

a’;V >0ifn < B,and p‘

< 0 otherwise;

< 0 otherwise;

< 0 otherwise.

From Corollary 6, the supplier and the e-tailer are sug-
gested to the following guidelines when the live streaming
effect is high: the two members should use a high-price
strategy and the retailer should use a high sales effort strategy
when the direct sales channel has fewer live streaming fol-
lowers; Otherwise, the two members should use a low-price
strategy and the retailer should use a low sales effort strategy.
When the direct sales channel has sufficiently more live
streaming followers, the member should shift from a low to
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a high strategy for the pricing and sales effort as the live
streaming effect changes. The comparison of Corollary 6 and
Corollary 3 shows that the relationships of pricing and sales
effort strategies to the live streaming effect are not dependent
on whether the supplier introduces the blockchain.

V. COMPARISONS AND ANALYSES

To examine the impacts of the introductions of the blockchain
and live streaming on the equilibrium decisions, the equilib-
rium decisions for the two members under different scenarios
are compared and analyzed in this section. Specifically, the
equilibrium solutions with and without live streaming, and
those with and without the blockchain are mainly compared.

Proposition 5: (1) The equilibrium decisions of the sup-
plier under Scenarios NB and NN satisfy pNB* > pNN* jf
I > —02, and pEIB* < pL‘IN* otherwise; (2) The equilibrium
decisions of the supplier under Scenarios LB and LN satisfy
P > pINYIF T > 02 and ptBT < pIN” otherwise.

Proposition 5 shows that when the supplier introduces
the blockchain, higher product information may attract more
consumers, and thus, they raise the sales price to obtain more
returns compared to that in the absence of the blockchain.
On the contrary, lower product information disclosed by the
blockchain may lead to a decrease in consumer demands,
and thus, the supplier reduces the sales price to attract more
consumers compared to in the absence of the blockchain.
Furthermore, whether the retailer introduces live streaming
sales does not affect the comparisons of the sales price for
the supplier with and without the blockchain.

Proposition 6: (1) The equilibrium decisions of the
e-tailer under Scenarios NB and NN satisfy pNB™ > pNN" if
I > —02, and plr\IB* < p’,‘IN* otherwise; (2) The equilibrium
decisions of the e-tailer under Scenarios LB and LN satisfy
pI;B* > prLN* and B > SNYIFT > —o2, ande;B* < pI;N*
and eMB” < ¢MN* otherwise.

From Proposition 6, regardless of whether the e-tailer
introduces the live streaming sales, they are advised to adhere
to the following guidelines when the supplier introduces
blockchain: They should set a sales price higher than the sup-
plier without blockchain, if the product information is higher;
Otherwise, they should set a sales price lower than the sup-
plier without it. Specifically, when the e-tailer introduces live
streaming sales, the comparison of the live streaming sales
effort with and without blockchain is determined by product
information. As early stated, product high quality and safety
information may attract more consumers, leading to a high
direct sale price compared to that without blockchain. Thus,
the e-tailer also follows the supplier to set a sales price in
these two scenarios to resist monopolization by competitors,
and invests more live steaming sales efforts to attract more
consumers compared to that without blockchain. Instead, the
product low quality and safety information leads the e-tailer
to set a sales price lower and to invest live streaming sales
efforts lower than those without blockchain.

Proposition 7: (1) The equilibrium decisions of the sup-
plier under Scenarios LN and NN satisfy p%N* > p?IN* if
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n < n1, and p%N* < pi\IN* otherwise, where 1| = u (’;1_\/332);

(2) The equilibrium decisions of the supplier under Scenarios

LB and NB satisfy ptB" > pNB™ if 5y < 5, and pB" <

Blto?(1=0)a+Ar+BT)+A3) Ay =
1R—pH(ro2+1) ’

w2 — B2+ B(Bw +0a)and Az = (1 —O)a+ Ay — Bo?.

From Proposition 7, whether the supplier introduces
blockchain, they are advised to adhere to the following guide-
lines when the e-tailer introduces the live streaming sales:
They should set a sales price higher than that when the e-tailer
does not if the live streaming selling attracts fewer consumers
in the direct sales channel; Otherwise, they should set a sales
price lower than that when the e-tailer does not. When the
live streaming sales mode does not have more followers in
the direct sales channel, the supplier raises the sales price
to obtain more returns compared to that without the live
streaming sales. Similarly, more followers in the direct sales
channel for the live streaming sales induce the supplier to
reduce the sales price to attract more consumers compared
with that in the absence of the live streaming sales. Further-
more, whether the supplier introduces blockchain does not
affect the relationship between the direct sales price with and
without live streaming sales.

Proposition 8: (1) The equilibrium decisions of the
e-tailer under Scenarios NB and NN satisfy pI;N* > pIr\IN*
if n < n3, and p];N* < pIr\IN* otherwise, where 73 =
0B B3—p2)a+Ay—2p0> .

2B1(2—p?) ’
e-tailer under Scenarios LB and LN satisfy pI;B* > pIr\IB*
if Zr; < n24, a112d pI;B* <2 pI,\IZB* otherwiZSe, where nq4 =
102(2BT+6B2(3 2%,1?;—1;42))2?2131) Ba+Na=202 0 A, = 4(1—
O)a+2u(B> —2)> —2(B* —4B>+ 2w+ B(B> =3B +20)a.

From Proposition 8, whether the supplier introduces
blockchain, the e-tailer is advised to adhere to pricing
guidelines similar to those of the supplier from Propo-
sition 7 when they introduce live streaming sales. These
results imply that the relationships between the e-tailer sales
price with and without live streaming sales are affected
by the quantity of live streaming sales followers in the
direct sale channel, but not whether the supplier introduces
blockchain.

p?IB* otherwise, where 1, =

(2) The equilibrium decisions of the

VI. NUMERICAL STUDIES

Several numerical experiments are conducted to provide more
managerial insights. The sensitivity analyses are performed
to investigate the impact of the important parameters on
the equilibrium profits for the supplier and the e-tailer. The
equilibrium profits among the NN, NB, LN and LB scenarios
are then compared and discussed to investigate the optimal
choice for the supplier and the e-tailer. Finally, the synergic
impacts of the important parameters on equilibrium profits
are further investigated. The relevant parameters are set to
a=250,60=058=02,w=6n=12,u =12,
02 =3¢t =08T = 1and C = 35. These parameter
values are used as defaults unless specifically mentioned
otherwise.
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A. THE EFFECTS OF THE INFORMATION ACCURACY

To examine the impacts of the information accuracy on the
optimal profits for the supplier and the e-tailer, the parameter
t is set to operate within the range [0, 1] in steps of 0.2. The
results are plotted in Fig. 1.
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FIGURE 1. Equilibrium decisions and profits change as t increases.

Fig. 1 (a) verifies the results of Corollaries 2 and 5. More-
over, Fig. 1 (a) also shows the comparisons of decisions
among the four scenarios. The supplier should set the highest
sales price under the scenario NB and the lowest sales price
under the scenario LN. The e-tailer should set the highest
price under the scenario NB and the lowest price under the
scenario NN. The e-tailer should invest sales effort more
under the scenario LB than the scenario LN when using live
streaming sales.

Fig. 1 (b) shows that when the supplier introduces
blockchain, the profits for the two members increase as the
information accuracy increases. However, the equilibrium
profits are not affected by the information accuracy when the
supplier does not introduce blockchain. A higher information
accuracy is beneficial for the two members when the supplier
introduces blockchain. Thus, the supplier should invest more
costs to improve information accuracy in the introduction
of blockchain. The e-tailer should work with the supplier
who introduces blockchain with high information accuracy.
Furthermore, the supplier can obtain the highest profit under
the scenario LN, but the e-tailer can obtain the highest profit
under the scenario LB. The supplier benefits most when
they do not introduce blockchain and the e-tailer introduces
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live streaming sales. Similarly, the retailer benefits most
when they develop live streaming sales and the supplier uses
blockchain. Thus, the two members are suggested as follows
when information accuracy changes: The supplier should not
use blockchain while supporting the e-tailer to introduce live
streaming sales; The e-tailer should develop live streaming
sales and should support the supplier to introduce blockchain.

B. THE EFFECTS OF THE PRODUCT INFORMATION

To examine the impacts of the product information on the
optimal profits for the supplier and the e-tailer, the parameter
I" is set to operate within the range [—5, 5] in steps of 2. The
results are plotted in Fig. 2.
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FIGURE 2. Equilibrium decisions and profits change as I' increases.

Fig. 2 (a) verifies the results of Corollaries 1 and 4. Also
from Fig. 2 (a), the supplier should set the highest price under
the scenario NB if the product information is higher and those
under the NN otherwise. However, the e-tailer should set the
highest price under the scenario LB if the product information
is higher and those under the scenario LN otherwise. When
adopting live streaming sales, the e-tailer should invest the
sales effort most under the scenario LB and those under
scenario LN otherwise.

Fig. 2 (b) shows that when the supplier introduces
blockchain, the equilibrium profits for the two members
increase as the product information increases. The high qual-
ity and high safety information is beneficial for the two
members. Thus, the supplier should produce products with
high quality and high safety when introducing blockchain
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and the e-tailer should work with the supplier who produces
high-safety products in the presence of blockchain. Further-
more, both the supplier and the e-tailer obtain the highest
profit under the scenario LN if the product information is
lower than consumer expectation, and under the scenario LB
otherwise. The supplier and e-tailer prefer scenario LN if
consumers are not satisfied with product information, and
scenario LB otherwise. Thus, the supplier should support
the retailer in introducing live streaming sales while being
suggested as follows: they should not use blockchain if prod-
uct quality and safety are lower than consumer expectations,
and should do it otherwise. The retailer should use the live
streaming sales while being suggested as follows: they should
work with the supplier who does not introduce blockchain if
product quality and safety are lower than consumer expecta-
tions, and with the supplier who does it.

C. THE EFFECTS OF LIVE STREAMING EFFECT

To examine the impacts of the live streaming effect on the
optimal profits for the supplier and the e-tailer, the parameter
1 is set to operate within the range [5, 10] in steps of 1. The
results are plotted in Fig. 3.
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FIGURE 3. Equilibrium decisions and profits change as . increases.

Fig.3 (a) verifies the results of Corollaries 3 and 6. From
Fig. 3 (a), the supplier should set the highest price under
the scenario NB and the lowest price under the scenario LN.
However, the e-tailer should set the highest price under the
scenario LB and the lowest price under the scenario NN.
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When the e-tailer adopts live streaming sales, they invest sales
effort more under the scenario LB than the scenario LN.

Fig.3 (b) shows that when the e-tailer uses live streaming
sales, the equilibrium profits for the supplier decrease but
those for the e-tailer increase as the live streaming effect
increases. Obviously, a high live streaming effect is unfa-
vorable to the supplier but beneficial to the e-tailer. Thus,
the supplier should use measures such as providing person-
alized service and coupons to weaken live streaming effect.
However, the e-tailer should employ a famous streamer and
promote product live streaming to increase its impact on
consumers. Moreover, the supplier obtains the highest profit
under the scenario LB when the live streaming effect is
smaller, and those under the scenario LN otherwise. The
e-tailer always obtains the highest profit under the scenario
LB. The supplier prefers the scenario LB under a low live
streaming effect and the scenario LN under a high live stream-
ing effect, and the e-tailer prefers always the scenario LB.
Thus, the supplier should support the e-tailer in introducing
live streaming sales while being suggested as follows: They
should not introduce blockchain if the live streaming effect
is smaller and should do otherwise. The e-tailer should use
live streaming sales and should work with the supplier who
introduces blockchain.

Also from Figs 1-3, the introduction of blockchain can
improve profits for the supplier under a certain condition, but
the profit growth rate is lower than that of the e-tailer when
comparing scenarios with and without live streaming sales.
Thus, the supplier needs to measure the product information,
information accuracy and live streaming effect, and use it to
determine if they should introduce blockchain. Different from
the supplier, the introduction of live streaming sales always
improves profit for the e-tailer at any product information,
information accuracy and live streaming effect and the profit
growth rate is high. The profits of the e-tailer are lower than
those of the supplier if the live streaming selling is not used.
The introduction of live streaming selling helps the e-tailer
obtain a profit higher than that of the supplier. Thus, the
e-tailer should use live streaming sales regardless of product
information, information accuracy and live streaming effect.

D. SYNERGIC IMPACTS OF IMPORTANT PARAMETERS

To examine the synergic impacts of important parameters
on a win-win situation for the supplier and the e-tailer, the
parameter 8 is to operate within the range [0, 1] in steps of
0.2, the parameter w is set to operate within the range [0, 10]
in steps of 2, and other parameters are set as described. The
results are plotted in Fig. 4.

Fig 4 shows that the scenario LB always generates a
win-win situation for the two members if I" and p are any
value. The two members should always work in cooperation,
with the supplier using blockchain and the e-tailer using live
streaming sales regardless of product information and live
streaming effect. Blockchain allows the supplier to record and
trace the entire production and shipping process of products,
enabling all parties to trust the authenticity and quality of the
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FIGURE 4. Win-win situations with different parameter values.

products, thereby reducing the risk of counterfeit products.
The e-tailer using live streaming sales can directly interact
with consumers, increasing consumer engagement and pur-
chase intent. This also provides the supplier with valuable
market information, helping them to adjust production and
supply strategies. Therefore, the cooperation between the
supplier using blockchain and the e-tailer using live streaming
sales not only enhances the transparency and efficiency of the
supply chain but also builds consumer trust, driving supply
chain management towards greater intelligence and flexibil-
ity. The relevant factors of blockchain and live streaming sales
do not affect optimal choices for both the supplier and e-tailer.

Both the wholesale price and competitive intensity may
affect the profits of the two supply chain members, leading to
a change in comparisons of profits among NN, NB, LN and
LB scenarios. Thus, they also affect the blockchain intro-
duction of the supplier and the live streaming sales adoption
of the e-tailer. Fig. 4 also shows that the wholesale price
and competition intensity can affect the win-win situation
for the two members. The scenario NB generates a win-win
situation for the supplier and the e-tailer if w is lower and S is
lower, the scenario LB does if w is higher and § is moderate,
and the scenario LN does otherwise. Any one of the NB,
LB and LN scenarios can generate a win-win situation for
the two members under a certain condition. Thus, the coop-
eration between the two members is suggested as follows:
the supplier introduces blockchain but the e-tailer does not
introduce live streaming sales if the wholesale price is lower
and competition is mitigated; the supplier uses blockchain
and the e-tailer uses live streaming sales if the wholesale price
is higher and competition level is moderate; otherwise, the
supplier does not use blockchain and the e-tailer uses live
streaming sales.

VIl. CONCLUSION
This work examines blockchain introduction and live stream-
ing strategy in a dual-channel supply chain consisting of
a supplier and an e-tailer. The four scenarios are proposed
based on the blockchain introduction of the supplier and the
live streaming adoption of the e-tailer. The key findings are
stated as follows:

(1) The pricing decisions of the supplier and the e-tailer
increase if the quality information exceeds a threshold,
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and decrease otherwise. These pricing decisions and live
streaming sales effort level increase if the live streaming
followership factor is lower than a threshold, and decrease
otherwise.

(2) The sales prices of the two supply chain members are
higher with than without blockchain if the product informa-
tion is high, and vice versa. These sales prices are higher
with than without live streaming sales if the live streaming
followership factor is lower, and are lower with than without
live streaming sales otherwise.

(3) The profits of the supplier and the e-tailer increase as
the product information or information accuracy increases.
The profit of the supplier decreases but that of the e-tailer
increases as the live streaming effect increases.

(4) The scenario LB always generates a win-win situation
for the supplier and the e-tailer if product information and live
streaming effect are any value. The scenario NB generates a
win-win situation if the wholesale price and the competition
intensity both are lower, the scenario LB does if the wholesale
price is higher and the competition intensity is moderate, and
the scenario LN does otherwise.

Managerial implications from the above findings are stated
as follows:

(1) When the supplier introduces blockchain, both mem-
bers should use a high-price strategy if product quality
and safety disclosed by blockchain are higher. However,
a high information accuracy induces the supplier and e-tailer
to shift from a low-price to a high-price strategy when
product quality and safety disclosed by blockchain are suf-
ficiently high. When the e-tailer uses live streaming sales,
the two members should shift from a high-price to a low-
price strategy if the live streaming followers are more
in the direct sales channel. Accordingly, the retailer uses
live streaming sales effort strategy similar to the pricing
strategy.

(2) When the supplier introduces blockchain, both mem-
bers should set a higher sales price if the disclosed product
quality is high, and set a lower sales price otherwise, com-
pared to prices without blockchain. When the e-tailer uses live
streaming sales, both members should set a higher sales price
if live streaming attracts fewer consumers from the direct
sales channel, and set a lower sales price otherwise, compared
to prices without live streaming sales.

(3) Higher product quality information and higher infor-
mation accuracy are beneficial to both the supplier and
the e-tailer. Thus, the supplier should invest more costs to
improve the product quality and to increase information accu-
racy in the presence of blockchain. The e-tailer should work
with the supplier who discloses high quality information
or highly accurate product information in the blockchain.
However, a higher live streaming effect is unfavorable to
the supplier and beneficial to the e-tailer. Thus, the supplier
should use personality service, coupons and other measures,
to weaken the impact of live streaming on consumers. The
e-tailer should employ a celebrity streamer and promote heav-
ily their live streaming about products.
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(4) The two members should always work in cooperation,
with the supplier using blockchain and the e-tailer using live
streaming sales regardless of the product information and
live streaming effect. However, cooperation between the two
members with different wholesale prices and competition
intensities is suggested as follows: the supplier introduces
blockchain but the e-tailer does not use live streaming sales
if the wholesale price is lower and competition is mitigated;
the supplier introduces blockchain and the e-tailer uses live
streaming sales if the wholesale price is higher and compe-
tition level is moderate; otherwise, the supplier does not use
blockchain and the e-tailer uses live streaming sales.

Several extensions of this work include integrating an
uncertain demand with or without both the mean and the
variance and using a robust optimization approach or a
data-driven approach to investigate joint pricing and ordering
decisions. Another extension is to examine an omnichannel
supply chain, where the supplier, e-tailer or both is assumed to
develop omnichannel. Finally, cross-channel return process-
ing is incorporated into a direct sales channel or retail channel
to examine ordering decisions.

APPENDIX
A. PROOF OF PROPOSITION 1
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I1;® with respect to py 3 (pra)z =
B> —2 < 0, and thus, H}Y\IB is concave in pSB. ASetting

—2 < 0, and thus, TTINB is concave in pNB

partial derivative of

arB * 20+(1-0)Bla—2A+2 *
s = 0 P = B 2)(51332) LB and pPT =
d=0)d-p igj}gzﬂ (A1=a9) are then derived, where A =
tr'—1)o?

1+to2 °

C. PROOF OF COROLLARY 1
The first partial derivatives of pI,‘IB " with respect to

pNBT
> (0 and S =

" and pNB
] opNB* 2
I are given by “r— = 2(27,;5)((7102“)

to?
=BG+ 0.

119338

D. PROOF OF COROLLARY 2
The first partial derivatives of pNB* and pNB* with respect

* *
PN oM o?) d ﬂ?’B

to t are given by —+— = 200117 an
*

o? NB NB*

(T+0?) apl pr )
- /32)(t<r2+1)2 Then, Kz > Oand >0ifI' > —o”,
and ap' < 0and apy S < 0 otherwise.

ot

E. PROOF OF PROPOSITION 3

The second partial derivatives of H&N in (12) with respect to
p];N and N are ;;1;;;; = -2 <0, 3(2;—;;; = —1 < 0 and
a[f;? aiiN = 3351‘1;{;;1;“ = 1. Thus, the Hessian matrix of TTLN
is 21 1 > 0. TN is jointly concave in pN and

1 —1
eMN. By the first-order condition of I'II;N, PN (PN and
LN (pLN ) are derived asp =u—+ ,Bp + 1 - G)a and
eLN = u— w+/3pSN+(1 —b0)a. After substituting p (pi“N*)
and N (p%N ) into HL‘N in (11), the second partial derivative

92rkN

a(pLN)Z = 2(182 - 1) <
LN

0, and thus, HLN is concave in péN Setting 3HLN = 0,

LN* _ Blut(1-0)al—0’+af—nu+pw LN* _ 2w—p)—8a+p

ps - ( ﬁ2) > € - 2(ﬁ2 1) ’

and pl; = % are then derived, where §; = (2 —

BH)(1 —6)+ 6 and & = 0> + nu + B — 3w).

of LN with respect to ptN is

F. PROOF OF COROLLARY 3
The first partial derivatives of pk

s

N* * .
, N and pﬁ“N with

i N panp2 gl
respect to u aIiN*gwen by = 2%2 o o
Binp=2 — _B=n aptN
2821 and = gD Then, o = 0if0 < n <
—p . LN* e
2 ﬂﬁ , and 3’;’ < 0 otherwise; 823,; >0if0<n < 2 ﬂﬂ i
g . PN .
and o < 0 otherwise; TR 0if0 < n < B, and

Z)pLN* .
ﬁ < 0 otherwise.

G. PROOF OF PROPOSITION 4
The second partial derivatives of l'ILB in (16) with respect to

32HLB BZHL
pB and !B are ok = —2 < 0. geabp = —1 < Oand
52[7LB 52rLB ) )
I p— I [—
s = g = 1. Thus, the Hessian matrix of
.1 =2 1 S .
LB is | 1] = 1 > 0. LB is jointly concave in piB

and eB. By the first-order condition of TTLB, p];B* PP
and ¢"B"(pLB) are derived as pt® = pu + BrtB + (1 —
0)a and B = nw—w+ ,BpSLB + (1 — H)a. After sub-
stituting pEB* (pLB*) and B (pLB") into TILB in (15), the
second partial derivative of I"IsLB with respect to pSLB is

21LB
% = 2(,32 — 1) < 0, and thus, Tt is concave in
L *
LB Setting 2 o LB =0, plB" = Blud 9)a2(41r0%2)nu+ﬁw Ar
LB* _  2(w— M) [2—B>)(1-0)] ﬂerﬁ[Al —ab+nu+pu— 3w)] and
2(B==1)

e
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pI;B* _ [2(1—0)+ﬁ0(ﬁ+1)]aw;(2f¢_—ﬁﬁz[)A1+nu+ﬁ(a+u—w)] are then
(tr—1o?

derived, where A| =

H. PROOF OF COROLLARY 4
The first partial derivatives of p%B*, B and pALB* with

. apLB* Bto?
respect to I' are given by 3T - =D 1) > 0,
9elB* Bto? ops” ro?
T = s > 0 A B = sapeer > 0

I. PROOF OF COROLLARY 5
The first partial derivatives of p];B*, eLB*, and pi‘B* with
) 3PI;B* B Bo2(T+02) §elB*
respect to ¢ are given by —+— = o R ot
po*(T+o?) w02 te?) opLB”
—aoin? A4 5 = Sa ety Lhen
* LB*
t

=

LB* apt . b
0, aeat > 0, and pgt > 0if ' > —o2, and pa
apLB*
S

del B :
T = < 0 otherwise.

< 0,

< 0, and

J. PROOF OF COROLLARY 6
The first partial derivatives of p&B*, "B, and pL“B* with

i o Bmp—2 B

respect to u are *gwen by = 2&/3271) o
B>+np—2 s B opy® i

251) and O WY Then, i = 0if0 < n <
2 o LB ) LB* ) e
2Tﬂ, and dpa’ﬂ < 0 otherwise; agﬂ >0if0 < n < ZT/S’

9elB co. 8p?;B* .

and 57— < 0 otherwise; —5— > 0if 0 < n < f, and
opy™

o < 0 otherwise.

K. PROOF OF PROPOSITION 5

ing pNB™ with pNN", pNB" _ pNN* _ _1oX(Tioh)
COmparlIlg Dy with P*s > Py *ps *_ (2_/32)(tf2+1).
Then, comparing pi® with p™', piB" — pINT =
_toX(Tto?) NB* o NN* RO
=B+ D) Therefore, p;° > po™ and pi® > ps

. * * * % .
if I' > —02, and pNB" < pNN" and pLB" < pIN" otherwise.
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