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ABSTRACT

A plethora of retailers have begun to embrace a dual-channel retailing strategy
wherein items are provided to consumers through both an online store and a physical
store. As a result of standards and competitive measures, many retailers provide buyers
who are unhappy with their purchases with the ability to achieve a full refund. In a dual-
channel retailing system, full reimbursements can be done through what is called a cross-
channel return, when a buyer purchases a product from an online store and returns it to a
physical store. They can also be done through what is called a same-channel return, when
a buyer purchases a product from a physical store and returns it back to the physical store,
or purchases a product from an online store and returns it back to the online store. No
existing research has examined all common types of customer returns in the context of a
dual-channel retailing system. Be notified that the practice of cross-returning an item
purchased from the physical store back to the online store is not common. Thus, it is not
considered in this dissertation.

We first study the optimal pricing policies for a centralized and decentralized
dual-channel retailer (DCR) with same- and cross-channel returns. We consider two
factors: the dual-channel retailer’s performance under centralization with unified and
differential pricing schemes, and the dual-channel retailer’s performance under
decentralization with the Stackelberg and Nash games. How dual-channel pricing
behaviour is impacted by customer preference and rates of customer returns is discussed.
In this study, a channel’s sales requests is a linear function of a channel’s own pricing
strategy and a cross-channel’s pricing strategy.

The second problem is an extension of the first problem. The optimal pricing

policies and online channel’s responsiveness level for a centralized and decentralized

dual-channel retailer with same- and cross-channel returns are studied. Indeed, the online
store is normally the distribution centre of the enterprise and is not limited to the
customers in its neighbourhood. Also, the online store experiences a much higher return
rate compared to the physical store. Thus, it has the capability and the need to optimize its
responsiveness to customer returns along with its pricing strategy. A channel’s sales
requests, in the second problem, is a linear function of a channel’s own price, a cross-
channel’s price, and the online store’s responsiveness level.

The third problem studies the dilemma of whether or not to allow unsatisfactory
online purchases to be cross-returned to the physical store. If not properly considered,
those returns may create havoc to the system and a retailer might overestimate or

underestimate a channel’s order quantity. Therefore, we study and compare between four



different strategies, and propose models to determine optimal order quantities for each
strategy when a dual-channel retailer offers both same and cross-channel returns. Several
decision making insights on choosing between the different cross-channel return
strategies and some properties of the optimal solutions are presented.

From the retailer’s perspective of outsourcing the e-channel’s management to a
third party logistics and service provider, we finally study three different inventory
strategies, namely transaction-based fee, flat-based fee, and gain sharing. For each
strategy, we find both channels’ optimal inventory policies and expected profits. The
performances of the different strategies are compared and the managerial insights are
given using analytical and numerical analysis.

Methodologies, insights, comparative analysis, and computational results are

delivered in this dissertation for the above aforementioned problems.
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CHAPTER 1: INTRODUCTION

1.1 Dual-Channel Retailing Strategy

The rapid development of the Internet, the growth of third-party logistics and
service providers (herein called providers), and the existence of several competitive
players have inspired enterprises to adopt a dual-channel retailing strategy. According to
Ryan et al. (2013), such a strategy offers products through both physical stores
(sometimes called retail, brick-mortar, traditional, conventional or offline stores) and
online stores (sometimes called e-tail, click or electronic stores). The dual-channel
retailing strategy was first introduced by Sears in 1925 when it initiated a physical store
beside a catalogue store (Zhang et al. 2010). About 42% of merchants in the different
industries implement the dual-channel retailing strategy (Dan et al. 2012). 80% of all US
retailers and almost every top US retailer use more than one channel to sell products and
services (Zhang et al. 2010). For example Wal-Mart, Toys*“R”Us, Target, IBM, Hewlett—
Packard, Nike, Pioneer Electronics, Dell, Costco, Kmart, Barnes and Noble, Kohl’s, and
Cisco System are all dual-channel retailers. Those DCRs are, sometimes, referred to
as click-and-mortar companies. In the coming few years, it is expected that dual-
channel retailing will be the dominant retailing strategy for all type of enterprises (Chen
et al. 2012).

Adopting a dual-channel retailing strategy offers retail businesses several
advantages and disadvantages. For example, retailers may use the strategy as a
mechanism to segment consumers. Shoppers who prefer to save time and transportation
costs purchase products online after viewing products’ descriptions. They are separated
from those who prefer to purchase products in person after touching and feeling the items
(Lu and Liu 2013). The use of a dual-channel retailing strategy, allows retailers to reach
wider segments of customers and increase revenue (Ryan et al. 2013). Since the Internet
is cost effective and has low entry barriers, the use of an online channel can reduce
operational retail costs (Chen et al. 2012; Hua et al. 2010; Zhang et al. 2010). Moreover,
using a dual-channel retailing strategy allows retailers to satisfy increasing customer
demands for multiple channels through which to shop. Thus, using a dual-channel
retailing strategy increases customer loyalty and satisfaction (Zhang et al. 2010).
Providing an online channel adds flexibility to each retailer’s supply chain (Chiang and
Monahan 2005). This flexibility allows customers to view a product’s description online

and purchase it at a physical store, order a product online and pick it up from a physical



store, or purchase a product online and return it to a physical store. Furthermore, having
an online channel facilitates stock-out substitutions for consumers, as retailers can
provide easy access to their inventory levels (Chian 2010). A dual-channel retailer can
use a differential pricing strategy to direct customer traffic depending on an enterprise’s
best interest (Zhang et al. 2010). For example, if revenue to weight ratio is low, then the
enterprise can set a higher price in the online channel to avoid high shipping and return
cost. Coordinated channels allow retailers to collect wide information about their
customers’ behaviour. Thus, marketing activities can be easily performed and uncertainty
can be efficiently reduced.

On the other hand, the dual-channel retailing strategy is normally associated with
sales substitution or cannibalization that may form competition between stores. If stores
are not coordinated, then this competition may lower a retailer’s total profitability (Ryan
et al. 2013). Moreover, selling through the online channel imposes operational difficulties
when it comes to receiving large packaged items and then repackages customer orders in

smaller cartoons (Zhang et al. 2010).

1.2 Customer Returns

In today’s market, many North American retailers implement a full refund policy.
The policy increases the number of customer purchase returns, as it allows customers to
return purchased products for numerous reasons. For example, a product can be returned
to a merchant because it is defective, a wrong order, or a wrong product, because the

customer did not like it, or because the purchase was impulsive. However, a full refund
policy allows retailers to increase customer loyalty, provide customer satisfaction, boost

sales, and/or comply with country legislations.

Additionally, customer returns have risen due to a growth in online selling
channels. Online customers do not see, touch, or feel products prior to purchasing them.
In these cases, a full refund policy “can be an indicator of product quality” (Akcay et al.
2013; Chen and Grewal 2013). Therefore, products purchased online are expected to have
higher return rates. For example, fashion products purchased in person through physical
stores can have return rates as high as 35%. In contradistinction, fashion products
purchased online can have return rates as high as 75% (Akcay et al. 2013; Mostard and
Teunter 2006; Vlachos and Dekker 2003). Furthermore, online returns may lead to an
annual reduction in revenue between $1.5 and $2.5 billion dollars (Li et al. 2013). In the
United States and Canada, yearly returns to merchants total between $100 and $10 billion
dollars of products, respectively (Akcay et al. 2013; Chen and Bell 2009; Su 2009).



According to the Center of Logistic at the University of Nevada, Wal-Mart, alone,
process returns worth of $6 billion dollars every year (Chen & Bell 2012). While a
significant amount of returned apparel is of good quality and can be resold several times
without a recovery process, electronic returns cannot be resold as new and must instead
be sold as open-box items (Akcay et al. 2013). In general, defective returns constitute
only 5% of all customer returns (Akcay et al. 2013; Su 2009).

Moreover, many retailers (for example, Wal-Mart or Toys“R”Us) allow same-
channel returns, wherein an item purchased from one of their physical stores is returned
to one of their physical stores, or an item purchased from their online store is returned to
their online store. However, many also allow cross-channel returns, wherein a product
purchased from their online store may be returned to one of their physical stores.
Allowing cross-channel returns is vital for online stores as such a policy increases sales
and customer satisfaction and allow physical stores to create additional cross-selling
opportunities (Zhang et al. 2010; Cao and Li 2015). Notice that the process of purchasing
items from the physical stores and return them to the online stores is not common. Thus,

it is not considered in this work.

1.3 Research Objective

The objective of this dissertation is to analyze the problem of customer returns
under the dual-channel retailing system. The main goal is to investigate the different
cross-channel return polices, to study selected outsourcing options for the management of
the online store, and to develop proper methodologies of inventory control management,

price management and responsiveness level management.

1.4 Research Methodologies

We will now explain some of the tools and methodologies that have been used

throughout this dissertation.

Unconstrained non-linear programming: the unconstrained non-linear
programming is the process of minimizing or maximizing a non-linear function without
considering any constraint. The problem might be unbounded or has several critical
points if the function is positive semi-definite, negative semi-definite or indefinite. In all
aforementioned cases the optimization process is impossible or difficult. Thus, to simplify
the prediction of systems’ behavior and grantee the existence of a sole optimal solution,
we normally condition parameters so that our functions are either positive definite (i.e.

there exist one global minima) or negative definite (i.e. there exist one global maxima).



We use the second derivative test to check the concavity or convexity of single variable,
two variables, or three variables functions as the following:

For single variable functions:

1. Assume that the second derivative of the function f is continues on R.

2. The function’s “Hessian” matrix is H = [f,,].

Let D = |fixl-

(a) If D > 0, then the function f posses a global minimum at (a); where f,(a) = 0.

(b) If D < 0, then the function f posses a global maximum at (a); where f,(a) = 0.

For two variables functions:

1. Assume that the second derivative of the function f is continues on RZ.

2. The function’s “Hessian” matrix is H = fex fxy ]
fyx fyy
Let D; = |fyx| and D, = Jax Jry .
fyx fyy

(a) If D, > 0 and D, > 0, then f posses a global minimum at (a, b); where f,(a,b) =0
and f,(a,b) = 0.

(b) If D; < 0 and D, > 0, then f posses a global maximum at (a, b); where f,(a,b) =0
and f,(a,b) = 0.

For three variables functions:

1. Assume that the second derivative of the function f is continues on R3.

fex f;cy frz
2. The function’s “Hessian” matrix is H = |fyx  fyy fyz|
fox  fay  fez
fex fxy faz
fax f;cy
Let D; = |fxx|> D, = and D; = fyx fyy fyz .
fox fyy
fox  fay  faz

(a) If D, > 0, D, > 0 and D; > 0, then f posses a global minimum at (a, b, ¢); where
fx(a,b,c) =0, f,(a,b,c) = 0 and f,(a,b,c) = 0.

(b) If D; <0, D, > 0 and D5 < 0, then f posses a global maximum at (a, b, ¢); where
fx(a,b,c) =0, f,(a,b,c) = 0 and f,(a,b,c) = 0.

Nash games: the Nash game is a non-cooperative game that is widely used in supply

chain management. It is used in a static environment where active competitors



simultaneously choose their decisions in isolation. Let us consider two competitors where
players’ decisions affect each player’s payoff. Thus, if player-1’s decision is p; and
player-2’s decision is p,, then player-1’s utility is u,(p;,p,) and player-2’s utility is
u,(py, p2). The objective of each player is to maximize his/her own utility. Assuming 1,

and u, are differentiable, then the following conditions are necessary for the existence of
Nash equilibriums:

Ous(p1,p2) _ 0
op1

Ouz(p1,p2) _ 0
op,

To find the equilibrium points, the above system of equations should be solved
simultaneously. Thus, for as long as the competitor adheres to Nash equilibrium, a player

will generate a lower payoff when deviating from the equilibrium point. If each utility
function is concave with respect to the player’s own strategy, i.e. u, (p;, p2) is concave in

p, and u,(p,,p,) is concave in p,, then there exists at least one Nash equilibrium in the

game. To test for the Nash equilibrium uniqueness, we construct the hessian matrix as the

following:
62u1 82u1
op? 0p,10p
H=| T oo
a Uy a Uy

dp2dp1  Op3

If (—1)™|H| is positive, then a unique Nash equilibrium is guaranteed. n in the previous
relationship is the number of strategies and it equals two in our example.

Stackelberg games: the Stackelberg game is another non-cooperative game that is
widely used in supply chain management where one competitor dominants the other. The
game is dynamic in nature and the events occur in two stages. The dominant competitor is
the leader and is allowed to initiate the game or choose his/her strategy first. Based on the
revealed strategy, the dominated competitor or the follower end the game or chooses
his/her strategy second. Knowing that both players are rational, the leader should use the
backward induction and choose his/her decision based on the follower’s best response

function or strategy. Again, let us consider two competitors where players’ decisions
affect each player’s payoff. If the leader’s decision is p; and follower’s decision is py,
then the leader’s utility is ul(pl, pf) and the follower utility is uf (pl,pf). The objective

of each player is to maximize his/her own utility. Assuming u, and u, are differentiable,

then the following conditions are necessary for the existence of Stackelberg equilibriums:



ous(pLpy) —0
0 x
Pr App=p;n
ou(puoy D) —0
op;

pi=p]

If us (pl, pf) is concave in py, then there is a unique solution for the follower. However, if

U (pl, 12 (pl)) is concave in p;, then there is a unique solution for the leader and we can
guarantee the existence of a unique Stackelberg equilibrium.

Stochastic programming: the purpose of stochastic programming is to seek optimal
decisions that best suit all applicable random parameters. Thus, with stochastic
programming one may minimize the system’s expected cost or maximize the system’s

expected profit.

1.5 Dissertation Organization

This dissertation is organized as follows: literature is reviewed in Chapter 2.
Pricing policies for a dual-channel retailer is discussed in Chapter 3. Chapter 4 is an
extension of Chapter 3 and it discusses pricing and responsiveness level decisions under a
dual-channel retailing system. The optimal cross-channel return policy for a dual-channel
retailer is studied in Chapter 5. The optimal outsourcing strategy for managing the e-
channel is then discussed in Chapter 6. Finally, conclusion and future works are discussed
in Chapter 7.



CHAPTER 2: LITERATURE REVIEW

2.1 Literature on Dual-Channel Systems

This chapter sheds the light upon two streams of literature. The first stream
addresses dual-channel systems under two settings: dual-channel supply chain setting and
dual-channel retailing setting. The second stream addresses customer returns under four
settings: single retailer setting, manufacturer-retailer setting, two competitive retailers

setting, and dual-channel retailing setting.

2.1.1 Dual-Channel Supply Chains

Considerable research works have analyzed systems that contain a manufacturer
(or supplier) that sells a single product to customers through both a manufacturer-owned
online store and an independent retail store(s) (Figure 2.1). Several different types of
competition take place between the two channels, including competition in price
(Balakrishnan et al. 2014; David and Adida 2015; Ryan et al. 2013), competition in
services (Lu and Liu 2013; Dan et al. 2012), and competition in product availability
(Takahashi et al. 2011; Chiang 2010; Chiang and Monahan 2005). Price competition may
take a horizontal form, between an online store and a physical store; take a vertical form,
between an upper echelon (i.e. manufacturer) and a lower echelon (i.e. retailer); or take
both forms (David and Adida 2015; Lu and Liu 2013; Ryan et al. 2013; Dan et al. 2012).
According to Chiang (2010), vertical competition enhances price double marginalization
inefficiency, while horizontal competition enhances cannibalization. Literature shows that
a great deal should be exerted to coordinate both channels in order to diminish, eliminate

or, even, reverse the negative effect of competition.

Manufacturer

Retailer

Online Channel

Customers

Figure 2.1: Dual-Channel Supply Chain (Chiang and Monahan 2005)
Existing literature shows that decentralized systems are a representation of a

situation wherein each channel seeks to maximize its own profit in the presence of

cannibalization. Thus, a manufacturer competes by selecting a wholesale price, an online



price, a production quantity, a service level, and/or a delivery lead time. A retailer
competes by selecting retail price, an acquisition quantity, and/or a service level. This
competition is primarily modeled as a manufacturer-Stackelberg game (e.g. David and
Adida 2015; Lu and Liu 2013; Ryan et al. 2013; Dan et al. 2012; Huang et al. 2012; Chen
et al. 2012; Hua et al. 2010; Bin et al. 2010; Chiang 2010; Yao et al. 2009; Cai et al.
2009). However, it is sometimes modeled as a Nash game (e.g. Lu and Liu 2013; Ryan et
al. 2013; Chiang 2010; Cai et al. 2009). A few existing papers have also modeled this
competition as a retailer-Stackelberg game (e.g. Cai et al. 2009).

In a coordinated or centralized duopolistic system, each player maximizes its own
profit. However, it is done within the boundaries of a contract. David and Adida (2015)
examined the equilibrium quantities and prices of a supplier selling items through a self-
owned online store and N different retailers. They proposed a linear quantity discount
contract to coordinate the system wherein the amount of discount offered to a retailer
store is linearly related to the quantity ordered. Ryan et al. (2013) studied the performance
of a system under a modified revenue sharing contract in which a retailer shares part of its
revenue with a manufacturer. They also studied the performance of a system under a
gain/loss sharing contract in which a manufacturer shares part of its gain or loss with a
retailer. Moreover, a two-part tariff contract was studied by Chen et al. (2012). In such a
contract a retailer is charged a lump sum fee and a wholesale price equivalent to
production costs. Chen et al. (2012) also studied a profit-sharing agreement wherein

channels share their profits with competitors’ channels for better system performance.
Furthermore, an (a, d) contract was examined by Bin et al. (2010). In such a contract, a
retailer pays a franchise fee of the value d to a manufacturer. In turn the manufacturer

offers the retailer a portion, a, of its total revenue. Chiang (2010) implemented an
inventory and direct revenue sharing contract wherein a retailer shares part of its
inventory cost with a manufacturer. The manufacturer then shares part of its revenue with
the retailer. Finally, Cai et al. (2009) compared a system’s performance with and without
price discount contracts. They assumed prices were either consistent (i.e., channels’
prices were equal) or inconsistent (i.e., channels’ prices were not necessarily equal).
Some of the findings that are related to contracts implementation are stated next.
Ryan et al. (2013) claim that unless coordinated, loss of retailer’s profit and significant
increase in manufacturer’s profit can occur due to the introduction of online channel.
Similarly, Bin et al. (2010) argue that competition between channels enhances system’s
performance if contracts are used and a retailer will experience lower selling costs. They,

also, stated that higher information uncertainty in the retailer channel leads manufacturer



to adopt a menu of contracts, while lower uncertainty leads to a single contract. Cai et al.
(2009) found that contract coordination and consistent pricing strategy reduce conflict
and increase profitability in a system where customers are considered to be either brand
loyal or retailer loyal. On the other hand, Chen et al. (2012) claim that coordination
through complementary contracts such as two-part tariff and profit sharing is not always
profitable to the system.

A fully coordinated or centralized monopolistic system uses a sole decision maker
to maximize the system’s total profit (e.g. Huang et al. 2012; Hua et al. 2010; Yao et al.
2009; Dumrongsiri et al. 2008). Bin et al. (2010) used both centralization and the
principle agent method to examine an asymmetry in information that occurs within the
dual-channel system when demand is stochastic. Chiang (2010) argued that a
monopolistic dual-channel supply chain outperforms both _duopolistic and uncoordinated
dual-channel supply chains. Yao et al. (2009) optimized the inventory system of a dual-
channel supply chain with a single period newsvendor model. They compared three
different management styles. In the first style, the inventory levels of both channels were
managed by one central manager. In the second style, each channel managed its own
inventory level. In the third style, the retailer managed its own inventory level while the
online store’s inventory level was managed by a third-party logistics provider.

Different than most papers in dual-channel supply chain literature, Chiang and
Monahan 2005, Takahashi et al. 2011, and Chiang 2010 study Markovian systems that
capture competition in product availability. Portion of a channel’s loyal customers will
cross fill when products are not available in their preferred channel (stuck out base
substitution). Chiang and Monahan (2005) claim that the increase of this portion might
harm profitability as it could increase total inventory related costs. They argue that
retailers and manufacturers are, almost, always better off in adopting dual-channel supply
chain. In there modeling, they capture holding and lost sale costs and apply one-for-one
inventory control policy. In contrast, Takahashi et al. (2011) have included production
and delivery setup costs and found that one-for-one inventory control policy is not an

appropriate policy for a dual-channel supply chain.

2.1.2 Dual-Channel Retailing Systems

Other papers in the literature have examined the situation wherein a dual-channel
retailer offers the same product in both self-owned online and physical stores (Figure
2.2). Yan et al. (2010), Yan (2010), and Yan (2008) all studied Nash, online-Stackelberg
and retailer-Stackelberg games to model the price competition that stems from operating a

dual-channel retailing system. Each of the studies stated that the Stackelberg games



always outperform the Nash game. Yan et al. (2010) argue that by using profit sharing to
integrate the dual-channel retailing system, conflict is eliminated, coordination is
improved, and both channels generate more profit. Yan (2010) stated that higher brand
differentiation better handle conflict especially when consumers are less price sensitive
and market size is large. Additionally, Berger et al. (2006) examined the profit
enhancement induced by a dual-channel retailer that integrates the advertisement efforts
of both online and physical stores. They found that higher integration leads both channels
to generate higher profits.

Physical Store Online Store

Customers

Figure 2.2: Dual-Channel Retailing System
Using branch-and-bound algorithm, Mahar et al. (2009) examine the positive

impact that a real time information capability has on a dual-channel retailer. Such a
capability allows the dynamic assignment policy to replace the common static assignment
policy. Based solely on the proximity, the static policy pre-identifies the e-fulfilment
location responsible to serve a certain customer. On the other hand, based on both
proximity and real time inventory position, the dynamic policy identifies the e-fulfilment
location. It is found that such a policy might decrease total cost (holding, backorder and
shipping) for up to 8.2%.

One may note that each study presented above examined the possible coordination
strategies or policies between different competing channels in a dual-channel system.
None of the papers have considered customer returns and the impact that the returns have
had on dual-channel retailing systems. Papers that have considered customer returns are

reviewed next.

2.2 Literature on Customer Returns
Before we review the papers under the different settings, it is adequate to examine

the researchers findings in regard to the different refund policies. A large body of work on

customer returns has examined a refund policy that is exogenously determined as a full
refund or a Money Back Guarantee (MBG) (Reimann 2016; Chang and Yeh 2013; Chen
and Bell 2013; Choi et al. 2013; Akcay et al. 2013; Wang et al. 2010; You et al. 2010;
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Vlachos and Dekker 2003). Other papers have compared a system’s performance with no
refund policy to a system’s performance with a full refund policy (Chen and Grewal
2013; Choi et al. 2013; Chen and Bell 2012; Chen and Zhang 2011). Several papers that
conducted such a comparison also examined a partial refund policy (Chen and Grewal
2013; Li et al. 2013; Chen and Bell 2012; Chen and Zhang 2011; Su 2009; Yalabik et al.
2005). Hsiao and Chen (2012) found that the optimal refund policy may exceed the full
price of the item. Su (2009), Chen and Bell (2009), and Yalabik et al. (2005) all argued
that a full refund policy is not optimal as it overwhelms retailing systems. In contrast,
Chen and Zhang (2011) argued that a full refund policy may be optimal in the presence of
competition. However, Hu et al. (2014) and Su (2009) claimed that the optimal refund
policy depends upon the refunded product’s salvage value. According to Li et al. (2013),
retailers should offer either a lenient return policy with a low quality and a low price or a
strict return policy with a high quality and a high price. Their choice depends upon
customer sensitivity in regards to price, return policy, and quality. Moreover, Yu and Goh
(2012) stated that retailers should enforce a return policy that takes the nature of products
and their condition upon return into consideration. Akcay et al. (2013) encouraged
retailers to reduce the number of returns they receive by controlling selling prices and
enforcing a refund policy with restocking fees. However, Hu and Li (2012) argued that
offering a manufacturer buyback price equivalent to the retailer’s refund price is the

optimal coordinating mechanism.

2.2.1 Single Retailer Systems

Additionally, many papers have considered a retailer faces returns from
unsatisfied customers (Figure 2.3). Reimann (2016) considered a retailing system where
refurbished returns can be used to satisfy demand that exceeds the order quantity. Akcay
et al. (2013) studied a system wherein customers could differentiate between a new sell
and a resell but their product valuation was uncertain. Yu and Goh (2012) examined a
retailer facing eight different scenarios. The eight scenarios had several combinations that
consisted of whether or not returns occurred within a grace period, whether or not returns
were accompanied by a penalty, and whether or not returns were recoverable. While their
research did not consider a resell option for returns, it was considered that recoverable
items could be salvaged in a secondary market. Additionally, according to You et al.
(2010), a single selling period can be divided into N countable sub-periods. Each sub-
period is associated with a probability of return. Chen and Bell (2009) did not allow “as
good as new” returns to be sold in the same period in which they were sold, but did allow

them to be salvaged in a single-period setting or resold in the following period in a multi-
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period setting. Wang et al. (2010) investigated a system wherein customer returns could
be resold several times. Inventory holding cost and deterioration over time is incorporated
in their model. Selling periods were divided into three sub-periods: a period in which
sales consumed both new and returned stocks, a period in which sales only consumed
returned stocks, and a period in which there were only returns, not sales. Li et al. (2013),
Hsiao and Chen (2012), and Mukhopadhyay and Setaputra (2007) discussed the
interrelationship between price, refund policy, and quality. Li et al. (2013) define quality
as product consistency with the online description, while Hsiao and Chen (2012) identify
product defects, misfit, and unconformity as quality risks that face customers. Choi et al.
(2013) and Mukhopadhyay and Setoputro (2005) examined a system in which demand is
linearly dependant on price, refund policy, and modularity level, while return is linearly
dependant on refund policy. They claim that with higher level of modularity, retailer
should charge higher price regardless of the refund policy applied. Vlachos and Dekker
(2003) studied six different systems according to whether or not returns could be resold in
the primary market, whether or not resalable returns needed a recovery process, and
whether or not the needed recovery process was associated with fixed or variable costs.
The objective of the paper is to maximize the profit by selecting the optimal ordering
quantity where resalable returns can be resold once a season. Mostard et al. (2005) and

Mostard and Teunter (2006) examined a system wherein a resalable return could be

resold an infinite number of times until it became non- resalable by not having demand to
consume it or by being returned after the end of the selling season. Mollenkopf et al.
(2007) studied the effect of customer return related services on the Internet shoppers’
perceived loyalty and the key drivers that positively impact the return experience. The
paper Yalabik et al. (2005) is an extension of the work done by Davis et al. (1998). They

classify customers into matched and mismatched with product valuation vl and v2,

respectively. Post purchase the customer will consume a portion a of the original value of
the product. Ultimately, customers will keep the product if the utility of keeping the
product is more than the utility of returning it. The previous papers considered single
retailer systems where customers can return unsatisfactory purchases to retailers. None of

those papers studied the effect of customer returns on dual-channel retailers.
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Figure 2.3: A Single Retailer System with Customer Returns

2.2.2 Manufacturer-Retailer Systems

Several other papers considered a system in which retailers and manufacturers
handled customer returns through the use of contractual agreements and information
sharing (Figure 2.4). Chang and Yeh (2013) studied returns from customer to retailer and
from retailer to manufacturer under centralized and decentralized settings. Returns could
not be resold in the same selling season during which they were returned due to seasonal
length constraints. Additionally, Chen and Bell (2013), Hu and Li (2012), Chen and Bell
(2011), and Chen (2011) examined the effect of sharing return information with a
manufacturer on the profitability of the system. Chen (2011) claims that not sharing
return information is a better strategy if the product is mature. Otherwise, and in
consistence with Chen and Bell (2011) work, not sharing information will negatively
impact both retailers and manufacturer. Hu and Li (2012), investigate a system under
Stackelberg game with demand and customer valuation uncertainty. Based on the
system’s acceptability of returns, four scenarios have been recognized. Moreover, Hu et
al. (2014) studied a consignment contract between a vendor and a retailer in which the
vendor owned the inventory placed in the retailer store. They examined both retailer-
managed and vendor-managed consignment inventory systems. Finally, Su (2009) studied
four contracts that may be used to resolve conflicts that arise between retailers and
manufacturers due to customer returns: buy back, differential buy back, return to
manufacturer, and rebate contracts. The later is found to outperform all other contracts as
long as manufacturer can monitor sales. The previous papers considered returns from
customer to manufacturer, from customers to retailer and/or from retailer to manufacturer
under manufacturer-retailer settings. The effect of customer returns on dual-channel

retailers was not considered in any of the above papers.
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Figure 2.4: A Manufacturer-Retailer System with Customer Returns

2.2.3 Two Competitive Retailers Systems

Several other papers have considered customer returns when two retailers compete
in the same market (Figure 2.5). Chen and Bell (2012) examined a system with two
customer behaviours: return-sensitive customers willing to pay more and enjoy the
privilege of returning a product if it is a mismatch, and price-sensitive customers willing
to pay less and keep the product if it is a mismatch. Both a returnable channel and a non-
returnable channel are thus considered in Chen and Bell’s study. Furthermore, Chen and
Grewal (2013) studied Stackelberg and Nash competitions in situations wherein a new
channel competes with a well-established retailer that offers a full refund policy.
Additionally, Chen and Zhang (2011) studied Stackelberg and Nash competitions
between two retailers that both offered a full refund policy. Balakrishnan et al. (2014)
studied the browse and switch behaviour exerted by consumers on the brick and mortar
stores. The effect of such behaviour on system’s profits and prices are examined when

returns are allowed for online purchases only. None of the above works considered dual-

channel retailers. Contrary to practice, they also assumed returns to be non-resalable.
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Figure 2.5: Two Competing Retailers with Customer Returns
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2.2.4 Dual-channel Retailing Systems

Widodo et al. (2010) and Widodo et al. (2009) studied both Nash and Stackelberg
competitions between a retailer’s physical and online channels (Figure 2.6). Contrary to
practice, they studied returns that were only allowed for online purchases. Online
customers were allowed to return items to the online store (a same-channel return) or the
physical store (a cross-channel return). Also, the two studies assumed that returns could
be exchanged but not refunded. One may note that none of the above two papers has
collectively considered all common forms of customer returns a dual-channel retailer may

experience. There is thus a research gap in this area.
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Figure 2.6: A Dual-Channel Retailer with Online Store’s Customer Returns
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CHAPTER 3: PRICING POLICIES

3.1 Introduction and Motivation

Since coordination coincides with high costs and imposes operational difficulties,
most multi-channel retailers (i.e., Target, Nike, Kmart, Barnes and Noble, Jo-Ann Fabric
and Craft Stores, and Kohl’s) use decentralized teams to run their stores (Zhang et al.
2010; Yan et al. (2010); Neslin and Shankar 2009; Yan 2008; Berger et al. 2006; Webb
and Hogan 2002; Schoenbachler and Gordon 2002). Also, a variety of managerial skills
are needed for different channels; thus, some retailers outsource the management of
unfamiliar or newly opened channels to a third party. An example is Toys*“R”Us, which
outsources the management of its online channel to Amazon (Berger et al. 2006).

Many often believe that decentralizing the dual-channels reduces market shares
due to cannibalization. This will in turn spark competition and trigger a price war that
may harm the parties involved. If decentralization is uncoordinated, its resulting

competition may lower supply chain profitability (Ryan et al. 2013; Yan et al. 2010;

Steinfield 2004; Schoenbachler and Gordon 2002; Webb and Hogan 2002). Furthermore,
as Webb and Hogan (2002) have stated, “goal incompatibility” (between physical stores
and online stores, for example) is an inevitable result of decentralization. Channels may
generate internal conflict due to scarce resources (for example, a tight budget or few
customers) or tight objectives (for example, a targeted revenue and profit). They define
competition as goal-centered behaviour and conflict as opponent-centered behaviour.
Webb and Hogan’s research supports this; they found that 66% of 50 interviewed retail
businesses viewed channel conflict as the most troublesome issue that is faced when they
run dual-retailing channels. The competition associated with such conflict may cause
channels to limit cooperation and inspire customers to change companies due to
confusion and agitation (Steinfield 2004). These limitations may be so intense that one
channel may sabotage another. For example, Levi Strauss and Best Buy had terminated
their online stores after a few years of their first operational trial due to internal
competition (Yan 2010; Falk et al. 2007). Consequently, companies such as Wal-Mart
Stores, Gap, and the Home Depot have successfully integrated their dual channels under a
sole decision maker to maximize their total profits (Yan 2008).

Several dual-channel retailers offer both same- and cross-channel returns, whether
their operating channels are integrated or not. Zhang et al. (2010) have stated that if cross-
channel returned items are not offered at a physical store, then the items must be shipped

to the online store. Otherwise the ownership of such items is transferred to the physical
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store. This is done by conducting an inventory transfer that is subjected to the retailer’s
internal rules. The retailer’s policy and practice of having cross-channel returns can be
acquired through partial integration. As Cao and Li (2015) have stated, channels will only
have full integration when prices align to meet the retailer’s goals and objectives. That is
to say, cross-channel returns do not contradict the fact that channels may still undergo
price competition.

Many studies have considered competition and possible coordination strategies
between dual channels, which are owned by either the same retailer or different
enterprises. The customer returns topic has also been thoroughly studied in single retailer

or two retailers systems. However, few papers have studied customer returns under a

dual-channel retailing system. As stated before, there is no work that has collectively
considered all common forms of customer returns for both types of stores of a dual-
channel retailer. Also, there is no published paper that has studied the impact of cross-
channel returns on both stores of a DCR, especially when those returns are resalable. For
example, the effect of cross-channel returns on channels’ pricing policies and inventory
management has not being studied yet. Thus, Chapter 3 studies a dual-channel retailer
with both return mechanisms and investigates optimal pricing policies. Both
centralization with differential and unified pricing schemes and competition in regards to
theoretical game frameworks are addressed.

When determining prices in a Stackelberg game, the online store leads and the
physical store follows. However, in a Nash game, the physical store and the online store
determine optimal prices simultaneously. This study provides several contributions to
existing literature in three ways. First, it collectively considers all common forms of
customer returns for a dual-channel retailer. As stated previously, purchasing an item
from a physical store and returning it to an online store is not a common practice and,
thus, it is not considered in this work. Second, it addresses dual-channel competition
from a game theoretic perspective. Third, it compares dual-channel retailer’s total
performance under centralization with unified pricing scheme, and Stackelberg and Nash

games.

3.2 Model Formulation

This chapter considers merchants that run both a physical store and an online
store. It examines two coordination schemes: one in which channels are managed
collectively in a centralized setting and one in which channels are managed competitively

in a decentralized setting. Customers may receive a full refund for purchases returned
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within a merchant-specified time period. The probability that a product purchased from a
physical store is returned to a physical store is 0 < r < 1. The probability that a product
purchased from an online store is returned to an online store is 0 <w < 1. The
probability that a product purchased from an online store is cross-returned to a physical
store is 0 <v <1 (Figure 3.1). The assumption of ratios for returns has been

implemented in literature before, such as in works by Chen and Grewal (2013), Mostard
and Teunter (2006), Mostard et al. (2005), Vlachos and Dekker (2003), and many more.

Physical Store Online Store
A [N A
\
\
‘\
2 3 g 5 8
-4 o ~ o
= = @ = =
g E Q‘\g g E
g [-% 7 s [-w
= o 2 § = <)
< 8 oy bt ]
g g @] \ g g
< \ I
[7,) |59 \\ 175 |59
\\
AY
T AN w
Y \ A4

Physical Store’s Customers Online Store’s Customers

Figure 3.1: A Dual-Channel Retailer with Same- and Cross-Channel Returns

Akcay et al. (2013) have stated that apparel is often returned “as good as new”;
thus, apparel can be resold several times during a single period. Therefore, for a returned
product to be resalable it must be returned in its original packaging and condition. We
assume that a returned product has a resalability rate of k,. if the item was purchased from
and returned to a physical store, k, if the item was purchased from and returned to an
online store, and k,, if the item was purchased from an online store but cross-returned to
a physical store.

We assume that all same-channel resalable returns can be resold for € times from
their original channels. Regardless of the number of times an item is sold in the online

store, all cross-channel resalable returns can be resold for € times from the physical store.
According to Vlachos and Dekker (2003), if a resalable returned product takes a relatively
long time to be placed on a store’s shelf from the moment it is purchased, then one may
assume it can only be resold once during a selling season (ie. € =1). In
contradistinction, if a resalable returned product takes a relatively short time to be placed
on a store’s shelf from the moment it is purchased (i.e., if it has a lead time of zero), then

one may assume it can be resold an infinite number of times (i.e. € = ) during a selling

18



season until it is permanently sold, cross-channel returned, or returned but not resalable
(Mostard and Teunter 2006; Mostard et al. 2005). Therefore, two cases are studied: a

general case where returns are assumed to be resold & number of times; € € [1, ), and a
more simplified special case where returns are assumed to be resold infinitely; &€ = oo.

Each returned item is associated with a return collection cost of the value d. If an
item is returned as not resalable or as resalable after the end of the selling season, then its
salvage value, s, is acquired by selling the item in a secondary market. The unit’s salvage
value must be less than or equal to the unit’s purchasing cost s < c; otherwise the profit
function would be unbounded above. Items that are purchased from or returned to the
online store will cost the store a per-unit shipping expense of t.

The parameter a represents the base level of sales, or the sales level when items
are offered to customers free of charge (Chen et al. 2012; Huang et al. 2012). If
0 <60 <1 is the degree of customer preference for the physical store, then a, = a@ is
the physical store’s base level of sales. Similarly, if 1 — 6 is the degree of customer

preference for the online store, then a, = a(1 — 6) is the online store’s base level of
sales.

Several papers have considered customer preference in their studies. For example,
Lu and Liu (2013) argue that customer preference for a certain channel induces
dominance and profitability to that channel and the degree of that preference greatly
affects the equilibrium prices. According to Hua et al. (2010), different products lead to
different degrees of customer preference for the physical store. For example, products that
are customized, require a high level of examination prior to being purchased (such as
used cars, clothes, shoes, or eyeglasses), or require after-sale services (such as
electronics) better-fit physical stores. In contradistinction, products that do not require a
high level of examination in regards to their quality level prior to being purchased,
standardized, or mature (such as books and CDs) better fit online stores. Hua et al. (2010)
also stated that customer preference for the online store is directly affected by lead-time
and product type. According to Ryan et al. (2013) the positive impact of coordination is
magnified when customers tend to stick to their preferable channel even in the existence
of price differentiation. Opposite to the general perception that customer preference for a
certain channel is the most important driver of demand in that channel, services provided
to customers (e.g. customer support, presale advice, in-store advertising and promotions,
technical and shopping assistance, and return services) will be the key factor in driving

demand up or down (Zhang et al. 2010). As customers are becoming more attached to
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dual-channel retailing, a new competing player in the market may increase customer base
for the incumbent, thus, increasing the channel’s profitability (Huang and Swaminathan
2009).

B is an ownership price sensitivity that measures the rate at which sales are
affected by a channel’s own price. y is the cross-price sensitivity that reflects the degree
of cannibalization between two channels. A channel’s cross-price sensitivity has a lesser
effect on sales than a channel’s ownership-price sensitivity, which is y < . D, and D,
denote total customer sales within the physical store and the online store, respectively.
Therefore, physical and online store sales functions are given, respectively, as:

D, = a, — Bpr + ¥p, and (3.1
Dy = ay = BPo + vPr- (3:2)
Linear sales functions in a dual-channel system were utilized in Ryan et al. (2013), Huang
et al. (2012), Chen et al. (2012), Bin et al. (2010), and more.

Qf and Q2 are the order quantities placed at the physical store and the online store
at the beginning of the selling season, respectively. Since the studied retailing system
allows customer returns and a portion of those returns to be resold in the same selling
season, then it is intuitive to see that a channel’s order quantity is lower than its total
sales. Thus, if resalable returns can be resold & number of times, then an online store will
sell its order quantity (Q2), all of its same-channel first time resalable returns (Wk,Q?2),
all of its same-channel second time resalable returns (w2k2 Q2), and so on. Thus,

Dy = Q2(1 + wko + (Wko)? + -+ + (Wko)®) = Q2 X5(wk,)" (3.3)
The order quantity is as follows:
Do

o
QS - Zg(wko)n (34)

Due to the ratio v, a quantity of vD, is cross-returned from the online store to the
physical store. A portion, k,, of this quantity, is resaleable and can be resold € number of
times to satisfy part of the physical store’s total sales D,.. Thus, the physical store will sell
its order quantity (Q}), all of its same-channel first time resalable returns of (rk,Qf), all
of its same-channel second time resalable returns (r2k2QY), and so on. Similarly, it will
sell the quantity (vk,,.D,) and all of its same-channel first time resalable returns

(rk,vk,,D,), all of its same-channel second time resalable returns (r2k?vk,,D,), and so

on. Thus,
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D, =Qr(1+ 71k, + -+ (rk,)®) + vko Do (1 + Tk + -+ + (v, )E7 1) =
Qf Z5(rky)™ + vkor Do X5(rk, )" ! (3.5)
The order quantity is as follows:

or = Dy—vkoyDo X5 (rk, )1
€ Z§Crk)m™

(3.6)

Notice that the term vk,,.D, Y.5(rk,)" ! is conditioned to be less than or equal to

D, (i.e. Qf = 0); otherwise the physical store would be overwhelmed by cross-channel
returns that would allow the store to start its selling season without any quantity ordered
from the supplier. Such a case is unrealistic; thus, its analytical complications are omitted
from the calculations.

Assume that resalable returns can be resold several times in a selling season. If

return rate, resalability rate and sales requests are not staggeringly high, then ¢ is safely

assumed to be infinity (i.e. € = 00). The previous assumption will greatly simplify the
calculation of equilibrium points. Under such a case equations (3.3), (3.4), (3.5), and (3.6)

are modified respectively as the following:

D, = == (3.7)
Qé=w = (1 —wk;)D,, (3.8)
D, = Y=ettord gnq (3.9)
Qi-» = (1 —rk,)D, — vky,D,,. (3.10)

To comprehend, let us assume that the apparel industry is being studied. If the selling

season consists of four months and the unsatisfied customers posses sold items for two
weeks before reimbursing, then it is expected that € = 8. Assume that w = 0.5 and
k, = 0.7, then using both equations (3.3) and (3.7) an ordered quantity of 5000 can

satisfy up to 7692. The answers are closely similar and thus the special case (i.e. € = ©)
can be used to model the problem.

The following two sections examine the integration of a dual-channel retailer
under a centralized management using two pricing strategies: differential pricing mode
and uniform pricing mode. They also examine online and physical stores’ equilibriums
when the stores use two different competitive pricing schemes: Stackelberg game and
Nash game. In the Stackelberg game, a retailer’s online store leads. It announces its
selling price first and is followed by its physical store. However, in the Nash game both
channels are equally powerful in price determination. Thus, they set their price strategies

simultaneously. Table 3.1 presents a summary of the notations used in Chapter 3.
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Notation Description
Probability an item purchased from the physical store is returned to the physical store

r

w Probability an item purchased from the online store is returned to the online store

v Probability an item purchased from the online store is cross-returned to a physical store

k, Probability an item purchased from and returned to the physical store is resalable

k, Probability an item purchased from and returned to the online store is resalable

k,, Probability an item purchased from the online store and cross-returned to the physical
store is resalable

c&s Unit purchasing cost and salvage value, respectively

d&t Return collection and shipping costs, respectively

¢ Amount a physical store pays to an online store for every cross-channel return in the
decentralization scheme

D,.&D, Retail and online stores’ total sales including returns, respectively

QL & Q? Quantities ordered by retail and online stores, respectively

a a &a, Enterprise, physical store and online store base levels of sale, respectively

0 Customer preference for the physical store

B&y Ownership price and cross-price sensitivities of a channel, respectively

Pr &P, Retail and online store’s prices, respectively

1r nCa & mé Physical store, online store, and enterprise profits in the centralized case, respectively

n.gr & m’ D, Physical store and online store profits in the decentralized case, respectively

& Number of times a resalable return can be resold in a selling season

Table 3.1: Third Chapter’s Notations

3.3 Centralized Dual-Channel Retailing System
This section studies pricing policies in a centralized system wherein a retailer’s

physical and online stores are vertically integrated. One may assume the existence of a
central decision maker who pursues the maximum total supply chain profit (¢). The
central decision maker simultaneously determines the physical store’s price, p,-, and the
online store’s price, p, , to meet the retailer’s goals and objectives.

The online store’s profit function is modeled as the following:

=D, [(1 —w—v)p,—t—wld+t)+wl —ky)s+s gsv(k"l){ )n] Q2c. (3.11)
A portion from D,, (1 —w — v), is a final sale and contributes positively. Every sold
item contributes negatively due to the shipped cost t paid by the store. A w portion from
D, is returned to the online store and contributes negatively due to collection and

shipping costs. A portion of w(1 — k,) from D, is salvaged and contributes positively as
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(W )8+1
To(Wko)™

ends up being returned as resalable after the end of the selling season. Notice that this

it is returned as non-resalable. The term s assures the salvaging of an item that

term will be zero when & = co. The second term is the ordering cost for the quantity

assigned to the online store.
The physical store’s profit function is modeled as:

(rky)**
Zo(rkn

ngr=DT[(l—r)pr—rd+r(1—kT)s+s ]+vD [ d+ (1—ko)s+

kor(Tkr)
* ks 7| - ate.

(3.12)

In the first term, a portion of (1 — r) from D, is a final sale and contributes positively, a
portion of r from D, is returned to the physical store and contributes negatively due to its

collection cost, and a portion of (1 — k,.) from D, is salvaged and contributes positively

(Tkr)g+1
Sk

as it is returned as a non-resalable item. The term s assures the salvaging of items

that end up being resalable returns after the end of the selling season when the system
experience no cross-channel returns. This term will be zero when & = oo. In the second
term, a portion of v from D, is cross-returned to the physical store and contributes

negatively due to its collection cost. A portion of v(1 — k,,.) from D, is salvaged and

. .. . . Kor(rky)%
contributes positively as it is cross-returned as a non-resalable item. The term s %
0 T
considers the increment in salvaged resalable returns at the physical store when the
system experience cross-channel returns. Again, the term will be equivalent to zero when

& = oo. The third term is the ordering cost for the items assigned to the physical store.
The total supply chain profit function can be modeled by adding functions (3.11)
and (3.12) as the following:

Cc Co Cr (Wkg)e+l
g =T, + T, = DO [(1 —w- U)po —t- W(d + t) + W(l B kO)S + SZS(W’%)" N
k) rk,) e
vd + v(1 — ko )s+v 28(( - )n] + D, [(1 rpy —rd+r(1—ky)s + S;g(rkr)n] _
Qéc — Qgc. (3.13)

By replacing the quantity Qf and Q2 with their functions, the total supply chain
profit can be transformed into the following:
General Case (i.e. € € [1,0)):

Using the formulas (3.4) and (3.6), one gets:
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€+1_C
ng=DO[(1—W—v)p0—t—w(d+t)+W(1—k0)s+%+v<(1_
0\Wko

kor (C Zi (rk'r')n_l +5(Tkr)€)

kor)s —d + SERT

>] + D, [(1 —r)p,—rd+r(1 —k.)s+

s(rk, )&+t —c]
Zg(rkr)"

(3.14)

Especial Case (i.e. € = o0):

With the formulas (3.8) and (3.10), one obtains:

Tl = Do[(1=—w—v)p, —t —w(d+t) + w1l —k,)s — (1 —wky)c +

v(ckor + (1 = kor)s — )] + D [(1 = 1)pr —7d + (1 — kp)s — c(1 — 7k;)]. (3.15)
One may reformulate profit functions (3.13) and (3.14) as the following:

1€ = Do(po — Be) + D, (Ipy — Ac) = Do(REVS®) + Do (REV,™). (3.16)

Where;

s(rkr)SH—C

]:1_7-,]:1—W—U,A£=Td—r(1—kr)5— TEGk)"

B, =

_ _ _ S(Wko)g+1_c _ _ _ kor(czi(rk‘r)n_l""s(rkr)e)
t+wd+t)—w(l—k,)s Sy Y <(1 kor)s —d+ SEGR >,

Ao =1rd —1r(1 —k,)s+c(1 —rk,),and
Beco =t+w(d+t)—w(l —ky)s+ (1 —wk,)c—v(cky, + (1 —ky)s —d).
Notice that RE VECO and RE VECT is the revenue generated by satisfying a single sale from
the online store and physical store, respectively. Thus, the optimal solution is subjected to
the following constraints:
D, 20,D, =0, (REVS°) =0, (REVS™) 2 0,and Qf = 0.

Section 3.3.1 presents an analysis of a situation wherein a central decision maker
adopts a differential pricing strategy or does not add any constraint to prices. Section

3.3.2 studies a situation wherein a central decision maker adopts a unified pricing strategy

or constrains prices so that they are equal.

3.3.1 Dual-Channel Retailing System under the Differential Pricing
Strategy

It has been argued that differential pricing is the optimal strategy when higher

prices are assigned to the channel with the highest operational costs (Zhang et al. 2010

and Yan 2008). Neslin et al. (2006) have also argued in favour of differential pricing, but

with higher prices assigned to the channel with the fewest price-sensitive customers.
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However, several other authors have argued that a unified pricing strategy is not optimal
for a dual-channel retailer and that a channel’s pricing strategy should be proportional to
its customer’s preference and its provided services (Chen et al. 2012; Dan et al. 2012;
Hua et al. 2010). Thus, this section investigates the effect customer preference and rates
of return have on pricing policies when a sole manager chooses to run its enterprise using
the differential pricing strategy.

Proposition 3.1

ant ant
£ < 0and—=

ow ar <0

1.
il. The profit function (3.16) is strictly and jointly concave in p, and p,-, given that
4B%1] = y2(I + ])?. The system will perform at its best with the online store’s optimal
price of p® and the physical store’s optimal price of p°r:

¢, _ (Wao—y?Ae)U+))+yBBe(I-])+2)(Blar+B>Ag)
P = 4 IB?—y2(4))? : (3.17)

Co — (V1ar—y?Be)U+])~yBA(UI-D+21(BJao+B>Be) (3.18)
P = 41 B2y 2 (14 ))2 '

From (3.17) and (3.18) we get:

opCr _ aj(2B1-yU+))) apo _  aI(2Bj-y(U+))) |dpT| _ |3pC° _ _ay(+)U-))

80  AJIB2—y2(I+))2° 86 4JIBZ2—y2(1+))2’ | 80 a0 4JIB2—y2(I+])2

IfpSr = pCo, then

5 _ WJ(2B]-yU+D)=yBU-])(Ac+Be)+2f2 (IB—]Ae)+y? (I+])(Ac—Be) (3.19)

0 a(4p1j-y(I+]))?)

The proofs for Proposition 3.1 and all other propositions can be found in the
appendix. The first part of the proposition indicates that returns impose difficulty and loss
on the system. The assumption that the same-channel return can infinitely generate

salvage value with each sale does not impose the superiority of a system with returns over
a system without returns. Since this is true for the worst-case scenario € = oo, then it will
be true for the general case. Thus, the proof for the later is omitted.

The condition stated in Proposition 3.1 may not apply if y is very close to f and
the total return rate of a channel is much higher than what it is for the other channel.
Those cases are less likely to occur since y is expected to be much less than . Also, a
channel with excessive total return rate will, most likely, be eliminated or its return policy

will, at least, be changed.
The optimal price for a certain channel will not always increase as customers’

preference for that channel increases. It could instead increase or decrease depending on

the signs 28I —y(I +]) and 2] — y(I + J) for the physical store and the online store,
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respectively. That is, managers should not assume that higher customer preference for a
certain channel drives prices in that channel up; they must first consider customer returns.
Compare the above result with the fact that a higher base level of demand in a single sale
channel leads to a higher selling price. Also, if the physical store has a high level of
customer preference (i.e., if there is a higher base level of demand for the physical store),
then when customer returns are not considered, the physical channel should have a higher

selling price than the online channel (Dan et al. 2012 and Hua et al. 2010).

As 0 increases, the online store is found to have a higher corresponding rate of
change in its optimal price than the physical store if w+ v <r, an identical rate if
w+v=r,and alowerrate if w+ v >r.If =0 and 0 < § < 1, then it is optimal for
both channels to have a similar pricing strategy. Note that 8 will mostly lie out of range if

apCr apCO
n
a0 and a0

observe that customer preference for a certain channel has a significant impact on the

are either positive or negative. From the above proposition, one may

optimal prices of channels.

3.3.2 Dual-Channel Retailing System under the Unified Pricing Strategy
Webb and Lambe (2007) have stated that pricing strategy causes most of the
conflicts that arise between channels. In addition, several authors have stated that one

may avoid customer confusion and retain a business’s image by using a unified price
across all channels (Neslin and Shankar 2009; Webb and Lambe 2007). Consequently,
80% of all multichannel retailers choose to unify their pricing strategies across all
channels (Ofek et al. 2009). Thus, this section investigates the effect that customer
preference and rates of return have on pricing policies when a sole manager choses to run
its enterprise with a unified pricing strategy. Due to the added constraint (i.e., p, = p, =
p), it is trivial that the profit generated by the unified pricing strategy is less than or equal

to the profit generated by the differential pricing strategy.
Proposition 3.2

Ifp, = p, = p, the profit function is strictly concave in p. Thus, there is a unique optimal

solution of p» that derives the maximum system’s profit T .

Cu — l(([;—y)(A5+Bg)+aO]+ar1) (3.20)
P =3 B-NU+D

apCu _a 1-]
From (3.20) we get 0 2 (([)’—Y)U‘H)).
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The optimal price will increase as @ increases under the condition r < v + w, and
will decrease as @ increases under the condition r > v + w. Intuitively, the change in

has no effect on the dual-channel retailer’s pricing strategy when r = v + w. One may
notice that the decision to increase or decrease the unified price solely depends on the
values 7, v, and w. This places an emphasis on customer returns when one selects pricing

policies for dual-channel retailing systems.

3.4 Decentralized Dual-Channel Retailing System

According to Zhang et al. (2010), “most retail corporations manage their channels
in a decentralized fashion and many of them maintain separate teams of inventory
management.” Falk et al. (2007) claim that integration may not be optimal if it is
associated with a high implementation cost. As previously stated, a failure to centralize or
integrate a dual-channel retailer will trigger price and service competition that is normally
initiated by cannibalization. Notice that a cross-channel return policy allows online stores

to increase both sales and customer satisfaction and allows physical stores to create cross-
selling opportunities. Assume that ¢ is the amount a physical store pays to an online store

for every cross-channel return. If ¢ is constructed fairly, then it is of all channels’ best
interest to accept such a return policy. Thus, there is no contradiction between having a
cross-channel return as an accepted practice and the fact that competition takes place
between channels.

The performance of the competing channels is studied using a sequential game,
namely the Stackelberg game, discussed in Section 3.4.1, and a simultaneous game,
namely the Nash game, discussed in Section 3.4.2. Yan et al. (2010), Yan (2010), and
Yan (2008) have stated that Target, Nike, and Kohl’s are all good candidates for
Stackelberg competition. They have also stated that a Stackelberg game always
outperform a Nash game. Similarly, Lu and Liu (2013) have argued that a Stackelberg
game influences the profitability of channels more effectively than a Nash game. In a
competitive environment, each channel forms its own decision in isolation to maximize
its individual profit. One may assume that all sales function parameters, return rates, cost
parameters, and decision rules are known to both competitors.

Due to decentralization, the profit functions below are constructed in a manner
similar to formulas (3.11) to (3.16), with the exception that ¢ is included in the
formulation.

General Case (i.e. € € [1,0)):
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nf" =D, [(1 —w—v)p, —t—w(d+t)+w(l —ky,)s+vé+ %} (3.21)
nfr =

D, [(1=1)py —rd + (1~ kp)s + %] +vD, ["”(Czi(;'g(f::: stkn?) |

(1= kyp)s — ¢ — d]. 3.22)
Special Case (i.e. € = ©):

nf;’oo =D, [1—-w—-v)p, —t—w(d+t)+w(l —k,)s +vé—(1—wk,)c]. (3.23)
o = Do [(1 = P)p, —rd + (1 — ky)s — (1 — vk, )c] + vDy (ckor + (1 —

kor)s — ¢ —d). (3.24)
One may reformulate the above profit functions as the following:

7% = Dy(Jpo — Ge) = Do(REV,”?). (3.25)
n2" = D, (Ipy — As) + vDoF, = D(REV") + vD,F. (3:26)
Where;

s(Wky)Etl—c

Go=t+w(ld+t)—w(l—k,)s—vé— SEwrn

_ Kor (C Zi(rkr)n_l*'s(rkr)s)
N ek

Geeow =t +w(d+t)—w(l —k,)s —vé+ (1 —wk,)c,and
Foeoo =Ckor + (1 —kop)s—C—d.

F, +(1—k,)s—¢—d,

F. represents the savings or losses the physical store makes by accepting each cross-
channel return. One may subject the optimal solution to the following constraints:
D, 2 0,D, =0, (REV.?) = 0, (REV,”") = 0,and Q} > 0.

Since each channel aims to maximize it own profit in the competitive setting, the
online store may over estimate the value of cross-channel returns €. In return, the physical
store may stop cooperating with the online store. Such a lack of cooperation may create
havoc in the system and cause unnecessary practices such as returning all cross-channel
returns back to the online store at its own expense. Therefore, the following condition on
the value of ¢ should be satisfied:

General Case (i.e. € € [1,)):

o kor(c TGk )V T 4s(rk,)?) _ _
¢ < SR + (1 —ky)s—d. (3.27)

To better comprehend, assume that € = 1. Thus, relationship (3.27) becomes:
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a korC KorSTk,
€= 147k, + 1+7k, + (1 —kop)s —d. (3.28)

The right-hand side of the above relationship represents how a physical store should
consider a cross-channel return. The first term denotes the physical store’s valuation of a
resalable cross-channel return. Since an item purchased by the physical store at the
beginning of the selling season can satisfy (1 + rk,) sales, it is worth a value of c. In

contradistinction, since a resalable cross-channel return can only satisfy one sale it is

c
1+71ky

worth a value of . The second term calculates the increase in salvaged resalable

returns at the end of the selling season caused by each resalable cross-channel return. The
third term denotes the physical store’s gain, due to salvaging, from a non-resalable cross-
channel return. The fourth term denotes the physical store’s loss, due to the collection
cost, from each cross-channel return.

Special Case (i.e. € = ©):

¢ <ckor + (1 —ko)s —d. (3.29)
Due to the assumption that an item owned by a physical store is infinitely sold until it is

permanently sold or returned but not resalable, both an item purchased by the physical

store at the beginning of the selling season and a resalable cross-channel return can satisfy
1

—-rk;

sales. Thus, they are both worth a value of c.

3.4.1 Dual-Channel Retailing System under the Stackelberg Game

In contrast to the physical store, forming a customer base for the online store is
not limited to the store’s neighbourhood. Also, due to the advancement in cellular phones
and IT, customers of a dual-channel retailer may always check the prices of an online
store before they conduct their purchases from a physical store. Additionally, online
stores are normally considered to be the distribution centers of enterprises. Therefore,
they can start the selling season before their competitors. For the aforementioned facts,
the online store is considered to have more price influence on customers compared to the
physical store. Thus, a retailer’s online store will lead and its physical store will follow. In
this game, the physical store optimizes its performance based on the online store’s
optimal price. The online store optimizes its performance based on the physical store’s
best response function.

Proposition 3.3.

D

D
. o ° o, "
1. E- < Qand—--<0
ow or
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il. Given the online store’s optimal price, the physical store’s profit function (3.26) is
strictly concave in p,-. Given the physical store’s optimal price function, the online store’s
profit function (3.25) is strictly concave in p,. Thus, the physical store’s maximum profit
of 57 and the online store’s maximum profit of T3 are generated by selecting the unique

physical store’s optimal price of p5t and online store’s optimal price of p°.

Sr(pSo) = L (% 4 Ae y Fevv V)5,
P (p%) = 5 (F+ 5+ 5+ Lp%).

2\ B BI (3.30)
So — &_'_ aoB + ary APy vy2F;
P =2 T e T 2epr) T e T 21—y (3.31)
From (3.30) and (3.31), one gets:
apSo _ _g(zﬂ_—y) apT _ i(wz—ZM—yz) |6p5° _ |6PST _ oy
90 2 \2p2—y2 <0, 80 4B\ 2p2—y2 >0, a6 0 | — 4p2p2z-y2) >0,
op’r(p%0) _ v
pS0 =25 > 0.
IfpSe = p5r, then
5= ZB(ZBZ—VZ) Ge _As Gy n 41Ba+24.py—2lay—Ay*+2vy?F,  w3F.  Fay
a(8p’~y2-apy)\J 1 2B 21(28°—y?) 2p1(2p°~y2) B )’ (3.32)

The above relationships indicate that a physical store’s optimal price will increase
as 6 increases, while an online store’s optimal price will decrease as 8 increases. The
follower’s (physical store’s) pricing strategy is always less affected by the change in 6
than the leader’s (online store’s) pricing strategy. If the online store’s best response of p>e

increases by a single unit, then the physical store’s best response of prwill increase by
half a unit at the most. Dan et al. (2012) came to a similar conclusion for a dual-channel
system without customer returns. This in fact shows how much control the leader has

over the follower, especially when customer returns are allowed. Similar to Dan et al.

(2012), Chen et al. (2012), and Hua et al. (2010) a 6 exists, such that if 8 = 8, then the

pricing strategies in both channels are similar. If customer preference for the physical
store is lower than the threshold (8 < 0), then the selling price in the physical store is
lower than the selling price in the online store (p57 < p°). If customer preference for the
physical store is higher than the threshold (6 > 8), then the selling price in the physical

store is higher than the selling price in the online store (pSr > p°). For example, when
remanufactured or used items are offered for sale, customers are most likely eager to
verify the quality of the offered items before completing a purchase. Thus higher prices

should be offered in the physical store. While changing the 6 value may impose a
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different outcome on the decentralized setting than on the centralized setting, in both

cases it significantly impacts pricing decisions.

3.4.2 Dual-Channel Retailing System under the Nash Game

In a dual-channel Nash game, online and physical stores are equally powerful. The
market has no price leader. Thus, prices are selected simultaneously in both channels. In
this game, each store optimizes its performance given the rival’s price.
Proposition 3.4

A unique Nash equilibrium exists under the physical store’s price, p"*, and the online
store’s price, pNeo . Under equilibrium, the physical store generates a profit of v and the

online store generates a profit of TV

N, _ 1 4B3G, . 2B%A. . 2vBYF; _ BGe
P = (4[32—)/2) (28a, +ya, + v o tTT T ) Ty (3.33)
Ny — 1 Zﬁ’ng ByAe vyng
P = (=) (2Bao +ya, + 2570 4 P2e 4 200, (334)
From (3.33) and (3.34), one gets:
o't _ (1 (e — : 1)~ o't (@ _

P = (432—y2) (26a - y(a — 1)). Since (« — 1) ~ a, then 2 ~ (4132—)/2) 28 —y) > 0.
apNo _ 1 . - apNo N -a
r = (452—y2) (ya — 28(a — 1)). Since (« — 1) ~ a, then 22~ ~ (4ﬁ2_y2) (28 —y) <0.
apNr| |apNe| _ [ 2a-1 _

a0 a0 | — (432—]/2) 2p-v)>0.

IfpNr = pNo, then

gzi(a.y&_&_ﬂ)'

2a Ji i i (3.35)

As 6 increases, the physical store’s optimal price will increase and the online
store’s optimal price will decrease. Different than the Stackelberg game, the online store’s
pricing strategy is less affected by the change in 6 than the physical store’s pricing
strategy. Also, there exists a @, such that if & = 8, then the pricing strategies in both
stores are similar. If customer preference for the physical store is higher than the
threshold (@ > @), then the selling price in the physical store is higher than the selling
price in the online store (pN* > pMNe). If customer preference for the physical store is
lower than the threshold (6 < 8), then the selling price in the physical store is lower than

the selling price in the online store (p"r < pMe). Due to functions’ complexity, it is
difficult to carry on a comparison between a channel’s price and profitability under the

different games. Thus, the comparison is done in the sensitivity analysis.
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3.5 Sensitivity Analysis

This numerical study aims to provide several key managerial insights by
answering the following questions: Does a unified pricing strategy under centralized
management have a higher total profit than competing dual channels? If not, under what
conditions is this statement not correct? The latter’s answer leads to the following
question: Under what competition setting and conditions is the total performance best?
How does a channel’s pricing strategy compare to different cases? Which case will be the
most affected if returns can be resold several times in a selling season? This study uses

the following parameters:
c=30,s=10,d=2,t=4,r=02,w=02,v=0.2, k, =06, k, =04, k, =
0.4,60 = {0.45,0.65},y = 5,8 = 10, a = 15k, ¢ = {1, o0},

Couyq = KorOHSThD) e s —d, & Comey = Chop + (1 — kyp)s — d.

e=1 147k,
The parameter € = 1 is used throughout this sensitivity analysis except in Section 3.5.4

where the change in retailer’s performance is tracked and compared.

3.5.1 Total System Performance under Unified Pricing Strategy and
Competition

If the centralization process eliminates conflict by including the unification of

selling prices across all channels (Yan 2010), then an enterprise may be better off with

uncoordinated channels. As presented in Figure 3.2a, when customer preference for the

physical store, €, and the physical store’s rate of return, r, are sufficiently high,

competition between channels leads to a better retailer’s total performance. Similarly,

when customer preference for the online store, 1 — 6, and the online store’s same-channel

rate of return, w, are sufficiently high, an enterprise should encourage competition rather
than coordination (Figure 3.2b). Indeed, embracing a sole price will reduce channel
conflict but deprive the system of agility. That is, it is difficult for an enterprise to divert
sales from a high return-rate channel to a low return-rate channel. It should be noted that
centralization with a differential pricing strategy has not been considered in this section.
Similar to the findings of Yan (2008, 2010) and of Yan et al. (2010), such a setting will
lead to the best system performance for all applicable parameters, especially when

coordination cost is not considered.
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Figure 3.2: Total profit comparison between centralization with unified pricing strategy and decentralization

3.5.2 Channel's Performance and Pricing Strategy under Competition
Schemes

This section will compare between the Stackelberg game and the Nash game.
Similar to the findings of Yan et al. (2010), Yan (2010), and Yan (2008), the Stackelberg
competition has better channels' profits and thus system performance than the Nash
competition (Figure 3.3). It also induces higher equilibrium prices compared to Nash
competition (Figure 3.4). This finding is intuitive, since Stackelberg game imposes a
higher coordination level between channels. Additionally, both channels are equally
powerful in the Nash game. This implies that there will be increased price competition.
This provides an explanation for why the channels prices in a Nash game are lower than
the channels prices in a Stackelberg game. Thus, enterprises should consider employing
the Stackelberg scheme rather than Nash scheme to set channel prices in a competitive
market. However, this statement can’t be generalized on all possible parameters sets, as it

is not analytically proven.
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Figure 3.3: Comparison of a channel’s profit under different competition schemes

Under the competition schemes, one may notice that the impact a return rate has
on stores’ prices is not profound. A channel will not drastically increase its selling price
as it experiences a higher return rate. Intuitively, such an increase will cause a channel to

lose sales in favour of the competing channel (Figure 3.4).
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Figure 3.4: Return rates’ effect on physical and online store pricing strategies in competition schemes

3.5.3 Pricing Strategies under Centralized Management

A comparison of Figures 3.4 and 3.5 shows that channels have higher selling
prices when coordinating rather than when decentralizing. Since the prices under the two
settings are not equal, it can be stated that decisions in a decentralized setting deviate
from the overall system’s perspective. Indeed, coordination eliminates price competition,
providing a chance for both channels to increase prices. Similarly, Yan et al. (2010) have
indicated that differential prices set by a sole manager are higher than those set by
competing channels. In contrast, Ryan et al. (2013) have indicated that coordination

increases total retailer’s profit, but at the same time decreases the prices of both channels.
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Figure 3.5: Return rates’ effect on physical and online pricing strategies under centralization schemes

As 7 increases within the differential case, the physical store’s price increases in
an attempt to decrease the negative effect of return. Consequently, the physical store’s
sales will decline. The online store should decrease the selling price to attract more
customers and to shift part of the lost sales from the physical store to the online store

(Figure 3.5 a and b). Under an extremely high r, the physical store can be used as a show

room and most purchases can be directed to the online store. When w or v increase,
channel prices are set such that sales shifts from the online store to the physical store
(Figure 3.5 c to f). If w and/or v are extremely high, then the online store can serve as an
information channel and the physical store can serve as a transaction channel (Neslin and
Shankar 2009; and Steinfield 2004). Both channels operate in coordination to fulfill

organizational-level goals rather than channel-level goals. Indeed, the compensation
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system in the centralized case should not depend upon the channel’s profitability. It
should instead depend upon the degree of coordination and the total supply chain’s
profitability.

Compare the above pricing strategy to that of both Stackelberg and Nash games
wherein a store has no intention of losing customers in favour of the competing store
(Figure 3.4). For example, as r increases, a slight increase in the retail price is
implemented. The online store will consider this increase in the rival’s price as an
opportunity to increase the channel’s price and to generate more profit. The findings in
this section support Baal’s (2014) hypothesis that “the higher the degree of
harmonization, the greater the degree of cannibalization.”

In the case of unification, it is difficult to mitigate the customer returns problem
by shifting sales from one channel to another due to the pricing policy used. It has been
found that the unified price should decrease if the rate of return for the channel with high
customer preference increases. In contradistinction, if the rate of return for the channel

with low customer preference increases, the unified price will increase (Figure 3.5).

3.5.4 Retailer’s Performance under Single Resalability and Infinite
Resalability

When returns can be resold several times during a selling season, the quantity that
is needed is reduced while profit is increased. Thus, this section measures the increase in
total profitability for the different cases when infinite resalability is applicable. If the
change is high, then it is probably worth altering the return policy (e.g., by reducing the
return time limit) or investing in the reverse supply chain (e.g., investing in collection,
shipping, fixing, and/or repackaging processes).

As the resalability rate (k,) increases, the profitability of the system increases.

One may notice that all cases have experienced almost the same changes to Am (Figure

3.6 a). The system will behave in a similar way when v, w, k,, or k,, change. However,
the unified pricing strategy experiences the highest change in profitability when the rate
of return, r, increases. With a high r, A scored $25,000 in the unified pricing case and
$15,000 in all other cases (Figure 3.6 b). Thus, there is a need to shorten the length of
time that a return stays off shelves, especially when an enterprise uses the unified pricing

strategy.
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Figure 3.6: Increase in profitability for different cases when resalable returns can be resold infinitely

3.6 Managerial Insights

This chapter has several implications in regards to the pricing strategies of a dual-
channel retailer wherein both same- and cross-channel returns have been considered. It
has examined several insights related to the centralization of a dual-channel retailer under
unified pricing or differential pricing schemes. It has also examined insights related to the
decentralization of a dual-channel retailer under Stackelberg or Nash games.

It has been found that when customer preference for the physical channel is higher

than a threshold value, then the retailer’s set price should be higher in the physical

channel than in the online channel. The threshold is defined as 8 and  in the Stackelberg,
and Nash games, respectively. Such a situation may occur when products have been
custom designed or when remanufactured or used items have been offered for sale.
Consequently, customers are more likely to verify the design or quality of the offered
items before completing their purchase. However, when customer’ preference for the
physical channel is lower than the threshold value, the retailer’s set price should be lower
in the physical channel than in the online channel. Such a situation may occur when the
products that have been offered for sale do not require a high level of examination in
regards to their design or quality level before being purchased. For example, products that

are standardized or mature (such as books and CDs) better fit this category. In a
centralized situation, the threshold value is defined as 6. Under valid, but unusual
parameters, 8 could be higher than one, which means that the online store should always

be priced higher than the physical store. Additionally, 8 could be less than zero, which
means that the online store should always be priced lower than the physical store.
Centralization with a differential pricing scheme may cause a retailer to
significantly shift sales from one channel to another, leaving the first channel with
virtually no customers. Such a management style imposes hardship on the retailer when it

comes to tailoring a compensation program that is fair for both channels and dependent
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on coordination level rather than on sales. As a result, many retailers centralize decision-
making under a unified pricing strategy. Thus, retailers should be aware of several
important issues related to the price unification process. This strategy, compared to all
strategies studied in Chapter 3, has the highest positive correlation between profit and
number of times an item can be resold in a single selling season, especially when the
online store has a low customer preference and the physical store has a high same-channel
return rate. In this situation, the retailer may adopt a more stringent return policy when it
comes to the trial period, or may consider increasing the capability of the reverse supply
chain by investing more in the collection, shipping, fixing, and/or repackaging processes.
Additionally, when under a centralized dual-channel retailer and a unified price strategy,
a retailer’s profit is not always higher than when under a decentralized dual-channel
retailer. Thus, the retailer should be careful in regards to encouraging or discouraging
competition between channels. For example, if a channel experiences a sufficiently high
customer preference and a same-channel rate of return, then it is better for the retailer to
encourage competition rather than coordination. This could occur in the apparel industry,
for example, wherein customers are increasingly inclined to use online stores despite
having up to a 75% chance that they will return their purchases due to size or material
mismatches.

Prices in the Nash game when neither channel is a price leader, are lower than in
the Stackelberg game, when the online channel is the price leader. Our study shows that
both channels are worse off in the Nash game. This can be attributed to the fact that
higher competition induces lower prices. Consequently, one may argue that Nash game
leads to a lower total retailer’s profitability. These results indicate that game schemes
have a significant impact on retailer payoffs, and that the schemes have a substantial

influence on sales and customer welfare.

3.7 Conclusion

Chapter 3 has studied the effect that same- and cross-channel customer returns
have on a dual-channel retailer wherein an enterprise runs both a physical store and an
online store. The results confirm that accounting for both types of returns is very
important when calculating channels’ optimal prices. Closed form formulas were
assigned to the optimal unified price and the differential prices set by centralized
management. The optimal prices for the competing channels were derived using the
Stackelberg game and the Nash game.

It has been found that customer preference for a certain channel greatly affects the

pricing strategy of that channel. For example, the optimal price for a channel facing
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competition will increase as customer preference for that channel also increases. Unlike
common perception, the optimal price for a channel under centralized management and a
differential pricing strategy could either increase or decrease when customer preference
for that channel increases. The previous setting may not possess a customer preference
value that causes both channels to optimally be priced equally. When the physical store’s
rate of return is less than all online store’s rates of returns, then the optimal unified price
will increase as customer preference for the physical store increases.

From the numerical example it has been observed that the prices set by centralized
management are higher than those set by competing channels. When compared to
Stackelberg competition, Nash competition imposes lower pricing strategies for both
channels and lower total supply chain profitability. When a channel faces high rate of
returns and high customer preference, then the retailer should promote competition over
coordination with price unification. Having the ability to resell returns several times
rather than once in a selling season increases the total profitability of the system. This has
been found to be the highest increment when using a unified pricing strategy and when a

channel with high customer preference experiences a high rate of returns.
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CHAPTER 4: PRICES AND RESPONSIVENESS
LEVEL DECISIONS

4.1 Introduction and Motivation

Only a few works addressed in Chapter 2 considered the service level provided by
a certain channel and its effect on a system’s performance. According to Ramanathan
(2011), services provided by a retailer can be categorized into two groups: pre-purchase
services and post-purchase services. Hua et al. (2010) have considered a post-purchase
service level offered by an online channel. The responsiveness of the forward supply
chain was an important decision variable in their study. However, Dan et al. (2012) have
studied comprehensive service levels (pre-purchase and post-purchase) offered by a
physical store. Due to the nature and quantity of returns, one of the online store’s most
important post-purchase services is its responsiveness level to customer returns. The level

greatly influences customer demands, customer loyalties, service expenses, and return
reselability (Ramanathan 2011; Dan et al. 2012).

As stated earlier, there is no work that has collectively considered all common
forms of customer returns experienced by a dual-channel retailer. Hence, the impact of
resalable cross-channel returns on both stores has not being studied previously. In
addition, no published paper that has investigated online store’s ability to better handle
returns and, thus, optimize returns’ resalability rate. Accordingly, this chapter is an
extension of Chapter 3. It discusses dual-channel retailers with both return types, and
examines optimal pricing policies. Additionally, it studies the optimal responsiveness
level for online stores when handling product returns, as responsiveness influences online

and offline channel sales and online store resalability rate. While theoretical game
frameworks are addressed in regards to competition between channels, unified and

differential pricing strategies are addressed in regards to integration.
The study in this chapter makes four important contributions to the existing body
of work, as shown below.
* All common forms of customer returns that may arise in a dual-channel retailing
system are examined. As stated earlier, purchasing an item from a physical store and
returning it to an online store is not a common practice and, thus, it is not considered in

this work.
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* Various theoretical games are used to investigate competition that may arise between
the channels of a dual-channel retailer.

* The ability to resell a same-channel online return is related to the responsiveness level
provided by the store.

* A comparative study between the total dual-channel retailer’s performance under the

different schemes is provided.

4.2 Model Formulations

As stated before, the online store is normally the distribution centre of the
enterprise and is not limited to customers in its neighbourhood. Also, the online store
experiences a much higher return rate compared to the physical store. Thus, it has the
capability and the need to optimize its resalability rate. In this chapter k, is assumed to be
responsiveness level dependent and can be estimated by the linear function k,(e) = a +
be. a measures the online store’s resalability rate if the store fully utilizes its current

reverse supply chain capability or responsiveness level. For example, if the online store
fully utilizes the employees, buildings, tools, systems, and contracts from previous selling
seasons, then it would have a resalability rate of a. We assume here that customers do not
acquire knowledge on products from previous seasons. Otherwise, it is imperative to
increase resalability rate as they gain more knowledge. This assumption can be satisfied

when dealing with fashionable apparel items wherein customers’ return behaviour can be

forecasted from earlier periods and items are regularly redesigned. On the other hand, b
represents the sensitivity of the online store’s resalability rate to the change in
responsiveness level. In another word, it measures the increase (decrease) in resalability

rate when the store invests in (underutilize) responsiveness level. Two cases are studied: a
case € = 1 where returns are assumed to be resold once and a case € = oo where returns
are assumed to be resold infinitely.

To simplify our problem setting, the models proposed in this paper do not
consider the salvage value of leftovers, i.e. non-resalable returns or resalable items that
were returned after the end of the selling season. A change in responsiveness level (an
increase or a decrease) would cause the online store to bear a cost of c(e) = ne?/2. The
previous function is strictly convex and has the property 02c(e)/de? > 0.1f e > 0, then

the online store’s management would invest more in the channel’s reverse supply chain to

increase its responsiveness when handling returns. For example, the management could
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initiate a quality control department to check and fix returns if possible. This will increase
resalability and boost sales in the online store due to the fact that the store will have a
reputation not to send damaged items. Additionally, providing pickup services may ease
the return process. It will also allow the online store to increase its resalability by
providing a safer packaging for returns. Management could also invest in a department
that performs data collection and analysis. With such a capability, customers are offered
more suitable products for their needs. For example, a customer buys shoes online
regularly and returns uncomfortable ones. When data are collected and analysed, better
suggestions are given to the customer. Consequently, if a return is to be made by this
customer, most likely it is material or fabric mismatch. This will decrease the likelihood
that the return is not resalable. However, if e < 0, then the online store’s management
would underutilize the online store’s current reverse supply chain capability to decrease
its responsiveness level. Such a technique could be used to shift sales from an online store
to a physical store when channels are run collectively.

The total overall sales functions (3.1) and (3.2) have been changed to
accommodate the effect of responsiveness level as follows:

Dy = ar — Bpr + Ap, — pe. 4.1)
D, = a, — fp, + Ap, + pe. “4.2)
p is the sensitivity to responsiveness level. It measures the rate at which sales are affected
by the responsiveness level set by the online store.

The next two sections investigate the integration of a dual-channel retailer using
two pricing strategies: uniform pricing and differential pricing. They also consider the
equilibrium decisions of the online and physical stores at times when the stores are
undergoing Stackelberg and Nash competitive schemes. In the Stackelberg scheme, the
online store leads, declaring its selling price and responsiveness level first and is then
followed by the physical store. In the Nash scheme, online and physical stores are

commensurate in power. They therefore make their decisions simultaneously. A summary

of this chapter’s notations is showing in Table 4.1 below.

Notation Description
r Probability an item purchased from the physical store is returned to the physical store
w Probability an item purchased from the online store is returned to the online store

Probability an item purchased from the online store is cross-returned to a physical store

Probability an item purchased from and returned to the physical store is resalable

& & <
=

=]

Probability an item purchased from and returned to the online store is resalable
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k,, Probability an item purchased from the online store and cross-returned to the physical

store is resalable

a Online store’s current resalability rate

e Online store’s responsiveness level

b&p Sensitivity of online store’s resalability rate and a channel’s sales to responsiveness
level, respectively

c Unit purchasing cost

d&t Return collection and shipping costs, respectively

¢ Amount a physical store pays to an online store for every cross-channel return in the

decentralization scheme

D,.&D, Retail and online stores’ total sales including returns, respectively

QL & Q? Quantities ordered by retail and online stores, respectively

a a &a, Enterprise, physical store and online store base levels of sale, respectively
0 Customer preference for the physical store

B&y Ownership price and cross-price sensitivities of a channel, respectively
Pr &P, Retail and online store’s prices, respectively

n.gr’ n.go & € Physical store, online store, and enterprise profits in the centralized case, respectively

P & w2 Physical store and online store profits in the decentralized case, respectively
& &

& Number of times a resalable return can be resold in a selling season

Table 4.1: Fourth Chapter’s Notations

4.3 Centralized Dual-Channel Retailing System

This section investigates the optimal decisions of a dual-channel retailer under a
centralized management. The physical store and online store are integrated vertically. It
may be assumed that a central decision maker is used with an objective to achieve the

retailer’s total possible profit. He or she decides the price for the physical store, which is

pr, the price for the online store, which is p,, and the responsiveness level for the online

store, which is e, at the same time.

The online store’s and physical store’s profit functions are modeled respectively

as follows:
nfe = Dy((1—w = v)p, — t —w(d + 1)) — Q2c — 17, (4.3)
" = Dp((1 = r)py —rd) — Dyvd — Qlc. (44)

A description of the above profit functions has been omitted due to their similarity to the

profit functions presented in Chapter 3. The retailer profit function can be modeled as
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né = ng" + ngr =D,(Jp, —t—w(d+t) —vd) + D, (Ip, —rd) — Q%c — Qfc —

2ne’. 45)
Where I =1 —r and ] = 1 — w — v. By replacing the quantity Q2, the quantity Qf, and
the resalability k, with their functions, the retailer profit function 7¢ is transformed into
the equations below.

Selling Resalable Returns Once (¢ = 1)

Based on formulas (3.4) and (3.6) when € = 1, one has

c

1
Ttg:l =D, (]po — Be=y — ) + Dr(lpr - As=1) - Erlez- 4.6)

Selling Resalable Returns Infinitely (& = o)
With formulas (3.8) and (3.10), one obtains

1+wa+wbe

1
T = Dy(Jpo — Be—oo + Whec) + Dy (Ip, — Ag—oo) — Sme’. 4.7)
Where
_ _ CVKor _ c
By =t+w(d+t)+vd 1+rkr’A£=1 =rd + e

B =t+w(d+t—ac)+vd — cvk, +c,and A,—o, =1d + c(1 —rk,).
One may reformulate (4.6) and (4.7) as

n¢ = Do(REV,”) + D, (REV,") — ~ne?. 4.8)

Notice that RE VECO and RE VECT is the revenue generated by satisfying a single sale from
the online store and physical store, respectively. Thus, the optimal solution is subjected to

the constraints

D, 20,D, 20, (REVS°) 2 0,(REVS) 20,QF = 0,and —a/b< e < (1—a)/b.
Section 4.3.1 presents an analysis of a situation wherein the central decision

maker chooses a differential pricing strategy or does not constraint prices to be equal.

Section 4.3.2 examines a scenario in which a central decision maker uses a unified pricing

strategy or sets equal prices in both stores.

4.3.1 Dual-Channel Retailing System under the Differential Pricing
Strategy
This section of the work examines a situation in which a centralized management
decides to operate its business while utilizing a pricing approach that is differential.

Proposition 4.1
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The profit function (4.7) is strictly and jointly concave in p,, p,, and e, given that
4[JB%2 = 22(J +N?> > 0 and |H£C§OO| < 0. Similarly, the profit function (4.6) is strictly
and jointly concave in p,, p,, and e within the feasible region, given that 41]? —
2(J+1)?>0and|HE | < 0.

The conditions in this proposition guarantee the existence of a unique equilibrium
point. If those conditions were not satisfied, then the profit functions (4.6) and (4.7) could
have several equilibrium points. This would make the prediction of the system’s

behaviour difficult in practice. Throughout this work one or two conditions have been set

in a similar fashion to guarantee the existence of a sole equilibrium point. As stated in
Chapter 3, the condition 4IJB% — A2(J +1)?> > 0 may not be satisfied if cross-price
sensitivity is very close to ownership price sensitivity, and if one channel experiences
much higher return rates than the other.

The online store’s optimal price (pgc") and responsiveness level (eec 4y and the

physical store’s optimal price (pgcr) are then found for the cases ¢ =00 and ¢ =1,
respectively.
Selling Resalable Returns Infinitely (& = o0)

amé_ .
=0, and %= 0 and then solves the first-order

ol
If one sets —== =0,
0po opr

conditions simultaneously, one gets

{(45211—12 UJ+D?)(Whcap+pAg=co—PBe=oo)+Up—pwbc)(218 (]a0+ﬁBg=.,°—AA5=°°)+/1(]+I)(Iar+ﬁAg=m—ABFW))}
ofd = —(pI=Awbc)(2JBUar+BAgmco—ABe=oo)+ AU+ (Jo+BBezco—Ae=c0))
&= {(4321/—12</+l)2)<n—2pwbc)—</p—ﬁwbc)(lp(2ﬁ1—1<1+1))—wbc(zmz—M/H)))}

>

—~(p1-Awbc)(1p(2B1-A(+D)+Bawbc(i-))) “4.9)
¢ UBUGoHFBema= M) AUHD Uy B Acco=ABeea)+(1p (28] -AU+D)-wbe(2182=22U+D) Je d
Pe=oo = 4B21]-22(J+1)? > an (4‘10)
¢ _zmuozrﬂmg:w—ws=w)+1</+r)</ozo+/ms=m—Mm)—(m(zm—a</+z))+tuwbcu—n)e,ff°°
Pe=o = 4B21J-22(J+1)2 ‘ (41 1)
Selling Resalable Returns Once (e = 1)
aﬂ:g=1 677:5=1 aﬂ:g:l
If one sets =0, = 0 and —== = 0, then
dpo opr de
_ Bwbc ) _ ( _ Awbc ) wha,c _ ( _ (1+aw)c ) _ _
(]p (1+aw+bwe)? Po pl (1+aw+bwe)? pr+(1+aw+bwe)z P\ Bemy A£:1+(1+aw+bwe)z ne =0. (412)
% () = (2187-22U+D)(Bems +ryamepwa) 1 U+ DA@r—pe)+ 211 (@o+ pe)+ (J=DBAAg=
Pe=1€) = 41]B2-A2(J+1)? N (413)
& (o) = ABU=1)(Boct+rampwa ) F 21 B(@r—pe)+1U+DAlag+pe)+(21 8222 +D) Aeey
Pe=1€) = 41]B2-A2(J+1)? . (414)

Substitute (4.14) and (4.13) in (4.12). If the restrictions in Proposition 4.1 are satisfied,

then the first-order condition in (4.12) has at most one real root for the responsiveness

level e between — a/b and (1 — a)/b. This root is the optimal responsiveness level efjl.
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One may substitute the value of efﬁl in (4.13) and (4.14) to get the online store’s optimal

price pecil and the physical store’s optimal price pEC;l.

4.3.2 Dual-Channel Retailing System under the Unified Pricing Strategy
This section examines a scenario in which a sole manager makes the decision to

operate its business using a unified pricing approach. Because of an added constraint (i.e.,
Pr = Do, = P), the unified pricing scheme’s generated profit is equal to or less than that of
a differential pricing scheme.

Proposition 4.2

The profit functions T&_, is strictly and jointly concave in p and e, given that |H C“oo| >
0. Similarly, The profit functions wt_, is strictly and jointly concave inp and e within the
feasible region, given that |H EC’:‘1| > 0.

Similar to proposition 4.1, one should confirm that 7 is high enough to satisfy the

above condition so that one may have a single equilibrium point rather than multiple
points. The retailer’s optimal unified price (pfu) and online store’s responsiveness level
(egcu) are then found for the cases € = o and € = 1, respectively.

Selling Resalable Returns Infinitely (& = o)

If one sets %— 0 and ang 2 =0 and then simultaneously solve the first-order
conditions, one gets

@19
Pf:w — Iar+]ao+(B‘A)(Bs=eo;(‘::_=:a))(';':ll7)(]_l)_Wb(ﬁ_A)C)eE=w. (416)

Selling Resalable Returns once (e = 1)

61‘:5 1

anC=
If one sets 38 = 0 and —== = 0, then

1 c ](ao+pe)+l<ar—pe)) ( _ ) _ _wbB-A) )_ ( _ < )
<2(]+l)(38:1+A$:1+1+aw+bwe+ B-1) ) pU =D (1+aw+bwe)? P (Be=1 A5:1+1+aw+bwe +

wb(ay,+pe )c

(1+aw+bwe)? ne =0. (41 7)

(4.18)

B +4 + c J(ap+pe )+l<ar—pe))
e=1 e=1

1+aw+bwe B-2)

peti(e) = z(]+1)(

The first-order condition in (4.17) has at most one real root for the responsiveness level e

within the range e € [—a/b,(1—a)/b]. If found, then this is the optimal
responsiveness level ef’;l. Substitute the value of egc’z‘1 in (4.18) to get the dual-channel’s
optimal unified price pgii

46



4.4 Decentralized Dual-Channel Retailing System
This section investigates the optimal decisions of a dual-channel retailer under a

decentralized management. Thus, each channel makes an isolated decision so that it may
achieve its greatest individual profit. A Stackelberg game, discussed in Section 4.4.1, has
been used to examine the performance of channels that are sequentially competing. Also,
a Nash game, discussed in Section 4.4.2, has been used to examine the performance of
channels that are simultaneously competing. Apart from the inclusion of ¢, the profit

functions below have been constructed in a manner similar to the profit functions in the

centralization scheme.

Selling Resalable Returns Infinitely (& = o)

D,y 1
Mgl = Do(Upo — Ge=oo + whec) — ET]eZ. 4.19)
2 = Dy(Ipy — Agco) + VDo Frroo. (4.20)

Selling Resalable Returns Once (e = 1)

Do _ ¢ o y_1_ .2
7221 = Do (JPo = Gemt ~ Trmaruns) ~ 37" (421)
D,
7'1.'8=1 = DT(IpT — A5=1) + ‘UDOF8=1. (422)
Where

A

Geeow =t +w(d+t—ac)—vé+c,F—o =k, —¢—d,

Ge—y =t+w(d+t)—vé,andF,—, = ;kr"; —¢—d.

The profit functions of the above may be reformulated as

DO j— DO 1
m.° = Do(REV, °) — “ne’. (4.23)
7" = Dr(REV,"") + vD,F. (4.24)

F. represents the savings or losses the physical store makes by accepting each cross-

channel return. The optimal solution is to be subjected to the following constraints:

Dy >0,D,.>0,Qr =0,(REV,?) >0, (REV,”") = 0,and —a/b < e < (1—a)/b.

4.4.1 Dual-Channel Retailing System under the Stackelberg Game

Under a Stackelberg game, the online stores have more price influence on

customers compared to the physical store. Consequently, online stores lead and physical

stores follow. As the leader, an online store will determine the selling price, ij, and the

responsiveness level, e3, first. As a follower, a physical store will determine its selling

price, pjr, based on the online store’s optimal decisions. We analyze first the case
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wherein a returned item can be resold several time in a selling season (i.e. case € = ),
then the case wherein a returned item can be resold only one time in a selling season (i.e.
case € = 1).

Selling Resalable Returns Infinitely (&£ = o):

Given p, and e in (4.20), then the physical store’s profit function (nf;w) is concave on

92 Dr Dr
(p,). This is due to the fact that L Ze=o 302 —2IB < 0. Thus, if we set 2 Frun 0, then we
T T
get the physical store’s optimal price function
Sr _1(%r y Aezwo | VAFezwo (A _ P
Peloo(Pos€) = 3 (ﬁ =t 5P Be)- (4.25)

If (4.25) is substituted into (4.19), one get the online store’s profit nfgw as a function of

p, and e

e = o () 428 25 4 255 4 (552) p) O~ G o)~ Bne. (426
Proposition 4.3

The above online store’s profit function (4.26) is strictly and jointly concave in p, and e
under the condition |HS-.,| > 0.

The condition in proposition 4.3 assures the existence of a unique equilibrium point. If it

is satisfied, one can find the online store’s optimal price (pfgoo) and responsiveness level

D P
. . 0l °
(e5-.,) by solving the set of equations . = 0 and Z%&== = (. Thus
— Ge=c0 Bao + Aay BAAe=c0 Ules:oo + ( 2B-)p _ w_bc) eS
Pe=wo 2] (2p2-22) ' 2(2B2-22) ' 21(2B%2-22) ' 21(2B2-12) 2(2B2-12) 2] ) E=®" 4.27)
—_ J— 2 -
ot B a5
whel, Ay A4 VAZFg—go lng o0 2BGe=co ]
e o = O A O A 2]B22 212
g=00 ™ Jp2(2B-)2 pwbc(28-1) w2b2c2(2B2-12) .
"TapepZ-2%) 28 pJ (4.28)

Substitute (4.27) and (4.28) into (4.25) to get the physical store’s optimal price p;g;oo.
Selling Resalable Returns once (& = 1):

Given p, and e in (4.22), the physical store’s profit function (n L) is concave on (p,).

Dr DT
This is due to the fact that p; —2IB < 0. Thus, if one sets ap = 0, one gets the
T T
physical store’s optimal price function
Sr _l(% Aemy  VAFe (A p )
pe:l(po' e) T2 (ﬁ T Bl + sPo ™ 45€) (4.29)

(4.29) is substituted into (4.21) to get the online store’s profit as a function of p, and e:
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2 = (10— (52 o+ 46 42204 252) o (2) ) (1, G -

;) _ 12

trwatwbe) 2716 (4.30)
Proposition 4.4.

The aforementioned online store’s profit function (4.30) is concave in p,, but not jointly
concave inp, ande.

Proposition 4.4 indicates that one may not find the optimal values of p, and e by using

the first-order conditions. Thus, one can deal with it using the two-stage optimization

technique, i.e., we first find the optimal value of pesil for a given e, and then find the

Do
e=1 — ) in (4.30) to get the
0po

. . .. D,
optimal responsiveness level eS_; that maximizes w2, . Set

. . . . . S,
online store’s optimal price as a function of e, i.e., p.2, (e). Thus,

So _ Ge=1 < B )ﬂ AMeg=1 | VA*Fezy _ /1_P
ps:l(e) Y + 2J(1+wa+wbe) + (zﬁz—/lz) (a" + 2B + 21 + 2B1 +pe 2B e). 4.31)

If (4.31) is substituted into (4.30), then one gets the online store’s profit as a function of

e.
Do _ (% _ 252—12) (Gs_=1 c ) Ay | Me=y | VA%Fe=y | pe_ Ap ) ( 1B )( Aqr | Ahe=y
nl, = (Z ( ) Ot i) Tt e T =) () (@ + S+
VA% Fe=y _A_P)_E_ ¢ _1 .2
281 +pe zge 2 2(1+wa+wbe)> 27’]6 ) (432)

Now we can start the second stage, i.e., we find the optimal egs=1 that maximizes nfﬁl in

(4.32). We differentiate Tl'ngl in (4.32) with respect to e, which yields the first-order

condition
cwb A JB Aay | Ae=y | VAPFeoy AN
<2(1+wa+wbe)2 tp (1 2/3) (232—/12)> <a° + 2B + 21 + 281 +pe (1 2/3)
28222\ (Ge=1 c _ _
( JB )( 2 + 2(1+wa+wbe))> ne = 0. (4.33)

One may notice that the first-order condition in (4.33) has at most three real roots for the
responsiveness level e. Compare the values of Tl'ngl at all e roots that lie within the range
[—a/b,(1—a)/b]. The one at which (4.32) is the largest is the optimal responsiveness

level eS_, . Substitute the value of e>_; in (4.31) to get the online store’s optimal price

pjgl. Substitute the values of e5_; and pfgl in (4.29) to get the physical store’s optimal

. Sy
price p_L;.
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4.4.2 Dual-Channel Retailing System under the Nash Game

Under a dual-channel Nash game, physical and online stores are commensurate in
power and the market does not have a leader. As a result, the channels make decisions
simultaneously. In this game, the performance of each store is optimized, dependent upon
the rival’s decisions.

Proposition 4.5

Under infinite resalability (i.e. case € = o), there is a unique Nash equilibrium if the two
conditions |H c>o| > 0 and |[HX. .| < 0 are satisfied. Similarly, under one resalability (i.c.

case € = 1), there exist a unique Nash equilibrium at the most within the feasible region if

the two conditions

é\’=1| > 0 and |HX. ;| < 0 are satistied.

Next, the online store’s optimal price (pe °) and responsiveness level (e) are found, as

well as the physical store’s optimal price (pf:vr) for the cases € =00 and € =1,
respectively.

Selling Resalable Returns Infinitely (& = o)

D D
or.2 an>o Teloo .
One may set a;‘” =0, aee°° = 0 and Le=e 7 £22 = (0. When one simultaneously solves the
o Pr
three equations, one gets
N _I]p(ZB](xo—Gg:oo(Zﬁz—Az))+]l(1ar+ﬁAg=w+lvFg=°o)(]p+/§‘wbc)+[>’wbc[21][§ao—IGS=°°(2B2—12)]
Ce=e = 1nGBZ—22)~1]2p2 @B~ D)+ 1] Apwbe(A+ B)—1fw?b2c2 (2f7—A2) ‘ (4.34)
N, _ 2IB(Jato+BGemco) +JAUAp+BAge o+ AVFemoo) +FI(2B(Jp—Bwhbc)—JAp)ell o
Pe=co 41] f2—1]A2 (4.35)
N, _ 2JBU 4B Asmoco+AVFs—o0) +IA(J o+ BGemoo)—1(ABWhc+2]Bp—JAp)eN o
Pe=co 41] 21122 (4.36)

Selling Resalable Returns once (e = 1)

om0 an> Dr
If one sets —==% = 0, —== S 0 and Z=1 = 0. One gets
dpo de opr
Ae=y | Aay _Ape | vA%Fezy | BGe=y B )
pg 1(6) - (4-ﬁ2 /12) ((Z + 21 + 2B +pe 2B + 2IB + J +](1+wa+wbe) ) (437)
VAFe=y | Qr __pe A A=y | Aoy _ Ape vA? VA®Feoy | BGemy
pS L(e) =T 21B + 2B 2ﬁ+ (4,82—,12) (a" MY 2B tre 2B t s 21B + J +
Bc
](1+wa+wbe))' (438)
WbﬁHP) ( BAg=1 | VAFg=1 ) _
A (—4[{2_12 a +——+—=——pe

wb(28%-2%)-2B]p B _ c aptpe
( 4B2-)2 ) ao +pet J (Gs 1t (1+wa+wbe)) pGS:l + 1+wa+wbe (Wb 1+wa+wbe

p)—ne=0. (4.39)
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The first-order condition in (4.39) has at most one real root for the responsiveness level e
within the range e € [—a/b, (1 — a)/b]. If one substitutes the value of e, in (4.37)

and (4.38), then one gets the online and physical store’s optimal prices pivz"l and pévzrl,

respectively.

4.5 Sensitivity Analysis

In this section the relationships between a physical store’s price, an online store’s
price and responsiveness level, and the total system’s profit in both centralized and
decentralized systems are studied. A comparison is made between responsiveness
decisions, pricing strategies, and total system profits in the two settings. All parameters
for this section were chosen such that the constraints and the theorems’ conditions were
satisfied in order to make the models feasible and meaningful. It was found that the
customer preference for a certain channel and the different return rates experienced by a
dual-channel retailer make a significant impact on responsiveness and pricing decisions.

For this analysis the following parameters r = {0.2,0.4}, w = 0.1, v = 0.1,
c=30,d=2,t=4, k, =02,ky,, =02, a=0.2, b =0.05, a =5k, 0 =05,=
10,y = {1,5}, p = 1, and n = 300 were used. Additionally, a situation wherein returns

can be resold several times in a selling season (i.e. € = o) has been used. A firm’s
physical store will pay the firm’s online store the highest amount possible for cross-
channel returns (i.e. ¢ = ck,,, —d = 14 as per Eq. 3.29 when s = 0). Thus, apart from
the cross-selling opportunities associated with such a policy or practice, the physical store
does not gain any financial advantage (i.e. F;—,, = 0).

The impact that customer preference for the physical store imposes on the prices
of the dual-channel retailer is shown in Figure 4.1. One may compare the results of the
aforementioned figure to all propositions given in Chapter 3. In addition, one may find
that the online store’s responsiveness level decreases (increases) when customer

preference for the physical store increases (decreases) under all studied schemes.
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Figure 4.1: Effect that @ and r have on the equilibrium prices and responsiveness level

To proceed, a reader is referred to Chapter 3 in regard to the customer preference
thresholds that cause all channels to be priced equally. To further explore, it should be
noted that when under decentralization, this threshold (i.e., 8 = 0.5, as used in the
example) is not noticeably affected by the values of the different return rates experienced
by the system. However, under a centralized management with a differential pricing
scheme, when 7 — (v+ w) increases (decreases), then this threshold decreases
(increases). This occurs as a result of increasing (decreasing) the physical store’s prices
and decreasing (increasing) the online store’s prices under all 8 values, in an attempt to
switch the sales from the channel experiencing an overwhelmingly high return rates to the
channel experiencing lower return rates. It should be noted that increasing (decreasing)

the online store’s responsiveness level also helps in this switch. This should be compared
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to decentralized situations wherein competing stores have no intention to switch sales
from one channel to another.

One may also notice that centralized management sets a lower responsiveness
level compared to decentralised management. Consequently, customers are offered better
return services when their purchases are conducted through the competing channels than
when their purchases are conducted through the integrated channels. In addition, it is
noticed that the online store offers a higher responsiveness level under the Nash game
than under the Stackelberg game. Indeed, the online store’s market power is lower under
the former scheme. Thus, it can be said that the less dominant a channel is in the market,
it should offer a higher responsiveness level so that it may strengthen its market position.
It should be noted that this study does not model a competition in the responsiveness level
between the active channels.
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Figure 4.2: Effect that 8, r and 4 have on total system profit
Figure 4.2 shows that when the return rate for purchases conducted through the

physical store is equivalent to the return rates for purchases conducted through the online

store (i.e., when r = v + w), then the total performance of the dual-channel retailer under

all schemes except the unification scheme is better when customers has a high preference
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for one channel over the other. To elucidate, when both channels are equally burdened

with customer returns, then the total dual-channel retailer performance is symmetrical
along customer preference, and the lowest profits occur around the center value (6 =

0.5). It should be noted that customer preference for a certain channel has a minimal
effect on the total performance of a system under a unification scheme. This is intuitive
since it has also a minimal effect on the pricing strategy of this scheme under the
condition r = v + w (Figure 4.1).

However, when the return rate for purchases conducted through the physical store
is higher than the return rates for purchases conducted through the online store, then the
total performance of the dual-channel retailer, under all schemes, is better when
customers prefer the online store over the physical store. Conversely, when the return rate
for purchases conducted through the physical store is lower than the return rates for
purchases conducted through the online store, then the total performance of the dual-
channel retailer is better when customers prefer the physical store over the online store.
Generally speaking, the system performs better when customers prefer the channel that
causes low return rates over the channel that causes high return rates. Thus, from an
enterprise or top-level perspective, certain measures can be taken to positively increase
customer preference for the less troublesome channel (e.g., by changing the presentation
in the store to create a better shopping experience). Certain technologies can also be used
to decrease the return rate of the channel with higher customer preference level (e.g., by
using smart phone applications to help shoe shoppers identify their shoe sizes).
Additionally, centralized management, as aforementioned, may use the differential
pricing strategy and an appropriate responsiveness level to give a low return rate channel
more appeal than a high return rate channel.

When A is low, then the dual channels have a low degree of cannibalization or
customers of a certain channel do not respond well to the prices of the competing channel.
This could happen when the channels’ customers are highly segregated. Consequently,
customers would tend to choose another retailer if their preferred channel were to not
meet their price expectations. It has been found that in such situations, competition
(regardless of the channels’ dominance) generates a slightly higher total profit for the
system than integration. When the dual channels have a high degree of cannibalization,
then a centralized management with a differential pricing strategy will always out

perform decentralization. This is also true for a centralized management with a unified
pricing scheme that is under low observed return rates. In contradistinction, as 7 becomes

higher (r = 0.4), all decentralization schemes tend to perform better than a unified
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pricing strategy when customer preference for the physical store is high. Similarly, when
v and/or w are high, then competition is better than centralization with unification when
the customer preference for the online store is high. Generally speaking, competition will
outperform centralization with a unified pricing scheme when the channel with highest

customer preference experiences high return rates.
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Figure 4.3: Effect that different return rates have on responsiveness level

Using Figure 4.3, the diverse impact that different return rates have on

responsiveness level has been explored. In decentralized settings, the optimal
responsiveness level stays unchanged when the physical store’s return rate (r) increases.
This is trivial since such an increase has no effect on the physical store’s competing
channel (i.e., the online store). In contradistinction, v’s increase indicates that online

customers become increasingly inclined to return purchases to the physical store. In this

situation, fewer customers benefit from the responsiveness provided by the online
channel. Thus, the online channel’s management reduces responsiveness level as v
increases. Intuitively, when w increases, the online channel’s management should
increase its responsiveness level to enhance both sales and resalability at the same time. It

should be noted that the system will behave as indicated above under all values of .
In centralized situations, no competition exists between channels. Thus,

encouraging customers to conduct purchases from the more profitable channel is a goal

the enterprise would work for. When r increases, the system’s sole management increases
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the responsiveness level, encouraging customers to switch to the online store in an effort
to decrease the negative effect of returns in the physical store. When v increases,

management should decrease this level to avoid unnecessary spending on the online

store’s responsiveness.

When w increases, the system’s sole management faces a question as to whether it
should increase the online store’s responsiveness level to better handle return and increase
sales or decrease its responsiveness level to switch customers to the physical store and

decrease the negative effect of return. It has been noted that with the online channel’s low

customer preference level of 8 = 0.7, there is no need to increase its responsiveness level
in order to boost resaleability. Thus, in general the responsiveness level has a steady to
decreasing trend. In contradistinction, when the customer preference level for the online
channel is high (6 = 0.3), then the system’s sole management faces high return
quantities. It is thus important to increase resalability by increasing responsiveness level.
Since the management with a differential pricing strategy can better use prices to
encourage or discourage the use of one channel over the other, it can be said that the
unified pricing strategy has a higher dependence on responsiveness level to conduct a

similar task.

4.6 Conclusion

Chapter 4 has studied the effect that customer returns have on a dual-channel
retailer when deciding on prices and responsiveness level. Similar to Chapter 3, this
chapter has studied dual-channel integration under unified and differential pricing
strategies and dual-channel competition under the Stackelberg, and Nash games. Returns
have been assumed to be resold either once or several times in a selling season.

Through numerical examples and a sensitivity analysis the effect that customer
preference for a certain channel and that customer return rates have on a dual-channel
retailer’s pricing and responsiveness decisions have been studied. For example, an
increase in customer preference for an online channel encourages both centralized and
competing online managements to increase the channel’s responsiveness level to better
handle a higher amount of returns. Additionally, the change in the return rates triggers a
different responsiveness level reaction when under integration than when under
competition. For instance, while the increase in the physical store’s same-channel return
rate does not trigger any response from the competing online management, it forces the
centralized management to increase responsiveness level in order to switch sales to the

online store. Moreover, while the competing online management simply increases
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responsiveness level as the online store’s same-channel return rate increases, the
centralized management faces challenges. The latter must choose between increasing
online store’s responsiveness level to better handle online returns, and decreasing online
store’s responsiveness level to switch customers to the physical store and decrease the
negative effect of online returns. Intuitively, both a competitive and an integrated online
channel will decrease responsiveness when the rate of cross-channel returns increases.
Moreover, it has been found that there is a negative correlation between the
responsiveness level of a competitive online store and the online store’s dominance or
market power.

It has been found that a dual-channel retailer generates a higher total profit when
its customers prefer a low return rate(s) channel. Consequently, when channels
experience similar return rates, a higher total profit is generated when customers greatly
prefer any one channel over another. When a dual-channel retailer experiences a degree
of high cannibalization, then competition can only generate a higher total profit than
integration with price unification when the channel with the high customer preference
level experiences high return rate(s). Otherwise, centralization schemes always generate a
higher total profit. However, when the dual-channel retailer experiences a degree of
cannibalization that is low enough, then all competition schemes outperform all

integration schemes.
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CHAPTER 5: OPTIMIZING CROSS-CHANNEL
RETURN POLICY

5.1 Introduction and Motivation

The cross-channel return policy positively impacts online stores’ sales and
customer satisfaction, and provides physical stores with additional cross-selling
opportunities. Nonetheless, such a policy creates disruption in the supply chains of
enterprises (Zhang et al. 2010; Cao and Li 2015). Consequently, several important
questions arise regarding such a policy. For example, under what conditions is it ideal to
permit cross-channel returns? If cross-channel returns are allowed, when is it optimal to
have physical stores ship all cross-channel returns back to online stores, and when is it
optimal to have the physical stores retain cross-returned items for coming sales? How
should the order quantity decisions be rectified if a dual-channel retailer faces both same-
channel returns and cross-channel returns?

Despite an intensive effort, we could not find any paper that analytically studies
the different cross-channel return strategies and their impact on dual-channel order
quantities. Thus, this study has three contributions: first, we study four return strategies
while simultaneously considering same- and cross-channel returns in a dual-channel
retailing system; second, we propose mathematical models to determine the optimal order
quantities for each strategy under uncertain demand; third, we present decision making
insights by comparing the impacts of the different strategies that would help retailers to
choose the suitable solution for their specific business environment.

According to practice, the first strategy is that cross-channel returns are allowed
with the condition that they are regularly shipped back to the original point of purchase.
In another word, they are allowed without shifting inventory from an online store to a
physical store. The second strategy is that cross-channel returns are not allowed or
banned. The third and fourth strategies are that there is a transfer of ownership or a shift
of inventory for cross-channel returns from the online store to the physical store under

decentralized management and centralized management, respectively.

5.2 Model Formulation

This work considers a dual-channel retailer that operates noncompeting physical

and online stores. A full refund is granted for purchases returned in accordance to the

retailer’s rules and conditions. There is a 0 < r <1 chance that a customer of the

retailer’s physical store will return the purchased product to the physical store. There is a

0 < w < 1 chance that a customer of the retailer’s online store will return the purchased
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product to the online store. There is a 0 < v < 1 chance that a customer of the online
store will prefer to return a purchased product to the physical store if cross-channel
returns are permissible. If not, the customer will have to return the purchased item to the

online store (Figure 5.1).
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Figure 5.1: A Dual-Channel Retailer with All Common Forms of Customer Returns

Similar to Chapter 3, we assume that an item purchased from and returned to the
physical store has a resalability rate of k,., an item purchased from and returned to the
online store has a resalability rate of k,, and an item purchased from the online store and
returned to the physical store has a resalability rate of k,,.. This Chapter examines a
general case where resalable returns can be resold countable number of times in a selling
season, i.e. € € [1,00), and a special case where resalable returns can be resold infinitely
in a selling season, i.e. € = co. We give resalable returns a selling priority over unsold
items. It is worth noting that this priority assumption is only required for classification
and simplification purposes. Since both resalable returns and unsold items are sold at the
same price, the decision not to apply this prioritization will impose no change on the
system’s profitability.

Items are sold for an exogenous unified price of p in both channels. A sale request
that is not satisfied costs the enterprise a shortage value of g whether it will be
permanently sold or returned. This assumption is realistic since missing a sale request

greatly affects a retailer’s reputation and its customers’ loyalty. Additionally, a returned

item should be processed for inventory level correction and reimbursement purposes.

Thus, it is associated with a return collection cost of d. If an item is returned as not

resalable or resalable after the end of the selling season, then it is salvaged in a secondary
market for a value of s. The unit’s salvage value is less than or equal to the unit’s
purchasing cost s < c; otherwise the profit function is unbounded. Under the third

strategy, the physical store pays a value of ¢ to the online store to transfer the ownership
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of each cross-channel return. Items that are purchased from or returned directly to the
online store will cost a per-unit shipping expense of t.,. Items that are shipped
collectively from the physical store to the online store will cost a per-unit shipping
expense of t,,.

Due to customer returns and the different associated types of costs, the profit

functions are constructed using the expected revenue generated by satisfying a single sale

rather than the selling price of the item. Thus, the expected revenue generated by
satisfying a single sale in the physical store should satisfy the condition p, > c.
Otherwise, the system generates losses by conducting the business. Similarly, depending
on the strategy in use (i), the expected revenue generated by satisfying a single sale in the
online store should satisfy the condition p} > c. We remark that p, and p} have their
highest values (i.e. p, = p. = p) when the system experiences no returns (ie. r = w =
v =0).

Each channel faces a total sales request that is random and independent of the
other channel. Thus, we assume that the online store’s total sales request (x,) has a
probability density function (PDF) of f; (x,), a cumulative distribution function (CDF) of
F,(x,), and a mean of u,, while the physical store’s total sales request (x,) has a
probability density function (PDF) of f,.(x,.), a cumulative distribution function (CDF) of

E.(x,), and a mean of u,. The objective of the channel’s (or channels’) manager is to
maximize the profit of the store (or stores) by selecting the optimal order quantity (or

quantities). Chapter’s notations are presented in Table 5.1 below.

Notation Description
r Probability an item purchased from the physical store is returned to the physical store
w Probability an item purchased from the online store is returned to the online store
v Probability an item purchased from the online store is preferably cross-returned to a

physical store

Probability an item purchased from and returned to the physical store is resalable
Probability an item purchased from and returned to the online store is resalable

k,, Probability an item purchased from the online store and cross-returned to the physical
store is resalable

Channels’ selling price
Shortage cost

Unit purchasing cost

Q o @ =

Return collection cost
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s Salvage value

¢ Amount the physical store pays to the online store to transfer the ownership of each

cross-channel return

teo Per unit shipping cost from a customer to the online store

tro Per unit shipping cost from the physical store to the online store

X, Online store’s total sales; where f,(x,) & F,(x,) are x,’s PDF and CDF, respectively
X, Physical store’s total sales; where f,.(x,) & E.(x,.) are x,.’s PDF and CDF, respectively
0,&0Q, Quantities ordered by physical and online stores, respectively

i & Tl Physical store, and online store profits, respectively

i Cross-channel return strategy used i = {co,70,D, C}

& Number of times a resalable return can be resold in a selling season

Table 5.1: Fifth Chapter’s Notations

5.3 Ship all Cross-Channel Returns Back to Online Store

(i =71ro0)

Under this practice, items purchased from a retailer’s online store and cross-
returned to its physical store should be shipped back to their original point of purchase.
The physical store in this strategy should only act as a facilitator, and thus all costs
associated with cross-channel returns (e.g. collection and shipping costs) are paid by the
online store. We assume that the time it takes an item to be shipped from a customer to
the online store by a third-party logistics provider (3LP) is equivalent to the time it takes

an item to be shipped from the physical store to the online store after being cross-channel

returned. Thus, we use the same online store resalability rate (k,) for both types of
returns.

If resalable returns can be resold € number of times in a selling season, then the

online store’s ordered quantity @, can satisfy a total sales request of up to Qo(l +

w+v)k, + -+ ((W + v)ko)g) =Q, ZS((W + v)ko)n =1.0,. Similarly, the
physical store’s ordered quantity @, can satisfy a total sales request of up to
Qr(l + rkr + -+ (Tkr)e) = Qr ZS(Tkr)n = 6£Qr*

For the special case where resalable returns can be resold an infinite number of

times, i.e. € = oo, in a selling season, the online store’s ordered quantity Q, can satisfy a

total sales request of up to Q,(1+ (w+v)k, + -+ ((w+ v)ko)oo) = ﬁ =

Ne=oQo- Similarly, the physical store’s ordered quantity @, can satisfy a total sales
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Qr
1-rk;

used in works such as Mostard and Teunter (2006) and Mostard et al. (2005).

The expected revenue generated by satisfying a single sale from the online store is

request of up to Q. (1 + rk, + -+ (rk,)*) =

= §g=0 Qr. A similar procedure was

Pl ==t t+tA—v—wp—-—wld+t,—1-ky)s)—v(2d+t,—(1-k,s)+ ,,i((w + v)ko)gﬂ'

In the first term, every sold item contributes negatively due to the shipped cost t., paid
by the store. In the second term, there is a (1 — v — w) chance that the item is a final sale

and contributes positively due to the selling price. In the third term, there is a w chance
that the item is returned to the online store and contributes negatively due to the
collection cost, negatively due to the shipping cost, and positively due to salvaging non-
resalable returns. In the fourth term, there is a v chance that the item is cross-returned to
the physical store and contributes negatively due to the collection cost at both stores,
negatively due to the shipping cost, and positively due to salvaging non-resalable returns.
The fifth term assures the salvaging of an item that ends up being returned as resalable
after the end of the selling season. Notice that this term will be zero when & = oo,

Similarly, the expected revenue generated by satisfying a single sale from the physical
storeisp, =1 —-r)p—rd+r(1—k,)s+ ai (rk,)&*1. Due to the similarity, a detailed
&

explanation of the relationship has been omitted. Under this strategy, the decision of one
channel does not impose any changes to the optimal decision of the other channel. Thus,
each channel maximizes its own profit function in isolation.

The profit function for the online store can be constructed as
w2 = [ {xopse 45 (00 = (52) o) o Grodedx, + 177, (1.Qo3” = 9y = 1Q0)Yfo (x,)dx, — Q. (5.1)
Since priority is given to resales rather than first sales and the items are sold several times

until they become non-resalable, the online store’s total sales request of x, can be

satisfied by the quantity (1/7,)x,. Accordingly, the first term includes the expected
revenue and salvage value of items that have never been sold before when the sales

request is less than 1,.Q,. Notice that the expected salvage value for non-resalable returns

and those items that end up being returned as resalable after the end of the selling season
are included in the expected revenue (i.e. p;°). The second term depicts the expected
revenue and shortage value when the sales requests are more than 77.Q, . The third term is

the cost of purchasing inventory for the online store.

The profit function for the physical store is constructed as

mre = [ fope 45 (0 = () %)} £ ddx, + 7, (60,0, = 9 = 8.0}, (e)dx, = €@y (5.2)
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The physical store’s profit function is constructed similarly to the online store’s profit
function. Thus, a detailed explanation of it has been omitted.

Proposition 5.1

The expected profit function m}° is strictly concave on Q,. Thus, a unique maximum

exists at Q1°".
ro* _ (L) F-1 (M)
° ne/ % \ppne+gne—s/’ (5.3)
The expected profit function wr° is strictly concave on Q.. Thus, a unique maximum
T T

exists at QT°".
7= (al) F (%) (5.4)
Assuming that the total sales request of each store follows a uniform distribution
is sufficiently general to capture the effect that same- and cross-channel returns have on
both stores. Such a generality made the application of uniform distribution common in the
field of supply chain management (Yao et al. 2009). Furthermore, the distribution is

bounded and tractable. Hu and Li (2012) stated that sales uncertainty for the apparel

industry is best described by a uniform distribution.

Thus, the total sales request of the online store (x,) is distributed between 0 and
b,, ie. x,~U[0,b,]. Additionally, the total sales request of the physical store (x,) is
distributed between 0 and b,., i.e. x,~U[0, b,]. Accordingly, the optimal quantity and
maximum profit for the online and physical stores when sales are uniformly distributed

are given below.

ro* _ bo(pp°netgne—c)

O ne@X°netgne—s) (5.5
ZTot — &{(%"nﬁyng—c)z —gn }

° 20 U piPnetgne—s &) (5.6)

ro* _ by (pr8e+gde—c)

T 55(pr55+955_5)‘ (57)

ro* _ i{(pr55+gas_c)z — g8 }

T T 25 Upsorgs—s 9% (5.8)

Under the condition that b, = b,., the magnitude in which a channel’s order
quantity and profitability differ from the other channel is determined by return rates and
return processes (Equations 5.5 — 5.8). Also, one may notice that a channel’s optimal

order quantity and profit is similar to that of a classical newsvendor model. In fact, they

become identical when a retailer does not permit customer returns (i.e. r=w =v =0

and p, = p5 =p).
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5.4 No Cross-Channel Returns (i = co)

This strategy requests that all online customers return unsatisfactory items to the
location the items were purchased from. Thus, cross-channel returns are not allowed.
According to Steinfield (2004), more than 90% of all examined retailers and more than
60% of all examined department stores ban cross-channel returns. Due to the added
constraint in the online store’s return policy, some customers may develop channel

intolerance and stop purchasing from the online store. Thus, a fixed portion of 1 — a of

the online store’s total sales request x, is lost. Consequently, the store loses an expected
shortage value of [ 000 g1 —a)x,f,(x,)dx, just by embracing this strategy. The observed

total sales request for the online store is defined as y, = ax,. We assume that multiplying

the random variable x, with the constant @ will not change the general shape of the
distribution. Such a property exists in the uniform and normal distributions.

Consequently, au,, f,(y,), and F,(y,) are the mean, PDF, and CDF for the online

store’s observed total sales request, respectively. Note that the parameter @ might be
thought of as the portion of the online store’s customers who are loyal and willing to stay
with the channel even when the store’s policies change.

While the expected revenue generated by satisfying a single sale from the online
store becomes p&® =—t,+(1—v—w)p—w(d+t,—(1—kys)—v(d+t,—(1—k,)s)+
i((w +v)k,)*"", it is unchanged in the physical store. The profit function for the online
store can be formulated as

n = = [ g = oy Geo)dxo + 7 {yope® + 5 (00 = () o) Dby + 7, 0100 = 90 -

1:Qo)} fu ) Ay, = cQ, - (5.9)
Since this strategy has no effect on the physical store, the store’s optimal quantity and
maximum profit stay unchanged —i.e., Q¢°" = QI°"and nt°" = ml°"
Proposition 5.2

The expected profit function ns° is strictly concave on Q,. Thus, a unique maximum

exists at Q5°”.

co* _ (L1 p-1 (Pa°Netgne—c
o (n) fa (pS"ne+gng—s)' (5.10)
From the previous proposition one may find the optimal quantity and maximum

profit when the online store’s total sales request is uniformly distributed. Thus,

co* _ @by (p&°ne+gne—c)
50 =

and

1N Agne—s) (5.11)
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peo* — *bo {(pS"ne+gng—c)2 _ %}

° 2ne U p§onetgne—s a (5.12)

Based on formulas (5.5) and (5.11), when « is higher than a threshold of &, the online
store’s order quantity under policy i = co is higher than its order quantity under policy

i =r0,ie. Q" > QI°", where ¢ is calculated as

Q= (06°Ne+gne—5) 5 Net+gne—c)
@5 Ne+gne=s) N+ gne—c)’ (5.13)

Similarly, when « is higher than a threshold of &, the online store’s maximum profit
under policy i =co is higher than its maximum profit under policyi =ro, i.e.
" > ml°", where ¢ is formulated as

i = P5°Ne+gne—s) 05N+ gne—c)* _ . (05°netgne—c)

T PRt gne—s) PSP+ gne—c)? (DS°ne+gne—c) (5.14)

Since %" = 7", the value of m} identifies which strategy, i.e. i =70 or
[ = co, generates a higher retailer profit. Furthermore, t,, is uniquely defined in strategy
i =ro. Consequently, one can easily use it for a comparison of the above-stated
strategies. If the derivative for & with respect to t,, is taken, then the outcome is a

negative term as per relationship (5.15). That is to say, as the shipping cost for each item

moved from the physical store to the online store increases, the superiority of strategy

[ = co over strategy i = ro occurs at a lower value of a.

dtro € (SN e+gne—0)2 (PFON+gne—s)? (5.15)
Corollary 5.1: 1>a=>a =0

From the previous corollary we notice that the online store will not order a higher

0 _ _,, 5N+ 9Me=5) D5 Ne+gne=c) (D5 Ne+gne—5)+(c~s))

quantity under policy i = co than under policy i = ro unless the former policy is more
profitable than then the latter. That is to say, Q5°" > Q°" if and only if m¢®" > ml°".
Additionally, due to the effect that a has on QS°”, managers may jump to a false

conclusion that it is lower than Q1°". Therefore, observing the costs associated with each

strategy is essential to make such a claim.

5.5 Perform Inventory Shift for Cross-Channel Returns Under

a Decentralized Management (i = D)

Zhang et al. (2010) indicated that if cross-channel returns are not offered at the
physical store, then they must be shipped to the online store. Otherwise they could be

claimed by the physical store through an inventory-shift process that is subject to the
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retailer’s internal rules. Channels might have not aligned their objectives at that point or it
might be too expensive to do so; thus each channel seeks to maximize its own profit

regardless of the other channel’s performance. To transfer the ownership of a cross-
channel return, the physical store pays a value of ¢ to the online store. For simplicity, the
physical store will use the expected, rather than the observed, total amount of cross-

channel returns (Q,,-) to conduct its analysis. A portion k,, of Q,, is resalable and can be

used to satisfy some of the sales requested through the physical store. We assume that all
parameters and decision rules are known to both supply chain members. Therefore Q,,
can be correctly estimated by the physical store.

If resalable returns can be resold € number of times, then Q, can satisfy a total
sales request in the online store of up to Q,(1 + wk, + -+ (Wk,)%) = Q, X:5(wk,)" =

A¢Q,. Notice that the online store normally starts the selling season before the physical
store does and most of its sales occur at the beginning of the season. Thus, we may

assume that all cross-channel returns reach the physical store at the beginning of its
selling season. Consequently, the quantity ordered from the supplier (Q,) and the
resalable cross-channel returns of (k,,-Q,,) can satisfy a total sales request in the physical
store of up 10 (Qr + korQor) (L + 7k, + -+ (1)) = (Qr + kor Qor) T5(rk, )" =

68(07" + kOTQOT')'
For the special case where resalable returns can be resold an infinite number of

times, i.e. € = oo, the ordered quantity of @, can satisfy a total sales request in the online

store of up to Q,(1 + wk, + -+ (Wk,)*®) = % = A= Q,. However, the quantity
- [

(Q, + k,Q,,) can satisfy a total sales request in the physical store of up to (Q, +

korQor)(l + rko + -t (rko)oo) = %:;TQOT - 5€=00(Qr + korQor)-

While the expected revenue generated by satisfying a single sale from the physical
store is unchanged, the expected revenue generated by satisfying a single sale from the

online store becomes

Pl =—teo+ (L —v—w)p —w(d +teo — (1 —ko)s) +vé + i(wko)e“. (5.16)
The profit function for the online store is formulated as
T[g (Qo) = fOAEQO {xopg +s (Qo - (i) xo)}ﬁ)(xo)dxo + f):Qo{/lsQapg - g(xa - AEQO)}}‘;) (xa)dxa - CQa . (51 7)
The expected quantity of all cross-channel returns is estimated as

A’EQO o
Qor = Ufo Xo fo(x0)dx, + vf)Lng Qo fo(x0)dx,. (5.18)
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The profit function for the physical store is formulated as

w2 @) = [y o 5 (@ kor@or = (32) % ) G + S 00y (8@ + Kor Qo )y =

9(xr = 8:(Qy + ko Qo)) (. )dx, — cQ — (6 + d = (1 = k) Qor- (5.19)
In function (5.16), we assumed that the reimbursement process for all cross-

channel returns was done through the original point of purchase (i.e., the online store and

not the physical store). Due to the similarity between function (5.17) and online store’s

previous profit functions, a detailed explanation has been omitted. Equation (5.18) has

two parts. The first part captures the expected number of cross-channel returns if the
online store’s sales request is below A,Q,. The second part captures the expected number

of cross-channel returns if the online store’s sales request is above A.Q,. Finally, in
constructing the profit function for the physical store, i.e. formula (5.19), we considered
several issues. The physical store will have to pay a value of ¢ to the online store for all
expected cross-channel returns, pay a collection cost for all expected cross-channel
returns, and collect a salvage value for all expected non-resalable cross-channel returns.
The physical store will also use all resalable cross-channel returns to satisfy some of the
sales requested through its channel. Otherwise, the profit functions (5.19) and (5.2) were
constructed similarly.

Proposition 5.3

The expected profit function 2 is strictly concave on Q,. Thus, a unique maximum

. *
exists at QP .

p* _ (L -1 PEAct+gAe—c
o = (,1) ko (pgagwag-s)' (5.20)
The expected profit function w2 is strictly concave on Q,. Therefore, a unique maximum

exists at QP , where QP is conditioned to be positive.

P =(5) B (B5E ) — Koror (5.21)

When a channel’s total sales request follows a uniform distribution, using the

above functions one may derive the online store’s optimal order quantity, the online

store’s maximum profit, the physical store’s optimal order quantity, and the physical
store’s maximum profit, respectively.

D* _ bo(pgl€+glg—c)
°  2:(p@re+gre-s)’ (5.22)

2
D* _ b_o{(poD/ls‘l'gls_C) — gl }
— (-

° 22 pDAc+gre-s (5.23)
p* _ by(pr8e+g8e—c) vkorbo(p¢[,’/15+glg—c)((pglg+glg—s)+(c—s))
T 8:(prOetg8e—s) 2(pPAs+gag—s)” ' (5.24)
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D* _ i{(préﬁgss—dz _ a5 } vbo((s—c"—d)+kor(c—s))(pg/15+glg—c)((pODA€+g/1£—s)+(c—s))
T T 25, Uproergo—s) 9% 2(PPAetghe—s)’ : (5.25)

Comparing the profit function (5.25) to the profit function (5.8), one may notice

that the physical store will incur losses by cooperating with this strategy if the amount
paid to the online store for each cross-channel return, i.e. value ¢, is more than (s — d) +
k,-(c —s). Under such a condition the physical store should refuse to perform the
inventory shift or to be part of this strategy. However, it is vital that the online store
calculate the minimum ¢ that will make this policy more appealing than the previous two
policies, i.e. ng* > n};*, where i = {ro, co}. By equating the profit function (5.23) to both

profit functions (5.6) and (5.12), one may derive the relationship

Ade _i* Ae _i* —
2@ + 4, (9, — 2¢ ~ 2eml )p5+<<s — g5t —gas<2c—s>+c2>—0- (5.26)

bo

The function (5.26) is convex in terms of p? and has at most two real positive roots

{ﬁ , E} Thus, the online store generates a higher profit under policy i = D than under

policy i = {ro, co}, if the value of ¢ drives p? to be higher than pP.

Consider the retailer’s profit under policy i = D, i.e. w? It may be calculated by
summing both the online store’s profit function (5.23) and the physical store’s profit
function (5.25). If the derivative for 2 " with respect to € is taken, then one gets

omP” _ V2 Aebo(s—Eé—d+kor(c—s))(c—s)?

a¢ (PPAc+ghe—s)’ ' (5.27)

Notice that the sign of the previous derivative is dependent on the value of ¢. Since the

physical store will not be involved in policy i = D if the value of ¢ is higher than

anP” * _ .
gg > 0 and P score the highest profit when

s—d+ k,.(c —s), one may say that
¢=s—d+k,(c—s). It is worth noting that the highest value of 72" requires the
physical store to not generate any financial benefit out of this strategy.

Whenv and k,, are non-zeroes, then it can be noted that QP < QI°* and
QP T < QS°". It is intuitive to say that physical stores will have higher order quantities

under strategies that do not include shifts in inventories. If we take the derivative of QE*
in equation (5.22) with respect to ¢, then one may notice that it is strictly positive (please

refer to function (5.28), given below). In contrast, if we take the derivative of QP" in
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equation (5.24) with respect to ¢, then one may notice that it is strictly negative (please

refer to function (5.29), given below).

BQ(?* vb,(c-s)
. 2 and
¢ (phAc+gAe-s) (5.28)
aQP” __ V?Agkorbo(c—s)?
a¢ (PP Ac+grc—s)’ (5.29)

This indicates that the online store is encouraged to order a higher quantity when the
value of ¢ increases. Accordingly, the expected total amount of cross-channel returns will

increase, allowing the physical store to decrease its order quantity.

5.6 Perform Inventory Shift for Cross-Channel Returns Under

a Centralized Management (i = C)

It is well known that centralization is expensive and requires a significant amount
of effort. Therefore, it is important that the enterprise realize whether it enhances profits
or it is not vital for the enterprise. However, under this practice the objectives are aligned
and a sole decision-maker maximizes the total profit of the supply chain. The internal
transactions between channels can thus be excluded from the analysis, as they do not
induce any change to the system’s profit. Thus, an inventory shift is still conducted, but

no payment is required for cross-channel returns. The expected revenue generated by

satisfying a single sale from the online store changes to p§ = —t,, + (1 —v—w)p —
w(ld+t,—1—-k,)s)—v(d—-1A—-k,)s)+ Ai(wko)“l. The total profit of the

retailer is formulated as below. Due to similarity, no explanation is needed to comprehend

its terms.

¢ =

fOlSQO {xopg +s (Qo - (i) xo)}fo(xo)dxo + f;:Qo{lsQopg —g(x, — AsQo)}fo(xo)dxo +

f05e(Qr+kaTQoT) {xrpr +s (Qr + korQor — (i) xr)}fr(xr)dxr + f60:(Qr+korQor){55(Qr +

korQor)Pr — 9(xr = 8:(Qy + kor Qo)) }fr (x)dx, — €(Qp + Q) (5.30)

Proposition 5.4

The expected profit function w€ is strictly and jointly concave on and Q,, and thus a
2 p. y Jomtly 0

unique global maximum exists at Q5" and QS~, where Q¢ is conditioned to be positive.

Q" = (i) -1 (P5/15+gls+vkorcxlg—c)
0 T 10 \pSagtgagtvkorcdg—s/)” (531)
* 1 - Pr55+g5g—c
=|—)E 1 (— _ )
Qr (68) T \p,6s+98s—s korQor 5.32)
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If uniform distributions are used for total sales requests, then one may use the
above functions to derive the online store’s optimal order quantity, the physical store’s
optimal order quantity, and the retailer’s maximum profit, respectively.

c* _ bo(pgﬂ'8+gl€+17korlgc_c)
O 7 Ae(p§As+gAs+vkordec=s) (5.33)

c* _ by(pr8e+g8s—c)  VKorbo (pgﬂg+glg+vk0rlgc—c)((pglg+g)l£+vkorc/lg—s)+(c—s))

T e(prSetgSe—s) 2(pSAe+gAetvkorAgc—s)’ ' (5.34)
2
7C* = bo [(PoRetgAetvkorAce=c) 4 b {(prss+gsg—c>2 _ s }
22 (| P§Ac+gAc+VKorAsc—s &) " 26. U ppSe+gbe—s e) (5.35)

Similar to before, when v and k,, are non-zeros, then Q¢ "< Qret and QF <

€0* Next we compare the online store’s optimal order quantity under strategies i = D
and i = C — i.e. equations (5.22) and (5.33). One may notice that by comparing between
the values p? and p$ + vk,,.c we can identify under what policy the online store will
have a higher ordered quantity. The latter is written as —t., + (1 —v—w)p —

w(d+te, —(1—k,)s) +v(s —d + kor(c—5)) + Ai(wko)“l.

Since ¢ <s—d+ ky.(c —s), then p2 < p§ + vk,,c. Therefore, the online
store’s ordered quantity under policy i = D is at most as high as its ordered quantity
under policy i = C, i.e. Q2" < Q5" Notice that Q2" = Q5™ when ¢ =s —d + k,,(c —
s). In a similar fashion, one may compare the physical store’s optimal order quantity
under policies i = D and i = C, i.e. equations (5.24) and (5.34). Following the above
logic one may find that the physical store’s ordered quantity under policy i = C is at most
as high as its ordered quantity under policy i = D, i.e. Q2" > QFf". One may notice that
they are equivalent under the condition ¢ = s — d + k,,.(c — s). One may also note that
under this condition policy i = D performs as ideally as policy i = C, i.e. T[tD* =7,

Next we compare the retailer’s performance under strategies i = C and i = ro.
One may calculate }7°* by summing both the online store’s profit function (5.6) and the

physical store’s profit function (5.8). By equating ¢ in (5.35) to the calculated ml°" one
derives the relationship

2
Ne(P§AetgAetviorAec—c)”

_ 71;(1’515+gls+”korlsc_c)z) r0 — )2 — —
P’ + (gn. — ) (gn: —s) Ae(P§Ae+gretvkordec—s) 0. (536)

Ae(P§AetgAetviorAec—s)

nz2(5°)* + 1, (2917; -2

The function (5.36) is convex in terms of p,° and has at most two real positive

roots {ng,ﬁ}. Thus, the retailer generates a higher profit under strategy i = ro than
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under strategy i = C if pl°(t,,) < ﬁ Notice that we used the parameter t,., to compare

the two strategies above, because it solely effects the strategy i = ro. Thus, if the online

store’s management can lower t,., so that p)° drops below p;°, then the channel may not

need to lose its inventory for the physical store.
We then consider the retailer’s profit under strategy i = co, ie. mwf® . It is
calculated by summing both the online store’s profit function (5.12) and the physical

store’s profit function (5.8). By equating ¢ to %" one may find the threshold at which

a is higher; then f°* > m¢",

5.7 Sensitivity Analysis and Managerial Insights
In this analysis we compare a store’s optimal quantity, a store’s performance, and
a retailer’s performance under the different strategies. We also derive important

managerial insights that form general guidelines for managers running dual-channel
retailing systems. To conduct our analysis we consider the following parameters: r = 0.1,
w=0.1,v=03, k. =06, k, =04, k,, =04, p=100, c =30, t,, =4, t,, =5,
d=3,s=5,9g=40,b, =300,a =0.995,b, =300and € = 1.

Under strategies i =ro and i = co the physical store should order the same
quantities, i.e. Q7°" = QS°”. This is intuitive since the system does not permit shifting the
inventories of cross-channel returns and the physical store may only assist in shipping

those returns to their original point of purchase, i.e. online store. However, when the

system permits the inventory shift process, then the physical store will order lower
quantities under strategies i = D and i = C than under strategies i = ro and i = co, i.e.

D* < Qre*, QP < Qg°", Q€T < Qro*, and QF" < QS°”. This is comprehensible since
the physical store may use resalable cross-channel returns to satisfy some of its sales
requests.

As mentioned before, the majority of online stores’ return policies request that

customers return all unsatisfactory purchases to the online store, i.e. that they apply
strategy i = co. This in turn imposes a constraint that many customers dislike. Thus, only
a portion of a will conduct their purchases from the channel. If the portion is higher than
the threshed of ¢ defined in equation (5.13),i.e. @ > &, then Q$°" > Q}°". Thus, one may
conclude that the reduction in sales requests does not always induce a lower order

quantity for the online store under strategy i = co than under strategy i = ro.
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We then compare the online store’s order quantity when the system does not
permit an inventory shift, i.e. strategies i = ro and i = co, and its order quantity when

the system permits an inventory shift, i.e. strategies i = D and i = C. It is noted that the

order quantity under any no-inventory shift strategy is lower than the order quantity under
any inventory shift strategy. That is to say, Q2" > Qr°*, Q2" > Qc°*, Q¢" = Q1°", and

QS "> QS°”. Although this is not analytically proven, several tests were conducted under
different parameter sets. The notion is logical since the inventory shift strategies cause the
online store to lose items for the physical store, and thus order a higher quantity at the
beginning of the season. Not doing so might leave the store starving for items to satisfy
the sales request with. Thus, it is crucial that a dual-channel retailer define the strategy of
handling cross-channel returns prior to the beginning of the selling season, and that it
orders the optimal quantity for a channel accordingly.

When the system permits an inventory shift, one should compare a channel’s
optimal quantity under strategies i = D and i = C. As indicated in Section 5.6, QE* is at
most equivalent to Q5" , while QP is at least equivalent to Q¢ . That is to say, Q2" < Q&

and Q2" > QFf".In (5.27) and (5.28) one may note that Q2" increases and Q2" decreases

when ¢ increases. Thus as the amount paid to the online store for each cross-channel
return increases, the store will be encouraged to order more as the negative consequences
of such type of return is diminished. As this happens, the expected amount of cross-
channel returns will increase, which will allow the physical store to reduce its order
quantity. Conversely, as ¢ decreases, the store will order less as the negative
consequences of this type of return are intensified. As a result, the expected number of
cross-channel returns will decrease, forcing the physical store to increase its order
quantity.

We next study the channel’s performance and the retailer’s performance when
strategies { = ro and i = co are followed. Under the earlier strategies, the physical store
only assists in returning cross-channel returns to the online store. Thus, its measurable
performance under both strategies is the same, i.e. m-°" = w°”. Note that there could be
an increase in the physical store’s sales and thus in the profit under strategy i = ro due to
the cross-channel selling opportunity. That is to say, the online customer might return an
item purchased from the online store to the physical store and at the same time purchase
an item that is appealing to him or her. Such a purchase is mostly impulsive and not

planned. According to Neslin and Shankar (2009), a physical store may experience up to
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a 20% increase in sales if the online store’s policy allows for cross-channel returns. Thus,
another study in the field of dual-channel retailing and customer returns might include
cross-channel selling opportunities in the system analysis.

Regarding the profitability of the online store and the retailer, they are higher
under strategy I = co than under strategy i = ro if @ > @, they are lower if a < &, and
they are equal if &« = &. Therefore, managers should pay a careful attention to the value

of a. This value is controllable as the online store can invest in several other reverse
supply chain options. For example, the service of picking up items from customers’
locations at their chosen times may increase a drastically. Indeed, such a service may be
costly to the online channel, and switching to another strategy could be a wiser decision.
Thus, studying the benefits and drawbacks of the provided services are vital to the

success of the enterprise. Nonetheless, one of the parameters that has a clear effect on the
threshold & and can be controlled by the enterprise is the value t,.,. As per relationship
(5.15), & increases as t,, decreases. Thus, if t,, is too small, then it might be hard for

strategy i = co to outperform strategy i = ro. This could be the case when the online
store performs the function of a distribution center and ships items to the physical store

on a regular basis. Thus, empty trucks could return to the online store and be used freely
(e.g. t,, = 0) to ship cross-channel returns to their original points of purchase.

For the physical store to prefer strategy i = D over the no-inventory shift
strategies, i.e. 2" > 770" and 2" > wE°", the amount paid to the online store for each

cross-channel return (&) should be less than s —d + k,,-(c — s). If ¢ is higher than the
indicated value, then the physical store will benefit more from satisfying its entire

inventory needs from the supplier. If they are equivalent, then the store will not generate
any extra measurable profit or loss under the strategy, i.c. P" = 7% = %" Note that
based on the parameters given above, s — d + k,,.(c —s) = 12.

For the online store to prefer strategy i = D over the no-inventory shift strategies,
ie. m2" > mr°" and 2" > m<°", the amount paid by the physical store for each cross-

channel return should be sufficient. The minimum ¢ that allows for 72" > 7" is
calculated next. By applying formula (5.29) and using the above parameters, one gets

0.097¢2 + 26.30¢ — 213.53 = 0. Solving the quadratic equation reveals that & =

{=278,7.9}. Thus, when ¢ > 7.9, 2" > n’°*. By applying the same formula and
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procedure for strategy i = co one finds that when é>9, 2" > 1", The above

outcomes can also be found in Figure 5.2 when ¢ changes from 5 to 12.
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Figure 5.2: ¢’s Effect on Online Stores’ Profits

In (5.27), one may notice that as ¢ increases within the range [O,s —d+
ko-(c — s)), the retailer’s profit under strategy i = D, i.e. w? ", increases. Conversely, as
¢ increases within the range (s — d + k,,(c — s), ], 72" decreases (Figure 5.3). At the
point that ¢ = s —d + k,,.(c —s), the strategy performs at its full potential and is

. : : D* _ _C* nD* _ pC* D* _ nC* ;
equivalent to strategy i = C,ie.my =mn; ,QF =0Qy ,and Q; = Q5 . According to

our parameters, one may note that the difference in the retailer’s performances ¢ " - s
is insignificant. Note that under different parameters the difference may increase to a

significant level.
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Figure 5.3: ¢’s Effect on Retailers’ Profits

Thus, if our focus is aimed at the total performance rather than at a channel’s

performance, the physical store should pay the maximum value of ¢ to the online store.
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Consequently, there will be no tangible profit increase for the physical store under
strategy i = D. This could be considered a form of channel cooperation. One would need
to remind the physical store that the online store would also be involved in this
cooperation indirectly. For example, cross-channel returns increase the physical store’s
sales, as stated before. Moreover, items’ descriptions posted on the online store’s website
would positively impact the physical store’s sales and, eventually, its profit. Indeed, many
physical store customers have a desire to purchase certain products only after going
through the items’ descriptions. Additionally, it is known that centralization is expensive
and requires a significant amount of effort. Since the two strategies i = D and i = C are
equivalent in performance under the highest value of ¢, then we see no point to
centralization.

The rates k, and k,, induce tangible and contradicting effects on the superiority
of inventory shift strategies, i.e. i = D and i = C, over no-inventory shift strategies, i.e.
i =7ro and i = co. In Figure 5.4, one may notice that as k, increases the no-inventory
shift strategies generate higher profits and start to perform better than the inventory shift
strategies at a similar value of k, = 0.525. Conversely, as k,, increases, the inventory
shift strategies generate higher profits and start to perform better than the no-inventory
shift strategies at a similar value of k,, = 0.525. Notice that both rates, to some extent,
can be controlled by the enterprise. For example, simple measures such as sending emails
to customers and asking for their feedback regarding a product’s look and functionality
may be used. A return form and a return procedure may be attached to that email. Such an
approach might positively increase the resalability rates k, and k,,. Additionally, the
online store could be provided with a refabricating facility to fix damaged items and thus
increase the online store’s resalability rate of k,. Indeed, the enterprise must weigh the

financial benefits and drawbacks of such measures to better judge their effectiveness.
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