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The one-stage stochastic frontier approach (SFA) is used in this study to simultaneously estimate cost
efﬁciency scores and factors of cost inefﬁciency for 66 international tourist hotels in Taiwan during
1997–2006. An SFA model with three outputs and three inputs is deﬁned. The three outputs are room
revenue, food and beverage revenue, and other operation revenue while the three inputs are price of
labor, price of other operation, and price of food and beverage. This model also takes into account ﬁve
environmental variables, including dummy variable of the hotels located in non-metropolitan area,
dummy variable of chain hotels, the number of tourist guides, the minimum distance from each hotel to
Taoyuan international airport and the minimum distance from each hotel to Kaohsiung international
airport. Empirical results show that international tourist hotels in Taiwan are on average operating at
91.15% cost efﬁciency. All nominal variables are transformed into real variables in 1997 prices by GDP
deﬂators. Chain systems, tourist guides, and international transportation can signiﬁcantly improve the
cost efﬁciency of international tourist hotels in Taiwan.
ß 2009 Elsevier Ltd. All rights reserved.

1. Introduction
The demand for recreational traveling has increased quickly as
local people’s income as well as the number of foreign visitors
increase in Taiwan. This intensiﬁes competition in hospitality
industries, particularly the hotel industry. The tourism industry
not only brings in huge foreign exchange income, but also provides
job opportunities in the tourism sector as well as many other
industries. In order to promote the hotel industry and attract more
international tourists, the government is administering a ‘‘Doubling Tourist Arrivals Plan’’ in an effort to achieve the goal of
increasing annual tourists to Taiwan. Over the past six years, total
tourism receipts have risen rather quickly and the tourism industry
has become a major source of foreign exchange earnings for
Taiwan. In the year 2006 Taiwan had a total of 89 hotels, of which
60 were international tourist hotels and 29 were general tourist
hotels. As the hotel industry is one of the most important
industries in Taiwan, it is worth paying more attention to the
evaluation of hotel operation efﬁciency.
The issue of efﬁciency is gathering momentum in the economics
ﬁeld. This study uses the stochastic frontier approach to measure
average and ﬁrm-speciﬁc efﬁciency levels in the hotel industry.
The process permits a manager to decide if the optimal amount of
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resources has been employed given the realized revenues. Any
resources employed over the optimal quantity indicate a deviation
from efﬁciency or X-inefﬁciencies as they are termed in ﬁnance
and economics literature (Leibenstein, 1966).
The two main methods that have previously been used in
efﬁciency estimation are data envelopment analysis (DEA) and
stochastic frontier approach (SFA). Although the SFA has been used
in miscellaneous empirical studies in the literature, few papers
implement the SFA on Taiwan’s hotel sector. Moreover, there is a
need to study Taiwan’s hotel sector using the SFA for panel data. In
the past, most researchers applied DEA to estimate efﬁciency in the
hotel industry, as DEA is a linear programming technique to
estimate the efﬁciency and a non-parametric technique. DEA
assumes that the efﬁciency frontier has no random ﬂuctuations. It
does not require knowledge in a functional form, and therefore it is
prevalent in the literature. In addition, it can readily deal with
multiple inputs and outputs. The advantage of the DEA approach is
that it can easily decompose overall efﬁciency into multiple
allocative and technical components. Its disadvantage is, due to the
no-random-ﬂuctuation assumption, a lack of statistical analysis
foundation. In most cases, SFA is better than DEA. The advantages
of SFA are a well-developed statistical test to identify the
effectiveness of the model description and its ability to decompose
the deviations from efﬁciency levels into noise and pure
inefﬁciency (Barros, 2004).
Only a few previous studies on Taiwan’s hotel industry (e.g.,
Tsaur, 2001; Hwang and Chang, 2003; Chiang et al., 2004) have
used the DEA method to estimate hotel efﬁciency. Chen (2007)
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took the stochastic frontier approach to analyze data from a single
year. This study tries to adopt the panel data, stochastic frontier
approach, in order to estimate and analyze the efﬁciency of
Taiwan’s international tourist hotels.
According to the latest UNWTO World Tourism Barometer
(2008), there were approximately 898 million international tourist
arrivals globally in 2006 and the number grew by 6% in 2007. The
World Tourism Organization (UNWTO, 2008) reported 52 million
more international arrivals than in 2006, and of the overall
number, Europe received some 19 million and Asia and the Paciﬁc
took 17 million. The Americas were up by around 6 million, Africa
by 3 million and the Middle East by 5 million. All the different
regions registered increases above their long-term average, with
the Middle East leading the regional growth ranking (+13%),
followed by Asia and the Paciﬁc (+10%), Africa (+8%), the Americas
(+5%), and Europe (+4%). In Taiwan, the number of foreign visitors
has also been increasing continuously. Therefore, the tourism
industry has been one of the most important sources of foreign
exchange earnings for Taiwan. In fact, since the tourism industry is
a non-smokestack industry, it is deemed environmentally signiﬁcant and important by countries all over the world. The tourism
industry is also considered as one of the star industries of the 21st
century since it brings along such great beneﬁts as creating jobs
and increasing foreign exchange earnings. The World Travel and
Tourism Council (WTTC) reports that over the next ten years the
global tourism industry will enjoy a rise in tourism expenditure
from US$ 4.21 trillion to US$ 8.61 trillion, an expansion of its share
of global GDP (Gross Domestic Product) from 3.6% to 3.8%, and an
increase in job opportunities, from 198 million to 250 million
positions added. Therefore, this indicates that the tourism industry
will play an important role in future global economic development.
According to the 2006 annual report on tourism, published by the
Taiwan Tourism Bureau, there are 89 tourist hotels in Taiwan, with
a total of 21,095 suites and rooms. They can be classiﬁed into two
groups: international-class tourist hotels and domestic, regular
hotels. Of the total number of tourist hotels, 60 are internationalclass tourist hotels with a total of 17,830 rooms and 29 are regular
hotels with 3265 rooms. These hotels employ a total of 19,667
persons. Because of its unique traits in geographic environment,
Taiwan possesses plentiful and diverse cultural and natural
resources. Therefore, it has great potential for the development
of tourism.
In order to achieve the annual visitor goals of the Doubling
Tourist Arrivals Plan, Taiwan’s government is targeting to double
the number of international tourist arrivals, to improve the
tourism environment, and to reach the international standards.
The government not only wants to attract more foreign tourists,
but also to allow people to enjoy their holidays in Taiwan (Fig. 1).
2. Literature review
Farrell (1957) pioneered dividing cost efﬁciency into technical
efﬁciency and allocative efﬁciency. The technical efﬁciency
evaluates the ability of a ﬁrm to obtain maximal output from a
given set of inputs and the allocative efﬁciency evaluates the
ability of a ﬁrm to use the inputs in optimal proportions, given their
respective prices and the production technology. These two
measures are combined to provide a measure of total economic
efﬁciency. The theories of efﬁciency measurement are very
important in economics, and also commonly and extensively used
for other industrial applications. For example, studies of hotel
efﬁciency are currently being conducted. In general, the two
primary methods that have been used in efﬁciency estimation are
the stochastic frontier approach (SFA) and data envelopment
analysis (DEA) (Coelli et al., 1998). These papers reviewed are
grouped according to these two methods.

Fig. 1. Numbers of international tourist hotels and rooms in Taiwan from 1997 to
2006.

2.1. Papers based on SFA
A few papers that used SFA in the hotel industry are
summarized as follows: Anderson et al. (1999a) employed a
stochastic frontier technique to estimate managerial efﬁciency of
48 hotels in the United States in 1994. They deﬁned inputs as the
number of full-time equivalent employees, the number of rooms,
total gaming-related expenses, total food and beverage expenses,
and other expenses, while deﬁning output as the total revenue
generated from rooms, gaming, food and beverages, and others.
The price of labor was calculated as the total hotel revenue divided
by the number of full-time equivalent employees. The room price
was measured by hotel revenues divided by the product of the
number of rooms, the occupancy rate, and days per year. The price
of gaming, food and beverages, and other expenses were all
calculated by measuring each as a percentage of total revenue.
They found the hotel industry to be operating at an 89% efﬁciency
level. In particular, the average efﬁciency was estimated at 89.4%,
with the most and least efﬁcient hotels operating at 92.1% and
84.3% efﬁciency levels, respectively.
Anderson et al. (1999b) applied both DEA and SFA to estimate
the efﬁciency of 31 corporate travel management departments.
They deﬁned three inputs: the total expense of air, hotel, and car;
labor expense, which includes the cost of exempt labor, hourly
labor, and part-time labor; and other expenses, which include fee
expense, technology costs, and building and occupancy expense.
Their inputs were transformed into prices by dividing the three
input categories by the number of trips. The output was the
number of trips.
Barros (2004) employed a stochastic cost frontier in Portugual’s
hotel industry. He used a balanced-panel data during 1999–2001
to estimate a stochastic generalized Cobb-Douglas cost function
with three inputs and two outputs. Those three inputs were prices
of labor, capital and food while the two outputs were sales and
nights occupied. In addition, a dummy variable was used to
account for the distinction between historical Pousadas and
regional Pousadas. The research found that the results were at
best mixed, since the efﬁciency scores were low and not timevarying. For this reason, the author suggested an alteration of
management procedures to enable an increase in efﬁciency, based
on a governance environment framework.
Wang et al. (2007) used a one-stage stochastic frontier
approach to measure the relative efﬁciency of 66 international
tourist hotels in Taiwan during 1992–2002 and to investigate the
determinants of technical efﬁciency. They also added the
Malmquist productivity index to estimate the range and the cause
of the productivity change. They used the following four inputs,
salaries, the area of food and beverage, the number of rooms, and
other operating expenses, and the following three outputs, the

