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Part prepayment scheme can induce more consumers to purchase the product in advance but may also lead to the increase in
consumer returns. This study develops a two-period theoretical model to examine the interaction between the part prepayment
scheme and the return policy and its effect on the retailer’s profit. Our analysis yields the following insights. First, part prepayment
scheme can help the retailer to increase the demand without sacrificing the advance selling price. Second, the prepayment
proportion and the consumers’ hassle cost of return have a negative cross effect on the retailer’s profit, which indicates that when
the consumers are allowed to preorder the product with a relatively low proportion of prepayment, the retailer should impose more
restrictions to increase the consumers’ hassle cost of return.Third, the prepayment proportion and the ex-ante product information
perceived by consumers also have a negative cross effect on the retailer’s profit, which indicates that the retailer should consider the
degree of product information disclosure when adopting the part prepayment scheme. We also extend the model to incorporate
the retailer’s handling cost of consumer returns and find that it is beneficial for the retailer to require a full prepayment when the
handling cost is relatively high.

1. Introduction

Advance selling refers to the practice where firms offer
consumers the opportunity to order new soon-to-be-released
products or services in advance and guarantee prompt deliv-
ery on release [1]. During the past 20 years, advance selling
has been proven to be a useful strategy for sellers to improve
product demand forecasts [2], to achieve price differentiation
based on the timing of consumer purchases [3], and to exploit
consumer valuation uncertainty [4]. Due to these advantages,
advance selling has been extensively adopted in practice (e.g.,
Apple, JD.com and Amazon.com).

In recent years, part prepayment scheme, which allows
consumers to preorder the product with part prepayment, is
widely used in advance selling settings to promote consumer
purchases. E-retailers in Tmall.com, for example, adopt the
advance selling strategy before the annual Singles’ Day
promotion activity and allow consumers to preorder product
with part prepayment in the advance period and to pay
the rest at the Singles’ Day. Similar practices can be also
found in JD.com, Ctrip.com, etc. According to the discounted
utility model, people often underestimate the effect of future

results [5], which means that the pain of future expenditure
is less painful than that of current spending. In such a case,
the part prepayment scheme will induce more consumers
to preorder the product in advance, which will inevitably
affect the amount and distribution of demands over the two
selling periods (the advance period and the spot period) and
correspondingly the profit.

However, when a small proportion of prepayment stimu-
lates consumers with relatively low valuations to impulsively
preorder the product, it may also increase the amount of
consumer returns since consumers with relatively lower
valuations may have a relatively higher probability of dissat-
isfaction with the product; i.e., their net surplus of purchase
is relatively low. As a result, the part prepayment schememay
also increase the number of consumer returns. As we know, a
main feature of advance selling is the existence of time sepa-
ration between product purchase and experience, which will
increase the uncertainty of consumers’ perception of product
value and thus reduce their purchase intention. A lenient
return policy may help to eliminate consumers’ concern
about product value uncertainty and to promote consumers’
purchase butmay also incur certain costs, including shipping,
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repackaging, and associated handling costs when massive
returns occur. In such a case, the interaction between the
part prepayment scheme and the return policy will further
affect the retailer’s product demand and consumer returns
and corresponding costs.

The above considerations raise the following research
questions: (1) How will the interaction between the part
prepayment scheme and the return policy affect the retailer’s
decisions and profit? (2) When is it beneficial for the retailer
to adopt an advance selling with part prepayment or full
prepayment scheme?

Despite the broad attention to advance selling in the
past decades, the above issues have not been well addressed
in the literature. To the best of our knowledge, our paper
is among the first to investigate the interaction between
advance selling with part prepayment and the return policy.
For this purpose, we develop a theoretical model to consider
a retailer selling a product to the market over two periods:
the advance period and the spot period. In the advance
period, the retailer offers the consumers with an advance
selling with part prepayment scheme; that is, the consumers
can preorder the product with a proportion of payment in
the advance period and pay the rest at the beginning of the
spot period. The product is released at the beginning of the
spot period. Consumers can choose to return the product
at full refund if they are dissatisfied with the product. We
examine the interaction between the part prepayment scheme
and the consumer returns policies from two aspects: the
consumers’ hassle cost of return and the retailer’s handling
cost of consumer returns. Through theoretical analysis, we
highlight the following observations:

(i) The advance selling price is decreasing with the
prepayment proportion, which indicates that the part
prepayment scheme can be a useful tool for retailers
to increase selling price without inducing a large
decrease in demand. Further, it is beneficial for the
retailer to set a relatively low (high) advance selling
price when the consumers’ hassle cost of return is
relatively small (large). This finding explains why the
retailer offered a discount of up to 49% when Harry-
Potter books, which have relatively low hassle cost,
were released on Amazon.com in advance, whereas
the Harry-Potter Blu-Ray was available for preorder
with only 15% off discount.

(ii) The prepayment proportion and the consumers’ has-
sle cost of return have a negative cross effect on the
retailer’s profit, which means that the retailer cannot
provide a too tolerant return policy if the consumers
are allowed to preorder the product with a relatively
low proportion of prepayment and vice versa. This
finding also indicates that the impact of return policy
on the retailer’s profit depends on the prepayment
scheme, which enriches the research results in the
fields of consumer return and advance selling.

(iii) The prepayment proportion and the ex-ante product
information perceived by consumers also have a
negative cross effect on the retailer’s profit, which
indicates that when the extent of ex-ante product

information perceived by consumers is relatively
small, it is more beneficial for the retailer to adopt
a relatively high proportion of prepayment and vice
versa. For example, the prepayment proportion of
Huawei’s smartphone P20 is about 20% when it was
just released and decreases to 2% two months later
when consumers had more information about the
product.

(iv) We also extend the model to consider the interac-
tion between the part prepayment scheme and the
retailer’s handling cost of consumer returns and find
that it is beneficial for the retailer to set a small
proportion of prepayment when the ex-ante product
information perceived by consumers is high enough
or otherwise to require full prepayment especially
when the handling cost is relatively high.This finding
also provides explanations for many practices in
reality. For example, JD.com allows consumers to
preorder products with zero prepayment, and the
retailers on Tmall.com usually set a prepayment
proportion less than 20% of the product selling
price. However, for fashionable electronic products,
like Apple products and MIUI, full prepayment is
mandatory if consumers intend to preorder them.

The remainder of this study is organized as follows.
Section 2 provides a survey of the relevant literature. Sec-
tion 3 formulates the decision behavior of the retailer and
consumers. Section 4 presents the optimal advance selling
decisions under various conditions. Section 5 extends the
model to examine the interaction between the handling
cost of consumer returns and the part prepayment scheme.
Section 6 concludes the study.

2. Literature Review

Although our research questions have not been well
addressed in the literature, our research is related to certain
streams of prior studies on advance selling and return policy.
We will review the most relevant studies in this section.

2.1. Advance Selling: Improving Demand Forecasting and
Achieving Price Discrimination. Since Fisher and Raman
[6] firstly introduce the idea of advance booking in the
retail industry, advance selling has become an important
tool for quick response, demand forecasting [2], inventory
management [7], and supply chain management [8]. There
has been a rich body of research in this branch, and the reader
is referred to Choi and Sethi [9] for a comprehensive review
of the literature.

Another line of researchers adopts advance selling as
a tool to achieve price discrimination, when consumers
are heterogeneous. Representatively, Dana [10] introduces
consumer heterogeneity in production valuation into the
traditional advance selling model and shows that consumers
with relatively lower valuations have an incentive to buy in
advance. Mccardle et al. [11] investigate the benefit of an
advance booking discount program in which the retailer pro-
vides price discount to the advance purchasing consumers.
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Boyaci and Özer [12] study the capacity planning strategy
for a seller who collects purchasing commitments of price-
sensitive consumers. Li et al. [13] investigate the advance
selling price strategies for oligopolists when considering the
effect of product diffusion and the competitive market. Fur-
ther, some researchers consider the fact that advance selling
with price discrimination can lead to strategic consumer
behavior, e.g., Fay and Xie [1]; Li and Zhang [3]; Lim andTang
[14]; Yu et al. [15].

While the benefits and price discrimination effects of
advance selling have been well documented in the above
studies, these researches mainly focus on the advance selling
with full prepayment scheme and have been paid little atten-
tion to the advance selling with part prepayment scheme.
Among the few researches, Tang and Ang [16] build a
two-period theoretical model to compare the full advance
selling strategy and the part prepayment strategy. However,
they have not considered the interaction between the part
prepayment scheme and the return policy, which is the main
consideration of our work.

2.2. Consumer Returns: The Consumers’ Hassle Cost and the
Retailer’s Handling Cost. With the fast development of elec-
tronic commerce, return policy serves as an important tool
for online retailers to eliminate consumers’ concern about
product value uncertainty and has drawn much attention
in recent years. Generally, consumer return occurs when a
consumer dissatisfies with the received product [17], and it
may cause considerable return hassle for consumers (e.g.,
filling out the return request, repacking the item, paying for
the shipping cost, etc.) and the handling cost for retailers
(e.g., restocking fee, inspection cost, and sorting cost) [18,
19]. Considering these costs, some related studies focus on
the retailer’s optimal return policy (e.g., a full or partial
refund for consumers) by assuming an exogenous consumer
return rate[20, 21] and consumer return quantity [22]. Some
recent works have also examined the return policy in advance
selling settings. Representatively, Nasiry and Popescu [23]
examine the optimal refund for consumer returns when
consumers’ regret negatively affects the retailer’s profit and
demonstrate that the partial refund policy can mitigate
regret. By considering consumers’ strategic and opportunistic
behaviors, Li et al. [24] derive the retailer’s optimal pricing
and return policies (full refund and partial refund) for
advance selling fashionable products. Yu et al. [25] consider
strategic consumer reactions to the bias in two selling periods
under a full refund policy and investigate the effect of the
bias on the seller’s optimal decisions. However, these studies
examine the optimal return policies in the advance selling
with full prepayment settings and have paid no attention to
the advance selling with part prepayment scheme and its
interaction with the consumer return policy.

This paper attempts to examine the optimal advance
selling strategy in the presence of part prepayment and
consumer returns. To the best of our knowledge, our paper is
among the first to investigate the interaction between advance
selling with part prepayment scheme and consumer returns.
Some interesting results have also been obtained, which can

provide some valuable suggestions or explanations for the
practices in reality.

3. Model Description

We consider an online retailer selling a new product to a
group of consumers in the market over two periods: the
advance period and the spot period. The product is assumed
to be fashion-like and is released at the beginning of the
spot period. Consumers are strategic and decide whether
to preorder the product in advance or wait for the spot. In
the advance period, the consumers are allowed to preorder
the product with part prepayment and delay the rest to the
beginning of the spot period. After receiving the product,
consumers can choose either to keep the product or to return
it with full refund if they are dissatisfied with the product.
To examine the interaction between the advance selling with
part prepayment scheme and the consumer return policy,
we assume that the retailer is rational and self-interested.
Notations used in this paper are summarized in Table 1.

Suppose that the market consists of a group of consumers
with total mass normalized to one and each consumer
demands at most one unit of the product during the two
periods. Consumers’ valuations on the product are uncertain;
in particular, we assume that consumers’ valuations on the
product are independent and uniformly distributed in the
consumer population: V𝑖 ∼ 𝑈[0, 1]. Under advance selling
settings, one important character is that consumers in the
spot period can obtain more information from consumer
reviews posted by advance consumers to facilitate their
purchase. In such a case, consumers will strategically choose
to preorder the product with part prepayment in the advance
period or wait to buy until the spot period after acquiring
more product information.

The timing sequence of game between the retailer and
consumers is as follows. At the beginning of the advance
period, the retailer preannounces the sale prices in the two
periods (𝑝1, 𝑝2). Then consumers arrive and make their
own purchasing decisions by comparing their utilities in two
periods. If the consumer chooses to preorder the product in
the advance period, he pays a part prepayment 𝛽𝑝1 in the
advance period and delays the rest (1 − 𝛽)𝑝1 to the spot
period. At the beginning of the spot period, the product
is released and the advance consumers will receive the
product; meanwhile, the remaining consumers who choose
to purchase in the spot period place orders and receive
the product. After receiving the product, consumers decide
whether to keep or return it. Figure 1 provides an illustration
for the timing sequence of events.

Accordingly, the utility of consumer 𝑖 preordering the
product in the advance period can be formulated as

𝑢𝑖1 = 𝜃V𝑖 − 𝑝1 + 𝛿 (1 − 𝛽) . (1)

In (1), parameter 𝜃 (0 ≤ 𝜃 ≤ 1) denotes the extent
of ex-ante product information perceived by consumers in
the advance period. The term 𝛿(1 − 𝛽) represents the utility
generated by the part prepayment scheme to consumers,
where 𝛿 (𝛿 ∈ [0, 1]) indicates consumer i’s sensitivity to
the part prepayment scheme. It is understandable that when
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Table 1: Parameters and decision variables.

Notation Interpretation
𝑗 Superscript j denotes the retailer’s low, middle and high advance selling price strategy, respectively, 𝑗 ∈ [𝐿,𝑀,𝐻].
𝑡 Subscript t denotes the two periods, t=1, 2.
𝑢𝑖𝑡 Consumer i’s utility of purchasing the product in period t, 𝑢𝑖𝑡 ∈ [−1, 2].
V𝑖 Consumer i’s valuation of the product, V𝑖 ∼ 𝑈[0, 1].𝜃 Ex-ante product information perceived by consumers, 𝜃 ∈ [0, 1].
𝛿 Consumers’ sensitivity to the part-prepayment scheme, 𝛿 ∈ [0, 1].
𝛽 Proportion of payment by consumers in the advance period, 𝛽 ∈ [0, 1].
𝑝1 Advance selling price of the product in the advance period.
𝑝2 Spot selling price of the product in the spot selling period, 𝑝2 ∈ [0, 1].𝜆 Residual consumption value of the product after trial, 𝜆 ∈ [0, 1].
ℎ A consumer’s hassle cost when he chooses to return the product.
𝑐 Retailer’s per unit handling cost of consumer returns.
𝐷𝑡 Demand for the product in each period, . 𝑡 = 1, 2.
𝑑𝑡 Number of consumer returns in each period, 𝑡 = 1, 2.

Time

Spot PeriodAdvance Period

and return policy.

Consumers arrive and make the
purchasing decisions.
Consumers preorder the product
with part prepayment.

The retailer delivers the product.

The preordered consumers pay the
rest money.
Other consumers purchase with
full payment.

The retailer announces p1 , p2

Figure 1: Illustration for the timing sequence of events.

𝛽 = 1, the utility function in (1) is degenerated into the
full prepayment scheme as described in Cachon and Swinney
[26].

Consumers purchasing in the spot period can acquire
more product information (e.g., through online reviews
posted by advance consumers). Similar to Prasad et al. [27],
the utility of consumer i purchasing the product in the spot
period is formulated as

𝑢𝑖2 = V𝑖 − 𝑝2. (2)
Suppose that customers with nonnegative utilities will

choose to buy the product. Meanwhile, consumers are strate-
gic and decide whether and when to buy the product with the
objective to maximize their own utilities. Let 𝑢𝑖1 = 𝑢𝑖2, then
we can obtain the indifference point V𝑖 = V = (𝑝2 −𝑝1 +𝛿(1 −𝛽))/(1 − 𝜃). For consumer 𝑖 if 𝑢𝑖1 ≥ 0 and 𝑢𝑖1 ≥ 𝑢𝑖2 (that is,
V𝑖 ≥ V1 = (𝑝1 − 𝛿(1 − 𝛽))/𝜃, and V𝑖 ≤ V), he will preorder the
product in the advance period; if 𝑢𝑖2 ≥ 0 and 𝑢𝑖2 ≥ 𝑢𝑖1 (that
is, V𝑖 ≥ V2 = 𝑝2 and V𝑖 ≥ V), he will buy the product in the
spot period. Then we can obtain two scenarios:

(1) If V1 ≤ V (i.e., 𝑝1 ≤ 𝜃𝑝2 + 𝛿(1 − 𝛽)), we obtain that
V2 ≤ V. Thus

(i) if V > 1 (i.e., 𝑝1 < 𝑝2 + 𝛿(1 − 𝛽) − (1 − 𝜃)),
consumerswith valuations on the interval [V1 , 1]
will buy the product in the advance period, and
nobody will buy the product in spot period.
Hence the advance demand equals 1 − V1, and
the spot demand equals zero;

(ii) if V ≤ 1 (i.e., 𝑝2 + 𝛿(1 − 𝛽) − (1 − 𝜃) ≤ 𝑝1 ≤𝜃𝑝2 + 𝛿(1 − 𝛽)), consumers with valuations on
the interval (V1, V] will buy the product in the
advance period, and those with valuations on
the interval [V, 1]will buy the product in the spot
period. Hence the advance demand equals V−V1,
and the spot demand equals 1 − V.

(2) If V1 > V (i.e., 𝑝1 > 𝜃𝑝2 + 𝛿(1 − 𝛽)), we obtain that
V2 > V. In this scenario, nobody will buy the product
in the advance period, and consumers with valuations
on the interval [V2, 1] will buy the product in the spot
period. Hence the advance demand equals zero, and
the spot demand equals 1 − V2.

Denote by 𝑝1𝐴 = 𝑝2 +𝛿(1−𝛽)− (1−𝜃), 𝑝1𝐵 = 𝜃𝑝2 +𝛿(1−𝛽). Combining the above two scenarios, we can formulate the
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retailer’s demands in the advance period (𝐷1) and spot period
(𝐷2) as follows:
𝐷1

=
{{{{{{{{{{{{{

1 − 𝑝1 − 𝛿 (1 − 𝛽)𝜃 , 𝑖𝑓 𝑝1 ≤ 𝑝1𝐴
𝑝2 − 𝑝1 + 𝛿 (1 − 𝛽)1 − 𝜃 − 𝑝1 − 𝛿 (1 − 𝛽)𝜃 , 𝑖𝑓 𝑝1𝐴 < 𝑝1 ≤ 𝑝1𝐵
0, 𝑖𝑓 𝑝1 > 𝑝1𝐵,

(3)

𝐷2 =
{{{{{{{{{{{

0, 𝑖𝑓 𝑝1 ≤ 𝑝1𝐴
1 − 𝑝2 − 𝑝1 + 𝛿 (1 − 𝛽)1 − 𝜃 , 𝑖𝑓 𝑝1𝐴 < 𝑝1 ≤ 𝑝1𝐵
1 − 𝑝2, 𝑖𝑓 𝑝1 > 𝑝1𝐵.

(4)

To facilitate the analysis and avoid trial cases, we make
the following assumption throughout the paper to confine
our analysis in the situation when the advance selling price
is nonnegative.

Assumption 1. 𝑝1𝐴 ≥ 0.
Meanwhile, the term 𝛿(1−𝛽)−(1−𝜃) in the formulation of𝑝1𝐴 also represents the difference between the utility brought

by the part prepayment scheme and the maximal value of
additional product information generated in the advance
period.The meaning is that a consumer will tend to delay his
purchase until the spot period if his valuation V𝑖 is relatively
high (e.g., the term (1−𝜃)V𝑖 > 𝛿(1−𝛽)means that the value of
additional product information for consumer i is larger than
the utility brought by the part prepayment scheme).

Online markets allow buyers and retailers to overcome
geographical and temporal barriers to buy products anytime,
anywhere. However, online markets still face a barrier in
perfectly conveying a product’s characteristics [28]. Follow-
ing Davis et al. [18] and Li et al. [24], we assume that
consumers’ valuations on the purchased product consist of
two parts: trial value (1 − 𝜆)V𝑖 and residual consumption
value 𝜆V𝑖 (0 < 𝜆 < 1). If the residual consumption value is
extremely low, consumers may choose to return the product
even if the product is in a good shape. The time and effort
needed by consumers to return the item (e.g., filling out the
return request, repacking the item, and paying for the return
shipping cost) are called the hassle cost [18]. We consider a
full refund policy from the retailer when a consumer chooses
to return the product. In specific, a consumer will choose to
return the product if the residual consumption value of the
product is lower than the refund minus the hassle cost; that
is,

𝜆V𝑖 < 𝑝𝑡 − ℎ. (5)

In (5), the term ℎ represents the consumer’s hassle cost of
product return.

Denote by 𝑑𝑡 the amount of consumer returns in period t(𝑡 = 1, 2). Then combining equations (3), (4), and (5) we can
derive that

𝑑1 =
{{{{{{{{{{{{{

(𝑝1 − ℎ𝜆 − 𝑝1 − 𝛿 (1 − 𝛽)𝜃 )
+

𝑖𝑓 𝑝1 ≤ 𝑝1𝐴
(𝑝1 − ℎ𝜆 − 𝑝1 − 𝛿 (1 − 𝛽)𝜃 )

+

𝑖𝑓 𝑝1𝐴 ≤ 𝑝1 ≤ 𝑝1𝐵
0 𝑖𝑓 𝑝1 ≥ 𝑝1𝐵,

(6)

𝑑2

=
{{{{{{{{{{{{{

0 𝑖𝑓 𝑝1 ≤ 𝑝1𝐴
(𝑝2 − ℎ𝜆 − 𝑝2 − 𝑝1 + 𝛿 (1 − 𝛽)1 − 𝜃 )

+

𝑖𝑓 𝑝1𝐴 ≤ 𝑝1 ≤ 𝑝1𝐵
𝑝2 − ℎ𝜆 − 𝑝2 𝑖𝑓 𝑝1 ≥ 𝑝1𝐵.

(7)

For ease of analyses, we normalize the retailer’s pro-
curement cost to zero and assume that the selling price in
the spot period is exogenous and mainly determined by the
competition in the market (i.e., the tag price). The retailer
makes his advance selling price decision to maximize his
overall profit over the two periods. In this section, we also
assume that the returned product can be sold again with
neglect-able storage cost, and in Section 5 we will extend
the model to examine the impact of the retailer’s handling
cost of consumer returns on his profit. Then the retailer’s
optimization problem can be formulated as

max∏(𝑝1)
𝑝1

= 𝑝1 (𝐷1 − 𝑑1) + 𝑝2 (𝐷2 − 𝑑2) . (8)

In the following section, we will further analyze the retailer’s
optimal pricing decision based on (8).

4. Analysis

Following (3) and (4), the retailer’s pricing strategies have
three scenarios.

S1: Low Advance Selling Price Strategy (LAP). That is, if the
retailer sets his advance selling price lower than 𝑝1𝐴 (i.e.,𝑝1 ≤𝑝1𝐴), consumers in the market are attracted by the low price
and only buy the product in the advance period.

S2: Middle Advance Selling Price Strategy (MAP). That is, if
the retailer sets his advance selling price between 𝑝1𝐴 and 𝑝1𝐵
(i.e., 𝑝1𝐴 < 𝑝1 ≤ 𝑝1𝐵), demands occur in both two periods.

S3: High Advance Selling Price Strategy (HAP). That is, if the
retailer sets his advance selling price higher than 𝑝1𝐵 (i.e.,𝑝1 > 𝑝1𝐵), demand occurs only in the spot period. In this
case, the demand in the spot period satisfies𝐷𝐻2 = 1−𝑝2, and
the number of consumer returns satisfies𝑑𝐻2 = (𝑝2−ℎ)/𝜆−𝑝2.

In the following subsections, we first examine the optimal
decisions under each type of pricing strategy and then further
explore the overall optimal strategy for the retailer.

4.1. Low Advance Selling Price Strategy. In the LAP scenario,
the demand and consumer return only occur in the advance
period. Following (3) and (6) we obtain 𝐷𝐿1 = 1 − (𝑝1 − 𝛿(1 −𝛽))/𝜃 and 𝑑𝐿1 = ((𝑝1 − ℎ)/𝜆 − (𝑝1 − 𝛿(1 − 𝛽))/𝜃)+. Figure 2
provides an illustration for this scenario.
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0 1

Consumers who purchase
product in advance period

Consumers who do not
purchase product

Consumers who return
product

p1 − (1 − )



p1 − ℎ



Figure 2: Market situation under the low advance selling pricing strategy.

With the objective to maximize his profit, the retailer
make his optimal decision following Theorem 2.

Theorem 2. In the LAP scenario (i.e., 0 ≤ 𝑝1 ≤ 𝑝1𝐴), the
optimal advance selling price (𝑝𝐿1 ∗) satisfies

(i) If ℎ ≤ ℎ1 and ℎ ≤ 𝐻1, 𝑝𝐿1 ∗ = (𝜆 + ℎ)/2;
(ii) If ℎ1 ≤ ℎ ≤ 𝐻2, 𝑝𝐿1 ∗ = 𝑝1𝐴,

where ℎ1 = 2(𝑝2+𝛿(1−𝛽)−1+𝜃)−𝜆,𝐻1 = (2𝛿(1−𝛽)𝜆+𝜆𝜃−𝜆2)/(𝜃+𝜆), and𝐻2 = ((𝜃−𝜆)𝑝2+𝜃𝛽(1+𝛿)−(𝜃−𝜆)(1−𝜃))/𝜃.
All proofs are provided in Appendix.
The conditions ℎ ≤ ℎ1 and ℎ ≤ 𝐻1 in Theorem 2 are

to ensure the nonnegativity of consumer returns. It can be
observed from Theorem 2 that when the consumer’s hassle
cost ℎ is less than a particular threshold, i.e., ℎ ≤ min{ℎ1, 𝐻1},
the retailer needs to trade-off the marginal profit and the
actual sales amount (𝐷𝐿1 −𝑑𝐿1). As the hassle cost increases, i.e.,ℎ1 ≤ ℎ ≤ 𝐻2, it is optimal for the retailer to raise the advance
selling price to the right point price on the LAP region, which
means that in this case, the retailer can increase his profit
by increasing the advance selling price. This is because, with
higher hassle cost, consumer returns will decrease which in
turn increases the actual sales amount (𝐷𝐿1 − 𝑑𝐿1 ).

The following corollaries further examine the impact of
exogenous parameters on the retailer’s optimal decisions.

Corollary 3. 𝜕𝑝𝐿1 ∗/𝜕𝛽 ≤ 0, 𝜕𝑝𝐿1 ∗/𝜕ℎ ≥ 0.
Corollary 3 shows that the advance selling price is

decreasing with the prepayment proportion. This finding
is meaningful, which indicates that the part prepayment
scheme can be a useful tool for retailers to increase selling
price without inducing a large decrease in demand. It is
intuitive that when the retailer increases the selling price, the
consumers’ utility will decrease and so does the retailer’s total
demand. Hence the part prepayment policy can be used to
offset the negative effect of price increase on the demand.This
finding provides a valuable explanation for the reasonwhy the
part prepayment scheme is extensively adopted in reality.

Corollary 3 shows that the advance selling price is
increasing in the consumer’s hassle cost of product return.
To gain competitive advantages and to reduce consumers’
uncertainty about product value, many retailers in reality
allow consumers to return the productwith full refundwithin
a certain period. Corollary 3 also indicates that the retailer

can reduce the amount of consumer returns by increasing the
consumers’ hassle cost of product return without sacrificing
the refund. This observation provides explanations for many
practices in reality. For example, many retailers in Tmall.com
allow consumers to return the productwith full refundwithin
7 days but require that the returned product should be
originally packaged or be combined with the accessories like
invoices, free gifts, etc.

The following corollary further demonstrates the proper-
ties of the demand and consumer returns with respect to the
part prepayment scheme and the hassle cost.

Corollary 4. 𝐷𝐿1∗ and 𝑑𝐿1∗ are decreasing in 𝛽 and ℎ. Further,|𝜕𝐷𝐿1∗/𝜕𝛽| ≤ |𝜕𝑑𝐿1∗/𝜕𝛽| and |𝜕𝐷𝐿1∗/𝜕ℎ| ≤ |𝜕𝑑𝐿1∗/𝜕ℎ|.
The above corollary shows that the amount of consumer

returns will decrease faster than the demand in the prepay-
ment proportion and the consumer’s hassle cost. This indi-
cates that an extremely lower level of prepayment proportion
or an extremely tolerant return policy may incur substantial
amount of consumer returns. In such a case, when consumer
returns cause relatively large cost for the retailer, it may not be
always beneficial for the retailer to decrease the prepayment
proportion or to offer a tolerant return policy to increase the
product demand.Wewill extend the currentmodel to further
discuss the impact of the retailer’s handling cost of consumer
returns on the pricing, demand, and profit in Section 5.

4.2. Middle Advance Selling Price Strategy. In the MAP
scenario, the demand and consumer returns occur in both
two periods. Figure 3 provides an illustration for the demands
and returns under this scenario.

Following (3) to (6) we obtain that𝐷𝑀1 = (𝑝2 −𝑝1 +𝛿(1 −𝛽))/(1 − 𝜃) − (𝑝1 − 𝛿(1 − 𝛽))/𝜃, 𝐷𝑀2 = 1 − (𝑝2 − 𝑝1 + 𝛿(1 −𝛽))/(1 − 𝜃), 𝑑𝑀1 = ((𝑝1 − ℎ)/𝜆 − (𝑝1 − 𝛿(1 − 𝛽))/𝜃)+, and𝑑𝑀2 = ((𝑝2 −ℎ)/𝜆− (𝑝2 −𝑝1 +𝛿(1−𝛽))/(1−𝜃))+, respectively.
Hence the optimal advance selling decision under the MAP
scenario follows Theorem 5.

Theorem 5. In the MAP scenario (i.e., 𝑝1𝐴 < 𝑝1 ≤ 𝑝1𝐵), the
optimal advance selling price 𝑝𝑀∗1 satisfies

(i) if ℎ ≤ ℎ2 and ℎ ≤ 𝐻2, 𝑝𝑀∗1 = 𝑝1𝐴;
(ii) if ℎ2 ≤ ℎ ≤ ℎ3 and ℎ ≤ min{𝐻3, 𝐻4}, 𝑝𝑀∗1 = (ℎ(1 −𝜃) + 𝜆(𝑝2 + 𝛿(1 − 𝛽)))/2(1 + 𝜆 − 𝜃);
(iii) if ℎ3 ≤ ℎ ≤ (1 − 𝜆)𝑝2, 𝑝𝑀∗1 = 𝑝1𝐵,
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Figure 3: Market situation under the MAP scenario.

withℎ2 = ((2(1−𝜃)+𝜆)(𝑝2+𝛿(1−𝛽))−2(1+𝜆−𝜃)(1−𝜃))/(1−𝜃),ℎ3 = ((2𝜃(1−𝜃)+𝜆(2𝜃−1))𝑝2+(2(1−𝜃)+𝜆)𝛿(1−𝛽))/(1−𝜃),𝐻2 = ((𝜃 − 𝜆)𝑝2 + 𝜃𝛽(1 + 𝛿) − (𝜃 − 𝜆)(1 − 𝜃))/𝜃, and 𝐻3 =(𝑝2𝜆(𝜃 − 𝜆) + 𝛿(1 − 𝛽)𝜆(2 − 𝜃 + 𝜆))/(𝜃(1 − 𝜃) + 𝜆(1 + 𝜃)).
In Theorem 5, the conditions ℎ ≤ min{𝐻3, 𝐻4} andℎ ≤ 𝐻2 are to ensure the nonnegativity of the amount of

consumers returns in each period. It can be observed from
Theorem 5 that when ℎ ≤ ℎ2 or ℎ ≥ ℎ3, the optimal
pricing decisions will degenerate into those in the LAP or
HAP scenario. When ℎ2 ≤ ℎ ≤ ℎ3, there are both demands in
the advance and spot periods. The properties of the pricing
decisions with respect to the part prepayment scheme and
consumer returns in this case are similar to those in the LAP
strategy. Additionally, some new properties are also found as
described in the following corollaries.

Corollary 6. When 𝜃(−5+3𝜃−2𝜆)+2+𝜆 < 0, 𝜕𝑑𝑀∗𝑇 /𝜕𝛽 > 0;
otherwise, 𝜕𝑑𝑀∗𝑇 /𝜕𝛽 ≤ 0.

Intuitively, we might expect that the total amount of
consumer returnswill decrease in the prepayment proportion
since a relatively lowprepaymentwill inducemore consumers
with relatively low valuations to buy the product, which
may lead to more consumer returns (i.e., 𝜕𝑑𝑀∗𝑇 /𝜕𝛽 ≤ 0).
However, as shown by Corollary 6, when the total amount of
consumer returns in the MAP strategy it may even increase
in the prepayment proportion under some situations (i.e.,𝜕𝑑𝑀∗𝑇 /𝜕𝛽 > 0). In specific, the condition 𝜃(−5+3𝜃−2𝜆)+2+𝜆 < 0 indicates that the extent of ex-ante product information
perceived by consumers is relatively high (e.g., 𝜃 ≥ 2/3)
or the residual value of the returned product is relatively
large. In this case, a relatively large prepayment proportion
may increase the consumer returns. This is because that the
increase of prepayment proportion will lead more consumers
to wait until the spot period. However, the price in the spot
period is relatively high, which will ultimately lead to more
consumer returns.

Corollary 7. The retailer’s profit in the MAP scenario has
following properties:

(1) 𝜕2∏𝑀∗/𝜕𝛽𝜕ℎ ≤ 0;
(2) When 𝑝𝑀∗1 = 𝑝1𝐴, 𝜕2∏𝑀∗/𝜕𝛽𝜕𝜃 > 0; otherwise,𝜕2∏𝑀∗/𝜕𝛽𝜕𝜃 ≤ 0.

Corollary 7(1) further shows the cross effect of the part
prepayment scheme and the consumer’s hassle cost on the
retailer’s profit. This finding indicates that the part prepay-
ment scheme and the hassle cost have negative cross effect
on the retailer’s profit. That is, the retailer cannot provide
a too tolerant return policy if the consumers are allowed
to preorder the product with a relatively low proportion of
prepayment and vice versa.The reason is understandable that
when the consumers are allowed to preorder the product
with an extremely low proportion of prepayment, consumers
with extremely low valuations will also preorder the product,
which may greatly increase the amount of consumer returns
if the return policy is too tolerant. This finding differs from
the findings in prior studies such as Xie and Gerstner [29],
which show that it will be more superior for the retailer to set
sufficiently small hassle cost of return when advance selling
with the buy-back clause; hence it enriches the impact of
hassle cost of return on advance selling strategies.

Corollary 7(2) shows that when ℎ2 ≤ ℎ ≤ ℎ3, the
part prepayment scheme and the extent of ex-ante product
information perceived by consumers also have negative cross
effect on the retailer’s profit. This finding also provides valu-
able implications for managers in reality. Specifically, if the
retailer intends to use the part prepayment scheme to increase
demand without sacrificing the retail price (as described by
Corollary 3); he can choose to offer more product informa-
tion to reduce the consumers’ valuation uncertainty about the
product. Similarly, if the consumers are required to preorder
the productwith full prepayment, the retailer can strategically
choose to offer less product information before purchase.
This finding also coincides with the practices in reality. Take
the smartphone, for instance, Huawei’s P20 smartphone was
released onMarch 27, 2018, and the selling price is RMB 4988.
Meanwhile, consumers can pay RMB 999 to preorder the P20
smartphone in advance at Tmall.com. However, consumers
only need to pay RMB 100 to preorder the P20 smartphone in
the ‘June 18 promotion’ activity, about two months after the
release of the P20 smartphone. Overall, when the Huawei’s
P20 was just released, the proportion of the prepayment is
about 20%, which decreases to 2% two months later. Hence
one explanation for the Huawei’s practice is that, before the
release of the smartphone, the extent of ex-ante product
information perceived by consumers is relatively low, hence
Huawei adopts a relatively high proportion of prepayment.
With the increase of extent of ex-ante product information
due to information sharing between consumers [30], Huawei
decreases the prepayment proportion.
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Figure 4: Illustrations for the retailer’s advance selling pricing strategy.

4.3. Comparisons andManagerial Insights. In this subsection,
we further explore the overall optimal pricing strategies
based on the above analyses, as described in the following
proposition.

Proposition 8. The optimal advance selling strategy for the
retailer (𝑝∗1 ) satisfies the following:

(1) If ℎ ≤ ℎ2 and ℎ ≤ min{𝐻1, 𝐻2}, it is beneficial for
the retailer to choose the LAP strategy. In this case, ifℎ ≤ ℎ1, 𝑝∗1 = (𝜆 + ℎ)/2; if ℎ1 ≤ ℎ ≤ ℎ2, 𝑝∗1 = 𝑝1𝐴.

(2) If ℎ2 ≤ ℎ ≤ ℎ3 and ℎ ≤ min{𝐻3, 𝐻4}, it is beneficial for
the retailer to choose the MAP strategy, and the optimal
advance selling price satisfies 𝑝∗1 = (ℎ(1 − 𝜃) + 𝜆(𝑝2 +𝛿(1 − 𝛽)))/2(1 + 𝜆 − 𝜃).

(3) If ℎ3 ≤ ℎ ≤ (1 − 𝜆)𝑝2, it is beneficial for the retailer to
choose the HAP strategy, and 𝑝∗1 = 𝑝1𝐵.

In Proposition 8, the conditions ℎ ≤ min{𝐻1, 𝐻2} andℎ ≤ min{𝐻3, 𝐻4} are provided to avoid the trivial cases
when the number of consumer returns is negative. Overall,
Proposition 8 provides an illustration for the retailer’s pricing
strategies with respect to the consumers’ hassle cost and
indicates it is beneficial for the retailer to set a relatively low
(high) advance selling price when the consumers’ hassle cost
of return is relatively small (large). This finding coincides
with the practices in reality. For example, when Harry-Potter
books, which have relatively low hassle cost, were released on
Amazon.com in advance, the retailer offered a discount of up
to 49%; in contrast, the Harry-Potter Blu-Ray was available
for preorder with only 15% off discount [24].

Specifically, when the consumers’ hassle cost of return is
relatively low (e.g., ℎ ≤ ℎ2), it will lead to more consumer
returns. As a result, it may be beneficial for the retailer to
adopt the LAP strategy (i.e., decreasing the advance selling

price) to reduce consumer returns. When the consumers’
hassle cost of return is extremely high (e.g., ℎ3 ≤ ℎ ≤ (1 −𝜆)𝑝2), it is beneficial for the retailer to set an extremely high
advance selling price to lead all consumers to purchase in the
spot period. This is understandable that when the amount of
consumer returns is low (e.g., hassle cost of return is high),
retailer can increase his profit by increasing the advance
selling price. This finding also differs from the findings in
prior studies such as Shulman et al. [31] which indicates that
the retailer’s selling price is decreasing in the hassle cost of
consumer return.

Notably, the conditions in Proposition 8 can also be
transformed to those regarding 𝛽. Specifically, when the
prepayment proportion𝛽 is relatively low, it ismore beneficial
to adopt advance selling; whereas when 𝛽 is extremely high,
it is more beneficial for the retailer to set a high advance
selling price to lead more consumers to purchase in the spot
period. To better illustrate these results, a numerical example
is conducted as shown in Figure 4 by setting 𝛿 = 0.5, 𝜃 = 0.55,𝑝2 = 0.4, and 𝜆 = 0.5.

As shown in Figure 4, it is beneficial for the retailer to set𝑝∗1 = (𝜆+ℎ)/2 in the area of Segment 1; in the area of Segment2, the optimal selling price follows 𝑝∗1 = 𝑝1𝐴; in Segment 3,
the optimal price follows𝑝∗1 = (ℎ(1−𝜃)+𝜆(𝑝2+𝛿(1−𝛽)))/2(1+𝜆 − 𝜃); and in Segment 4, the optimal price follows 𝑝∗1 = 𝑝1𝐵.
5. Extension and Discussion on the
Impact of Handling Cost

In previous sections, we normalize the retailer’s handling
cost of consumer returns to zero to focus on the interaction
between the advance selling with part prepayment scheme
and the consumer’s hassle cost of return. In this section,
we extend the model to examine the impact of the retailer’s
handling cost of returns on the retailer’s part prepayment
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advance selling strategy and profit. We use the superscript
“R” to represent the variables and parameters in this situa-
tion. To facilitate the theoretical analysis, we normalize the
consumer’s hassle cost of returns to zero in the following
analyses. Denote by c the retailer’s handling cost per each
unit of consumer return. In such a case, the retailer’s profit
function follows:

max
𝑝1

𝑅∏(𝑝𝑅1 ) = 𝑝𝑅1 (𝐷𝑅1 − 𝑑𝑅1 ) + 𝑝𝑅2 (𝐷𝑅2 − 𝑑𝑅2 )
− 𝑐 (𝑑𝑅1 + 𝑑𝑅2 ) .

(9)

Then we can obtain the following theorem.

Theorem 9. When considering the handling cost of consumer
returns, the retailer’s optimal advance selling decision (𝑝𝑅∗1 )
follows:

(i) if 𝛽1 ≤ 𝛽 ≤ 𝛽2 and 𝐵2 ≤ 𝛽 ≤ 𝐵1, 𝑝𝑅∗1 = ((𝑝2 + 𝛿(1 −𝛽))𝜃𝜆 + 𝑐(𝜃(𝜃 − 1) + 𝜆(1 − 2𝜃)))/2𝜃(1 − 𝜃 + 𝜆);
(ii) if 𝛽 ≤ 𝛽1 and 𝛽 ≤ 𝐵3, 𝑝𝑅∗1 = 𝑝1𝐴;
(iii) if 𝛽 ≥ 𝛽2, 𝑝𝑅∗1 = 𝑝1𝐵,

where 𝛽1 = ((1 − 𝜃)𝜃(𝑐 + 2(𝑝2 + 𝛿 + 𝜃 − 1))) + 𝜆(𝑐(2𝜃 − 1) +𝜃(𝑝2 + 𝛿 − 2(1 − 𝜃))))/𝛿𝜃(2(1 − 𝜃) + 𝜆) and 𝛽2 = ((1 − 𝜃)𝜃(𝑐 +2(𝜃𝑝2 +𝛿))+𝜆(𝑐(2𝜃−1)+𝑝2𝜃(2𝜃−1)+𝛿𝜃))/𝛿𝜃(2(1−𝜃)+𝜆).
InTheorem 9, the conditions 𝐵2 ≤ 𝛽 ≤ 𝐵1 and 𝛽 ≤ 𝐵3 are

provided to avoid trivial cases when the amount of consumer
returns is negative. Specifically, 𝐵1 = (𝑐(𝜃−𝜆)(𝜃(−1+𝜃−2𝜆)+𝜆)+𝜃𝜆(𝛿(2−𝜃+𝜆)+𝑝2(𝜃−𝜆)))/𝛿𝜃𝜆(2−𝜃−𝜆),𝐵2 = (((2𝑐+𝑝2+𝛿)𝜃− 𝑐)𝜆2 −2𝑝2(1−𝜃)2𝜃+ (𝑐+2𝛿)(1−𝜃)𝜃𝜆)/𝛿𝜃𝜆(2−2𝜃+𝜆),
and 𝐵3 = 1 + (1 − 𝜃 − 𝑝2)(𝜆 − 𝜃)/𝛿𝜃.

It can be observed fromTheorem 9 that when considering
the retailer’s handling cost of consumer returns, the optimal
advance selling strategy and corresponding pricing decision
are heavily dependent on the handling cost and the part pre-
payment scheme. The following corollaries further examine
the properties of the retailer’s pricing decision and profit with
respect to the part prepayment scheme and the handling cost
of consumer returns.

Corollary 10. The retailer’s optimal advance selling price 𝑝𝑅∗1
satisfies the following properties:

(1) 𝜕𝑝𝑅∗1 /𝜕𝛽 ≤ 0;
(2) If 𝜃 < 𝜃, 𝜕𝑝𝑅∗1 /𝜕𝑐 < 0; otherwise 𝜕𝑝𝑅∗1 /𝜕𝑐 ≥ 0, with𝜃 = (2𝜆 + 1 − √4𝜆2 + 1)/2.
Corollary 10(1) shows that the retailer’s advance selling

price is decreasing in the proportion of prepayment in
the advance period, which is consistent with the results in
Corollary 3. Notably, Corollary 10(2) shows that when the
consumers receive relatively few ex-ante product information
in the advance period (i.e., 𝜃 < 𝜃), the optimal advance selling
price is decreasing in the retailer’s handling cost of consumer
returns. This is because that, when the consumers receive

relatively few ex-ante product information in the advance
period, they tend to buy the product in the spot period, as
a result, the demand in the advance period will decrease.
In this case, the retailer may choose to increase the advance
demand for the product and to reduce the consumer returns
by reducing the advance selling price, especially when the
handling cost is relatively high.

When 𝜃 ≥ 𝜃, the advance selling price is increasing
in the handling cost. This is understandable that in this
case the retailer has to increase the advance selling price to
compensate the handling cost caused by consumer returns.
This finding is similar to that presented by Xiao and Shi [32],
who demonstrate that the retailer’s optimal price depends
on the handling cost from the perspective of supply chain
information asymmetry.

The following propositions further demonstrate the
impact of the part prepayment scheme and the handling cost
on the retailer’s profit.

Proposition 11. When 𝛽1 ≤ 𝛽 ≤ 𝛽2 and 𝐵2 ≤ 𝛽 ≤ 𝐵1, there
exists 𝛽 satisfying that if 𝛽 < 𝛽, 𝜕∏𝑅∗/𝜕𝛽 < 0, otherwise
𝜕∏𝑅∗/𝜕𝛽 ≥ 0, with 𝛽 = ((𝑝2 + 𝛿)𝜃𝜆 − 𝑐(2 + 𝜃(−5 + 3𝜃 −2𝜆) + 𝜆))/𝛿𝜆𝜃.

This observation indicates that it is more beneficial for
the retailer to set an extremely low prepayment proportion
or to require full prepayment in the advance period. This
finding provides explanations for many practices in reality.
For example, JD.com allows consumers to preorder products
with zero prepayment, and the retailers on Tmall.com usually
set a prepayment proportion less than 20% of the product
selling price. However, the fashionable electronic products,
like Apple products andMIUI, should be preorderedwith full
prepayment.

To further explore when it is more beneficial to set
an extremely low prepayment proportion or to require full
prepayment, we draw the following finding.

Proposition 12. Define Δ∏ = ∏𝑅(𝛽 = 1) −∏𝑅(𝛽 = 0), thenΔ∏ has the following properties:

(i) If 2 + 𝜃(−5 + 3𝜃 − 2𝜆) + 𝜆 < 0, Δ∏ is decreasing in 𝑐
and Δ∏ < 0.

(ii) If 2 + 𝜃(−5 + 3𝜃 − 2𝜆) + 𝜆 ≥ 0, Δ∏ is increasing in 𝑐,
and when 𝑐 > 𝑐, Δ∏ > 0, with 𝑐 = (2𝑝2 + 𝛿)𝜃𝜆/2(2 +𝜃(−5 + 3𝜃 − 2𝜆) + 𝜆).

Proposition 12 shows that when the consumers can
receive enough product information in the advance period
(i.e., 𝜃 is relatively large), it is more beneficial for the retailer
to adopt the free reservation schemeor to set a relatively small
prepayment proportion. This is because that when 𝜃 is large
enough, the consumers have more confidence to buy in the
advance period, and thus the free reservation scheme can
greatly increase the total demand. When 𝜃 is relatively small
and the handling cost is relatively high, it is more beneficial
for the retailer to adopt the full prepayment scheme. This is
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Table 2: Optimal decisions and relevant expressions in the LAP scenario.

ℎ ℎ ≤ min{ℎ1,𝐻1} ℎ1 ≤ ℎ ≤ 𝐻2𝑝𝐿1 ∗ 𝑝𝐿𝐸1 𝑝1𝐴
∏𝐿∗ (ℎ + 𝜆)2

4𝜆 (𝑝2 + 𝜃 + 𝛿 (1 − 𝛽) − 1)(1 − −ℎ + 𝑝2 + 𝜃 + 𝛿 (1 − 𝛽) − 1𝜆 )
𝐷𝐿1∗ 1 − ℎ + 𝜆 − 2𝛿 (1 − 𝛽)2𝜃

1 − 𝑝2𝜃
𝑑𝐿1 ∗ 𝜆 (𝜃 − 𝜆 + 2𝛿 (1 − 𝛽)) − ℎ(𝜆 + 𝜃)

2𝜃𝜆
(1 − 𝜃 − 𝑝2)𝜆 + 𝜃 (𝑝2 + 𝛿 (1 − 𝛽) − (1 − 𝜃)) − ℎ𝜃𝜃𝜆

because that when 𝜃 is relatively small, the large purchase in
the advance period will increase the consumer returns; hence
the retailer may prefer the full prepayment scheme.

6. Conclusion

Part prepayment scheme, which allows consumers to pre-
order the product with part prepayment, has recently been
widely used in advance selling settings to promote con-
sumer purchases. However, this scheme may also lead to
the increase of consumer returns. This study develops a
two-period theoretical model to examine the interaction
between the part prepayment scheme and the return policy
and its effect on the retailer’s profit. Our analysis yields
the following insights. First, the advance selling price is
decreasing with the prepayment proportion, which means
that the part prepayment scheme can help the retailer to
increase the demand without sacrificing the advance selling
price. This finding provides an explanation for why the part
prepayment scheme is extensively adopted in reality. Further,
it is beneficial for the retailer to set a relatively low (high)
advance selling price when the consumers’ hassle cost of
return is relatively small (large). Second, the prepayment
proportion and the consumers’ hassle cost of return have
a negative cross effect on the retailer’s profit, which means
that the retailer should set a relatively strict return policy
if the consumers can preorder the product with a relatively
small prepayment proportion and vice versa. Third, the
prepayment proportion and the ex-ante product information
perceived by consumers also have a negative cross effect on
the retailer’s profit, which indicates that when the extent
of ex-ante product information perceived by consumers is
relatively small, it is more beneficial for the retailer to adopt a
relatively high proportion of prepayment and vice versa. We
also extend the model to incorporate the retailer’s handling
cost of consumer returns and find that it is beneficial for
the retailer to set a small prepayment proportion when the
ex-ante product information perceived by consumers is high
enough, or otherwise to require a full prepayment especially
when the handling cost is relatively high. These findings also
provide explanations for many practices in reality.

This paper examines the interaction between the advance
selling with part prepayment scheme and the consumer
return policy under the assumption that there is only one
retailer in the supply chain. When there are (more than) two

competitors simultaneously sell products in the market, the
conclusions in this paper need be respeculated. Also, this
paper only considers the full refund return policy, and how
will the part prepayment scheme interact with the partial
refund return policy is an interesting topic that deserves our
future attention. Additionally, with the fast generation of big
data, examining the proposed theoretical strategies with the
practical data will also be an important and exciting topic for
future research.

Appendix

Proofs ofTheorems and Propositions

A. Low Advance Selling Price Strategy

See Table 2.

Proof of Theorem 2. In the case of LAP strategy, the range
of advance selling price is 0 ≤ 𝑝1 ≤ 𝑝1𝐴, and the market
consists of only the advance consumers. The profit function
of the retailer is

max
𝐿∏(𝑝𝐿1) = (𝐷𝐿1 − 𝑑𝐿1) 𝑝𝐿1 ,

s.t. 0 ≤ 𝑝1 < 𝑝2 + 𝛿 (1 − 𝛽) − (1 − 𝜃) .
(A.1)

By taking the first-order and second-order derivatives
of (A.1), we have 𝜕∏𝐿(𝑝𝐿1 )/𝜕𝑝𝐿1 = (ℎ − 2𝑝1 + 𝜆)/𝜆 and
𝜕2∏𝐿(𝑝𝐿1 )/𝜕𝑝𝐿21 = −2/𝜆. Hence∏𝐿(𝑝𝐿1 ) is concave in 𝑝𝐿1 and
achieves its maximal value at 𝑝𝐿𝐸1 where 𝑝𝐿𝐸1 = (𝜆 + ℎ)/2.

The maximum points of the LAP strategy are as follows:

(i) If ℎ ≤ ℎ1, the profit function is concave in the LAP
strategy’s region. From the first-order derivative, we
have the extreme point 𝑝𝐿𝐸1 , and the maximum profit
of the retailer∏𝐿(𝑝𝐿𝐸1 ) = (ℎ + 𝜆)2/4𝜆. The constraint
that the amount of consumer returns is nonnegative
follows (𝑝1 − 𝛿(1 − 𝛽))/𝜃 ≤ (𝑝1 − ℎ)/𝜆, which can be
transformed into ℎ ≤ 𝐻1.

(ii) If ℎ ≥ ℎ1. The profit function is increasing in the
advance selling price in the LAP strategy’s region, and
the optimal price of this case is the right boundary of
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the region 𝑝1𝐴. The maximum profit of the retailer is
∏𝐿(𝑝1𝐴) = (𝑝2 + 𝜃 + 𝛿(1 − 𝛽) − 1)(1 − (−ℎ + 𝑝2 + 𝜃 +𝛿(1 − 𝛽) − 1)/𝜆).

To ensure the nonnegativity of consumer returns, we haveℎ ≤ 𝐻2, with ℎ1 = 2(𝑝2 + 𝛿(1 − 𝛽) − 1 + 𝜃) − 𝜆,𝐻1 = (2𝛿(1 −𝛽)𝜆+𝜆𝜃−𝜆2)/(𝜃+ 𝜆), and𝐻2 = ((𝜃−𝜆)𝑝2 +𝜃𝛽(1 + 𝛿) − (𝜃−𝜆)(1 − 𝜃))/𝜃.
Proof of Corollary 3 . From Table 2, we can take the
derivations of optimal advance selling price w.r.t. 𝛽 and ℎ,
respectively:

(1) if ℎ ≤ min{ℎ1,𝐻1}, 𝜕𝑝𝐿1 ∗/𝜕𝛽 = 0; if ℎ1 ≤ ℎ ≤ 𝐻2,𝜕𝑝𝐿1 ∗/𝜕𝛽 = −𝛿, hence 𝜕𝑝𝐿1 ∗/𝜕𝛽 < 0;
(2) if ℎ ≤ min{ℎ1, 𝐻1}, 𝜕𝑝𝐿1 ∗/𝜕ℎ = 1/2 and hence
𝜕𝑝𝐿1 ∗/𝜕ℎ > 0; if ℎ1 ≤ ℎ ≤ 𝐻2, 𝜕𝑝𝐿1 ∗/𝜕ℎ = 0.

Hence 𝑝𝐿1 ∗ is decreasing in 𝛽 and is increasing in ℎ.
Proof of Corollary 4 . From Table 2, we can take the deriva-
tions of demands and returns decisions w.r.t. 𝛽, respectively:

(1) if ℎ ≤ min{ℎ1, 𝐻1}, 𝜕𝐷𝐿1∗/𝜕𝛽 = −𝛿/𝜃 ≤ 0, 𝜕𝑑𝐿1∗/𝜕𝛽 =−𝛿/𝜃 ≤ 0, and |𝜕𝐷𝐿1∗/𝜕𝛽| = |𝜕𝑑𝐿1∗/𝜕𝛽|;
(2) if ℎ1 ≤ ℎ ≤ 𝐻2, 𝜕𝐷𝐿1∗/𝜕𝛽 = 0, 𝜕𝑑𝐿1∗/𝜕𝛽 = −𝛿/𝜆 ≤ 0,

and |𝜕𝐷𝐿1∗/𝜕𝛽| ≤ |𝜕𝑑𝐿1∗/𝜕𝛽|.
From Table 2, we can take the derivations of demands and
returns decisions w.r.t. ℎ, respectively:

(1) if ℎ ≤ min{ℎ1, 𝐻1}, 𝜕𝐷𝐿1∗/𝜕ℎ = −1/2𝜃 < 0, 𝜕𝑑𝐿1∗/𝜕ℎ =−(𝜃 + 𝜆)/2𝜃𝜆 ≤ 0, and |𝜕𝐷𝐿1∗/𝜕ℎ| ≤ |𝜕𝑑𝐿1∗/𝜕ℎ|;
(2) if ℎ1 ≤ ℎ ≤ 𝐻2, 𝜕𝐷𝐿1∗/𝜕ℎ = 0, 𝜕𝑑𝐿1∗/𝜕ℎ = −1/𝜆 < 0,

and |𝜕𝐷𝐿1∗/𝜕ℎ| ≤ |𝜕𝑑𝐿1∗/𝜕ℎ|.
Combining the above results, we can obtain Corollary 4.

B. Middle Advance Selling Price Strategy

See Table 3.

Proof of Theorem 5 . When 𝑝1𝐴 < 𝑝1 ≤ 𝑝1𝐵, there are
consumers purchasing in both the advance and spot periods.
The retailer’s profit function is

max
𝑀∏(𝑝𝑀1 )
= 𝑝𝑀1 (𝐷𝑀1 − 𝑑𝑀1 ) + 𝑝2 (𝐷𝑀2 − 𝑑𝑀2 ) ,

s.t. 𝑝2 + 𝛿 (1 − 𝛽) − (1 − 𝜃) < 𝑝1
≤ 𝜃𝑝2 + 𝛿 (1 − 𝛽) .

(B.1)

The first-order and second-order derivatives of (B.1) are𝜕∏𝑀(𝑝𝑀1 )/𝜕𝑝𝑀1 = (ℎ(1 − 𝜃) − 2𝑝1(1 − 𝜃 + 𝜆) + 𝜆(𝑝2 + 𝛿(1 −𝛽)))/𝜆(1−𝜃) and 𝜕2∏𝑀(𝑝𝑀1 )/𝜕𝑝𝑀21 = −2/(1−𝜃)−2/𝜆. Hence
(B.1) achieves its maximal value at 𝑝𝑀𝐸1 and 𝑝𝑀𝐸1 = (ℎ(1−𝜃)+𝜆(𝑝2 + 𝛿(1 − 𝛽)))/2(1 + 𝜆 − 𝜃).

Then we will first analyze the maximum points and for
each of the three cases defined by the hassle cost as follows:

(i) If ℎ ≤ ℎ2, the profit function is decreasing in the
advance selling price. Hence the optimal point of this
case is 𝑝1𝐴, and the optimal profit of the retailer is

Π (𝑝1𝐴) = 𝑝1 (𝐷1 − 𝑑1) = (𝑝2 + 𝜃 + 𝛿 (1 − 𝛽) − 1)
⋅ (1 − 𝑝2 + 𝜃 + 𝛿 (1 − 𝛽) − 1 − ℎ𝜆 ) . (B.2)

To ensure the number of returns is nonnegative, we
have ℎ ≤ 𝐻2.

(ii) If ℎ2 ≤ ℎ ≤ ℎ3, the profit function is concave in
the advance selling price; thus the extreme point 𝑝𝑀𝐸1
is the optimal solution of the profit function. The
corresponding profit is

𝑀∏(𝑝𝑀𝐸1 )

= ℎ
2 (1 − 𝜃)2 + 2ℎ𝑝2 (1 − 𝜃) (2 (1 − 𝜃) + 3𝜆) + 𝑝2 (−4𝑝2 (1 − 𝜃)2 + 4 (1 − 𝜃) (1 − 𝜃 − 𝑝2) 𝜆 + (4 − 4𝜃 + 𝑝2) 𝜆2)

4𝜆 (1 − 𝜃) (1 + 𝜆 − 𝜃)
+ 2ℎ𝛿 (1 − 𝛽) 𝜆 (1 − 𝜃) + 2𝑝2𝛿 (1 − 𝛽) 𝜆24𝜆 (1 − 𝜃) (1 + 𝜆 − 𝜃) + 𝜆𝛿2 (1 − 𝛽)2

4 (1 − 𝜃) (1 + 𝜆 − 𝜃) .

(B.3)

To ensure the nonnegativity of the amount of
consumer returns, we have (𝑝1 − 𝛿(1 − 𝛽))/𝜃 ≤(𝑝1 − ℎ)/𝜆, which can be transformed intoℎ ≤ 𝐻3. Similarly, there is (𝑝2 − 𝑝1 + 𝛿(1 −𝛽))/(1 − 𝜃) ≤ (𝑝2 − ℎ)/𝜆, which is equal toℎ ≤ 𝐻4.

(iii) If ℎ ≥ ℎ3, the profit function is increasing in the
advance selling price, thus the optimal price is 𝑝1𝐵,
and the maximum profit of the retailer is Π𝑀(𝑝1𝐵) =𝑝2(ℎ − 𝑝2 + 𝜆)/𝜆. In this situation, the condition ℎ ≤(1 − 𝜆)𝑝2 is provided to ensure the nonnegativity of
the amount of consumer returns.
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Table 3: Optimal decisions in the MAP scenario.

(a) Optimal decisions in the MAP scenario when ℎ ≤ ℎ2 and ℎ ≤ 𝐻2 .

ℎ ℎ ≤ min{ℎ2, 𝐻2}𝑝𝑀∗1 𝑝1𝐴
∏(𝑝𝑀∗1 ) (𝑝2 + 𝜃 + 𝛿 (1 − 𝛽) − 1)(1 − −ℎ + 𝑝2 + 𝜃 + 𝛿 (1 − 𝛽) − 1𝜆 )
𝐷𝑀∗1 1 − 𝑝2𝜃
𝑑𝑀∗1 (1 − 𝜃 − 𝑝2)𝜆 + (𝑝2 + 𝛿 (1 − 𝛽) − (1 − 𝜃)) − ℎ𝜃𝜃𝜆

(b) Optimal decisions in the MAP scenario when ℎ3 ≤ ℎ < (1 − 𝜆)𝑝2.

ℎ ℎ3 ≤ ℎ < (1 − 𝜆)𝑝2𝑝𝑀∗1 𝑝1𝐵
∏𝑀∗ 𝑝2(ℎ − 𝑝2 + 𝜆)𝜆𝐷𝑀∗2 1 − 𝑝2
𝑑𝑀∗2 𝑝2(1 − 𝜆) − ℎ𝜆

(c) Optimal decisions in the MAP scenario when ℎ2 ≤ ℎ ≤ ℎ3 and ℎ ≤ min{𝐻3,𝐻4}.

ℎ ℎ2 ≤ ℎ ≤ ℎ3 and ℎ ≤ min{𝐻3, 𝐻4}
𝑝𝑀∗1 𝑝𝑀𝐸1

∏𝑀∗
ℎ2 (1 − 𝜃)2 + 2ℎ𝑝2 (1 − 𝜃) (2 (1 − 𝜃) + 3𝜆) + 𝑝2 (−4𝑝2 (1 − 𝜃)2 + 4 (1 − 𝜃) (1 − 𝜃 − 𝑝2) 𝜆 + (4 − 4𝜃 + 𝑝2) 𝜆2)

4𝜆 (1 − 𝜃) (1 + 𝜆 − 𝜃)
+
2ℎ𝛿𝜆 (1 − 𝛽) (1 − 𝜃) + 2𝑝2𝛿 (1 − 𝛽) 𝜆24𝜆 (1 − 𝜃) (1 + 𝜆 − 𝜃) + 𝜆𝛿2 (1 − 𝛽)2

4 (1 − 𝜃) (1 + 𝜆 − 𝜃)
𝐷𝑀∗1 𝑝2 (2𝜃 (1 + 𝜆 − 𝜃) − 𝜆) − ℎ (1 − 𝜃)2𝜃 (1 − 𝜃) (1 + 𝜆 − 𝜃) + 𝛿 (1 − 𝛽) (2 − 2𝜃 + 𝜆)2𝜃 (1 − 𝜃) (1 + 𝜆 − 𝜃)
𝐷𝑀∗2 1 − (𝑝2 + 𝛿 (1 − 𝛽)) (2 − 2𝜃 + 𝜆) − ℎ (1 − 𝜃)2(1 − 𝜃)(1 + 𝜆 − 𝜃)
𝐷𝑀∗𝑇 2𝜃 (1 + 𝜆 − 𝜃) − 𝑝2𝜆 − (1 − 𝜃) ℎ2𝜃(1 + 𝜆 − 𝜃) + (2 − 2𝜃 + 𝜆)𝛿(1 − 𝛽)2𝜃(1 + 𝜆 − 𝜃)
𝑑𝑀∗1 𝑝2𝜆(𝜃 − 𝜆) − ℎ (𝜆 + 𝜃 (1 + 𝜆 − 𝜃))2𝜃𝜆(1 + 𝜆 − 𝜃) + 𝛿(1 − 𝛽)(2 + 𝜆 − 𝜃)2𝜃(1 + 𝜆 − 𝜃)
𝑑𝑀∗2 𝑝2 − ℎ𝜆 − (2 − 2𝜃 + 𝜆) (𝑝2 + 𝛿 (1 − 𝛽)) − (1 − 𝜃)ℎ2(1 − 𝜃)(1 + 𝜆 − 𝜃)
𝑑𝑀∗𝑇 𝑝2 (2𝜃 (1 − 𝜃)2 + (1 − 𝜃) 𝜃𝜆 − 𝜆2) − ℎ (1 − 𝜃) (𝜆 + 𝜃 (3 − 3𝜃 + 2𝜆))

2𝜃𝜆 (1 − 𝜃) (1 + 𝜆 − 𝜃) + 𝛿 (1 − 𝛽) (2 + 𝜃 (−5 + 3𝜃 − 2𝜆) + 𝜆)2𝜃 (1 − 𝜃) (1 + 𝜆 − 𝜃)

In the above situations, ℎ2 = ((2(1 − 𝜃) + 𝜆)(𝑝2 + 𝛿(1 −𝛽)) − 2(1 + 𝜆 − 𝜃)(1 − 𝜃))/(1 − 𝜃), ℎ3 = ((2𝜃(1 − 𝜃) + 𝜆(2𝜃 −1))𝑝2 + (2(1 − 𝜃) + 𝜆)𝛿(1 − 𝛽))/(1 − 𝜃), 𝐻3 = (𝑝2𝜆(𝜃 − 𝜆) +𝛿(1 − 𝛽)𝜆(2 − 𝜃 + 𝜆))/(𝜃(1 − 𝜃) + 𝜆(1 + 𝜃)), and𝐻4 = ((2(1 −𝜃)2−𝜆2)𝑝2−(2(1−𝜃)+𝜆)𝛿(1−𝛽)𝜆)/(2(1−𝜃)+𝜆)(1−𝜃).
Proof of Corollary 6 . Following Table 3, by taking the
derivatives of consumer returns w.r.t. 𝛽 we have

(1) If ℎ ≤ ℎ2 and ℎ ≤ 𝐻2, there is 𝑑𝑀𝑇 ∗ = 𝑑𝑀1 ∗and
𝜕𝑑𝑀𝑇 ∗/𝜕𝛽 = −𝛿𝜆 ≤ 0.

(2) If ℎ2 ≤ ℎ ≤ ℎ3 and ℎ ≤ min{𝐻3, 𝐻4}, there is 𝑑𝑀𝑇 ∗ =𝑑𝑀1 ∗ + 𝑑𝑀2 ∗and 𝜕𝑑𝑀∗𝑇 /𝜕𝛽 = −𝛿(2 + 𝜃(−5 + 3𝜃 − 2𝜆) +𝜆)/2𝜃(1−𝜃)(1−𝜃+𝜆).When 𝜃(−5+3𝜃−2𝜆)+2+𝜆 < 0,
we have 𝜕𝑑𝑀∗𝑇 /𝜕𝛽 > 0.

(3) If ℎ3 ≤ ℎ ≤ (1 − 𝜆)𝑝2, there is 𝑑𝑀𝑇 ∗ = 𝑑𝑀2 ∗and𝜕𝑑𝑀𝑇 ∗/𝜕𝛽 = 0.
Combining the above results, we can obtain Corollary 6.

Proof of Corollary 7 . By taking the second-order cross-partial
derivatives of 𝜕∏𝑀∗/𝜕𝛽 w.r.t. ℎ, 𝜃, and 𝛿, respectively,

(1) if ℎ ≤ ℎ2 and ℎ ≤ 𝐻2, 𝜕2∏𝑀∗/𝜕𝛽𝜕ℎ = −𝛿/𝜆 < 0;
if ℎ2 ≤ ℎ ≤ ℎ3 and ℎ ≤ min{𝐻3,𝐻4}, 𝜕2∏𝑀∗/𝜕𝛽𝜕ℎ =−𝛿/2(1 + 𝜆 − 𝜃) < 0;
if ℎ3 ≤ ℎ < (1 − 𝜆)𝑝2, 𝜕2∏𝑀∗/𝜕𝛽𝜕ℎ = 0;

(2) if ℎ ≤ ℎ2 and ℎ ≤ 𝐻2, 𝜕2∏𝑀∗/𝜕𝛽𝜕𝜃 = 2𝛿/𝜆 > 0;
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Table 4: Optimal decisions of the extension model.

(a) Optimal decisions of the extension model when 𝛽 ≤ 𝛽1 and 𝛽 ≤ 𝐵3 .

𝛽 𝛽 ≤ 𝛽1 and 𝛽 ≤ 𝐵3
𝑝𝑅∗1 𝑝1𝐴
∏𝑅∗ 𝑐(𝑝2 − (1 − 𝜃))𝜃 − 𝑐(𝑝2 + 𝛿(1 − 𝛽) − (1 − 𝜃))𝜆 − (𝑝2 + 𝛿(1 − 𝛽) − (1 − 𝜃))(𝑝2 + 𝛿(1 − 𝛽) − (1 − 𝜃) − 𝜆)𝜆
𝐷𝑅∗1 1 − 𝑝2𝜃
𝑑𝑅∗1 𝑝2 + 𝛿(1 − 𝛽) − (1 − 𝜃)𝜆 − 𝑝2 − (1 − 𝜃)𝜃

(b) Optimal decisions of the extension model when 𝛽1 ≤ 𝛽 < 𝛽2 and B2 < 𝛽 < B1 .

ℎ 𝛽1 ≤ 𝛽 < 𝛽2 and B2 < 𝛽 < B1
𝑝𝑅∗1 𝑝𝑅𝐸1

∏𝑅∗
(𝑐2(𝜃2 + 𝜆 − 𝜃(1 + 2𝜆))2 + 𝜃2((1 − 𝛽)2𝛿2𝜆2 + 2𝑝2𝜆(2 + 2𝜃2 + 𝜆(2 + 𝛿 − 𝛿𝛽) − 2𝜃(2 + 𝜆))

+
𝑝22(−4 − 4𝜃2 − 4𝜆 + 𝜆2 + 4𝜃(2 + 𝜆))) − 2𝑐𝜃(𝑝2(2𝜃3 − 𝜆2 + 𝜃(2 + 𝜆) − 𝜃2(4 + 𝜆)) + (1 − 𝛽)𝛿𝜆(2 + 3𝜃2 + 𝜆 − 𝜃(5 + 2𝜆))))4𝜃2𝜆(1 − 𝜃)(1 − 𝜃 + 𝜆)

𝐷𝑅∗1 𝜃(1 − 𝜃)(𝑐 + 2(𝛿 − 𝛿𝛽 + 𝑝2𝜃)) + (𝑐(2𝜃 − 1) + 𝜃(𝛿 − 𝛿𝛽 + 𝑝2(2𝜃 − 1)))𝜆2𝜃2(1 − 𝜃)(1 − 𝜃 + 𝜆)
𝐷𝑅∗2 1 − (𝑝2 + 𝛿 − 𝛿𝛽)𝜃(2 − 2𝜃 + 𝜆) + 𝑐(𝜃(1 − 𝜃) + 𝜆(2𝜃 − 1))2𝜃(1 − 𝜃)(1 − 𝜃 + 𝜆)
𝐷𝑅∗𝑇 (1 − 𝜃)𝜃(𝑐 + 2(𝛿 − 𝛿𝛽 + 𝜃)) − (𝑐 − 2𝑐𝜃 + (𝑝2 − 𝛿(1 − 𝛽) − 2𝜃)𝜃)𝜆2𝜃2(1 − 𝜃 + 𝜆)
𝑑𝑅∗1 𝑐(𝜃 − 𝜆)(𝜃(−1 + 𝜃 − 2𝜆) + 𝜆) + 𝜃𝜆 ((𝛿 − 𝛿𝛽) (2 − 𝜃 + 𝜆) + 𝑝2 (𝜃 − 𝜆))2𝜃2𝜆(1 − 𝜃 + 𝜆)
𝑑𝑅∗2 𝑝2𝜆 −

(𝑝2 + 𝛿 − 𝛿𝛽)𝜃(2 − 2𝜃 + 𝜆) + 𝑐 (𝜃 (1 − 𝜃 + 2𝜆) − 𝜆)2𝜃(1 − 𝜃)(1 − 𝜃 + 𝜆)
𝑑𝑅∗𝑇 −𝑐 (𝜃 (𝜃 − 1 − 2𝜆) + 𝜆)2 + 𝜃(𝛿 (1 − 𝛽) 𝜆 (2 + 𝜃 (−5 + 3𝜃 − 2𝜆) + 𝜆) + 𝑝2 (2 (1 − 𝜃)2𝜃 + (1 − 𝜃) 𝜃𝜆 − 𝜆2))

2𝜃2𝜆(1 − 𝜃)(1 − 𝜃 + 𝜆)
(c) Optimal decisions of the extension model when 𝛽 ≥ 𝛽2.

𝛽 𝛽 ≥ 𝛽2
𝑝𝑅∗1 𝑝1𝐵
∏𝑅∗ 𝑝2 (1 + 𝑐 − 𝑐 + 𝑝2𝜆 )
𝐷𝑅∗2 1 − 𝑝2
𝑑𝑅∗2 𝑝2 ( 1𝜆 − 1)

if ℎ2 ≤ ℎ ≤ ℎ3 and ℎ ≤ min{𝐻3, 𝐻4}, 𝜕2∏𝑀∗/𝜕𝛽𝜕𝜃 =−𝛿(ℎ(1 − 𝜃)2 + (𝑝2 + 𝛿(1 − 𝛽))(2 − 2𝜃 + 𝜆)𝜆)/2(1 −𝜃)2(1 + 𝜆 − 𝜃)2 < 0;
if ℎ3 ≤ ℎ < (1 − 𝜆)𝑝2, 𝜕2∏𝑀∗/𝜕𝛽𝜕𝜃 = 0.

C. Extension and Discussions

See Table 4.

Proof of Theorem 9 . The retailer’s optimization problem can
be formulated as

max
𝑅∏(𝑝𝑅1 )
= 𝑝𝑅1 (𝐷𝑅1 − 𝑑𝑅1 ) + 𝑝2 (𝐷𝑅2 − 𝑑𝑅2 )
− 𝑐 (𝑑𝑅1 + 𝑑𝑅2 ) ,

s.t. 𝑝2 + 𝛿 (1 − 𝛽) − (1 − 𝜃) < 𝑝1
≤ 𝜃𝑝2 + 𝛿 (1 − 𝛽) ,
(𝜃 − 𝜆) 𝑝1 ≥ −𝜆𝛿 (1 − 𝛽) ,
𝜆𝑝1 ≥ 𝜆𝛿 (1 − 𝛽) + (𝜃 + 𝜆 − 1) 𝑝2.

(C.1)
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By taking the first-order and second-order derivatives of
(C.1) we have 𝜕∏𝑅/𝜕𝑝𝑅1 = (𝛿(1 − 𝛽) + 𝑝2 − 2𝑝1 − 𝑐)/(1 − 𝜃) +𝑐/𝜃 − (𝑐 + 2𝑝1)/𝜆 and 𝜕2∏𝑅/𝜕𝑝𝑅1 2 = −2/(1 − 𝜃) − 2/𝜆 < 0.

Hence∏𝑅(𝑝𝑅1 ) is concave in 𝑝𝑅1 and achieves its maximal
value at 𝑝𝑅𝐸1 where 𝑝𝑅𝐸1 = ((𝑝2 + 𝛿(1 − 𝛽))𝜃𝜆 + 𝑐(𝜃(𝜃 − 1) +𝜆(1 − 2𝜃)))/2𝜃(1 − 𝜃 + 𝜆).

Recall that 𝑝1𝐴 ≤ 𝑝1 ≤ 𝑝1𝐵 we have the following:
(i) If 𝛽 ≤ 𝛽1, there is 𝑝𝑅𝐸1 < 𝑝1𝐴, so that 𝑝𝑅∗1 = 𝑝1𝐴.

In this situation, the condition 𝛽 ≤ 𝐵3 is provided to
ensure the nonnegativity of consumer returns.

(ii) If 𝛽1 ≤ 𝛽 ≤ 𝛽2, there is 𝑝1𝐴 < 𝑝𝑅𝐸1 < 𝑝1𝐵, so that
𝑝𝑅∗1 = 𝑝𝑅𝐸1 . The constraint (𝑝1 − 𝛿(1 − 𝛽))/𝜃 ≤ 𝑝1/𝜆
is to ensure that the consume returns in the advance
period is nonnegative, which can be transformed into𝛽 ≤ 𝐵1. Similarly, the condition (𝑝2−𝑝1+𝛿(1−𝛽))/(1−𝜃) ≤ 𝑝2/𝜆 is to ensure that the consume returns in the
spot period is nonnegative, which can be transformed
into 𝛽 ≥ B2; thus we have B2 ≤ 𝛽 ≤ B1.

(iii) If 𝛽 ≥ 𝛽2, there is 𝑝𝑅𝐸1 ≥ 𝑝1𝐵, so that 𝑝𝑅∗1 = 𝑝1𝐵.
In the above situations, 𝛽1 = ((1 − 𝜃)𝜃(𝑐 + 2(𝑝2 + 𝛿 + 𝜃 −1))) + 𝜆(𝑐(2𝜃 − 1) + 𝜃(𝑝2 + 𝛿 − 2(1 − 𝜃))))/𝛿𝜃(2(1 − 𝜃) + 𝜆),𝛽2 = ((1 − 𝜃)𝜃(𝑐 + 2(𝜃𝑝2 + 𝛿)) + 𝜆(𝑐(2𝜃 − 1) + 𝑝2𝜃(2𝜃 − 1) +𝛿𝜃))/𝛿𝜃(2(1 − 𝜃) + 𝜆), 𝐵1 = (𝑐(𝜃 − 𝜆)(𝜃(−1 + 𝜃 − 2𝜆) + 𝜆) +𝜃𝜆(𝛿(2 − 𝜃+𝜆) +𝑝2(𝜃 − 𝜆)))/𝛿𝜃𝜆(2 − 𝜃−𝜆), 𝐵2 = (((2𝑐+𝑝2 +𝛿)𝜃− 𝑐)𝜆2 −2𝑝2(1−𝜃)2𝜃+ (𝑐+2𝛿)(1−𝜃)𝜃𝜆)/𝛿𝜃𝜆(2−2𝜃+𝜆),
and 𝐵3 = 1 + (1 − 𝜃 − 𝑝2)(𝜆 − 𝜃)/𝛿𝜃.
Proof of Corollary 10 . Following Table 4, by taking the
derivatives of optimal advance selling price w.r.t. 𝛽 we have
the following:

(1) If 𝛽 ≤ min{𝛽1, 𝐵3}, so that 𝑝𝑅∗1 = 𝑝1𝐴, 𝜕𝑝𝑅∗1 /𝜕𝛽 =−𝛿 ≤ 0.
(2) If 𝛽1 ≤ 𝛽 ≤ 𝛽2 and B2 ≤ 𝛽 ≤ B1, 𝑝𝑅∗1 = 𝑝𝑅𝐸1 . Hence,
𝜕𝑝𝑅∗1 /𝜕𝛽 = −𝛿𝜆/2(1 − 𝜃 + 𝜆) ≤ 0.

(3) If 𝛽 ≥ 𝛽2, so that 𝑝𝑅∗1 = 𝑝1𝐵. Hence, 𝜕𝑝𝑅∗1 /𝜕𝛽 = −𝛿 ≤0.
Similarly, by taking the derivatives of optimal advance

selling price w.r.t. 𝑐 we have the following:
(1) If 𝛽 ≤ min{𝛽1, 𝐵3}, 𝑝𝑅∗1 = 𝑝1𝐴, which is independent

of the retailer’s handling cost.

(2) If 𝛽1 ≤ 𝛽 ≤ 𝛽2 and B2 ≤ 𝛽 ≤ B1, 𝑝𝑅∗1 = 𝑝𝑅𝐸1 . Hence,
𝜕𝑝𝑅∗1 /𝜕𝑐 = (𝜃(1 − 𝜃 + 2𝜆) − 𝜆)/2𝜃(1 − 𝜃 + 𝜆). When
𝜃 ∈ [0, (2𝜆 + 1 − √4𝜆2 + 1)/2], 𝜕𝑝𝑅∗1 /𝜕𝑐 ≤ 0; when𝜃 ∈ [(2𝜆 + 1 − √4𝜆2 + 1)/2, 1], 𝜕𝑝𝑅∗1 /𝜕𝑐 ≥ 0.

(3) If 𝛽 ≥ 𝛽2, 𝑝𝑅∗1 = 𝑝1𝐵. Hence, 𝜕𝑝𝑅∗1 /𝜕𝑐 = 0.
Combining the above results we have Corollary 10.

Proof of Proposition 11 . Following Table 4, by taking the
derivatives of optimal profit w.r.t. 𝛽 we have, when 𝛽1 ≤ 𝛽 <𝛽2 and B2 ≤ 𝛽 ≤ B1, 𝑝𝑅∗1 = 𝑝𝑅𝐸1 . Hence, 𝜕∏𝑅∗/𝜕𝛽 = 𝛿(−(𝑝2 +

𝛿(1 − 𝛽))𝜃𝜆 + 𝑐(2 + 𝜃(−5 + 3𝜃 − 2𝜆) + 𝜆))/2𝜃(1 − 𝜃)(1 − 𝜃 + 𝜆)
and 𝜕2∏𝑅∗/𝜕𝛽2 = 𝛿2𝜆/2(1 − 𝜃)(1 − 𝜃 + 𝜆) > 0.

When 𝛽 = 𝛽, 𝜕∏𝑅∗/𝜕𝛽 = 0, 𝛽 = ((𝑝2+𝛿)𝜃𝜆−𝑐(2+𝜃(−5+3𝜃 − 2𝜆) + 𝜆))/𝛿𝜆𝜃.
Proof of Proposition 12 . If 𝛽1 ≤ 𝛽 < 𝛽2 and B2 ≤ 𝛽 ≤ B1,
there is 𝜕2∏𝑅∗/𝜕𝛽2 = 𝛿2𝜆/2(1 − 𝜃)(1 − 𝜃 + 𝜆) > 0.

Define Δ∏ = ∏𝑅(𝛽 = 1) − ∏𝑅(𝛽 = 0), so that Δ∏ =(2𝑐𝛿(2+𝜃(−5+3𝜃−2𝜆)+𝜆)−𝛿𝜆𝜃(2𝑝2+𝛿))/4𝜃(1−𝜃)(1+𝜆−𝜃)
and 𝜕Δ∏ /𝜕𝑐 = 𝛿(2+𝜃(−5+3𝜃−2𝜆)+𝜆)/2𝜃(1−𝜃)(1+𝜆−𝜃).

When 𝑐 = 𝑐, there isΔ∏ = 0, where 𝑐 = (2𝑝2+𝛿)𝜃𝜆/2(2+𝜃(−5 + 3𝜃 − 2𝜆) + 𝜆). Hence
(1) if 2 + 𝜃(−5 + 3𝜃 − 2𝜆) + 𝜆 > 0, Δ∏ is increasing in 𝑐;

there is 𝑐 > 𝑐, Δ∏ > 0.
(2) If 2 + 𝜃(−5 + 3𝜃 − 2𝜆) + 𝜆 < 0, Δ∏ is decreasing in 𝑐;

and Δ∏ < 0.
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[12] T. Boyaci and Ö. Özer, “Information acquisition for capacity
planning via pricing and advance selling: when to stop and act?”
Operations Research, vol. 58, no. 5, pp. 1328–1349, 2010.

[13] X. Li, X. Xu, and Y. Sun, “Advance selling strategies for
oligopolists by considering product diffusion effect,”Kybernetes.
The International Journal of Cybernetics, Systems and Manage-
ment Sciences, vol. 45, no. 5, pp. 744–759, 2016.

[14] W. S. Lim and C. S. Tang, “Advance selling in the presence
of speculators and forward-looking consumers,” Production
Engineering Research and Development, vol. 22, no. 3, pp. 571–
587, 2013.

[15] M. Yu, L. Debo, and R. Kapuscinski, “Strategic waiting for
consumer-generated quality information: Dynamic pricing of
new experience goods,”Management Science, vol. 62, no. 2, pp.
410–435, 2016.

[16] W.Tang and S. Ang, “Advance sellingwith part payment for new
to-be-released products,” Journal of Modelling in Management,
vol. 12, no. 3, pp. 455–474, 2017.

[17] B. Wernerfelt, “On the Function of Sales Assistance,”Marketing
Science, vol. 13, no. 1, pp. 68–82, 1994.

[18] S. Davis, M. Hagerty, and E. Gerstner, “Return policies and the
optimal level of “Hassle”,” Journal of Economics and Business,
vol. 50, no. 5, pp. 445–460, 1998.

[19] L. Hsiao and Y.-J. Chen, “Return policy: hassle-free or your
money-back guarantee?” Naval Research Logistics (NRL), vol.
61, no. 5, pp. 403–417, 2014.

[20] S. K. Mukhopadhyay and R. Setoputro, “Reverse logistics in e-
business: Optimal price and return policy,” International Journal
of Physical Distribution and Logistics Management, vol. 34, no.
1, pp. 70–89, 2004.

[21] S. K. Mukhopadhyay and R. Setaputra, “Optimal return policy
for e-business,” inProceedings of the TechnologyManagement for
the Global Future (PICMET ’06), pp. 1203–1209, July 2006.

[22] T. Choi, N. Liu, S. Ren, and C. Hui, “No refund or full
refund: when should a fashion brand offer full refund consumer
return service for mass customization products?”Mathematical
Problems in Engineering, vol. 2013, Article ID 561846, 14 pages,
2013.

[23] J. Nasiry and I. Popescu, “Advance selling when consumers
regret,”Management Science, vol. 58, no. 6, pp. 1160–1177, 2012.

[24] Y. Li, L. Xu, T.-M. Choi, and K. Govindan, “Optimal advance-
selling strategy for fashionable products with opportunistic
consumers returns,” IEEE Transactions on Systems, Man, and
Cybernetics: Systems, vol. 44, no. 7, pp. 938–952, 2014.

[25] Y. Yu, J. Liu, X. Han, and C. Chen, “Optimal decisions for sellers
considering valuation bias and strategic consumer reactions,”

European Journal of Operational Research, vol. 259, no. 2, pp.
599–613, 2017.

[26] G. P. Cachon and R. Swinney, “Purchasing, pricing, and quick
response in the presence of strategic consumers,”Management
Science, vol. 55, no. 3, pp. 497–511, 2009.

[27] A. Prasad, K. E. Stecke, and X. Zhao, “Advance selling by
a newsvendor retailer,” Production Engineering Research and
Development, vol. 20, no. 1, pp. 129–142, 2011.

[28] A. Dimoka, Y. Hong, and P. A. Pavlou, “On product uncertainty
in online markets: Theory and evidence,”MIS Quarterly: Man-
agement Information Systems, vol. 36, no. 2, pp. 395–426, 2012.

[29] X. Jinhong and E. Gerstner, “Service escape: Profiting from
customer cancellations,”Marketing Science, vol. 26, no. 1, pp. 18–
30, 2007.

[30] R. Boleslavsky, C. S. Cotton, and H. Gurnani, “Demonstrations
and price competition in new product release,” Management
Science, vol. 63, no. 6, pp. 2016–2026, 2017.

[31] J. D. Shulman, A. T. Coughlan, and R. C. Savaskan, “Optimal
restocking fees and information provision in an integrated
demand-supply model of product returns,”Manufacturing and
Service Operations Management, vol. 11, no. 4, pp. 577–594,
2009.

[32] T. Xiao and J. Shi, “Consumer returns reduction and infor-
mation revelation mechanism for a supply chain,” Annals of
Operations Research, vol. 240, no. 2, pp. 661–681, 2016.



Hindawi
www.hindawi.com Volume 2018

Mathematics
Journal of

Hindawi
www.hindawi.com Volume 2018

Mathematical Problems 
in Engineering

Applied Mathematics
Journal of

Hindawi
www.hindawi.com Volume 2018

Probability and Statistics
Hindawi
www.hindawi.com Volume 2018

Journal of

Hindawi
www.hindawi.com Volume 2018

Mathematical Physics
Advances in

Complex Analysis
Journal of

Hindawi
www.hindawi.com Volume 2018

Optimization
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Engineering  
 Mathematics

International Journal of

Hindawi
www.hindawi.com Volume 2018

Operations Research
Advances in

Journal of

Hindawi
www.hindawi.com Volume 2018

Function Spaces
Abstract and 
Applied Analysis
Hindawi
www.hindawi.com Volume 2018

International 
Journal of 
Mathematics and 
Mathematical 
Sciences

Hindawi
www.hindawi.com Volume 2018

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Hindawi
www.hindawi.com Volume 2018Volume 2018

Numerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical Analysis
Advances inAdvances in Discrete Dynamics in 

Nature and Society
Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com

Di�erential Equations
International Journal of

Volume 2018

Hindawi
www.hindawi.com Volume 2018

Decision Sciences
Advances in

Hindawi
www.hindawi.com Volume 2018

Analysis
International Journal of

Hindawi
www.hindawi.com Volume 2018

Stochastic Analysis
International Journal of

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/jmath/
https://www.hindawi.com/journals/mpe/
https://www.hindawi.com/journals/jam/
https://www.hindawi.com/journals/jps/
https://www.hindawi.com/journals/amp/
https://www.hindawi.com/journals/jca/
https://www.hindawi.com/journals/jopti/
https://www.hindawi.com/journals/ijem/
https://www.hindawi.com/journals/aor/
https://www.hindawi.com/journals/jfs/
https://www.hindawi.com/journals/aaa/
https://www.hindawi.com/journals/ijmms/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ana/
https://www.hindawi.com/journals/ddns/
https://www.hindawi.com/journals/ijde/
https://www.hindawi.com/journals/ads/
https://www.hindawi.com/journals/ijanal/
https://www.hindawi.com/journals/ijsa/
https://www.hindawi.com/
https://www.hindawi.com/

