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ABSTRACT

The fuzzy multicriteria grade cluster analysis model put forward by this study can objectively deal with the need priori-
ties of tourism and leisure resources so the budget is allocated first to the projects which are in urgent need of money.
Thus, the following situation can be avoided: in the traditional budget allocation of tourism and leisure resources, the
tourism and leisure project submitted by all units are not partitioned off according to their different need grades but un-

fairly mixed together in evaluation, leaving the projects at high need grade unable promptly to obtain funds.
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1. Introduction

Tourism projects have a close relation to people’s lives
and the investment in them is significant. The govern-
ment therefore should not make decisions using subjec-
tive judgment but should first undertake analysis of the
objective evaluation criteria and then make impersonal
decisions. The more reasonable the budget allocation
worked out by a government, the higher the efficiency in
the use of resources and the more benefits people will
enjoy. Therefore, for a government, one important sub-
ject regarding tourism projects is how to allocate the
budget effectively, especially in situations of financial
difficulty, when it is vital to allocate the budget to the
place where it is most needed and hence to maximize the
function of a limited budget.

Because the number of tourism projects varies in dif-
ferent departments, and the priority and urgency of the
projects are different as well, thus, it is very difficult to
allocate the budget effectively. Under such circumstances,
the methods most commonly used are equalitarian allo-
cation and allocation based on the size of both the popu-
lation of units or local governments and the region they
govern. These methods may result in the problem that the
units are bold enough to claim that it could be granted a
greater budget, while those requesting nothing will be
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given little. However, the tenet of budget allocation is to
make the most effective use of resources and where a
budget is limited, to get it to where it is most needed,
otherwise the problem might arise that some units are
busy dealing with a budget exceeding their demand, but
others are faced with the issue of an insufficient budget.
Therefore, for a government, one of the most important
subjects in its governance is how to allocate a budget
based on the need priorities of tourism projects, while
taking into consideration, for example, the environmental
conservation, land planning and financial load.

The selection of tourism projects has several charac-
teristics, such as multi-objectives, multi-attributes and mul-
ticriteria. These criteria can be considered relative to so-
ciety, economy, finance, human resources, environment,
market, and politics. Due to their potential to clash, and
their variability, comparability and correlation, various
criteria shall be evaluated and selected using a Multiple
Criteria Decision-Making method (MCDM) instead of
only the Cost-Benefit Analysis (CBA) or Single-objec-
tive Mathematical Programming method. Bellmen and
Zadeh (1970) pioneered the exploration of the decision-
making issue in a fuzzy environment [1], while Baas and
Kwakernaak (1997) proposed to use preferred fuzzy sets
as the method of ranking alternatives [2]. There are many
methods for implementing a fuzzy multicriteria decision
making method (fuzzy MCDM). For example, Chen and
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Hwang (1993) made a distinction and classification for
each method besides fuzzy ranking and fuzzy multiple
attribute decision-making methods [3]; Buckley (1985)
came up with the Fuzzy Analytic Hierarchy Process method
(Fuzzy AHP), which fuzzed the paired comparison val-
ues in Saaty’s AHP method and worked out the fuzzy
weights of each evaluation dimension and evaluation
criterion with a geometric mean method [4].

Much research on MCDM methods is in progress, cov-
ering electric power energy development programming
[5], ranking of urban transportation investment alterna-
tives [6], evaluation of sightseeing risk factors [7] and
the marketing strategy of the electronics industry [8]. In
particular, in transportation construction, this method
was used by Huang ef al. (2003) to assess the competi-
tive abilities of ports [9] and by Pearman et al. (1989) to
rank road investment programming [10]; the AHP method
was utilized to evaluate the influence of constructing an
expressway and the selection of contractors or procure-
ment methods [11-16]. For the subject of budget alloca-
tion, Kwak & Diminnie (1987) resorted to a goal pro-
gramming model to research the budget allocation of
academic units [17]; Sundberg et al. (1989) to explore
the allocation mechanisms in public provision of trans-
port and communication infrastructure [18]; Ramanathan
& Ganesh (1995) applied the AHP method to resource
allocation [19]; Perng et al. (2007) used the Genetic Al-
gorithm (GA) to solve the budget allocation in the resto-
ration of historical buildings [20]; Han et al. (2005) adopted
a non-linear programming model to figure out the opti-
mal financial budget for software development plans [21];
Karydas and Gifun (2006) applied multi-attribute utility
theory to the budget allocation of the infrastructure re-
newal programmes on university campuses [22]; the gov-
ernments responded to actual or potential investments in
tourism development [23,24]. In these studies, fuzzy
MCDM was applied to unquantifiable or non-qualitative
evaluation projects and yielded the required results.

In the use of the multivariate cluster analysis method
in the present study, the major task is to find a clustering
result [25] that the difference is small within a cluster
and big among clusters in order to classify tourism pro-
jects with different need priorities. Moreover, the simi-
larity in need priority ought to be high among the tourism
projects from the same cluster and low among the tour-
ism projects from different clusters. Thus, it would be
easy to distinguish the tourism projects with different
need priorities. As to the multivariate cluster analysis
method, many studies have covered marketing research
[26], organisational behaviour [27], landscape and eco-
logical-condition classification [28], and land classifica-
tion and management [29]. However, in these papers, we
have been unable to find any subjects in which this
analysis method was used to solve the problem for the
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resource allocation of tourism projects, so the related
research in this paper is worthwhile.

Based on the systematic concept of budget allocation
of tourism projects and the fuzzy quality (Bellman, 1970)
of human beings in decision- and judgment-making, this
paper will adopt fuzzy sets theory, the multivariate clus-
ter analysis method and selection criteria for tourism
projects to construct a fuzzy multicriteria grade cluster
analysis model which will help to classify tourism pro-
jects into several grades in accordance with their priori-
ties. Thus, objectively speaking, the projects that are ur-
gently in need of money can be allocated the budget first.

This paper consists of three parts: Connotation and
Use Steps of the Fuzzy Multicriteria Grade Cluster Model;
Application; Conclusion.

2. Fuzzy Multi-Criteria Grade Cluster
AnalysisModel

The first task in the budget allocation for tourism con-
struction is to determine the priority of execution among
tourism projects. This paper will solve the problem of
priority in executing tourism projects with fuzzy multi-
criteria grade cluster analysis theory. The tourism pro-
jects that are in most urgent need of money will be allo-
cated the budget first, while the decision whether those
that are the least urgent are allocated funds depends on
whether there is a balance. Subsequently, we will show
the grade cluster analysis method and the steps in the use
of fuzzy MCDM and multivariate cluster analysis theory:

Step 1: List all tourism plans to be evaluated.

List n tourism plans: 4 ={A4,--, 4,---,4,}(n>1)

Step 2: Constitute a decision-making group (the evalua-
tion committee).

Selecting ¢ committee members to constitute a deci-
sion-making group: T = {Tl,m,T/-,u-,Tt}(t > 5)

Step 3: Formulate evaluation criteria.

Formulating m evaluation criteria:
C={C,,C;,.C, }(m=1)

Step 4: Distinguish the clusters based on need grades.

The organiser has to discuss with the decision-making
group the plans and budget amount of the present year to
work out P need grades V ={V;,---,V,,---,V,}(P>2);
furthermore, the priorities of the need grades decrease in
turn (i.e., ¥, means that it is the most needed and ¥,
represents that it is the least needed).

Step 5: Determine the weights of evaluation criteria.

Determining the importance of m evaluation criteria;
the experts from the related fields in the decision-making
group can assign the corresponding weights:
W= {30, W, W,

Step 6: Establish an Evaluation Matrix.

In light of the judgment and weighting made by the
evaluation committee members, the fuzzy evaluation ma-
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trix l~)[ for each tourism project A; under the evaluation
criteria. C; can be formulated as follows:

D =[dy] i=12n (1)

In the formula, d;; indicates the fuzzy performance
value of 4; at the grade of ¥, under the evaluation cri-
teria —C;.

The evaluation criteria for tourism projects are all
qualitative principles that cannot be easily measured with
definite numerical values, so it is necessary to constitute
the evaluation committee containing related experts, and
then each committee member can make a judgment in
accordance with the need grade of every tourism project
under each evaluation criterion. Each member is allowed
to check one within P grades under each criterion.

Supposing that there are 7 members in the evaluation
committee, the fuzzy performance value c?,.jk of each
tourism project at each need grade under each criterion
can be obtained through the following formula.

di :];,'k/T:Visj»k (2)

ij
T

Tijk :zT;;k:Vi:jak (3)
=1

1: Indicates the ¢ evaluation
committeemembers’ judgment that
l.;k =< 4, belongs to Grade k under the 4)

criterion of C -

0: Others.

ZT:]:][k =T )

1 =1

M~

=
I

0<d, <1 (6)

Step 7: Calculate the fuzzy evaluation vector after the
weighting.

When considering m evaluation criteria simultaneously,
we can calculate the following fuzzy evaluation vector
El. after the weighting.

i

In the formula,

Step 8: Grade Cluster Classification.
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Since El.k stands for the fuzzy judgment value when
the tourism project 4; is comprehensively appraised as
Grade k under m evaluation criteria, so the priority se-
quence of tourism projects is the result of the grade clus-
ter classification of n tourism projects A, A,, -, A, with

E.E E, known.

[PERRREESD

1) Defuzziflilcation

Through the above comprehensive evaluation of fuzzi-
fication, we can obtain the triangular fuzzy numbers of
each tourism project. These fuzzy numbers are not defi-
nite numerical values, so they must be defuzzified; spe
cifically, the best non-fuzzy performance value (BNP)
has to be found. In the literature, there are many methods
for defuzzification, such as Middle of Maxima (MOM),
Centre of Area (COA) and a-cut set. This paper adopts
Centre of Area (COA) [6] to implement defuzzification
because this method is simple to use and the preference
of evaluation committee members need not be considered.
The BNP; value of fuzzy numbers can be calculated with
the following formula:

BNP, =[(UR,—LR,)+(MR - LR,)|/3+LR,,Vi (10)

2) Setting of the distance among clusters

Before analysing the clusters, we need to work out the
dissimilarity or similarity among the clusters in light of
the variables. At present, the dissimilarity can be ex-
pressed with several distance measures, such as Euclid-
ean distance, squared Euclidean distance, size difference
distance, pattern difference distance, variance distance,
shape distance, and Lance and Williams distance [30].
This paper uses squared Euclidean distance to perform
the analysis. Setting C, = (xl.,yl.) , G :<xj,y/.) , the
squared Euclidean distance between C; and C; is:

d;:(xi—x/)2+(yi—yj)z,i,jzl,Z,...,n (11)

Therefore, the squared Euclidean distance of clusters
can be written as follows:

af(x,y)2 = (xl.—yl.)z,Vi (12)

M

1

3) Hierarchical Analysis Method

The analysis methods are usually divided into hierar-
chical and nonhierarchical methods; moreover, the hier-
archical methods can also be sub-divided into agglom-
erative and divisive methods. In the agglomerative method,
the distance among observed objects or the error matrix
within a group is calculated first, and then the two closest
observed objects are merged into a cluster; next, the dis-
tance among merged observed objects or the error matrix
within a group is computed. The above procedure is re-
peated until all observed objects are merged into the
same cluster. The most commonly used methods include
the single linkage method, the complete linkage method,
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the average linkage method, the centroid method, the me-
dian method and Ward’s method. In the past, most stud-
ies have shown that the average linkage method and
Ward’s method are the better methods [31]. After trying
all analysis methods, we found that the average linkage
method leads to an ideal result. The steps are as follows:

1) Find out the two closest tourism-project clusters
(also called observed objects); for example, C; and Cp
are merged into Cyp.

2) Calculate the distance between the new tourism-
project cluster C,4p and other tourism-project clusters:

d(Cp.Co) =~ Y T d(ij)  (13)
Miec,y jeCp

This formula indicates that the average distances be-
tween C, and Cp and between Cp and Cp are used as the
new distance between Cyp and Cp; n represents all loga-
rithms between the two tourism-project clusters C4z and
Cp. The average distance between 4 and B (the tour-

ism-project clusters) can be further written as:

d(A,B)leZd(i,j),Vi,j (14)
Nica jeB

3) Repeat the above steps until all observed objects are
merged into one cluster.

Step 9: Grade Classification for all Tourism Projects.

According to the results of analysing the above infra-
structure-project clusters and V, (the need of the clus-
ters with P grades determined by the evaluation commit-
tee), the cut-off point & can be selected to classify all
tourism projects into different grades, as the following
formula shows:

If d(4,B)<a, then d(A4,B)eV,,YV.k (15)

and d =min{k|d(4,B)<a} (16)

3. Application
3.1. Explanation of Decision-Making Problem

Suppose a ministry of the tourism of Taiwan is composed
of six units which are respectively symbolized with 4, B,
C, D, E and F;; they submit a total of 26 tourism projects
in a fiscal year, including 3 from 4, 3 from B, 11 from C,
3 from D, 4 from E and 2 from F; The budget each pro-
ject needs is listed in Table 1. Although the total budget
these projects need amounts to NT$17.279 billion, the
actual budget that is available that year is not more than
NTS$10 billion, which cannot simultaneously meet the
demand of the six units. In this situation, the govern-
mental department is faced with the decision-making
problem of how to allocate the available budget and how
to decide which projects ought to be executed.
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Table 1. The number of projects proposed by six govern-
mental departments and budgets needed.

Department  Number of projects Budget (hundred million NTD)

A 3 2.65
B 3 34.03
C 11 55.55
D 3 28.97
E 4 44.99
F 2 6.60
Total 26 172.79

3.2. The Formulation of Evaluation Criteria and
the Deter mination of Weighting

In order to facilitate the evaluation of budget allocation
for the projects submitted by each unit, the governmental
department first formulates a set of evaluation criteria
accepted by each unit. The results of the investigation
and analysis undertaken by the department indicate that
these criteria consist of 4 evaluation dimensions and 10
evaluation indices. In terms of weighting, the calculation
is performed on the basis that the total weight is 1. The
details are shown in Table 2.

In order to simplify the evaluation work, this govern-
mental department uses the fuzzy multicriteria grade clus-
ter model proposed by this paper to classify the tourism
projects into different grades in light of their need priori-
ties. To begin with, an evaluation committee with 12
members is constituted, and these members include the
organiser, supervision units from the tourism department,
units directly subordinate to the central government, school-
ars and experts; they will make their judgments based on
the need priorities of projects under the 10 evaluation
criteria and check the grade they think is appropriate ac-
cording to the prospectus, field surveys and briefings
submitted by each unit.

3.3. Grade Classification of the Need Priority of
Tourism Projects

3.3.1. Comprehensive Evaluation of the Need
Priorities of Tourism Projects

After discussion with the evaluation committee, this gov-
ernmental department classifies the tourism projects into
five grades on the basis of need priority: “Urgently needed”,
“Badly needed”, “Much needed”, ‘“Rather needed” and
“Little needed”. The first grade means that the project
enjoys top priority, while the fifth grade indicates that the
project is lowest in terms of need. The tourism project
Ao submitted by Unit 4 is taken as an example; the cor-
responding results of its evaluation by the 12 committee
members are shown in Table 3, in which the numbers are
the comprehensive judgments made by the 12 members.
According to the definition of fuzzy weighting, the 12
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Table 2. The evaluation criteria of a governmental tourism project and their weights.

Weight of evaluation

dimensions Dy D, Ds Dy
Composite Lower limit 0.05762 0.03112 0.05020 0.04404
e“i‘;ﬁg;gfl Median 033932 0.11812 0.23884 0.20307
dimensions Upper limit 1.58562 0.83748 1.36949 1.27376
BNP 0.66086 0.32891 0.55284 0.50696
Normalized weight 0.32244 0.16048 0.26974 0.24735
Weight of evaluation criteria C, C, Cs Cy Cs Cs C; Cy Cy Co
COWPOSite Lower limit  0.18503  0.13096 0.25149 0.10523  0.06097 0.06301  0.08026 0.05564 0.08924  0.07444
:{leil;;gi Median 0.60694  0.32030 1.02670  0.26136  0.23750  0.24682  0.42206 0.20125 0.40416  0.34309
criteria Upper limit 1.74006  1.23161 1.95212 0.81681 1.37148  1.47231 1.77235  1.09080 1.74160  1.55595
BNP 0.84401  0.56096 1.07677 0.39446 0.55665 0.59405 0.75822  0.44923  0.74500 0.65783
Normalized weight 0.60073  0.39927 0.73188 0.26812 0.29160 0.31120 0.39720 0.24256  0.40226  0.35519
Overall weight 0.19370  0.12874 0.11745 0.04303 0.07866  0.08394 0.10714 0.06000 0.09950 0.08786

Table 3. Expert evaluation resultsfor Ay, tourism project.

Table 4. BNP chart of fuzzy MCDM.

Tourism project Project Ao

Evaluation value

on necessity Lower limit Median Upper limit BNP

C 22.50 37.92 56.25

G, 27.50 40.00 55.42

(& 20.00 33.75 50.42

Cy 35.83 50.00 64.58

Cs 22.50 37.92 54.58

Cs 23.33 39.58 58.33

G 23.33 39.58 58.33

Cs 19.17 33.75 51.25

Cy 20.00 35.83 54.58

Cio 15.42 29.17 45.83
Composite evaluation 25.28 150.31 803.71 326.43

evaluation members make comprehensive judgments and
transform the definite values of BNP, as shown in Table
4, through the procedures of calculation and defuzzifica-
tion. For instance, according to the comprehensive judg-
ment results from the 12 committee members, under each
evaluation criterion the tourism project 4o, has the best
non-fuzzy performance value (BNP), 326.43.

3.3.2. Grade Cluster Classification of the Need
Priorities of Tourism Projects

Based on the BNP value of each tourism project calcu-
lated in the previous section, we obtain the dendrogram
(Figure 1) through multivariate cluster analysis with SPSS
software and with the between groups average linkage
method, then according to the five need grades deter-
mined by this governmental department and the evalua-
tion committee, the cut-off point can be selected to gen-
erate the five grade clusters, as shown in Table 5. In this
table, 2 projects belong to Grade V1—“Urgently Needed”,
11 projects to Grade V,—“Badly Needed”, 12 projects to
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Composite evaluation values

Tourism project BNP
Lower limit Median Upper limit

Project Ao 326.43 25.28 150.31 803.71

Project A0, 338.63 25.39 158.91 831.61

Project 403 361.81 31.60 179.07 874.75
Project 401 421.50 35.78 199.64 1029.09
Project A0, 355.22 30.74 169.73 865.18
Project A3 365.36 29.22 175.30 891.55
Project 43, 329.73 27.01 151.60 810.59
Project A3 394.57 32.87 193.28 957.57
Project 4303 388.93 35.93 194.35 936.52
Project 4304 361.91 28.17 164.90 892.67
Project A30s 382.12 28.30 175.56 942.50
Project 4306 326.52 21.67 141.35 816.53
Project 4307 439.27 38.96 212.13 1066.72
Project Asos 361.37 26.50 163.11 894.51

Project 4309 385.63 30.61 179.31 946.96
Project 4310 342.11 23.11 154.22 849.01

Project 431 288.22 19.45 124.53 720.67
Project Aso1 381.98 34.13 192.71 919.10
Project Ao 407.47 37.74 207.49 977.18
Project Ao 395.41 36.21 196.72 953.29
Project 4so1 375.97 31.50 184.97 911.42
Project Asqpn 407.74 36.15 202.19 984.90
Project Aso; 411.01 41.92 218.92 972.19
Project Asos 369.36 33.45 181.76 892.88
Project Ago 438.05 40.85 220.79 1052.51
Project Ao 388.30 31.05 182.25 951.62

Grade V3—“Much Needed”, 1 project to Grade V,—
“Rather Needed”, and no projects to Grade Vs—"“Little
Needed”.

We can further calculate the budget needed by the
tourism projects at each grade in accordance with the
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Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25

Label Num +------ e R o o . +

project A, 1 -

project Ay 12 4

project Ay, 7

project A, 2 -

project Az, 16 -

project Asy, 21 Vs
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project A, 3

project Ay, 10

project Az 14—

project A, 6 -

project Ay, 5 -

project Ay, 13 -¢

project Ag,, 25 —TVl

project Ay, 8

project A, 20—

project Asgs 11—

project Ay, 18—

project Ay, 9 -

project Ag, 26 — v

project Ay, 15 -~ 2

project Ay, 19 =

project Asg, 22 -

project A, 23 -+

project A, 4 -

project A, 17 v

Figure 1. Dendrogram using Average Linkage, Between Groups.

data of the budget needed by projects, as Table 5 shows;
the total amount is simply all the budget funds the tour-
ism projects need at this grade. The details are listed in
Table6.

3.4. Results and Discussion

According to the above analysis results, we can discern
which grade each tourism project belongs to; we can then
resort to the fuzzy multicriteria ranking model and the
budget allocation model to allocate the funds for tourism
projects and the tourism budget for each unit on the basis
of actual available total budget in the present fiscal year.
Essentially, the evaluation of tourism projects needs to
follow the principle of multiperson multicriteria: not only
should the evaluation criteria of cost, society, finance,
market, environment, politics and management be taken
into consideration, but how to evaluate the projects, how
to select the committee members and how to decide the
number of committee members cannot be ignored, either.
More importantly, we should consider how to execute the
budget allocation on the basis of the evaluation of tour-
ism projects. However, to make a fair choice among the
tourism projects instead of mixing together all the pro-
jects at different need grades in the evaluation constitutes
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a heavy workload for the organiser and committee mem-
bers, especially when the budget is limited and there are
many tourism projects with various need priorities.

The above theory and application example indicate that
the members of the evaluation committee can make judg-
ments under the formulated criteria and according to the
five need grades—“Urgently Needed”, “Badly Needed”,
“Much Needed”, “Rather Needed” and “Little Needed”.
In this way, the work involved in the evaluation of tour-
ism projects can be significantly simplified. In particular,
when all tourism projects are classified into several grades
according to the need priorities, the projects in urgent
need of money can be allocated the budget first to make
effective use of limited resources.

4. Conclusion

In the budget allocation of tourism projects, instead of
being unfairly mixed together in the evaluation, a number
of tourism projects ought to be partitioned off in light of
their different need grades, which could indeed help the
government to relieve the heavy workload of making
choices among so many tourism projects. Fuzzy theory
can be used to investigate and deal with the weighting and
judgment of experts on the need priorities of tourism
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Table5. Evaluation resultsfor the tourism projects submitted by each department and the budget needed.

Department Tourism project Cluster analysis attributes (V%) Budget (hundred million NTD)
Project A1 Vs 1.76
A Project 4102 Vs 0.44
Project A3 V3 0.45
Project Ay Vs 1.66
B Project Ay Vs 19.92
Project 403 V3 12.45
Project 4301 Vs 8.80
Project A3, Vs 3.52
Project A3 Vs 17.78
Project 4304 Vs 4.93
Project A3os v, 2.63
C Project Az6 Vs 2.42
Project 4307 14 0.88
Project A305 V3 0.22
Project 4300 Vs 2.49
Project 4319 Vs 3.08
Project A3 Vs 8.80
Project A4 Vs 241
D Project A4 v, 18.26
Project A403 Vs 8.30
Project Asp V3 4.02
£ Project Asp V, 7.67
Project Aso3 Vs 17.60
Project Asos Vs 15.70
Project Ago1 14 4.40
F Project Agn Vs 2.20
Total 172.79
Table 6. Levels of tourism projectsand budget needed.
Need pr'iority level Tourism project A Budget _ne_eded Accumulated bu.dget needed
of projects (V%) (hundred million NTD) (hundred million NTD)
(V1) Urgently Needed A3, Aeon 5.28 5.28
(¥2) Badly Needed Azo1, A302, A303, A305, A309, Aa01, Aaoz, Aaos, As02, Aso3, Aeoz 84.52 89.80
(¥3) Much Needed Aror, Aoz, Ar03, A202, A203, Aso1, A304, A306, As08, A310, As01, As04 74.19 163.99
(V4) Rather Needed Asn 8.80 172.79
(Vs) Little Needed 0.00 172.79
2 172.79

projects, which could overcome the different needs of
individual decision-making activities in the decision-
making group. A follow-up fuzzy multicriteria grade
cluster model will combine 2 sub-models—the fuzzy
multicriteria ranking model and the budget allocation
model—to construct a complete model for the budget
allocation of tourism projects. The budget allocation
methods brought forward in the future need to provide
easy access to the analysis of sensitivity and meet the
charging demands of response policies. In addition, in the
construction of models, it is necessary to consider that
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the senior manager should have the right to use a certain
proportion of the budget, in order to give him equivalent
rights and responsibilities. Thus, the senior manager
could significantly improve management efficiency and
take the corresponding responsibility.
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