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any durable products with relatively short selling seasons have been using returns policies between manu-

facturers and retailers as the contractual protocol for some time. Recently, these sectors have witnessed the
growing popularity of peer-to-peer Web-based used goods markets as important transaction channels between
buyers and sellers. Given that these two issues are critically linked from both supply and demand perspectives,
in this paper we study the role that consumer valuation of used products plays in shaping a manufacturer’s
incentive to offer a returns policy option to a retailer when used goods might be devalued compared to new
ones as a result of physical deterioration (or obsolescence). We do so through a two-period dyadic channel
framework where the retailer faces uncertain demand for a durable product from a renewable set of customers
who are impatient but forward looking. The manufacturer, on the other hand, needs to decide whether or not to
offer a returns contract to the retailer. We first characterize the necessary and sufficient condition under which
a returns contract is the equilibrium strategy as well as the corresponding channel decisions. Further analysis
of this condition reveals that a higher consumer valuation of used products increases the likelihood of a returns
contract being the equilibrium strategy. This result seems to be robust except when the potential demands for
the two periods are quite deterministic and uncorrelated. However, it contradicts the burgeoning managerial
trend to replace returns contracts with price-only ones in sectors where used goods are valued relatively highly
by the consumers. We also discuss how used goods markets affect the equilibrium channel decisions as well
as how demand uncertainty and logistics costs associated with returns influence the equilibrium contracting
strategy.
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1. Introduction Png 1995). For example, a returns policy is in vogue
Returns policy has been an integral part of contrac-  for products such as fashion apparel and accessories,
tual obligations between channel partners in a num-  video games, books, and toys (Marvel and Wang 2007,

ber of durable goods sectors for almost 80 years. With Padmanabhan and Png 1995). As of late, however,
this policy, the retailer pays a per-unit wholesale price =~ many of these sectors are experiencing an increase in
to purchase a product but receives financial restitu-  the rate of returns. For mass market paperbacks, adult
tion from the manufacturer in the form of a per-unit trade hardbound books, and adult trade paperbacks,
return price for any unsold products that are returned ~ return rates run at about 50%, 37.5%, and 21.9%,
at the end of the selling season.! This policy has resp.ectlvely (refer to Marvel and Wang 2007 for more
now become a salient mechanism in many durable dgtaﬂs?. S}l.Ch high rates of return are also associated
products sectors for manufacturers to provide assur- with significant logistics costs for the channel part-
ance to retailers who are dealing with demand uncer- ~ ners (Neary 2008, Padmanabhan and Png 1995). Con-

tainty and short selling seasons (Padmanabhan and cerned by‘ the substantial expenses incurred during
the returning process, many firms have started ques-

tioning the value of a returns policy contract (Cachon
! Our focus is on intrachannel returns policies offered by manufac- and Terwiesch 2009). This is evident from the pub-
turers to retailers, not on extrachannel returns policies offered by lisher HarperC ollins doing away with its returns pOl—

retailers to their end customers. For the latter type of returns poli- A . R .
cies, refer to Shulman et al. (2011). So, throughout this paper, the Icy m one of its new divisions (Rich 2008), as well

term “returns policy” refers to intrachannel policies, unless other- as by the action of some other publishers who have
wise stated. stopped doing deals with mass-market book retailers
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such as Costco because of their stringent returns pol-
icy requirements (Economist 2011).

Another turn of events that has affected the
retail industry is the growth of used goods mar-
kets. E-commerce has been a boon for new prod-
ucts because it allows a whole new segment of
individual buyers and sellers to transact among them-
selves with relative ease (i.e., peer-to-peer (P2P) mar-
kets), but its impact on the sales of used products
has been extraordinary (Ghose et al. 2006, Rapson
and Schiraldi 2012). Some of the most well-known
e-commerce sites are P2P used goods marketplaces
(e.g., eBay, Amazon.com marketplace, Craigslist.org,
Taobao.com). In 2008, nearly $60 billion of goods were
transacted on eBay, a large majority of them being
used goods (Rapson and Schiraldi 2012); the subse-
quent financial crisis has made this sector even more
popular (Nakata 2010). More importantly, although
such markets initially dealt mainly in used books
(McAfee 2007, Varian 2005), the types of products
being transacted nowadays are much more extensive.
Used fashion apparel /accessories and toy sectors have
become especially active as is evident by the growth of
e-tailers such as Milan Station, Brands Off, 99dresses,
and Threadflip (Jing Daily 2012, Nakata 2010). An esti-
mated 23% of Amazon’s sales come from used goods
(Varian 2005), approximately 45% of the books on sale
at Amazon in October 2012 were used ones (data col-
lected from Amazon.com website in October 2012),
and about 25% of video games sales are now through
used goods markets (Kane and Bustillo 2009).

Intuitively speaking, the two phenomena—returns
policy and the used goods market—are intercon-
nected. Returns policy affects the order quantity of
new items from the retailer, which in turn influences
the sales volume. The volume of new goods sold
determines the size of the supply source for the used
goods market, and their loss in perceived value from
consumers’ perspective—either as a result of physical
deterioration from usage (e.g., for books, toys) or as
a result of obsolescence (e.g., for fashion apparel)—
affects the price in that market. The impact of used
goods markets on the demand for new products and
the frequency of new product releases has been dis-
cussed before; see, e.g., Ghose et al. (2006) and Yin
et al. (2010). It is noteworthy that, to the best of
our knowledge, literature is silent about how used
goods markets affect the manufacturers’ incentive to offer
a returns policy option to retailers. The primary moti-
vation of this paper is to address this gap in the
literature.

Specifically, we explore the following issues in the
context of a decentralized, dyadic (manufacturer—
retailer) channel framework:

¢ What role does a P2P used goods market play
in determining a manufacturer’s incentive to offer a

returns policy contract? Moreover, how does such a
market affect the equilibrium decisions of the two
channel partners?

* How do the following factors shape the above
incentive in the presence of a P2P used goods market:
(i) level of demand uncertainty, (ii) costs of handling
returns, (iii) whether new and used goods are sold
concurrently or not, and (iv) degree of demand corre-
lation across periods?

To answer these questions, we develop a two-
period model that captures the basic features of a
durable product with a short selling season. Poten-
tial demand for the product arises from a new set of
customers in each period who need to use the prod-
uct in that period only,? and the number of such cus-
tomers in each set is random. Initially, we assume
that the potential demands for the two periods are
perfectly correlated and that there is only one type
of product in each period—new products from the
retailer in the first period and used goods from the
P2P market in the second period. At the beginning
of the first period (before uncertainty is realized), the
manufacturer decides on her contracting strategy with
the retailer—price-only or returns. Keeping the con-
tract offered in mind, the retailer then chooses his
order quantity. Subsequently, the demand uncertainty
is realized. The retailer then announces his price for
the new goods in period 1, which determines his sales
in period 1 as well as the amount he needs to return
to the manufacturer (if a returns policy is offered).
In period 2, there is only a P2P market selling used
goods that might have lost some of its value to con-
sumers as a result of physical deterioration or obso-
lescence. The supply source of the P2P market is the
first-period retail sales and the price in that market
is set based on a clearing mechanism. Note that the
two periods in our setting interact: while deciding on
whether or not to buy in period 1, customers take
into account the price that they can get by selling
their used products in period 2’s P2P market (i.e.,
customers are forward looking). Any leftover new
goods at the end of period 1 are disposed of either
by the manufacturer (for a returns contract) or by the
retailer (for a price-only contract). There is a logistics
cost associated with returns for both channel part-
ners. We analyze the resulting game to characterize
the necessary and sufficient condition that defines the
equilibrium contracting strategy and decisions for the
channel partners.

One of the most important findings of our analy-
sis is that the higher consumer valuation of used goods
in the P2P market increases the manufacturer’s incentive

2 This assumption makes sense for the types of products we have in
mind, such as fashion apparel and accessories, toys, video games,
and books.
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to offer a returns policy contract to the retailer. The
underlying reason is that the higher the consumer
valuation of used goods in period 2, the more the
period 1 customers benefit by selling their used prod-
ucts in the P2P market. Consequently, these customers
are then willing to pay a price premium for buying
new products and/or willing to buy more of them.
A returns contract enables the manufacturer to better
exploit this situation more so than a price-only con-
tract would. Specifically, the manufacturer can charge
a higher wholesale price under a returns contract,
and the extent of this price premium increases in the
consumer valuation of used goods.® The difference in
retail order quantities between a returns contract and
a price-only contract also increases as the used goods
become more valuable from the consumer’s perspec-
tive. Consequently, a P2P market selling used goods
highly valued by consumers creates the potential for
both margin and volume gains for the manufacturer
by offering a returns option. Although this gain comes
at a cost (return price + logistics costs) for the man-
ufacturer, overall, her benefits more than counterbal-
ance the losses.

The above-mentioned result appears to be quite
robust. Specifically, the effect of the used goods mar-
ket remains valid even if the potential demands for
the two periods are imperfectly correlated. The pri-
mary impact of this imperfection is that as the degree
of correlation decreases, the manufacturer is compar-
atively less able to utilize a returns contract to extract
the benefits that period 1 consumers can obtain from
a P2P market selling high-valuation used goods, espe-
cially when the demand uncertainty of each period
is also relatively low.* The insight about the effect
of the used goods market generally holds true even
if we allow the retailer to also sell new goods in
period 2, where it competes with the P2P used goods
market. The retailer in that case determines the new
goods prices for both periods as well as the amount
to return at the end of period 2 (for a returns con-
tract). The main implication of a returns contract in
this framework is that, in addition to better position-
ing the manufacturer to extract part of the consumer
benefits, such a contract helps the manufacturer man-
age the cannibalization effect of high-valuation used
goods in a more effective fashion.

We further demonstrate that demand uncertainty
has a nonmonotone effect on the likelihood of a
returns contract—medium levels of demand uncertainty
make returns contracts most likely, whereas very high

% Throughout the paper, we use “greater/smaller,” “higher/lower,”
and “increasing/decreasing” in the weak sense.

* Consequently, the effect of the used goods market might not be
valid only when the potential demands for the two periods are
relatively deterministic and are independent of each other.

or low levels of uncertainty provide significant incen-
tives for the manufacturer to offer a price-only
contract. This is because the increase in the retail
order quantity stemming from a returns contract
is nonmonotone in the randomness of demand. As
expected, higher returns logistics costs for channel
partners always discourage a returns option.

The rest of this paper is organized as follows. In
§2 we review the related literature. Section 3 presents
our basic model framework. The model is analyzed
for equilibrium characterization in §4, and in §5 we
establish how the used goods market, demand uncer-
tainty, and returns logistics costs affect the incen-
tives and decisions of the channel partners. Section 6
presents the two robustness checks of the basic model
(i.e., imperfect correlation and second retail sales
opportunity). Finally, §7 provides managerial implica-
tions, concluding remarks, and suggestions for future
research.

2. Review of Related Literature
Although, to our knowledge, the research questions in
this paper have not been addressed before, the extant
literature nevertheless has tackled other fundamental
issues related to our work. This can be divided pri-
marily into two streams: (i) papers dealing with char-
acterizing the optimal returns policy between channel
partners but where used goods markets do not play
any role and (ii) papers on durable products that con-
sider the effects of used goods markets but without
any channel returns option.

The first stream of literature started with the sem-
inal paper by Pasternack (1985), who established
that a properly designed returns policy can achieve
channel coordination even in a multiretailer environ-
ment. Subsequently, an extensive body of research
addressing various facets of returns policy emerged
in marketing, economics, and operations manage-
ment literature. Rather than providing an exhaus-
tive review, we focus here on some representative
examples. The returns contract has been analyzed
in a variety of settings, including when there is
competition either at the retail level (Padmanabhan
and Png 1997, Wang 2004) or at the manufacturer
level (Bandyopadhyay and Paul 2010), when there
is information asymmetry in the channel (Arya and
Mittendorf 2004, Sarvary and Padmanabhan 2001),
when retail price is endogenous (Emmons and Gilbert
1998, Granot and Yin 2005, Kandel 1996, Song et al.
2008), when there is threat of retail markdowns
(Marvel and Wang 2007), and when there is valuation
uncertainty (Marvel and Peck 1995). Although the
issues addressed are different, the common themes
connecting these papers are their single-period set-
tings and the uncertainty in retail demand. The funda-
mental insight of this stream is that a returns contract
enables the manufacturer to induce larger retail orders
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4
Table 1 Representative Papers Dealing with Durable Products
Deterministic demand Uncertain demand
Centralized  Desai and Purohit (1998, 1999), Ferguson and Koenigsberg
channel  Tilson et al. (2009) (2007)

Decentralized Desai et al. (2004),
channel Shulman and Coughlan (2007),
Yin et al. (2010)

Current study

by sharing demand risk through an assured (and
relatively high) salvage value in case of overstock-
ing. We augment this literature by incorporating in
our model a growing phenomenon in many durable
products sectors—used goods markets—and we show
that such markets can significantly affect the incentive
to offer a returns option. Note that there is another
stream of literature dealing with returns policy, but it
focuses on such an arrangement between the retailer
and end customers. We do not go into the details of
that literature stream, but we refer readers to Shulman
et al. (2010, 2011) for reviews.

The second stream of literature consists of papers
dealing with durable products in the marketing/
economics domain. They are relevant because of the
presence of a used goods market that competes with
new products sold by retailers; moreover, most of
them also use a two-period framework with a clear-
ance market for the used products in the second
period such as in this paper. This stream can be
further subdivided based on whether the channel
structure is centralized or decentralized and whether
or not there is any uncertainty in retail demand.
Representative papers in each of these categories are
presented in Table 1 (refer to Yin et al. 2010 for a
more detailed review).> Papers in the centralized—
deterministic cell mainly focus on comparing the
leasing and selling of durable goods under various
setups. Those in the decentralized-deterministic cell
develop channel coordinating contracts, and those in
the centralized—uncertain cell propose optimal inven-
tory management strategies. The goal of our paper, as
well as our decentralized—uncertain demand frame-
work, differentiates us from this literature stream.

Our main contribution is that we model the inter-
action between used goods markets and returns pol-
icy contracts in the context of a nondeterministic,
decentralized channel. In particular, our analysis of
how such markets affect the manufacturer’s incentive
to offer such a contract as well as their associated
channel decisions sets our paper apart from the exist-
ing literature.

®There are also some papers in marketing (e.g., Bhaskaran and
Gilbert 2005, Desai and Purohit 1999) and in operations manage-
ment (e.g., Ferguson and Toktay 2006, Ferrer and Swaminathan
2006) that address the issue of horizontal competition in the context
of durable products. However, the focus of our paper is on vertical
competition.

3. Model Framework

We develop a stylized model of one manufacturer
selling to one retailer to capture the basic features
of the examples in §1. Like most of the literature on
durable goods (e.g., Desai et al. 2004, Shulman and
Coughlan 2007), we assume that the selling season
lasts for two periods. The two most important char-
acteristics of our model are that it considers the man-
ufacturer’s decision about whether or not to offer a
returns option to the retailer and the P2P used goods
market for end customers.

Suppose that there is a renewable set of a ran-
dom number of potential customers, denoted by N,
interested in buying at most one unit of the product
in each period (as in Shulman and Coughlan 2007).
While the product is durable, the customers enter-
ing the market require it specifically for that period
only.® For tractability reasons, we assume that N can
be either high (1 + 6) or low (1 — 6) with probabil-
ity A9 and A,_,, respectively, where A, 4+ A;_y=1.
Clearly, 0 € (0, 1) measures the degree of uncertainty in
the retailer’s market potential—the higher the value
of 0, the greater the uncertainty. Moreover, potential
customers’ valuation of the product per period in its
new condition, v, is heterogeneous and follows a uni-
form distribution between 0 and 1 (i.e., v ~ U[0, 1]).
The sequence of events in our Stackelberg model is
shown in Figure 1 and is also described below.

1. Contracting Stage: Our model setting starts with
the manufacturer (leader) deciding on her contract
variables at time 0. Specifically, she decides on a unit
wholesale price, w, with or without a returns option.
If a returns option is offered, she also sets the return
price, b (b > 0), at which rate the retailer (follower)
will be compensated for returning any unsold inven-
tory. Thus, in our context, b =0 defines a no-returns,
price-only contract. Note that most of our discussion
will focus on full-credit returns policy whereby the
retailer’s compensation per unit returned includes the
full wholesale price as well as any logistics cost asso-
ciated with returns he incurs.

2. Ordering Stage: A distinctive feature of many of
the durable products of our interest (e.g., fashion
apparel, toys, and even textbooks) is that they are
nowadays produced offshore in low-cost countries,
making their supply delivery times relatively long.
Consequently, the retailers often have only one oppor-
tunity to place an order with the manufacturer for the
short selling season (refer to Cachon and Terwiesch
2009 for more details). Based on this idea, we assume
that the retailer can place only one order. Specifi-
cally, given the above-mentioned contract, the retailer

®Thus, the customers cannot decide to wait and buy in the next
period; i.e., they are impatient. We briefly discuss the implications
of customer patience in §7.
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Figure 1 Timeline of Events
Contracting Ordering
stage stage
A A
4 N[ \ 4

Manufacturer Retailer decides Demand

offers contract on order quantity. uncertainty is

to the retailer. (N) realized.

Pricing Returning
stage stage

A N

Retailer decides on its price p;, Leftovers
and sales occur. Used goods are are
cleared in the second period at price p,,. returned.

w,b (=0o0r>0) q

decides on how many new units of the product, g, to
order from the manufacturer at time 0.

After the order is fulfilled, uncertainty about
demand potential N is realized (1+6 or 1 —6). It is
natural to think that demand potentials for the two
periods are positively correlated (refer to Cachon and
Kok 2007 and references therein). For now, suppose
that they have a perfect, positive correlation. So once
N realizes, this denotes the number of potential cus-
tomers in each period. We discuss the implications of
imperfectly correlated demand potentials in §6.1.

3. Pricing and Returning Stages: Knowing the real-
ization of N and the amount of inventory g4 available
to him for sale, the retailer decides on his pricing pol-
icy so as to maximize his revenue (as in Padmanabhan
and Png 1997). For high-end products such as fash-
ion apparel/accessories and toys, the retailer may not
want to sell new items of a particular model when the
used goods market for that model has become pop-
ular in order to protect brand image (Aurora 2011,
Padmanabhan and Png 1995). Keeping this in mind,
we initially assume that the retailer sells only new
goods in period 1, and only used goods are transacted
in a P2P market (e.g., eBay, Threadflip) in period 2.
However, for products such as textbooks and games,
indeed, both types of products can be sold simultane-
ously. We analyze such a framework in §6.2, whereby
the retailer sells new items in both periods 1 and 2
and there is a P2P used goods market in period 2.

At the beginning of period 1, the retailer announces
the price of new products for period 1, p;, which also
determines the price for the P2P used goods mar-
ket, p,. However, N (=1+ 6 or 1 — ) potential cus-
tomers in period 1 know that there is a P2P used
goods market available to them in period 2 for selling
their used products and can anticipate the equilib-
rium price in that market, p,,. Suppose that all the cus-
tomers who buy in period 1 sell their used products
in the P2P market in period 2.” Potential customers in
period 1 thus take the anticipated equilibrium resale

7This implies that all customers who buy in period 1 have neg-
ligible valuations for used products in period 2. For renewable
customer sets, we feel this to be a reasonable assumption, and
it also provides analytical tractability. The implications of this

_[1-6 wp. A
N={1+0 wp. A,

v

P1> Pu

value of the used products into account while deciding
on whether or not to buy. If the net utility v —
(py —p.) is positive, they buy the product; otherwise,
they leave the market. Given our setting, the demand
for (or sales of) new products in period 1 is then given
by x; = N(1—(p; —p,))- Any leftover new goods at the
end of period 1 (i.e., (g — x;)") are disposed of by
the retailer (for a price-only contract) or returned to
the manufacturer, who then disposes of them (for a
returns contract). In the latter case, the manufacturer
and the retailer incur a per-unit cost of c,, and c,,
respectively, for returns-associated logistics activities.
For expositional simplicity, suppose that the disposal
cost (or salvage value) is negligible. Any customer
who does not buy in period 1 leaves the market.

In period 2, an entirely new set of N (=1+ 6 or
1—0, as in period 1) customers enters the market.
These customers can buy only used products from
a P2P used goods market. The supply source of the
P2P market is the customers who bought the prod-
uct in period 1, ie., x;. Period 2 consumers’ valua-
tions of these used products are given by 6v, where
0<d6<1. Thus, 1 — 6 is the loss in value of used
products from the perspective of end consumers. This
loss might be as a result of deterioration in the con-
dition of the products (for products such as toys or
books) and/or their relative obsolescence (for prod-
ucts such as fashion apparel) (refer to Ray et al. 2005
and Yin et al. 2010 for more discussion).® In other
words, the higher the value of 8, the more consumers
in period 2 value the used goods. This factor § will
be the parameter of primary interest in this paper. For
example, books and DVDs do not lose their much of
their value with use, implying that 6 for such prod-
ucts is relatively high. On the other hand, toys might
lose a substantial portion of their value because of
usage. For a fashion product, in addition to usage,

assumption compared with the alternative scenario whereby used
goods have certain remaining valuations for period 1 customers
is that our setting results in a higher amount of used goods and,
hence, a lower used goods price in the P2P market.

8In our setting, there is only vertical product differentiation in the
form of new and used goods.
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Table2  Parameters and Decision Variables II; = —wq
Symbol Definition + Y M+ —c) (q—x)}, ()
Ne{1+6,1-0
i Time period; / =1 or 2. SH01-0)
N Potential market size for each period; N =146 or 1 4. where m is the marginal production cost for the man-
0 Degree of uncertainty, where 6 € (0, 1). M . .
\y Probability that the demand state is V. ufacturer and (¢)* =max(0, ¢). Otherwise, if the con-
p Degree of correlation between demands of two periods; p € [0, 1]. tract is a price-only one, then the profit functions
5 Discount factor for used goods in period 2, where § € [0, 1].
) X would be

m Marginal production cost for the manufacturer.
c Manufacturer’s unit cost for returns-associated logistics activities. . = (w—m and
c:" Retailer’s unit cost for returns-associated logistics activities. m=( )q 3)
w Manufacturer’s unit wholesale price. _
b Manufacturer’s return price for each unit returned. g =—wq+ N 120:1 . Anipraal.
b Net benefit that the retailer earns for each unit returned, cli+6,1-6)

where b= (b—¢,)*. o Note that in both contracts, the selling amount of new
D; Retailer’s selling price of new goods in period /. ds i trained b . < g In thi -
Dy Clearance price of used goods in P2P market of period 2. g00ds 1s constrained by 4; 1.€., X; = ¢. In this section,
q Retailer’s order quantity. we analyze the above profit functions to answer some
Xi Retailer's demand or sales of new goods in period /. of our research questions. For expositional simplicity,
X, Demand for (= supply of) used goods in period 2.
1, Manufacturer's profit function. suppose that m = 0 and that the two demand states are
M, Retailer’s profit function. equally likely; i.e., Ay =1 for N € {1+6, 1—6}. We next

the loss in value might depend on whether that par-
ticular style is still popular in the market or if it has
become obsolete. Moreover, based on what is well
known in practitioner literature (e.g., McAfee 2007),
we assume that the P2P used goods market is char-
acterized by a market-clearing price (p,). Given cus-
tomers’ valuations of used products in period 2, we
can determine the volume of sales of such products
in the P2P market, say, x,. Because the price for used
goods is market clearing, supply and demand must
match in the P2P market, i.e., x, = x;, which yields
p. = (6/(1+ 8))p;. Note that the two periods in this
model interact through p,,. Our key notations are sum-
marized in Table 2.

4. Model Analysis

In this section, we first develop the equilibrium deci-
sions for both channel partners under price-only
and returns contracts. We subsequently analyze those
decisions to establish the equilibrium contracting
strategy as well as determine how the used goods
market (in terms of §) and uncertainty in market
potential (in terms of 6) affect the equilibrium deci-
sions and contracting strategy. Given the framework
defined in the previous section, we can formulate the
expected profit functions 11,; and II; for the manu-
facturer and the retailer, respectively. These expres-
sions would depend crucially on the type of contract
in place among the channel partners. If the contract
is a returns one, then the expected profit functions of
the channel partners would be given by (subscripts
M and R denote the manufacturer and the retailer,
respectively)

Iy, = (w—m)q

-

Ne{1+6,1-6)

Ay(b+c,)(g—x)" and (1)

determine the equilibrium decisions and profits of the
channel partners using backward induction (note that
for the price-only contract, b =c, =c,, =0).

1. Returning Stage: With a returns contract in place,
the retailer will return any remaining units to the man-
ufacturer at the end of period 1 if the return price b is
greater than his logistics costs c,, i.e., if b>¢c,. If b <¢,,
then he will dispose of the remaining units. However,
the number of remaining units at the end of period 1
depends on the pricing decision as discussed next.

2. Pricing Stage: Given the contract terms (b, w) and
the ordering decision g at time 0, the retailer observes
the realization of N and decides on the optimal
price for the first period p,. Because the uncertainty
is resolved before the pricing decision is made, the
retailer’s price optimization problem can be equiva-
lently expressed in terms of period 1 sales quantity,
x,, as follows:

Mp(g) = —wq + max {prx, + (0 —c)" (@ =2}, (4)

where p, is the implied price that results in sales of x;
units in period 1. Using the inverse demand function,
we can express p; in terms of x; as follows:’

p1=(1+5)<1—%). )

In the retailer’s profit maximization problem, he is
also effectively determining the optimal number of
units to be returned (g — x;) by trading off the ben-
efits of selling at the rate of p; against the benefits

? Our direct demand function is x; = N — (N /(1 + 8))p;, whereas in
Padmanabhan and Png (1997), it is x; = N — p;. Note that in the
latter paper, uncertainty appears only in the demand intercept; in
our case, both the intercept and slope of the demand function are
random. Moreover, only our slope is affected by the used goods
market (in Padmanabhan and Png 1997, 6 =0).
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of returning at the rate of (b —c,)". For expositional
convenience, in what follows, we let b= (b—c,)" rep-
resent the net amount earned by the retailer for each
returned unit.

Substituting (5) in (4), the retailer’s profit becomes
concave in x;. Analysis of the profit function reveals
the following optimal state-dependent sales quantity
x; for period 1:'°

- N b

If the order quantity g is relatively low (g < N/
2(1 —b/(1+0))), then the retailer sells all g units in
period 1 and does not return anything; otherwise, he
sells x} units and returns (g — x) units.

3. Ordering Stage: For a given returns contract (i.e.,
w and b), and knowing his optimal sales strategy from
the previous stage, the retailer determines the optimal
order quantity g*(w, b) before observing the demand
state. Suppose that during the contracting stage, the
manufacturer decides between either of the two con-
tracts: b =0 (a price-only contract) and b = w (a full-
credit returns contract)."! The optimal order quantities
under the two contracts in that case are as follows:

14+86—-2w)(1+0) ifw<(9(l—|—8)
2(1+9) - 1+60 7
q*(w/b=0)=
(148 —w)(1—67) otherwise;
2(1+9) ’
e v o (1+6-w)(1+0)
and ¢"(w,b=w)= 217 9)

Higher return prices (i.e., higher b= w) provide a
higher “salvage” value for any remaining inventory
for the retailer, but they also increase the whole-
sale price charged to him. Consequently, the retailer’s
optimal order quantity actually decreases in b for a
returns contract. Note, however, that a returns con-
tract, in contrast to a price-only one, still allows the
manufacturer to increase the retailer’s order quantity
(for a given w and b).

4. Contracting Stage: At this stage, the manufac-
turer decides whether to offer a price-only contract
or to offer a full-credit returns one, keeping in mind
the retailer’s best response function in terms of pric-
ing and ordering decisions as discussed previously.
We can determine the equilibrium contracting param-
eters, retail prices, and order quantities for both types
of contracts, as shown in Table 3.

1 The derivation for x; as well as proofs for all the propositions in
the paper are provided in the appendix.

' Note that a full-credit returns option can indeed be the equilib-
rium strategy under certain cases and is the standard in a number
of durable goods sectors (refer to Bandyopadhyay and Paul 2010,
Padmanabhan and Png 1997).

Comparison of the above two contracts then estab-
lishes the following equilibrium contracting strategy
for the manufacturer.

ProrosITION 1. In  equilibrium, the manufacturer
offers a full-credit returns contract to the retailer if and
only if ¢, 4+ c,, < (8, 0); otherwise, she offers a price-only
contract, where ¢(8, 0) is as shown below:

A+0)(1-vIi—6) . 1

i 9 fo<3
&(6, 0) =

(1+9@ V2050 o 1

26 =7

A closer examination of Table 3 and Proposition 1
reveals some interesting issues.

* A comparison of the unit total returns logistics
costs for the channel partners, c, + c,, against the
threshold value, ¢(8, 6), is necessary and sufficient for
determining the manufacturer’s equilibrium contract-
ing strategy. A threshold-type optimal policy implies
that higher returns logistics costs—higher c,, and/or c,—
make a returns contract less likely, which is intuitive.
Moreover, the threshold ¢(5, 0) is nonnegative for all
6 €(0,1) and 6 € [0, 1]. So if the channel partners can
reduce their returns logistics costs to negligible lev-
els, either through technology investments or through
process changes (e.g., no physical returns; rather, the
retailer disposes of the leftovers even for a returns
contract), it is always optimal for the manufacturer to
provide the returns option to the retailer.

* There are two different price-only contracts in
equilibrium depending on the value of §. Lower lev-
els of demand uncertainty (i.e., lower 6) are associated
with higher wholesale prices but smaller retail orders.
On the other hand, when 6 is high, the retailer bears
significant risk in the end customer market, and this
makes him wary of overstocking. His order quantity
in that case is thus more responsive to any increase in
wholesale price. While designing the returns contract,
the manufacturer uses the higher wholesale price (i.e.,
the one associated with lower 6) as the base price and
adds a markup to it to, e.g., recover a portion of the
total return logistics costs c, + c,,. Since the manufac-
turer’s risk of receiving a return increases in 6, the
markup also increases in 6.

* As regards the retailer’s equilibrium order quan-
tity under a returns contract, we already mentioned
that there are two counteracting effects acting on it.
The higher wholesale price under such a contract
induces the retailer to reduce his order quantity com-
pared with a price-only one; on the other hand, the
returns option incentivizes him to increase the order
quantity. Because a high level of 6 results in a rela-
tively low wholesale price under a price-only contract
(as shown in the above bullet point), the wholesale
price premium under a returns contract looms large.
The order quantity under a returns contract in that
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Table 3 Equilibrium Contracts, Retail Orders, and Retail Prices
Ife, +c¢,>c(s,90): If ¢, +c¢, <C(5,0):
1 1 . !
e §(1+3) b<3, W=§(1+8)+§0(0,+0m)
1 1
%(1+a) 02% br=wrtc =5 (1+0)+50(c +Cp) + ¢
1(1+é))(1—6) 0 1
. )4 <3 *_1(1+0)(1_0(0,+cm))
7= 1 1 1 7=z 1+96
Z( +9) 02§
1i5(3+0) 0<1andN=1+0,
4 2
146 1 3 1
) T(3—(9) 0<§andN_1—0, * Z(1+5)+16(c,+cm) N=1+9,
S F 1 S F 1
Z(1+‘o‘) aziandN=1+0, Z(1+5)+10(C’+C’”) N=1-9
1(1 8) 0>1andN—1—0
P =g =

Notes. p; = (8/(1 + 6))p; and x; = N(1 —p; /(1 + 5)). The profits can be deduced by substituting the equilibrium

values in the corresponding profit functions of (1)—(3).

case is indeed smaller than that under a price-only
setting. On the other hand, when 6 is relatively low,
the difference in wholesale prices between the two
contracts is relatively smaller, and the effect of the
returns option incentive is then stronger; g* is then
higher under a returns contract.

* Finally, as regards equilibrium retail prices, a
returns contract allows the retailer to return and
receive a relatively high salvage value in the case of
low demand, thus enabling him to charge the same
(relatively high) price to end customers irrespective
of the demand realization. This benefit, however, is
not available in the price-only setting; in that case, the
retailer’s price depends on demand realization. He is
able to charge a premium price when he has only a
low amount of inventory to sell, but the demand real-
ization is high (ie., 0 < % and N =1+ 6). In contrast,
he needs to set a low price when the opposite is true
(ile, §>1and N=1-9).

Whereas the above discussion brings out some
salient features of the two equilibrium contracts, one
of the main objectives of this paper is to under-
stand how the manufacturer’s incentive to offer a
returns option is impacted by the consumer valua-
tion of the products being sold in the used goods
market. For this, we need to analyze the behavior of
the returns-optimal region, i.e., ¢, +c,, < (9, 0), with
respect to 6. We conduct this analysis below.

5. Effects of the Used Goods Market

In this section, we first discuss the effects of the loss
in valuation of the used goods on the equilibrium

decisions (provided in Table 3), and we subse-
quently discuss its effect on the equilibrium contact-
ing strategy.

5.1. On Equilibrium Decisions
The following proposition establishes the effects of &
on the equilibrium channel decisions.

PROPOSITION 2. A higher customer valuation of used
goods (i.e., a higher value of 8) affects equilibrium channel
decisions as follows:

—If a price-only contract is the equilibrium, a higher
value of & increases the manufacturer’s wholesale price w*
and the retail price p;, but it has no impact on the retailer’s
order quantity q*.

—If a full-credit returns contract is the equilibrium, a
higher value of & increases the manufacturer’s wholesale
and return prices as well as the retailer’s price and order
quantity.

We explain the rationale behind this result by start-
ing with the price-only contract. If the used goods
do not lose much of their consumer valuation as a
result of condition deterioration or obsolescence, this
enables period 1 customers to receive higher prices
for their used products (p%) in the P2P market. As a
result, they are willing to pay more for new prod-
ucts in period 1. The retailer can then charge a higher
price. In fact, the retailer extracts the whole benefit
from the customers; thus, the net price (ie., pi —p)
paid by the customers actually does not change with
0. Consequently, the retailer’s price increases in 6,
but his order quantity does not. However, the retailer
is not the sole beneficiary of the above-mentioned
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effect—the manufacturer extracts some of the retail
price premium, which results in the wholesale price
also increasing 9.

The above reasoning can explain the effects of § on
w* and p; even for a returns contract, but the pres-
ence of the returns logistics costs (c, and/or c,,) in this
case adds a new wrinkle. Note that although the two
channel partners bear some of this cost, they also pass
some of it on to the customers in the form of higher
retail price p;. Obviously, this passed-through cost has
a detrimental effect on consumers’ net utility from
buying a new product. This cost also interacts with
the benefit that they obtain from the used goods mar-
ket. Specifically, the retailer can no longer extract the
whole benefit that the customers obtain from higher
valued used goods. However, the higher valuation
still has a positive effect because it is better able to
dampen the detrimental effect of the returns logistics
costs and induce more customers to be willing to buy
the product. Consequently, the retail order quantity g*
actually increases in 6 for a returns contract.

5.2. On Optimal Contracting Strategy

Now we are ready to analyze the effects of 6 on the
manufacturer’s optimal contracting strategy. Specifi-
cally, we study whether higher values of § make it
more or less likely for the manufacturer to offer a
returns option to the retailer.

Recall that Proposition 1 identifies ¢, + ¢,, < (8, )
as the necessary and sufficient condition for a returns
contract to be the equilibrium. So to understand
the effect of 6 on the manufacturer’s incentive to
offer such a contract, we analyze how this condition
behaves with respect to 8.

ProrosITION 3. In the condition for a full-credit
returns policy to be the equilibrium, ¢, +c,, < c(5, 0), the
threshold ¢(8, 6) must increase in 8. Thus, an increase in &
makes the condition more likely to hold true, which implies
that a higher customer valuation of used goods encourages
the manufacturer to offer a returns contract to the retailer.

The above result has important managerial impli-
cations. As discussed in §1, there is a growing con-
cern about returns contracts, and in some sectors
they are being rescinded in favor of price-only con-
tracts. Manufacturers should take note, though, that,
fueled by better design, products are becoming more
durable and their level of deterioration from usage
has been reduced. On the other hand, because of
the increasing price sensitivity and environmental
consciousness of customers, customer acceptance of
used goods markets is gaining in strength. The end
result is that customers are no longer devaluing used
goods significantly (i.e., § is becoming higher). Propo-
sition 3 suggests that, in that case, it might make
more sense for manufacturers to stick with the strat-
egy of providing retailers with the option to return

any excess inventory. In fact, manufacturers of certain
short lifecycle durable products for which used goods
markets are picking up steam should think about
bringing their products under the returns policy
regime.

To understand the underlying rationale behind the
result in Proposition 3, we focus on the difference
in manufacturer’s profit under the two contracts (i.e.,
I1,(returns) — I1,,(price-only)) and analyze how this
difference behaves with respect to 6. The manufac-
turer’s profit function in our model consists of the
following:

wholesale price x retail order quantity

— returns volume (if any) x returns price,

where the second term is only for the returns con-
tract case. We start by understanding the behavior of
the difference when the degree of demand uncertainty
(i.e., 0) is low.

When 6 is low, the manufacturer takes advantage
of this to charge a high wholesale price in the price-
only contract setting. This results in a relatively low
order quantity from the retailer. For a returns con-
tract, the manufacturer can charge a wholesale price
even higher than in the price-only case. In addition,
by reducing the retailer’s overstocking risk through a
high return price, it can even induce a higher order
quantity. Indeed, the amount of excess order quan-
tity induced by the returns option increases in o, as
does the wholesale price premium the manufacturer can
charge on that excess quantity. The primary detriment
of the returns contract is that because the returns
price increases in 8, the total returns cost for the
manufacturer increases in 6. However, returns hap-
pen only when the demand turns out to be low (i.e.,
N =1-0), and the return price is paid only for the
returned amount, whereas price and order quantity
gains accrue irrespective of the demand state. Con-
sequently, the latter gains are higher than the losses
stemming from returns. Ceteris paribus, a higher o
makes it more beneficial for the manufacturer to offer
a returns contract.

When 6 is high, keeping in mind the higher level of
retail demand uncertainty, the manufacturer charges
a low wholesale price under a price-only contract.
This induces a relatively high order quantity from the
retailer. However, under a full-credit returns policy,
the retailer is effectively risk-free. Thus, the manufac-
turer can charge a significantly higher wholesale price
in this case compared with the price-only one, and
this price premium increases in 6. This higher price
results in the retail order quantity being lower under
a returns contract compared with that under a price-
only one. However, the loss in order quantity actually
decreases in 6. So as 6 increases, the manufacturer
once again gains in terms of both margin and volume
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when offering a returns option. Although the losses
stemming from a high returns price are also increas-
ing in 6, as discussed in the previous paragraph, they
are incurred less frequently than the gains. So even
for the high 0 case, a P2P market that sells more valu-
able used goods provides a greater incentive for the
manufacturer to offer a returns policy option to the
retailer.

Note that the incentive to offer a returns contract is
also impacted by factors other than 8. One of them,
the costs of handling returns, was discussed in §4. We
now shed light on how the level of demand uncer-
tainty 6 affects the manufacturer’s equilibrium con-
tracting strategy.

5.2.1. Effect of 0. To understand the manufac-
turer’s incentive, we again study the difference
between her profits under the two contracts as 6
changes. It turns out that as 6 increases, the difference
in the wholesale prices between returns and price-
only contracts also increases. On the other hand, the
difference between order quantities under the two
contracts is nonmonotone: it increases for low values
of 6 (6 < %) and then decreases in 6. Moreover, the
impact of order quantity seems to be more than that
of wholesale price. Consequently, we have the follow-
ing proposition about the effect of § on ¢(5, 0), ie.,
the effect of demand uncertainty on the likelihood of
a returns contract.

ProprosITION 4. The threshold ¢(8, 8) of Proposition 1
is nonmonotone in —it increases for low values of 0 and
then decreases. Thus, a returns contract is most likely for
medium values of demand potential uncertainty (0) and
relatively less likely for extreme values of 6.

6. Robustness Check of
Analytical Insights

The results of the previous section regarding the
effects of the P2P used goods market are obtained
under two main assumptions: (i) the demands for
the two periods have a perfect, positive correlation,
and (ii) the retailer does not sell any new goods in
period 2, so there is no direct competition between
new retail goods and used goods from the P2P mar-
ket. Although these assumptions are reasonable for
some of the durable products we have in mind, and
they provide analytical tractability, in this section we
relax them, one at a time, to study the robustness of
insights about the effects of the used goods market
obtained under the assumptions mentioned above.

6.1. General (Nonnegative) Correlation

The model framework in this case remains the same
as in 83 (including the full-credit returns policy)
except that the potential demands between the two
periods can have any degree of nonnegative correla-
tion. Specifically, suppose p represents the degree of

correlation between the demand potentials, where p €
[0, 1] (obviously, p =1 until §5), and N, is the market
potential for period i =1, 2, where

(1-6,1-6) wp. (1+p)/4,
_)J(1+6,1-6) wp. (1-p)/4,

(N1/ NZ) - (1 —0,1+ 0) wW.p. (1 - P)/4'
1+6,1+6) wp.(1+p)/4.

It is important to point out that forward-looking cus-
tomers in period 1 make their purchasing decisions
before N, is realized. So they need to compute second-
period resale values of their purchases (that affect
their period 1 purchase decisions) by forming expec-
tations about the state-contingent p, values in the
used goods P2P market. These expectations should be
consistent with the used goods prices in equilibrium.

We can proceed with the analysis following the
same technique as outlined in §§4 and 5, although
the expressions are now much more involved. For
example, the state-dependent inverse demand func-
tion under imperfect correlation is given by

1+0py, x
p1=(1+5)|:1_T5Nﬁ11:|’ where
1+60p .
fN,=1-90,
1+ 0
MmN, =
1-6p .
m 1fN1=1+0

Note that uy, =1 for any N; € {1 — 6,1+ 6} when
p =1, which results in the p; expression in Equa-
tion (5). We are able to analytically characterize all
four stages outlined in §3 and establish the follow-
ing proposition (counterparts of Table 3 and Proposi-
tions 1 and 3).1?

ProrosITION 5. (i) In equilibrium, the manufacturer
offers a full-credit returns contract to the retailer if and
only if ¢, +c, < (6, 0, p), where ¢(8, 6, p) is as shown
below:

c(6,0,p)
51=%[(1—1—5)—\/(1+5)2—02(1+p8)2]
B 52=%[2(1—!—5)—\/2(1+5)(1+5+0+p50)]
ifﬂlsﬂfté:%.

12 As discussed in the appendix, we assume 6 € (0, ) for p € [0, 1)
to rule out cases that require inventory rationing and result in com-
plicated expressions (for p =1, 6 € (0, 1)). It is not a very restrictive
assumption since 6 > 0.6.
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Table 4 Equilibrium Contracts and Retail Orders for General p
If ¢, +c, > C(5,0,p): Ifc, +c¢, <¢(5,0,p):
1 W= L4 0)+ to(e, + o) P
N EUEL AL 5 140+ 500 +Cn) 3775
1 1 1+pé
1 _ % __ ik _ _
Z(1+8) 6, <0< b*=w +c,_2(1+5)+26(c,+cm) s +c,
1 2
—(1-6%) 0 <0,
. o= et gy (L0 =06 -6,)(1 +99)
- ' _ T4 (A4 a2—6(1+8)(1+pd
1 (1-00+0) (1-+8)2 =01 +3)(1 + o)

4 (1+8)—6(1 + pd)

Note. p;, p;, and x; and the equilibrium profits can be deduced from these expressions.

(ii) The equilibrium values for both contracts and their
corresponding equilibrium retail order quantities are pro-
vided in Table 4.

(iii) Analysis of ¢(8, 80, p) shows that ¢, is always
increasing in 8, and ¢, is also increasing in & for p >
p1=(1—~1—-62)/6 If p < py, & can be nonmonotone.
That is, a higher customer valuation of used goods encour-
ages a returns contract unless the demand potential uncer-
tainty and demand correlation are both low.

Note that all the above expressions reduce to the
corresponding ones in §§4 and 5 when we substitute
p =1. Clearly, the optimal contracting strategy is still
a threshold-type policy similar to that in §4. More
importantly, the effect of the consumer valuation in
the used goods market (8) on the equilibrium con-
tracting strategy, discussed in §5, still remains valid,
except for low 6 and low p scenarios. The underlying
reason for high values of § is actually quite similar to
what was discussed in §5. However, a closer look at
low 6 values reveals that although the difference in
wholesale prices between the two contracts (returns —
price-only) still increases in 8, the rate of this increase
is quite slow when the demand potentials are rela-
tively independent (i.e., low p). On the other hand,
the difference in order quantities increases in & for
high values of p, but it may actually decrease for
low values of p. So for low values of p and 0, which
represent the least risky conditions for the retailer,
the manufacturer does not gain much from wholesale
prices as 6 increases and can actually lose in terms
of retail order quantity. Consequently, we note that
the positive impact of a more valuable used goods
market on the likelihood of a returns contract pre-
vails in all conditions except for low 6 and low p
scenarios, in which case the effect might be reversed.
As regards the effect of demand potential uncertainty
(i.e., 0) on the optimal contracting strategy, it is also
quite similar to Proposition 4—a returns contract is
most likely for medium values of 6 and is relatively
less likely for extreme values of 6. Finally, since p
also affects overall demand uncertainty in a manner

similar to §—specifically, lower values of p represent
lower uncertainties—the effect of p on the optimal
contracting strategy is quite similar to that of 6.

6.2. Retail Sales of New Goods in Period 2
Until now, we assumed that the retailer sells new
goods only in period 1 and in period 2 it is only the
P2P used goods market where transactions take place.
Now suppose that the retailer is willing to sell new
goods in both periods (the P2P used goods market
still operates only in period 2). In this case, new and
used goods directly compete in period 2, and there is
possible cannibalization of retail demand by the P2P
market. If a returns contract is offered by the man-
ufacturer, returns take place at the end of period 2.
Everything else remains the same as in §3, including
the fact that the demand potentials in the two periods
have a perfect, positive correlation (i.e., N; = N, = N).
Among the four decision-making stages outlined
in §3, it is the pricing stage that is most affected. In
period 1, only new products from the retailer are for
sale in the market at price p; for N(=1+6 or 1—6)
forward-looking customers. The demand (or sales) of
new products in period 1 is still x;, = N(1 - (p; —p,)).
Any leftover new goods at the end of period 1 (i.e.,
g — x;) are carried over by the retailer for possi-
ble sale in period 2. Any customer who does not
buy in period 1 leaves the market. In period 2, an
entirely new set of N (same value as in period 1)
potential customers enters the market. These cus-
tomers have the choice of buying either new or
used products. We use a consumer choice model
that captures the competition between new and used
products to derive their sales, x, and x,, respectively,
in period 2, where®® x,=N(1— (p, —p,)/(1—98)) and
x, = N((p, —p.)/(1 —8) — p,/0). Clearly, a higher o
increases the cannibalization effect of the P2P market.
Recall that the price for used goods is market clearing;

B3 Refer to the appendix for the derivation and validity of these
expressions for extreme values of 6.
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p, is then based on x, = x,,i.e., p, =6(1 — (x; + x,)/N).
Thus, period 2 involves sales of x, new goods at
price p, by the retailer and sales of x, (= x;) used
goods at price p, in the P2P market. The retailer
trades off the revenue from selling versus returning
while deciding on how much to return (in case of
a returns contract) and takes into account the inven-
tory on hand at the end of period 1 and the compe-
tition between new and used goods while deciding
on the price in period 2. As regards the retailer set-
ting the period 1 price, he has to consider all pos-
sible demand scenarios in period 2, as well as the
order quantity and the returns price. The analysis of
the returning stage remains unaltered compared to
§4. In the pricing stage, we now optimize the follow-
ing dynamic problem (for a given order quantity and
contract parameters):

II; = —wq+ max {plxl

0=x1=q

4+ max
0<x,<(q—x7)

(patat =) g = - ).
Analysis of the above problem results in the follow-
ing optimal selling strategy for the retailer.

PROPOSITION 6. The optimal sales quantities for the
two periods are

(x;{’x;|i)l q/ N)
(49,0) if0<b<byand 0<q<gqy,

N&+2q(1—8) 2q—N&
< 2(2-9) '2(2—5)>

Zj‘0§B<b1 and gy < q < Gy,

2N(1-b+bs) N _ - .
< 4145382 ’E(l_b)_ixl)

if0<b<b, and g, <q,
(q,0) lfb1§i7<b2and0§q5q21,

oN(1-b+bs) N
4+456-38 ' 2

A6,
1-b-3x)
ifby<b<b,and g, <q,

(min(q, w)()) ifby<b<b,,

. N(1+8-b) , .
<m1n<q, w),()) lfbafb
The expressions for b;,i ={1,2,3}, qi1, Guo, and gy are
provided in the appendix.

Clearly, if the order quantity is low, the retailer sells
the whole amount in period 1. As the order quantity
increases, it becomes more likely for him to also sell in
period 2. On the other hand, when the returns price is
low, the retailer sells in both periods; if it is high, then
he may sell only in period 1 and return the remaining
products at the end of period 2 without selling them
in that period.

We subsequently analyze the ordering and contract-
ing stages. Even though the optimal order quantities
and contract parameters for the price-only contract
can still be analytically determined, the equilibrium
characterization of full-credit returns contracts and a
comparison of the two contracts are quite cumber-
some. Therefore, we focus on the two limiting cases,
6 =0 (used goods have no value) and 6 =1 (used
goods are valued the same as new goods).

ProrosITION 7. (i) In equilibrium, the manufacturer
offers a full-credit returns contract to the retailer if and
only if ¢, + ¢, <C¢(6=1i,0),i=1{0,1}; otherwise, she
offers a price-only contract, where

(1-~1—-62)/6 if 9 <0.5,
c(6=0,0)= 7)
2—2(1+0))/(20) if §>0.5,
and
&(6=1,0)
_ — P2
20VTB o,
2(, V/2(36-1)/T0T—0)(3—0)+9(1—6) —12(1—6)?)
_ 9( B 104/T+6 )

if 0.507 < 6 <0.554,

2—/2(1
# if 6> 0.554.

®)

(if) The equilibrium values for both contracts as well as
the corresponding equilibrium retail order quantities are
provided in Table 5.

(i) 6(6=1,0)>¢(6=0,0), ie., it is more likely for
the manufacturer to offer a returns contract for a P2P mar-
ket selling used goods with higher consumer valuation.

When 6 = 0, there is effectively no interaction
between the two periods. We can then envisage the
model in this section to be equivalent to a repeated
version of the framework in §§3-5. Specifically, the
equilibrium values for both types of contracts in
Table 5 are the same as those in Table 3; the equi-
librium retail prices for both periods (and for both
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Table 5 Equilibrium Contracts and Retail Orders for Two-Period Retail Sales
Ife,+c,>C(6=0,0): Ifc, +c,<¢(8=0,0):
1 1 L1
_ _lz =7 Wr=g T ket a)
=0 w* = 19
1 0>1 b*:w*+c,:§+§0(c,+cm)+c,
4 "2
1 1
§(1+6)(1—(9) 0<§ 1
g = 1 1 q*=§(1+0)(1—0(0,+0m))
§(1+9) 625
Ife, +c¢,>C(6=1,0) Ifc,+c,<C(6=1,0):
1 6 < 0.507,
1
1—9 1-9 1-6 wr=1+Z6(c, +Cp)
_ - 10— - 2
§=1 wr = 11 54 10\/101+0(1+21+6) 0.507 < § < 0.554,

(1+6)(1—-190)

NN

_ 0.554 <9

1
b*=w*+c,=1+§0(c,+cm)+c,

6 < 0.507,

L J1+0 16y, 1—6 1 [ 1-0 1-
“= 2‘2(1_1+0_10\/101+9<1 2759

1
1(1—1—0)

1
)) 0.507 < 6 < 0.554, ¢ =50+ 0)(1 -

0.554 <40

Note. p;, p;, and x; and the equilibrium profits can be deduced from these expressions.

contracts) in this section are also the same as p} in
Table 3. The only difference is that the equilibrium
order quantity is now twice as large (to satisfy new
goods demands for two periods) as is the number
of returns. Indeed, the number of leftovers in each
period remains the same as before, but because all
leftovers are now returned only at the end of period 2,
the total return amount doubles. Consequently, the
threshold returns logistics cost below which a returns
contract is the equilibrium strategy remains unaltered
compared to §4.

However, as 6 increases, the two periods start inter-
acting because both the cannibalization effect of the
used goods market on the demand for new goods
in period 2 and the p, effect on the purchase deci-
sions of forward-looking customers in period 1 come
into play. As in 85, a returns contract still allows the
manufacturer to better extract the consumer benefits
obtained from selling at a higher price than a price-
only one would when used goods are valued more
(i.e., for higher values of 8). In addition, such a con-
tract now helps the manufacturer to more effectively
counteract the detrimental effect of demand canni-
balization associated with higher 6 by allowing the
retailer to return. Consequently, based on the limiting
values, our main insight from §5—a higher customer
valuation of used goods encourages the manufacturer
to offer a returns contract—still remains valid. Our
numerical analysis for other values of 0 <& <1 also,

in general, confirms this insight, except when the
demand uncertainty level is quite low.!* In actuality,
even when 6 =1 for both low and high values of 6,
the threshold values in this section are similar to those
of §4 because the retailer sells only in period 1 even
though he is allowed to sell in both periods. When the
wholesale price is high, 6 is low, and so the retailer
buys only a low quantity of new goods that are all
sold in period 1. When 6 is high, a low wholesale
price induces the retailer to buy more in period 1,
which raises the possibility of heightened competi-
tion from the used goods market in period 2. So it
makes more sense for him to return (at the end of
period 2) any leftover new goods from period 1 rather
than sell them in period 2. Only for medium values of
6 do we note the cannibalization-reducing effect of a
returns contract in period 2. Indeed, this effect makes
a returns contract now even more desirable than in
§5 as evidenced by ¢(6=1i,0)>¢c(6=1i,0), i={0,1}.

7. Managerial Implications and

Concluding Remarks
A returns policy is a popular contracting arrangement
between channel partners for a number of short life-
cycle durable products such as books, video games,

4 Because of a lack of space, the details of the numerical experi-
ments are not included here, but they are available from the authors
upon request.
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fashion apparel, and toys. These durable products
have also seen the emergence of P2P used goods mar-
kets as important channels for transactions in recent
times. Returns policy affects sales of new products
and hence the supply and price in the used goods
market. This gives rise to an interesting interaction
between returns policy and used goods markets from
both the supply and demand perspectives. In this
paper, we use a two-period, dyadic channel selling a
durable product with a short selling season and facing
demand uncertainty and forward-looking customer
behavior to model the above interaction. We ana-
lytically derive the necessary and sufficient condition
that drives the manufacturer’s optimal contracting
strategy. We also provide closed-form expressions for
the associated equilibrium decisions for both chan-
nel partners. Our work bridges two disparate streams
of existing literature: one related to returns contracts
that focuses on perishable products in an uncertain
demand environment and the other that deals with
durable products in a deterministic, price-only con-
tract setup.

Our analysis establishes that the more customers
value used goods in the P2P market, the more likely it is
that the manufacturer would offer a returns policy option
to the retailer. Specifically, such a higher-valued used
goods market enables the manufacturer to charge
higher wholesale prices under a returns contract ver-
sus a price-only one by taking better advantage of
consumers’ willingness to pay higher prices for new
goods. It also makes it more likely that the retailer’s
order quantity will be higher under a returns con-
tract because he is effectively risk-free under such
a contract. Consequently, higher consumer valuation
for used goods provides the manufacturer with the
potential for significant gains in terms of revenue
by offering a returns contract (more than the cost
increase she has to bear by offering such a contract).
This result seems to be rather robust and remains gen-
erally valid irrespective of whether the demands for
the two periods are perfectly or imperfectly correlated
and whether the retailer can sell new goods in one
period or both."> We also demonstrate that, in gen-
eral, medium levels of demand uncertainties, medium
levels of demand correlation, and low returns logistics
costs make it more likely that a returns contract is the
equilibrium outcome for the channel. Building on our
analysis, we summarize the conditions under which
each type of contract is the most likely equilibrium
strategy in Table 6.

Our study also brings to light a number of impor-
tant managerial implications in the context of a
returns policy contract for certain durable products.

> The only exception seems to be when the demand uncertainty
and demand correlations are both low.

Table 6 Conditions for the Most Likely Equilibrium Contracting

Strategy for the Manufacturer

Returns contract Price-only contract

* High customer valuation of used * Low customer valuation of used
goods goods

* Medium levels of (positive)  Highly correlated or relatively
demand correlation independent demands

* Medium levels of demand * Very high or very low levels of
uncertainty demand uncertainty

¢ Low returns logistics costs  High returns logistics costs

First and foremost, managers need to be careful about
replacing such contracts with price-only ones. This
caveat is especially relevant for products that con-
sumers do not devalue much because of their used
condition. In our setting, such devaluation can come
from two sources: physical deterioration as a result of
usage and relative obsolescence of the product style.
Concerns about sustainable development and govern-
ment regulations have seen a renewed emphasis on
designing more durable (i.e., less likely to deterio-
rate) products in a number of sectors, e.g., toys. Also,
the Internet has made P2P used goods markets acces-
sible to a much larger segment of buyers and sell-
ers, and an increasing price sensitivity of customers
is accelerating the adoption of such markets. Given
that these indications suggest that used goods are not
going to lose much of their consumer valuation (com-
pared with new products) in the future, it may make
more sense for managers to hold on to their returns
policy contracts. Rather, it might be time that, for cer-
tain durable products for which price-only contracts
have been the norm until now, manufacturers start
thinking about providing retailers with the option of
returning excess inventory. Obviously, if it turns out
(e.g., because of certain exogenous conditions) that
used goods are of very little value to consumers'® or
if the fashion quotient of the product is so high that
used goods become almost obsolete, price-only con-
tracts should be the way to go. Second, if improved
handling technologies or process improvements can
reduce returns logistics costs for channel partners, a
returns policy would then become a more attractive
proposition. On the other hand, if heavy items are
involved or if fuel price increase results from the han-
dling costs being high, a returns policy should not
be offered. Third, managers should also think about
customizing their returns policies depending on the
demand characteristics of the product. For example,
such policies should not be offered for products of
highly uncertain and/or correlated demands (e.g., a
very popular fashion accessory or a quite rare book).

16 For example, there are reports that soon-to-be-released Xbox 720
will not allow used games (Dyer 2012).
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Returns policies should be geared toward “regular”
products in the growth stage of life cycle (medium
levels of demand correlation and uncertainty) and rel-
atively valuable used goods markets.

Note that we focused on a full-credit returns pol-
icy in this paper; our numerical analysis suggests
that allowing the manufacturer to offer a partial-credit
policy would make a returns contract even more
attractive from her viewpoint. Also, we assumed that
customers are impatient, which makes sense in our
context. However, analyzing a durable product model
that deals with optimal contracting strategy when
customers can decide to wait and buy a product (e.g.,
an automobile) in the presence of a used goods mar-
ket would be interesting. Our intuition is that such
customer patience would result in a lower incentive
for the manufacturer to offer a returns option. This
is because it would reduce the supply for the used
goods market in period 2 by inducing some period 1
customers to wait and, hence, would decrease the can-
nibalization effect of the P2P market on the demand
for new goods in period 2. Finally, in our model,
there is a renewable set of consumers arriving in
two periods. A nonrenewable market, which is also
used in the durable product literature, might shed
light on issues not considered in this paper. We hope
that our paper can act as a stepping stone toward
more research dealing with optimal contracting strate-
gies for durable products in an uncertain demand
environment.
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Appendix

To accommodate space constraints, we will only provide a
sketch of the proofs for some results. A detailed analysis of
these results is available from the authors upon request.

PrROOF OF ProPOSITION 1. We solve the multistage game
in a backward fashion starting with the retailer’s optimal
sales quantity x; (or retail price p;) in period 1. Note from
§3 that the sales of period 1 are x; = N(1 —p; +p,). In
period 2, only used goods are available for sale, which are
valued at 6 - v by customers. Assuming that 6§ > 0, a con-
sumer choice model yields the sales of used goods in this
period as x, = N(1 — £). Also using the fact that p, is
determined based on x, = x;, we can solve x; and p, in
terms of p;, where x; = N(1 — 1%) and p, = Hiapl. Hence,
we have the inverse demand function p, = (1+8)(1— 3).
For the case when 6 =0, the model essentially degenerates
to the case without used goods. It is easy to see that the
period 1 demand and inverse demand functions derived
above for the case when & > 0 can also be applied to the
case when 6 =0. The retailer sets x; to maximize his profit
Iy = —wq + py1x; + i)(q — x;) subject to 0 < x; < g. Clearly,
the retailer’s profit is concave in x; with a unique uncon-
strained optimal x; = %(1 — HLS). Because the retailer cannot
sell more than the inventory held, the optimal sales quantity
should be constrained from above; i.e., (xj | N) = min[%(l —
=), 4ql.

Knowing his sales strategy, before the realization of
demand uncertainty, the retailer orders g units to maximize

Iy = —wq+ I[(px} + l;(q —x7))In=1-6]

+ 3 (i +b(g — x7)) Incrsal-

Following (xj | N) above, it is intuitive that if the retailer
orders a low quantity, he would sell all irrespective of
demand states; if he orders a medium amount, he would
sell all for N =1+ 6 and sell part of it for N=1—6; and
if he orders a high volume, he would sell part of it in both
demand states. We solve for the retailer’s optimal order
quantity using this logic for wholesale price-only and full-
credit returns contracts.

Characterization of the Wholesale Price-Only Contract
(b=f7=0). The three cases for order quantity are (low)
g <5?, (medium) 5 < g < X and (high) g > 2% In
each case, substituting the corresponding (x} | N) into the
retailer’s expected profit function results in a different form.
We examine each case below.

* Low order quantity q: For low values of g, the retailer’s
profit function can be simplified as II; = ((fﬂ)gf) + (6 +
1—w)q, which is concave in g with the unconstrained opti-
mal quantity g = %. It is less than 5% if and only
if w> %.

® Medium order quantity q: For medium values of g, one
can easily derive the unconstrained optimal quantity g =

(L2 200010 which is within the range [5?, 1] if and only

e Large order quantity q: For high values of g, it turns
out that the retailer’s profit always linearly decreases in 4.
Because of the continuity of the retailer’s profit function

in g, we 2derive g = W if w< 011:93) and g* =
% otherwise.

The manufacturer next solves for her best wholesale price
to maximize IT,; = wq*. If she charges a low wholesale price
(w < G(Sf) ), then the retailer will order a high g and sub-
sequently sell all of it for the high demand state and sell
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part of it for the low demand state. However, if the man-
ufacturer charges a high wholesale price (w > @), the
retailer will order a low amount and sell everything for both
demand states. Following this logic, if w < %, the man-
ufacturer’s best unconstrained w is 115, which is below the
upper bound if 6> 3; if w > 9(11:93), the manufacturer’s best
unconstrained w is %, which meets the constraint. Com-
paring the two cases of w, we observe that for low demand
uncertainty (6 < %), the manufacturer should charge a
high wholesale price. Hence, w* = Lo Accordingly, IT}; =
114+ 81 -6%, g* = %, and p; = @2 For high
demand uncertainty (6 > %), the low wholesale price domi-
nates. That is, w* = %. Accordingly, IT};, = %,)(1 +06)(1+6),
g =12 and p; = %2 for N=1-6 and pj = 242 for N =
1+0.

Note that at 6 = %, the manufacturer has two options
about the equilibrium wholesale price—w* = %2 and w =
H2_both of which yield equal profits for the manufac-
turer. So the manufacturer is indifferent between these two
options. This also implies that the manufacturer’s equi-
librium profit under a price-only contract is continuous
in 6. However, the retailer’s equilibrium profit is discontin-
uous at 6 = ; and is higher at the lower wholesale price.
Throughout the paper we assume that if a player is indif-
ferent between multiple options, he or she will choose the
one benefiting the partner. Therefore, at § = 1, the equilib-
rium wholesale price is set at w* = 115, and all the other
equilibrium decisions follow from this option.

Characterization of the Full-Credit Returns Contract (i] =w).
Similar to the analysis of the price-only case above, the
retailer evaluates and compares his profits for the three
cases of order quantities (now the boundaries of these
cases are contingent on the return price) and realizes that
he should always order a sufficient amount to make his
subsequent sales strategy unconstrained by the inventory.

In other words, he wouldAorder assuming the demand state
is high; i.e., g* = ¢(1 - 1%5). Note that this quantity would
lead to returns only for the low demand state. The man-
ufacturer’s expected profit can then be simplified to II,, =
wqg* — %(w + ¢, +¢,)(q" — x7)|Ny=1—¢, Which is concave in w

with the optimal w* = 112 + O(L;C'ﬂl. Accordingly,

_ (1 +06— G(Cr + Cm))2

IT;, = 8(190) , b=w*+c,
1 0(c, +c,,)
*—_(] 1 DT o)
7= +0)< 1+6 )

pi=31+8)+16(c, +c,),

for N=1—6 and 1+6.

Comparing the manufacturer’s equilibrium profits under
price-only and returns contracts as given above, we con-
clude that the returns contract dominates the price-only one
iff ¢, +¢,, < ¢, where

A+91-VI=0) . 1

i 9 Ho=3
c(8,0) =

1+9)@—V20+0) ., 1

26 =7

Finally, we can easily verify the nonnegativity of ¢(8, 6) for
6€[0,1] and 6 € (0, 1).

This proves Proposition 1.

PRrROOF OF ProrosITION 2. Note from Table 3 that w*, b*,
and p; under both price-only and returns contracts are lin-
ear and increasing in 6, and ¢* is independent of & under
price-only contracts and increasing in 6 under returns con-
tracts (although the rates of increase are different under the
two contracts).

PrOOF OF PrROPOSITION 3. Note from Proposition 1 that
(0, 0) is linear in 8. Therefore, we need to analyze the coef-
ficients of 8. Depending on whether 6 < 1 or not, the coef-
ficients are, respectively, - 91_92) and Gy Z(HB)), both of
which are nonnegative since 6 < 1.

Proor or ProrosiTioN 4. The derivative of ¢(8, ) with
respect to 0 is

(1+6)(1-vV1-62)
9E(5,0) 6*v1 - 02

a0 —(1+48)(2y/2(1+6) — (2+6))
62,/2(1+6)

Note that when 0 is less than %, both the numerator and
the denominator of the derivative are nonnegative. When

0 is greater than 3, the numerator is nonpositive because

2,/2(1+6) > (2+6) for all 6 € (0,1), and the denominator
is nonnegative. Hence, the ¢(8, 0) is increasing in 6 when
6 < 1 and decreasing in § when 6 > 1.

if 6 <

7

N =

if 6 >

N =

ProoF oF ProrosITION 5. For parts (i) and (ii), let us
first derive the demand function for the retailer when
demands in two periods are imperfectly correlated. Recall
that forward-looking customers make purchasing deci-
sions before the realization of demand uncertainty in
period 2, and they need to form expectations about the
state-dependent price of used goods, denoted by ep,. The
retailer’s demand in period 1 can be written as x; = N;(1 —
pl + ep u)'

Suppose Ny =140, py = pulny,=1-4, and puy = puln,=140-
We have ep, = 1%";9”, + HTppuh, where 1%" and 1—42'3 are the
conditional probabilities Prob(N, =1—6 | N; =1+ 6) and
Prob(N, =1+ 6 | N; =1+ 0), respectively, derived from the
joint distribution of (N;, N,) given in the paper. Note that
p. and p,;, can be generated from jointly solving used goods
market-clearing equations in period 2: x; = x,|y,_1_ and
X1 = X, |n,=14¢- Or equivalently, solving (1+6)(1—p, +ep,) =
(1-6)(1—p,y/) and (1+0)(1—py +¢ep,) = (1+0)(1 -,y /)

: __ 8(860p+86—p1+26—6p1) __ 8(86p+6p1—66—p1) _
yields p, = === 55— and py, = =555~ - Con

sequently, the demand function becomes

(1-60)1+6-p)
1+6—80p—6 '

X1 |N1=1+0 =

or the inverse demand function becomes

1+0uy X1
Pilng =100 = (14 5)<1 - Tﬁlﬁl)'

where uy, = %.

A similar approach can be applied to the case of N; =
1— 6, which yields
_ (80p+0p; — 860 +p,)d
4T 54+80p+1+6

7
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Py = (p1 + 80+ 66p +26 —0p,)8
uh —

7

5+06pt+1+6
x| _(1-6)1+8-p)
TN=1207 T L 5+ 80p+60
14+ 8uy, x;
P1|N1=179=(1+3)<1— Tﬁlﬁl>
where py, = 22

Given the demand function, backward induction is again
applied to solve the problem starting with the retailer’s
sales strategy in period 1, x;, to maximize Il = —wq +
p1x; + i)(q — x;). Since the inverse demand p; takes differ-
ent forms for different demand states N;, which leads to
different profit functions for the retailer, we consider the
two states of N; separately. For each demand state, substi-
tuting p; into the retailer’s profit function yields a concave

function in x, V\;ith the unique unconstrained optimzal xjl =
x1|N1 =1-0 = %m and x] = x1|N1 =1+0 = %m
Intuitively, the retailer sells more for a high demand state.

Note that the retailer’s actual sales are bounded by the
inventory ordered from the manufacturer q The two uncon-
strained sales volumes derived above, x!/ and x!", serve as
the two breakpoints for 4 when the retailer determines his
order quantity. Similar to the case of perfect demand cor-
relation in the proof of Proposition 1, the retailer needs to
consider three options of 4: low, medium, or high. We study
this problem in price-only and returns contracts separately.

Characterization of the Wholesale Price-Only Contract. Sim-
ilar to the perfect demand correlation case in the proof of
Proposition 1,

¢ if the retailer orders a low volume (g < x'/), the uncon-
strained optimal g = %,

¢ if he orders a medium volume (g € [x¥, x!"]), the
unconstrained optimal g = %,

¢ if he orders a high volume (g > xlh), his profit function
linearly decreases in g, and hence it is always dominated by
other options because of the continuity of his profit in 4.

Comparison of the low and medium volume cases results

(1—6%) (14+6—2w)
in the retailer ordering a medium volume, 4" = 5547557/
0(1+)(1+8p)

= m) and order-

ing a low volume, g* = %, otherwise. Knowing the
structure of the retailer’s best order quantity, the manufac-
turer then evaluates and compares low and high whole-
sale prices to maximize II; = wg*. Simple analysis indicates
that the manufacturer would charge a high wholesale price,
w* = 1%3, if demand uncertainty is low (6 < 6, = 2(%2,7))'
since she would not lose much in the order quantity in this
case. Accordingly, ITj, = 1(1 — 6*)(1+6) and ¢* = ;(1 - 6?).
However, for high demand uncertainty (6 > 6,), the manu-

facturer would charge a low price, w* = 2, to encourage
(1-6%)(1+5)

and

if the wholesale price is low (w <

the retailer to order more. Accordingly, H’;\A = T(ros6(itop)
(1-62)(1+8)

and g* = e TR Similar to the characterization of the
price-only contract in the base model in the proof of Propo-
sition 1, at 6 = 0;, the manufacturer is indifferent between
the two options for the equilibrium wholesale price. How-
ever, the retailer prefers the lower wholesale price, w* = %.
Hence, at 6 = 0;, the equilibrium decisions and profits fol-
low from the lower equilibrium wholesale price.

Characterization of the Full-Credit Returns Contract (1A7 =w).
The analysis of the retailer’s best order quantity is analo-
gous to that in the proof of Proposition 1 for p =1. Because
of the full-credit return, he should order a sufficient vol-

ume to match his sales quantity under the high demand
uh _ (1-6%)(1+6-w)

state in period 1; ie., g* = x{"" = Jite-a(itap): Decause
returns occur only when N; is low, the manu}acturer s profit
function can be written as Il = wg* — (w +¢ +c,) -

(9" = x{)Iny=1-9, Which is concave in w with the optimal

w* = 12 4 HerfulCi®) - Accordingly,
. _ (1-69)[A+8)*—b(c, +c,)(1+3p)]

M7 8(1+8)[1+8+0(1+8p)][L+8—0(1+8p)]”
v'=w"+c,,
o (1=0)[(A1+6)* — 6(c, +c,)(1+8p)]
4[(1+8)2—-06(1+6)(1+6p)]
Comparing the manufacturer’s equilibrium profits
under price-only and returns contracts as given above,

we conclude that the returns contract dominates the price-
only one if ¢, +c,, < ¢, where

c(s,0,p)
f= 2 [(146)— A+ o1+ po)]
7 0(1+pd)
. 146
_ 1f0<91—m,
=0 014 8)— /20T 8) (15405 p00)]
2= 20(1+pod) 4
if 6>6,.

When demands in the two periods are not perfectly cor-
related, p <1, it is possible to observe inventory rationing
issue where used goods cannot be all cleared out at a non-
negative price. Hence, to avoid this issue, we need to ensure
the nonnegativity of the four used goods prices p,(N;, N;)
under both contracts. Using the equilibrium values derived
above, one can easily identify the condition to be 6 < 0=
SUD)_ and 6> 6,.

(6+4p5+5) ="

For part (iii), we analyze the sensitivity of ¢,(5, 8, p) and
G,(8, 0, p) that are characterized in the first part of this proof
with respect to 8. First, we start with ¢,(0, 6, p). Note that
¢,(0, 0, p) can be written as ¢,(0, 8, p) = i,(8, 0, )5, (8,6, p),

where i,(8, 0, p) = #&5) and 1(8,0,p) = 2(1 + 8) —

V2(1+8)(1+ 8+ 0+ pd6h). Clearly, the first term i, (3, 6, p)
i~s increasing in 8, because 0 < p < 1. For the second term,
t,(8, 0, p), taking its derivative with respect to §, we obtain

ho,0,0) _, [0+00+on)  [ArH+om;
96 2(1+49) 2(1+oum}) !
where u = 1;—06". Using the fact that p} <1, we can eas-

ily show that the second and third terms in this expres-
sion are bounded by 2; hence, 52(8, 0, p) is also increasing
in 8. Now, we analyze ¢,(8, 0, p). Note that it can be writ-
ten as (8,0, p)=1ii,(8, 0, p)t,(8, 0, p), where ii,(5, 0, p) =
m, and #(5,0,p) = (14 8) — /(1 +8) — 02(1+pd)? =

(1+8)— \/(1+0)(1—0)(1+6;L:;)(1+6;Lp),whereup— e
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The first term, i.e., ii,(8, 0, p), is always increasing in 6 due
to p < 1. Now, taking the derivative of the second term with
respect to 6, we obtain

9k(5,60,p) . 1
s 2
‘ (1+0) (A=)t (1+u,)+(1+0)(1-0)(1+0u))u,

JA+0A—0)(1+8u;)(1+51,)

Using the facts that ,u;r <1land p; >1, one can easily show

that % is nonnegative as long as p > p; = 1_‘1 “,

which implies that f,(8, 8, p) is always increasing in 6

PrOOF OF ProOPOSITION 6. We first derive the inverse
demand functions for the retailer in both periods.

Derivation of Inverse Demand Functions. Recall that in each
period, N customers arrive with valuations uniformly dis-
tributed between 0 and 1. For period 1 customers, they con-
sider resale value p, in their purchase decisions and buy
the product if p; — p, < v; otherwise, they leave the mar-
ket. Hence, demand in period 1, x;, can be expressed as
x; =N(1—p; +p,). For period 2 customers, recall that they
discount used product with 8, where 6 € [0,1]. If 0 < 6 <
1, period 2 customers have three options: (i) pay p, and
buy a new product, (ii) pay p, and buy a used product, or
(iii) leave the market. So we can segment the customers into
three subsegments depending on their valuations. Specifi-
cally, the customers whose valuations are between i:’g“ and
1 buy the new product, customers whose valuations are
between £ and 2-£¢ buy the used good, and the rest leave
the market. Also note that the number of customers who
buy used goods (x,) should be equal to the sales in the first
period (x,); i.e., x; = x,. Letting x, be the number of cus-
tomers who purchase the new product in the second period,
we can express the following relations: x, = N (2« — tu
and x, = N(1 — 2=k). Solving the above three equatlons for
P1, Po, and p,, we can express the inverse demand functions
and clearance price for the used goods in terms of sales in
the first and second periods x; and x, as follows:

x ox. ox X
(148|122 _ "2 -1 _=2
p=(+ )[ N (1+8)N]’ P2

N N’
and p, =5<1 - %)

If 6 =0, there are essentially no used goods in the market
in period 2, and the retailer’s sales in both periods become
independent, which can be simplified to x; = N(1 —p;) for
i € {1, 2}. Or equivalently, the inverse demand functions for
new goods become p; =1— 3 and p, =0.

If 6=1 in period 2, the used goods are valued the same
as new goods, which leads to p, =p, and x; =x, =x, =
N(l NQ-py) _ N(1 NA—p) gq s _pu _1 Xl;\*-lxz —1— 2;\611 -1— sz ,and
subsequently, p1=2[1- 2N =2[1— 3’“] This mdlcates
that the total demand reahzed in period 2 would be equally
allocated to new and used goods.

By substituting 6 =0 or 6 =1 into the inverse demand
functions given above for the case when 0 < § <1, it is then
straightforward to verify that these inverse demand func-
tions can also be applied to the extreme cases when 6 =0
and 6§ =1.

Characterization of the Pricing/Sales Stage. Redefining b as
(b —¢,)" and substituting the above price expressions, the
retailer’s optimization problem in the pricing stage can be
expressed as follows:

max {p;X; + max
0=x1=q 0=xp=<(q—x

Jpmrba-n-ml. O

Using backward induction, we first solve for the retailer’s
best sales strategy in period 2 given his sales strategy in
period 1, x3(x), to maximize the retailer’s profit in period 2
only: 11 = p,x, + b(g — x; — x,), where 0 <x, < g — x;. Sub-
stituting the inverse demand function p,(x;, x,) into this
profit expression results in a concave function in x, with the
unconstrained optimal x = ¥ (12 b 6x1 . This value can be
global optimum only if the leftover 1r1ver1t0ry from period 1
is sufficient; i.e., ¢ — x; is high. Specifically, we have x} as
follows:

¢ For a low total inventory level (g <
sells all and leaves no inventory; i.e., x; =

* For a medium level of total
[Ma=h) “{b) SN (1 b )]), the retailer sells all if the leftover from

per1od 1 1s small and keeps some inventory otherwise; i.e.,
S - N(l b)

N (12_b) ), the retailer
q—x.
inventory (g €

=q—x if x; > and x5 = xj otherwise.

¢ For a high level of total inventory (7 > g3 = N(lls*';) )

x5 =0if x; > N(lg_b) and x5 = x} otherwise.
Knowing his sales strategy in period 2 as derived above,
the retailer determines his sales strategy in period 1 contin-

gent on the total inventory level 4.
N(l—i;))
2 7

For a low inventory level (q < the retailer decides
between selling all in period 1 and selling in both periods,

since x2 q—x,. Indeed, if the inventory is very low, i.e., g >
u = 2 , he would sell all in period 1, i.e., x] = g; otherwise,
he would sell the unconstrained amount x} = %

Consider another extreme, the case of a high inventory

level (g > g3 = %‘i’)). Some inventory will be left at the

end of period 2. The retailer decides whether to sell only

in period 1 and return the rest (x; > w

N(1-b)
5

and x; =0) or
to sell in both periods (x; <

the return price is low (b <b, =

2N (1-b+b8)
4+46-362 7

and x5 = x3). Indeed, if
4425382
442582

x5 = x5 (x7)); otherwise, the

), the latter case

is optimal and (xf =

former dominates with xj =0 always and x} = ¥ (13_1’) if b, <
b<b,= = 829 and x} =min[g, gy = N;r fa)b)] otherwise.

Finally, for a medium inventory level (q € [N 1= b) NG b)])

the retailer will sell in both periods. But his trade off now
is whether to sell all (x; > %(;_b) and x3 =g — x;) or
leave some inventory unsold in the end (x; < %(;4’) and
x5 =x4). In summary, if the inventory level is relatively low,
selling all is optimal; otherwise, leaving some inventory

unsold is optimal. Specifically, for

36°—782—-48+8+/—-108°+48°+864+38

52 —-46+8 ’

b<b =
we have

mminf NEEASD
s s 2 1

x; =min| g 22-95)
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if
<= (N@48b—68—4+4b+28 438 —3b8°
—(1-b+8b)y/5(35+2))
(238 +2)(82—5—1))"
and

. 2N(1-—b+bo)

U= yraoae 0 2Tl

otherwise. For b, <b < b,, we have xi=gq,x;=0if

q=gyn= (N(363—62—85+45@+4B—4—3z§52

- \/ (35+2)(8—2)(38* — 83+ 832 — 852 +8D&? —88+4132+4)))
(2(38+2)(8 —2)(1+8))"

and

. 2N(1—b+bs)

= gram a0 Tl

otherwise. Finally, for b > b,, we have x] =g, x5 =0.

Combining the above cases gives the optimal sales strat-
egy (x7,x}) as provided in Proposition 6 where the thresh-
old values b;, i =1{1,2,3}, qy;, 15, and g,; are provided.

PrROOF OF PrOPOSITION 7. We first prove the 6 =0 case.

Equilibrium Characterization for 6 =0. Note from the proof
of Proposition 6 that when 6 =0, the inverse demand func-
tions for both periods become symmetric. Therefore, as
shown in Proposition 6, the equilibrium sales in both peri-
ods are exactly the same and equal to x{ in Proposition 1.
This implies that the equilibrium order quantity is now
twice as large (to satisfy new goods demands for two peri-
ods) and so is the amount of returns. Indeed, the amount
of leftovers in each period remains the same as before, but
because all leftovers are now returned only at the end of
period 2, the total return amount doubles. Consequently,
the threshold returns logistics cost below which a returns
contract is the equilibrium strategy remains the same as the
one characterized in Proposition 1; i.e.,

1—v1—62)/6 if 6 <0.5,
2—/2(01+6))/(20) if 6>0.5.

Equilibrium Characterization for 8 = 1. To simplify the proof
of equilibrium characterization for the § =1 case, we nor-
malize the high and low demand states, i.e,, 1+ 6 and 1—86,
to 1 and 7, respectively, by setting y = {=%. Note that high
values of y represent low levels of uncertainty, and vice
versa. With this renormalization, the sales, order quantities,
and expected profits can be redefined to be

25=0,0)= (10)

N— 146N, g—(1+03§, % — (1+6)%,

%> (1460)%, Hz— (1+60I;, and II, — (1+6)IL,,.

Under the above transformation, the retail prices as well
as the contract variables stay the same. Using the above
renormalized decision variables and profit expressions, we
now prove the 6 =1 case.

We first characterize the equilibrium values under a
wholesale price-only contract, i.e.,, b =0, and under a full-
credit returns policy, i.e., b= w. We then compare the manu-
facturer’s equilibrium profits under both scenarios to derive
the threshold value for the logistics costs below which a full
return is offered in equilibrium.

Characterization of the Wholesale Price-Only Contract Under
6=1. Given the retailer’s selling strategy in the pricing
stage, he needs to determine the order quantity before
observing the demand randomness N to maximize his
expected profit Iy = —w§ + 3[(pi2; + p3%3) |5, + (Pi%; +
p3%3)|x=1]- Depending on low or high values of the low
demand state y, we consider two different scenarios.

(a) For high uncertainty levels (i.e., low values of y, y <
#), according to Proposition 6, the retailer needs to eval-
uate five options for 4. The general idea is that, depending
on realization of demand states, if order quantity 4 is low,
the retailer would sell everything in one or both periods;
otherwise, he would only sell part of his inventory to main-
tain high prices. Note that each option of § generates a cor-
responding concave profit function for the retailer, and one
can easily derive the unique unconstrained optimal 4. Since
the retailer’s profit function is continuous in 4 for its whole
range, a comparison of these options for 4 leads to

1-— V10y(1+2
4*:%1:_10 ifwfl—?’——‘)l( ha 7)’
2 10
JURA 3-2 . V10y(1+2
q*: 21:—( ZU)'}’ 1f1—‘y——ﬂ + Y)Swil—%
2(1+2y) 10
and
o (2—w)y .
=gy = 20y otherwise.

(b) For low uncertainty levels (i.e., high values of y, y >
#), a similar approach to (a) yields §* =g, if w<1—1,
and §* = §;; otherwise. Combining the analysis in cases (a)
and (b), the retailer’s optimal order quantity is as follows:

N 1—w
f=—5—
8 10
N B —-2w)y
o1 = —2(1+2y)

5 V10y(1+2

q= 10 ()

5
Swgl—y,orifyzgand w<l-—vy,

. (2-w)y
Moy

ifyfgand w>1-1vy,

5
orifyzgand w>1—1y.

Knowing the retailer’s best order quantity, the manufac-
turer sets her optimal wholesale price w to maximize II;; =
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wi. According to (11), for low values of y (y < 2), the manu-
facturer can charge a low, medium, or high wholesale price,
which subsequently leads to optimal order quantity g3, 4y,
or 4. Each option of w yields a concave profit function
for the manufacturer, and a comparison of the three options
yields

( '\* 4*)
(1/2,431) if y<0.287,
= <1 -y- —W, é31> if 0.287 <y <0.327, (12)
(1, 4u) if 0.327 <y <5/8.

Note that at y = 0.327, the manufacturer is indifferent
between the two options for the equilibrium wholesale price

(1—y— Y20 107(“27 and 1). However, the retailer prefers the
lower wholesale price. Hence, at y =0.327, the equilibrium
decisions and profits follow from the lower equilibrium
wholesale price. For high values of y (y > 2), according
to (11), the manufacturer has two options about w: w <1—7y
or w>1— . Similarly, one can derive @* =1 and §* = 4,
which extends the last case in (12) to all y > 0.327. Accord-
ingly, the manufacturer’s equilibrium profit under a price-
only contract is

1 if y<0.287,

8

1 1y V10y(1+27y) . V10y(1+27y)

e 2\ 10 v 10
-
if 0.287 < <0.327,
y

fy>0327.

204y 7

(13)
Characterization of the Full-Credit Returns Contract Under
0=1. Again, given b=w and knowing his selling strat-
egy in the pricing stage, the retailer determines his order
quantity before demand uncertainty N is realized to maxi-
mize his expected profit [Ty = —wq + 1[(p;; + p35 +b(G —
X = %3) =y + (PIAT +p3%5 + b(G — % — #))|y]. Following
(%7, %3) in Proposition 6, contingent on w, we consider four
cases.

(a) For high values of w (w > %), similar to the price-only
case, the retailer needs to evaluate options of low, medium,
or high order quantities, resulting in different but concave
profit functions. Comparison of these options yields §* =
Gy = 2 (%, %) = (X42,0) for N =y and
(&, %)= (4", 0) for N=1.

(b) For medium-high values of w (g <w< %), again, the
retailer evaluates low, medium and high order quantities
and compares his profit in these options. His best order

quantity is §* =gy, = Zg +w)) if y <0.825, orif y > 0.825 and

229245y —1—=2/y* —y3 —y2 + )

8y2+ 11y —1

= W =

otherwise, §* = q; = 2%. Also, when §* = g3;, (%], %) =
(Ay(l — w),AO) on1~ N =7 and (%7, %) = (7%, 0) for N =1. When
J =qn, (X, %) =(4*,0) for N=vy or 1.

(c) For medium-low values of w (‘/Tg <w=< g), the retailer
considers another three options for his order quantities.
A comparison of these options leads to §* =g, = 2% if y <
0.689, or if 0.689 <y <0.825 and

10y* — 20y + 104 ,/—80v* + 110y3 4+ 1002 —90y

2= 52y2—y+1)
otherwise, §* = q;; = Zgjri’)) Also, when §* =g, (X7, %) =
257, 5 — 5)y) for N =1y and (xl,xz) =(4*,0) for N =1.

When =g, (X5, %5) = (g%, 0) for N=vyorl.

(d) For low values of w (w < ‘5[), the analysis is slightly
more involved since the retailer’s profit function form
depends on both y and 4. We consider low and high val-
ues of vy. For low values of y (y < 0.691), the retailer’s
profit function can take five different forms contingent on 4.
Analyzing and comparing these options gives §* = g, =
Z_Tw if v <0.625, or if 0.625 <y <0.662 and

_ 10-10y— /20y> +10y

5(1—2vy)

or if 0.662 < y < 0.689 and w > w,; §* = g5, = Jio if
0.625 <y <0.662 and w < ws, or if 0.662 <y <0.691 and
w < 1— v, otherwise, §* = =n = Zgﬂ) Also, when §* = g5,
(xlrxz) = (2/‘7* - 3) for N =1y, and (xlrxz) = (4%, 0) for
N =1; when T = qu, (x1/x2) = ( v — %)) for N=y,
and (%], %3) = (4*, 0) for N=1; and when J =qyu, (X5,%5) =
(4*,0) for N =1y or 1. For high values of y (y > 0.691),
a similar analysis indicates that §* = g5 if w <1 — vy and
4* = q,; otherwise, which continuously extends the cases for
low values of y.

To facilitate the manufacturer’s problem, we next sum-
marize the optimal 4 in terms of w for any given 7.

e Fory<0.625, §* =g, ifw< g and §* = g5, if%fwf %;
otherwise, §* = gy.

o For0625<y<0662 q _q51 ifw<w5,ﬁ =qy if ws <
w <3, and §* =g if 2 <w < 3; otherwise, §* = = -

e For 0662§y§0825 =g fw<1l—vy, §*=¢qy if
l—y<w=<wy, §f=quifw,<w=<%and §"=g; if I <w<
Z; otherwise, §* = qy,.

e For vy >0.825, §* = g5, ifw<1—y,1i =qn ifl—y<
w <wy, and §* = g3, if w, < w < 3; otherwise, §* = ;.

Next, the manufacturer determines w = b to maximize I1 M
=wq — '(b o+ )@ — 5 = ) o, + (@ = 2 — ) Iyl
From the analysis for the optimal 4, it is known that when
N =1, the retailer will always order a quantity such that all
units will be sold in period 1, and hence there is no return.
Thus, the manufacturer’s expected profit function can be
simplified to 1Ty, = wj — J(w + ¢, + ¢,)[(§* — £ — £)[x_, ]
For each of the above four cases of the low demand state
v, contingent on the range of the wholesale price, the man-
ufacturer’s expected profit function takes different forms.
Hence, she needs to compare her best possible profits in
various ranges for the wholesale price to derive her best
price. In each case of v, it is fairly easy to identify that the
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* _ — A=y (ertem)
manufacturer always charges w* =w, =1+ ﬁ

her equilibrium profit is

, and

e (2+27)2 _ 2(1_Y)(1+Y)(Cr+cm)

M= 32(1+7) 16(1 + )
(1672 - 87 + 1)(Cr + Cm)z
32(1 +4vy) (14)

Comparing the manufacturer’s equilibrium profits under
price-only and returns contracts in (13) and (14), respec-
tively, we conclude that the returns contract dominates the
price-only one if ¢, + c,, < ¢, where

é(6=1,v)
2(1 -1
2+y=VI+HY) e o087,
T—y
2<5+5y—\/10(1+7)(97—1272+(1—27),/103/(1—1—27)))
= 5(1-v)
if 0.287 <y <0.327,
2(1+y-2
Y220 0307,
1-vy
(15)
Substituting y = {75 into this expression, we obtain the

threshold in terms of 6, i.e., ¢(§ =1, #), where
c(6=1,06)

_J1—-92
w if #<0.507,

» \/2((39—1) T0(1—6)(3—60)+9(1— 62) —12(1—)?)
= §<1_ 107116 )

if 0.507 <6 <0.554,

2-y20+6) V29(1+0) if 6>0.554.

(16)

Finally, by comparing ¢(6 =1, 6) and ¢(6 =0, 6), one can
easily verify that ¢(6 =1, 8) > ¢(6 =0, ). Similarly, by com-
paring ¢ and ¢ values, one can easily verify that ¢(6 =1, 0) >
c(6=i,0),i={0,1}. O
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