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a b s t r a c t 

Retailers selling products with valuation uncertainty often offer return policies to consumers to stimulate 

demand. However, some products that do not meet consumers’ expectations cannot be returned to the 

retailers either because of retailers’ strict restrictions on returns or because of short trial period. With the 

development of e-commerce, consumers who cannot return their products to retailers can resell them 

directly to others through electronic peer-to-peer (P2P) second-hand goods markets. This paper examines 

the effect of the presence of a P2P market on a retailer’s optimal return policy when the consumers are 

strategic and uncertain about their valuations. As a benchmark, we first examine the retailer’s optimal 

return policy when there is only a retailer-run resale market. Then, we analyze the retailer’s optimal 

return policy in presence of both the retailer-run resale market and the P2P market. Theoretical and 

numerical results show that, first, the presence of the P2P market is detrimental to the retailer in most 

cases. The presence of the P2P market is beneficial to the retailer only when the unit purchasing cost is 

very high, the consumers’ acceptance of products in the P2P market is relatively high and the transaction 

cost in the P2P market is relatively low; second, the consumer surplus is improved by the presence of 

P2P market; third, when the retailer-run resale market is the only second-hand products market, returned 

products are sold out; while in presence of the P2P market, the retailer will hold some inventory when 

the unit purchasing cost is very low; fourth, the selling price of new products is increased and the selling 

price of second-hand products in the retailer-run resale market is decreased with the emergence of the 

P2P market while the refund amount is increased in most cases. 

© 2019 Elsevier Ltd. All rights reserved. 
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. Introduction 

Consumers often buy products only to learn after using them

hat the products do not fit their preferences or that the products

rovide lower value than expected. Such products are called expe-

ience goods [3,14] , or goods with valuation uncertainty: customers

o not fully know their actual valuations for the products until af-

er gaining some experience [3] . These products include fashion

pparel, jewelry, video games, textbooks, etc. It is obvious that val-

ation uncertainty of products discourages consumers from pur-

hasing. 

To protect consumers from the risk of dissatisfaction with the

urchased products, most retailers offer return policies to con-

umers, i.e., consumers get a full or partial refund for returned

roducts. Consumer returns are quite common today. According to

ppriss Retail [2] , the value of returned products is about $351 bil-

ion in the United States in 2017, which accounts for about 10% of
∗ Corresponding author. 

E-mail address: tingtingli1001@outlook.com (T. Li). 

t  

m  

t  

ttps://doi.org/10.1016/j.omega.2019.07.008 

305-0483/© 2019 Elsevier Ltd. All rights reserved. 

Please cite this article as: T. Li, J. Xie and X. Liu, Consumer return polic

omega.2019.07.008 
he total sales. Surprisingly, [11] shows that as high as 95% of con-

umer returns are not defective. Nevertheless, consumer returns

sually cannot be sold as new, which greatly impacts retailers’

rofits. To earn extra revenue from consumer returns, many retail-

rs resell returned goods as second-hand products. Consumer elec-

ronics retailers such as Fry’s Electronics, Best Buy, and e-tailers

uch as J and R, Newegg, resell returned products as open-box

tems at discounted prices [1] . In this paper, we will consider the

etailing of electronic products. 

To dissuade customers from returning products, many retailers

reate a number of hurdles for the customers, such as restocking

ees, missing receipts, and conditions imposed by stores for the re-

urned goods to be in like-new condition or even unopened [9] .

or example, Best Buy and Circuit City used to charge 15% of the

urchase price as a restocking fee on unboxed merchandise [12] .

C Penney requires formal wear to be returned in the “original”

ondition with the return tag in place [12] . Sears requires that re-

urned products are in their original packaging with all accessories,

anuals & parts, and original receipts. Except the strict restric-

ions on returns, retailers limit the trial period for the consumers.
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 
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For many kinds of products, the trial period may be too short for

the customers to evaluate the product fit [9] . For example, for the

electronic products, the seven-day free trail period in Tmall.com is

very short. Therefore, some products that do not meet consumers’

expectations cannot be returned to the retailers either because of

retailers’ strict restrictions on returns or because of short trial pe-

riod. This probably explains the vast amount of unwanted goods

that are resold in the peer to peer (P2P) markets, such as eBay.com,

Amazon.com, Craigslist [9] . 

The impacts of P2P markets on the retailers are twofold. On the

one hand, the presence of P2P markets can alleviate consumers’

valuation uncertainty as the consumers know that if their returns

are not accepted by the retailers, they can sell them through the

P2P markets, which provides them a resale value. Thus, the pres-

ence of P2P markets increases consumers’ willingness to pay for

new products. On the other hand, some consumers may strategi-

cally wait to buy second-hand products from P2P markets. There-

fore, P2P markets cannibalize the supply and demand of second-

hand products of retailers, and also the demand of new products

of retailers. 

The motivation of this paper is to study the impact of a P2P

market on a retailer’s optimal return policy. We aim to answer the

following two questions. First, how will the presence of a P2P mar-

ket affect the refund amount and the selling prices of new prod-

ucts and second-hand products? Second, how will the presence of

a P2P market affect a retailer’s profit and consumers’ surplus? To

answer these questions, we establish a two-period model where

the consumers are strategic and uncertain about their valuations.

In the first period, the retailer sells new products. At the begin-

ning of the second period, the actual valuations of consumers who

bought new products are realized. They can return the products

to the retailer to get a refund. If returns are not accepted by the

retailer, they can sell them through the P2P market at an exoge-

nous transaction cost. The retailer resells consumer returns in the

retailer-run resale market. Consumers who did not buy new prod-

ucts in the first period can buy second-hand products from the

retailer-run resale market or the P2P market if the markets exist.

The products in the P2P market are devalued by the consumers as

they are not in as good condition as those in the retailer-run resale

market. 

We contribute to the extant literature by characterizing the im-

pact of the presence of a P2P market on a retailer’s optimal re-

turn policy, retailer’s profit and consumer surplus. We consider the

competition between a retailer-run resale market and a P2P mar-

ket, and differentiate the two markets by considering consumers’

devaluations of products in the P2P market and the transaction

cost in the P2P market. The coexistence of the two markets is real-

istic and deserves investigation. As benchmarks, we first examine

the retailer’s optimal return policy when there is only a retailer-

run resale market. Then, we analyze the scenario with both the

retailer-run resale market and the P2P market. As there are no an-

alytical expressions of the retailer’s optimal decisions in the sce-

nario with only retailer-run resale market and the scenario with

both markets, we present numerical examples to study the impact

of the P2P market on the retailer’s optimal decisions and profit. It

is demonstrated that the presence of the P2P market is detrimen-

tal to the retailer in most cases. The presence of the P2P market

is beneficial to the retailer only when the unit purchasing cost is

very high, the consumers’ acceptance of products in the P2P mar-

ket is relatively high and the transaction cost in the P2P market is

relatively low. Furthermore, the consumer surplus is improved by

the presence of P2P market. When the retailer-run resale market is

the only second-hand products market, returned products are sold

out. While in presence of the P2P market, the retailer will hold

some inventory when the unit purchasing cost is very low. In ad-

dition, the selling price of new products is increased while the sell-
Please cite this article as: T. Li, J. Xie and X. Liu, Consumer return polic
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ng price of second-hand products in the retailer-run resale market

s decreased due to the presence of the P2P market. In most cases,

he refund amount is increased by the emergence of the P2P mar-

et. 

The rest of the paper is organized as follows. Section 2 re-

iews the related literature. Section 3 presents the model de-

cription. Section 4 analyzes the retailer’s optimal return policy

n two scenarios: scenario with only retailer-run resale market

nd scenario with both retailer-run resale market and P2P market.

ection 5 conducts numerical examples to examine the impact of

2P market. Lastly, Section 6 concludes the paper. 

. Literature review 

The most relevant literature to our paper is the research on re-

urn policies. We focus on the literature investigating product re-

urns due to consumer uncertainty about their own value derived

rom the product [3] . is among the first to study the return pro-

ess between retailers and consumers who are risk-averse. It is

roven that a return policy can protect consumers and hence al-

ow the retailer to charge a higher retail price [4] . show that a re-

ailer can profit by offering a full-money-back return policy [8] . is

he first paper to study nonrefundable charges to manage oppor-

unistic returns, where a refund is requested even though there is

 good match [5] . consider the optimal level of hassle with a re-

urn policy when a retailer faces opportunistic returns [23] . indi-

ates that a full return policy is never better than a partial refund

eturn policy [19] . and [21] examine the optimal pricing and re-

tocking fee strategies to manage returns of products with valua-

ion uncertainty in a monopolistic market and a competitive mar-

et, respectively [20] . study how the equilibrium return policy of-

ered to consumers is affected by the reverse channel structure in

rocessing product returns [15] . analyze how competing retailers’

ricing strategies and physical store assistance levels change as a

esult of the addition of an online channel, where consumers share

 common return probability that can be reduced through an in-

estment in assistance [17] . consider how the extent of wardrobing

how many consumers consider such behavior) and the benefit of

ardrobing (how much value can be extracted during the trial pe-

iod) impact firm pricing decisions and profits where consumers

re uncertain about their valuations [1] . consider a retailer adopt-

ng a “money-back-guaranteed” (MBG) sales policy which allows

onsumers to return products to the retailer for a full or partial re-

und. The retailer can salvage the returned products or resell them

s open-box items. It is shown that reselling with MBG increases

etail sales and profit. Similar to [1] , we assume that the retailer

esells consumer returns in the retailer-run resale market. 

A paper very relevant to the current one is [12] which inves-

igates a retailer’s motivation for running its own resale market

n presence of an independent resale market, and derives the re-

ailer’s optimal returns and resale policy. There are four main dif-

erences between [12] and our paper. First, Lee and Rhee [12] con-

ider two consumer options of product disposition concurrently:

eturning the product in like-new condition to the retailer, or resell

hem as used at an independent resale market or at the retailer-

un resale market if the retailer offers this business. If the con-

umer returns are not accepted by the retailer, the consumer can

nly consume the product until the time for resale and resell it as

sed at the resale market. Furthermore, the retailer liquidates the

onsumer returns. Different from [12] , our focus is the resale of

onsumer returns. In our model, if the consumer returns are not

ccepted by the retailer, the consumers can resell their products

n the P2P market. In addition, compared to the products in the

etailer resale market, there is a valuation discount for the prod-

cts in the P2P market. Second, we consider strategic customers

ho can decide whether to buy new products in the first period or
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 
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o buy second-hand products in the second period. The consumers

ave different time discount factor for second-hand products [12] .

ssume that no prospective customers of a new product delay the

urchase and buy a used one later for a low price in the resale

arket. Third, in [12] , consumers use the retailer-run resale mar-

et if the resale allowance paid to the consumer is greater than

he expected resale value at the independent resale market. That

s, there is no trade in the independent resale market. While in

ur model, the retailer resale market and the P2P market coexist

ecause if the consumer returns are denied, they can be resold in

he P2P market. Fourth, the resale prices of used products in the

etailer-run resale market and independent resale market are ex-

genous in [12] , while in our model the reselling price in the P2P

arket is determined by the supply and demand of products in

hat market and the reselling price in the retailer-run resale mar-

et is a decision variable of the retailer. 

Another related stream of literature considers the impact of var-

ous secondary markets on supply chains [18] . consider retailer’s

ecision to buy back used goods from consumers for profitable re-

ale in a retailer-operated used good market. It is shown that the

anufacturer makes higher profits from allowing used-good sales

longside new-good sales than from shutting down the retailer-

perated used good market [6] . consider a model with two dif-

erent suppliers selling two different types of a similar good via

 common retailer which could establish a P2P platform for trad-

ng of used goods. It is shown that, unlike a monopolistic mar-

et, intersupplier competition can be beneficial to suppliers in

resence of the P2P platform. Furthermore, the presence of P2P

latform may be beneficial to suppliers. In [16] , the original tech-

ology equipment manufacturer (OEM) sells new products and

aces competition from a third-party entrant that purchases the

sed products, refurbishes them, and resells them in a secondary

arket. The OEM can directly affect the resale value of the prod-

cts through a relicensing fee charged to the buyer of the refur-

ished equipment and can effectively “shut down” the secondary

arket by charging a high enough fee. The key finding is that it is

uboptimal for the OEM to shut down the secondary market when

onsumers have a high willingness to pay for the refurbished prod-

ct [24] . examine how the sequential emergence of a retail used

oods market and a P2P used goods market affect manufacturer’s

roduct upgrade strategy and retailer’s pricing strategy. They find

hat the presence of a P2P used goods market may increase the

anufacturer’s benefit from product upgrades [7] . study how P2P

sed goods markets affect manufacturers’ incentive to offer a

eturns policy option to retailers. One of the most important find-

ngs is that a P2P market selling used goods highly valued by con-

umers creates the potential for both margin and volume gains

or the manufacturer by offering a returns option. Note that, both

24] and [7] do not consider consumer returns due to valuation 

ncertainty. 

Our paper is relevant to [9] which explores the trade-off be-

ween consumer valuation uncertainty and P2P platforms. The con-

umers could sell the mismatched products on a P2P platform

hich is a decision maker. It is shown that the profit-maximizing

latform does not always extract all surplus from the consumers

ho sell their products through the platform. Furthermore, due

o the emergence of a P2P marketplace, both supply chain part-

ers (i.e., supplier and retailer) will be better off if the prod-

ct’s unit cost is sufficiently high and both will be worse off

therwise. Different from [9] , we explore the impact of a P2P

arket on the optimal return policy of a retailer. In [9] , the

etailer does not accept consumer returns and the consumers

an only sell the unwanted products through the P2P platform,

hile in the current paper, the consumers sell their products in

he P2P market only when their returns are not accepted by the

etailer. 
Please cite this article as: T. Li, J. Xie and X. Liu, Consumer return polic
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. Model description 

We consider a retailer selling electronic products to consumers.

he retailer’s unit purchasing cost is denoted as c . Each consumer

uys at most one unit of the product. Market size is normalized

o 1. Consumers face uncertainty in their own valuations. For an-

lytical tractability, similar to [9] and [17] , we assume that the

ustomers’ valuations V are identically and independently drawn

rom the uniform distribution on the interval [0, 1], i.e., V ∼ U [0,

]. These realizations are not known until the customers purchase

he products. To protect consumers from the risk of dissatisfaction

ith the products, the retailer offers a return policy to the con-

umers. Under the return policy, the retailer accepts consumer re-

urns and offers a refund amount r to each return. 

To prevent the customers from abusing return policies, many

etailers imposed conditions on the returned goods to be in like-

ew condition or even unopened [9] . For example, JC Penney re-

uires formal wear to be returned in the “original” condition with

he return tag in place [12] . Sears requires that returned prod-

cts are in their original packaging with all accessories, manuals

 parts, and original receipts. Except the strict restrictions on re-

urns, the retailers limit the trial period for the consumers. For

xample, Tmall.com offers a seven-day free trial period. For the

lectronic products, the seven-day trial period in Tmall.com is very

hort for the consumers to evaluate the values of products. There-

ore, some consumers cannot return the products that do not meet

heir expectations to the retailers either because of retailers’ strict

estrictions on returns or because of short trial period. We de-

ne the fraction of consumers who successfully return the prod-

cts as the successful return rate denoted by θ [12] . assume that

he retailer can strategically control the acceptance rate of prod-

ct return, while we assume the successful return rate to be ex-

genous because the return restrictions and the length of trial pe-

iod sometimes are not determined by the retailers themselves, if

he retailers sell their products through department store chains

e.g., Macy’s, Nordstrom) and sales platforms (e.g., Tmall.com). For

ractical and analytical reason, suppose θ ≥ 1/2. Otherwise, the re-

ailer’s return policy is of little significance to the consumers. 

Furthermore, we consider return policies with reselling: the re-

ailer accepts consumer returns and resells them as second-hand

roducts. We assume that c < = 0 . 5 to guarantee that the retailer

arns positive profit even if it does not provide return policy. All

ales of the returned products are final, i.e., once the returned

roducts are sold, they cannot be returned to the retailer. 

Suppose there is a P2P market through which the consumers

ho purchased new products but are not satisfied with them can

rade with those who want to buy second-hand products. A selling

rice p e is set in the P2P market to clear all the goods sold there.

e assume that there is a fixed transaction cost t (where t ≤ c )

aid to the P2P platform if the consumers use the P2P platform to

ell their products [10] . In practice, P2P platform fees are posted

nline and rarely changed, for example, Amazon, Ebay and Etsy [9] .

urthermore, suppose that the refund amount r is always higher

han consumers’ net revenue from selling products in the P2P mar-

et p e − t, which is reasonable as the retailer only accepts returned

roducts in good condition. Therefore, if a consumer could return

he product to the retailer successfully, he will not consider sell-

ng it in the P2P market. Only if his return is not accepted, he will

onsider selling it in the P2P market. This is consistent with most

f the practice. 

Consumers value second-hand products as inferior to new prod-

cts, and value second-hand products in the P2P market as infe-

ior to those in the retailer-run resale market, as the products in

he P2P market are usually not in as good condition as those in

he retailer-run resale market. Specifically, a customer with valu-

tion v for a new product values a second-hand product in the
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 
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Table 1 

Notation. 

Notation Meaning 

c Unit purchasing cost 

p n Selling price of new products 

r Refund amount 

p s Selling price of second-hand products in the retailer-run 

resale market 

p e Selling price of second-hand products in the P2P market 

p̄ e Consumers’ belief about selling price in the P2P market 

q n Demand of new products 

q s r Supply of second-hand products in the retailer-run resale 

market 

q s p Supply of second-hand products in the P2P market 

q d r Demand of second-hand products in the retailer-run resale 

market 

q d p Demand of second-hand products in the P2P market 

V Consumer’s valuation of new products 

δ Consumer’s time discount factor over second-hand products 

β Consumers’ valuation discount factor over products in the 

P2P market 

θ Successful return rate 

t Transaction cost in the P2P market 

� Retailer’s profit 

r  

p

 

k  

T  
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a  

g
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b  
retailer-run resale market as δv and values a second-hand prod-

uct in the P2P market as βδv , where δ(0 < δ < 1) is the time dis-

count factor and β(0 < β < 1) is the valuation discount factor. Sup-

pose the time discount factor δ is uniformly distributed on the in-

terval [0, 1] and each consumer knows his own δ. The valuation

discount factor β reflects consumers’ acceptance of products in

the P2P market compared to those in the retailer-run resale mar-

ket. Suppose that the consumers share the same value of β . Note

that, each consumer differs from others by two factors: V and δ.

Suppose factors V and δ are independent. In addition, to guaran-

tee that trade occurs in the P2P market, we suppose β > 2 t . That

is, compared to the consumers’ acceptance of products in the P2P

market, the transaction cost in the P2P market is relatively low. 

The selling season consists of two periods. In the first period,

the retailer replenishes inventory of new products and the con-

sumers buy new products from the retailer. In the second period,

consumers who bought new products in Period 1 realize their ac-

tual valuations and those with low valuations return the products

to the retailer with successful return rate θ . The other 1 − θ frac-

tion of the consumers sell their products through the P2P market.

Then the retailer resells consumer returns as second-hand products

in the retailer-run resale market at price p s . Therefore, the retailer’s

decisions include the selling price of new products in the first pe-

riod p n , the selling price of second-hand products in the second

period p s and the refund amount r (where r ≤ p n ). The retailer’s

goal is to maximize his expected profit. 

Consumers are rational decision makers and they make pur-

chase as well as keep/return/resell decisions to maximize their

individual expected surplus. Consumers make the two decisions

sequentially. Initially, the consumers choose whether to buy new

products in the first period, to buy second-hand products from the

retailer-run resale market or the P2P market in the second period,

or not to buy. If consumers buy new products, they decide whether

to keep them or return them to the retailer after privately observ-

ing their own valuations at the beginning of the second period. If

the returned products are not accepted by the retailer, the con-

sumers decide whether to sell them in the P2P market. Let EU n ,

EU s and EU e denote the expected consumer surplus from buying a

new product, or a second-hand product from the retailer-run resale

market or the P2P market, respectively. Suppose that a consumer

has decided to purchase a new product. Based on the realized val-

uation v of the product, the consumer surplus from keeping, re-

selling, or returning for refund will be v − p n , p e − p n and r − p n ,

respectively. 

In summary, the sequence of events is as follows. 

At the beginning of Period 1, the retailer decides the selling

price of new products p n , the refund amount r and the selling price

of returned products p s , which are announced to the consumers.

The consumers form a belief p̄ e about the selling price in the P2P

market in Period 2, and make their purchase decisions based on

the belief and the retailer’s decisions. 

At the beginning of Period 2, the actual valuations of consumers

who bought products in Period 1 are realized. They decide whether

or not to keep the products. If they decide not to keep the prod-

ucts, they can return them to the retailer and get a refund r with

successful return rate θ . If their returns are not accepted by the

retailer, they can sell them in the P2P market at selling price p e 
with transaction cost t . Consumers who did not buy new products

in Period 1 can choose whether to buy second-hand products from

the retailer-run resale market at price p s or from the P2P market

at price p e , or not to buy. 

For expositional convenience, denote the demand of new prod-

ucts in Period 1 as q n , among which q s r will be returned back to

the retailer and q s p will be sold in the P2P market, i.e., q s r and q s p
are supply of second-hand products in the two markets, respec-

tively. Denote q d r and q d p as demand of second-hand products in the
Please cite this article as: T. Li, J. Xie and X. Liu, Consumer return polic
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etailer-run resale market and the P2P market, respectively. Table 1

resents the notation used in this paper. 

To depict consumers’ belief in the selling price of the P2P mar-

et p̄ e , we consider the rational expectations (RE) equilibrium [22] .

he RE equilibrium ( p n , r, p s , p e , p̄ e ) is an equilibrium that satisfies

he following four conditions: (1) given p n , r, p s and p̄ e , consumers

lways make decisions that maximize their surplus; (2) p e = p̄ e ;

3) (p n , r, p s ) = arg max p n ,r, p s �(p n , r, p s ) , where � is the retailer’s

rofit; (4) given p n , r, p s and p̄ e , q 
s 
p (p e ) = q d p (p e ) . In condition (2),

iven p n , r, p s and p̄ e , the actual selling price in the P2P market p e 
s exactly equal to consumers’ belief p̄ e . Condition (3) asserts that,

iven p e and p̄ e , the retailer determines p n , r and p s to maximize

is expected profit �. Condition (4) indicates that, given p n , r, p s 
nd p̄ e , the selling price in the P2P market p e is set to clear all the

oods sold there. 

. Retailer’s optimal return policy 

In this section, we analyze the retailer’s optimal return policy.

ections 4.1 and 4.2 analyze the scenario with only retailer-run re-

ale market, and the scenario with both markets, respectively. Rep-

esent the two scenarios by superscripts “R ” and “B ”, respectively.

he superscripts “∗R ” and “∗B ” represent the optimal decisions in

he two scenarios. 

.1. Scenario with only retailer-run resale market 

In this subsection, we analyze the scenario with only retailer-

un resale market. In Scenario R , if the consumers are dissatisfied

ith the products they purchased in Period 1, they can only return

hem to the retailer with successful return rate θ . 

We first analyze consumers’ decisions. In Period 1, if a con-

umer buys a new product, his expected consumer surplus is

 U n = E (max { V, θ r + (1 − θ ) V } − p n ) = (1 + θ r 2 ) / 2 − p n ; if he de-

ides to buy a second-hand product from the retailer-run resale

arket in Period 2, the expected consumer surplus is E U s = E (δV −
p s ) = δ/ 2 − p s . Therefore, a consumer buys a new product if and

nly if 

1 + θ r 2 

2 

− p n ≥ max 

{
δ

2 

− p s , 0 

}
. (1)

From (1) , we can derive the range of δ for consumers who

uy new products, i.e., δ ≤ min { 1 + θ r 2 − 2 p n + 2 p s , 1 } . Since δ is
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 
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niformly distributed on the interval [0,1], the demand for new

roducts is: 

 n = 

{
0 , if 1+ θ r 2 

2 
− p n < 0 , 

min { 1 + θ r 2 − 2 p n + 2 p s , 1 } , if 1+ θ r 2 

2 
− p n ≥ 0 . 

(2) 

According to (2) , if (1 + θ r 2 ) / 2 − p n < 0 , no consumer will pur-

hase new products. Thus, the retailer’s profit will be 0. This is cer-

ainly not optimal for the retailer. In the following, we only need

o figure out the retailer’s optimal decisions under the condition

(1 + θ r 2 ) / 2 − p n ≥ 0 . 

In Period 2, for the consumers who have purchased new prod-

cts in Period 1, if their realized valuation v is less than the re-

und amount r , they can return them to the retailer with success-

ul return rate θ . That is, only θ fraction of the consumers can suc-

essfully return their products, while the other 1 − θ fraction can

nly keep the products. Since V ∼ U [0, 1], the proportion of con-

umers who will successfully return products is θP rob(V < r) = θ r.

hus, the quantity of consumer returns is q s r = θ rq n . Given that

(1 + θ r 2 ) / 2 − p n ≥ 0 , the customers who have not purchased new

roducts in Period 1 will purchase second-hand products in Pe-

iod 2, i.e., EU s > 0 holds. This follows as below. First, the inequality

(1 + θ r 2 ) / 2 − p n ≥ 0 is equivalent to EU n ≥ 0. Second, a consumer

oes not buy a new product in Period 1 if and only if the in-

quality max { EU s , 0} > EU n holds. As EU n ≥ 0 holds, the inequality

U s > 0 holds. Therefore, the demand for second-hand products is

 

d 
r = 1 − q n . Under the condition (1 + θ r 2 ) / 2 − p n ≥ 0 , the expres-

ions of q n , q 
s 
r and q d r are as follows: 

 

 

 

q n = min { 1 + θ r 2 − 2 p n + 2 p s , 1 } , 
q s r = θ rq n , 

q d r = 1 − q n . 

(3) 

Fig. 1 depicts consumers’ decisions under different values of

arameters V and δ. When the time discount factor δ is large,

onsumers will buy second-hand products from the retailer-run

esale market, while when δ is small, consumers will buy new

roducts. After realizing their true valuations, those who have

igh valuations will keep the products, while for those with low

aluations, θ proportion of them will return the products to the re-

ailer successfully and 1 − θ proportion of them will have to keep

he products. 
Fig. 1. Consumers’ decisions in Scenario R . 
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The retailer’s optimization problem is: 

max 
p n ,r,p s 

�R = p n q n ︸︷︷︸ 
new product sales 

− rq s r ︸︷︷︸ 
returns 

+ p s min { q s r , q d r } ︸ ︷︷ ︸ 
second−hand product sales 

− cq n ︸︷︷︸ 
purchasing cost 

, 

s.t. 
1 + θ r 2 

2 
− p n ≥ 0 . (4) 

here q n , q s r and q d r are as shown in Eq. (3) . Proposition 1 estab-

ishes the retailer’s optimal decisions in Scenario R . Proofs of all

ropositions and corollaries are presented in Appendix. 

roposition 1. When there is only a retailer-run resale market, the

ptimal selling price of second-hand products p ∗R 
s is the root of the

quation 16 θ p 3 s − 4[2 θ (1 − c) − 1] p 2 s − 1 = 0 on the interval (0, 1/2)

which is unique), the optimal refund r ∗R = [1 / (2 p ∗R 
s ) − 1] /θ, and the

ptimal selling price of new products p ∗R 
n = [1 + θ ( r ∗R ) 2 ] / 2 . 

In scenario R , the customers’ expected surplus from buying new

roducts is 0, which indicates that the optimal selling price of new

roducts is set high enough to extract customers’ expected surplus

ntirely. The retailer cannot extract customers’ expected surplus

ntirely when customers buy second-hand products as the cus-

omers have different value of δ. This result is different from that

n [1] which shows that, for both new and second-hand products,

he optimal selling prices are set high enough to extract customers’

xpected surplus entirely. The difference is because [1] do not con-

ider the heterogeneity of customers’ time discount factor. 

orollary 1. In Scenario R , p ∗R 
n > r ∗R and p ∗R 

s > r ∗R hold. 

In Corollary 1 , p ∗R 
n > r ∗R implies that a partial refund is opti-

al for the retailer and p ∗R 
s > r ∗R indicates that the retailer is al-

ays beneficial from reselling returned products. This is different

rom the result in [12] which demonstrates that the retailer always

ive all the revenue from selling a used unit to the owner who de-

ands the resale. The reason for the difference is as follows: in our

odel, the selling price of second-hand products is determined by

he retailer while in [12] the resale price of used products is fixed.

Corollary 2 examines the impact of unit purchasing cost and

uccessful return rate on the retailer’s decisions and profit. 

orollary 2. (1) As the unit purchasing cost c increases, the optimal

elling price of new products p ∗R 
n and the optimal refund r ∗R increase,

hile the optimal selling price of second-hand products p ∗R 
s decreases;

(2) As the successful return rate θ increases, the optimal selling

rice of second-hand products p ∗R 
s decreases; 

(3) The retailer’s profit �∗R decreases in c and increases in θ . 

Part (1) of Corollary 2 shows that, as the unit purchasing cost

ncreases, the retailer increases the selling price of new products,

hich is intuitive. To guarantee that the consumers have incen-

ives to buy new products, the refund amount should be increased

orrespondingly. As the refund amount increases, more consumers

ill choose to return their products to the retailer, resulting in an

ncrease in the supply of second-hand products. Thus, the selling

rice of second-hand products decreases. Part (2) indicates that as

he successful return rate increases, the selling price of second-

and products decreases. This is because that as the successful re-

urn rate increases, more consumers will return their products suc-

essfully to the retailer. The increase in the supply of products in

he retailer-run resale market results in the decrease of the sell-

ng price of second-hand products. Part (3) demonstrates that the

etailer’s profit decreases in the unit purchasing cost, which is in-

uitive. Furthermore, the retailer’s profit increases in the success-

ul return rate. The interpretation is as follows. On one hand, as

he successful return rate increases, the consumers are more likely

o successfully return the products they are dissatisfied with, thus

hey will have more incentives to buy the products. On the other

and, although higher successful return rate brings more consumer
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 
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Fig. 2. Consumers’ decisions in Scenario B . 
returns, the products returned are sold twice and bring higher

marginal profit compared to the products that are not returned.

Specifically, the marginal profit for the products that are not re-

turned is p ∗R 
n − c, while the marginal profit for the returned prod-

ucts is p ∗R 
n − c − r ∗R + p ∗R 

s , where p ∗R 
s > r ∗R . Therefore, the increase

in the successful return rate is beneficial to the retailer. 

Corollary 3. Returned products are sold out, i.e., q s r = q d r . 

Corollary 3 indicates that there is no left inventory of con-

sumer returns. According to Proposition 1 , the selling price of

second-hand products p ∗R 
s is higher than the refund amount r ∗R .

Corollary 3 implies that the retailer resells all the returned prod-

ucts to gain additional profit. 

4.2. Scenario with both retailer-run resale market and P2P market 

In this subsection, we examine the scenario with both retailer-

run resale market and P2P market. In Scenario B , if the consumers

are dissatisfied with the new products they purchased in Period 1,

they can return them to the retailer with successful return rate θ .

If returns are denied, the consumers can sell them through the P2P

market. 

We first analyze consumers’ purchase decisions. In Period 1, a

consumer makes his purchasing decision based on the retailer’s

decisions and his belief about the selling prices in the P2P market

p̄ e . The consumer’s expected surplus from buying a new product

is 

EU n = E max { V, θ r + (1 − θ )( p̄ e − t) , θ r + (1 − θ ) V } − p n 

= 

1 + θ r 2 + (1 − θ )( p̄ e − t) 2 

2 

− p n . (5)

The interpretation of (5) is as follows. Given that a consumer buys

a new product, if he keeps the product, the valuation is V ; if he re-

turns the product to the retailer successfully with probability θ , he

obtains the refund amount r ; if the return is denied with probabil-

ity 1 − θ, he can keep the product and obtain the valuation V , or

resell the product in the P2P market and obtain net revenue p̄ e − t .

If the consumer waits until Period 2, he could choose to buy a

second-hand product from the retailer-run resale market or from

the P2P market, or not to buy. The corresponding expected sur-

pluses are EU s , E ̄U e and 0, respectively, where 

E U s = δE V − p s = 

δ

2 

− p s , (6)

E Ū e = βδEV − p̄ e = 

βδ

2 

− p̄ e . (7)

Therefore, a consumer will buy a new product in Period 1 if EU n ≥
max { EU s , E ̄U e , 0 } , and will wait until Period 2 if max { EU s , E Ū e } ≥
max { EU n , 0 } . Otherwise, he will leave the market. 

In Period 2, the selling prices in the P2P market p e is observed

by the consumers. The consumers who wait until Period 2 make

their purchase decisions. A consumer’s surpluses from buying a

second-hand product in the retailer-run resale market or in the

P2P market, or from not buying, are E U s = δE V − p s = δ/ 2 − p s ,

E U e = βδE V − p e = βδ/ 2 − p e and 0, respectively. The consumer

will choose the option that maximizes the surplus. 

Next, we analyze consumers’ keep/resell/return decisions. In Pe-

riod 2, consumers who bought new products in Period 1 privately

observe their own valuations. Based on the realized valuation v

of the product, the consumers’ surpluses from keeping, reselling,

or returning for refund will be v − p n , p e − t − p n and r − p n , re-

spectively. If the realized valuation v is lower than r , the con-

sumers will choose to return the products to the retailer. Among

the consumers who want to return products, θ proportion will be
Please cite this article as: T. Li, J. Xie and X. Liu, Consumer return polic
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ccepted and the other 1 − θ proportion will be denied. If a con-

umer’s return is denied, he will choose to sell his product through

he P2P market if the selling price in the P2P market p e minus the

ransaction cost t is higher than his realized valuation v . 

According to Eq. (5) , consumers’ expected surplus from buy-

ng a new product is EU n = [1 + θ r 2 + (1 − θ )( p̄ e − t) 2 ] / 2 − p n . It

s obvious that we only need to consider the case where EU n ≥ 0

olds. Under the condition EU n ≥ 0, according to Eqs. (5)–(7) , it can

e easily shown that the expressions of q n , q 
s 
r , q 

d 
r , q 

s 
p and q d p are as

ollows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

q n = min { δ1 , δ2 , 1 } , 
q s r = θ rq n , 

q d r = max 
{

1 − 2( p s −p̄ e ) 
1 −β

, 0 

}
, 

q s p = (1 − θ )( p̄ e − t) q n , 

q d p = max 
{

2(p s −p̄ e ) 
1 −β

− q n , 0 

}
, 

(8)

here 

1 = 1 + θ r 2 + (1 − θ )( p̄ e − t) 2 − 2 p n + 2 p s , 

2 = 

1 + θ r 2 + (1 − θ )( p̄ e − t) 2 − 2 p n + 2 p̄ e 

β
. (9)

Fig. 2 depicts consumers’ decisions under different values of pa-

ameters V and δ. When the time discount factor δ is relatively

arge, consumers will buy second-hand products from the retailer-

un resale market; when the time discount factor δ is at a medium

evel, consumers will buy second-hand products from the P2P mar-

et; while when δ is small, consumers will buy new products. Af-

er realizing their true valuations, those who have high valuations

ill keep the products, while those with low valuations will want

o return the products to the retailer. Among the consumers who

ant to return the products, θ proportion of them can return the

roducts successfully. For the other 1 − θ proportion, if their re-

lized valuation is higher than p e − t, they will keep the product,

therwise, they sell the products through the P2P market. 
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 
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retailer will sell out consumer returns. 

Table 2 

Parameter values. 

Parameters Values 

β [0.2,0.4,0.6,0.8] 

θ [0.7,0.8,0.9] 

t [0,0.025,0.05,0.1] 

c [0.02,0.05,0.1,0.2,0.3,0.4,0.5] 

Table 3 

Parameter values under which β ≤ 2 t or t > c hold. 

Parameters c t β θ

0.02 [0.025,0.05,0.1] – –

0.05 0.1 – –

– 0.1 0.2 –
The retailer’s optimization problem is as follows. 

max 
p n ,r,p s 

�B = p n q n − rq s r + p s min { q d r , q 
s 
r } − cq n 

s.t. 

⎧ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎩ 

1+ θ r 2 +(1 −θ )( ̄p e −t) 2 

2 
− p n ≥ 0 , 

q n ≤ 2(p s −p̄ e ) 
1 −β

≤ 1 , 

r ≥ p e − t, 
p e = p̄ e , 

q s p = q d p , 

(10) 

here q n , q 
s 
r , q 

d 
r , q 

s 
p and q d p are as shown in Eq. (8) . 

For ease of expression, denote 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

p ∗B 
e 1 = 

{ 

p ∗e 1 , if p ∗e 1 ≥
√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, √ 

2 β+(1 −t) 2 −(1 −t) 

2 
, if p ∗e 1 < 

√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, 

r ∗B 
1 = p ∗B 

e 1 − t, 

p ∗B 
s 1 = p ∗B 

e 1 

[
1 + (1 − β)(1 − θ )(p ∗B 

e 1 − t) 
]
/β, 

p ∗B 
n 1 = 

[ 
1 + θ

(
r ∗B 

1 

)2 + (1 − θ )(p ∗B 
e 1 − t) 2 

] 
/ 2 , 

(11) 

nd 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

p ∗B 
e 2 = 

{ 

p ∗e 2 , if t ≤ p ∗e 2 ≤
√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, √ 

2 β+(1 −t) 2 −(1 −t) 

2 
, if p ∗e 2 ≥

√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, 

r ∗B 
2 = 

[
β/ 2 p ∗B 

e 2 − 1 − (1 − θ ) 
(

p ∗B 
e 2 − t 

)]
/θ, 

p ∗B 
s 2 = p ∗B 

e 2 

[
1 + (1 − β)(1 − θ ) 

(
p ∗B 

e 2 − t 
)]

/β, 

p ∗B 
n 2 = 

[ 
1 + θ

(
r ∗B 

2 

)2 + (1 − θ ) 
(

p ∗B 
e 2 − t 

)2 
] 
/ 2 , 

(12) 

here p ∗e 1 is the unique real root of ∂ �B 
1 /∂ p e = 0 , in which 

B 
1 = 

p e 

β2 

{
β[1 − (2 θ − 1)(p e − t) 2 − 2 c] 

+ [1 + (1 − β)(1 − θ )(p e − t)] 

[ β − 2 p e [1 + (1 − θ )(p e − t)]] } , (13) 

nd p ∗e 2 is the unique real root of ∂ �B 
2 /∂ p e = 0 , in which 

B 
2 = 

p e 

β2 

{
β

[
1 − 1 

θ

[
β2 

4 p 2 e 

− β[1 + (1 − θ )(p e − t)] 

p e 

+ [1 + (1 − θ )(p e − t)] 2 
]

+ (1 − θ )(p e − t) 2 − 2 c 
]

+ [1 + (1 − β)(1 − θ )(p e − t)] 

[ β − 2 p e [1 + (1 − θ )(p e − t)]] } . (14) 

Proposition 2 presents the retailer’s optimal decisions in Sce-

ario B . 

roposition 2. When there are both retailer-run resale market and

2P market, the optimal selling price of new products p ∗B 
n , the op-

imal refund r ∗B , the optimal selling price in the retailer-run resale

arket p ∗B 
s , and the selling price in the P2P market in equilibrium p ∗B 

e 

atisfy (p ∗B 
n , r 

∗B , p ∗B 
s , p ∗B 

e ) = (p ∗B 
ni 

, r ∗B 
i 

, p ∗B 
si 

, p ∗B 
ei 

) if �B 
i 

≥ �B 
j 

( i, j = 1 , 2

nd i � = j), where (p ∗B 
ni 

, r ∗B 
i 

, p ∗B 
si 

, p ∗B 
ei 

) and �B 
i 

( i = 1 , 2 )are stated in

qs. (11)–(14) . 

Note that, under both (p ∗B 
n 1 , r 

∗B 
1 , p 

∗B 
s 1 , p 

∗B 
e 1 ) and (p ∗B 

n 2 , r 
∗B 
2 , p 

∗B 
s 2 , p 

∗B 
e 2 ) ,

he customers’ expected surplus from buying new products in

cenario B is EU n = [1 + θ (r ∗B 
i 

) 2 + (1 − θ )(p ∗B 
ei 

− t) 2 ] / 2 − p ∗B 
ni 

= 0 ( i =
 , 2 ). This indicates that the optimal selling price of new products

n Scenario B is set high enough to extract customers’ expected

urplus entirely, which is similar to the result in Scenario R . 

According to the proof of Proposition 2 , we have the following

orollary. 

orollary 4. (1) Under (p ∗B 
n 1 , r 

∗B 
1 , p 

∗B 
s 1 , p 

∗B 
e 1 ) , there is some left inven-

ory of returned products, i.e., q s r > q d r ; 
Please cite this article as: T. Li, J. Xie and X. Liu, Consumer return polic

omega.2019.07.008 
(2) under (p ∗B 
n 2 

, r ∗B 
2 

, p ∗B 
s 2 

, p ∗B 
e 2 

) , returned products are sold out, i.e.,

 

s 
r = q d r . 

As there are no analytical expressions of the retailer’s optimal

ecisions, we cannot give the conditions explicitly under which

(p ∗B 
ni 

, r ∗B 
i 

, p ∗B 
si 

, p ∗B 
ei 

) (i = 1 , 2) is obtained. In Section 5 , we will an-

lyze the conditions under which different equilibrium results are

btained. 

. Numerical analysis 

According to Propositions 1 and 2 , there are no analytical ex-

ressions of the retailer’s optimal decisions in Scenarios R and B .

n this section, we conduct numerical analysis to study the equi-

ibrium results in Scenario B and the impact of the P2P market on

he retailer’s optimal decisions and profit. 

The values of the parameters are presented in Table 2 . When

ombined, these parameters define 4 ∗3 ∗4 ∗7 = 336 cases. 

We first investigate the parameter values under which the con-

itions β > 2 t and t ≤ c hold. Table 3 presents the parameter values

nder which β ≤ 2 t or t > c hold, where symbol “-” means all val-

es of that parameter. Table 3 includes 3 ∗4 ∗3 + 4 ∗3 + 3 ∗7 = 69 cases.

n the following, we will concentrate on the other 336-69 = 267

ases. 

.1. Analysis of scenario with both retailer-run resale market and P2P 

arket 

In this subsection, we study the equilibrium results in Scenario

 . Observation 1 analyzes the conditions under which different

quilibrium results (p ∗B 
ni 

, r ∗B 
i 

, p ∗B 
si 

, p ∗B 
ei 

) (i = 1 , 2) are obtained. 

bservation 1. In Scenario B, �B 
1 > �B 

2 holds when c = 0 . 02 . 

According to Observation 1 , (p ∗B 
n 1 

, r ∗B 
1 

, p ∗B 
s 1 

, p ∗B 
e 1 

) is obtained

hen c = 0 . 02 while (p ∗B 
n 2 

, r ∗B 
2 

, p ∗B 
s 2 

, p ∗B 
e 2 

) is obtained when c =
0 . 05 , 0 . 1 , 0 . 2 , 0 . 3 , 0 . 4 , 0 . 5] . Referring to Corollary 4 , returned prod-

cts are sold out under (p ∗B 
n 2 

, r ∗B 
2 

, p ∗B 
s 2 

, p ∗B 
e 2 

) , while there is some left

nventory of returned products under (p ∗B 
n 1 

, r ∗B 
1 

, p ∗B 
s 1 

, p ∗B 
e 1 

) . Therefore,

bservation 1 implies that, returned products are sold out when

 = [0 . 05 , 0 . 1 , 0 . 2 , 0 . 3 , 0 . 4 , 0 . 5] while there is some left inventory of

eturned products when c = 0 . 02 . That is, when the unit purchas-

ng cost is very low, the retailer will hold some inventory to in-

rease the selling price of second-hand products in the retailer-run

esale market. While when the unit purchasing cost is relatively

igh, the cost burden brought by left inventory is high. Thus, the
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 

https://doi.org/10.1016/j.omega.2019.07.008
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Table 5 

Parameter values under which �∗B ≥�∗R holds. 

Parameters c β θ t 

0.5 0.4 [0.7,0.8,0.9] 0 

0.5 0.6 [0.7,0.8,0.9] [0,0.025,0.05] 

0.5 0.8 [0.7,0.8,0.9] [0,0.025,0.05,0.1] 
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5.2. The impact of P2P market 

In this subsection, we analyze the impact of the P2P market on

the retailer’s optimal decisions and profit. Observation 2 compares

the optimal selling prices of new products and second-hand prod-

ucts in the retailer-run resale market, and also the demand of new

products in Scenarios R and B . 

Observation 2. p ∗B 
n ≥ p ∗R 

n , p ∗B 
s ≤ p ∗R 

s and q ∗B 
n ≤ q ∗R 

n always hold. 

First, Observation 2 shows that the selling price of new prod-

ucts in Scenario B is always higher than that in Scenario R . The

reason is that, in Scenario B , for the consumers who are not sat-

isfied with the new products they bought, if they cannot return

their products to the retailer, they could sell them in the P2P mar-

ket. That is, the consumers in Scenario B have more options to dis-

pose of the products they are not satisfied with. Thus, they have

higher willingness to pay for the new products. Therefore, the re-

tailer could charge a higher selling price of new products. 

Second, numerical examples show that the selling price in the

retailer-run resale market in Scenario B (i.e., p ∗B 
s ) is always lower

than that in Scenario R (i.e., p ∗R 
s ), which is due to the competi-

tion from the P2P market. As the P2P market competes with the

retailer-run resale market over customers, the retailer-run resale

market will lower the selling price of second-hand products in Sce-

nario B than that in Scenario R . 

Third, the demand of new products in Scenario B is lower than

that in Scenario R . The reason is as follows. Both in Scenarios R

and B , the customers’ expected surplus from buying new products

is zero. As the selling price in the retailer-run resale market in Sce-

nario B is always lower than that in Scenario R , more consumers

will buy second-hand products in Scenario B . Furthermore, con-

sumers could buy second-hand products from the P2P market in

Scenario B . Therefore, the demand of new products in Scenario B

is lower than that in Scenario R . 

Observation 3 compares the optimal refund amount in Scenar-

ios R and B . 

Observation 3. r ∗B ≥ r ∗R holds under the parameter values in Table 4 .

Observation 3 indicates that in most cases the optimal refund

amount in Scenario B is higher than that in Scenario R . From

Table 4 , we observe that, r ∗B is higher than r ∗R in the following two

cases. First, the unit purchasing cost is relatively low; second, the

unit purchasing cost is high, the consumers’ acceptance of prod-

ucts in the P2P market is relatively high and the transaction cost in

the P2P market is relatively low. In the former case, when the unit

purchasing cost is relatively low, the selling price of new products

is relatively low. Although the presence of the P2P market stimu-

lates the customers to buy new products, when the selling price

of new products is relatively low, this demand stimulation effect is

not strong. Recall from Observation 2 that the selling price of new

products in Scenario B is higher than that in Scenario R . To encour-

age the customers to buy new products, the retailer should raise

the refund amount. In the latter case, as the consumers’ acceptance
Table 4 

Parameter values under which r ∗B ≥ r ∗R holds. 

Parameters c β θ t 

[0.02,0.05,0.1,0.2,0.3] – – –

0.4 0.4 – –

0.4 0.6 [0.7,0.8] 0 

0.4 0.6 0.9 [0,0.025] 

0.4 0.8 [0.7,0.8] [0,0.025,0.05] 

0.4 0.8 0.9 [0,0.025,0.05,0.1] 

0.5 0.8 0.7 0 

0.5 0.8 [0.8,0.9] [0,0.025] 

t

t  

i  

a  

p  

b  

k  

a  

m  

t  

p  

e  

r  
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f products in the P2P market is relatively high and the transaction

ost in the P2P market is relatively low, the consumers could sell

heir products in the P2P market at a relatively high price. Due to

he competition from the P2P market, the retailer offers a higher

efund amount than that in Scenario R . 

Observation 4 compares the retailer’s profit in Scenarios R

nd B . 

bservation 4. The retailer’s profit in Scenario B is higher than that

n Scenario R under the parameter values in Table 5 . 

Observation 4 indicates that in most cases, the retailer’s profit

n Scenario B is lower than that in Scenario R , which implies that

he presence of the P2P market is detrimental to the retailer. From

able 4 , we observe that, when the unit purchasing cost is very

igh, the consumers’ acceptance of products in the P2P market is

elatively high and the transaction cost in the P2P market is rela-

ively low, the presence of the P2P market is beneficial to the re-

ailer. The interpretation of the result is as follows. On one hand,

he P2P market competes with the new product market and the

etailer-run resale market over customers (competition effect). On

he other hand, due to the emergence of the P2P market, the con-

umers have more options to dispose of the products they are not

atisfied with, which stimulates the customers to buy new prod-

cts (stimulation effect). When the unit purchasing cost is very

igh, the selling products of new products is very high, if there

s no P2P market, the consumers are reluctant to buy new prod-

cts because with a probability 1 − θ the consumers cannot return

he products to the retailer. In presence of the P2P market, when

he consumers’ acceptance of products in the P2P market is rela-

ively high and the transaction cost in the P2P market is relatively

ow, the consumers could sell their products in the P2P market at

 relatively high price. Thus, when the unit purchasing cost is very

igh, the consumers’ acceptance of products in the P2P market is

elatively high and the transaction cost in the P2P market is rel-

tively low, the simulation effect of the P2P market is very strong

hich dominates the competition effect. Therefore, in this case, the

resence of the P2P market is beneficial to the retailer. 

In practice, different firms have different attitudes towards

econd-hand goods markets. One opinion is that some consumers

ho intended to buy new products turn to the second-hand goods

arkets, thus reducing the sales of new products. Therefore, the

resence of second-hand goods markets hurts the profits of firms.

or example, Sun Microsystems (Sun), one of the leading firms in

he IT server business, was criticized for “deliberately attempting

o eliminate the secondary market for its machines worldwide”

hrough their pricing and licensing schemes [13] . The other opin-

on is that the existence of second-hand goods markets provides

 platform for consumers who have bought new products to dis-

ose of their second-hand products, thus promoting consumers to

uy new products. Therefore, the existence of second-hand mar-

ets contributes to the sales of new products. For instance, IBM

nd Hewlett Packard create high resale values for their used equip-

ent by facilitating the resale process and secondary use so that

he original customers gain a higher net benefit from their new

roduct purchases [16] . Our study sheds light on how the pres-

nce of P2P second-hand goods markets impact retailers optimal

eturn policies and profits when the retailers operate their only
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 

https://doi.org/10.1016/j.omega.2019.07.008
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A

econd-hand goods markets. According to Observation 4 , if the unit

urchasing cost of the retailers is very high, the consumers’ ac-

eptance of products in the P2P market is relatively high and the

ransaction cost in the P2P market is relatively low, the retailers

hould embrace the P2P second-hand goods market. Otherwise,

hey could try to eliminate the P2P second-hand goods market. 

Observation 5 compares the consumer surplus in Scenarios R

nd B . 

bservation 5. Compared to Scenario R, the consumer surplus is im-

roved in Scenario B. 

Observation 5 states that consumer surplus is improved by the

resence of P2P market. Note that, in both scenarios, consumers’

xpected surpluses from buying new products are both zero. Ac-

ording to Observation 2 , the demand of new products in Scenario

 is lower than that in Scenario R . For the consumers who buy

econd-hand products from the retailer-run resale market, as p ∗B 
s ≤

p ∗R 
s holds, consumers’ expected surplus in Scenario B is higher than

hat in Scenario R . What is more, in Scenario B , the consumers

ould buy second-hand products from the P2P market. For those

onsumers who buy second-hand products from the P2P market,

hey obtain higher expected surplus than buying from the retailer-

un resale market. Therefore, consumer surplus is improved by the

resence of the P2P market. 

.3. The impact of neglecting P2P market 

To analyze the importance of capturing the existence of a P2P

arket, we consider a heuristic as follows: the retailer neglects

he existence of the P2P market and adopts the optimal decisions

hen there is only retailer-run resale market, i.e., p ∗R 
n , r ∗R and

p ∗R 
s . Denote the results in the heuristic by superscript H . Therefore,

p ∗H 
n = p ∗R 

n , r 
∗H = r ∗R and p ∗H 

s = p ∗R 
s hold in the heuristic. According

o the proof of Proposition 2 , the retailer’s optimization problem in

cenario B is as follows: 

max 
p n ,r,p s 

�B = (p n − θ r 2 − c) q n + p s min 

{ 

θ rq n , 1 − 2(p s − p e ) 

1 − β

} 

s.t. 

⎧ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎩ 

q n = 

2(p s −p e ) 
(1 −β)[1+(1 −θ )(p e −t)] 

= 

1+ θ r 2 +(1 −θ )(p e −t) 2 −2 p n +2 p e 
β

, 

2(p s −p e ) 
(1 −β) 

≤ 1 , 

1+ θ r 2 +(1 −θ )( ̄p e −t) 2 

2 
− p n ≥ 0 , 

r ≥ p e − t. 

(15) 

In the heuristic, the selling price in the P2P market p ∗H 
e are

etermined as follows: substitute p ∗H 
n , r ∗H and p ∗H 

s into optimiza-

ion problem (15) and solve out p ∗∗
e from the equations in (15) .

f p ∗H 
n , r ∗H , p ∗H 

s and p ∗∗
e satisfy the three inequalities in (15) , then

p ∗H 
e = p ∗∗

e . We notice that p ∗H 
n , r ∗H , p ∗H 

s and p ∗∗
e always satisfy the

rst two inequalities in (15) , but for most of the numerical exam-

les, they do not satisfy the third inequality. This means that, the

efund amount set by the retailer in Scenario R (i.e., r ∗R ) is too low,

uch that the refund amount is lower than consumers’ net revenue

rom selling products in the P2P market. As a result, the consumers

ill not return their products to the retailer and thus there is no

rade in the retailer-run resale market. Therefore, it degenerates

nto the scenario with only P2P market. According to Appendix E ,

he retailer’s optimization problem in the scenario with only P2P

arket is (16) . Substitute p ∗H 
n into (16) and solve out p ∗∗∗

e from the

quations in (16) . We notice that p ∗H 
n and p ∗∗∗

e always satisfy the

nequalities in (16) . Therefore, p ∗H 
e = p ∗∗∗

e holds in the heuristic. 

ax 
p n 

�E = (p n − c) q n , 

s.t. 

⎧ ⎪ ⎨ 

⎪ ⎩ 

1+(p e −t) 2 

2 
− p n ≥ 0 , 

q n = 

1 
1+ p e −t 

= 

1+(p e −t) 2 −2 p n +2 p e 
β

, 

p e − t ≥ 0 . 

(16) 
Please cite this article as: T. Li, J. Xie and X. Liu, Consumer return polic
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Denote �H as the retailer’s profit in the heuristic. Numeri-

al examples demonstrate that the profit loss (defined as (�B −
H ) / �B ) due to neglecting the presence of the P2P market is re-

arkable, which can be as high as 72%. Furthermore, the profit

oss is relatively high when the unit purchasing cost is very high,

he consumers’ acceptance of products in the P2P market is rela-

ively high and the transaction cost in the P2P market is relatively

ow. According to the analysis of Observation 4 , in this condition,

he simulation effect of the P2P market is very strong. Therefore, if

he retailer neglects the presence of the P2P market, the profit loss

ould be significant. 

. Conclusions 

In this paper, we consider how the presence of a P2P market

ffects a retailer’s optimal return policy. The consumers are strate-

ic and uncertain about the valuation of products. If consumers’

eturns are not accepted by the retailer, consumers can sell their

roducts in the P2P market. The retailer resells consumer returns

n the retailer-run resale market. Theoretical and numerical results

how that, the presence of the P2P market is detrimental to the

etailer in most cases. The presence of the P2P market is beneficial

o the retailer only when the unit purchasing cost is very high, the

onsumers’ acceptance of products in the P2P market is relatively

igh and the transaction cost in the P2P market is relatively low.

urthermore, the consumer surplus is improved by the presence

f P2P market. Due to the presence of the P2P market, the selling

rice of new products increases while the selling price of second-

and products in the retailer-run resale market decreases. In most

ases, the refund amount increases due to the emergence of the

2P market. Specifically, this holds in the following two cases: first,

he unit purchasing cost is relatively low; second, the unit purchas-

ng cost is high, the consumers’ acceptance of products in the P2P

arket is relatively high and the transaction cost in the P2P market

s relatively low. In addition, when the retailer-run resale market is

he only second-hand products market, returned products are sold

ut. While in presence of the P2P market, the retailer will hold

ome inventory when the unit purchasing cost is very low, and the

etailer will sell out consumer returns when the unit purchasing

ost is relatively high. 

There are some directions for future research. First, we assume

hat the distributions of the consumers’ ex ante valuations about

he product are identical. In practice, some consumers have more

nformation about the product’s valuation. Thus, consumers can

e classified into different categories according to the information

hey have about the product’s valuation. Second, we assume that

he successful return rate of the consumers is exogenous, while it

an be determined endogenously by retailers [12] . Third, the re-

ailer always resells the consumer returns in our model while in

ractice some retailers salvage the consumer returns to protect

heir brand image. Fourth, some empirical evidence would be use-

ul to test the validity of the conclusions. 
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ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 
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max 
p n ,r, p s 

�R = (p n − c) q n − rq s r + p s q 
d 
r , 

s.t. 
1 + θ r 2 

2 

− p n ≥ 0 . (A.1)

If 1 + θ r 2 − 2 p n + 2 p s > 1 , then q n = 1 , q d r = 0 , q s r = θ r. Substi-

tuting the expressions of q n , q 
s 
r and q d r into (A.1) , we have 

max 
p n ,r,p s 

�R = p n − c − θ r 2 , 

s.t. 
1 + θ r 2 

2 

− p n ≥ 0 . (A.2)

Note that, the constraint functions and the objective function

in (A.2) are irrelevant to p s . We can decrease p s so that 1 + θ r 2 −
2 p n + 2 p s = 1 . Thus, we only need to solve (A.1) under the con-

dition 1 + θ r 2 − 2 p n + 2 p s ≤ 1 , which implies that q n = 1 + θ r 2 −
2 p n + 2 p s . Substituting the expressions of q n , q 

s 
r and q d r in (3) , the

retailer’s optimization problem can be rewritten as follows: 

max 
p n ,r,p s 

�R = (p n − c − θ r 2 + θ rp s ) q n , 

s.t. 

{
q n = 1 + θ r 2 − 2 p n + 2 p s ≤ 1 , 

1+ θ r 2 

2 
− p n ≥ 0 . 

(A.3)

We divide the feasible domain of (A.3) into two parts: q d r ≤ q s r 
and q d r > q s r , and look for the optimal solution for each part. When

q d r ≤ q s r , the optimization problem is: 

max 
p n ,r,p s 

�R 
1 = (p n − c) q n − rq s r + p s q 

d 
r 

s.t. 

⎧ ⎨ 

⎩ 

1+ θ r 2 

2 
≥ p n , 

1 + θ r 2 − 2 p n + 2 p s ≤ 1 , 

q d r ≤ q s r . 

(A.4)

Notice that ∂ �R 
1 
/∂ p n + ∂ �R 

1 
/∂ p s = 1 , thus d = (p n , r, p s ) T =

(1 , 0 , 1) T is an ascending direction of the objective function in

(A.4) . So at least one of the constraints g ( p n , r, p s ) ≤ 0 that satisfy

∇g(p n , r, p s ) . d > 0 is a strict constraint. It can be easily verified

that, among the three constraints in (A.4) , only (1 + θ r 2 ) / 2 ≥ p n 
is a strict constraint, which means that the optimal solution of

(A.4) must satisfy (1 + θ r 2 ) / 2 = p n . Substituting p n = (1 + θ r 2 ) / 2

into (A.4) , we can obtain the following optimization problem: 

max 
r,p s 

�R 
1 = (2 − θ r 2 − 2 c − 2 p s ) p s 

s.t. 

{
2 p s ≤ 1 , 

q d r ≤ q s r . 
(A.5)

Since ∂ �R 
1 /∂ r < 0 , d = (r, p s ) 

T = (−1 , 0) T is an ascending direction

of the objective function in (A.5) . At least one of the constraints g ( r,

p s ) ≤ 0 that satisfy ∇g(r, p s ) . d > 0 is a strict constraint. It can be

easily verified that, among the two constraints in (A.5) , only q d r ≤
q s r is a strict constraint. Thus, the optimal solution of (A.5) must

satisfy q d r = q s r . 

In sum, the optimal solution of optimization problem (A.4) is

obtained when q d r = q s r . Therefore, the optimal solution of opti-

mization problem (A.3) must satisfy q d r ≥ q s r . We only need to solve

optimization problem (A.3) under the condition of q d r ≥ q s r . Then,

the retailer’s optimization problem is: 

max 
p n ,r,p s 

�R = (p n − c) q n − rq s r + p s q 
s 
r 

s.t. 

⎧ ⎨ 

⎩ 

1+ θ r 2 

2 
≥ p n , 

1 + θ r 2 − 2 p n + 2 p s ≤ 1 , 

q d r ≥ q s r . 

(A.6)

Since ∂ �R /∂ p n + ∂ �R /∂ r = (1 + θ r) q n > 0 , d = (p n , r, p s ) T =
(1 , 0 , 1) T is an ascending direction of the objective function

of (A.6) . Following similar analyzing procedures of optimiza-

tion problems (A.4) and (A.5) , we can prove that the constraint
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(1 + θ r 2 ) / 2 ≥ p n is strict. Substituting p n = (1 + θ r 2 ) / 2 into (A.6) ,

e obtain the following optimization problem: 

ax 
r,p s 

�R = (1 − θ r 2 − 2 c) p s + 2 θ rp 2 s 

s.t. 

{
2 p s ≤ 1 , 

q d r ≥ q s r . 
(A.7)

otice that the objective function in (A.7) is a convex function of

 s . For a given r , the two constraints in (A.7) are equivalent to

 ≤ p s ≤ 1 / 2(1 + θ r) . Thus, the maximum of the objective function

n (A.7) is achieved when p s is either 0 or 1 / 2(1 + θ r) . The value of

he objective function is 0 when p s = 0 , so p s = 0 can never be the

ptimal solution. Therefore, the optimal solution of (A.7) should

atisfy p s = 1 / 2(1 + θ r) . Under this condition, we have q d r = q s r .

ubstituting q d r = q s r into (A.7) , we obtain the following optimiza-

ion problem: 

ax 
p s 

�R = −2 p 2 s + 

[ 
2(1 − c) − 1 

θ

] 
p s − 1 

4 θ p s 
+ 

1 

θ

s.t. 2 p s ≤ 1 . (A.8)

t can be easily verified that, there is a unique root p ∗R 
s for

he equation ∂ �R /∂ p s = 0 on the interval (0,1/2), which sat-

sfies ∂ �R / ∂ p s > 0 when p s < p ∗R 
s and ∂ �R / ∂ p s < 0 when p s >

p ∗R 
s . Therefore, the objective function of (A.8) is unimodal and

he optimal solution p ∗R 
s of (A.8) is the solution of the equa-

ion ∂ �R /∂ p s = −16 θ p 3 s + 8 θ (1 − c) p 2 s − 4 p 2 s + 1 = 0 . Recalling the

trict constraints q d r = q s r and (1 + θ r 2 ) / 2 = p n , we can obtain that

 

∗R = [1 / (2 p ∗R 
s ) − 1] /θ and p ∗R 

n = [1 + θ ( r ∗R ) 2 ] / 2 . 

ppendix B. Proof of Corollary 1 

(1) Denote 

f (p s ) = ∂ �R /∂ p s = −16 θ p 3 s + 4[2 θ (1 − c) − 1] p 2 s + 1 . 

We first show that p ∗R 
n > r ∗R . According to Proposition 1 , 

p ∗R 
n − r ∗R = 

1 + θ ( r ∗R ) 2 

2 

− 1 

θ

(
1 

2 p ∗R 
s 

− 1 

)

= 

1 

2 

+ 

1 

8 θ

(
1 

p ∗R 
s 

− 2 

)(
1 

p ∗R 
s 

− 6 

)
. (B.1)

f 

1 

p ∗R 
s 

− 2 

)(
1 

p ∗R 
s 

− 6 

)
> −2 , (B.2)

hen, p ∗R 
n − r ∗R > 1 / 2 − 1 / (4 θ ) ≥ 0 . 

Note that (B.2) holds if and only if p ∗R 
s > 1 / (4 −

√ 

2 ) . In the

ollowing, we show that p ∗R 
s > 1 / (4 −

√ 

2 ) holds. According to

he proof of Proposition 1 , p ∗R 
s is the unique root for the equa-

ion f (p s ) = ∂ �R /∂ p s = 0 on the interval (0,1/2), which satisfies

 �R / ∂ p s > 0 when p s < p ∗R 
s and ∂ �R / ∂ p s < 0 when p s > p ∗R 

s . In the

ollowing, we calculate f (1 / (4 −
√ 

2 )) , 

f (1 / (4 −
√ 

2 )) 

= θ

[
− 16 

(4 − √ 

2 ) 3 
+ 

8(1 − c) 

(4 − √ 

2 ) 2 

]
+ 1 − 4 

(4 − √ 

2 ) 2 
, 

≥ − 4 θ

(4 −
√ 

2 ) 2 

(
4 

4 −
√ 

2 

− 1 

)
+ 1 − 4 

(4 −
√ 

2 ) 2 
, 

≥ − 4 

(4 −
√ 

2 ) 2 

(
4 

4 −
√ 

2 

− 1 

)
+ 1 − 4 

(4 −
√ 

2 ) 2 
> 0 . (B.3)

The first inequality in (B.3) holds as c < 1/2 and the second in-

quality in (B.3) holds as θ ≤ 1. Therefore, p ∗R 
s > 1 / (4 −

√ 

2 ) holds. 
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 

https://doi.org/10.1016/j.omega.2019.07.008
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(2) Next, we show that p ∗R 
s > r ∗R . According to Proposition 1 , 

p ∗R 
s − r ∗R = 

2 θ (p ∗R 
s ) 

2 + 2 p ∗R 
s − 1 

2 θ p ∗R 
s 

. (B.4) 

he larger root of 2 θ (p ∗R 
s ) 2 + 2 p ∗R 

s − 1 = 0 is (−1 + 

√ 

2 θ + 1 ) / (2 θ ) .

o verify that p ∗R 
s − r ∗R > 0 , we only need to show that p ∗R 

s >

(−1 + 

√ 

2 θ + 1 ) / (2 θ ) . Similar to the proof of Part (1), we calculate

f ((−1 + 

√ 

2 θ + 1 ) / (2 θ )) , 

f ((−1 + 

√ 

2 θ + 1 ) / (2 θ )) 

= 

θ2 + ( 
√ 

2 θ + 1 ) 2 [2 θ (1 − c) + 1 − 2 

√ 

2 θ + 1 ] 

θ2 
, 

≥ θ2 + (2 

√ 

2 θ + 1 − 1) 2 (1 + θ − 2 

√ 

2 θ + 1 ) 

θ2 
. (B.5) 

he inequality in (B.5) holds as c < 1/2. It can be easily shown that
2 + (2 

√ 

2 θ + 1 − 1) 2 [1 + θ − 2 
√ 

2 θ + 1 ] increases in θ and thus

btains its minimum value at θ = 1 / 2 . Thus, 

2 + (2 

√ 

2 θ + 1 − 1) 2 [1 + θ − 2 

√ 

2 θ + 1 ] ≥ 51 − 36 

√ 

2 

4 

> 0 . 

(B.6) 

herefore, f ((−1 + 

√ 

2 θ + 1 ) / (2 θ )) ≥ 0 holds, which indicates that

p ∗R 
s ≥ (−1 + 

√ 

2 θ + 1 ) / (2 θ ) . 

ppendix C. Proof of Corollary 2 

According to the proof of Proposition 1 , p ∗R 
s is the solution of

he equation 

f (p s ) = −16 θ p 3 s + 4[2 θ (1 − c) − 1] p 2 s + 1 = 0 . (C.1)

(1) Taking derivative of both sides of (C.1) with respect to c , we

btain that 

∂ p ∗R 
s 

∂c 
= − θ p ∗R 

s 

6 θ p ∗R 
s − 2 θ (1 − c) + 1 

. (C.2) 

otice that 6 θ p s − 2 θ (1 − c) + 1 = 0 when p s = [2 θ (1 − c) −
] / 6 θ � p 0 s . To compare p 0 s with p ∗R 

s , substituting p 0 s into f ( p s ), we

ave 

f (p 0 s ) = 

θ2 [27 − 8 θ (1 − c) 2 ] 

27 θ2 
> 0 . (C.3)

hus, p ∗R 
s is greater than p 0 s , which implies that 6 θ p ∗R 

s − 2 θ (1 −
) + 1 > 0 . Therefore, ∂ p ∗R 

s /∂ c < 0 , which indicates that p ∗R 
s de-

reases in c . Since r ∗R = [1 / (2 p ∗R 
s ) − 1] /θ and p ∗R 

n = [1 + θ ( r ∗R ) 2 ] / 2 ,

oth of them increase in c . 

(2) Taking derivative of both sides of (C.1) with respect to θ , we

btain that 

∂ p ∗R 
s 

∂θ
= − p ∗R 

s [2 p ∗R 
s − (1 − c)] 

6 θ p ∗R 
s − 2 θ (1 − c) + 1 

. (C.4) 

According to the proof of Part (1), 6 θ p ∗R 
s − 2 θ (1 − c) + 1 > 0 . To

nvestigate the sign of 2 p ∗R 
s − (1 − c) , we only need to compare

p 1 s = (1 − c) / 2 and p ∗R 
s . Substituting p 1 s into f ( p s ), we have 

f (p 1 s ) = 1 − (1 − c) 2 > 0 . (C.5)

hus, p ∗R 
s is greater than p 1 s , which implies that 2 p ∗R 

s − (1 − c) > 0 .

herefore, ∂ p ∗R 
s /∂ θ < 0 , which indicates that p ∗R 

s decreases in θ . 

(3) Note that the objective function in (4) decreases in c . Thus,

he retailer’s optimal profit �∗R decreases in c . Furthermore, in the

bjective function of (A.8) , the items relevant to θ are 

1 

θ

(
1 − 1 

4 p s 
− p s 

)
= − (1 − 2 p s ) 2 

4 θ p s 
, (C.6) 

hich increases in θ . Therefore, �∗R increases in θ . 
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ppendix D. Proof of Proposition 2 

Denote 

3 = 

2(p s − p̄ e ) 

1 − β
, 

hich satisfies E U s = E Ū e . 

It can be easily obtained that 

2 − δ1 = 

(1 − β)(δ1 − δ3 ) 

β
. 

Note that, if δ1 ≤ δ2 , then δ3 ≤ δ1 . In this case, there will be no

rade in the P2P market. If δ1 ≥ δ2 , then δ3 ≥ δ1 . In this case, there

ill be trades in both the P2P market and the retailer-run resale

arket. We are only interested in the latter case. Therefore, q n =
in { δ2 , 1 } . 

If δ2 > 1, then q n = 1 and the retailer’s optimization problem is

s follow: 

ax 
p n 

�B = p n − θ r 2 − c, 

s.t. 

⎧ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎩ 

2(p s −p e ) 
1 −β

= 1 , 

1+ θ r 2 +(1 −θ )(p e −t) 2 

2 
≥ p n , 

2(p s −p e ) 
1 −β

− 1 = (1 − θ )(p e − t) , 

r ≥ p e − t. 

(D.1) 

It is obvious that the optimal solution of (D.1) is that p n =
 / 2 , r = 0 , p e = t and p s = t + (1 − β) / 2 . Therefore, δ2 = 2 t/β < 1

hich contradicts with the assumption that δ2 > 1. Therefore, we

nly need to solve the retailer’s optimization problem (10) under

ondition δ2 ≤ 1. 

The retailer’s optimization problem (10) can be rewritten as fol-

ows: 

max 
p n ,r,p s 

�B = (p n − θ r 2 − c) q n + p s min 

{ 

θ rq n , 1 − 2(p s − p e ) 

1 − β

} 

s.t. 

⎧ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎩ 

q n = 

2(p s −p e ) 
(1 −β)[1+(1 −θ )(p e −t)] 

= 

1+ θ r 2 +(1 −θ )(p e −t) 2 −2 p n +2 p e 
β

≤ 1 , 

2(p s −p e ) 
(1 −β) 

≤ 1 , 

1+ θ r 2 +(1 −θ )( ̄p e −t) 2 

2 
− p n ≥ 0 , 

0 ≤ p e − t ≤ r. 

(D.2) 

Note that if the second constraint in (D.2) holds, q n ≤ 1 al-

ays holds. We divide the feasible domain of (D.2) into two parts:

 

d 
r ≥ q s r and q d r < q s r , and look for the optimal solution for each part.

hen q d r ≥ q s r , the optimization problem is: 

max 
p n ,r,p s 

�B = (p n − θ r 2 + θ rp s − c) q n 

s.t. 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

q n = 

2(p s −p e ) 
(1 −β)[1+(1 −θ )(p e −t)] 

= 

1+ θ r 2 +(1 −θ )(p e −t) 2 −2 p n +2 p e 
β

, 

2(p s −p e ) 
(1 −β) 

≤ 1 , 

1+ θ r 2 +(1 −θ )( ̄p e −t) 2 

2 
− p n ≥ 0 , 

r ≥ p e − t, 

θ rq n ≤ 1 − 2(p s −p e ) 
1 −β

. 

(D.3) 

From the first constrain in (D.3) , we obtain that 

p n = 

1 

2 

{
1 + θ r 2 + (1 − θ )(p e − t) 2 + 2 p e 

− 2 β(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 

}
. (D.4) 

Substituting (D.4) into optimization problem (D.3) , we have 
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 

https://doi.org/10.1016/j.omega.2019.07.008
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max 
p s ,p e ,r 

�B = 

[ 
1 

2 

{
1 − θ r 2 + (1 − θ )(p e − t) 2 + 2 p e 

− 2 β(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 

}
+ θ rp s − c ] 

2(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 

s.t. 

⎧ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎩ 

2(p s −p e ) 
(1 −β) 

≤ 1 , 

β(p s −p e ) 
(1 −β)[1+(1 −θ )(p e −t)] 

− p e ≥ 0 , 

r ≥ p e − t, 

2 θ r(p s −p e ) 
(1 −β)[1+(1 −θ )(p e −t)] 

≤ 1 − 2(p s −p e ) 
1 −β

. 

(D.5)

Note that, 

∂�B 

∂r 
= 

2 θ (p s − r)(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 
≥ 0 . (D.6)

Since ∂ �B / ∂ r ≥ 0, d = (p s , p e , r) 
T = (0 , 0 , 1) T is an ascending di-

rection of the objective function in (D.5) . At least one of the con-

straints g ( p s , p e , r ) ≤ 0 that satisfy ∇g(p s , p e , r) . d > 0 is a strict con-

straint. It can be easily verified that, among the four constraints in

(D.5) , only q d r ≥ q s r is a strict constraint. Thus, the optimal solution

of (D.5) must satisfy q d r = q s r . 

In sum, the optimal solution of optimization problem (D.5) is

obtained when q d r = q s r . Therefore, the optimal solution of opti-

mization problem (D.2) must satisfy q d r ≤ q s r . We only need to solve

optimization problem (D.2) under the condition of q d r ≤ q s r . Then,

the retailer’s optimization problem is: 

max 
p n ,r,p s 

�B = (p n − θ r 2 − c) q n + p s 

[
1 − 2(p s − p e ) 

1 − β

]

s.t. 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

q n = 

2(p s −p e ) 
(1 −β)[1+(1 −θ )(p e −t)] 

= 

1+ θ r 2 +(1 −θ )(p e −t) 2 −2 p n +2 p e 
β

, 

2(p s −p e ) 
(1 −β) 

≤ 1 , 

1+ θ r 2 +(1 −θ )( ̄p e −t) 2 

2 
− p n ≥ 0 , 

r ≥ p e − t, 

2 θ r(p s −p e ) 
(1 −β)[1+(1 −θ )(p e −t)] 

≥ 1 − 2(p s −p e ) 
1 −β

. 

(D.7)

From the first constrain in (D.7) , we obtain that 

p n = 

1 

2 

{
1 + θ r 2 + (1 − θ )(p e − t) 2 + 2 p e 

− 2 β(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 

}
. (D.8)

Substituting (D.8) into optimization problem (D.7) , we have 

max 
p n ,r 

�B = 

{ 

1 

2 

[
1 − θ r 2 + (1 − θ )(p e − t) 2 + 2 p e 

− 2 β(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 

]
− c 

}
2(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 
+ p s 

[
1 − 2(p s − p e ) 

1 − β

]

s.t. 

⎧ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎩ 

2(p s −p e ) 
(1 −β) 

− 1 ≤ 0 , 

p e − β(p s −p e ) 
(1 −β)[1+(1 −θ )(p e −t)] 

≤ 0 , 

p e − t − r ≤ 0 , 

1 − 2(p s −p e ) 
1 −β

− 2 θ r(p s −p e ) 
(1 −β)[1+(1 −θ )(p e −t)] 

≤ 0 . 

(D.9)

Denote the i th constraint in optimization problem (D.9) as g i 
( i = 1 , . . . , 4 ). Taking derivative of �B with respect to p s , p e and r ,

we have 
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∂�B 

∂ p s 
+ 

∂�B 

∂ p e 
+ 

∂�B 

∂r 
= 1 + 

2(p s − p e ) 

1 − β

+ 

2(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 2 {
[1 + (1 − θ )(p e − t)] 2 + 

2 β(1 − θ )(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 

+ 

θ (1 − θ ) r 2 

2 

− (1 − θ ) 2 (p e − t) 2 

2 

− 1 − θ

2 

+ (1 − θ ) c 

− (1 − θ ) p e − θ r[1 + (1 − θ )(p e − t)] } . 
It can be shown that, when t < c , ∂ �B /∂ p s + ∂ �B /∂ p e +

 �B /∂ r ≥ 0 holds. Taking derivative of g i with respect to p s , p e and

 , we have 

∂g 1 
∂ p s 

+ 

∂g 1 
∂ p e 

+ 

∂g 1 
∂r 

= 0 , 

∂g 2 
∂ p s 

+ 

∂g 2 
∂ p e 

+ 

∂g 2 
∂r 

= 1 + 

β(1 − θ )(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 2 
≥ 0 , 

∂g 3 
∂ p s 

+ 

∂g 3 
∂ p e 

+ 

∂g 3 
∂r 

= 0 , 

∂g 4 
∂ p s 

+ 

∂g 4 
∂ p e 

+ 

∂g 4 
∂r 

= 

2 θ (p s − p e )[ r(1 − θ ) − 1 − (1 − θ )(p e − t)] 

(1 − β)[1 + (1 − θ )(p e − t)] 2 
≤ 0 . 

(D.10)

Therefore, constraint g 2 is strict. That is, the equation 

p e = 

β(p s − p e ) 

(1 − β)[1 + (1 − θ )(p e − t)] 
, (D.11)

olds. From (D.11) , we have 

p s = 

p e [1 + (1 − β)(1 − θ )(p e − t)] 

β
, 

p s − p e 

1 + (1 − θ )(p e − t) 
= 

(1 − β) p e 
β

. (D.12)

onstraint g 1 can be simplified as 2 p e /β ≤ 1 / [1 + (1 − θ )(p e − t)]

nd constraint g 4 can be simplified as 2 p e /β ≥ 1 / [1 + (1 − θ )(p e −
) + θ r] . 

Substituting (D.12) into (D.9) , the retailer’s optimization prob-

em is 

ax 
p n ,r 

�B = 

p e 

β

{
β[1 − θ r 2 + (1 − θ )(p e − t) 2 − 2 c] 

+ [1 + (1 − β)(1 − θ )(p e − t)] 

[ β − 2 p e [1 + (1 − θ )(p e − t)]] } 

s.t. 

⎧ ⎪ ⎨ 

⎪ ⎩ 

1 
1+(1 −θ )(p e −t)+ θ r 

≤ 2 p e 
β

, 

p e − t − r ≤ 0 , 

2 p e 
β

≤ 1 
1+(1 −θ )(p e −t) 

. 

(D.13)

t is obvious that the objective function in (D.13) decreases in r and

he first two constraints in (D.13) also decrease in r . Therefore, at

east one of the first two constrains is strict. The constraint 

1 

1 + (1 − θ )(p e − t) + θ r 
≤ 2 p e 

β
, (D.14)

an be rewritten as 

 ≥ 1 

θ

{
β

2 p e 
− 1 − (1 − θ )(p e − t) 

}
� g(p e ) . (D.15)

According to the relationship between p e − t and g ( p e ), we dis-

uss optimization problem (D.13) in the following two cases. 

In the first case, assume that p e − t ≥ g(p e ) holds. Thus, in the

ptimal solution, r = p e − t should hold. Note that p e − t ≥ g(p e )

olds if and only if 2 p 2 e + 2 p e (1 − t) − β ≥ 0 . The solution of 2 p 2 e +
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 
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 p e (1 − t) − β ≥ 0 is p e ≥ [ 
√ 

(1 − t) 2 + 2 β − (1 − t)] / 2 . Therefore,

he retailer’s optimization problem is 

ax 
p e 

�B 
1 = 

p e 

β

{
β[1 − (2 θ − 1)(p e − t) 2 − 2 c] 

+ [1 + (1 − β)(1 − θ )(p e − t)] 

[ β − 2 p e [1 + (1 − θ )(p e − t)]] } 

s.t. 

√ 

(1 − t) 2 + 2 β − (1 − t) 

2 

≤ p e ≤
√ 

[1 − t(1 − θ )] 2 + 2 β(1 − θ ) − [1 − t(1 − θ )] 

2(1 − θ ) 
. (D.16) 

Note that, the feasible region of p e is nonempty if and only if

≥ 2 t . It can be shown that 

∂ 2 �B 
1 

∂ p 2 e 

= 

2 

β2 

{
−2 

[
[1 − t(1 − θ )] 2 + 6 p e (1 − θ )[1 − t(1 − θ )] 

+ 6 p 2 e (1 − θ ) 2 
]

− β2 (1 − θ ) + β[1 + 12 p 2 e (1 − θ ) 2 + 2 t 2 (1 − θ ) 2 

− θ + t(−4 + 6 θ )] 

+ 3 p e [3 − 4 t(1 − θ ) 2 − 4 θ ] 
}

≤ 0 . 

hat is, �B 
1 

is a concave function in p e . Thus, the optimal solution

f optimization problem (D.16) is 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

p ∗B 
e 1 = 

⎧ ⎨ 

⎩ 

p ∗e 1 , if p ∗e 1 ≥
√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, 

√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, if p ∗e 1 < 

√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, 

r ∗B 
1 = p ∗B 

e 1 − t, 

p ∗B 
s 1 = p ∗B 

e 1 [1 + (1 − β)(1 − θ )(p ∗B 
e 1 − t)] /β, 

p ∗B 
n 1 = [1 + θ (r ∗B 

1 ) 
2 + (1 − θ )(p ∗B 

e 1 − t) 2 ] / 2 , 

here p ∗
e 1 

is the unique real root of ∂ �B 
1 
/∂ p e = 0 . 

In the second case, assume that g(p e ) ≥ p e − t holds. Thus,

n the optimal solution, r = [ β/ 2 p e − 1 − (1 − θ )(p e − t) ] /θ should

old. Note that g(p e ) ≥ p e − t holds if and only if 2 p 2 e +
 p e (1 − t) − β ≤ 0 . The solution of 2 p 2 e + 2 p e (1 − t) − β ≤ 0 is p e ∈
 t, [ 

√ 

(1 − t) 2 + 2 β − (1 − t)] / 2] . Note that [ 
√ 

(1 − t) 2 + 2 β − (1 −
)] / 2 > t holds if and only if β > 2 t . Therefore, the retailer’s opti-

ization problem is 

ax 
p e 

�B 
2 = 

p e 

β2 

{
β

[
1 − 1 

θ

[
β2 

4 p 2 e 

− β[1 + (1 − θ )(p e − t)] 

p e 

+ [1 + (1 − θ )(p e − t)] 2 
]

+ (1 − θ )(pe − t) 2 − 2 c 
]

+ [1 + (1 − β)(1 − θ )(p e − t)] 

[ β − 2 p e [1 + (1 − θ )(p e − t)]] } 
s.t. t ≤ p e ≤

√ 

(1 − t) 2 + 2 β − (1 − t) 

2 

. (D.17) 

It can be shown that 

∂ 2 �B 
2 

∂ p 2 e 

= − 1 

2 θ p 3 e 

{
β3 + 4 β2 θ (1 − θ ) p 3 e + 8 θ p 3 e 

[
[1 − t(1 − θ )] 2 

+ 6 p 2 e (1 − θ ) 2 

+ 6 p e (1 − θ )[1 − t(1 − θ )] ] 

+ 4 β(1 − θ ) p 3 e 

[
2 − θ − 12 θ (1 − θ ) p 2 e 

− 2 t 2 θ (1 − θ ) + 2 t(3 θ − 1) 

− 3 p e [ −1 + 4 θ (1 − t(1 − θ ))] ] } ≤ 0 . 
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The optimal solution of optimization problem (D.17) is 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

p ∗B 
e 2 = 

{ 

p ∗e 2 , if t ≤ p ∗e 2 ≤
√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, 

√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, if p ∗e 2 ≥

√ 

2 β+(1 −t) 2 −(1 −t) 

2 
, 

r ∗B 
2 = 

[
β/ 2 p ∗B 

e 2 − 1 − (1 − θ ) 
(

p ∗B 
e 2 − t 

)]
/θ, 

p ∗B 
s 2 = p ∗B 

e 2 

[
1 + (1 − β)(1 − θ ) 

(
p ∗B 

e 2 − t 
)]

/β, 

p ∗B 
n 2 = 

[ 
1 + θ

(
r ∗B 

2 

)2 + (1 − θ ) 
(

p ∗B 
e 2 − t 

)2 
] 
/ 2 , 

here p ∗
e 2 

is the unique real root of ∂ �B 
2 
/∂ p e = 0 . 

ppendix E. Analysis of scenario with only P2P market 

In the scenario with only P2P market, the retailer does not ac-

ept consumer returns and there is no retailer-run resale market.

hus, if the consumers are dissatisfied with the products they pur-

hased in Period 1, they can only sell them through the P2P mar-

et. Represent the scenario by superscript “E”. 

We first analyze consumers’ decisions. In Period 1, if a con-

umer buys a new product, the expected consumer surplus is

 U n = E (max { V, p̄ e − t} − p n ) = [1 + ( p̄ e − t) 2 ] / 2 − p n ; if he buys a

econd-hand product from the P2P market in Period 2, the ex-

ected consumer surplus is E U e = E (βδV − p̄ e ) = βδ/ 2 − p̄ e . There-

ore, a consumer buys a new product if and only if 

1 + ( p̄ e − t) 2 

2 

− p n ≥ max 

{
δβ

2 

− p̄ e , 0 

}
. (E.1) 

From (E.1) , we can derive the range of δ for consumers who buy

ew products, i.e., δ ≤ min { [1 + ( p̄ e − t) 2 − 2 p n + 2 p̄ e ] /β, 1 } . Since

is uniformly distributed on the interval [0,1], the demand for new

roducts is: 

 n = 

{
0 , if 1+( ̄p e −t) 2 

2 
− p n < 0 ,

min 

{[
1 + ( p̄ e − t) 2 − 2 p n + 2 ̄p e 

]
/β, 1 

}
, if 1+( ̄p e −t) 2 

2 
− p n ≥ 0 . 

(E.2) 

It is obvious that the case where [1 + ( p̄ e − t) 2 ] / 2 − p n < 0 is

ot optimal for the retailer. Thus, we only need to figure out the

etailer’s optimal decisions under the condition [1 + ( p̄ e − t) 2 ] / 2 −
p n ≥ 0 . 

In Period 2, for the consumers who have purchased new prod-

cts in Period 1, if their realized valuation v is less than p e − t,

hey will sell their products through the P2P market. As V is uni-

ormly distributed on the interval [0,1], the supply of second-hand

roducts in the P2P market is q s p = (p e − t) q n . Note that, under

he RE equilibrium, p̄ e = p e . Given that [1 + ( p̄ e − t) 2 ] / 2 − p n ≥ 0 ,

t can be easily shown that, the customers who have not purchased

ew products in Period 1 will purchase second-hand products in

eriod 2, i.e., EU e > 0 holds. Therefore, the demand for second-hand

roducts in the P2P market is q d p = 1 − q n . Under the condition

1 + ( p̄ e − t) 2 ] / 2 − p n ≥ 0 , the expressions of q n , q s p and q d p are as

ollows: 

 

 

 

q n = min { 1 + ( p̄ e − t) 2 − 2 p n + 2 p̄ e , 1 } , 
q s p = (p e − t) q n , 

q d p = 1 − q n . 

(E.3) 

As the selling price in the P2P market p e clear all the products

old there, the equation q d p = q s p holds. Therefore, the retailer’s op-

imization problem is: 
ies in presence of a P2P market, Omega, https://doi.org/10.1016/j. 
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max 
p n 

�E = (p n − c) q n , 

s.t. 

⎧ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎩ 

1+( ̄p e −t) 2 

2 
− p n ≥ 0 , 

p e − t ≥ 0 , 

q s p = q d p , 

p̄ e = p e , 

(E.4)

where q n , q 
s 
p and q d p are as shown in Eq. (E.3) . 
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