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Abstract Omnichannel retailing strategies are widely
used in practice and have been extensively studied in
recent years, but few studies have explored omnichannel
retailing operations in response to supply disruption in the
post-pandemic era. To fill this gap, this study explores
whether the adoption of omnichannel fulfillment options
(i.e., ship-from-store and ship-to-store options) can mitigate
the risk of supply disruption in a supply chain where a
retailer orders products from a reliable supplier and a risky
supplier, respectively. Under the omnichannel retailing
strategy, the retailer’s order quantity from the risky
supplier may increase or decrease while that from the reli-
able supplier may increase. Interestingly, it is possible to
achieve a win—win—win outcome when the supply disruption
risk is high and the market share of the channel offered by
the risky supplier is low. Moreover, the entire supply chain
benefits from the omnichannel retailing strategy even if it
faces a high level of disruption risk.

Keywords supply chain disruption, omnichannel fulfill-
ment option, ship-from-store, ship-to-store

1 Introduction

With economic globalization and environmental changes,
the risk of supply chain disruption has exacerbated,
becoming one of the most serious threats firms face
(Saleheen and Habib, 2022). The specific factors of

Received June 30, 2022; accepted September 20, 2022

Yi HE, Dexia HE, Guofang NAN
School of Management, Hainan University, Haikou 570228, China

Qingyun XU (9]

School of Management, Harbin Institute of Technology, Harbin
150001, China

E-mail: 19b910025@stu.hit.edu.cn

This work was supported by the National Natural Science Foundation
of China (Grant No. 71872075) and Hainan Provincial Natural Science
Foundation of China (Grant No. 720RC568).

supply chain disruption may often be classified as human
behaviors (e.g., industrial accidents, political events, and
terrorist attacks) and natural disasters (e.g., earthquakes,
hurricanes, volcanic eruptions, and public health safety
events) (Liu et al., 2022). For example, the COVID-19
pandemic has severely affected global supply chains
(Ivanov, 2020; El Baz and Ruel, 2021; Mahajan and
Tomar, 2021; Moosavi et al., 2022). Based on experiments
conducted from February 22 to March 5, 2020, the Institute
for Supply Management of the United States revealed
that nearly 75% of subject firms lost capacity owing to
coronavirus-related shipping restrictions in the supply
chain and that more than 80% believe that their organiza-
tions would experience some impact (Derry, 2020).
Scholars have studied ways to advance supply chain
resilience, including safety inventory (Chen and Zheng,
1994; Darom et al., 2018), risk mitigation inventory and
reserve capacity (DeCroix, 2013; Liicker et al., 2019),
and dual/multiple sourcing (Tomlin, 2006; Ang et al.,
2017; Li et al.,, 2022). Holding high inventory can
certainly satisfy some demand in the event of a supply
disruption, but firms would have to pay a high inventory
cost for long-term supply disruption. Therefore, some
firms try to solve supply disruptions by improving their
channel operation strategies. For example, firms improve
the management level of information systems, the real-
time monitoring of inventory in various channels, and
cross-warehouse distribution (Ishfaq and Raja, 2018).
After entering the omnichannel retailing era, firms can
realize inventory sharing across channels, that is, fulfilling
in-store orders by using online inventory and fulfilling
online orders by using in-store inventory. These two
fulfillment options, namely, ship-from-store (SFS) and
ship-to-store (STS) options, have been widely used in
retail operations. In an article in Practical Ecommerce,
Roggio (2017) stated that implementing the SFS option
may help mid-market multichannel retailers better serve
customers and earn more profit. Walgreens, a pharmaceu-
tical and food retailer in the United States, adopts the
STS option to fulfill in-store orders. In the post-pandemic
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era, CR Vanguard, a large retail chain firm in China,
procures products from one supplier and delivers them
directly to distribution centers to meet online channel
demand and quickly sources products from wholesale
markets (another supplier) and ships them to stores to
meet in-store channel demand. In case of a supply dis-
ruption involving suppliers, how do the SFS and STS
options affect the decision making of supply chain
members? The research on this issue is currently lacking.
Therefore, we focus the current study on the following
questions: (1) How do SFS and STS operations affect
retailers’ ordering decisions and suppliers’ wholesale
prices? (2) When a supply disruption occurs, can the SFS
and STS options benefit each supply chain member or the
entire supply chain? (3) How do consumers’ channel
preferences affect the profit of supply chain members?

To address these questions, we consider a supply chain
where the retailer orders products from a reliable supplier
and a risky supplier, respectively, under a random market
demand while each supplier provides products for the
retailer’s online or offline channel separately. We
develop a newsvendor model under two scenarios: A
non-omnichannel retailing scenario and an omnichannel
retailing scenario. In the non-omnichannel retailing
scenario, the retailer cannot share inventory across chan-
nels. In the omnichannel retailing scenario, the retailer
adopts SFS and STS options to fulfill orders. When the
channel offered by the risky supplier is disrupted, the
retailer can use the inventory from the reliable supplier to
meet the demand of this channel. The optimal wholesale
prices, ordering quantities, and profits under the two
scenarios are obtained accordingly.

The main findings of this study are summarized as
follows: First, the adoption of the omnichannel retailing
strategy does not always allow the retailer to order fewer
quantities from the risky supplier. Conversely, when the
proportion of online channel consumers is not very large,
the retailer increases the order quantity from the risky
supplier. This is because the retailer can benefit from
using the online channel inventory to replenish the in-
store channel inventory. Second, given the effect of
inventory sharing across channels, the two suppliers
decrease the wholesale price to motivate the retailer to
increase the ordering quantities. Third, when the risk of
supply chain disruption is high and the proportion of
corresponding channel consumers is relatively small, the
adoption of the omnichannel retailing strategy can benefit
the retailer and the two suppliers simultaneously, thereby
leading to a win—win situation for all supply chain
members.

The remainder of this paper is organized as follows.
Section 2 summarizes the relevant studies. Section 3
presents the model settings and the derivation of optimal
solutions under the two scenarios. Section 4 compares the
supply chain members’ profits and examines the value of
SFS and STS options under supply disruption. Finally,

Section 5 concludes the paper. The related proofs are
presented in Appendix A.

2 Literature review

This study explores the role of omnichannel fulfillment
options in advancing supply chain resilience. Therefore,
there are two main streams of research related to our
study: Omnichannel retailing and supply chain disrup-
tion.

A number of studies have explored the influences of
different omnichannel fulfillment options on supply chain
members’ optimal ordering and pricing decisions. With
the wide application of the buy online — pickup in store
(BOPS) option in practice, scholars have paid more atten-
tion to issues related to this option, such as decisions on
pricing (Gao and Su, 2017a; Kong et al., 2020), ordering
(Xu et al., 2021), product quality (Lin et al., 2021), and
sales effort levels (Yan et al., 2020). Some studies have
further examined issues of store inventory management
(Saha and Bhattacharya, 2021; Hu et al., 2022), design of
service areas (Jin et al., 2018), and cooperative advertising
strategies (Li et al., 2021) in combination with the BOPS
option. The strategy of using a showroom, an effective
fulfillment option to address the uncertainty of product
value and availability faced by consumers, has been studied
from the perspective of function, including reducing store
inventory (Gao and Su, 2017b), amplifying demand and
operational benefits (Bell et al., 2018), mitigating the
disappointment caused by stockout (Du et al., 2019), and
maximizing customer utility (Park et al., 2021). Other
studies have also examined the store return option, in
which retailers allow customers to return online orders at
store locations (Mahar and Wright, 2017; Mandal et al.,
2021). For the SFS and STS options, He et al. (2021)
studied the effects of the SFS option on the pricing deci-
sions of retailers and platforms and found that retailers
can benefit from this option under certain conditions.
Bayram and Cesaret (2021) studied the dynamic fulfillment
decisions for online orders under the SFS option. They
considered a retailer that operates online and in-store
channels, each of which holds its own inventory. Serkan
Akturk et al. (2018) explored the influence of the STS
option on a retailer’s operating performance and showed
that store sales increase while online sales decrease. Yang
and Zhang (2020) investigated the impact of the STS
option on quick response strategies in the fast fashion
industry.

Our study is also related to the literature on supply
chain disruptions. An increasing number of studies have
focused on the types of supply chain disruption, namely,
production, demand, supply, process, control, and envi-
ronmental risk (Qi et al., 2004; Wu et al., 2007; Ang et al.,
2017; Li et al., 2017; 2020; Remko, 2020; Shekarian and
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Mellat Parast, 2021; Liu et al., 2022). Resilient supply
chains are an important tool for effectively coping with
disruption risks (Gao et al., 2021). Some studies in this
field have assessed the impact of practices that enhance
supply chain resilience, such as demand management
(Shao, 2012), inventory management (Parlar and Berkin,
1991; Chen et al., 2013; Licker et al., 2021), and
procurement strategies (Anupindi and Akella, 1993;
Tomlin and Wang, 2005; Dada et al., 2007; Wang et al.,
2010; Kumar et al., 2018; Yoon et al., 2020). Other studies
have explored different measures to manage the risk of
supply chain disruption. Giimiis et al. (2012) studied the
role of supplier-initiated contracts (i.e., price and quantity
guarantees) with consideration of supplier competition
and information asymmetry. Qi and Lee (2015) examined
the impact of expedited shipping under the optimal risk
mitigation strategy. They demonstrated that expedited
shipping is a good option when maintaining the flexible
capacity of a reliable supplier is costly. Dong et al. (2018)
provided insights into the interaction of three risk
management measures, namely, inventory, preparedness,
and insurance, in a two-stage supply chain. In particular,
technology-aided tools have been implemented to
improve supply chain resilience, and examples include
artificial intelligence technology (Modgil et al., 2022),
additive manufacturing technology (Naghshineh and
Carvalho, 2022; Belhadi et al., 2022), and blockchain
technology (Queiroz et al., 2019; van Hoek and Lacity,
2020).

Although some operating measures and technology-
aided tools have been widely studied to manage supply
chain disruption, no study has examined how the
omnichannel retailing option mitigates the impact of
supply chain disruption. Therefore, this study endeavors
to fill this research gap. We highlight a few differences
between our study and the abovementioned studies.
(1) The first stream of literature primarily discusses the
effects of different types of fulfillment options. However,
it ignores the role of omnichannel retailing options under
supply disruption. Therefore, this study explores the
effects of two widely used omnichannel fulfillment
options on retailers’ responsiveness to supply chain
uncertainties. (2) Unlike the second stream of literature,
this study mainly focuses on supply risk and demand
uncertainty in routine activities and examines the value
of STS and SFS options in advancing supply chain
resilience. We believe that these novel insights contribute
to theoretical studies and also advance retail industry
practices in the post-pandemic era.

3 Model setup

We consider a supply chain with two suppliers and a
retailer. Each supplier provides products to the retailer’s

online or offline channel separately. We assume that
supplier 1 satisfies the demand of the online channel and
that supplier 2 serves the demand of the offline channel.
These two suppliers may face the threat of supply disrup-
tion in the post-pandemic era. If supplier 1 is disrupted,
then the retailer can only procure products from suppl-
ier 2 to meet the in-store demand. Therefore, online
consumers are left unserved. Similarly, if supplier 2 is
disrupted, then the retailer can only order products from
supplier 1 to meet the online demand. Owing to a lack of
supply, the in-store demand is unsatisfied.

To advance supply chain resilience, the retailer can
implement the omnichannel retailing strategy and thereby
achieve inventory sharing between the online and offline
channels. The retailer can fulfill online orders using stock
from a store (i.e., the SFS option). Moreover, the retailer
can fulfill in-store orders by shipping products procured
from supplier 1 to the local store (i.e., the STS option). In
this study, we do not consider the condition in which
online and offline channels are simultaneously disrupted.
Thus, supplier 2 corresponds to a reliable supplier if
supplier 1 is risky. In this context, the retailer can fulfill
online orders by using the SFS option when a disruption
occurs. Accordingly, if supplier 2 is risky, then supplier 1
is the reliable one. Under this condition, the retailer can
fulfill in-store orders by using the STS option when
supplier 2 is disrupted. Based on our comparison of these
two contexts, we state that supply chains’ situations are
symmetric regardless of which supplier is disrupted.
Therefore, we examine the situation in which supplier 1
is subject to disruption. We assume that the retailer can
ascertain the amount of excess store inventory over the
whole sell period. This is a reasonable assumption and
we will explain the reasons. Before the start of the selling
season, the retailer needs to determine the ordering quan-
tity of two channels respectively. As the selling season
approaches, more demand information is gathered.
During the selling season, due to the rich first-hand data
and the more skilled selling experience, the retailer can
observe the accurate demand and timely check the store
inventory (Yang et al., 2015; Zhang and Zhang, 2020).
Thus, the retailer can tell consumers whether they can use
the SFS option quickly. We also assume that when a
supply chain disruption occurs at supplier 1, the retailer
cannot source products from it and should thus not bear
the cost of procurement.

The notations and specific descriptions in our model
are summarized in Table 1.

In our models, the decision variables are the ordering
quantities of the product from the two suppliers, Q, and
0,; and the wholesale prices charged by the two suppliers,
w, and w,. Meanwhile, the other parameters are exoge-
nous. We assume that the probability of disruption at
supplier 1 is 8 and that if disruption occurs, the supplier
loses all capacity; then, the possibility of normal supply
through the online channel is (1 —6). Market demand is
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Table 1 Summary of notations

Notation Description

0 Probability of disruption at supplier 1

a Proportion of market demand for online consumers
l-a Proportion of market demand for in-store consumers
p The product retail price

wi Wholesale price to the retailer charged by supplier 1
w2 Wholesale price to the retailer charged by supplier 2
x Random variable denoting the probability of market demand
01 Ordering quantity of the product from supplier 1

[0)) Ordering quantity of the product from supplier 2

assumed to be x that obeys a probability density function
f(x) and a cumulative distribution function F(x). In
particular, we assume that random variable x follows a
uniform distribution between 0 and 1. We also assume
the proportion of market demand for online consumers to
be a, where @ €[0, 1]. Meanwhile, the proportion of
market demand for in-store consumers corresponds to
(1 —@). This assumption has been widely used in previous
studies (Dzyabura and Jagabathula, 2018; He et al., 2020;
Xu et al.,, 2021). In line with the practices of most
omnichannel firms, we assume that product price p is the
same across channels (Jin et al., 2018; Nageswaran et al.,
2020; Saha and Bhattacharya, 2021). We also normalize
the unit inventory cost of the retailer and other fixed costs
to zero. Although it is reasonable to assume that for each
unit product that the retailer carries in its inventory, it
incurs a holding cost, which is normalized to zero in our
models. This assumption has also been used in previous
studies (Cachon and Swinney, 2009; Li et al., 2014; Pang
et al., 2021). Furthermore, we do not consider the fixed
cost because it does not affect firms’ regular operations
as a sunk cost.

As the retailer may choose a non-omnichannel retailing
strategy and an omnichannel retailing strategy, we study
the supply chain members’ optimal decisions in the
following two scenarios. In particular, in the benchmark
model, the retailer adopts a non-omnichannel strategy.

3.1 Benchmark

In this scenario, if supplier 1 is disrupted, then the retailer
can only order products from supplier 2 to satisfy the
in-store demand; otherwise, the retailer can purchase
products from suppliers 1 and 2. Therefore, the retailer’s
expected profit is

m=p(-0OE(@xAQ)-(1-wQ,
(¢)] ?2)
+pE((1-a)xAQy)—w,0s . (1
3) “)

In Eq. (1), the retailer’s expected revenues from online
and in-store consumers are shown in terms (1) and (3),
respectively; terms (2) and (4) show the procurement
costs of the products ordered from suppliers 1 and 2,
respectively. Note that the number of customers purchas-
ing online is (1-6)E(axA Q,) and that the number of
customers purchasing in-store is E ((1 —a@)x A Q,).

The expected profits for suppliers 1 and 2 are respec-
tively shown as

Ty =1=0w 0, 2

Ty =w0s. 3

Let Q7, 05, w;, w; be the optimal solutions that maxi-
mize Egs. (1)-(3). We can then easily obtain the retailer’s
expected profit x, supplier 1’s profit x,, and supplier

2’s profit 7, with superscript “*” denoting the optimal
outcome. The results are presented in Table 2.

Table 2 Optimal solutions and expected profits under different strate-
gies

Non-omnichannel
retailing strategy

Omnichannel retailing strategy

Case 1 Case 2
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3.2 Omnichannel retail operations with SFS and STS
options

In this scenario, the retailer adopts omnichannel retailing
strategies, SFS and STS options, to share inventory
between online and in-store channels. When supplier 1 is
disrupted, the retailer can use the SFS option to fulfill
online orders by utilizing the store inventory when there
is excess inventory. However, only when supplier 1 is
running normally can the retailer apply the STS option to
replenish the store inventory by using the online inven-
tory. Thus, we formulate the retailer’s expected profit
function as follows
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m=p(1-0)E(axAQ)—-(1-0w 0,
+pE((1-=@)xA Q) —w, 0,
+ pOE(ax A (Q, —(1—a)x)")
(1)

+p(1-0)E((ax— Q)" AN Q. —(1-)x)")

2)
+ p(1-OE(Qi—ax)" A((1-a)x—0,)")

@) @

Comparing the retailer’s expected profits in the two
scenarios, one can notice that the terms (1), (2), and (3)
in Eq. (4) represent the extra profit from adopting the
omnichannel retailing strategy. Here, the additional
expected profit of the SFS option under the conditions of
supplier 1 disruption and normal operation are shown in
terms (1) and (2), respectively; term (3) shows the extra
benefit of the STS option when supplier 1 operates
normally.

Additionally, the expected profits for suppliers 1 and 2
are similar to those in Egs. (2) and (3) and can be respec-
tively defined in this scenario as

g =(1-0wQ, Q)

T = w05 (6)

As mentioned earlier, the difference between the
retailer’s product order quantity and consumer demand
affects the actual sales of the two channels. For simplicity,
we characterize this effect in terms of service levels
0,/ ax and Q,/(1 —a) x for the two channels, respectively.
Based on the relationship of the service level between
online and offline channels, we discuss two cases.

Case 1: The service levels of two channels are unequal.

In this case, when supplier 1 is operating normally, the
online channel’s service level Q,/ax is unequal to the
in-store channel’s service level Q,/(1-a)x. If Q,/ax>
0,/(1—a)x, that is, Q,/a > Q,/(1 — @), then the service
level of the online channel is higher than that of the
in-store channel, meaning that the STS option is working.
If Q,/ax< Q,/(1—a)x, that is, OQ,/a < Q,/(1 —«a), then
the service level of the online channel is lower than that
of the in-store channel, meaning that the SFS option is
functioning.

Let Oy, Oy, wi*, wy" be the optimal solutions that
maximize Eqs. (4)—(6). Then, we can easily obtain the
expected retailer’s profit 7, supplier 1’s profit n*;, and
supplier 2’s profit n";, with superscript “u” denoting the
optimal outcomes in case 1. The results are presented in
Table 2.

Case 2: The service levels of two channels are equal.

In this case, the two channels’ service levels Q,/ax and
0,/(1—a)x are equal, that is, Q,/a = Q,/(1 —a). Thus,
when supplier 1 operates normally, the SFS and STS
options do not function. Note, the expression in Eq. (4) is

expressed in the following form

m=p( - E(axANQ)-(1-0w, 0,
+pE((1-@)xA Q) =W, 0,
+ pOE (ax A (Q,—(1-a)x)"). @)

Let Q¢, O, wi", w5 be the optimal solutions that
maximize Egs. (5)—(7). Then, we can easily obtain the
retailer’s expected profit n¢*, supplier 1’s profit n¢;, and
supplier 2’s profit n¢;, with superscript “e” denoting the
optimal outcomes in case 2. The results are presented in
Table 2.

Proposition 1. The optimal solutions and expected
profits under the non-omnichannel and omnichannel
retailing strategies are presented in Table 2.

4 Analysis

In this section, we first analyze the optimal ordering deci-
sions and wholesale pricing decisions and then evaluate
the expected profits under different scenarios and cases.

4.1 Ordering decision of the retailer

In Section 4.1, we examine the retailer’s optimal ordering
decisions. Proposition 2 shows the relationships between
the optimal ordering quantities of the retailer from
supplier 1 and those from supplier 2 when omnichannel
and non-omnichannel retailing strategies are adopted,
respectively.

Proposition 2. The relationship between the retailer’s
optimal ordering quantities from the two suppliers is as
follows:

(a) In the scenario of non-omnichannel retailing, if
0<a<1/2, Q; < Q;; otherwise, 07 > O;;

(b) In the scenario of omnichannel retailing, we have

"< Q5 in case 1. In case 2, when O<a<(l—\/l_—0)/9,

< Q5,and when (1 - V1I-60)/6<a <1, Q5 > Q5.

Proposition 2(a) intuitively shows that under the non-
omnichannel retailing scenario, as two channels are not
allowed to share inventory, the retailer orders more for
the channel with greater demand. Proposition 2(b) shows,
when the service levels of the two channels are unequal
(i.e., case 1), the retailer always orders more products
from supplier 2 than from supplier 1. This can be
explained by the fact that supplier 1 may suffer from a
disruption threat, whereas supplier 2 is reliable. Therefore,
the retailer is prone to procuring more products from
supplier 2 to counter the risk of insufficient product
supply. This also indicates that the retailer’s optimal
ordering decision is independent of the proportion of
market demand in case 1.

Proposition 2(b) also indicates that when the retailer
provides the same level of service in both channels
(i.e., case 2), the retailer orders more from supplier 1 if
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the proportion of online demand is greater than the
threshold (i.e., @ =(1- V1-6)/6); otherwise, the
retailer orders more from supplier 2. Furthermore, the
threshold @, is greater than 1/2. This implies that in prac-
tice, the higher market share of the channel does not
necessarily translate to more products offered by the
retailer. Given the online channel’s market demand
a€(1/2, @), the optimal order quantity of the retailer
from supplier 2 is higher than that from supplier 1 under
the omnichannel retailing scenario. In case 2, the invento-
ries of the two channels cannot be replenished when
supplier 1 operates normally while the store inventory
can replenish the online inventory only if supplier 1 is
interrupted. Given the risk of disruption at supplier 1, the
retailer has the opportunity to generate additional revenue
by leveraging the store inventory to replenish the online
inventory. Thus, on a certain scale, the opportunity drives
the retailer to hold more store inventory against the risk
of supply disruption.

Proposition 3 presents the results of the comparison of
the retailer’s optimal ordering decisions between the
benchmark and omnichannel retailing.

Proposition 3. The comparison results for the retailer’s
optimal ordering decisions between different strategies
and cases have the following properties:

(a) When Q,/a+Q,/(1-a), if 0<a<?2/(6+3),

> Q5 and if 2/(0+3)<a<1, Q7 <Q;. When
O//a=0)/(1-a), 05 = Q;

(b) Q4 > 03, 05 > ;.

Proposition 3(a) shows that if the demand of online
consumers is not relatively large and is below a particular
threshold (i.e., @, =2/(6+3)), the retailer increases the
ordering quantity from supplier 1 under the omnichannel
retailing scenario relative to that under non-omnichannel
retailing, and vice versa. However, this is counterintuitive.
A possible reason is that in the case where the service
levels of the two channels are different, the retailer needs
to balance the power of inventory mismatch (i.e., overage
and underage) costs against the additional benefits. There
may be high holding costs for the retailer when the risk of
supplier 1’s disruption is low; otherwise, there may be
high out-of-stock costs. Moreover, the retailer can gain
extra revenue by utilizing the SFS and STS options to
replenish each channel’s stock. We observe that the extra
benefits dominate the holding and out-of-stock costs
when online consumers’ demand is not relatively large.
After adopting the omnichannel retailing strategy, the
retailer is willing to order more from supplier 1. By
contrast, when the market share of online consumers is
high, holding or out-of-stock costs dominate the extra
benefits. Thus, the retailer decides to reduce the optimal
order quantity from supplier 1 to reduce costs.

Proposition 3(a) also shows that when the two channels
satisfy the market with equal service levels, the optimal
order quantity of the retailer from supplier 1 is unchanged
regardless of whether the retailer adopts the omnichannel

retailing strategy. This is reasonable as supplier 1 cannot
replenish the store inventory; that is, the STS option is
malfunctioning.

Proposition 3(b) implies that after using the omnichannel
retailing strategy, the retailer prefers to order more quan-
tities from supplier 2. The main reason for this is that the
SFS option allows the sharing of stock and cross-channel
supply whenever supplier 1 is disrupted or operates
normally. Thus, the retailer has an incentive to procure
more quantities from supplier 2 to earn extra profit by
servicing the online channel.

4.2 Wholesale pricing decision of the two suppliers

In Section 4.2, we examine the wholesale pricing decisions
of the two suppliers under different strategies; these deci-
sions are characterized in the following proposition.

Proposition 4. The optimal wholesale pricing decisions
of suppliers 1 and 2 in different situations have the
following relationships: wj = w, w\* < wj’, and wi" = wj".

Proposition 4 indicates the two suppliers set identical
optimal wholesale prices (i.e., p/2) to maximize their
respective profits when the retailer adopts the non-
omnichannel retailing strategy. However, when the two
channels have unequal service levels (i.e., case 1), the
adoption of the omnichannel retailing strategy induces
supplier 1 to charge a lower wholesale price than supplier
2. As supplier 1 faces a disruption risk, the retailer tends
to procure fewer products from supplier 1 to reduce
procurement costs. This means that supplier 1 is less
competitive than supplier 2. Thus, supplier 1 charges a
low wholesale price to motivate the retailer to purchase
more products from it. When the two channels have equal
service levels (i.e., case 2), similar to the non-omnichannel
retailing scenario, the optimal wholesale prices charged
by the two suppliers are identical. In this case, the
omnichannel retailing strategy is less effective because
the STS option is not working while the SFS option func-
tions only if supplier 1 is disrupted; thus, the two suppliers
have no incentive to change their decisions regarding
optimal wholesale prices under the omnichannel retailing
strategy relative to that under the non-omnichannel retail-
ing strategy.

Next, we demonstrate the relationship of the optimal
wholesale prices of suppliers 1 and 2 in the benchmark
and omnichannel retailing cases.

Proposition 5. The relationship of the optimal wholesale
prices of the two suppliers between different situations is
as follows:

(a) When Q\/a # O,/ (1 —a), wi" <w;, wy" <wj;

(b) When Q\/a = Q,/(1 —a), wi* =w;, wy =w;.

Proposition 5(a) shows that when the two suppliers
have different service levels, the optimal wholesale prices
under omnichannel retailing are lower than those under
non-omnichannel retailing. Given the effect of inventory
sharing across channels, the suppliers have an incentive
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to decrease the wholesale prices to motivate the retailer to
increase its ordering quantity.

Interestingly, in Proposition 5(b), the retailer’s decisions
regarding the wholesale price under the non-omnichannel
and omnichannel retailing strategies are the same if the
retailer sets identical service levels in the two channels
(i.e., case 2). In case 2, because supplier 1 does not need
to replenish the store inventory, it cannot earn additional
revenue. In this situation, reducing the wholesale price
undoubtedly damages the supplier’s profit; therefore, it is
reluctant to lower the wholesale price. However, if a
disruption occurs at supplier 1, supplier 2 can replenish
the online inventory to ensure that more online
consumers can be serviced. In this situation, the retailer
can only purchase products from supplier 2, thus allow-
ing supplier 2 to maintain the optimal wholesale price
and maximize its profits.

4.3 Profits of each channel member

In Section 4.3, we first compare the expected profits of
suppliers 1 and 2 and then summarize the influence of the
omnichannel retailing strategy on the profits of supply
chain players.

Proposition 6. The relationship between the expected
profits of the two suppliers under different scenarios is as
follows:

(a) Under the non-omnichannel retailing scenario, if
O<a<1/(2-0), m,<n,; and if 1/2-0)<a<],
Ty > o)

(b) Under the omnichannel retailing scenario, when
O/a+ 0/ —-a), nty <n%. When Q,/a = Q,/(1-a), if
0<a<a@, n5<n, where @; =(2—-60—- V56>-80+4)/
20(1-6);and if @; < a < 1, 7% > 75,

Proposition 6(a) states that in the non-omnichannel
retailing scenario, when the proportion of the market
demand from online consumers is larger than a particular
threshold, that is, 1/(2 — 6), the expected profit of supplier
1 is greater than that of supplier 2; otherwise, the
expected profit of supplier 2 is relatively large. Note that
the suppliers’ profits depend on their wholesale prices
and the retailer’s ordering quantity. When the non-
omnichannel retailing strategy is adopted, the two suppl-
iers set the same optimal wholesale price, resulting in the
suppliers’ profit being dominated by the retailer’s ordering
decision. In addition, the retailer is prone to order a more
optimal order quantity from supplier 1 when the demand
stems mainly from online consumers. Similarly, when the
market share of the in-store channel is large, the retailer
is willing to procure more from supplier 2. This explains
why the profit relationship between the two suppliers is
influenced by market share.

Proposition 6(b) implies that if the service levels of the
two channels are different, supplier 2 always obtains a
larger profit than supplier 1 in the omnichannel retailing

scenario. As indicated in the analysis in Propositions 2(b)
and 4, the omnichannel retailing strategy enables supplier
2 to maintain a great competitive advantage in setting
wholesale prices and selling products relative to supplier
1; thus, supplier 2 is better off.

Proposition 6(b) also reveals that in an omnichannel
retailing scenario, if the service levels of the two channels
are equal, the expected profit of the supplier depends on
the size of the supplied channel consumers. In this case,
the functions of sharing inventory in the two channels are
partially working. When the market demand of the online
channel is sufficiently low, that is, less than a specific
threshold, supplier 2 earns more profit than supplier 1;
otherwise, supplier 1 is better off than supplier 2. The
reasons for this are similar to those given in Proposition
6(a).

Proposition 7. The effects of the omnichannel retailing
strategy on the profits of supply chain players are charac-
terized as follows:

(@) >n, 1 >

(b) When Q//a# Q,/(1-a), if O<a<a,, 7' =n,
where @, =460/(6+3)* otherwise, ' <. Moreover,
if 0 <a <as, % <, where @s = (6 — 100 +9)/(6+3)*;
otherwise, n's > %,;

(c) When Q//a = Q,/(1 —a), n%; =n%,, 1% > 7,

Proposition 7(a) shows that the retailer gains more
profit when implementing the omnichannel retailing strat-
egy. This is because the omnichannel retailing strategy
significantly increases the total optimal quantity ordering
from both suppliers, thereby exerting a positive effect on
the retailer’s profit. Meanwhile, procurement costs are
reduced because inventory sharing across channels leads
to aggressive competition between the two suppliers.
These two positive effects enable the retailer to earn more
profit after adopting the omnichannel retailing strategy.

Proposition 7(b) shows that if the service levels of the
two channels are different, whether the supplier benefits
from implementing omnichannel retailing depends on the
market share of the channel it serves. The adoption of the
omnichannel retailing strategy is beneficial to supplier 1
only when the proportion of online consumers is suffi-
ciently small; this notion is contrary to our perception.
There is a positive effect (inventory sharing across channels
to increase sales) and a negative wholesale price effect on
supplier 1’s profitability. When the demand of the online
channel is low, the positive effect can offset the negative
effect and make supplier 1 better off. However, as the
online channel’s demand increases, the scale of the loss
of profits from decreasing wholesale prices gradually
increases. Consequently, the adoption of the omnichannel
retailing strategy is worse for supplier 1. Similarly, when
the proportion of in-store consumers is small, the adoption
of the omnichannel retailing strategy favors supplier 2.
The reason for this is the same as that for supplier 1.
Although supplier 2 can also replenish online inventory
to gain profit, the cost of decreasing the wholesale price
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dominates when the proportion of in-store consumers is
small.

Proposition 7(c) shows that if the service levels of the
two channels are equal (i.e., case 2), the implementation
of the omnichannel retailing strategy has no effect on
supplier 1’s expected profit, whereas it is always beneficial
for supplier 2. This can be explained as follows. On the
one hand, according to the analysis in Proposition 3(a),
the retailer’s decision on the optimal ordering quantity
from supplier 1 in case 2 is consistent with that in the non-
omnichannel retailing scenario. This result implies that
supplier 1’s sales are not affected by the omnichannel
retailing strategy. On the other hand, according to the
discussion in Proposition 5(b), supplier 1 sets an identical
optimal wholesale price under different strategies. Thus,
supplier 1 earns equal expected profit in case 2 as in the
non-omnichannel scenario. Similar to the previous analy-
sis, supplier 2’s optimal wholesale price decisions under
different strategies are equal while product sales under
the omnichannel retailing strategy are larger than those
under the non-omnichannel retailing strategy. Combining
these two factors, the expected profit of supplier 2 under
the omnichannel retailing strategy is greater than that
under the non-omnichannel retailing strategy.

Next, we use numerical analysis to explore the effects
of @ on supply chain members’ profits in different situa-
tions. We define the value of the x-axis a, and change it
from O to 1. First, we set 8 = 0.2, p = 0.35. The expected
profits of the retailer and the two suppliers with respect to
a are given in Fig. 1. Second, we set 6 =0.5, p =0.35.
The expected profits of the retailer and two suppliers with
respect to @ are given in Fig. 2. Third, we set 6 = 0.8,
p = 0.35. The expected profits of the retailer and the two
suppliers with respect to @ are given in Fig. 3.

Figure 1 shows that when the retailer adopts the
omnichannel retailing strategy, the profits of the retailer
and two suppliers are constant, meaning that profits are

— 7, — T T, — Ty

7

Ty, = Ty

0.14

0.12+

Fig. 1 Effects of @ on supply chain members’ profit (6 = 0.2,
p=0.35).

— T =W Ty — T

Ty, = T

Fig. 2 Effects of @ on supply chain members’ profit (6 = 0.5,
p=035).

— T, — T, — T Ty = T

0.08

0.06

0.04+

0.02

Fig.3 Effects of @ on supply chain members’ profit (6 = 0.8,
p=0.35).

independent of the channel market share. We also find
that if 0 <a <0.078, the expected profit of supplier 1
under omnichannel retailing is greater than that under
traditional retailing; otherwise, the expected profit of
supplier 1 under traditional retailing is large. Moreover, if
0 <a<0.688, the expected profit of supplier 2 under
traditional retailing is greater than that under omnichannel
retailing; otherwise, the expected profit of supplier 2
under omnichannel retailing is large. Thus, when the risk
of supplier 1 disruption is low, there is always a win—lose
situation for the two suppliers.

Similar to that shown in Fig. 1, the profits of the
retailer and the two suppliers are constant under the
omnichannel retailing scenario in Fig. 2. We find that if
0 <a <0.163, the expected profit of supplier 1 under
omnichannel retailing is greater than that under tradi-
tional retailing; otherwise, the expected profit of supplier
1 under traditional retailing is large. Moreover, if
0 <a<0.347, the expected profit of supplier 2 under
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traditional retailing is greater than that under omnichannel
retailing; otherwise, the expected profit of supplier 2
under omnichannel retailing is large. Thus, when the risk
of supplier 1 disruption is moderate, there is still a
win—lose situation for the two suppliers.

In Fig. 3, under the omnichannel retailing scenario, the
supplier’s profit still remains independent of @. We find
that under the omnichannel retailing strategy, unless « is
too small, supplier 2 is always better off. In contrast to
the two figures above, when 0.114 < @ < 0.222, there is a
win—win situation for the two suppliers. In sum, owing to
the risk of supplier 1 disruption, the adoption of the
omnichannel retailing strategy does not improve supplier
1’s situation to some extent. Conversely, the greater the
risk of supplier 1 disruption is, the more beneficial it is
for supplier 2 to adopt omnichannel retailing. Specifically,
as 6 increases, the out-of-stock risk in the online channel
increases, thereby prompting the retailer to procure more
products from supplier 2. Thus, supplier 2 is better off.

4.4 Effect on the whole supply chain

In the benchmark setting, we express the supply chain’s
expected profit as m,. =m,+m, +7m,. Similarly, under
the omnichannel retailing scenario, the supply chain’s
expected profits in cases 1 and 2 are presented as 7%, and
n¢,, respectively. We use Proposition 8 to present the
effects of the omnichannel retailing strategy on the profit
of the whole supply chain.

Proposition 8. The relationship between the expected
profits of the supply chain under different scenarios and
cases is ! > ., M, > M.

Proposition 8 implies that the adoption of omnichannel
retailing strategy always makes the supply chain better
off. A key driver of this outcome is that adopting the
omnichannel retailing strategy encourages the retailer to
order more quantities to serve consumers.

5 Conclusions

In the past two years, dual-channel retailers have utilized
the omnichannel retailing strategy (i.e., SFS and STS
options) to mitigate the negative effects of the COVID-19
pandemic on the retail industry. This study develops a
newsvendor model to explore the role of SFS and STS
fulfillment options in cases of supply chain disruptions
under the omnichannel context. We use numerical analysis
to examine how the key factors of consumer preference
and risk levels affect supply chain members’ profits.

The main findings are summarized as follows: First, we
find that when adopting the omnichannel retailing strat-
egy, the retailer’s order quantity from the risky supplier
may increase or decrease, whereas the order quantity
from the normal supplier certainly increases. Second, the

suppliers decrease or maintain the wholesale price, and
the risky supplier charges a lower wholesale price than
the normal supplier. Third, when supply disruption risk
is high and the market share of the channel offered by
the risky supplier is low, it is possible to achieve a
win—-win-win outcome for all three parties by adopting
the omnichannel retailing strategy. Moreover, the entire
supply chain benefits from the omnichannel retailing
strategy even if the supply chain faces a high level of
disruption risk.

The management insights derived from the above anal-
ysis are as follows: First, retailers should adopt the
omnichannel retailing strategy to share inventory between
online and in-store channels. Under the scenario where
the online channel faces the threat of disruption, online
consumers can be satisfied by using in-store inventory.
Similarly, online inventory can be used to meet the
requirements of in-store consumers when the in-store
channel faces supply disruption risks. Furthermore, cross-
channel fulfillment works when the two suppliers operate
normally and the service levels of the two channels are
different. Second, our study provides recommendations
for managers, including determining the optimal wholesale
price and deciding the ordering quantity. For suppliers,
different procurement decisions should be made for
disparate service levels. It is wise for suppliers to charge
a lower wholesale price to encourage retailers to order
more quantities unless the two channels have an identical
service level. In addition, when the proportion of
consumers in online channels is small, suppliers serving
online channels can reserve more orders to compensate
for the inventory of offline channels.

Future research could extend toward the following
directions: First, we consider that price and other market
parameters are exogenous. One can consider that prices
are endogenous. Second, we explore retailer sourcing
from two suppliers, each of which is responsible for
supplying the products in one channel. Future research
could assume that one of the suppliers provides products
for both the retailer’s online and offline channels.

Appendix A

Proof of Proposition 1
In the non-omnichannel retailing scenario, the retailer’s
expected profit is as follows

m=p(1-0)E(axAQ)—-(1-0)w, 0,
+pE((1-a)xA Q) —w,0,

3 o; 0,
= p( —0)(Z+Q1(1 —;))—(1 — 0w, 0,
05 0,
+p(2(1—a)+Q2(1_ 1—a))_w2Q2 (AD)
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The first derivatives of 7, with respect to Q, and Q, are
on, /00, =p(1-0)(1-0\/a)—(1-0)w, and Ir,/0Q, =
p(1—Q,/(1—a))—w,, respectively. The second deriva-
tives of &, with respect to Q, and Q, are &x,/dQ} =
—p(1=0)/a and &*n,/ Q% = —p/ (1 — @), respectively.

As the second derivatives of &, with respect to Q, and
0, are both negative, the retailer’s profit function is
concave in Q, and Q,. Thus, by solving the first-order
conditions dr,/dQ, = 0 and dr,/0Q, = 0, we have

alp—w)) 1-a)(p—w,)
0= 0, =" PTI  (ag)
p p
The profit functions of the two suppliers are
T :(1_9)W1Q1’ ﬂs2=W2Q2' (A3)

By substituting Eq. (A2) into Eq. (A3), we obtain the
first and second derivatives with respect to w, and w,,
respectively. Thus, by solving the first-order conditions
on, /0w, =0 and O,/ dw, = 0, we obtain w; = w; = p/2.

By substituting w; and w; into the functions in Eq. (A2),
we obtain the optimal ordering quantity for the two
suppliers (Q; and Q;). Next, by substituting w;, w;, O,
and Q; into the profit functions in Egs. (A1) and (A3), we
can derive the expected optimal profits 7/, 7}, and 7%,.

In the omnichannel retailing scenario, the retailer’s
expected profit is as Eq. (4).

In the case of Q,/a # Q,/(1 — @), the retailer’s expected
profit is simplified as

= §<<0—1>Q%—Q2<Q2—2))

—p1=0) 01 (0= D=1 =W Q1 —w,0,. (A4)

In the case of Q,/a = Q,/(1 — @), the retailer’s expected
profit is shown as

ni=p<1—9)(%+Q1(1—%))—(1—e)wlgl
0; 0,
+”(2(1—0[)+Q2(1_1—a))_W2Q2
l-a Q% 2 QZ aQ%
_QP(T((I—CX)Z_Qz)_Qz(l—CY_QZ)_ 2 )

(AS)

The profit functions of the suppliers in different scenarios
are identical. Similar to that in the non-omnichannel
retailing scenario, we can derive the optimal wholesale
prices (w\", wy", wi*, w5") and optimal order quantities
oy, 0y, 07, 05). Subsequently, by substituting these
into the profit functions in Egs. (A3)—(AS5), we can obtain
the expected optimal profits of the retailer (7**, 7¢*) and
the suppliers (7%, 7%, 7%, 7%).

Proof of Proposition 2

Proof of Proposition 2(a). Based on the optimal solutions

under the non-omnichannel retailing strategy in Table 2,

we set Q7 — Q; =0 to derive @ = 1/2. We find that when
0<a<1/2, Q; < Q;; otherwise, Q7 > O;.

Proof of Proposition 2(b). It is obvious that Q)" < Q5.
To identify the relationship between Q5" and Qf', we set
Ay = Q5 = Q¢ The first and second derivatives of A,

. OA, 2(a*0-2a+1)0
with respect to « are B 1- T Al—alF and
A, 0(1-0) ¢ (1~af)

= ————, respectively. As the second derivative
0a*  (1-ab)y

of A, with respect to « is positive, the difference between
Q7 and Q5 is convex in @. To solve A; =0, we can
derive a=(1-V1-6)/0, a=(1+ VI -6)/0 (rejected).
It is easy to see that if 0<a < (1- V1-6)/6, O < 0%
otherwise, Q5" > Q5.

Proof of Proposition 3

Proof of Proposition 3(a). Similar to the proof of
Proposition 2(a), we set " —Q;=0 to derive
a=2/(0+3). When O<a<2/(0+3), O > (Q;; other-
wise, Q)" < Q;. Moreover, it is clear that Q5" = Q.

Proof of Proposition 3(b). To compare the optimal
ordering quantities from supplier 2 under two cases (i.e.,
O/a# Q)/(1-a) and Q,/a=Q,/(1-a)), we obtain

5> Qs and Q5 > Qs when 0 <a < 1.

Proof of Proposition 4

By comparing the optimal wholesale prices of suppliers
under the omnichannel retailing and non-omnichannel
retailing strategies, we can easily judge that w;, =w,,

U*

U* Yo %
wit <wy', and wit = w5

Proof of Proposition 5

1- _
We have wi'—wi = —p(z(eg—l(;e)

3p(1-6
_%<0. It can be observed that w' <wy,

wy < w,. Moreover, it is clear that w¢" = wj, w5 = w;.

<0, wi—w, =

Proof of Proposition 6

Proof of Proposition 6(a). Based on the optimal profits
of the two suppliers under the non-omnichannel retailing
strategy in Table 2, we set A, =n, -7, =0 to derive
a =1/(2—-6). The first derivative of A, with respect to «
is 0AJoa=pR2-6)/4>0, that is, the difference
between the two suppliers increases with @. When 0 < «
<1/(2-6), we have A, <0; otherwise, A, >0. Thus,
Proposition 6(a) is proven.

Proof of Proposition 6(b). By comparing the optimal
profits of the two suppliers under omnichannel retailing
in case 1, we have 7 —n"; = —6p/(0+3) < 0. Therefore,
we have 7 < 7.

We then compare the relationship between n¢; and n¢,.
By setting A; = 7%} — ¢, we find that the first derivative
of A; with respect to « is positive. To solve the function

2-60- V56> -80+4

in which A;=0, we have a= 20(1-6) R
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260+ V562 -80+4
a =

(rejected). Therefore, if 0 < a <

20(1-6)
2-0—-V56*-80+4 2-0-V56°-80+4

, 4 <m%; and if 20(1-0)

260(1-6)
<a<l, g >ns.

Proof of Proposition 7
Proof of Proposition 7(a). To compare the relationship
between 7*° and 7., we set A, =7 —n7. When 0 < a < 1,
the first derivative of A, with respect to @ is positive.
(1-6)(0+27)

66 +3)
(rejected). Thus, if 0 <a <1, A, >0, that is, 7" > 77, In
. _p(l-a)ab
T 8(1-ah)

Then, we set A, =0 to derive a =—

addition, we have 7% —m > 0. Thus, it is

clear that ¢ > 7",

Proof of Proposition 7(b). To compare the relationship
between 7' and 7, we set As = 7y —n%,. The first deriva-
tive of As with respect to @ is dAs/da = —(1-6)p/4 <O.
Then, we let A; =0 to derive @ =46/(0+3)*. Thus, if
0<a<40/(0+3), 1 > n',; otherwise, n; < 7%,.

Similarly, we set A = n% —n%,. The first derivative of
A¢ with respect to « is dAs/da = p/4 > 0. We solve the
function Ag=0 to deduce «=(6>—100+9)/(6+3)".
Hence, if 0 <a < (6*°—100+9)/(6+3)’, n% <r’,; other-
wise, % > 7,.

Proof of Proposition 7(c). By comparing the optimal
profit of supplier 1 under different scenarios in Table 2,
we find that 797 = 77,. By comparing the optimal profit of
supplier 2 under different scenarios in Table 2, we obtain

l1-a)ab
TG =, = 11((17% > 0. Thus, 7%, > 7,
Proof of Proposition 8

Based on the optimal profits of the retailer and the
suppliers under different scenarios in Table 2, we find the
profit of the entire supply chain as nl, =x' + 7%, + 7, =
p(9-26"+56)

3p(1-ab)/8, n =+ +n =
P N TNy

3p(1-6(1-0)a* —0a)

' 8(1—-ab)
tion, we find that 7% — 7. > 0, 7% — %, > 0. Thus, Propo-

sition 8 is proven.

s sc T

T+ R+ = . Through calcula-
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