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Abstract. We consider a manufacturer serving a retailer that sells its product to customers
over two periods. Each firm determines its unit price. The retailer orders the product
from the manufacturer prior to the beginning of the selling periods. We consider two
types of customers: (1) strategic customers who take their future options into account
and time their purchases accordingly and (2) myopic customers who consider only their
current options. We compare the resulting equilibria for these two scenarios and evaluate
the impact of customers’ strategic behavior. We find that strategic customer behavior
always benefits the manufacturer. Interestingly, it may also improve the profitability of
the retailer and the entire supply chain in some cases. Strategic customer behavior and
decentralization are often regarded as detriments to supply chain performance. We find
that, however, the combination of these two factors may not result in the worst supply
chain performance. When customers are sufficiently patient, a decentralized supply chain
that faces strategic customers actually outperforms the supply chain with only one of
those factors at play. Finally, we show that when customers are strategic, the retailer’s
and manufacturer’s profits with price commitment, availability commitment, or quick
response can be lower than those when customers are myopic.

Supplemental Material: The online appendix is available at https://doi.org/10.1287/msom.2017.0651.

Keywords: strategic customers • supply chain management

1. Introduction
Shoppers increasingly wait for price markdowns.
According to Bain & Company, over the last few years,
both the range of brands and the level of discounts have
continued to rise in the United Kingdom (Webster et al.
2013). Customers’ strategic waiting for markdowns,
rather than buying at full price, poses an immediate
threat to both manufacturers and retailers.
For example, in the case of televisions, “the indus-

try has trained the consumer that any time there is
a new technology, if they wait six months the price
will come down,” according to Riddhi Patel, direc-
tor of television systems at market research firm IHS
iSuppli (Martin 2011). This behavior is hurting retail-
ers such as J&R and Best Buy as well as manufactur-
ers such as Sony and Samsung. Paul Gagnon, direc-
tor of North America TV research for DisplaySearch,
in one instance noted that the price of a TV model
dropped about 50% in a year (Martin 2011), and Sam-
sung blames lower-than-expected TV prices as one of
the causes of its profit decline (Lee 2014). Similarly, the
bulk of Sony’s revenue loss is attributed to its declin-
ing TV revenues, in which severely slashed prices due
to lower-priced competitors are an important factor
(Pham 2012). In the PC game industry, discount retail-
ers such as Steam and Origin have trained gamers to

wait for discounts. Now half of PC gamers wait for
discounts before buying games (Prescott 2014), and
developers have a growing concern that this will hurt
their bottom lines (Maguire 2014).

The impact of customers’ strategic waiting behav-
ior has received increasing attention from the opera-
tions management circle. Despite the blooming mod-
eling interest, nearly all of the work to date focuses its
analysis on only the retailer (e.g., Su and Zhang 2008,
Cachon and Swinney 2009, Liu and van Ryzin 2011,
Mersereau and Zhang 2012, Liang et al. 2014, Papanas-
tasiou and Savva 2017). The implications of strategic
customer behavior on upstream firms and the entire
supply chain, however, have largely been ignored. In
this light, we take a holistic view of the supply chain
and examine the impact of strategic customer behav-
ior on every supply chain member. We seek to answer
important questions when customers’ strategic behav-
ior is fully taken into account by the entire supply
chain. Can customers’ strategic behavior ever benefit a
firm? What is the impact of this strategic behavior on
the performance of the entire supply chain?

We address these questions by considering a supply
chain with an upstream manufacturer and a down-
stream retailer. The retailer orders a seasonal product
from the manufacturer and sells it over two periods.
Customers do not observe the retailer’s order quantity,
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and they are all either strategic or myopic. Strategic
customers are intertemporal utility maximizers who
take both current and future options into account. By
contrast, myopic customers consider only the current
available options. We characterize and compare the
firms’ equilibrium decisions and profits under each
customer type to reveal the impact of customers’ strate-
gic behavior.
Earlier research has indicated that retailers’ prof-

itability suffers when facing more sophisticated strate-
gic customers (Cachon and Swinney 2009, Levin et al.
2010, Osadchiy and Vulcano 2010, Liu and Zhang
2013). By contrast, we find that customers’ strategic
behavior always benefits the manufacturer. It may also
benefit the retailer and the entire supply chain in some
cases. The manufacturer obtains higher sales volume
because, when facing strategic customers, the retailer
reduces its full price to discourage customers from
waiting for a markdown, which in turn leads to higher
overall sales.

On the retailer side, the impact of strategic customer
behavior depends on the customers’ level of patience
to delay their purchase and the wholesale price of the
product. Customers’ forward-looking behavior may
increase the retailer’s profitability if customers are
moderately patient and the wholesale price is suffi-
ciently small. In that case, strategic behavior benefits
the retailer because of a lower wholesale price relative
to the myopic scenario. The manufacturer chooses a
lower wholesale price to boost its sales quantity that,
in turn, leads to a lower retail price and increase in
demand.Note that the retailer benefits from customers’
strategic behavior only when both of the supply chain
parties take customers’ forward-looking behavior into
account. Otherwise, if the wholesale price stays the
same as in the myopic scenario, the retailer gets strictly
worse off with strategic customers. Thus, we empha-
size the importance of a supply-chain-wide recognition
of strategic customer behavior to profitability.

Furthermore, we find that the presence of strategic
customer behavior can improve the performance of the
entire supply chain. Strategic customer behavior and
decentralized decision making are often regarded as
detriments to supply chain performance. Surprisingly,
we find that the combination of these two undesired
factors does not necessarily result in the worst sup-
ply chain performance. In fact, when customers are
sufficiently patient, a decentralized supply chain with
strategic customers outperforms the supply chain with
only one of the adverse factors at play.

We also consider three extensions to our base model.
First, we allow the retailer an additional inventory
replenishment opportunity at the beginning of the sec-
ond selling period. We confirm that strategic customer
behavior may continue to result in higher profitabil-
ity than the myopic scenario. Different from the base

model, however, we find that strategic customer behav-
ior can decrease the manufacturer’s profitability when
customers are extremely patient. We also find that in
the presence of strategic customers, it is not in theman-
ufacturer’s best interest to offer the additional inven-
tory replenishment opportunity.

In the second extension, we allow the retailer to
commit to its future retail price or to reveal its inven-
tory level. Surprisingly, we show that the use of such
commitments lowers profitability when the retailer
already benefits from the strategic behavior in the no-
commitment scenario. Moreover, the retailer’s commit-
ments always lower profits of the manufacturer and
the entire supply chain when customers are strategic.

Finally, in the third extension, we consider stochas-
tic demand where the product may turn out to be
popular and attract additional demand in the second
period. We confirm that customers’ strategic behavior
may continue to benefit the manufacturer, the retailer,
and the entire supply chain.

The remainder of this paper is structured as follows.
Section 2 reviews related literature. Section 3 intro-
duces the model. Section 4 analyzes the equilibrium
outcome and compares firmprofits. Section 5 considers
model extensions, and Section 6 concludes. We post-
pone all of the proofs to the appendix.

2. Literature Review
In their pioneering work, Besanko and Winston (1990)
introduced customers’ intertemporal choice, where
they look forward into the future and time their pur-
chases. Customers with such forward-looking behav-
ior are known as strategic customers, and we treat
“strategic” as synonymous with “forward looking”
throughout our discussion. Besanko and Winston
(1990) consider a deterministic demand model and
study pricing decisions for a monopolist that adjusts
retail prices dynamically in each period. They find
that the presence of strategic customers lowers the
equilibrium prices, and ignoring this forward-looking
strategic behavior would result in substantial losses for
the retailer.

Following Besanko andWinston (1990), manyworks,
including ours, study interactions between dynamic
pricing and strategic customer behavior with a deter-
ministic demand model in various settings (Nair 2007,
Dasu and Tong 2010, Parlaktürk 2012, Liu and Zhang
2013, Mak et al. 2014). Another group of papers do not
consider dynamic pricing; the sale price is either exoge-
nously given (Su andZhang 2008, Cachon and Swinney
2009) or committed to ahead of time (Liu and vanRyzin
2008, Yin et al. 2009, Liu and van Ryzin 2011), and
they instead focus on the interactions between stock-
out/rationing risk and strategic customer behavior.

The difference in these two modeling approaches
can result in distinct dynamics. In the first approach
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(e.g., Besanko andWinston 1990), customers’ collective
purchasing decisions affect the retailer’s future pric-
ing decision in the sale period. Hence, the retailer’s
intertemporal pricing decisions are linked through cus-
tomers’ strategic behavior. By contrast, in the second
approach (e.g., Su and Zhang 2008), customers’ actions
do not affect any retailer’s price in the next period.
Furthermore, the customers have homogeneous valu-
ations of the product in Cachon and Swinney (2011)
and Su and Zhang (2008); therefore, the retailer cannot
manipulate demand because either all or none of the
customers want to buy the product at a given price.
We recognize that both modeling approaches can

be applicable in different settings depending on the
importance of these different dynamics. For exam-
ple, in the case of products that have a short selling
season, such as fashion apparel, stockout risk can be
important. On the other hand, there are products that
do not exhibit significant stockout risks but are still
prone to strategic customer behavior, for example, tele-
visions, tablets, and other electronic devices. In both
of these cases, however, dynamic pricing is still quite
important.

Despite the differences in their modeling ap-
proaches, all of these previous studies corroborate the
finding by Besanko and Winston (1990) that strategic
customer behavior hurts profitability, and they study
the impact of various mechanisms on this loss, includ-
ing posterior price matching (Lai et al. 2010), dynamic
pricing (Levin et al. 2010), reservation for leftover
products (Osadchiy and Vulcano 2010), the display of
one inventory at a time to induce a sense of product
scarcity (Yin et al. 2009), and possession of a product
of superior quality than that of the competitor (Liu and
Zhang 2013). Cachon and Swinney (2009) find that,
with strategic customers, a retailer earns lower profit,
and quick response becomes even more valuable. All
of the above studies, however, are confined to the deci-
sions of retailers. By contrast, we additionally con-
sider the decision of the upstream manufacturer. This
enables a supply chain perspective and leads to inter-
esting results: we find that a retailer may reap a higher
profit when customers act strategically as opposed
to myopically. Moreover, the upstream manufacturer’s
profit is always higher when customers are strategic.
Su (2007) also finds that customers’ strategic behavior
may benefit a retailer. In his model, this is driven by
customers’ heterogeneity in patience. Specifically, he
shows that strategic behavior of low-value customers is
beneficial, while strategic behavior of high-value cus-
tomers always hurts the seller. By contrast, customers
are homogeneous in their patience in our model, yet
we show that strategic customers may help a manu-
facturer as well as a retailer earn a higher profit than
myopic customers would yield. This is because strate-
gic customer behavior motivates the manufacturer to

set a lower wholesale price, and it improves the double
marginalization inefficiency of the supply chain.

Two papers also address the impact of customers’
strategic behavior on a supply chain. Su and Zhang
(2008) adopt a newsvendor setting with an exogenous
wholesale price. In this case, the manufacturer is not
a strategic player; however, the authors do analyze
the overall supply chain profits. Yang (2012) considers
oligopolistic retailers that engage in Cournot competi-
tion in a deterministic setting; therefore, they do not
consider the retailers’ direct price control. Both of these
papers show that a decentralized supply chain can out-
perform a centralized one in the presence of strategic
customers. We consider a bilateral monopolist supply
chain with endogenized wholesale price and consider
the retailer’s dynamic pricing ability. We find that the
total supply chain profit can be higher when customers
are strategic, rather than myopic. In addition, we show
that a decentralized (as opposed to centralized) supply
chain with strategic (as opposed to myopic) customers
may not generate the lowest supply chain profit.

In our extensions, we consider a retailer’s commit-
ment on price or inventory levels (Aviv and Pazgal
2008, Su and Zhang 2008, Cachon and Swinney 2009,
Dasu and Tong 2010, Parlaktürk and Kabul 2017) and
the value of quick response (QR; Cachon and Swinney
2009, Swinney 2011). Our model differs from previous
works in that we endogenize the upstream manufac-
turer’s choice of wholesale price. We find that, facing
strategic customers, both the retailer’s and the manu-
facturer’s profits may get lower when the retailer offers
commitment or quick response. Furthermore, when
customers are strategic, the firms’ profits with commit-
ment or quick response can be lower than that when
customers are myopic.

3. Model and Assumptions
We consider a monopolist supply chain with a man-
ufacturer and a retailer. The manufacturer produces
a product, which is sold through the retailer over
two periods t � 1, 2. Before the selling periods begin,
the manufacturer sets a unit wholesale price w, and
the retailer decides its order quantity Q. This order
is delivered before the selling periods begin, and Q
is unobservable to end customers. We will allow the
retailer to place an additional order in Section 5.1. The
retailer subsequently determines the retail price pt at
the beginning of each selling period. We will hence-
forth refer to p1 and p2 as the “full price” and “sales
price,” respectively. Figure 1 illustrates the sequence of
decisions. The firms are risk neutral and seek to max-
imize their individual profit over the selling periods.
We normalize the manufacturer’s marginal production
cost to zero; allowing for positive marginal produc-
tion cost will not alter our insights. Any leftover inven-
tory, however, has zero value by the end of the second
selling period.
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Figure 1. Sequence of Events

Manufacturer
sets w

Retailer
orders Q

Customers decide
whether to buy

or to wait

Remaining customers 
decide whether to

buy or to leave

t = 1 t = 2

Retailer sets
price p1

Retailer sets
price p2

Time

All of the potential customers show up at time 0, and
their population is scaled to 1without loss of generality
(Mersereau and Zhang 2012, Parlaktürk 2012, Liu and
Zhang 2013, Papanastasiou and Savva 2017). A cus-
tomer values the product at V , which is uniformly
distributed on [0, 1]. The distribution of V is common
knowledge, but its realization is privately known by
each customer. Customers prefer to enjoy the product
sooner than later; their product valuation reduces by
1 − δ, where δ ∈ [0, 1], when they purchase the prod-
uct in t � 2. Thus, a higher δ shows that customers are
more patient and are more willing to delay their pur-
chase. A customer accrues the following utility from
her purchase in period t:

Ut � δ
t−1V − pt . (1)

In essence, we assume that customers share the same
discount factor δ (Besanko and Winston 1990, Lai et al.
2010, Parlaktürk 2012, Liu and Zhang 2013). A cus-
tomer can opt out of purchasing and earn zero util-
ity, and each customer purchases at most one product.
When a customer’s utility is tied between purchasing
decisions, we assume that she favors purchasing over
not purchasing, and she prefers to purchase sooner
than later. This assumption is for ease of exposition;
changing the preference does not alter any insights.
We assume that all of the customers are either myo-

pic (Y) or strategic (S). Assuming a uniform customer
type allows us to highlight the dynamic and impli-
cation of strategic versus myopic customer behavior.
While we recognize that both types of customers may
coexist in customer population, it is also common in the
strategic customer literature to assume that the entire
customer population is strategic (Besanko andWinston
1990, Su and Zhang 2008, Parlaktürk 2012, Liu and
Zhang 2013, Whang 2015). A myopic customer pur-
chases in the first period once the price is lower than
her product valuation:

U1(p1) ≥ 0. (2)

Otherwise, she waits and makes the purchasing deci-
sion in period 2.

A strategic customer additionally conjectures the
future price and times her purchase accordingly. Her

conjecture on the future price depends on the retailer’s
order quantity Q, which is not observable. Hence,
strategic customers form beliefs, each denoted as Q̂,
over the retailer’s order quantity. From this belief, cus-
tomers conjecture the retail price p2(Q̂) in period 2, and
they purchase in t � 1 if and only if

U1(p1) ≥U2(p2(Q̂))+ , (3)

where x+ :� max[x , 0]. Otherwise, they wait and make
the purchasing decision in period 2. Thus, strategic
customers differ from myopic ones by additionally
considering their future options; both strategic and
myopic customers may end up purchasing in either
period. Comparing firms’ decisions when customers
are myopic versus strategic allows us to concentrate on
dynamics driven by strategic customers’ intertemporal
decision making.

We apply backward induction to seek for subgame
perfect Nash equilibrium (SPNE) with rational expec-
tation (RE) (Beetsma and Uhlig 1999, Sauma and Oren
2006, Hoernig 2012, Chirco and Scrimitore 2013). In
essence, RE assumes that consumers choose their opti-
mal decisions based on their beliefs and their beliefs
are correct in equilibrium; that is a common assump-
tion in the strategic customer literature (e.g., Su and
Zhang 2008, Cachon and Swinney 2009, Su and Zhang
2009). Let θ denote the product valuation of the
marginal customer who is indifferent between buying
in period 1 and buying in period 2, and let the super-
script asterisk (∗) represent SPNE strategies. When cus-
tomers are strategic, a rational equilibrium outcome
satisfies the following:

p∗2 � arg max
p2

p2 Q2 , (4)

Q2 � min[θ− p2/δ,Q − (1− θ)], (5)
θ∗ � inf{V : V − p1 > (δV − p∗2(Q̂))+}, (6)

(p∗1 ,Q∗)� arg max
p1 ,Q

{p1 min[1− θ∗ ,Q]

+ p∗2Q2(p∗2 , θ∗ ,Q) −wQ}, (7)
Q̂ � Q∗ , (8)
w∗ � arg max

w
wQ∗. (9)
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In essence, (4) states that the retailer prices the product
to maximize its profit in period 2; Q2 shows the sales
quantity in period 2, which is defined in Equation (5).
Here, θ − p2/δ specifies the demand in period 2, but
the sales in that period are limited by the retailer’s
remaining inventory, Q − (1 − θ). Equation (6) defines
the marginal customer who is indifferent between pur-
chasing in period 1 and purchasing in period 2. Equa-
tion (7) shows that the retailer chooses Q and p1 to
maximize its profit. Equation (8) requires that the cus-
tomers’ beliefs turn out correct in equilibrium. Finally,
(9) shows that the manufacturer prices w to maximize
its profit. When customers are myopic, we revise the
formulation by replacing (6) with θ∗ � p1. Myopic cus-
tomers do not form beliefs on Q, so we do not need RE,
and Equation (8) is irrelevant.

4. Equilibrium Decisions and Profitability
In this section, we first present the equilibrium deci-
sions for each customer type (strategic and myopic)
in Section 4.1 and then examine how customer types
affect profitability in Section 4.2.

4.1. Equilibrium Analysis
Following backward induction, we begin the analysis
from period 2. Lemma 1 summarizes the equilibrium
decisions in this period. The equilibrium decisions in
period 2 are identical for both customer types because
this is the last period of the game; that is, there is no
opportunity for strategic behavior. We next character-
ize the equilibrium decisions in period 1. Here, myopic
and strategic customers act differently. We present the
equilibrium decisions of strategic and myopic cus-
tomers in Lemmas 2–4, respectively.
Consider that in period 2, a customer purchases the

product if
δV − p2 ≥ 0 ⇔ V ≥

p2

δ
. (10)

For any given marginal customer θ, Equation (10)
shows a derived demand θ − p2/δ in period 2. Thus,
the retailer chooses p2 to maximize the following, its
profit in period 2:

πt2
R � p2 min[θ− p2/δ,Q − (1− θ)]. (11)

Here, the minimum operator ensures that the retailer’s
sales volume does not exceed its remaining inventory
Q − (1 − θ). The retailer’s choice of p2 is described in
Lemma 1.

Lemma 1. Let [0, θ) be the segment of customers remain-
ing in the market at the beginning of t � 2. Then the retailer’s
optimal price p∗2 in t � 2 for both strategic and myopic cus-
tomers depends on Q, as stated in the following:
(i) For 1 − θ/2 < Q, p∗2 � δθ/2, and there is inventory

leftover at the end of t � 2.

(ii) For Q ≤ 1− θ/2, p∗2 � min[δ(1−Q), δθ], and there
is no inventory leftover at the end of t � 2.

The retailer places an order of size Q and sells the
inventory over two periods. When the order quant-
ity Q is too high, the retailer may not be able to sell
all its inventory during the selling periods. However,
this case will not arise in equilibrium because the
retailer can strictly be better off by lowering its order
quantity Q.
In the following, the analysis diverges depending

on the customer type. We first assume that all of the
customers are strategic, and then we examine what
happens when they are myopic. In period 1, strategic
customers anticipate p2 according to their beliefs Q̂ on
the retailer’s order quantity. Hence, the marginal cus-
tomer’s product valuation θ satisfies

θ− p1 � δθ− p2(Q̂), (12)

where p2(Q̂) is given by Lemma 1 with Q replaced
by Q̂. Note that, as seen in (12), customers rely on only
Q̂ and p1 to make their purchasing decision. On the
other hand, the retailer determines its order quantity Q
and the retail price p1 to maximize its total profit

πR � p1(1− θ)+ π
t2
R (p∗2 , θ) −wQ , (13)

where πt2
R is the retailer’s profit in t � 2 given by (11),

and the retailer’s optimal price p∗2 is characterized in
Lemma 1.

Finally, the retailer’s rational equilibrium decisions,
p∗1 and Q∗, satisfy

Q̂ � Q∗ , (14)
(p∗1 ,Q∗)� arg max

(p1 ,Q)
{p1(1− θ)+ π

t2
R (p∗2 , θ) −wQ}. (15)

Equation (14) ensures the consistency of customers’
beliefs in equilibrium, and (15) shows the retailer’s
profit maximization problem. Here, θ is obtained
by solving Equation (12) using p∗2 characterized in
Lemma 1. Then Q is optimized subject to constraints
identified in Lemma 1, leading to the following
equilibrium.
Lemma 2. When customers are strategic, the retailer’s sub-
game perfect equilibrium order quantity Q∗ and retail
prices p∗1 and p∗2 are summarized as below:
(i) For w < δ/2, there exists a unique equilibrium: Q∗ �
(3δ − 2w)/(4δ), p∗1 � (2+ 2w − δ)/4, p∗2 � (2w + δ)/4. The
product is sold in both periods.

(ii) For δ/2≤w < δ/(2−δ), there is a continuum of equi-
libria. Any order quantity Q∗ ∈ [1 − w/δ, (1 − w)/(2− δ)]
can be sustained in an equilibrium with p∗1 � 1 −Q∗, p∗2 �
δ(1−Q∗), and the product is sold only in t � 1.
(iii) For δ/(2− δ) ≤ w, there is a continuum of equilibria.

Any order quantity Q∗ ∈ [(1−w)/2, (1−w)/(2− δ)] can be
sustained in an equilibriumwith p∗1 �1−Q∗, p∗2 � δ(1−Q∗),
and the product is sold only in t � 1.
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Figure 2. Equilibrium Order Quantity with Strategic
Customers
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Figure 2 illustrates the equilibrium order quantity Q∗
as a function of the wholesale price. Note that for w ≥
δ/2, all of the quantities Q∗ in the shaded area can be
sustained in an RE as stated in Lemma 2. Specifically,
any Q∗ that falls within the ranges stated in cases (ii)
and (iii) is sustained in an RE equilibrium by matching
the customers’ beliefs Q̂, where Q̂ �Q∗. In other words,
when w ≥ δ/2 as in cases (ii) and (iii), there is a con-
tinuum of equilibria, and all inventory is sold out in
period 1. However, when w < δ/2, as in case (i), there is
a unique equilibrium, and the product is sold in both
periods.
A continuum of equilibria exists because an RE equi-

librium depends on customer beliefs, and different
beliefs can result in different equilibria. However, note
that these beliefs cannot be arbitrary; they must be
consistent: when the firms act rationally, their actions
validate these beliefs. Because there is a continuum
of equilibria, we focus on the two extreme cases to
form insights about the range of outcomes. At one
extreme, we consider “optimistic” customer beliefs:
customers believe that the retailer carries the largest
quantity that sustains an RE (e.g., Q̂ � Q∗ � (1−w)/
(2− δ) for w ≥ δ/2). At the other extreme, “pessimistic”
customer beliefs consider the smallest quantity that
sustains an RE (e.g., Q̂ � Q∗ � min[1 − w/δ, (1−w)/2]
for w ≥ δ/2). Of course, when the equilibrium is unique
(i.e., for w ≤ δ/2), pessimistic and optimistic beliefs
become identical. It can be shown that the manu-
facturer’s profit increases, while the retailer’s profit
declines, in Q. Therefore, when there is a continuum
of equilibria, the optimistic and pessimistic cases cor-
respond to the situations where the equilibrium out-
comes are the most favorable to the manufacturer and
the retailer, respectively.
The manufacturer sets the wholesale price w to max-

imize its profit πM � wQ∗. Because the manufacturer’s

pricing is followed by the retailer’s subgame that is
described in Lemma 2, the manufacturer’s pricing also
results in a continuum of equilibria. In the next lemma
we characterize the manufacturer’s optimal wholesale
price for the two extreme cases: when customers have
optimistic and pessimistic beliefs.
Lemma 3. When customers are strategic, the manufacturer
chooses an optimal wholesale price w∗ such that the retailer
sells all of its inventory in t �1 in all cases. Equilibriumprices
and quantities are further characterized by the following:

(i) When customers are optimistic, w∗ � 1/2, Q∗ �
1/(2(2−δ)), p∗1 � (3−2δ)/(2(2−δ)), and p∗2 � δ(3−2δ)/
(2(2−δ)).

(ii) When customers are pessimistic,
(a) for δ < 1/2, w∗ � 1/2, Q∗ � 1/4, p∗1 � 3/4, and

p∗2 � 3δ/4; and
(b) for δ ≥ 1/2, w∗ � δ/2, Q∗ � 1/2, p∗1 � 1/2, and

p∗2 � δ/2.
(iii) The optimal wholesale price w∗ is weakly lower when

customers are pessimistic compared with when they are
optimistic.

Lemma 3 shows that the retailer sells all of its inven-
tory in period 1 in equilibrium. This is a common find-
ing in the strategic customer literature (e.g., Su and
Zhang 2008, 2009; Cachon and Swinney 2011). In Sec-
tion 5.3 we will show that the product may be sold in
both periods under stochastic demand.

Lemma 3 completes our equilibrium analysis when
customers are strategic. Next we consider the bench-
mark for myopic customers. The analysis of this case
is straightforward, and we summarize the SPNE deci-
sions below.
Lemma 4. When customers are myopic, the manufacturer’s
optimal wholesale price w∗, the retailer’s SPNE order quan-
tity Q∗, and retail prices p∗1 and p∗2 are as follows:
(i) For δ ≤ 2−

√
2, w∗ � 1/2, Q∗ � 1/4, p∗1 � 3/4, and all

of the product is sold in t � 1.
(ii) For 2 −

√
2 < δ, w∗ � δ(3− δ)/4, Q∗ � (3− δ)/

(2(4− δ)), p∗1 � (8 + 3δ+ δ2)/(4(4− δ)), p∗2 � δ(5− δ)/
(2(4− δ)), and the product is sold in both periods.
The previous two lemmas characterize the firms’

equilibrium decisions under each scenario. An imme-
diate question is how customer type affects the firms’
equilibrium decisions. The following corollary com-
pares Lemmas 3 and 4.
Corollary 1. Compared with having myopic customers,
when customers are strategic,

(i) the retailer’s equilibrium order quantity Q∗ is higher,
(ii) the equilibrium retail prices p∗1 and p∗2 are lower, and
(iii) the equilibrium wholesale price w∗ is lower if and

only if customers are pessimistic and δ ≥ 1/2.
We find that the retailer sets a lower full price to

discourage strategic customer behavior. For example,
Macy’s stores promote “Everyday Values” on many of
their items. Those items come at a more affordable full
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price, and they are not eligible for any extra discounts
(O’Donnell 2006). In the video game industry, retail-
ers such as Good Old Games make more than half of
their revenue from full price sales by keeping prices
reasonable in the first place (Dobra 2012).
As a result of a lower full price, Corollary 1 shows

that the retailer achieves higher market coverage when
customers are strategic. Here, customers’ forward-
looking behavior is the key to the retailer’s increased
market coverage. While lowering the full price encour-
ages both myopic and strategic customers to purchase
in period 1, strategic customers additionally anticipate
that the discount price p2 will not justify delaying
their purchases. This anticipation further enhances the
market expansion effect in addition to a reduced full
price. Mathematically, p∗1 is higher when customers are
myopic, indicating higher product valuation among
the remaining customers who do not purchase in
period 1. Consequently, the retailer sets a higher p2 and
hence achieves a smaller market coverage.

4.2. Impact of Customer Type on Profitability
Common intuition suggests that customers’ strate-
gic behavior is detrimental to profitability because
it becomes more difficult to extract surplus from
forward-looking customers. Surprisingly, we show in
the following that customers’ strategic behavior actu-
ally helps a manufacturer. Moreover, customers’ strate-
gic behavior may increase profitability of both firms
and the entire supply chain.
Let ΠR and ΠM denote the equilibrium profits of

the retailer and manufacturer, respectively. We use su-
perscripts S and Y to denote strategic and myopic
customers, respectively. For example, ΠS

R shows the
retailer’s profit when customers are strategic.

Proposition 1. Given customers’ type, we have the fol-
lowing:

(i) ΠS
M ≥ΠY

M .
(ii) ΠS

R > Π
Y
R if and only if strategic customers are pes-

simistic and 1/2 < δ < 2−
√

2.

Figure 3. Percent Profit Change Relative to the Myopic Scenario
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Interestingly, when customers are strategic, the man-
ufacturer earns a higher profit than in the myopic sce-
nario (see Figure 3). This benefit of strategic behavior
is driven by a higher sales quantity because, as we dis-
cussed following Corollary 1, the retailer sets a lower
retail price, which enhances its demand and market
coverage when customers are strategic. Notice that the
manufacturer benefits from customers’ strategic behav-
ior only when it correctly anticipates this behavior. If it
incorrectly expects them to act myopically, Appendix A
shows that the manufacturer’s loss can be as high as
15%, and the loss is larger when δ is moderate.

Furthermore, customers’ strategic behaviormay ben-
efit the retailer too. This happens when customers are
pessimistic and are moderately patient, as case (ii) of
Proposition 1 shows. Here, the bright side of strate-
gic behavior can be attributed to a much lower whole-
sale price than in the myopic scenario, which decreases
the double marginalization inefficiency. Specifically,
for the region considered in case (ii), the manufacturer
keeps the wholesale price low at w∗ � δ/2 when cus-
tomers are pessimistic, as seen in Lemma 3. Thiswhole-
sale price is significantly lower than that in the myopic
scenario (w∗ � 1

2 ).
Note that the retailer benefits from customers’ strate-

gic behavior only when both of the manufacturer and
retailer take customers’ forward-looking behavior into
account. Otherwise, if the wholesale price stays the
same as in the myopic scenario, we can show that the
retailer gets strictly worse off with strategic customers.
Thus, a supply-chain-wide recognition of strategic cus-
tomer behavior is critical to profitability.

Next, we examine the performance of the entire sup-
ply chain. We have restricted our attention so far to
a decentralized supply chain in which each firm indi-
vidually seeks for profit maximization. Now, we also
consider a centralized supply chain in which a central-
ized plannermakes all decisions tomaximize the entire
supply chain’s profit.

It is convenient to introduceΠT �ΠM +ΠR as the total
profit achieved by a supply chain. We also refer to ΠT
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as the channel profit. We use a first superscript S or Y
to denote strategic or myopic customers, respectively.
A second superscript C or D is introduced to denote
a centralized or decentralized supply chain, respec-
tively. The following proposition shows that, interest-
ingly, the channel profit can be higher when customers
are strategic.
Proposition 2. Given customers’ type, we have the fol-
lowing:

(i) ΠSC
T <ΠYC

T .
(ii) ΠSD

T <ΠYD
T if and only if strategic customers are opti-

mistic and 2−
√

2 < δ < 0.6177.
Cases (i) and (ii) of Proposition 2 examine the impact

of strategic behavior on a centralized and a decen-
tralized supply chain, respectively. Interestingly, we
find that a decentralized supply chain may reap a
higher profit when customers are strategic, rather than
myopic.

Wholesale price has been recognized as a cause to
the problem of double marginalization in a decentral-
ized supply chain. However, it actually helps discour-
age strategic customers from delaying their purchases,
because the higher the wholesale price, the smaller the
likelihood of a generous markdown. As a result, cus-
tomers’ strategic behaviormay benefit the supply chain
from an increased sales volume at full price. On the
other hand, such a benefit does not occur in a cen-
tralized supply chain because of a lower (zero, in fact)
wholesale price than in a decentralized one. Thus, hav-
ing a moderate wholesale price may, in fact, benefit the
supply chain when customers are strategic.

Proposition 2(ii) asserts that the decentralized chan-
nel profit is higher in the myopic scenario only
when customers are always optimistic. In other words,
the benefit of strategic behavior is more pronounced
when customers are pessimistic, rather than optimistic,
because the wholesale price is lower in that case
(Lemma 3(iii)); that is, given that customers are strate-
gic, the adverse effect of double marginalization is less
pronounced when customers are pessimistic.

Howwould the supply chain structure affect channel
profit? Notice that the two customer types, myopic (Y)
and strategic (S), and the two supply chain structures,
centralization (C) and decentralization (D), constitute
four possible scenarios: YC, YD, SC, and SD. We com-
pare the channel profit across those scenarios in the
following proposition.
Proposition 3. Comparing channel profit across the scenar-
ios, we have the following:

(i) ΠYC
T >max(ΠYD

T ,ΠSC
T ,ΠSD

T ).
(ii) ΠSD

T >max(ΠYD
T ,ΠSC

T ) for δ > ∆, where

∆�

{
0.6177 when customers are optimistic,
0.5 when customers are pessimistic.

Facing myopic (as opposed to strategic) custo-
mers and implementing centralized (as opposed to

decentralized) decision making are often considered
beneficial to a supply chain. Indeed, Proposition 3(i)
confirms that channel profit is the highest with these
two factors (YC) in place.
Surprisingly, the combination of the two undesired

factors, facing strategic customers in a decentralized
supply chain (SD), does not necessarily create theworst
performance. In fact, Proposition 3(ii) finds that such a
supply chain can outperform a supply chain with only
one of the features at play (YD or SC). On the one hand,
strategic customer behavior may increase sales volume
at full price, as Corollary 1 shows. On the other hand,
as in Su and Zhang (2008), the wholesale price enables
a decentralized supply chain to credibly commit to low
inventory, thereby alleviating the double marginaliza-
tion effect. The two seemingly undesired factors can
work in tandem to create a benevolent outcome when
customers are sufficiently patient (δ > ∆).

In sum, strategic customer behavior benefits a man-
ufacturer. It can also benefit a retailer when cus-
tomers are sufficiently, but not overly, patient. The pres-
ence of strategic customers in a decentralized supply
chain does not simply indicate the worst supply chain
performance.

5. Extensions
We have shown the benefit of customers’ strategic
behavior in the base model. In what follows, we con-
sider three extensions to the base model.

5.1. Additional Ordering Opportunity
Initiatives such as quick response and efficient con-
sumer response reduce supply lead times and enable
more frequent replenishment. In this section, we exam-
inehowcustomers’ strategicbehavioraffects theirvalue.

In this section, we allow the retailer an additional
inventory replenishment opportunity at the second
selling period. Specifically, now the retailer can place a
second order of size q at the same wholesale price w at
the end of the first selling period. Assuming the same
wholesale price for both ordering opportunities helps
us focus on the dynamics generated by the additional
ordering opportunity alone. We assume that when the
retailer is indifferent between buying a unit of inven-
tory in period 1 and buying in period 2, it prefers post-
poning its order to period 2 because of factors that we
do not explicitly model (e.g., to maintain flexibility).
Units ordered in each period arrive at the beginning
of that period. We apply backward induction to derive
equilibrium decisions, which are summarized below.
Lemma 5. When the retailer has an additional inventory
replenishment opportunity, we have the following:

(i) There is a unique equilibrium when customers are
strategic:

(a) for δ < 0.5245, w∗ � 1/2, Q∗ � 1/2, q∗ � 0, and
p∗1 � 3/4;
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(b) for 0.5245 ≤ δ < 2/3, w∗ � (2 − δ)δ/(4 − 3δ),
Q∗ � 2(1− δ)/(4− 3δ), q∗ � 0, and p∗1 � (2− δ)/
(4− 3δ); and

(c) for 2/3 ≤ δ, w∗ � (6 − 5δ)δ/(2(4− 3δ)), Q∗ �
2(1− δ)/(4− 3δ) q∗ � (3δ− 2)/(4(4− 3δ)), p∗1 �
(2+ δ)/4, and p∗2 � (10− 7δ)δ/(4(4− 3δ)).

(ii) When customers are myopic, the firms’ equilibrium
decisions are the same as those described in Lemma 4.
In contrast to the base model where strategic cus-

tomers purchase only in the first period, Lemma 5(i)
shows that some of them may now purchase in the
second period. This is because having an additional
ordering opportunity allows the retailer to credibly
hold a lower initial inventory in period 1 (and therefore
set a higher retail price). With the additional ordering
opportunity, when the retailer sets a relatively higher
price in period 1, customers are aware that if they do
not buy in period 1, the retailer does not need to pro-
vide as big of a discount as in the base model in the
next period, because it has not committed to its second-
period order yet. Notice that the additional replenish-
ment opportunity does not alter any decision when
customers are myopic because there are no strategic
interactions between the additional order quantity and
customer decisions in this case.
Next, we derive firms’ equilibrium profits and con-

firm that our key results in the base model continue
to hold. Recall that the superscripts S and Y denote
strategic and myopic customers, respectively; D and C
represent decentralized and centralized supply chains,
respectively.
Proposition 4. When the retailer has an additional order-
ing opportunity,

(i) ΠSD
M <ΠYD

M if and only if 0.842 < δ;
(ii) ΠSD

R >ΠYD
R if and only if 0.5245 < δ < 2−

√
2;

(iii) ΠYC
T >max(ΠYD

T ,ΠSC
T ,ΠSD

T ); and
(iv) ΠSD

T > max(ΠYD
T ,ΠSC

T ) if and only if 0.5245 <
δ < 0.6063.

Proposition 4 confirms our key findings in the base
model: (1) the retailer, manufacturer, and entire sup-
ply chain can be more profitable when customers are

Figure 4. Change in Profit Due to the Additional Ordering Opportunity
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strategic, and (2) strategic customers plus decentral-
ized decision making (SD) may not create the lowest
channel profit.

Here, a new result shows that customers’ strate-
gic behavior decreases the manufacturer’s profit when
customers are highly patient (0.842< δ). This is because
the retailer orders fewer units initiallywhen it gains the
additional replenishing opportunity. The reduction in
this order quantity is larger when customers are more
patient.

What about the value of the additional inventory
replenishment opportunity? Does any firm get better
off when the retailer gains that opportunity? The fol-
lowing result finds that this may not be the case.

Proposition 5. When customers are strategic,
(i) the manufacturer’s profit is (weakly) lower when the

retailer has an additional inventory replenishment opportu-
nity, and

(ii) the retailer’s profit is strictly lower with an addi-
tional inventory replenishment opportunity if and only if
customers are pessimistic and 1/2 < δ < 0.776.

Proposition 5 states that the retailer’s gain of an
additional replenishment opportunity may be detri-
mental: the manufacturer is always worse off and the
retailer may suffer when strategic customers are mod-
erately patient. Figure 4 depicts the firms’ increase in
profit (percentage) when the retailer gains the addi-
tional ordering opportunity.

The additional replenishment opportunity hurts the
manufacturer because of a lower total sales volume.
This is because the second replenishment opportunity
discourages strategic customers from delaying their
purchases. This allows the retailer to set a higher retail
price, and consequently, the manufacturer suffers from
a smaller sales volume.

Cachon and Swinney (2009) consider an exogenous
wholesale price and find that having an additional
replenishment opportunity always benefits a retailer.
By contrast, Proposition 5(ii) shows that the additional
replenishment opportunity can hurt a retailer when
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the manufacturer chooses the wholesale price endoge-
nously. Our result differs from those of Cachon and
Swinney (2009) because, in our model, the retailer may
face a higher wholesale price when it has an additional
ordering opportunity. Specifically, in our model it can
be shown that, for any given wholesale price, the addi-
tional ordering opportunity decreases the retailer’s
total order quantity. That motivates the manufacturer
to charge a higher wholesale price. Consequently,
when δ > 1

2 , the additional ordering opportunity leads
to a higher wholesale price, which outweighs the bene-
fit of having an additional replenishment opportunity
when 1

2 < δ < 0.776.

5.2. Price and Availability Commitment
In this section, we extend the base model and allow
the retailer to commit on future price or product avail-
ability. Research shows that those commitments effec-
tively deter strategic customer behavior (e.g., Aviv and
Pazgal 2008; Su and Zhang 2008, 2009). Our model dif-
fers from previous work by considering the upstream
manufacturer as a decision maker. This allows us to
holistically examine the impact of commitments on the
supply chain.
We consider two types of commitments. First, when

the retailer makes a price commitment, it announces p1
and p2 at the beginning of t � 1. Alternatively, the
retailer can make an availability commitment by
revealing its inventory level prior to the beginning
of selling periods. In our model, both commitments
eliminate customers’ uncertainty over price and inven-
tory level, and they therefore yield the same equilib-
rium outcome. This is formalized in the next propo-
sition. Notice that commitments are irrelevant when
customers are myopic because they do not take future
options into account. Thus, we assume that all of the
customers are strategic in this section and omit the cor-
responding superscript S in the following results.

Lemma 6. (i) In a decentralized supply chain, the retailer’s
price and availability commitments yield the identical equi-
librium outcome. In equilibrium, the manufacturer sets

Figure 5. Change in Profit Due to Retailer’s Price/Availability Commitment
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w∗ � 1/2 and the retailer orders Q∗ � 1/4. The retail prices
are p∗1 � 3/4 and p∗2 � 3δ/4, and all of the inventory is sold
in t � 1.
(ii) The equilibrium order quantity is lower but retail

prices are higher with than without commitments.
Lemma 6(i) characterizes the equilibrium decisions

when the retailer commits on price or product avail-
ability. As in Su and Zhang (2008), the lemma con-
firms that the retailer orders less inventory when it
makes a price or availability commitment. Further-
more, we additionally find that this reduction in inven-
tory allows the retailer to set higher retail prices.

Figure 5 shows firms’ profits with and without the
retailer’s commitment. It provides a visual observa-
tion to the value of commitments for each firm, which
we formally summarize in the next proposition. We
restrict our attention to a decentralized supply chain in
this section and omit the superscript D for simplicity.
A superscript C is introduced when price or availabil-
ity commitment is applied.
Proposition 6. Comparing profits with versus without the
retailer’s commitment, we have the following:

(i) ΠC
R <ΠR if and only if customers are pessimistic and

1/2 < δ < 3/4.
(ii) ΠC

M ≤ΠM .
(iii) ΠC

T ≤ΠT .
Proposition 6(i) shows that the retailer’s commit-

ments may hurt its profitability. In particular, when the
retailer is better off with strategic rather than myopic
customers in the no-commitment scenario (i.e., 0.5 <
w < 0.586 by Proposition 1), Proposition 6(i) indicates
that the retailer’s profit gets lower by making a com-
mitment. In other words, the commitments improve
the retailer’s profit only when customers’ strategic
behavior is detrimental in the no-commitment sce-
nario. The use of commitments backfires when the
retailer already benefits from the strategic behavior.
The drop in the retailer’s profit in this case is due to a
higher wholesale price.

Interestingly, Proposition 6 asserts that the retailer’s
commitment takes a toll on the manufacturer and the
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entire supply chain. Commitments allow the retailer
to set a higher retail price, and therefore the manufac-
turer suffers from a smaller sales quantity, as Lemma 6
shows. This adverse effect is so severe that, as stated in
case (iii), the entire supply chain also suffers.
Su and Zhang (2008) show that the retailer unam-

biguously benefits from quantity commitment in a
newsvendor setting. We endogenize the manufac-
turer’s choice of wholesale price and find that quan-
tity commitment may actually be detrimental to the
retailer in the absence of demand uncertainty. Thus,
our result highlights the impact of supply chain mem-
bers’ reaction to strategic customer behavior on the
retailer’s value of commitment. Furthermore, we addi-
tionally show that commitments can be detrimental to
the manufacturer and supply chain.

We do not constrain the retailer’s choice on p1 and p2
under price commitment. It is not uncommon, how-
ever, for a retailer to promise everyday low prices
or no discount, which essentially requires p1 � p2. In
that case, none of the customers purchase in period 2
because of discount in product valuation; it is straight-
forward to show that the equilibrium prices w∗, p∗1 and
order quantity Q∗ converge to part (i) of Lemma 6.

5.3. Stochastic Demand
So far we have considered only a deterministic cus-
tomer population. In this section, we extend our base
model by adding uncertain demand. Specifically, we
assumewith probability h ∈ [0, 1] the product turns out
to be popular and it attracts additional customers in
period 2. These customers are identical to the original
customers in the sense that their product valuation is
uniformly distributed between 0 and δ in period 2, and
they have a total mass of k. We recognize that the prod-
uct valuation of these new customers may be higher
or lower than that of the existing customers in prac-
tice in different settings. However, we do not focus on
this valuation gap and therefore assume that the dis-
tribution of the new customers’ product valuation is
identical to that of the original customers. We say that
the market turns out to be high (respectively, low) if

Figure 6. Sequence of Events with Stochastic Demand

Manufacturer
sets w

Retailer
orders Q

Customers choose
to buy or to wait

Remaining
customers  decide
whether to buy or

to leave

Uncertainty on
product popularity

is resolved

t = 1 t = 2

Retailer sets
price p1

Retailer sets
price p2

Time

the product does (respectively, does not) generate addi-
tional demand.

The sequence of events is shown in Figure 6. It is iden-
tical to our base model, except for an additional event
that resolves the uncertainty on product popularity
(whether the product will receive additional demand).
It is critical that demand uncertainty is resolved after p2
is set; otherwise, the retailer will adjust the retail price
to match supply with demand perfectly, so there will
never be a stockout.1 In this setting, supply shortage
may occur in the second period. In that case, we assume
that all of the customers who intend to purchase have
equal probability of obtaining a unit, as in Liu and
van Ryzin (2008), Zhang and Cooper (2008), and Yin
et al. (2009). Strategic customers’ expected utility in
period 2 now considers this stockout risk:

E(U2)� α(δV − p2). (16)

Here, α shows the probability of obtaining a product
in period 2, and the term in the parentheses is our
base model utility given by Equation (1). The marginal
customer, which is given by Equation (6) in the base
model, is now characterized as follows:

θ∗ � inf
{
V : V − p1 > α(h , k , Q̂)(δV − p∗2(Q̂))

}
. (17)

Please note that Equation (17) takes into account the
rationing risk, which is given by α. The rest of the for-
mulation is identical to that of the base model (i.e.,
Equations (4)–(9)).

The analysis of this model is quite involved. The
boundary condition for one case in the period 1 sub-
game for the retailer’s optimal quantity and price
choices cannot be characterized analytically in closed
form, andwe need to rely on numerical studies to carry
out the rest of the analysis.

Note that our new model reduces back to our base
model when h � 0. In other words, our base model is
a special case of this new extended model. We con-
firm that all of the key results (i.e., the firms and the
entire supply chainmay benefit from customers’ strate-
gic behavior) continue to holdwith h > 0. Moreover, we
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Figure 7. Manufacturer’s Profit Comparison: Strategic vs. Myopic Customers for k � 0.8

(a) Customers are optimistic (b) Customers are pessimistic
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identify two additional findings based on our numeri-
cal studies.
First, contrary to naïve intuition, we find that a

higher likelihood of a high market may decrease a
manufacturer’s profit. For example, increasing h hurts
the manufacturer’s profit when k � 0.8, δ � 0.6, and
h ≤ 0.54. In this case, the likelihood of having addi-
tional demand is not high enough to take the risk
of unsold units; therefore, the retailer makes its plan
(pricing and order quantity) based on the low-demand
scenario. In addition, customers’ rationing risk goes up
as h increases, and they are discouraged from wait-
ing for the markdown price. This, in turn, allows the
retailer to set a higher full price in period 1, thereby
lowering its total sales quantity and themanufacturer’s
profit. By contrast, when h is sufficiently high (h > 0.54
in this example), the retailer no longer disregards the
potential for additional demand, and increasing h no
longer yields these effects.
In addition, we find that customers’ strategic behav-

ior may hurt the manufacturer when customers are
extremely patient (very high δ) and the chance of hav-
ing a high market is sufficiently large (very high h).
Figure 7 illustrates the impact of strategic customer
behavior on the manufacturer’s profit. Recall that the
manufacturer always benefits from customers’ strate-
gic behavior in our base model. There are two fac-
tors leading to this new finding. First, rationing risk
decreases customers’ willingness to wait for a mark-
down price in period 2. Therefore, the retailer can
set a relatively higher price in period 1, resulting in
a lower sales quantity in that period. In addition,
when the likelihood of a high market is sufficiently
high, the retailer targets only the high-end segment of
new arrivals by setting a high p2, which reduces the
total sales quantity further. Because increasing h and
δ strengthens these two factors, the manufacturer can

become worse off when they are sufficiently high. Oth-
erwise, our base model results continue to hold, and
the manufacturer may benefit from customers’ strate-
gic behavior. For example, for k � 0.8, strategic cus-
tomer behavior hurts the manufacturer when h ≥ 0.7
and δ ≥ 0.6, as seen in Figure 7.

6. Concluding Remarks
Strategic customer behavior has attracted growing
attention in the operations literature. Its implication on
the entire supply chain, however, has largely been over-
looked in the literature. In an effort to fill this gap, we
consider a bilateral monopoly in which an upstream
manufacturer supplies a downstream retailer under a
wholesale price agreement. The retailer orders once
from the manufacturer and sells the product over two
selling periods. Our basic premise is that every supply
chain party acknowledges the customer behavior: cus-
tomers either strategically keep future options in mind
or myopically consider only their current options. Our
goal is to fathom the implications of customer behavior
on firm decisions and profitability.

Customers’ strategic behavior has been regarded
as detrimental to firm profitability. Yet we present a
contrasting result: customers’ strategic behavior may
increase a manufacturer’s profit. Moreover, it can ben-
efit a retailer and the entire supply chain in some cases.
A retailer that faces strategic customers offers a smaller
price markdown to deter any intentional delay in pur-
chase. The result is an increased market coverage, and
a manufacturer reaps a higher profit as a result of a
stronger sale. The retailer may also benefit from cus-
tomers’ strategic behavior when customers are moder-
ately patient and the wholesale price is low.

The potential upside of customers’ strategic behavior
extends to the performance of the entire supply chain.
Customers’ strategic behavior has been considered
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detrimental. A decentralized supply chain also has
been associated with inferior performance, as opposed
to a centralized supply chain. Nevertheless, the com-
bination of those two seemingly adverse factors may
not worsen the performance of a supply chain. In fact,
a decentralized supply chain with strategic customers
can outperform a supply chain with only one of those
two factors at play.
Our model has some limitations. For instance, cus-

tomers’ product valuation may change depending on
the number of total customers who own the product.
This phenomenon is not captured in our model, and
examining our results in this situation can be an inter-
esting future avenue of research.

Appendix A. Manufacturer’s Loss When It
Disregards Strategic Customer
Behavior

When the manufacturer mistakenly assumes customers are
myopic while they are actually strategic, the chosen w is
shown in Lemma 4. Then the retailer determines its order
quantity and p1 according to Lemma 2. Notice that Lemma 2
shows a continuum of equilibrium when w ≥ δ/2, and we
focus on the two extreme cases: optimistic and pessimistic.
Let πi

M (π̂i
M) be the manufacturer’s profit when it cor-

rectly (respectively, incorrectly) recognizes that customers
are strategic (respectively, myopic), where i ∈ {O ,P}, with O
and P representing optimistic and pessimistic scenarios,
respectively. Then the manufacturer’s maximum loss when it
does not take into account the strategic customer behavior is

max
[
π

p
M − π̂

p
M

π
p
M

,
πO

M − π̂O
M

π
p
M

]
. (A.1)

The manufacturer’s minimum loss is defined similarly,
with the max function replaced by the min function in (A.1).
Remember that our model has only a single external parame-
ter, δ; therefore, Figure A.1 shows the outcome for all possible
cases.

Figure A.1. Manufacturer’s Percent Profit Loss When It
Disregards Strategic Customer Behavior

0
0

5

10

15

Pr
of

it 
lo

ss
 (

%
)

20

0.2 0.4

Minimum loss

Maximum loss

Customers’ level of patience (�)

0.6 0.8 1.0

Appendix B. Proofs
Proof of Lemma 1
Let QL � [Q − (1 − θ)]+ be the remaining inventory at the
beginning of period 2. Then the retailer solves

max
p2

πt2
R � p2 min

[
θ−

p2

δ
,QL

]
.

We discuss the optimal solution p∗2 in the following cases.
1. Suppose θ − p∗2/δ > QL . Then it is straightforward to

show that πR � p2(θ − p2/δ) is concave in p2, and the first-
order condition yields the optimal price p∗2 � δθ/2. With this
price, θ − p2/δ > QL is equivalent to Q > 1− θ/2. This corre-
sponds to case (i) of the lemma.

2. Suppose θ − p∗2/δ ≤ QL , or equivalently, Q ≤ 1 − θ/2.
Then it is straightforward that πR increases in p2 and the
optimal price p∗2 satisfies θ − p∗2/δ � QL , leading to p∗2 �

min[δ(1−Q), δθ], which corresponds to case (ii) of the
lemma. �

Proof of Lemma 2
The proof is completed in two steps. First, we characterize the
retailer’s optimal choices of Q∗ and p∗1 for any givenwholesale
price w and customers’ beliefs Q̂; that is, we take w and Q̂
as exogenous and optimize the retailer’s decision in period 1.
Second, we identify RE equilibrium by imposing Q∗ � Q̂.

Now consider the first step of the proof. For any given Q̂,
the marginal customer θ is characterized by

θ− p1 � δθ− p2(Q̂),

where p2 � min[δ(1 − Q̂), δθ] is given by Lemma 1. Let p̄ �
1− Q̂. Then strategic customers believe that all of the inven-
tory will be sold out in period 1 if and only if p1 ≤ p̄, and
hence θ can be expressed as follows:

θ �


p1 − δ+ δQ̂

1− δ if p1 > p̄ ,

p1 if p1 ≤ p̄.
(B.1)

The retailer solves the following problem to determine Q∗

and p∗1:

max
Q , p1

πR � p1(1− θ)+ p2(Q , θ)[Q − (1− θ)]+ −wQ , (B.2)

where θ is given by (B.1). Apparently, the analysis boils down
to several cases depending on θ and whether the product is
sold in t � 2. Table B.1 summarizes all of the possible solu-
tions to the retailer’s problem in (B.2). The table shows the
retailer’s optimal decisions (Q∗ and p∗1), the resulting cus-
tomers’ conjecture on product availability in period 2 (they
expect the product to be available in period 2 if p∗1 > p̄),
and the actual product availability in period 2 (the product
is available in period 2 if Q∗ > 1 − θ). Generally speaking,
Table B.1 shows that for any given w and Q̂, the retailer sells
the product in both periods when w is sufficiently small (i.e.,
cases (i), (ii), (vi), and (iv)); it sells the product only in period 1
when w is moderate (i.e., cases (iii), (v), and (vii)). However,
the retailer orders and sells nothing at all when w is suffi-
ciently high (i.e., case (viii)). In the following we illustrate
how we derived the entries in Table B.1 by going over two
examples.
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Table B.1. Retailer’s Optimal Decisions for Any Given w and Q̂

Product sold in t � 2
Cases Conditions Q∗ p∗1 p∗1 S p̄ (i.e., Q∗ > 1− θ)?

(i) w1 ≤ w ≤ δ δ−w
2δ 1− δQ̂ > Yes

(ii) w2 < w < w1, Q̂ ≥ Q̄
2w(1− δ)+ δ((3+ Q̂)δ− 3)

δ(5δ− 4)
1+ (1−Q∗ − Q̂)δ

2 > Yes

(iii) w7 < w ≤ w8 , Q̂ < Q̄
1−w − δQ̂

2(1− δ)
1+ w − δQ̂

2 > No

(iv) w <min[w3 ,w5]
(3− δ)δ− 2w
(4− δ)δ

2+ w
4− δ < Yes

(v) w5 ≤ w < w6
1−w

2
1+ w

2 < No

(vi) w3 ≤ w ≤min[w2 ,w4]
δ(1+ Q̂) −w

2δ 1− Q̂ � Yes

(vii) max[w4 ,w6] ≤ w ≤ w7 Q̂ 1− Q̄ � No
(viii) w ≥max[w8 , δ] 0 1 > No

Note. w1 � 2− (1+ 2Q̂)δ, w2 � 2− δ− Q̂(4− 3δ), w3 � 2− Q̂(4− δ) − δ, w4 � δ(1− Q̂), w5 � δ/(2− δ), w6 � 1− 2Q̂, w7 � 1− Q̂(2− δ), w8 � 1− δQ̂,
and Q̄ � (w(2− 3δ) − δ(1− 2δ))/δ2.

For example, case (vii) considers the casewhere the retailer
sets p1 � p̄ � 1− Q̂ and sells the product only in t � 1. In that
case, θ � p̄, and the retailer’s profit is

πR � p1 min[1− θ,Q] −wQ |θ�p̄

� (1− Q̂)min[Q̂ ,Q] −wQ. (B.3)

Hence, assuming 1 − Q̂ > w (which holds for p∗1 under
the conditions for case (vii) in Table B.1), the retailer’s opti-
mal order quantity is Q � Q̂. Plugging Q � Q̂ into (B.3), the
retailer’s profit becomes

πR � (1− Q̂ −w)Q̂. (B.4)

However, p1 � p̄ and Q � Q̂ require the followings con-
ditions to be the retailer’s optimal decisions: (1) the retailer
does not deviate to p1 < p̄, (2) the retailer does not deviate
to p1 > p̄, and (3) the retailer does not deviate by ordering
more and selling the product in t � 2. Condition (1) is equiv-
alent to ∂πR/∂p1 |p1�p̄ � (∂(p1 − w)(1 − p1))/∂p1 |p1�p̄ ≥ 0 (i.e.,
w ≥ 1 − 2Q̂). Condition (2) is equivalent to ∂πR/∂p1 |p1�p̄ �

(∂(p1 − w)(1 − θ))/∂p1 |p1�p̄ ≤ 0, where θ � (p1 − δ+ δQ̂)/
(1− δ) (i.e., w ≤ 1 − Q̂(2 − δ)). Condition (3) is equivalent
to ∂πR(θ � p1 � 1− Q̂)/∂Q |Q�Q̂ � (∂p1(1 − θ) + δ(1−Q)(Q −
(1− θ)) −wQ |θ�p1�1−Q̂)/∂Q |Q�Q̂ ≤ 0 (i.e., w ≥ δ(1− Q̂)).

For another example, case (ii) considers the case where
the retailer sets p1 > p̄ and the product is sold in both of the
periods. In this case, θ � (p1− δ+ δQ̂)/(1− δ), and the retailer
earns the following profit:

πR � p1(1− θ)+ δ(1−Q)(Q − (1− θ)) −wQ. (B.5)

It can be shown that d2πR/dp2
1 < 0, d2πR/dQ2 < 0, and

the determinant of the Hessian of πR is positive. Hence, πR
is jointly concave in p1 and Q, and we obtain the retailer’s
optimal decisions Q∗ and p∗1 given in Table B.1 by solving
the first-order condition. However, those optimal decisions
require that (1) p∗1 > p̄ (i.e., w > 2 − δ − Q̂(4 − 3δ)), (2) Q∗ ≥
(1− θ) (i.e., Q ≥ (w(2− 3δ) − δ(1− 2δ))/δ2), and (3) θ < 1 (i.e.,
w < 2− (1+ 2Q̂)δ). This discussion concludes the first step of
the proof.

In the second step of the proof, for each of the cases
in Table B.1, we first impose consistency condition Q∗ � Q̂
to identify the equilibrium candidates, and then we check
whether the resulting solution satisfies the conditions listed
in Table B.1. This analysis leads to the RE equilibrium stated
in the lemma.

Specifically, solving for Q∗ � Q̂ in case (ii) of Table B.1
yields Q∗ � Q̂ � (3δ − 2w)/(4δ). Plugging in this solution
into the condition of this case, w > w2, we get w < δ/2,
which corresponds to case (i) of the lemma. Furthermore,
because Q∗ � Q̂ in case (vii), all of the solutions already sat-
isfy the consistency condition. In other words, any Q̂ that
satisfies max[w4 ,w6] ≤ w ≤ w7 is an equilibrium order quan-
tity. Replacing Q̂ with Q in w4 ≤ w, we get Q ≥ 1 − w/δ.
Likewise, replacing Q̂ with Q in w6 ≤ w and w ≤ w7, we get
Q ≥ (1−w)/2 and Q ≤ (1−w)/(2− δ), respectively. They cor-
respond to cases (ii) and (iii) of the lemma. However, in the
remaining cases of Table B.1, imposing the consistency condi-
tion Q∗ � Q̂ does not yield a solution that satisfies conditions
of these cases. �

Proof of Lemma 3
The manufacturer takes Q∗ as input and chooses w to maxi-
mize its profit πM � wQ∗. First, it is straightforward to show
that ∂πM/∂w |w�δ/2 � 1/4 > 0, and therefore w∗ ≥ δ/2.

Now consider w > δ/2. When customers are optimistic,
Q∗(w) � (3δ − 2w)/(4δ), and hence πM � w((3δ − 2w)/4δ)
is concave in w. The first-order condition yields w∗ � 1/2
and, hence, the equilibrium decisions given in case (i) of
the lemma. When customers are pessimistic, first notice that
for δ/2 ≤ w ≤ δ/(2 − δ) we have πM � w(1 − w/δ), which
is concave in w. Also notice that dπM/dw |w�δ/2 � 0 and
dπM/dw |w�δ/(2−δ) � −δ/(2 − δ) < 0, which imply that πM is
decreasing in w for δ/2 ≤ w ≤ δ/(2− δ). Hence, w∗ ≥ δ/(2− δ)
or w∗ � δ/2. Given that Q∗ � (1 − w)/2 for w ≥ δ/(2 − δ), we
have πM � Q((1− w)/2) in that case. Solving for the optimal
w subject to w ≥ δ/(2− δ) yields w∗ �max[ 1

2 , δ/(2− δ)]. Com-
paring π∗M when w � δ/2 versus when w ≥ δ/(2 − δ) yields
case (ii) of the lemma. �
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Proof of Lemma 4
The retailer solves

max
p1 ,Q

p1(1− p1)+ p∗2 min
(
p1 −

p∗2
δ
, (Q − (1− p1))+

)
−wQ ,

where p∗2 is described in Lemma 1. Since the retailer never
orders more than its sales quantity in the deterministic set-
ting, solving the above problem is equivalent to solving

max
p1

{
p1(1− p1)+ p∗2

(
p1 −

p∗2
δ

)
−w

(
1−

p∗2
δ

)}
.

It is straightforward to show that the new problem is con-
cave in p1, and the first-order condition yields the following
two results:

(i) For w < δ/(2 − δ), Q∗ � ((3 − δ)δ − 2w)/((4 − δ)δ), p∗1 �
(2+ w)/(4− δ), and p∗2 � (2w + δ)/(4− δ). The product is sold
in both periods.

(ii) For w ≥ δ/(2 − δ), Q∗ � (1 − w)/2, and p∗1 � (1 + w)/2.
The product is sold only in t � 1.

Next, the manufacturer takes Q∗ as input and chooses w
to maximize its profit wQ∗. This profit function is not glob-
ally concave in w, but the concavity is preserved on each side
of δ/(2 − δ). We characterize the optimal w on each side of
δ/(2− δ) and compare themanufacturer’s profit to determine
the optimal w. This comparison leads to the equilibrium out-
come described in the lemma. �

Proof of Corollary 1
The results proceed by comparing the equilibrium decisions
specified in Lemmas 2 and 4. �

Proof of Proposition 1
The results proceed by first deriving the profits using the
equilibrium decisions given in Lemmas 2 and 4, and then
comparing them across scenarios. �

Proof of Proposition 2
First we derive the equilibriumdecisions in a centralized sup-
ply chain. This is equivalent to solving a retailer’s problem
with w � 0. Following the proofs of lemmas 2–4, we derive
the equilibrium outcome in a centralized supply chain as
follows.

Result 1. In a centralized supply chain,
(i) when customers are strategic, Q∗ � (6 − 5δ)/(8 − 6δ),

p∗1 � (2− δ)2/(8− 6δ) and p∗2 � (2− δ)δ/(8− 6δ);
(ii) when customers are myopic, Q∗ � (3− δ)/(4− δ), p∗1 �

2/(4− δ) and p∗2 � δ/(4− δ); and
(iii) the product is always sold in both periods for any

customer type.

The result of this proposition is straightforward by deriv-
ing total channel profitΠT �ΠM +ΠR and comparing it across
scenarios. �

Proof of Proposition 3
The results are straightforward by comparing the total supply
chain profit across scenarios. �

Proof of Lemma 5
We present the proof when customers are strategic. The equi-
librium decisions when customers are myopic can be derived
following the same procedure. Following backward induc-
tion, first we derive the retailer’s replenishment policy in
t � 2. Let QL � Q−(1−θ)+ denote the inventory carried from
period 1 to period 2, and let q be the additional inventory it
replenishes in t � 2. Then the retailer solves the problem

max
(q , p2)
{p2(QL

+ q) −wq},

which leads to the following optimal solution.

QR Result 1. (1) For QL ≤ θ/2, q∗ � ((θ −w/2)/2−QL)+ and
p∗2 � δ(θ−QL − q∗).

(2) For QL > θ/2, q∗ � 0 and p∗2 � δ/2.
Taking the above result as given, the marginal customer sat-
isfies

θ− p1 � δθ− p2→
p1 − p2

1− δ .

Next, the retailer maximizes its profit in t � 1 by solving the
following problem:

max
(Q , p1)
{p1(1− θ)+ p∗2(QL

+ q∗) −w(Q + q∗)}, (B.6)

where p∗2 and q∗ are described by QR Result 1. We summarize
the equilibrium decisions of this problem in QR Result 2.

QR Result 2. (1) For w < (2 − δ)δ/(4 − 3δ), p∗1 � (w(4 − 3δ) +
(2− δ)2)/(8− 6δ), Q∗ � 2(1 − δ)/(4− 3δ), and q∗ � (2− δ)/
(2(4− 3δ)) −w/(2δ).

(2) For (2 − δ)δ/(4 − 3δ) ≤ w < δ/(2 − δ), p∗1 � w/δ, Q∗ �
1−w/δ, and q∗ � 0.

(3) For δ/(2 − δ) ≤ w, p∗1 � (1 + w)/2, Q∗ � (1 − w)/2, and
q∗ � 0.

Next, the manufacturer chooses w to maximize its profit
w(Q∗ + q∗), which results in the equilibrium decisions
described in the lemma.

When customers are myopic, QR Result 1 also character-
izes the retailer’s optimal replenishment policy in t � 2. Like-
wise, the retailer then solves problem (B.6) but now with
θ � p1. This problem yields the optimal decisions character-
ized by QR Result 3.

QR Result 3. (1) For w < δ/(2− δ), p∗1 � (2+ w)/(4− δ), Q∗ �
(2−w−δ)/(4−δ), and q∗� (δ(3−δ)−2w)/(4−3δ)−(2−w − δ)/
(4− δ).

(2) For δ/(2 − δ) ≤ w, p∗1 � (1 + w)/2, Q∗ � (1 − w)/2, and
q∗ � 0.

Finally, the manufacturer chooses w to maximize its profit
w(Q∗ + q∗). This optimization is straightforward, and the
results are described in the lemma. �

Proof of Proposition 4
The result is straightforward by comparing firm profits using
the equilibrium decisions specified in Lemma 5. �

Proof of Proposition 5
The result is straightforward by comparing firm profits using
the equilibrium decisions specified in Lemmas 2 and 5. �
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Proof of Lemma 6
First we consider quantity commitment where customers
observe Q. Following backward induction, first we character-
ize the retailer’s pricing decision p2 in the second period, and
the result of this problem is given by Lemma 1.

Next, we derive the retailer’s equilibrium order quantity
and retail price for t � 1. In this case, θ� (p1−δ(1− Q̂))/(1−δ)
and Q̂ �Q. The retailer maximizes its profit πR given by (13).
We first characterize the optimal retail price for t � 1 for any
given Q as follows:

p∗1(Q)�



1−Q for Q <
1
2 ,

1+ δ
2 − δQ for 1

2 ≤ Q <
4− 3δ+

√
4− 7δ+ 3δ2

8− 6δ ,

(2− δ)2
8− 6δ otherwise.

Given the optimal price p∗1(Q), we maximize πR over Q,
leading to the optimal quantity Q � (1 − w)/2. Finally,
the manufacturer chooses w to maximize its profit πS �

w(1−w)/2). It is straightforward to show that the optimal
wholesale price is w � 1/2 and thereby show the equilibrium
decisions.

Now we consider price commitment where p1 and p2
become common knowledge. Note that customers do not
need to form a belief Q̂ because p2 is common knowledge. In
this case, the marginal customer is characterized by

θ �
p1 − p2

1− δ .

Let Q̄ be the inventory carried from t � 1 to t � 2. For any
given p1 and p2, we have the following cases for customer
behavior:

(1) For Q(1 − δ) − (1 − p1 − δ) < p2 ≤ p1δ, Q̄ � 0, and the
product is sold only in t � 1.

(2) For p2 ≤Min(Q(1 − δ) − (1 − p1 − δ), δ(1 − Q)), Q̄ ≥ 0,
and the product is sold in both periods.

(3) For δ(1−Q) < p2 ≤ p1δ, Q̄ > 0 and the product is sold
in both periods with inventory unsold at the end of t � 2.

The retailer profit is jointly concave in p1 and p2. Thus,
Karush-Kuhn-Tucker conditions are sufficient to characterize
the optimal solution, which is given as follows:

(p1 , p2)�
{
(1−Q , δ(1−Q)) for Q < 1/2,
(1/2, δ/2) otherwise.

Using these optimal prices, it can be shown that the
retailer’s profit is concave in Q, and the first-order condi-
tion yields the optimal order quantity Q � (1 − w)/2. Next,
the manufacturer chooses w to maximize its profit πS �

w((1+ w)/2). It is straightforward to show that the optimal
wholesale price is w � 1/2 and thus to show the equilibrium
decisions.

Finally, cases (ii) and (iii) of this proposition proceed by
comparing firm profits against those in the SD scenario using
the equilibrium decisions given in case (i). �

Proof of Proposition 6
The result is straightforward by comparing firm profits using
the equilibrium decisions specified in Lemma 6. �

Endnote
1Nevertheless, we also studied this alternative model as well. We
found that all of the key results carry through qualitatively with no
additional insights.
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