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a b s t r a c t

Overbooking is widely applied in the service industry to hedge against undesirable situations, such as
cancellations and no-shows. However, during the implementation of overbooking, service providers may
turn down some customers when the number of arrivals exceeds their capacity on the target date.
Therefore, this paper examines overbooking from the customers' perspective to offer them a clear
perception on the possibility for their reservations to be denied by the service provider. By establishing a
Stackelberg model between a service provider and an online travel agency, we explore how optimal
overbooking strategy is developed by the service provider. Afterward, by analyzing the obtained optimal
overbooking pad, we calculate the probabilities of denied service under different levels of monetary
compensation that is paid to denied customers. A higher monetary compensation guarantees a higher
chance of successful service. This paper also provides customers with some reference when booking
services.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

One of the distinct features of the service industry is the
perishability of its products/services (e.g., airline tickets and hotel
rooms). Perishable products differ from tangible commodities on
five aspects (Rücker, 2012), among which the most typical two are
as follows. (i) Perishable products generally have high fixed costs
and low variable costs, which considerably boosts the marginal
profit per product (Ladany, 1996; Guo et al., 2013b). (ii) Unsold
service products have a zero residual value and cannot be kept in
inventory for future use (Stolarz, 1994). Consequently, when ser-
vices are not fully consumed in a certain period, service providers
face large revenue losses.

Service providers have adopted various marketing/operations
strategies, such as dynamic pricing (Jallat and Ancarani, 2008;
Palmer and McMahon-Beattie, 2008), market segmentation
(Füller and Matzler, 2008; Guo et al., 2013b) and overbooking
(Schütz and Kolisch, 2013; Toh, 1985), to fully utilize their finite
capacity or to maximize their occupancy rate. Among these
0@mail.ustc.edu.cn (Y. Dong),
strategies, overbooking, in which reservations are offered in excess
of product capacity, is widely applied to hedge against the capacity
idleness that is caused by cancelations and no-shows (C&NS),
which are commonplace in service industries (Amaruchkul and
Sae-Lim, 2011; Chatwin, 1999; Klophaus and P€olt, 2007; Mauri,
2007).

Although overbooking helps service providers increase the uti-
lization of their finite capacity, this strategy can also be a double-
edged sword because some customers are denied of service when
the number of arrivals exceeds the capacity. Such denial is a terrible
experience for customers (Zhang et al., 2010; Lindenmeier and
Tscheulin, 2008; Hannigan, 1980). Service providers also incur
disrepute and economic losses when they have no choice but to
refuse customers. For instance, on June 24, 2011, a group of 13
passengers who had ordered tickets in advance through China
Southern Airlines was informed that only three tickets were left
upon their arrival at the airport because of overbooking (http://
www.chinanews.com/cj/2011/06-26/3137099.shtml). The passen-
gers felt that the airline infringed their agreement, which prompted
the company to arrange another flight for these passengers without
any charge, return 50% of their ticket fare, and provide these pas-
sengers with accommodation and follow-up service as they waited
for their next flight.
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Although denied customers may obtain compensation from
service providers, such compensation is mostly negligible
compared with the serious consequences of schedule disruption.
For example, businessmen who miss a flight will have their work
plans disrupted or miss important meetings, which can induce
immeasurable losses.

Consequently, a terrible overbooking decision will not only hurt
the reputation and revenue of service providers, but also cause
immeasurable losses for the customers. Therefore, service pro-
vidersmust develop a proper overbooking strategy to increase their
profits, while customers must understand such strategy to avoid
being denied of service.

This paper analyzes the optimal overbooking strategy of a ser-
vice provider (an airline or a hotel) bymodeling a Stackelberg game
with an online travel agency (OTA) in the e-business environment.
From the customer perspective, the possibility for a denied service
is then analyzed based on the identified optimal overbooking
strategy.

The optimal overbooking pad of the service provider decreases
along with the monetary compensation that they pay to their de-
nied customers. Therefore, a higher monetary compensation en-
sures a lower probability of denied service when customers request
for reservations. Customers can estimate the possibility of a denied
service according to the announced non-performance penalties of
service providers and then select the most desirable service pro-
viders in case of schedule disruptions. In turn, service providers
must announce the value of their compensation to their customers
to reassure them that they will not be denied of any service.

The rest of the paper is organized into several sections. After
reviewing the related literature in Section 2, Section 3 describes the
developed model between a service provider and an OTA and then
analyzes the methodology for solving the optimal overbooking
strategy of the service provider. Section 4, discusses the probability
for those customers with reservations to be denied of service.
Section 5, illustrates the solutions for the optimal overbooking pad
by presenting a numerical example, and then identifies the prob-
abilities of denied service under different values of monetary
compensation. Finally, Section 6 concludes the paper by summa-
rizing the findings, implications, and directions for future research.

2. Literature review

Many publications have examined how service providers set
appropriate overbooking levels and apply such strategy in man-
aging their revenues. Weatherford and Bodily (1992) examine the
interrelatedness among overbooking, pricing, and yield manage-
ment, which is also called perishable-asset revenuemanagement in
the service industry. To explore the effect of customer C&NS on
yield and pricing policy, Badinelli (2000) suggests that the cancel-
lation and “walking” processes of customer reservations must be
examined along with the arrival process. Overbooking is an effec-
tive non-pricing tool for revenue management (Hadjinicola and
Panayi, 1997; Ivanov and Zhechev, 2012; Lan et al., 2007).
Rothstein (1971) introduces a model for determining the airline
overbooking policy and obtaining its optimal solutions. By
comparing the inventory level of a previously confirmed reserva-
tion with the number of unconfirmed new requests, the hotel ad-
justs its overbooking level to maximize its net profit (Liberman and
Yechiali, 1978). Similarly, by adopting a booking-limit policy to
handle the airline overbooking problem, Chatwin (1999) suggests
that the airline must decide whether to accept new reservation
requests or not by checking the number of initial reservations.
Rothstein (1974) introduces a decision model for hotel booking
policies and specifies the overbooking practice by controlling the
risks and costs of oversales.
The application of the overbooking strategy in highly complex
conditions has also been examined. Koide and Ishii (2005) analyze
hotel overbooking problem with two types of room prices,
assuming that customers book a room with early discount.
Karaesmen and Van Ryzin (2004) consider an overbooking problem
withmultiple reservation and inventory classes inwhich customers
can be assigned to various inventory classes to maximize the net
benefit of assignments. Ivanov (2015) studies the hotel overbooking
limits and assumes that the reserved rooms can be upgraded or
downgraded by one level. In one of his earlier papers, Ivanov
identifies the optimal overbooking limits for guaranteed and non-
guaranteed hotel reservations (Ivanov, 2007). Other articles have
also analyzed the application of the overbooking strategy in the
hotel and airline industries (Aydin et al., 2012; Chatwin, 1996;
Coughlan et al., 1999; GOSAVII et al., 2002; Lan et al., 2011;
Liberman and Yechiali, 1978; Subramanian et al., 1999; Toh, 1975).

In most of the aforementioned overbooking models, the show
demand is assumed to be a linear product of the overbooking level
and show-up rate. Amaruchkul and Sae-Lim (2011) suggest that
this assumption may be deficient under certain conditions. There-
fore, they explore such model misspecification.

Instead of developing a model to set an optimal overbooking
level for service providers, other researchers have examined the
behavior of customer no-shows. Garrow and Koppelman (2004)
study the no-show and standby behavior of airline travelers using
passenger and directional itinerary data, which can help carriers
develop highly accurate forecasting models. Dupuis et al. (2012)
examine a logical approach for analyzing the data for estimating
passenger show rates at Air Canada and reveal that such approach
can offer accurate predictions.

However, when the number of arriving customers exceeds the
capacity, overbooking may result in oversales and denials (Baker
et al., 2001). Given that carriers have strong internal incentives to
reduce denied boardings, Garrow et al. (2011) investigate those
factors that contribute to denied boardings. They contend that a
denied boarding is influenced not only by multiple factors
compensation amounts, but also by the accuracy, magnitude, and
variability that are associated with no-show forecasts, load factors,
and carriers’ day of departure operating policies.

Other studies further analyze the influence of service denial on
the performance of service providers. Wittman (2014) shows that
the involuntary denied boardings by airlines are significantly
correlated with higher oversales and service quality complaints
from passengers. Lindenmeier and Tscheulin (2008) verify that a
denied boarding because of overbooking will induce customer
dissatisfaction, which in turn counteracts the positive effect of
revenue management. To further understand the negative effect of
canceled reservations, Hannigan (1980) explores the origin, nature,
and dimensions of consumer complaints in the tourist industry. To
prevent negative publicity through word of mouth, service pro-
viders adopt certain measures to minimize the negative effects of
walking guests (DeKay et al., 2004). Ivanov (2006) suggests that
guests with shorter stays must be walked instead of those with
longer stays, and transfer the walked guests to another establish-
ment of the same category, or provide their guests with a free room
upgrade. Sparks and Fredline (2007) provide suggestions for hos-
pitality industries to mitigate the negative influence of service
failure on customer satisfaction and loyalty. When determining
compensation levels in overbooking situations, airlines must
consider the temporal costs of passengers and ensure that their
compensation will satisfy their demands (Park and Jang, 2014).
Also, Wilson et al. (1994) examine the legality of the overbooking
practice and propose some amenities to placate the denied guests.

Although many studies have investigated the overbooking
phenomenon, most of them are conducted from the perspective of
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service providers either to achieve full utilization of their finite
capacity and obtain higher profits or to minimize the negative ef-
fects of denied service. Nevertheless, none of these papers has
analyzed the service denials that are caused by the overbooking
strategy from the customer's perspective. To fill such gap and
provide directions for customers when theymake reservations, this
paper dissects the probability for a denied service when a service
provider adopts the overbooking strategy. By considering the
popularity of online distribution (Guo et al., 2013a; Ling et al., 2011),
we apply our model in an environment in which the service pro-
vider applies the overbooking strategy in cooperation with an OTA.

3. Overbooking strategy analysis

3.1. Problem description

We consider a supply chain that comprises a service provider
(such as an airline or a hotel) and an OTA. The service provider sells
a single type of products with a finite capacity of c at the same price
of p through its own distribution channel as well as the online
marketing system of the OTA. By cooperating with the OTA, the
supply chain gains two sources of customers, namely, t-customers
who make reservations from the host distribution channel of the
service provider, andw-customers whomake reservations from the
website of the OTA. Following Ling et al. (2011), we suppose that w-
customers have check-in priority when the total demand exceeds
the service capacity.

For clarity, we assume that demand is a linear function of the
selling price without affecting the results. Specifically, the demand
of t-customers is denoted as D1¼a1�b1pþε1, where a1>0 is the
market size, b1>0 is the price elasticity coefficient for t-customer
demand, and ε1 is a stochastic term with zero mean and finite
variance. This type of demand structure is widely used in academic
studies (Gilbert and Cvsa, 2003;Wang et al., 2004). A nonlinear case
is also discussed in the numerical studies in Section 5.

Suppose that the service provider will pay the OTA a unit
commission fee, u, for each product that is sold by the OTA. The
commission is usually a percentage of the selling price of the
product (Toh et al., 2011). Denote u¼qp, where q is the commission
rate. To gain more revenue, the OTA exerts more efforts to generate
more sales (Guo et al., 2013a). Denote the effort level as e, which
will incur a cost of the OTA, ke2=2, which increases convexly with e
and k is the effort cost parameter (Kaya, 2011; Taylor, 2002).
Therefore, the demand of thew-customers increases alongwith the
effort level and decreases along with the selling price of the
product, i.e., D2¼a2�b2pþeþε2, where a2>0 is the market size, b2>0
is the price elasticity coefficient for w-customer demand, and ε2 is a
stochastic term with zero mean and finite variance. This type of
demand structure is also widely used in academic research (Cachon
and Lariviere, 2005; Kaya, 2011).

Therefore, D, which denotes the total demand of the service
provider (including t-customers and w-customers), can be written
as D¼a1þa2�(b1þb2)pþeþε1þε2. By denoting a¼a1þa2, b¼b1þb2
and ε¼ε1þε2, we can obtain D¼a�bpþe�ε. Similarly, ε is a sto-
chastic term with zero mean and finite variance, and follows a
distribution over [A,B] with probability distribution function (pdf)
f(,) and cumulative distribution function (cdf) F(,).

In practice, some customers will cancel their reservations or do
not show up without notifying the service provider. To maintain its
revenue, the service provider will adopt an overbooking strategy
with an overbooking pad, l, to hedge against the capacity idleness
that is caused by C&NS. We denote the show-up rate of customers
with successful reservations as b, which is a stochastic variablewith
pdf g(,) and cdf G(,). The value range of b is ½b; b�, where b and b are
the minimum and maximum values of b, respectively.
Overbooking may result in oversales and then denied service.
When a denied service becomes inevitable, the service provider
must do everything to placate the denied customers. In practice,
hotels usually upgrade the reservations of their denied customers
to luxury rooms, provide them with free nights of stay, or transfer
them to other comparable hotels (Ivanov, 2006). DeKay et al. (2004)
suggest that hoteliers, when pressed for explanations by denied
customers, should attribute their oversales to the fault of their
customers than to the overbooking practices of the hotel. Noone
and Lee (2011) suggest that cash-based compensation will yield
significantly higher satisfaction ratings than other types of com-
pensations. All of these measures are extensively adopted by
companies to repair their reputation and ensure business contin-
uance. We assume that denying a customer will incur a reputation
loss of v1 as well as a monetary loss of v2 to the service provider.

When the number of customers (including t-customers and w-
customers) whomake reservations in advance is less than (cþl), the
service provider accepts all the orders; otherwise, the service
provider accepts (cþl) orders at most. When the actual number of
arrivals exceeds the anticipated number on the target date, each
denied customer brings a loss of v¼v1þv2 to the service provider.
Therefore, the expected profit of the service provider can be
expressed as follows:

ps ¼ pE1ðε; bÞ � vE2ðε; bÞ � qpE3ðε2;bÞ; (1)

Where E1(ε,b)¼E[min{bD,b(cþl),c}], E2(ε,b)¼E[(bmin{D,cþl}�c)þ],
and E3(ε2,b)¼E[bD2]. The show-up rate, b, is independent from the
stochastic term of demand, ε. The first part of Equation (1) repre-
sents the revenue that is obtained from customers who are granted
the service, the second part represents the loss from the denied
customers, and the third part represents the commission fee that is
paid to the OTA. As shown in the third part, the service provider
prioritizes the w-customers when the number of rooms cannot
accommodate all show-up customers. This observation can be
attributed to the fact that the service provider prefers to maintain a
long-term cooperative relationship with the OTA instead of gaining
immediate revenue (Guo et al., 2013a). Similarly, the expected
profit of the OTA is:

po ¼ qpE3ðε2; bÞ � ke2
.
2: (2)

3.2. Solution methodology

A Stackelberg gamemodel is adopted to describe the interaction
between the service provider and OTA, in which the service pro-
vider acts as the leader and the OTA acts as the follower. The service
provider determines its optimal overbooking pad and selling price.
As a result, the commission for the OTA, which is a percentage of
the selling price, is realized. The OTA subsequently determines its
optimal effort level according to the commission. The sequence of
events is described as follows. (i) The service provider determines
the optimal overbooking pad l as well as the selling price p. Then
the commission rate for the OTA is known as qp. (ii) The OTA de-
termines its effort level, e, according to the realized unit commis-
sion. (iii) The service provider and OTA accept the reservations and
all demands are realized on the target date. (iv) The service pro-
vider placates the denied customers and gives them monetary
compensation if the number of arrivals exceeds the capacity. (v)
The OTA receives a commission fee from the service provider ac-
cording to the contract terms.

The service provider and OTA make decisions to maximize their
own expected profits separately. The optimal solution is obtained
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through a two-step backward induction. In the first step, the OTA
determines its optimal effort level after being informed of the
commission. In the second step, the service provider determines its
optimal overbooking pad and the selling price of the product.

Given the selling price of the product, the unit commission can
be realized as u¼qp. Therefore, the OTA must determine the
required effort level to maximize its expected profit. Given that the
second-order derivative of Equation (2) with respect to e is nega-
tive, Equation (2) is a concave function of e and there is a unique
optimal solution to maximize its profit. From the first-order con-
dition on e, the unique optimal effort level e* is obtained as follows:

e� ¼ tqp=k (3)

where t ¼ R b

b
ygðyÞdy.

Equation (3) shows that the effort level of the OTA is closely
related to the selling price, that is, a higher selling price induces a
higher commission under a fixed commission rate q. As a result, the
OTA will exert more effort to generate more sales.

Considering that the OTAwill choose its effort level according to
Equation (3) in response to a given selling price p, the service
provider determines its overbooking pad and selling price to
maximize its own expected profit. By substituting Equation (3) into
Equation (1), the profit of the service provider is obtained as ps(l,p).
Optimal decisions will be obtained by maximizing ps(l,p).

Lemma 1. The optimal overbooking pad and selling price of the
service provider are determined by the following equations,

Zb
c

cþl�

ygðyÞdy ¼ tp�=ðp� þ vÞ; (4)
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(5)

where M ¼ cþ l� � aþ p�ðb� tq=kÞ, N ¼ c� aþ p�ðb� tq=kÞ, and
z ¼ c=ða� p�ðb� tq=kÞ þ xÞ.

The proof for this lemma is given in the Appendix. Even if the
distributions of the show-up rate and demand are given, it is
improbable to obtain the closed-form solution for the optimal de-
cisions due to the complexity of Equations (4) and (5). It is even
possible that the problem is not concave as shown in the Appendix
(Proof of Lemma 1). Therefore, we are encouraged to introduce an
intelligent algorithm to solve this problem numerically. As an effi-
cient stochastic global search technique, the genetic algorithm can
provide the approximate-optimumsolution by comparing individual
numerical results andwithout requirements in analytical tractability
and concavity (Solnon et al., 2008; Yu et al., 2013; Jiang et al., 2015).
Considering the complexity of the problem in the current study and
the advantages of genetic algorithm, the following solution meth-
odology is proposed to find the approximate-optimum solution:
� Step 1. Initialization. The initial population is randomly
generated according to the number of variables and individuals.
Two variables are considered in this problem, namely, the
overbooking pad l and the selling price p. The number of in-
dividuals is randomly generated.

� Step 2. Selection. Individual solutions are selected from the
existing population according to the fitness value of each indi-
vidual and are set as the “parents” to breed a new generation.
The fitness function is the profit of the service provider, that is,
ps(l,p).

� Step 3. Crossover. Two different individuals are randomly
collocated into a pair of “parents”, and their chromosomes are
exchanged with a certain crossover rate to produce a “child”
solution. The new “child” solution sharesmany characteristics of
its “parent”.

� Step 4.Mutation. For each randomly selected “child” individual,
one or some of its vertices are changed with a certain mutation
rate to produce the next generation population of chromosomes
that differs from the initial generation. Mutation aims to in-
crease diversity in the population.

� Step 5. Termination. Steps 2 to 4 are repeated until the satis-
factory optimum solutions is obtained, that is, the maximal
profit of the service provider generated from the algorithm is
fitting in the precision requirement.

The optimal overbooking pad l* and selling price p* can be ob-
tained using the above algorithm. By Substituting p* into Equation
(3), the optimal effort level for the OTA is obtained as e*.

The subsequent section discusses how the probability of a de-
nied service is calculated according to the aforementioned solution.

4. Probability of denied service with successful reservation

Service providers apply the overbooking strategy to increase
their occupancy rates and revenues. However, overbooking may
result in denied service when the number of arrivals exceeds the
available capacity. Such denial of service presents heavy conse-
quences for the denied customers, such as missing an important
meeting and rescheduling their work plans. To help these cus-
tomers understand the overbooking strategy and explore the
probability for failing to receive the reserved service, this section
analyzes the overbooking decision from the customers'
perspective.

After determining the optimal overbooking pad, l*, the proba-
bility for n customers to be denied, Pn, can be expressed as follows

Pn ¼
Xcþl�

i¼c

�
pi,P

n
i

�
; (6)

where pi is the probability for the service provider to accept a
number of i reservations, and Pni is the probability for the service
provider to deny n customers on the target date while accepting i
reservations, where n¼0,1,/,l*.

This result shows that a higher overbooking pad results in a
larger probability of a denied service. Given that the demand of
customers, D, and the show-up rate, b, are continuous variables, we
apply the rounding-off method to calculate pi and Pni as follows:

pi :¼ Probfi� 0:5 � D< iþ 0:5g ¼ Fðiþ 0:5Þ � Fði� 0:5Þ;

Pni :¼ Probfcþ n� 0:5 � bi< cþ nþ 0:5g

¼ G
�
cþ nþ 0:5

i

�
� G

�
cþ n� 0:5

i

�
;



Table 2
Denied service probability in the linear case.

v2 0 p 2p 3p 4p 5p 6p 7p

P0 52.46% 71.62% 81.64% 86.78% 86.79% 92.00% 92.01% 92.02%
P1 5.14% 5.23% 5.29% 5.31% 5.31% 5.34% 5.33% 5.33%
P2 5.11% 5.20% 5.25% 5.28% 5.27% 2.66% 2.66% 2.65%
P3 5.08% 5.17% 5.22% 2.63% 2.63% � � �
P4 5.04% 5.14% 2.60% � � � � �

X. Guo et al. / Journal of Air Transport Management 53 (2016) 65e72 69
where F(,) and G(,) are the cdf of ε and b, respectively.
Based on probability of denied service Pn, the expected number

of denied customers, nE, can be obtained as nE ¼ Pl�
n¼1nPn. The

denied rate of customers with successful reservations, rE, and
customer-service level, rE, are then calculated as rE ¼ nE=ðcþ l�Þ
and rE¼1�rE. Parameters nE, rE, and rE reflect the probability of
denying from another perspective to further understand the over-
booking strategy of the service provider. Specifically, a higher
probability to be denied results in a smaller number of expected
denied customers, lower denied rate, and lower customer-service
level.

The subsequent section presents some numerical examples for
clarification of the problem.

5. Numerical examples

To illustrate that the assumption of linear demand function will
not affect our findings, Section 5.1 presents a numerical example
based on the linear demand functions, whereas Section 5.2 pre-
sents the results based on nonlinear demand functions.

We take Southwest Airlines (www.southwest.com), which co-
operates with Expedia.com in seat selling, as an example. South-
west Airlines uses Boeing 737-700 aircraft, which seats 143
passengers in an all-economy configuration; that is, capacity
c¼143. The commission rate q for Expedia.com is set as 18%, the
effort cost parameter k is supposed to be 0.5, and the loss in its
reputation for each denied customer is defined as v1¼400.
Following previous research, the show-up rate of customers with
reservations, b, is supposed to be uniformly distributed over [0.9,1]
(Dong and Ling, 2015; Kasilingam, 1997; Popescu et al., 2006). As
shown in the Southwest Airlines website, the average value for the
highest ticket prices of different flights from New York to Los
Angeles on December 12, 2015 is US$645, whereas the average
value of the lowest prices is US$288. Assume that the demands for
t-customers and w-customers are 100(500) and 40(450) at price
US$645(US$288), respectively, when customer C&NS are ignored.
These data will be used to estimate the parameters of demands in
the numerical examples.

5.1. Linear case

Based on the ticket prices and demands given above, the market
sizes and price elasticity coefficients can be estimated, and then the
demands of t-customers and w-customers are computed as
D1¼823�1.12pþε1 and D2¼781�1.15pþeþε2, respectively. This type
of demand structure is widely used in academic research to reduce
the complexity of the model (Wang et al., 2004; Cachon and
Lariviere, 2005; Kaya, 2011). The total demand is then computed
as D¼1604�2.27pþeþε, where the stochastic term ε follows a
Normal distribution with a mean value of m¼0 and a standard
variance of s¼d(1604�2.27pþe) with d ¼ 1=3 (Kaya, 2011).

Based on the genetic algorithm in Section 3.2, Table 1 shows the
optimal overbooking pads under different values of monetary
compensation v2.

Table 1 shows that monetary compensation has a significant
influence on the optimal overbooking pad. As the monetary
compensation that is paid to denied customers increases, the ser-
vice provider decreases its overbooking pad to avoid reputation and
Table 1
Optimal overbooking pads in the linear case.

v2 0 p 2p 3p 4p 5p 6p 7p

l* 10 6 4 3 3 2 2 2
monetary losses.
Based on the optimal overbooking pads in Table 1, the proba-

bilities of denied service in Table 2 are obtained by following
Equation (6). The corresponding expected number of denied cus-
tomers, denied rate, and customer-service level are presented in
Table 3.

Table 2 shows that the denied service probability decreases
along with monetary compensation, which indicates that cus-
tomers can enjoy their reserved services at a higher probability
when the promised monetary compensation is high. As the mon-
etary compensation increases, the service provider sets a lower
overbooking pad and to accommodate all arrivals with a higher
probability. In particular, when v2�30p, the service provider will
not adopt the overbooking strategy and all customers can enjoy
their reserved services without worrying about being denied by the
service provider.

Table 3 shows that both the expected number of denied cus-
tomers and the expected denied rate are decreasing along with
monetary compensation, whereas the customer-service level in-
creases along with monetary compensation. As the monetary
compensation increases, the service provider faces larger revenue
losses by denying a customer. Therefore, the service provider must
set a lower overbooking pad to reduce the expected number of
denied customers and denied rate.

The above findings have the following implications. First, the
service provider can adjust its overbooking decision according to
the realized customer-service level. Specifically, a lower over-
booking pad should be set when the realized customer-service
level is lower than expected. Otherwise, the service provider
should set a higher overbooking pad to increase its occupancy
rate. Second, customers can deduce their probability of enjoying
their reserved services by observing the monetary compensation
that is announced by the service provider. For example, if the
monetary compensation is twice larger than the selling price,
then the expected probability of a denied service is 0.285%,
which is less than one-fifth of 1.621% when no monetary
compensation is promised. Furthermore, when the promised
monetary compensation is five times larger than the selling
price, the customers can have a 99.9% probability of enjoying
their reserved service.
5.2. Nonlinear case

This section presents the numerical results of the nonlinear
demand models. Following the previous literature, we assume
that demand is functioned as D1 ¼ a1p�b1 þ ε1 and D2 ¼ a2p�b2 þ
eþ ε2 (Guo et al., 2013b; Wang et al., 2004). By re-estimating the
market size and price elasticity coefficients according to the
P5 5.01% 5.10% � � � � � �
P6 4.98% 2.54% � � � � � �
P7 4.95% � � � � � � �
P8 4.92% � � � � � � �
P9 4.88% � � � � � � �
P10 2.43% � � � � � � �
Sum 1 1 1 1 1 1 1 1

http://www.southwest.com
http://Expedia.com
http://Expedia.com


Table 3
Expected number of denied customers and denied rate in the linear case.

v2 0 p 2p 3p 4p 5p 6p 7p

nE 2.480 0.925 0.419 0.238 0.237 0.107 0.107 0.106
rE 1.621% 0.621% 0.285% 0.163% 0.162% 0.074% 0.074% 0.073%
rE 98.379% 99.379% 99.715% 99.837% 99.838% 99.926% 99.926% 99.927%

Table 4
Optimal overbooking pads in the nonlinear case.

v2 0 p 2p 3p 4p 5p 6p 7p

l* 12 6 4 3 3 2 2 2
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aforementioned prices and demands, we compute the demands
as D1¼(4.16�107)p�2þε1 and D2¼(1.07�1010)p�3þeþε1. Further-
more, the total demand can be computed as D¼(4.16�107)
p�2þ(1.07�1010)p�3þeþε.

Similarly, ε is Normal distributed with a mean value of 0 and a
standard variance of s ¼ ð1:39� 107Þp�2 þ ð3:57� 109Þp�3 þ e=3.
The optimal overbooking pads and the probabilities of denying
under different values of v2 are given in Tables 4 and 5, whereas the
expected number of denied customers, denied rate and customer-
service level are shown in Table 6.

The tables for linear and nonlinear demand models present
similar results. Specifically, the optimal overbooking pad, expected
number of denied customers, and expected denied rate all decrease
along with monetary compensation, whereas customer-service
level increases along with monetary compensation.
Table 5
Denied service probability in the nonlinear case.

v2 0 p 2p 3p 4p 5p 6p 7p

P0 27.30% 63.83% 76.67% 83.22% 83.22% 89.86% 89.86% 89.86%
P1 6.33% 6.58% 6.67% 6.71% 6.71% 6.76% 6.76% 6.76%
P2 6.33% 6.58% 6.67% 6.71% 6.71% 3.38% 3.38% 3.38%
P3 6.33% 6.58% 6.66% 3.36% 3.35% � � �
P4 6.33% 6.57% 3.33% � � � � �
P5 6.32% 6.57% � � � � � �
P6 6.32% 3.29% � � � � � �
P7 6.32% � � � � � � �
P8 6.32% � � � � � � �
P9 6.32% � � � � � � �
P10 6.31% � � � � � � �
P11 6.31% � � � � � � �
P12 3.16% � � � � � � �
Sum 1 1 1 1 1 1 1 1
6. Conclusions

6.1. Findings and managerial implications

The overbooking strategy will help service providers increase
the utilization of their finite capacity, but can also result in service
denial when the actual C&NS does not reach its expected level
and when the number of arrivals exceeds the available capacity.
Denied service will damage the reputation and revenue of service
providers as well as bring immeasurable losses to some denied
customers. To understand this strategy from the perspective of
customers, this paper analyzes the probability for those cus-
tomers with reservations to be denied of service by referring to
the optimal decisions that result from the game between a service
provider and an OTA.

The optimal overbooking pad of the service provider de-
creases along with the announced monetary compensation that
is paid to the denied customers with reservations. A higher
monetary compensation always results in a higher probability
for customers to enjoy their reserved service. Table 2 shows
that the service provider has a 92% probability to accept all
arrivals when the promised monetary compensation is five
times larger than the selling price, but only has a 52.46%
probability to accept all arrivals when the monetary compen-
sation is zero.

These findings have significant academic and practical impli-
cations. From the academic perspective, this paper is the first, to
our best knowledge, to discuss the overbooking strategy of service
providers from the perspective of customers, that is, this paper
explores the probability of denying caused by overbooking. Previ-
ous studies have mostly focused on identifying the most appro-
priate overbooking pads for service providers. However, this paper
investigates the overbooking strategy of service providers from a
new perspective.
This paper provides useful advice to both service providers
and customers. First, customer-service level is one of levers for
assessing the service quality of service providers. Therefore,
service providers must adjust their overbooking pad according
to the realized customer-service level. Specifically, if the
customer-service level under an overbooking pad is lower than
expected, then service providers must lower their overbooking
pad in the next selling period. Otherwise, setting a higher
overbooking pad will be reasonable to increase the occupancy
rate.

Second, Toh and Dekay (2002) suggest that when making res-
ervations, the customers must be informed about no-show pen-
alties to reduce the no-show probability. However, the current
paper suggests that the service providers should announce high
monetary compensations for denied customers to guarantee these
customers that their reservations will be granted.

Third, customers can estimate the probability of denied service
according to the monetary compensation that is announced by
service providers before making a deal. The numerical example
shows that when the value of monetary compensation for the
denied customers is five times larger than the selling price, the
customers have a 99.9% probability of enjoying their reserved
service. In this manner, customers can select those service pro-
viders that can guarantee their reservations and respect their
schedules.

6.2. Limitations and future research

Although this paper is the first to analyze the overbooking
strategy from the customer perspective, its scope is limited, thereby
providing opportunities for further research. First, this paper only
examines the probability of a denied service under a static over-
booking pad, and future studies can examine such probability when
a dynamic overbooking strategy is applied. Second, we merely as-
sume that a denied service incurs a quantified reputation loss for
the service provider. Future studies can consider the influence of
denials on market demand. Third, given the intense competition
among service providers with similar services and OTAs, the de-
cisions in a network environment with multiple service providers
and OTAs must be investigated.



Table 6
Expected number of denied customers and denied rate in the nonlinear case.

v2 0 p 2p 3p 4p 5p 6p 7p

nE 4.549 1.183 0.533 0.302 0.302 0.135 0.135 0.135
rE 2.935% 0.794% 0.363% 0.207% 0.207% 0.093% 0.093% 0.093%
rE 97.065% 99.206% 99.637% 99.793% 99.793% 99.907% 99.907% 99.907%
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Appendix

Proof of Lemma 1. Define M ¼ cþ l� aþ pðb� tq=kÞ, N ¼ c�
aþ pðb� tq=kÞ, and z ¼ c=ða� pðb� tq=kÞ þ xÞ. Tomaximizeps(l,p),
the first-order derivations for l and p can be calculated as follows.
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To verify whether the expected profit of the service provider is
jointly concave in l and p, the second-order derivation of the profit
should be calculated. They are given as follows.
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Obviously, R is negative. Furthermore, we are able to find that if
the following conditions hold, S<0 and T2�RS<0 can be realized.
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Consequently, the optimal solution of (l,p) are constrained by
Equations (4) and (5), and the solutions are unique if D1>0, D2<0,
under which the profit of the service provider is jointly concave in
the overbooking pad and selling price.
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