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Abstract. The presence of strategic customers may force an already financially distressed
firm into a death spiral: sensing the firm’s financial difficulty, customers may wait strate-
gically for deep discounts in liquidation sales. In turn, such waiting lowers the firm’s
profitability and increases the firm’s bankruptcy risk. Using a two-periodmodel to capture
these dynamics, this paper identifies customers’ strategic waiting behavior as a source of
a firm’s cost of financial distress. We also find that customers’ anticipation of bankruptcy
can be self-fulfilling: when customers anticipate a high bankruptcy probability, they prefer
to delay their purchases, making the firmmore likely to go bankrupt thanwhen customers
anticipate a low probability of bankruptcy. Such behavior has important operational and
financial implications. First, the firm acts more conservatively when facing either more
severe financial distress or a large share of strategic customers. As its financial situation
deteriorates, the firm lowers inventory alonewhen financial distress is mild or only a small
share of customers are strategic and lowers both inventory and price in the presence of
severe financial distress and a large fraction of strategic customers. Under optimal price
and inventory decisions, strategic waiting accounts for a large part of the firm’s total cost
of financial distress, although a larger proportion of strategic customers may result in a
lower probability of bankruptcy. In addition to inventory reduction and (immediate) price
discount, we find that a deferred discount, in the form of rebates and/or store credits
for future purchases, can act as an effective mechanism to mitigate strategic waiting. As
a contingent price reduction, deferred discounts align the interests of customers and the
firm and are most effective when the fraction of strategic customers is high and the firm’s
financial distress is at a medium level.

Keywords: financial distress • liquidation sale • strategic customers • inventory • pricing • deferred discount • rebate • store credit

1. Introduction
Squeezed by disappointing demand and financial pres-
sure, many major U.S. retailers, including Linens ’n
Things in May 2008, Circuit City in November 2009,
Borders in February 2011, and, most recently, Sports
Authority in March 2016 have filed for bankruptcy.
Many others, such as Sears and Radio Shack, while
operating as going concerns, have closed a large share
of their existing stores (Isidore 2014, Wahba 2016a).
These are not isolated cases. In fact, according to
Gaur et al. (2014), 15% of U.S. public retailers entered
bankruptcy in the past 20 years.
Another challenge that retailers face is increasingly

sophisticated customers. Because of a confluence of
technology, economy, and social norms, it has become
increasingly common across all income brackets and a
wide variety of goods for customers to wait an extraor-
dinary amount of time to purchase a good at the
lowest possible price (Silverstein and Butman 2006).
Recent academic research has found strong empiri-
cal support for such strategic waiting behavior. For

example, Li et al. (2014) quantify that between 5.2%
and 19.2% of customers purposely delay air ticket
purchases in anticipation of possible future price dis-
counts. Similar strategic behaviors are empirically doc-
umented for console video games (Nair 2007), text-
books (Chevalier and Goolsbee 2009), and soft drinks
(Hendel and Nevo 2013). In a controlled laboratory
environment, Osadchiy and Bendoly (2013) find that,
facing a future purchase opportunity, up to 79% of cus-
tomers exhibit forward-looking behavior. Such strate-
gic waiting behavior can have a significant detrimen-
tal impact on firms’ profitability (Su and Zhang 2008,
Cachon and Swinney 2009).

Retailers’ financial difficulties can be another reason
for customers to postpone their purchases strategically
as bankruptcy and large-scale store closures are often
followed by liquidation sales. For example, in May
2016, after a failed reorganization, Sports Authority
immediately started liquidating all 463 stores (Wahba
2016b). In 2014, Radio Shack liquidated the inventory
of the 1,100 stores it closed. The amount of inventory
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liquidated during these sales is tremendous. Accord-
ing to Craig and Raman (2015), the value of inventory
sold during the liquidations of Linens ’n Things, Cir-
cuit City, and Borders alone was more than $3 billion.
To add to the pressure faced by retailers, liquidation
sales, as regulated by state laws, are limited to short
time periods such as 60 or 90 days (Ohio Administra-
tive Code Chapter 109:4-3-17 orMassachusetts General
Laws Part 1, Chapter 93). To liquidate a large amount of
inventory within such a short time, retailers inevitably
offer deep price discounts; this may entice consumers
to postpone purchases when they observe a retailer’s
weakening financial situation.
In addition to the above empirical evidence on cus-

tomers’ strategic waiting behavior, recent research also
finds that customers can reasonably assess a firm’s
level of financial distress, in particular the probability
of bankruptcy, and thus incorporate such information
into their purchasing behavior. For example, Hortaçsu
et al. (2013) find that shifting an automaker’s probabil-
ity of default from zero to nearly certain bankruptcy
reduces the average market value of that producer’s
used cars by $1,400 on a $28,000 car. Such evidence is
consistent with previous research on the wisdom of
the crowd finding that, collectively, average people can
make accurate forecasts of complicated events, often
more so than individual experts (Ho and Chen 2007,
Surowiecki 2005).

Anecdotal evidence also supports the possibility that
customersmay react in anticipation of a firm’s financial
distress and the subsequent liquidation sale. For exam-
ple, many websites enable customers to have access to
information on a company’s financial difficulties, the
progress of liquidation, and how to cash in on liqui-
dation sales (Bowsher 2011). Discussions around (the
possibility of) liquidation sales are also hot topics on
online forums. Interest in possible good deals around
bankruptcy is also reflected in online search volume.
As shown in Figure 1, the (relative) search volume
for “Borders coupon” rose gradually before Borders’
bankruptcy filing. Similar patterns are also present
around other retailers’ bankruptcy. While this phe-
nomenon may be attributed to other factors, one pos-
sibility is that customers searched for bargains more
actively as they became increasingly aware of the firm’s
financial difficulty.

Motivated by the above phenomena, this paper
focuses on examining the operational and financial
implications of strategic customer behavior as a source
of financial distress.2 Specifically, the paper investi-
gates the following three questions. First, how do cus-
tomers react to a firm’s financial distress, and how
does this reaction influence the firm’s probability of
bankruptcy in return? Second, under such behavior,
how do consumer characteristics and financial condi-
tions jointly influence the firm’s operational decisions,

Figure 1. (Color online) Ratio of (Normalized) Weekly
Google Search Volumes for “Borders Coupon” to Those for
“Borders” Around the Bankruptcy of Borders1
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such as inventory and price, as well as its profitability?
Third, apart from inventory and price, is there another
mechanism that may alleviate the adverse impact of
strategic consumer behavior on financially distressed
firms?

To answer these questions, we incorporate two
salient features into the classic newsvendor model.
First, we use the firm’s level of financial distress (τ) to
capture the amount of profit the firm needs to make in
order to avoid bankruptcy. Higher τ generally leads to
a higher probability of bankruptcy. Second, we capture
consumer characteristics using the fraction of strategic
customers (α), i.e., the share of customers in the market
that may time their purchases strategically in anticipa-
tion of a liquidation sale.

Using this model, we find that, collectively, cus-
tomers’ strategic waiting behavior can have a signifi-
cant impact on a firm’s probability of bankruptcy.More
importantly, customers’ anticipation of bankruptcy can
be self-fulfilling: when strategic customers believe that
a firm’s probability of bankruptcy is high, they react by
waiting in the first period due to the high likelihood of
obtaining a bargain in the following period’s liquida-
tion sale. Such waiting in turn leads to a higher actual
probability of bankruptcy than when customers antic-
ipate a low probability of bankruptcy. Such dynamics
may serve as a channel that contributes to the death
spiral faced by distressed retailers, as alluded to by
industry experts (Sozzi 2016).

The possibility of liquidation sales and strategic
waiting leads to several important implications for a
firm’s operational decisions and performance. First, the
threat of financial distress is aggravated as the pro-
portion of strategic customers increases. Second, when
inducing customers to purchase, the firm first lowers
its inventory and then offers a price discount. As the
level of financial distress (τ) increases, the firm lowers
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its inventory regardless of α, which is consistent with
the empirical findings that distressed retailers lower
their inventory levels (Chevalier 1995, Matsa 2011).
However, the price discount only increases in τwhen τ
is low or α is high. Third, over a wide range of levels of
financial distress, the firm’s probability of bankruptcy
decreases in the proportion of strategic customers.

In addition, we argue that deferred discounts, such
as (noncash) rebates or store credit for future pur-
chases, can be more effective than immediate price dis-
counts in mitigating strategic waiting. This is because,
unlike immediate discounts, whose value is indepen-
dent of strategic customers’ behavior, deferred dis-
counts are more valuable when the firm’s probabil-
ity of bankruptcy is lower. This contingency better
aligns the interests of the firm and customers, nudg-
ing strategic customers to purchase early. We also find
that deferred discounts are most valuable when a firm
faces medium financial distress and many strategic
customers.

The contribution of our paper is twofold. First, as
an initial attempt to link strategic customer behavior
to financial distress, the paper examines how strate-
gic customers react to a firm’s financial distress and
point out that customers’ strategic waiting for liq-
uidation sales may serve as an important source of
financial distress. Second, by characterizing how firms
respond to financial distress and the corresponding
customer behavior by adjusting inventory levels and
offering (immediate) price discounts and/or deferred
discounts, our paper may offer possible explanations
for anecdotal evidence and motivate future empirical
research.

2. Related Literature
Focusing on the operations of a financially distressed
firm in the presence of strategic customers, our
paper is closely related to two streams of literature:
the operations–finance interface and consumer-driven
operations management.

The operations–finance interface literature stresses
that a firm’s financial situation can have a significant
impact on its operational decisions, which in turn influ-
ences the firm’s financial health. In this stream of lit-
erature, Xu and Birge (2004), Babich and Sobel (2004),
Dada and Hu (2008), Boyabatlı and Toktay (2011), Alan
and Gaur (2012), Dong and Tomlin (2012), Li et al.
(2013), Chod and Zhou (2013), and Luo and Shang
(2013) study how a firm links its operational deci-
sions, such as inventory and capacity investment, to its
financing decisions in the presence of financial mar-
ket imperfections. Yang and Birge (2017) and Kouvelis
and Zhao (2011) and (2012) examine how to structure
different types of supply chain contracts when one
party in the supply chain is financially constrained.
Papers in this stream mostly use the cost of financial

distress in its reduced form as the main source of mar-
ket imperfection. Our paper complements this litera-
ture by focusing on strategic customer behavior as a
source of financial distress and examining the corre-
sponding implications for a firm’s operational deci-
sions and performance. In a related segment of litera-
ture, Babich et al. (2007), Swinney andNetessine (2009),
Babich (2010), and Yang et al. (2015) study the external-
ity of one firm’s financial distress on other firms in the
supply chain. Similarly, we also endogenize the impact
of bankruptcy by including customers as an integral
part of the supply chain. Finally, Craig and Raman
(2015) characterize the detailed operational decisions,
such as transshipment, store closures, and dynamic
pricing, during a retailer’s liquidation sale. Using real-
world data, they show that the efficiency of liquidation
sales can be significantly improved when various oper-
ational levers are optimized jointly. Our paper com-
plements theirs by emphasizing the possibility that
liquidation sales have a significant impact on firms’
prebankruptcy operational decisions and performance
when customers anticipate a firm’s risk of bankruptcy
and the subsequent liquidation sale.

By focusing on strategic customer behavior as an
additional source of financial distress, our paper is also
related to the expanding literature on consumer-driven
operations management and, in particular, to studies
that focus on the implications of customers’ forward-
looking behavior. See Netessine and Tang (2009) for
an overview of related works. Research in this litera-
ture focuses on identifying the adverse effects of strate-
gic consumer behavior and proposing various forms
of operational mitigation, such as quantity commit-
ment (Su and Zhang 2008, Liu and van Ryzin 2008),
price commitment (Aviv and Pazgal 2008, Lai et al.
2010), display format (Yin et al. 2009), quick response
(Cachon and Swinney 2009), early-purchase reward
(Aviv and Wei 2015), and group buying (Surasvadi
et al. 2017). Our paper also highlights the adverse
impact of strategic consumer behavior but with a focus
on how such behavior interacts with a firm’s financial
distress. In addition, we argue that deferred discounts,
such as (mail-in) rebates and store credit, serve as an
effective mechanism to mitigate strategic waiting.3 Fur-
thermore, several recent papers examine the impact of
strategic consumer behavior on other common opera-
tional decisions such as demand learning (Aviv et al.
2015), product quality (Yu et al. 2014, Papanastasiou
and Savva 2015), and new product launches (Lobel
et al. 2016). Similarly, our paper studies the impact of
strategic consumer behavior on operational decisions
under financial distress.

To the best of our knowledge, Hortaçsu et al. (2011) is
the only extant paper to model the interaction between
bankruptcy and customers’ behavior in anticipation
of bankruptcy. Our paper differs from theirs in two
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Figure 2. Sequence of Events

Salvage saleRegular sale

The firm sets
p and q

Myopic and strategic customers
arrive. Strategic customers
decide whether to purchase

now or wait
Bargain hunters and any

waiting strategic customers
purchase

Is the firm’s first-
period profit less

than �?

No

Yes, the
firm goes
bankrupt

The firm sets
p2

Liquidation sale

ways. First, in their paper the channel that lowers cus-
tomers’ first-period valuation is due to a lack of after-
sales service; we focus on the possibility of deeper
discounts in the future, which is closely related to a
firm’s operational decisions, such as price and inven-
tory. Second, Hortaçsu et al. (2011) call for public
policy, such as a government guarantee, to reduce
the impact of bankruptcy anticipation on consumers’
product valuations, while our paper focuses on reduc-
ing the bankruptcy feedback effect through operational
levers that the firm can control.
Finally, by examining deferred discounts, our paper

is also related to the literature on rebates, which can
be seen as a specific form of deferred discount. As a
widely used marketing tool, rebates have been studied
in both the marketing (Soman 1998, Lu and Moorthy
2007) and operations management literatures (Chen
et al. 2007, Cho et al. 2009, Arya and Mittendorf 2013).
We complement the above papers by showing that,
as deferred discounts, rebates better align customers’
interests with those of the firm when the latter is in
financial distress.

3. The Basic Model
We model a firm selling a single type of product to
customers over two periods. The sequence of events is
illustrated in Figure 2. In the first period (the “regu-
lar sale”), the firm sets both the “full” (or “regular”)
price p and the inventory level q, which is procured at
unit cost c.4 The total number of customers who may
purchase in the first period is a random variable D ∈
[dl , dh) with a cumulative distribution function (CDF)
F( · ), probability density function (PDF) f ( · ), comple-
mentary CDF F̄( · ) � 1 − F( · ), and failure rate h( · ) �
f ( · )/F̄(x). The demand distribution is assumed to have
an increasing failure rate (IFR), a mild condition that is
satisfied by most commonly used distributions. Unsat-
isfied first-period demand is lost. Let R1(D; p , q) be
the realized first-period revenue under the first-period
demand D and decisions (p , q). The specific form of
R1( · ) depends on customers’ purchase decisions and
is detailed later.

In the second period, depending on the firm’s
financial status, as described later, the firm sets its
second-period price p2 to clear its leftover inventory.5
Let R2(D; p , q) be the realized second-period revenue
under the optimal p2. Following the literature (Jensen
2001, Ayotte and Morrison 2009, Becker and Ström-
berg 2012), we assume that the firm’s objective is to
maximize its expected profit over the two periods, i.e.,
π(p , q)�−cq+Ɛ[R1(D; p , q)+R2(D; p , q)], which is also
equivalent to maximizing the firm’s value.6

3.1. Level of Financial Distress and the
Possibility of Bankruptcy

We capture the firm’s level of financial distress using
τ ∈ (−∞,+∞). τ can be seen as the firm’s net debt,
i.e., debt minus liquid assets. The greater τ, the more
financially distressed the firm. At the end of the first
period, the firm is forced into bankruptcy if and only
if its first-period cash flow −cq + R1(D; p , q) is lower
than τ. To focus on the firm’s operational decisions
and its interaction with consumers, we take τ as exoge-
nous. This assumption is also supported by the empir-
ical finding that it is very costly, if not impossible, to
reduce debt in the short term (Heider and Ljungqvist
2015). Using the first-period cash flow and τ as trig-
gers for bankruptcy, this model is consistent with two
commonly observed phenomena relating to corporate
bankruptcy and default. First, in practice, many com-
panies enter bankruptcy for liquidity difficulties (Taub
2008, De La Merced 2012). Second, most debt contracts
are associated with covenants on performance mea-
sures such as profitability and cash flow. If a firm’s per-
formance fails to meet the performance target, the cor-
responding covenant is violated and the lender (e.g.,
the bank) often seizes control of the firm (Roberts and
Sufi 2009). In both cases, firms enter bankruptcy when
their performance fails to meet an existing threshold.7

The firm’s financial status influences its second-
period operations. If the firm manages to avoid bank-
ruptcy, it continues normal operations and salvages
its remaining inventory over a long period of time (a
“salvage sale”). On the other hand, if the firm enters
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Table 1. Characteristics of Consumer Segments

Period 2
Period 2 valuation

Period 1 valuation (liquidation
Segment Number valuation (salvage sale) sale)

Myopic (1− α)D v n/a n/a
Strategic αD v s s
Bargain-hunting +∞ n/a s b

bankruptcy, it needs to liquidate its leftover inventory
over a short period of time (a “liquidation sale”), as is
often required by law. Intuitively, because of the dif-
ference between the salvage and liquidation sales, the
second-period price p2 set by the firm may be lower
under a liquidation sale than a salvage sale. As such,
the two-period model naturally captures the make-or-
break season and the possible subsequent bankruptcy
period facedbyfinancially distressed retailers (Mui and
Marr 2008, Loeb 2015).

3.2. Customer Behavior and Its
Link with Bankruptcy

To capture strategic customer behaviors, especially
how such behaviors are influenced by a firm’s financial
status, we assume that the population of consumers
is divided into three segments, similar to Cachon and
Swinney (2009). All customers are assumed to be risk
neutral. Customer characteristics are summarized in
Table 1.
Two of the three segments of customers arrive in

the first period. Among them, (1− α)D are “myopic”;
they purchase in the first period as long as their sur-
plus is nonnegative, that is, p ≤ v. The rest of the cus-
tomers (αD) are strategic, where α represents the frac-
tion of strategic customers the firm faces in the market.
Observing price p and inventory q, strategic customers
decidewhether to purchase in the first period or towait
by comparing the surplus of buying early (v − p) with
the expected surplus of waiting until the second period
under a rational belief about other strategic customers’
behavior.8 As all strategic customers are homogenous,
we focus on symmetric equilibria. In addition, we con-
fine our analysis to pure strategy equilibria. Therefore,
two possible equilibria exist: either all strategic cus-
tomers decide to purchase in the first period (the buy
equilibrium) or all wait (the wait equilibrium).

The third customer segment is formed of bargain
hunters, who only arrive in the second period. To
reflect the impact of the firm’s financial status and
operational modes (salvage versus liquidation sale) on
customers, we assume that the bargain hunters’ valu-
ation is s under the salvage sale and b under the liq-
uidation sale, with b < s < c. This assumption captures
the reality in two ways. First, among bargain hunters,

some, with a low valuation b, monitor the firm’s liq-
uidation status closely and hence can jump in imme-
diately after the firm announces liquidation. Others,
while having a high valuation s, may only visit the
store according to their regular shopping schedule and
grab a deal if they see one. As a result, when the firm
is not bankrupt, it can afford to run the salvage sale
for a longer period and wait for the high-valuation bar-
gain hunters to show up. However, a liquidation sale is
time limited, and hence the firm can only sell to those
bargain hunters with a lower valuation. Second, an
individual bargain hunter’s valuation may drop dur-
ing liquidation as liquidation sales may not offer a sat-
isfactory shopping experience; for example, they face
limited payment options, a more restrictive return pol-
icy, and fewer staff to assist customers (Strain 2009).
Finally, similar to Su (2010), we assume that when both
strategic and bargain-hunting customers are present in
the second period, the inventory is efficiently rationed;
that is, the demand from high-valuation customers is
satisfied first.

At a high level, the difference between s and b cap-
tures how urgent, or inefficient, the liquidation sale
is. As shown later, this difference causes two sources
of indirect cost of financial distress. First, as bargain
hunters’ valuation is lowered in bankruptcy, the firm
may have to reduce the second-period price during
liquidation sales, commonly known in the literature
as the cost of “fire sales” (Shleifer and Vishny 2011).
Second, strategic customers may wait for the potential
lower price in liquidation, hurting the firm’s profit in
the first period.

The remainder of the paper is organized as fol-
lows. We examine strategic customer behavior in Sec-
tion 4. Section 5 analyzes the firm’s profit and char-
acterizes its optimal inventory and pricing strategies.
Sections 6 and 7 study how deferred discounts canmit-
igate strategic waiting and alleviate financial distress.
Section 8 concludes the paper. The appendix includes
a list of notations. All proofs and other supplemental
materials are available upon request from the authors.

4. Strategic Customers’ Purchase
Decision and Self-Fulfilling Bankruptcy

We analyze the model through backward induction.
Observing price (p) and inventory (q), to decide
whether to purchase at the regular price p or wait for
a possible liquidation sale in the event of bankruptcy,
a typical strategic customer weighs the consumer sur-
plus of purchasing (v− p) against the expected surplus
of waiting, which depends on the price distribution in
the second period.

Lemma 1. The firm’s second-period price p2 � b if and only
if the firm is in bankruptcy and the first-period realized
demand is less than q. Otherwise, p2 � s.
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Lemma 1 reveals that, without bankruptcy, the firm
should always set the second-period price at s. As
a result, strategic customers’ waiting surplus is zero;
hence, these customers do not wait to purchase if they
believe the firm will not go bankrupt. In this sense, our
model degenerates to the classic newsvendor model
with salvage value s when the level of financial dis-
tress (τ) is sufficiently low.

The firm may still set p2 to s in bankruptcy. This
happens when the total inventory q is less than the
realized first-period demand D or, equivalently, when
there are more customers waiting strategically than
leftover inventory, in which case the firm clearly has no
incentive to set a price lower than s. As such, waiting
strategic customers are left with zero surplus whether
they purchase or not. This is consistent with the evi-
dence that some customers waiting for deep discounts
were disappointed by the high prices of certain items
in Circuit City’s liquidation sale (Marco 2009).
Finally, when the firm goes bankrupt and leftover

inventory exceeds the number of waiting strategic cus-
tomers (q >D), the firm is forced to lower the price to b
as it needs to attract bargain hunters to clear its inven-
tory. This leaves strategic customers with a strictly pos-
itive surplus s− b and, hence, an incentive to wait if the
first-period price p is sufficiently high.

Given the second-period price distribution, it is clear
that the maximum waiting surplus for strategic cus-
tomers is s − b. Therefore, strategic customers always
purchase early when p ≤ v − (s − b). In addition, early
purchase is also guaranteed when p ≤ v and q ≤ dl .
To avoid trivial cases, we confine our analysis in this
section and the following to the region (p , q) ∈ Ω0 :�
{(p , q) | p ∈ (v − (s − b), v] and q ≥ dl}.
Moving to strategic customers’ first-period purchase

decisions, note that the likelihood that the second-
period price will be b depends on the joint probabil-
ity of q > D and the event of the firm’s bankruptcy.
While q > D depends only on the demand distribu-
tion and the firm’s inventory decision q, the probability
that the firm will go bankrupt is in fact influenced by
strategic customers’ behavior, which is in turn affected
by their belief about the probability of bankruptcy.
For example, if strategic customers anticipate a high
probability of bankruptcy, and hence a higher chance
of getting a bargain in liquidation, they should find
it more appealing to wait, which, in turn, lowers the
firm’s first-period profit and increases the probabil-
ity of bankruptcy. Therefore, the firm’s bankruptcy
probability and strategic customers’ purchase-or-wait
decisions need to be determined jointly under a ratio-
nal expectations framework; i.e., individual customers
form a rational belief about other customers’ behavior
and its impact on the probability of bankruptcy.

Proposition 1. Let Qs(p) :� F−1((v − p)/(s − b)) and
Qb(p) :� max[Qs(p), ((1− α)pQs(p) − τ)/c].

Figure 3. Strategic Customers’ Behavior in Equilibrium
Under p.

W

B

B, W

Qs

q

q =q =
(1–�)pQs – �

c c
pQs – �

[(1–�) p − c]Qs (p − c)Qs

�

Notes. B (W) represents that the buy-equilibrium (the wait-equili-
brium) exists in the region. The equilibrium that is more appealing
to strategic customers is in bold font and underlined.

1. An equilibrium where all strategic customers purchase
in the first period (the buy equilibrium) exists if and only
if q ≤ max((pQs(p) − τ)/c ,Qs(p)). Under the buy equi-
librium, the firm goes bankrupt if and only if D < dB

τ :�
(cq + τ)/p.
2. An equilibrium where all strategic customers wait in

the first period (the wait equilibrium) exists if and only if q >
Qb(p). Under the wait equilibrium, the firm goes bankrupt
if and only if D < dW

τ :� (cq + τ)/((1− α)p).
3. When both equilibria exist, strategic customers’ sur-

plus in the wait equilibrium is greater than that in the buy
equilibrium; that is, the wait equilibrium is more appealing
to strategic customers.

Proposition 1 is illustrated in Figure 3. As shown,
the buy equilibrium exists when the firm’s inventory
is lower than a threshold composed of two pieces, cap-
turing the events governing the second-period price
distribution as summarized in Lemma 1. When the
firm is in deep distress (large τ), dB

τ > q and the cus-
tomers’ waiting surplus is determined solely by inven-
tory availability and is independent of the firm’s finan-
cial situation. Therefore, customers purchase if and
only if v − p ≥ (s − b)F(q) or, equivalently, q ≤ Qs(p).
Similarly, for a smaller τ, strategic customers purchase
early if and only if v − p ≥ (s − b)F(dB

τ ) or, equivalently,
q ≤ (pQs(p) − τ)/c.
Symmetrically, the wait equilibrium exists when q is

sufficiently high. Note that, while the existence region
for the buy equilibrium is independent of the propor-
tion of strategic customers (α), the region for the wait
equilibrium expands as α increases, suggesting that
strategic customers are collectively more powerful in
their capability to nudge the firm into bankruptcy.
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In addition, note that when both τ and q are at a
medium level, the two equilibria may coexist, leading
correspondingly to two possibilities for the firm’s profit
and bankruptcy probability. In this region, strategic
customers’ belief about bankruptcy becomes a self-
fulfilling prophecy: when strategic customers expect
that the firm’s probability of bankruptcy is high and
hence wait, the firm indeed enters bankruptcy with a
probability F((cq + τ)/((1 − α)p)) that increases with
the share of strategic consumers. Similarly, if strate-
gic customers believe that the firm is unlikely to go
bankrupt and hence purchase early, the probability of
bankruptcy decreases to F((cq + τ)/p). The existence of
multiple equilibria hinges upon two critical features of
the model: the distress level τ and fraction of strate-
gic customers α. First, note that the region of multiple
equilibria expands as α increases. In other words, a
greater proportion of strategic customers amplifies the
self-fulfilling prophecy of bankruptcy. Second, multi-
ple equilibria exist when τ is in the medium range.
Indeed, if the firm is sufficiently distressed, i.e., τ >
(p − c)Qs , the firm goes bankrupt even if all inventory
is sold in the first period (dW

τ > dB
τ > q), and hence cus-

tomers’ waiting surplus becomes independent of their
belief about the probability of bankruptcy.
Interestingly, when both equilibria exist, although it

is intuitive that the firm makes a higher profit under
the buy equilibrium, the wait equilibrium is always
more appealing to strategic customers. The logic is as
follows. On the one hand, strategic customers’ surplus
of purchasing early is independent of their belief about
the firm’s bankruptcy probability and, hence, is iden-
tical under both equilibria. On the other hand, their
surplus of waiting is higher under the wait equilib-
rium because of the higher probability of bankruptcy.
Consequently, when the wait equilibrium exists, the
surplus under the equilibrium with waiting is always
higher than that of purchasing, which is also the sur-
plus under the buy equilibrium.

To distill strategic customers’ behavior from these
observations, we define the “buy region” as ΩB �

{(p , q) ∈Ω0 | q ≤ Qb(p)} and the “wait region” as ΩW �

{(p , q) ∈ Ω0 | q > Qb(p)}, each corresponding to the
price and inventory pairs that induce strategic cus-
tomers to buy or wait, respectively, in the first period.
Note that the buy region is influenced by both α and τ
through Qb(p). In other words, both the level of finan-
cial distress (τ) and fraction of strategic customers (α)
constrain the firm’s feasible set of prices and inven-
tory positions to those that induce customers to pur-
chase early.

5. Optimal Operational Response to
Financial Distress

Built on the understanding of how strategic customers
react to a firm’s financial status (τ), in this section,

we explore how such interactions shape a firm’s opti-
mal operational decisions (p and q) and performance
(profitability and probability of bankruptcy). We first
lay out the firm’s profit function in the presence of
both financial distress and strategic customers in Sec-
tion 5.1, followed by a benchmark without strategic
customers (α � 0) in Section 5.2. In Sections 5.3 and 5.4,
we examine how the fraction of strategic customers (α)
influences the firm’s decisions and performance under
mild (low τ) and severe (high τ) financial distress,
respectively. Finally, Section 5.5 uses numerical results
to complement the above analytical results and offers
a complete picture of how τ and α jointly affect the
firm’s decisions and performance.

5.1. The Firm’s Profit Function
To characterize how the strategic customers’ behav-
ior established in Section 4 influences the firm’s profit
function, we first consider the case where (p , q) ∈ ΩB .
According to Figure 3, for (p − c)q ≥ τ, i.e., dB

τ ≤ q,
the firm’s profit can be discussed under three sce-
narios depending on the realized demand D. First,
when D ≥ q, the firm sells everything it has in the first
period, and hence its first-period revenue R1 � pq and
its second-period revenue R2 � 0. Second, when D ∈
[dB

τ , q), the firm sells D at regular price p; thus, R1 � pD.
As it avoids bankruptcy, the firm salvages the leftover
inventory at price s, leading to R2 � s(q − D). Third,
when D < dB

τ , the firm also sells D at regular price p
(R1 � pD). However, as it goes bankrupt, and D < q,
according to Lemma 1, the firmmust liquidate the left-
over inventory at price b, and hence R2 � b(q −D).

Integrating over D across the three scenarios and
rearranging terms, we can see that when (p , q) ∈ ΩB

and (p − c)q > τ, the firm’s total expected profit π �

−cq + Ɛ[R1 +R2] is

πB
L (p , q)� (p − c)q − (p − s)

∫ q

dl

(q − x) dF(x)

− (s − b)
∫ dB

τ

dl

(q − x) dF(x), (1)

where the superscript B represents that (p , q) ∈ΩB and
the subscript L represents that the level of financial
distress is low, i.e., τ ≤ (p , c)q. Observe that the first
two terms of (1) are identical to a traditional newsven-
dor profit function with price p. The unique feature of
financial distress is reflected in the last term, i.e., (s−b) ·
∫ dB

τ

dl
(q − x) dF(x), which equals the additional price dis-

count the firm has to offer in liquidation (s − b) multi-
plied by the expected leftover inventory conditional on
the firm’s bankruptcy D < dB

τ .
On the other hand, if (p− c)q < τ, i.e., dB

τ > q, the sec-
ond scenario above (D ∈ [dB

τ , q]) disappears, and hence
the firm’s profit function is

πB
H(p , q)� (p − c)q − (p − b)

∫ q

dl

(q − x) dF(x). (2)

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

12
9.

79
.1

20
.6

9]
 o

n 
20

 O
ct

ob
er

 2
01

7,
 a

t 1
0:

31
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 



Birge et al.: Managing Operations When Customers Anticipate Liquidation Sales
664 Manufacturing & Service Operations Management, 2017, vol. 19, no. 4, pp. 657–673, ©2017 INFORMS

Similarly, the firm’s profit under (p , q) ∈ΩW follows:

πW (p , q)� (p − c)q − (p − s)
∫ q/(1−α)

dl

[q − (1− α)x] dF(x)

− (s − b)
∫ min(q , dW

τ )

dl

[q − (1− α)x] dF(x). (3)

As shown, in addition to the term associated with
liquidation, when customers are not induced to pur-
chase early, the first-period demand faced by the firm
is essentially (1− α)D.

5.2. The Benchmark Without Strategic
Customers (α � 0)

To isolate how financial distress alone influences the
firm’s operational decisions, we first establish a bench-
mark in the absence of strategic customers (α � 0).
Lemma 2. Let qNV :� F̄−1((c − s)/(v − s)), and qNV

b :�
F̄−1((c − b)/(v − b)). In the absence of strategic customers
(α� 0), the firm’s optimal price is p∗ � v. The optimal inven-
tory q∗ is as follows:
1. for τ ≤ vdl − cqNV , q∗ � qNV ;
2. for τ ∈ (vdl − cqNV , vdl − cqNV

b ), q∗ ∈ (qNV , qNV
b ) de-

creases in τ;
3. for τ > vdl − cqNV

b , q∗ � qNV
b .

Under the optimal inventory, the firm’s profit decreases
in τ and its probability of bankruptcy increases in τ.

Two observations are notable. First, without strate-
gic customers, the firm does not offer any price dis-
count; that is, it charges customers their valuation v in
the first period regardless of financial distress. This is
intuitive, as in our model price discount is used only
to induce strategic customers to purchase early. Sec-
ond, we find that the firm’s inventory follows three
stages. First, when the firm is financially healthy (τ is
very low, Statement 1 in Lemma 2) and bankruptcy is
not a concern, it simply orders qNV , the newsvendor
quantity with salvage price s. At the other extreme,
when τ is extremely high (Statement 3), bankruptcy is
unavoidable and the firm orders qNV

b , the newsvendor
quantity with the lower liquidation price b. The dif-
ference between qNV and qNV

b captures how the prob-
ability of bankruptcy (and the corresponding liqui-
dation sale) influences the firm’s inventory level. The
lower b is relative to s, the lower qNV

b is relative to qNV .
Finally, between the above two scenarios (Statement 2),
as τ increases, the firm gradually lowers its inventory
from qNV to qNV

b to copewith the deteriorating financial
status and the increasing chance of salvaging its left-
over inventory at a lower price. This is consistent with
the empirical findings in Chevalier (1995) and Matsa
(2011) that distressed retailers often lower their inven-
tory levels significantly.
This benchmark establishes that the presence of

financial distress is the fundamental driver of the
firm’s profit reduction. Such reduction is caused
by two interdependent effects. First, as τ increases,

keeping inventory constant, the firm’s probability of
bankruptcy, and hence the probability of liquidating
its leftover inventory at price b, increases, leading to
lower revenue from liquidation. Second, to (partially)
alleviate the first effect, the firm lowers its inventory q,
reducing the (expected) first-period profit.

5.3. The Firm’s Operational Decisions Under Mild
Financial Distress (Low τ)

Apart from the two effects identified in Section 5.2,
the presence of strategic customers also influences the
firm’s decision by interacting with τ. We examine such
interaction with low τ in this section and high τ in the
next.
Proposition 2. LetTD(α) :� (1−α)vdl−cqNV . In the pres-
ence of strategic customers (α > 0), the firm’s optimal price
p∗ and inventory q∗ are
1. for τ ≤ TD(α), p∗ � v and q∗ � qNV ;
2. for τ > TD(α), q∗ < qNV ;
(a) ∃TB(α) > TD(α) such that for τ ≤ TB(α), (p∗ , q∗)

satisfies q∗ � ((1− α)p∗Qs(p∗) − τ)/c;
(b) ∃ δ > 0 such that for τ ≤ TD(α) + δ, p∗ � v if

f (dl) > 0 and p∗ < v if f (dl)� 0.
Proposition 2 (Statement 1) reveals that the presence

of strategic customers aggravates the firm’s financial
distress significantly. Specifically, the threat of finan-
cial distress, as measured by the threshold TD(α),
becomes greater as the firm faces more strategic cus-
tomers. In fact, when the firm needs to deviate from
the newsvendor benchmark (v , qNV), i.e., τ�TD(α), the
minimal profit made by the firm is vdl − cqNV , strictly
greater than TD(α). This is because, for (v , qNV) to be
optimal, the firm needs to ensure that its probability
of bankruptcy under the (hypothetical) wait equilib-
rium is zero. Otherwise, according to Proposition 1, the
wait equilibrium exists and becomes the more appeal-
ing one for strategic customers. In this sense, the exis-
tence of strategic customer behavior induces the firm
to adopt a more conservative operational strategy.

As the level of financial distress (τ) increases be-
yond TD(α) (Statement 2), we observe two features of
the solution. First, when τ is relatively low, it is always
optimal for the firm to induce strategic customers to
purchase early as the cost of doing so is low. In particu-
lar, note that the relationship between p∗ and q∗ corre-
sponds to the downward-sloping segment of the buy–
wait boundary identified in Figure 3. This suggests
that, when τ is relatively low, the firm eliminates strate-
gic waiting by lowering the probability of bankruptcy
under the (hypothetical) wait equilibrium F(dW

τ ).
Second, observe that when τ > TD(α), while the firm

always lowers the inventory level, the firm may only
lower the price as financial distress further deepens.
This pecking order reflects the different roles played
by inventory and price in mitigating distress: lower-
ing inventory alleviates the adverse impact of financial
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Figure 4. Illustration of the Firm’s Optimal Strategies

� �

�

� � �

�

Notes. NV represents the region where the newsvendor solution is
optimal; BL represents inducing customers to buy under low finan-
cial distress by limiting the probability of bankruptcy under the
(hypothetical) wait equilibrium dW

τ ; BH represents inducing cus-
tomers to buy under high financial distress by limiting inventory q∗;
and ISC represents the strategy that ignores strategic consumers, i.e.,
(p∗ , q∗) ∈ΩW .

distress by both reducing the firm’s procurement cost
and inducing strategic customers to purchase. Price
discount, however, is a double-edged sword. On the
one hand, it reduces the strategic waiting motive and,
hence, mitigates financial distress indirectly. On the
other hand, lowering the price increases financial dis-
tress directly due to lower margins. Therefore, it is only
employed when the cost of deterring strategic waiting
through lowering inventory is high.

5.4. The Firm’s Operational Decisions Under
Severe Financial Distress (High τ)

As shown in the previous section, when τ is low, the
firm always finds it profitable to induce customers to
purchase. However, as shown in the following propo-
sition, this result no longer holds when the firm faces
severe financial distress (high τ).

Proposition 3. ∃Th and AB > 0 such that for τ ≥ Th the
firm’s optimal price p∗ and inventory q∗ are
1. for α≤AB , (p∗ ,q∗)�(v ,qW

H ), where qW
H is determined by

qW
H � (1− α)F̄−1

( (c − b) − (s − b)F̄(qW
H )[1− αqW

H h(qW
H )]

v − s

)
;

(4)

2. for α >AB , (p∗ ,q∗)� (pB
H ,q

B
H), where pB

H � v−(s−b) ·
F(qB

H) and qB
H is determined by

qB
H � F̄−1

(
c − b

(v − b) − (s − b)[F(qB
H)+ h(qB

H) ∫
qB

H
dl

F̄(x) dx]

)
.

(5)

The implications of Proposition 3, together with
those of Proposition 2, are illustrated in Figure 4. In

particular, the two statements in Proposition 2 are illus-
trated in regions NV and BL, respectively. When the
firm is in deeper distress, the optimal strategy bifur-
cates depending on the proportion of strategic cus-
tomers: when a large share of customers are strategic
(region BH), the firm continues to adjust its price and
inventory to induce strategic customers to purchase
early. However, different from region BL, the optimal
price and inventory in this region correspond to the
horizontal segment of the buy–wait boundary in Fig-
ure 3; i.e., q∗ � Qs(p∗). In other words, the firm elimi-
nates strategic waiting by directly limiting the leftover
inventory available in the liquidation sale.

On the other hand, with only a small proportion of
strategic consumers (region ISC in Figure 4), it is actu-
ally optimal for the firm to not induce strategic cus-
tomers to purchase early. The intuition is as follows.
For sufficiently large τ, the firm’s profit function is
depicted in (2), where πB

H(pB
H , q

B
H) is independent of α.

This is in contrast to the situation with low τ (Propo-
sition 2), where the cost of inducing customers to pur-
chase is lower when α is small. Because of this differ-
ence, as financial distress deepens, the relative cost to
induce strategic customers to purchase is high when α
is low. Therefore, the firm is indeed better off letting
the small share of strategic customers wait. The con-
trast between the firm’s pricing strategy in region BL
and that in region BH, as well as that in the other two
regions, highlights that the composition of customers
faced by a distressed firm could have not only a quanti-
tative, but also a qualitative, impact on the firm’s oper-
ational decisions.

5.5. Numerical Results
To complement the analytical results presented in the
previous sections, we conduct comprehensive numer-
ical studies. Figure 5 offers a representative view of
these results. As shown in Figure 5(a), as τ increases,
the firm’s inventory level gradually drops from the
newsvendor level and eventually remains at the low
level specified in Proposition 3 for sufficiently large τ.
Furthermore, the optimal inventory level also declines
in the presence of a greater proportion of strategic
customers.

In contrast to inventory, the pattern for the optimal
price discount, as shown in Figure 5(b), varies dis-
tinctly for different levels of α, echoing Proposition 3.
When α � 0, there is no incentive for the firm to lower
the price. At the low α level, the firm starts to offer
a price discount when moving out of region NV and
increases the price discount as τ increases. However,
the optimal price goes back to the full price in the high-
distress regionwhen there are few strategic consumers,
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Figure 5. (Color online) The Impact of Level of Financial Distress (τ) and Fraction of Strategic Customers (α) on Optimal
Decisions and Performance
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Notes. D ∼ Triangular(0, 100, 50), v � 1, c � 0.6, s � 0.5, b � 0.3. Different lines represent different fractions of strategic customers (α), as marked
in the legend. Figures 5(a) and 5(b) represent the inventory (price) change in percentage relative to the newsvendor benchmark (v , qNV ).
Figure 5(c) represents the firm’s probability of bankruptcy. Figure 5(d) represents the strategic share of distress cost, defined as the proportion
of total distress cost caused by strategic consumers, i.e., (Π(τ, α)−Π(τ, 0))/(Π(τ, α)−Π(−∞, 0)), whereΠ(τ, α) is the firm’s optimal profit under
(τ, α). In Figure 5(d), the strategic share of distress cost is not defined when τ is low, as the total distress cost is zero.

since it becomes too costly to induce them to buy and
to let the myopic customers free ride the discounts.
When there are more strategic customers in the market
(high α) and the financial distress is severe (high τ),
strategic customers should not be ignored: the firm still
offers moderate price discounts to push all strategic
consumers to make purchases.
Combining the patterns exhibited in Figures 5(a)

and 5(b), we note that, in the presence of financial dis-
tress, firms may emphasize different operational levers
depending on their consumer compositions (α), which
can be related to product characteristics. For example,
related to the existing empirical research on strategic
customer behavior, which has identified that a larger
fractionof customers is strategicwhen theproductprice
is high (Li et al. 2014), our results imply that retail-
ers in a market where the average price of the prod-
ucts is low, and hence lower α (e.g., supermarkets),

should predominantly apply the inventory lever. How-
ever, for sellers focusing on high-valued product cate-
gories (e.g., electronics and automobiles), it is crucial to
accompany inventory reduction with price discounts.

As shown in Figure 5(c), the firm’s probability of
bankruptcy under optimal operational decisions in-
creases in τ. However, under the same τ, a greater
share of strategic customers does not necessarily lead to
a higher probability of bankruptcy. In fact, for lower τ,
the firm’s bankruptcy probability decreases in α. The
reason lies exactly in the firm’s operational response
to strategic customer behavior: when τ is low, the
firm’s optimal strategy is to induce early purchase
(region BL in Figure 4) by offering (p , q) that elimi-
nate the wait equilibrium. As α increases, i.e., more
customers may wait strategically, eliminating the wait
equilibrium requires the firm to reduce its inventory
and/or price more aggressively, actually reducing the
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probability of bankruptcy. However, as the cost asso-
ciated with such mitigation increases in both τ and
α, for higher τ, the firm gives up its efforts to lower
the bankruptcy probability, causing the probability to
jump to 100%, as shown in Figure 5(c).
Finally, Figure 5(d) illustrates the proportion of the

total cost of financial distress that is due to the pres-
ence of strategic customers, whichwe call the “strategic
share of distress cost.” As shown, fixing τ, the strategic
share of distress cost increases with α. On the other
hand, with the same proportion of strategic customers,
the strategic share of distress cost is highestwhen τ is at
a medium level, when the self-fulfilling nature of cus-
tomers’ anticipation of bankruptcy has the strongest
effect.

6. Using Deferred Discounts to Induce
Early Purchase

While both inventory reduction and price discounts
alleviate the cost of financial distress, neither mitigates
a fundamental challenge faced by the firm; that is, the
wait equilibrium is always more appealing to strategic
customers when both equilibria exist. This hurts not
only the firm’s profitability but also social welfare as
the customers’ valuation of the products declines over
time. Is there a mechanism that nudges strategic cus-
tomers to purchase early when the wait equilibrium
exists? In this section, we argue that deferred discount
acts as exactly such a mechanism.

As the name suggests, deferred discounts benefit
customers not immediately but in a later period, which
is often specified by the firm. Many widely used mar-
keting tools can be seen as a form of deferred discount.
For example, rebate allows customers to receive a par-
tial refund some time after purchase. Consumer elec-
tronics stores such as Ritz Camera and CompUSA are
among the firms that frequently offer rebates. Recently,
a real estate developer in Qinhuangdao, China, that
was facing financial pressure offered a 40% price dis-
count through a rebate that would be returned to cus-
tomers at a rate of 10% per year over four years (Wang
2014). Another form of deferred discount is store credit
that can only be applied to a future purchase or ser-
vice. For example, AT&T offered a $50 discount on the
new iPhone 6 upgrade in the form of bill credit applied
over three subsequent billing cycles (Siegal 2014).

An important feature of deferred discounts is that
their value is contingent on the firm’s future finan-
cial status, as deferred discounts are often not hon-
ored when the firm goes bankrupt because of the pres-
ence of other claims owed to creditors with higher
priority. For example, when the DVD drive maker
CenDyne filed for bankruptcy in 2003, it stopped

honoring rebates (Shim 2003). Similarly, other forms of
deferred discount, such as store credit, coupons, and
gift cards, were not accepted after Circuit City filed for
bankruptcy (McCraken 2009). As we show later, this
contingency allows deferred discounts to better align
customers’ interests with the firm’s in the presence of
financial distress.

To incorporate deferred discounts into the base
model, we augment the firm’s operational decisions to
include not only the price p and inventory q but also
a deferred discount with face value t > 0. Customers
receive the value t if and only if they purchase in the
first period and the firm survives to the second period.9
The sequence of events is the same as under the base
model (Figure 2). In the rest of the section, we charac-
terize customers’ purchase behavior under (p , q , t). The
impact of deferred discounts on the firm’s operational
decisions and performance is studied in Section 7.

Under (p , q , t), customers decide whether to pur-
chase in the first period or wait until the second period
by comparing their expected payoffs in these two peri-
ods. Obviously, their expected payoff in waiting is
exactly the same as in Section 4.However, if they decide
to purchase in the first period, in addition to the imme-
diate surplus v − p, they also obtain the deferred dis-
count with expected value tF̄(dτ), where F̄(dτ) is the
firm’s survival probability. Therefore, customers ben-
efit more from early purchase when the firm’s proba-
bility of bankruptcy is low. In this sense, deferred dis-
counts better align customers’ interests with those of
the seller. This alignment is absent in immediate dis-
count, under which customers benefit from the firm’s
financial failure. This intuition is formalized in the fol-
lowing proposition. In preparation, similar to the def-
inition of Ω0 in Section 4, we confine our analysis to
(p , q , t) ∈Ωdd

0 :� {(p , q , t) | p ∈ (v − (s − b), v] and q ≥ dl

and t > 0}.

Proposition 4. Let Qdd
s (p , t) :� F−1((v− p+ t)/(s− b+ t))

and Qdd , a
s (p , t) and Qdd , b

s (p , t) satisfy

(s − b)F(Qdd , a
s )+ tF

(
cQdd , a

s + τ

p

)
� v − p + t; (6)

(s − b)F
[

cQdd , b
s + τ

(1− α)p

]
+ tF

(
cQdd , b

s + τ

p

)
� v − p + t . (7)

For any (p , q , t) ∈Ωdd
0 ,

1. the buy equilibrium exists if and only if q ≤min(Qs ,
τ/(p − c)) or q ∈ (τ/(p − c), (pQdd

s − τ)/c];
2. the wait equilibrium exists if and only if q ∈ (Qs ,

τ/((1− α)p − c)) or q > max(τ/((1− α)p − c), ((1− α)p ·
Qdd

s − τ)/c);

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

12
9.

79
.1

20
.6

9]
 o

n 
20

 O
ct

ob
er

 2
01

7,
 a

t 1
0:

31
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 



Birge et al.: Managing Operations When Customers Anticipate Liquidation Sales
668 Manufacturing & Service Operations Management, 2017, vol. 19, no. 4, pp. 657–673, ©2017 INFORMS

Figure 6. Strategic Customers’ Behavior in Equilibrium
Under p and Deferred Discount t

W

B

B, W

q B,W

[(1–�) p − c]Qs

[(1–�) p − c]Qs
dd

(p − c)Qs

(p − c)Qs
dd

Qs
dd

Qs

q =
(1–�)pQs – �

c q = c
pQs

dd – � q = Qb
dd (p, t )

�

Notes. B (W) represents that the buy equilibrium (wait equilibrium)
exists in the region. The equilibrium that is more appealing to strate-
gic customers is in bold font and underlined. In the shaded area,
both the buy and wait equilibria exist, and customers may prefer
either depending on the specific magnitudes of multiple parameters.
We omit the details because q <Qdd

b (p , t) cannot be an optimal solu-
tion when the buy equilibrium is more appealing to customers at
q � Qdd

b (p , t).

3. the buy equilibrium is more appealing to strategic cus-
tomers when q � Qdd

b (p , t). The wait equilibrium is more
appealing when q >Qdd

b (p , t), where Qdd
b (p , t) is as follows:

Qdd
b (p , t)

�


Qdd , b

s if τ ≤ [(1− α)p − c]Qdd , a
s ,

Qdd , a
s if τ ∈ ([(1− α)p − c]Qdd , a

s , (p − c)Qdd
s ],

Qs if τ > (p − c)Qdd
s .

(8)

Proposition 4 is illustrated in Figure 6. By comparing
Figures 3 and 6, we note several similarities between
Propositions 1 and 4. Indeed, as t moves to zero, Qdd

s ( · )
and Qdd

b ( · ) in Proposition 4 degenerate to Qs( · ) and
Qb( · ) in Proposition 1, respectively. In general, the buy
equilibrium exists when the inventory level is rela-
tively low,while thewait equilibrium exists for a higher
inventory level. In addition, when τ is not extremely
high, both equilibria may coexist for inventory at the
medium level.
Aside from the above similarities, Figure 6 also re-

veals two distinctions between Propositions 1 and 4
caused by the deferred discount t. First, note that under
a given τ, the range of q such that a buy equilibrium
(wait equilibrium) exists may not be continuous. This
is due to a jump in the value of the deferred discount
corresponding to a jump in the bankruptcy probability.

Take the buy equilibrium for τ ∈ [(p − c)Qs , (p − c)Qdd
s ]

as an example. First, when q < Qs , the low inventory
level alone ensures the existence of the buy equilib-
rium, as in Section 4. However, for q ∈ (Qs , τ/(p − c)),
because τ < (p − c)q, the firm’s survival probability is
zero, deeming deferred discounts valueless. However,
the increase in q gives customers a better chance of
getting a bargain in liquidation, nudging customers to
wait. As such, the buy equilibrium no longer exists.
Finally, when q increases beyond τ/(p − c), the firm’s
upside potential increases; the value of a deferred dis-
count sees an immediate jump from zero to t[1−F(dB

τ )].
For this reason, the buy equilibrium arises again. Simi-
lar situations happen with the wait equilibrium for the
same reason.

Second, and more importantly, by introducing de-
ferred discounts t, the buy equilibrium may become
themost appealing even if both equilibria coexist in the
region. Indeed, as shown in Figure 6, while both equi-
libria coexist over a wide region when q ≤ Qdd

b (p , t),
deferred discounts are able to push the maximum
inventory level under which the buy equilibrium is
more appealing to Qdd

b (p , t). How is it that the buy
equilibrium can be more appealing than the wait equi-
librium under deferred discount? The reason lies in the
contingent nature of deferred discount. Specifically, in
the presence of deferred discount, customers’ surplus
of purchasing is different under the buy and wait equi-
libria: when a strategic customer anticipates that all
other customers will purchase in the first period, the
customer’s own surplus of purchasing, v − p + tF̄(dB

τ ),
is higher than when the customer anticipates that no
peers will purchase v − p + tF̄(dW

τ ), as dB
τ < dW

τ . By
contrast, under immediate discount, customers’ sur-
plus from purchasing, v − p, is the same under the
buy equilibrium and wait equilibrium, while their sur-
plus of waiting, (s − b)F(min(q , dτ)), is higher under
the wait equilibrium. In this sense, under immedi-
ate discount, the firm and customers have conflict-
ing interests: under bankruptcy, the firm loses while
customers always gain. This conflict of interests is
(partially) resolved by introducing deferred discount,
under which customers also benefit from the firm’s
survival.

7. When Are Deferred Discounts Most
Valuable to the Firm?

Understanding that the contingency embedded in
deferred discounts provides an additional incentive for
customers to purchase early, in this section, we exam-
ine how this effect translates into higher profits for
the firm. Specifically, we focus on the following ques-
tion: Under what conditions is employing deferred dis-
counts most valuable to the firm?
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7.1. The Firm’s Profit Function with
Deferred Discount

To answer the above question, we first examine the
firm’s profit function under (p , q , t), which we denote
as πdd(p , q , t). Note that with t � 0, πdd(p , q , t) degener-
ates to π(p , q), as studied in Section 5. We focus on the
case where q � Qdd

b (p , q , t) and τ ≤ (p − c)q.10
As deferred discounts do not add value to the firm

in the above two scenarios, for brevity of exposition,
we focus on the scenario where q � Qdd

b (p , q , t) and τ ≤
(p − c)q. Analyzing the firm’s payoffs depending on
different demand realizations as in Section 5.1, we have

πdd(p , q , t)� πB
L (p , q) − t

∫ q

dB
τ

min(x , q) dF(x), (9)

where πB
L (p , q) follows (1) in Section 5. As deferred dis-

counts are only redeemable when the firm survives,
i.e., the demand is no less than dB

τ , the total cost of offer-
ing deferred discounts is t multiplied by the expected
first-period sales when the firm survives. The benefit
of deferred discount, on the other hand, is that it is able
to support higher p and q yet still induce customers
to purchase early by pushing the buy–wait boundary
from q � Qb(p) in Figure 3 to q � Qdd

b (p , t) in Figure 6.
Deferred discounts are valuable if and only if the ben-
efit outweighs the cost.

7.2. When Deferred Discounts Can
(or Cannot) be Valuable

While it is clear that the firm’s profit will not be worse
by having t as an additional lever, the next proposition
offers some insight into the conditions under which
offering deferred discounts can strictly improve the
firm’s profit as well as when it cannot.

Proposition 5. Let (p∗ , q∗) be the firm’s optimal decision
without deferred discounts and (pdd , ∗ , qdd , ∗ , tdd , ∗) be the
firm’s optimal decision with deferred discounts, in other
words, (p∗ , q∗) � arg maxπ(p , q) and (pdd , ∗ , qdd , ∗ , tdd , ∗) �
arg maxπdd(p , q , t).

1. When any of the following three conditions holds, offer-
ing deferred discounts does not improve the firm’s profit, i.e.,
πdd(pdd , ∗ , qdd , ∗ , tdd , ∗)� π(p∗ , q∗):

(a) τ ≤ TD(α);
(b) qdd , ∗ >Qdd

b (pdd , ∗ , tdd , ∗);
(c) (pdd , ∗ − c)Qdd

s (pdd , ∗) > τ.
2. When p∗<v and the firm’s probability of bankruptcy is

sufficiently small under (p∗ ,q∗), offering deferred discounts
strictly improves the firm’s profit, i.e., πdd(pdd ,∗ ,qdd ,∗ , tdd ,∗)
>π(p∗ ,q∗).
Statement 1 in Proposition 5 identifies several condi-

tions under which deferred discounts are not valuable.
As a mechanism that induces customers to purchase,
offering deferred discounts is clearly not beneficial
in the absence of financial distress, i.e., τ ≤ TD(α),
or when it cannot induce customers to purchase,

i.e., qdd , ∗ >Qdd
b (pdd , ∗ , tdd , ∗). Finally, when the level of

financial distress is high, i.e., τ > (pdd , ∗ − c)Qdd
s (pdd , ∗),

the probability of redeeming a deferred discount is
zero, also rendering deferred discounts valueless. The
above three conditions correspond to region NV and,
roughly, regions ISC and BH in Figure 4, respectively.

Statement 2 in Proposition 5 shows that, in the part of
region BL that neighbors region NV, offering deferred
discounts is strictly beneficial to the firm. The intuition
behind this result is as follows. The boundary of region
NV, TD(α), is determined so that the firm will not go
bankrupt even if all customers wait, i.e., F(dW

τ )� 0. This
is exactly because, according to Proposition 1, in order
to induce customers to purchase, we need to eliminate
the wait equilibrium. For the same reason, according
to Proposition 2, as τ increases slightly beyond TD(α)
(and when f (dl) > 0), the firm needs to lower its price
and inventory immediately, although the firm’s lowest
possible profit pdl − cQb(p) is still greater than TD(α).
In this region, by employing a small deferred discount
t ≈ v − p, the firm is able to stock at Qdd

b (v , t) as charac-
terized in Proposition 4 while still eliminating strategic
waiting. Such an increase in inventory level directly
translates to an increase in the firm’s profit.

7.3. The Impact of Deferred Discounts on
Operational Decisions and Performance

To complement Proposition 5, we conduct numeri-
cal experiments using the same parameters as in Sec-
tion 5.5. A representative set of results is illustrated in
Figure 7. Specifically, Figure 7(a) shows that deferred
discounts are employed when the firm’s financial dis-
tress is at a medium level. This region corresponds
to the low τ region in Figure 6, where both the buy
and wait equilibria exist and deferred discounts are
able to push the buy–wait boundary upward. When τ
is extremely high, the two equilibria do not coexist,
rendering deferred discounts valueless. Both phenom-
ena echo Proposition 5. In addition, the firm offers a
larger deferred discount when it faces a greater share
of strategic customers. This result is again consistent
with the role that deferred discounts play in better
aligning the interests of the firm and its customers.
As a result of this effect, the optimal inventory level
with deferred discounts is greater than that without
(Figure 7(b)). Such changes in operational decisions
also lead to performance improvement. As shown in
Figures 7(c) and 7(d), employing deferred discounts
reduces both the firm’s probability of bankruptcy and
the strategic share of distress costIndeed, our numeri-
cal results suggest that deferred discounts can strictly
improve the firm’s profits over the entire region BL and
also in the parts of regions ISC and BH that neighbor
region BL, as depicted in Figure 4.

In summary, by better aligning the interests of the
firm and its customers in the presence of financial
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Figure 7. (Color online) The Usage of Deferred Discount and Its Impact on the Firm’s Operational Decisions and Performance
Under (α, τ)
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Notes. D ∼ Triangular(0, 100, 50), v � 1, c � 0.6, s � 0.5, b � 0.3. Different lines represent different α, with the corresponding numbers in the
legend. In Figure 7(a), the optimal amount of deferred discount is plotted as a fraction of v. Figures 7(b)–7(d) plot the percentage differences
between the corresponding quantities under the optimal decisions with deferred discount (pdd ,∗ , qdd ,∗ , tdd ,∗), and those without (p∗ , q∗). As such,
a positive (negative) number suggests the inventory with deferred discounts is higher (lower) than that without.

distress, deferred discounts enrich the firm’s toolbox
for fighting financial difficulties caused by customers’
strategic behavior. In addition, we find that deferred
discounts are most valuable to the firm when it faces a
medium level of financial distress and many strategic
customers. This is consistent with anecdotal evidence
that rebates have been frequently employed by con-
sumer electronics stores facing financial pressure, such
as CompUSA and Ritz Camera.

8. Conclusion
Financial difficulties and strategic customers pose
major challenges forfirms in termsof operational strate-
gies and financial performance. This paper focuses on
the interaction between these two challenges. Specifi-
cally, we find that customers’ strategic behavior when
anticipating a liquidation sale can play an important
role in determining a firm’s bankruptcy risk.

The dynamics linking customers’ strategic behavior
and the firm’s probability of bankruptcy have impor-
tant implications for common operational levers such
as inventory and price. In particular, we find that, as
a firm’s financial situation worsens, aggressive price
discounting may not be the most effective strategy to
induce customers to purchase early. Instead, the firm
should first lower inventory and then reduce both
price and inventory. As the level of financial distress
increases further, it may be optimal for the firm to cut
back its price discount when there is only a small pro-
portion of strategic customers. In addition to inven-
tory and price discounting, we argue that deferred dis-
counts, such as rebates and store credit, are an effective
mechanism for mitigating a firm’s financial distress.
Deferred discounts create value by better aligning cus-
tomers’ interests with those of the firm. As such,
deferred discounts are most valuable to a firm when
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its level of financial distress is not too high and a large
proportion of its customers are strategic.
On the financial side, the paper points out that, while

a firm’s value always decreases as it becomes more
financially distressed or faces a larger share of strate-
gic customers, facing a large proportion of strategic
consumers may actually lower a firm’s probability of
bankruptcy as it adopts a more conservative opera-
tional strategy, alluding to the possibility that firms
with different consumer characteristics may adopt dif-
ferent capital structures.

As an initial attempt to link customer behavior expli-
citly to the cost of financial distress and the correspond-
ing operational decisions, this work can be extended in
several directions. First, focusing on operational impli-
cations,we treat the firm’s financingdecisions as exoge-
nous. Extending the model to endogenous financing
decisions represents a possible extension. In addition,
our model leads to several predictions about the rela-
tionships among the fraction of strategic customers,
level of financial distress, andoperationalmetrics, some
of which may serve as testable hypotheses for future
empirical research by combiningmethods used to iden-
tify strategic customers and financial distress.
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Appendix A. List of Notation
Table A.1 summarizes the paper’s notation. In general, super-
script B (W) represents the quantity under the buy (wait)
equilibrium, while superscript dd represents the quantity
with deferred discount.

Table A.1. Notation

τ The firm’s net financial obligation. The firm goes
bankrupt when the first-period profit is less
than τ.

α The proportion of first-period customers that are
strategic, α ∈ [0, 1]

D The random number of first-period customers,
D ∈ [dl , dh), D ∈ F( · )

v The first-period valuation of myopic and strategic
customers

c The firm’s unit procurement cost

Table A.1. (continued)

s The second-period valuation of strategic customers
and bargain hunters in salvage sale

b The second-period valuation of bargain hunters in
salvage sale

p The first-period price set by the firm
q The first-period inventory set by the firm
p2 The second-period price set by the firm
d j
τ j � B,W , the minimum first-period demand

realization to avoid bankruptcy when strategic
customers buy (wait) in the first period

Ω0 Ω0 :� {(p , q) | p ∈ (v − (s − b), v] and q ≥ dl}

Qs(p) Qs � F−1
(

v − p
s − b

)
Qb(p) The buy–wait boundary,

Qb � max
(
Qs ,
(1− α)pQs − τ

c

)
ΩB The buy region ΩB � {(p , q) ∈Ω0 | q ≤ Qb(p)}
ΩW The wait region ΩW � {(p , q) ∈Ω0 | q >Qb(p)}
π(p , q) The firm’s total profit under price p and inventory

q

qNV qNV
� F̄−1

(
c − s
v − s

)
qNV

b qNV
b � F̄−1

(
c − b
v − b

)
TD(α) TD(α)� (1− α)vdl − cqNV

t The amount of deferred discount, t ≥ 0
Ωdd

0 Ωdd
0 :� {(p , q , t) | p ∈ (v − (s − b), v], q ≥ dl , and t > 0}

Qdd
s (p , t) The buy–wait boundary under (p , t) for high τ,

Qdd
s (p , t)� F−1

(
v − p + t
s − b + t

)
Qdd , a

s (p , t) The buy–wait boundary under (p , t) for low τ,

(s − b)F(Qdd , a
s )+ tF

(
cQdd , a

s + τ

p

)
� v − p + t

Qdd , b
s (p , t) The buy–wait boundary under (p , t) for medium τ,

(s − b)F
[

cQdd , b
s + τ

(1− α)p

]
+ tF

(
cQdd , b

s + τ

p

)
� v − p + t

πdd(p , q , t) The firm’s total profit under p, q, and deferred
discount t

Endnotes
1Google search for “Borders” and “Borders coupons,” retrieved
March 1, 2015, from Google Trends database.
2 In addition to interactions between retailers and individual con-
sumers, the dynamics described above are also present in business-
to-business settings where business buyers may strategically time
their purchases in response to a seller’s financial distress. The goods
purchased may also be financial assets or investment projects. For
example, before its bankruptcy in April 2016, SunEdison, the solar
developer, was in the process of selling part of its asset portfolio,
which is now likely to be sold in liquidation (Wesoff 2016). To reflect
this, in the remainder of the paper, we refer to the seller as the “firm”
and the buyers as “customers.”
3For financially distressed firms, some mechanisms discussed in the
literature may be less effective. For example, it is difficult for firms
in bankruptcy to honor their price-matching commitments; some
may face legal requirements when invalidating prior commitments
to protect creditors ex post. However, as shown later, this lack of
commitment power is the exact mechanism that makes deferred dis-
counts effective.
4 In Section 6, we extend the basic model by allowing the firm to offer
a “deferred discount” in addition to setting price and inventory.

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

12
9.

79
.1

20
.6

9]
 o

n 
20

 O
ct

ob
er

 2
01

7,
 a

t 1
0:

31
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 



Birge et al.: Managing Operations When Customers Anticipate Liquidation Sales
672 Manufacturing & Service Operations Management, 2017, vol. 19, no. 4, pp. 657–673, ©2017 INFORMS

5As we show later, if the firm is not bankrupt, the inventory-
clearing price p2 also maximizes the firm’s second-period revenue.
In bankruptcy, the firm cannot credibly commit not to clear the entire
inventory. Therefore, the inventory-clearing price is more appropri-
ate. Robustness checks also suggest that the main qualitative insights
remain unchanged even if the firm chooses p2 to maximize revenue.
6The firm’s value is composed of both equity and debt value. Thus,
even if the firm goes bankrupt in the second period, as we will detail
in the next section, the revenue from liquidation still belongs to part
of the firm’s debt value and hence is included in the firm’s objective
function.
7When determining the firm’s bankruptcy threshold, taking into
consideration the possible salvage value of leftover inventory should
not change our qualitative insights as long as such salvage value is
lowerwhen the firm’s financial distress is more severe, or refinancing
is costly.
8 In the literature, several papers assume customers can observe q
(e.g., Liu and van Ryzin 2008), while others assume customers can-
not observe q and instead form a rational expectation about it (e.g.,
Cachon and Swinney 2009). Su and Zhang (2008, 2009) compare both
scenarios and quantify the value of a firm’s commitment to an inven-
tory level q in mitigating the adverse effect of strategic waiting. With
the understanding that the commitment of q improves the firm’s
profitability, we assume that the firm can reveal q to customers using
various mechanisms, as pointed out in Liu and van Ryzin (2008) and
Su and Zhang (2008, 2009). In addition, robustness checks reveal that
assuming that strategic customers cannot observe inventory q does
not change our qualitative insights.
9To keep the model tractable, we assume that the redemption of the
deferred discounts is guaranteed if the firm survives at the end of
the first period. Our main insights should remain unchanged as long
as the firm does not go bankrupt with certainty in the future.
10As shown later in Proposition 5, those (p , q , t) that do not satisfy
these conditions will be either only as good as those without deferred
discounts (t � 0) or those dominated by other decisions.

References
Alan Y, Gaur V (2012) Operational investment and capital struc-

ture under asset based lending. Johnson School Research Paper
Series (23-2012), Cornell University, Ithaca, NY.

Arya A, Mittendorf B (2013) Managing strategic inventories
via manufacturer-to-consumer rebates. Management Sci. 59(4):
813–818.

Aviv Y, Pazgal A (2008) Optimal pricing of seasonal products in the
presence of forward-looking consumers. Manufacturing Service
Oper. Management 10(3):339–359.

Aviv Y, Wei MM (2015) Innovative dynamic pricing: The potential
benefits of early-purchase reward programs. Working paper,
Washington University in St. Louis, St. Louis.

Aviv Y, Wei MM, Zhang F (2015) Responsive pricing of fashion prod-
ucts: The effects of demand learning and strategic consumer
behavior. Working paper, Washington University in St. Louis,
St. Louis.

Ayotte KM, Morrison ER (2009) Creditor control and conflict in
Chapter 11. J. Legal Anal. 1(2):511–551.

Babich V (2010) Independence of capacity ordering and financial
subsidies to risky suppliers.Manufacturing Service Oper. Manage-
ment 12(4):583–607.

Babich V, Sobel MJ (2004) Pre-IPO operational and financial deci-
sions.Management Sci. 50(7):935–948.

Babich V, Burnetas AN, Ritchken PH (2007) Competition and diver-
sification effects in supply chains with supplier default risk.
Manufacturing Service Oper. Management 9(2):123–146.

Becker B, Strömberg P (2012) Fiduciary duties and equity-debtholder
conflicts. Rev. Financial Stud. 25(6):1931–1969.

Bowsher K (2011) 5 ways to cash in on Borders’ bankruptcy. Money
Talks News (February 22), https://www.moneytalksnews.com/
5-ways-to-cash-in-on-borders-bankruptcy/.

Boyabatlı O, Toktay LB (2011) Stochastic capacity investment and
flexible vs. dedicated technology choice in imperfect capital
markets. Management Sci. 57(12):2163–2179.

Cachon GP, Swinney R (2009) Purchasing, pricing, and quick
response in the presence of strategic consumers. Management
Sci. 55(3):497–511.

Chen X, Li C, Rhee B, Simchi-Levi D (2007) The impact of manu-
facturer rebates on supply chain profits. Naval Res. Log. (NRL)
54(6):667–680.

Chevalier J, Goolsbee A (2009) Are durable goods consumers
forward-looking? Evidence from college textbooks. Quart. J.
Econom. 124(4):1853–1884.

Chevalier JA (1995) Capital structure and product-market competi-
tion: Empirical evidence from the supermarket industry. Amer.
Econom. Rev. 85(3):415–435.

Cho S, McCardle KF, Tang CS (2009) Optimal pricing and rebate
strategies in a two-level supply chain. Production Oper. Manage-
ment 18(4):426–446.

Chod J, Zhou J (2013) Resource flexibility and capital structure.Man-
agement Sci. 60(3):708–729.

Craig NC, Raman A (2015) Improving store liquidation. Manufactur-
ing Service Oper. Management 18(1):89–103.

Dada M, Hu Q (2008) Financing newsvendor inventory. Oper. Res.
Lett. 36(5):569–573.

De La Merced M (2012) Eastman Kodak files for bankruptcy. New
York Times (January 19), http://dealbook.nytimes.com/2012/
01/19/eastman-kodak-files-for-bankruptcy/.

Dong L, Tomlin B (2012) Managing disruption risk: The inter-
play between operations and insurance. Management Sci. 58(10):
1898–1915.

Gaur V, Kesavan S, Raman A (2014) Retail inventory: Managing the
canary in the coal mine. California Management Rev. 56(2):55–76.

Heider F, Ljungqvist A (2015) As certain as debt and taxes: Esti-
mating the tax sensitivity of leverage from state tax changes.
J. Financial Econom. 118(3):684–712.

Hendel I, Nevo A (2013) Intertemporal price discrimination in
storable goods markets. Amer. Econom. Rev. 103(7):2722–2751.

Ho T-H, Chen K-Y (2007) New product blockbusters: The magic
and science of prediction markets. California Management Rev.
50(1):144–158.

Hortaçsu A, Matvos G, Syverson C, Venkataraman S (2013) Indirect
costs of financial distress in durable goods industries: The case
of auto manufacturers. Rev. Financial Stud. 26(5):1248–1290.

Hortaçsu A, Matvos G, Shin C, Syverson C, Venkataraman S (2011)
Is an automaker’s road to bankruptcy paved with customers’
beliefs? Amer. Econom. Rev.: Papers Proc. 101(3):93–97.

Isidore C (2014) Radio Shack closing 1,100 stores. CNN
Money (March 4), http://money.cnn.com/2014/03/04/news/
companies/radioshack-store-closings.

Jensen MC (2001) Value maximization, stakeholder theory, and the
corporate objective function. J. Appl. Corporate Finance 14(3):8–21.

Kouvelis P, Zhao W (2011) The newsvendor problem and price-only
contract when bankruptcy costs exist. Production Oper. Manage-
ment 20(6):921–936.

Kouvelis P, Zhao W (2012) Financing the newsvendor: Supplier vs.
bank, and the structure of optimal trade credit contracts. Oper.
Res. 60(3):566–580.

Lai G, Debo LG, Sycara K (2010) Buy now and match later: Impact
of posterior price matching on profit with strategic consumers.
Manufacturing Service Oper. Management 12(1):33–55.

Li J, Granados N, Netessine S (2014) Are consumers strategic? Struc-
tural estimation from the air-travel industry. Management Sci.
60(9):2114–2137.

Li L, Shubik M, Sobel MJ (2013) Control of dividends, capital
subscriptions, and physical inventories. Management Sci. 59(5):
1107–1124.

Liu Q, van Ryzin GJ (2008) Strategic capacity rationing to induce
early purchases. Management Sci. 54(6):1115–1131.

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

12
9.

79
.1

20
.6

9]
 o

n 
20

 O
ct

ob
er

 2
01

7,
 a

t 1
0:

31
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 

https://www.moneytalksnews.com/5-ways-to-cash-in-on-borders-bankruptcy/
https://www.moneytalksnews.com/5-ways-to-cash-in-on-borders-bankruptcy/
http://dealbook.nytimes.com/2012/01/19/eastman-kodak-files-for-bankruptcy/
http://dealbook.nytimes.com/2012/01/19/eastman-kodak-files-for-bankruptcy/
http://money.cnn.com/2014/03/04/news/companies/radioshack-store-closings
http://money.cnn.com/2014/03/04/news/companies/radioshack-store-closings


Birge et al.: Managing Operations When Customers Anticipate Liquidation Sales
Manufacturing & Service Operations Management, 2017, vol. 19, no. 4, pp. 657–673, ©2017 INFORMS 673

Lobel I, Patel J, Vulcano G, Zhang J (2016) Optimizing product
launches in the presence of strategic consumers.Management Sci.
62(6):1778–1799.

Loeb W (2015) Get ready: January usually means bankruptcy in
retail. Forbes (January 6), https://www.forbes.com/sites/
walterloeb/2015/01/06/january-usually-means-bankruptcy-in
-retail/#4992f93944ff.

Lu Q, Moorthy S (2007) Coupons versus rebates. Marketing Sci.
26(1):67–82.

LuoW, Shang K (2013)Managing inventory for entrepreneurial firms
with trade credit and payment defaults. Working paper, IESE
Business School, University of Navarra, Madrid.

Marco M (2009) A tsunami of evidence the Circuit City’s liquida-
tion sale completely sucks. Consumerist (January 22), https://
consumerist.com/2009/01/22/a-tsunami-of-evidence-the-circuit
-citys-liquidation-sale-completely-sucks/.

Matsa DA (2011) Running on empty? Financial leverage and product
quality in the supermarket industry. Amer. Econom. J.: Microe-
conom. 3(1):137–173.

McCraken J (2009) Circuit City under siege. Technologizer (Jan-
uary 18), http://www.technologizer.com/2009/01/18/circuit
-city-under-siege/.

Mui Y-Q, Marr K (2008) Make-or-break holiday season looms large.
Washington Post (October 9), http://www.washingtonpost.com/
wp-dyn/content/article/2008/10/08/AR2008100804024.html.

Nair H (2007) Intertemporal price discrimination with forward-
looking consumers: Application to the us market for console
video-games. Quant. Marketing Econom. 5(3):239–292.

Netessine S, Tang CS (2009) Consumer-Driven Demand and Operations
Management Models: A Systematic Study of Information-Technology-
Enabled Sales Mechanisms, Vol. 131 (Springer Science and Busi-
ness Media, Berlin).

Osadchiy N, Bendoly E (2013) Are consumers really strategic? If
not, can one make them be? Working paper, Emory University,
Atlanta.

Papanastasiou Y, Savva N (2015) Dynamic pricing in the presence
of social learning and strategic consumers. Management Sci.
63(4):919–939.

Roberts MR, Sufi A (2009) Financial contracting: A survey of empiri-
cal research and future directions. Annual Rev. Financial Econom.
1:207–226.

Shim R (2003) DVD drive maker hits stop. CNET (August 21),
http://news.cnet.com/2100-1041_3-5066675.html.

Shleifer A, Vishny RW (2011) Fire sales in finance and macroeco-
nomics. J. Econom. Perspect. 25(1):29–48.

Siegal J (2014) AT&T has a secret deal for anyone buying a new
iPhone this holiday season. BGR (November 13), https://
www.yahoo.com/tech/s/t-secret-deal-anyone-buying-iphone
-holiday-season-191518021.html.

Silverstein MJ, Butman J (2006) Treasure Hunt, Inside the Mind of the
New Consumer (Penguin Books, New York).

Soman D (1998) The illusion of delayed incentives: Evaluating future
effort-money transactions. J. Marketing Res. 35(4):427–437.

Sozzi B (2016) Sears: Latest store closures could signal a eeath
spiral. The Street (January 14), http://realmoney.thestreet.com/
articles/01/14/2016/sears-latest-store-closures-could-signal
-death-spiral.

Strain J (2009) 5 Reasons to avoid liquidation sales. The Street
(January 21), http://www.thestreet.com/story/10458692/2/
5-reasons-to-avoid-liquidation-sales.html.

Su X (2010) Optimal pricing with speculators and strategic con-
sumers.Management Sci. 56(1):25–40.

Su X, Zhang F (2008) Strategic customer behavior, commitment, and
supply chain performance. Management Sci. 54(10):1759–1773.

Su X, Zhang F (2009) On the value of commitment and availability
guarantees when selling to strategic consumers.Management Sci.
55(5):713–726.

Surasvadi N, Tang CS, VulcanoG (2017) Using contingentmarkdown
with reservation to profit from strategic consumer behavior. Pro-
duction Oper. Management., ePub ahead of print September 22,
http://dx.doi.org/10.1111/poms.12756.

Surowiecki J (2005) The Wisdom of Crowds: Why the Many Are Smarter
Than the Few (Anchor Books, New York).

Swinney R, Netessine S (2009) Long-term contracts under the threat
of supplier default. Manufacturing Service Oper. Management
11(1):109–127.

Taub S (2008) Bankruptcy short-circuits Circuit City. CFO (Novem-
ber 10), http://ww2.cfo.com/banking-capital-markets/2008/
11/bankruptcy-short-circuits-circuit-city/.

Wahba P (2016a) Sears and Kmart are closing 78 more stores.
Fortune (April 21), http://fortune.com/2016/04/21/sears-mart
-store-closings/.

Wahba P (2016b) Sports Authority’s liquidation sale starts on
Wednesday. Fortune (May 24), http://fortune.com/2016/05/24/
sports-authority-dicks-liquidation/.

Wang J (2014) An investigation of the 40%-off sale in Qinhuangdao
real estate market. NBD (March 27), http://www.nbd.com.cn/
articles/2014-03-27/820861.html, in Chinese.

Wesoff E (2016) The end of SunEdison: Developer now looking
into liquidating its assets. Greentech Media (May 18), http://
www.greentechmedia.com/articles/read/The-End-of-SunEdison
-Developer-Now-Looking-Into-Liquidating-Its-Assets.

Xu X, Birge JR (2004) Joint production and financing decisions: Mod-
eling and analysis. Working paper, Northwestern University,
Evanston, IL.

Yang SA, Birge JR (2017) Trade credit, risk sharing, and inven-
tory financing portfolios. Management Sci., ePub ahead of print
August 18, https://doi.org/10.1287/mnsc.2017.2799.

Yang SA, Birge JR, Parker RP (2015) The supply chain effects of
bankruptcy.Management Sci. 61(10):2320–2338.

Yin R, Aviv Y, Pazgal A, Tang CS (2009) Optimal markdown pric-
ing: Implications of inventory display formats in the presence of
strategic customers.Management Sci. 55(8):1391–1408.

Yu M, Ahn H, Kapuscinski R (2014) Rationing capacity in advance
selling to signal quality. Management Sci. 61(3):560–577.

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

12
9.

79
.1

20
.6

9]
 o

n 
20

 O
ct

ob
er

 2
01

7,
 a

t 1
0:

31
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 

https://www.forbes.com/sites/walterloeb/2015/01/06/january-usually-means-bankruptcy-in-retail/#4992f93944ff
https://www.forbes.com/sites/walterloeb/2015/01/06/january-usually-means-bankruptcy-in-retail/#4992f93944ff
https://www.forbes.com/sites/walterloeb/2015/01/06/january-usually-means-bankruptcy-in-retail/#4992f93944ff
https://consumerist.com/2009/01/22/a-tsunami-of-evidence-the-circuit-citys-liquidation-sale-completely-sucks/
https://consumerist.com/2009/01/22/a-tsunami-of-evidence-the-circuit-citys-liquidation-sale-completely-sucks/
https://consumerist.com/2009/01/22/a-tsunami-of-evidence-the-circuit-citys-liquidation-sale-completely-sucks/
http://www.technologizer.com/2009/01/18/circuit-city-under-siege/
http://www.technologizer.com/2009/01/18/circuit-city-under-siege/
http://www.washingtonpost.com/wp-dyn/content/article/2008/10/08/AR2008100804024.html
http://www.washingtonpost.com/wp-dyn/content/article/2008/10/08/AR2008100804024.html
http://news.cnet.com/2100-1041_3-5066675.html
https://www.yahoo.com/tech/s/t-secret-deal-anyone-buying-iphone-holiday-season-191518021.html
https://www.yahoo.com/tech/s/t-secret-deal-anyone-buying-iphone-holiday-season-191518021.html
https://www.yahoo.com/tech/s/t-secret-deal-anyone-buying-iphone-holiday-season-191518021.html
http://realmoney.thestreet.com/articles/01/14/2016/sears-latest-store-closures-could-signal-death-spiral
http://realmoney.thestreet.com/articles/01/14/2016/sears-latest-store-closures-could-signal-death-spiral
http://realmoney.thestreet.com/articles/01/14/2016/sears-latest-store-closures-could-signal-death-spiral
http://www.thestreet.com/story/10458692/2/5-reasons-to-avoid-liquidation-sales.html
http://www.thestreet.com/story/10458692/2/5-reasons-to-avoid-liquidation-sales.html
http://dx.doi.org/10.1111/poms.12756
http://ww2.cfo.com/banking-capital-markets/2008/11/bankruptcy-short-circuits-circuit-city/
http://ww2.cfo.com/banking-capital-markets/2008/11/bankruptcy-short-circuits-circuit-city/
http://fortune.com/2016/04/21/sears-mart-store-closings/
http://fortune.com/2016/04/21/sears-mart-store-closings/
http://fortune.com/2016/05/24/sports-authority-dicks-liquidation/
http://fortune.com/2016/05/24/sports-authority-dicks-liquidation/
http://www.nbd.com.cn/articles/2014-03-27/820861.html
http://www.nbd.com.cn/articles/2014-03-27/820861.html
http://www.greentechmedia.com/articles/read/The-End-of-SunEdison-Developer-Now-Looking-Into-Liquidating-Its-Assets
http://www.greentechmedia.com/articles/read/The-End-of-SunEdison-Developer-Now-Looking-Into-Liquidating-Its-Assets
http://www.greentechmedia.com/articles/read/The-End-of-SunEdison-Developer-Now-Looking-Into-Liquidating-Its-Assets
https://doi.org/10.1287/mnsc.2017.2799

	Introduction
	Related Literature
	The Basic Model
	Level of Financial Distress and the Possibility of Bankruptcy
	Customer Behavior and Its Link with Bankruptcy

	Strategic Customers' Purchase Decision and Self-Fulfilling Bankruptcy
	Optimal Operational Response to Financial Distress
	The Firm's Profit Function
	The Benchmark Without Strategic Customers (= 0)
	The Firm's Operational Decisions Under Mild Financial Distress (Low )
	The Firm's Operational Decisions Under Severe Financial Distress (High )
	Numerical Results

	Using Deferred Discounts to Induce Early Purchase
	When Are Deferred Discounts Most Valuable to the Firm?
	The Firm's Profit Function with Deferred Discount
	When Deferred Discounts Can (or Cannot) be Valuable
	The Impact of Deferred Discounts on Operational Decisions and Performance

	Conclusion
	List of Notation

