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Abstract

Tourism revenue is an extremely important source of income in terms of countries. At this point, 
each country competes with other countries in its selected field. The Travel and Tourism Competitive-
ness Index (TTCI) is an indicator which reveals who is better, and this index constitutes the order of 
countries. In this study focuses on the competitive ranking alternative to the Tourism Competitiveness 
Index (TTCI). Fuzzy Data Envelopment Analysis (FDEA) was used for this purpose.
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Introduction

The tourism sector became the fastest developing sector in the world economy as of the 
late 1950s. Tourism is one of the basic elements that contribute to the economic development 
of countries in that it provides income and employment, brings prosperity to local people, 
and establishes the balance of payments.

Development of tourism both leads to changes in the national economic structure and 
allows the service sector to gain importance at an increasing rate. The tourism sector, consid-
ered one of the important factors of development in developing countries, assumes signifi-
cant roles in terms of the economic policies particularly aiming to prevent unemployment, 
for it contains labor-intensive production (Akgoz, 2007).

Travel & Tourism remains a critical sector for development and economic growth for 
advanced and developing economies alike. Developing a strong travel and tourism sector 
supports job creation, raises national income, and also benefits the general competitiveness 
of economies through improvements in hard and soft infrastructure (WEF, 2013).

The direct contribution of Travel & Tourism to the GDP in 2012 was USD 2,056.6bn 
(2.9% of the GDP). This is forecast to rise by 3.1% to USD 2,120.4bn in 2013. The di-
rect contribution of Travel & Tourism to the GDP is expected to grow by 4.4% pa to USD 
3,249.2bn (3.1% of the GDP) by 2023. 

The total contribution of Travel & Tourism to the GDP (including wider effects from 
investment, the supply chain and induced income impacts) was USD 6,630.4bn in 2012 
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(9.3% of the GDP) and is expected to grow by 3.2% to USD 6,842.0bn (9.4% of the GDP) 
in 2013. It is forecast to rise by 4.4% pa to USD 10,507.1bn by 2023 (10.0% of the GDP) 
(WTTC, 2013).

This great economic importance of the tourism sector revived countries’ effort to stand 
out further in terms of this sector in comparison with other countries. Both with investments 
and incentives and through legal regulations, countries try to increase the number of incom-
ing tourists and their tourism revenue accordingly. In other words, great competition is cre-
ated in the tourism sector. The concept of competition is briefly defined as the contention or 
the contest among the people who have a common goal. In a broader definition, in protect-
ing the freedom of decision-making and of taking action, competition is an indispensable 
condition which enables those individuals who try to maximize their own interests to attain 
economically more optimal and socially fairer and more desirable market outcomes instead 
of anarchy or chaos.

The measurement of efficiency and productivity in the tourism industry has been the 
subject of considerable research in the recent years, reflecting both the growing economic 
importance of tourism as a source of international revenue and domestic employment, and 
increasing competition in the global tourist markets worldwide (Hadad et al., 2012).

Regional tourism competition is decided by the reciprocal interaction between tourism 
and the social, political, economic, cultural, and environmental factors of the same region 
(Chen, 2001). Several studies were carried out to explain the relationship between tour-
ism and competition in several ways. Patsouratis et al. (2005) examined tourism competi-
tion among the Mediterranean countries with particular emphasis on Greece. The estimated 
econometric model includes an income index, a price index of the host country, a price index 
of the competitors, and the exchange rate as explanatory variables. The results show that the 
main determinants of Greece’s tourism demand are both price indexes and the exchange rate. 

The travel and tourism competitiveness report published by the World Economic Forum 
(WEF) presents the Travel and Tourism Competitiveness Index (TTCI) of the countries. The 
TTCI aims to measure the factors and policies that make it attractive to develop the travel 
and tourism sector in different countries. The TTCI is based on three broad categories of 
variables that facilitate or drive travel and tourism competitiveness. These categories are 
summarized into three subindexes of the index: (1) the subindex of travel and tourism regu-
latory framework; (2) the subindex of travel and tourism business environment and infra-
structure; and (3) the subindex of travel and tourism human, cultural and natural resources 
(WEF, 2013).

In this study, the TTCI, calculated by the WEF, and the sequence made accordingly are 
compared with the sequences and scores obtained by means of the methods of Classical Data 
Envelopment Analysis (DEA) and Fuzzy Data Envelopment Analysis (FDEA). In the next 
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section, we describe the data envelopment analysis. Then, we describe our model, present 
the results of our study, and discuss our conclusions.

Method

Measuring the activities of similar organizations working in the same fields became an 
important issue upon the increased level of competition and an increase in the desire to 
obtain more efficiency in today’s world. Besides the availability of various approaches sug-
gested for efficiency measurement in the literature, the Data Envelopment Analysis (DEA), 
developed by Charnes, Cooper, and Rhodes, drew more attention than the other methods 
since it does not require any analytical structure between inputs and outputs, can be analyzed 
with linear programming, and is easy to interpret.

One of the most significant points when making the efficiency analysis is the necessity to 
measure input and output values accurately. However, this is mostly impossible in practice. 
The Fuzzy Data Envelopment Analysis (FDEA) was suggested for cases in which precision 
could not be provided. Therefore, the efficiency scores of the units can be obtained accu-
rately even in fuzzy cases.

When some observations are fuzzy, the aims and constraints in the decision process be-
come fuzzy as well. Since the Data Envelopment Analysis (DEA) model is indeed a linear 
program, it will be appropriate to implement fuzzy linear programming techniques to FDEA 
problems. Sengupta (1992) first made a fuzzy comment on the DEA and transformed his 
study into a stochastic DEA model with specific membership functions, however, only the 
precise efficiency measurements were provided (Güneş, 2006).

In the FDEA models, data are divided into 4 classes (Oruç and Güngör, 2010):
1. Limited data (fuzzy numeral data whose lower and upper limits are, or membership 

function is, known)
2. Sequential data (Data where the verbal sequential correlation between any ith input or 

rth output data of the Decision-Making Units (DMUs) such as great-small-equal or very 
important-important-unimportant is known)

3. The data that could not be obtained in any circumstances
4. The data whose exact values are known

This study uses the output-oriented Kao Liu Model – one of the fuzzy data envelopment 
analysis models developed for the limited data whose exact value is known. 

The Kao Liu Model

It is based on transforming the FDEA into the traditional DEA by using the α-cut method 
and the extension principle.
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By considering the α-cuts of input & output data  and , the lower and upper limits on 
any µ ≥ α membership level can be expressed as follows:

Since the input and output data of the DEA models have a function, the membership 
function of the efficiency value for o.DMU is:

according to the extension principle.
To create the membership function of the efficiency value for o.DMU, it is required to 

create . In other words, it is required to provide , and the 
efficiency value to be obtained by using the data in any α-cut of the input & output data will 
be (E0)α. From this, the following can be written for the lower and upper limits of the ef-
ficiency value in any α-cut:

The lower limit of the efficiency value in any α-cut of o.DMU is possible by taking the 
minimum of the output data and the maximum of the input data in the same α-cut of o.DMU 
and the maximum of the output data and the minimum of the input data of other DMUs (Kao 
and Liu, 2000).
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Data Set and Implementation

In this study, in which the relationship between the sequences obtained as a result 
of the DEA and FDEA analyses and the TTCI values of 15 countries with a coast in the 
Mediterranean Sea was examined, the analyses were repeated via two different variable 
groups. The variables used in the TTCI were regarded as the input variables in the first data 
set group, whereas the variables which were published by the World Bank (WB) and might 
be related to tourism were selected as the input variables in the second data set group. In both 
studies, the number of tourists who came to the countries and the tourism revenue were again 
obtained from the WB data set as the output variables, and the output-oriented CCR Kao 
Liu Model was used. The competition sequence was obtained by sequencing the countries 
depending on the obtained efficiency scores.

The data sets used in both studies and their descriptions are presented in Table 1.

Table 1
The Variables contained in the Study 

Study I Study II

15 countries with a coast  
in the Mediterranean Sea

Data Making Units 15 countries with a coast  
in the Mediterranean Sea

Number of Inbound Passengers 
Tourism Revenue

Output Variables Number of Inbound Passengers
Tourism Revenue

Variables used to Create the Travel 
and Tourism Competitiveness Index

Input 
Variables

GNP per Capita
Travelling and Tourism Expenses  
in the Total Budget
Airport Density
Number of Rooms
Hotel Price Index 
Cultural and natural resources

The sequences obtained as a result of the study carried out with the first data set group 
and the TTCI sequences are presented in Table 2 below. When the obtained results are con-
sidered, it is observed that the first two ranks do not change in any of the three sequences. 
France and then Spain are ahead of the other Mediterranean countries in competition. It is 
seen that these two countries are followed by Italy and Turkey as a result of the data envelop-
ment analyses, respectively. However, it is seen that these countries are followed by Cyprus 
and Malta in the sequence by the World Economic Forum (WEF). As a result of the data 
envelopment analyses, these two countries are in the lowest ranks. While Algeria, Egypt 
and Albania are in the lower ranks in the sequence by the WEF, these countries are in higher 
ranks as a result of the data envelopment analysis.
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Table 2
The results of the first data set group   

Classical DEA Sequence Fuzzy DEA Sequence Index Sequence

France France France
Spain Spain Spain
Italy Italy Cyprus
Turkey Turkey Malta
Greece Morocco Italy
Morocco Egypt Greece
Egypt Algeria Slovenia
Croatia Albania Croatia
Israel Greece Israel
Tunisia Croatia Tunisia
Albania Israel Turkey
Slovenia Tunisia Albania
Algeria Slovenia Egypt
Cyprus Cyprus Morocco
Malta Malta Algeria

The sequences obtained as a result of the study performed with the second data set group 
and the TTCI sequences are presented in Table 3.

Table 3
The results of the second data set group   

Classical DEA Sequence Fuzzy DEA Sequence Index Sequence

France France France
Spain Spain Spain
Turkey Greece Cyprus
Egypt Italy Malta
Morocco Croatia Italy
Slovenia Turkey Greece
Cyprus Israel Slovenia
Italy Cyprus Croatia
Malta Algeria Israel
Croatia Malta Tunisia
Israel Tunisia Turkey
Greece Morocco Albania
Tunisia Egypt Egypt
Albania Slovenia Morocco
Algeria Albania Algeria
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According to these results, the first two ranks do not change in any of the three sequences 
and France and Spain are in the top ranks in terms of travelling and tourism competition. The 
rest of the sequence is obtained differently in each of the three methods. Especially when the 
comparison between FDEA and the TTCI sequences is considered since the FDEA method 
is preferred rather than the Classical DEA method, it is seen that there is a serious difference 
between the two. While countries such as Cyprus and Malta were in the higher ranks in the 
TTCI sequence, it was seen as a result of the analysis that these countries were actually in 
lower ranks. Countries such as Israel and Turkey are in lower ranks in the index sequence, 
whereas these countries were in higher ranks as a result of the FDEA. While Algeria was 
the last according to the TTCI, it ranked 9th among 15 countries as a result of the analysis.

Conclusion

The report published by the World Economic Forum presents the travel and tourism competi-
tion indexes of the countries and sequences the countries on the basis of these values. The present 
study basically aims to intend to create the competition sequence in the report concerned, pub-
lished by the World Economic Forum, by the help of the data envelopment analysis.

Studies were made with the 15 countries with a coast in the Mediterranean Sea in this 
study that was prepared considering the report published in 2011. In the study, the basic fac-
tor that determined the number of countries was the accessibility of data, and only the data 
of the 15 countries concerned could be obtained. 

In the present study, both the classical data envelopment analysis and the fuzzy data en-
velopment analysis were implemented to two different data groups. Although the results of 
both methods were partially close to each other, more importance was attached to the results 
obtained with the fuzzy data envelopment analysis due to the theory of the method. 

Except for the first two, the travel and tourism competition sequence obtained by means 
of the data envelopment analyses turned out different from the sequence in the report pub-
lished by the World Economic Forum in both data groups. While France and Spain are the 
countries with the highest level of competition in each of the three sequences, the sequences 
of the countries other than them are generally completely different from each other. For in-
stance, while Turkey ranks 11th according to the sequence in the report, it ranks 4th and 6th 
as a result of the data envelopment analyses. Ranking 3rd in the report, Cyprus rather lags 
behind as a result of the data envelopment analyses. Likewise, Malta is also in the higher 
ranks in the report, whereas it is in the lower ranks as a result of the analyses.

Obtained in the results, this difference shows that the index sequence prepared on the 
basis of arithmetic mean remained weak against the sequence obtained with the data envel-
opment analysis. The DEA, which concentrates on each variable as much as its significance 
due to the theoretical structure of the model, is in this respect more well-founded than the 
competition score in the report. When it is taken into consideration as such, the validity and 
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reliability of the sequences of the countries in the travelling and tourism sector with quite 
high budgets are of great importance. This study aims to create an alternative to the competi-
tion sequence, and the results can be viewed more clearly in the event that it is repeated with 
more variables and countries.
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Department of Bio-Statistics

Mugla Sitki Kocman University
Kötekli Mh, 48000 Kotekli
Turkey
tel.: +90 (252) 211-1000

PTiR_4_2013-wyciety.indd   128 2015-03-04   21:31:13


