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A FUZZY MULTICRITERION Q-ANALYSIS MODEL
FOR INTERNATIONAL LOGISTIC-PARK
LOCATION SELECTION

Junn-Yuan Teng*, Kuo-Liang Lee**, and Wen-Chih Huang* **

Key words: international logistics park, fuzzy MCQA method, grade
classification method.

ABSTRACT

Thisresearch empirically evaluates locations for development of
international logistics parks from the perspective of Taiwanese firms.
A new fuzzy multiple criteria Q-analysis (MCQA) method is pro-
posed to improve the performance judgment of decision-makers. An
empirical evaluation of 11 potential locations in northern Taiwan was
performed, using local logistics professionals as participants. The
fuzzy MCQA method that integrates MCQA, fuzzy measurement and
fuzzy grade classification gives an explicit result value for each
criterion to be evaluated. The method greatly decreases the complex-
ity of the evaluation process and preserves the advantages of the
traditional MCQA method. Finally, the theoretical and practical
implications of the research findings are discussed.

INTRODUCTION

In order to develop alogistic park, the government
needs to formulate a policy for attracting firms. To
ensure smooth business operations, local authorities
erect logistics parks in and around ports, special eco-
nomic regions or re-export zones, intending to enhance
both the economic activity and the added val ue of ports/
airports [32, 26].

A logistics park offers logistics service providers
the opportunity to establish a warehouse, a container
freight station (CFS) and a distribution center (DC), in
order to carry out a number of functional activities. The
activities include transportation, storage, consolidation,
clearance, assembly, inspecting, labeling, packing,
marketing, and distribution [21, 27]. Local authorities
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in a variety of locations around the global have
developed, or plan to develop, logistics parks to expand
the capacity of the existing industry and air/maritime
transport infrastructure. In Asia, multifunctional logis-
tics parks have been established at a number of major
port cities. The locationsinclude Kaohsiung Yes Logis-
tics Zone (Taiwan), Chiang Kai-shek International air-
port air logistics park (Taiwan), Busan Logistics Park
(Busan), Shanghai Waigaogiao Bond Logistics Park
(Shanghai), Schwartz L ogistics hub (Shenzhen), Hong
Kong International Distribution center (Hong Kong),
and Kepple Distripark (Singapore).

Previous studies have examined determinants af-
fecting firm evaluations of operations such as logistics,
distribution, and transshipment centers (park or hub) in
particular regions [20, 22, 29, 36]. Research shows that
firms often assess several different candidate locations
for a particular type of logistic center (park). To our
knowledge, however, there have been few empirical
studies examining different types of logistics parks
among a range of potentially competing locations.

From the standpoint of logistics development, each
location offers a unique environment. There is areal-
ization among logistics park planners that the market
should be segmented based on customer attribution
requirements [16, 19, 34]. It isimportant that the local
government provide appropriate and competitive logis-
tics capabilities and services in and around the logistics
park. Giventhe significant role alogistics park can play
inafirm’ssurvival and prosperity, evaluation of logis-
tics parks represent a tremendous challenge for manag-
ers of firms operating in global industries [25, 33].
Therefore, preference evaluations of logistics parks are
acritical determinant of firm investments.

The preference evaluation of alogistics park is a
Multiple Criteria Decision-Making (MCDM) problem.
However, the criteria for evaluating logistics parks, as
well as the weight assigned to each criterion, differs
according to the subject of the eval uation, circumstances,
degree of knowledge, and other factors.

The MCQA method, an extended branch of the Q-
Analysis method, is used to address multiple criteria
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and multiple aspect decision-making problems. Q-
Analysis dates back to 1974, when mathematician Ron
Atkin [2] created this concept based on his research into
topology. Atkin and Witten [3] used Q-Analysis to
analyze location relationships in chess. Subsequent
research has applied MCQA to the study of reality-
oriented decision-making [1, 7, 9, 11, 12, 13, 17].
MCQA is available in variants MCQAI, MCQAII and
MCQA 111 [14, 15]. MCQA | and MCQA Il use Euclid-
ean distance to obtain the gap between practical and
ideal alternatives, or the ranking of all alternatives via
PRI1 and PRI2 (project rating index), to provide a
benchmark for decision-makers.

The evaluative criteria of MCDM problems com-
bine quantitative and qualitative values, and the values
for qualitative criteria are often imprecisely defined.
Also, their degree of strength changes according to the
viewpoint of the evaluator. The desired values and
importance weighting of criteria are usually described
in linguistic terms: “low”, “medium”, “high”, “very
high”, and so forth. Itisnot easy to precisely quantify
the rating of each alternative location. The methods
described above are thus unable to handle the interna-
tional logistics park location selection problem.

Fuzzy set theory was developed based on the
premise that the key elements in human thinking are not
numbers, but linguistic terms or labels of fuzzy sets [4,
37]. Hence, a fuzzy decision-making method under
multiple criteria considerations is needed to integrate
various linguistic assessment and weights to evaluate
the location suitability and determine the best selection
[5]. Thefuzzy MCQA method, which initiated by Teng
[31], was utilized to improve the performance judgment
of decision-makers for better availability of MCQA.
The method incorporated the performance fuzziness
measurement and fuzziness multicriteria grade classifi-
cation method.

The purpose of this paper is to evaluate the pref-
erence relations for different types of logistics parks.
An empirical study was conducted in northern Taiwan,
using the preferences of local Taiwan firms as the
criteria for evaluation. The results of the study pro-
vide guidelinesfor logistics park development. Further,
this study proposes a new fuzzy MCQA method that
may improve the evaluation performance of decision-
makers.

DEFINITION OF LOGISTICS PARK

Much research has been performed on operational
types for logistics activities. From the viewpoint of
systematic development, international distribution sys-
tems may make be of the traditional type, the direct
exchange type, the transshipment type, or the multina-

tional type [23]. Piet et al. [24] classified the logistics
chains into three logistics sub-chains, including the
production and supply logistic chain, the manufacturing
logistic chain, and the distribution logistic chain. Chopra
[8] presented six distribution network typesin a supply
chain. Sheu [27] has proposed six global logistics types
that are distinguished by their degree of resource shar-
ing and integration with foreign enterprises. The litera-
turein this areais devoted to particular topics, such as
origins and destinations, supply chains, and resource
sharing.

Based on the modes international cargo flow: im-
port/export, transshipment, re-import and re-export,
functional activities are proposed to define interna-
tional logistics park typesin thisresearch. The distinc-
tive operational features of the four types are displayed
in Figure 1.

Type 1: Import-Export (IM/EX type)

This type of international logistics park moves
Origin/Destination (O/D) cargos from the raw & semi-
finished product/product supply marketplace (“1") to
domestic manufacturing (“2”) or consumer (“3")
marketplaces. Another moves cargos from the domestic

Sci-based
Indus. Park

Domestics J
M-market

Technical
Indus. Park

International
M-Market

Domestics
C-Market

International
C-Market

Raw & Commodity
semi-product S-Market
S-Market

ILP: International Logistics Park
S-Market: Supply Market
M-Market: Manufacturing Market
C-Market: Consumer Market

Fig. 1. Activitiesof international
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manufacturing (“2”) marketplace to the international
manufacturing/consumer (“4”) marketplace. The type
providesthe services encompassing transportation within
national borders, warehousing, consolidation, and dis-
tribution functions. Participating firms might include
shipping or airline carriers, freight forwarders, and
customs brokers. In thistype of logistics park, the port
plays a key role in providing the circumstances of the
logistics functions. Almost all ports offer these
functions.

Type 2: Transshipment type

This type of international logistics park enables
the transshipment of cargoes from marketplace “1” to
marketplace “4”. It provides services such as
transportation, warehousing, consolidation, and
distribution, with participants including shipping or
airline carriers, freight forwarders, and customs brokers.
The port also plays the key role in this type of logistics
park, in providing the circumstances of these logistics
functions. Only afew ports such as the Kaohsiung Y es
Logistics Zone (Taiwan) provide these functions for a
particular region.

Type 3: Reprocessing then import type (Re-import type)

The type supports cargo flow from marketplace
“1”, importing raw material or semi-finished products,
to the domestic consumer marketplace after cargo re-
processing by firms supporting the domestic manufac-
turing marketplace (“2"). The functions provided in-
clude transportation, warehousing, hi-tech reprocessing,
consolidation, and distribution functions of participants
such as shipping and airline carriers, hi-tech firms,
freight forwarders, and custom brokers. In this type of
logistics park, hi-tech local manufacturing industries
and ports are the key shapers of the circumstances of the
logistics functions.

To satisfy the requirement for high quantity
commodities, and retain key technologies, foreign ac-
cess zones (FAZ) were established to develop this type
of international logistics park in Japan. Although in the
end the policy was not successful due to high reprocess-
ing and distribution costs, the Japanese experiment
represents an important case of development of a re-
import international logistics park in order to promote
production value-added and retain key technologies.

Type 4: Reprocessing then export type (Re-export type)
This type of international logistics park carries out

reprocessing and transshipment of cargos from market-
place “1" to marketplace “4" after cargo reprocessing

by the firms supporting marketplace “4”. This type of
logistics park offers transportation, warehousing,
consolidation, reprocessing, and distribution functions.
The functions were provided by the participants of
shipping or airline carriers, freight forwarders, hi-tech
firms and customs brokers. For this type of park, a hi-
tech industrial environment and port conditions are the
key determinants, thus only a handful of locations pro-
vide these functions.

In response to the rapid development of global
logistics, many locations have transformed the role of
transshipment into a re-export service [21]. For ex-
ample in Taiwan, a large number of foreign multina-
tional corporations (MNCs) order information technol-
ogy commaodities from local Original Equipment Manu-
facturers (OEM) [10].

Based on their respective logistics activities, there
are several key factorsfor firmsin evaluating alogistics
park. Such as, the port conditions, transportation
convenience, environment and cost conditions, distance
between port and logistics park, distance between logis-
tics park and industrial markets, and distance between
logistics park and the consumer market. Similarly, the
key factors of the four types of logistics parks are
transportation convenience, rental cost, natural
environment, distance from consumer markets, distance
from industrial zones, distance from airports/seaports,
and distance from export processing zones. The above
criteriawere obtained by a survey of 13 logistics execu-
tives (seven logistics service providers and six shipping
forwarders) and accepted in this research as possessing
content validity.

Based on the criteria considered important to firms
when making decisions on location selection in logis-
tics parks, the 7 indicators (Table 1) were selected for
inclusion in the present study’s questionnaire survey.
Among the evaluation criteriarequired to set up the four
types of logistics parks, the transportation convenience,
rental cost and natural environment are the three most
common evaluation criteria, while the other four crite-
ria are particular to specific types of industrial parks.

METHODOLOGY

Through incorporation of the fuzziness measure-
ment and fuzziness multi-criteria grade classification
method of Teng [31], this paper uses the fuzzy MCQA
to improve the performance judgment of decision-mak-
ers

1. Fuzzy measur ement of location performance

Assuming n alternatives A = {Ali = 1, 2, ..., n},
(n = 1) are found under m evaluation criteria C = {Cj|



92 Journal of Marine Science and Technology, Vol. 15, No. 2 (2007)

Table 1. Evaluation criteria of four types of logistics parks

Criteria IM/EX Re-import Transship. Re-export
Transportation convenience (C;) o [ [ [
Rental cost (Cy) [ o [ [
Nature environment (Cs) o o [ [
Distance from main consumer market (C,) o o

Distance from industrial zone (Cs) o

Distance from airport/seaport (Cg) o o [
Distance from export processing zone (C-) o

j=1,2, .., m} (m= 2), if the performance value value R, of Ry grade may be expressed by the following

measured by each evaluation criteriais classified into p
grades R = {Ryk = 1, 2, ..., p}, (p = 2), grade R
represents the subjective judgment of responders view-
ing A; location under C; criteria, given by the formula
below:

Rijk = {Rk|k= 1,2, ..., p}, Vl,j (1)

Where, R;j; represents a higher degree of satisfaction of
subjective judgment made by responders viewing A,
alternative under C; criteria, Rjj, represents the next
higher degree of satisfaction, and R;j, represents
dissatisfaction, and so on.

Thelinguistic variables, such as*very satisfactory”,
“satisfactory”, “ordinarily acceptable”, “ dissatisfactory”
and “rather dissatisfactory”, are fuzzy linguistics that
can be represented by fuzzy numbers. Formerly, many
scholars took the position that “linguistic variables’
could be converted into scalar fuzzy numbers, but gave
no detailed description of how to determine scalar fuzzy
numbers [5]. Satty [26] showed that five scales are a
basic judgment method for human beings. Thus, the
satisfaction grade of the performance value under vari-
ous criteria can be classified into several grades such as
“very good”, “good”, “medium”, “poor” and “very poor”,
respectively represented by R = {R;, Ry, R3, Ry, Rg}.
Meanwhile, the performance values of the grades can be
represented by triangular fuzzy numbers, for example,
R¢(k=1, 2, ..., p) showing the fuzzy performance value
of k grade for the alternatives. The fuzzy performance
value of k grade is measured as [0, 100], the rating
interval of Ry is represented by the following formula:

Re = (Xkar Xkby Xiko) (2)

Where, Xya, Xkn, Xic @re optional values that lie
within [0, 100] and meet the condition of Xy = Xip = Xa-
This fuzzy number shows that, from the perspective of
the responder, the performance value of Ry grade is
between x,~X, and the crisp performance value is Xyy,.
The membership function Ug, (x) of fuzzy performance

formula:

0, X<Xy,

XkaSX<Xkb

UR () = 1, X=X (3)

1 Xip <X =X

0, X>Xy

According to the study and analysis of Satty [26],
individuals will find it difficult to clearly judge adjacent
scales, but will have little trouble distinguishing ratings
that are separated by one grade. For example, it is
difficult to distinguish the satisfaction grades of “very
good” and “good”, but easy to distinguish “very good”
and “medium”. In other words, between adjacent grades
there is a fuzzy interval, but not between non-adjacent
grades. For this reason, this paper has defined five
satisfaction grades of fuzzy performance values as shown
in Figure 2.

2. Fuzzy grade classification method

Assuming N responders are expressed by E = { E|
h=1, 2, .., N}, the fuzzy performance values of A
location under C; criteria are represented by rj; (i = 1,2,
.o N j=1,2, ..., m). Thus, itispossibleto measurethe
percentage of each grade of responders as detailed
below:

p

~ Ni' B o

fi =k2:1(N:jk)®Rk,Vl,1 (4)
p

N; = leijk,Vi (%)

Where N;j is the number of responders who judge the
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Hy AR Ry Ry R, R, fuzzy grade range
1 i 5 i X R,=(75, 100, 100)
i i | R, = (50, 75, 100)
i 5 | Rs = (25, 50, 75)
: : : ~ R,=(0, 25,50)
0 25 50 75 100

Fig. 2. Grade fuzzy number ﬁk.

performance value of A; location as R, grade under C;
criteria, and N;; is the total number of responders. Inthe
case in which each responder makes ajudgment, N = N;;.
In a case in which some responders cannot make
judgment, Nj; < N, 3 indicates fuzzy summation and
symbol ® indicates fuzzy multiplication. Once the
responders have finished the evaluation of alternative
locations, the preference structure matrix P can be
obtained below:

P=1[filij Vi, ] (6)

As N and N;; are constants, the fuzzy value rj; remains
atriangular fuzzy number [18]. Fuzzy numberst;; and
Ry must be compared to determine which grade rj;
belongs to. In other words, it is possible to judge based
upon the percentage of the area of Ry fuzzy numbers
occupied by Tj; fuzzy numbers, by obtaining the value
aijk of Ry grade as shown in Figure 3. The area of Ry
occupied by 7j; is represented by the oblique shadow.
After obtaining the area of oblique shadow (i.e. percent-
age of triangle ABC), it is possible to obtain the grade
value aijx, shown by the ratio between two ordinary
integrals of membership functions as below:

[, ue o)ay
y € Dg

ik =
j Ug, (x) dx
X €Dy

Vi K @)

Where, ur. (y) is membership function of fuzzy number
ij

rij and ug, (x) is membership function of grade fuzzy

number Ry with overlapped fuzzy interval as Dy = [Xas
Yel-

In order to identify p grades, (p-1) evaluation
grade groups comprising every two adjacent grades is
created:

Ri={Ry, Ryor Ryor ... R}

R;={Ry, Rzor Ry or ... R;}

Rfl)—l ={ Rp-1, Rp}

u@@LuﬁA ) _
Fij R¢
1.
B
A
0 Ya Xk Ye X >

Fig. 3. R¢ grade attribution.

The fuzzy value rj; may be evaluated according to
Ri, Ry ..., Ry1 grades, and the corresponding member-
ship grade f, B2, ..., Bp-1 Ccan be obtained with the
grades classified as per the following rule:

1. 1= M then Tj; € Ry; otherwise
2. B = M then 1;; € Ry; otherwise

(p—1). Bpr = M then 1 € Ry;
otherwise j; E R,

where M represented the threshold value of membership
grade of grade Ry, Ry, ..., Ry

For example, assume there are only two grades R=
{R1, R}. If the membership grade of grade R; reaches
the threshold value M, the fuzzy value rj; under ¢;
criteria belongs to grade R;; otherwise, it belongs to
grade R,. Generally, the value of M lies between 0.5 or
0.7. Assuming 5, and f3, respectively represent the
membership grades of Ij; € Ry and Tj; € Ry, and 1 + >
=1, then three cases will be found:

1 p1>M, thenij ERy
2.p1=M,thenT; EROrj; ER,
3. ﬂz > M, then F” S R2

When the grade is classified into three variables:
R ={Ry, Ry, R3}, the grade classification of fuzzy value
rj may be evaluated as in a two grade classification
modes: R} ={R;, R, or Rg}, R,={R, or R;}. Meanwhile,
it is possible to search the respective membership grade
(Bu B1), (B2, B2), and B + 1 =1, Bo + f2=1. Thus, the
grade classification can be further developed based
upon S, and f3, as detailed below:
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1. p1=M, thentj ERy

2. B1= M, thenTj; € R or T € R,
depond on S,
(1) B=M, thenTj; ER,
(2) B2= M, thenTjj €E Ry

Under the precondition that the membership grade
of p grades summation is 1 according to the grade levels
(ijk, the membership grade of various grades S (i =1,
2,..,n;j=1,2,..,m k=1, 2, ..., p) can be obtained from
the following formula:

1 p
Bij1 = kzzl aijk/kzzl Aijk
2 p
Bij2= kzzl O‘ijk/kzz1 Qlijk
: (8

p-1 P
Bij p-1~ kzzl aijk/kzzl Qiji

Bip=1
3. Fuzzy weight

According to the study and analysis of Zadeh [37],
the people will find it hard to clearly judge adjacent
scales, but easy to distinguish separated ones. For
example, it is difficult to distinguish the satisfaction
grades of “very good” and “good”, but easy to distin-
guish “very good” and “medium” clearly. In other
words, thereis afuzzy interval between adjacent grades
other than separated ones. For this reason, the five
satisfaction grades of fuzzy performance values were
defined shown in Figure 2. In addition, the evaluation
scale [0, 100] can be converted into [0, 1] to facilitate
the calculation. As noted earlier, there is a fuzzy
interval between adjacent grades, but not between non-
adjacent grades. Figure 2 presents the satisfaction
grades of fuzzy performance values. The evaluation
scale [0, 100], can be converted into [0, 1] to facilitate
calculation.

The importance level of evaluation criterion may
be classified into five grades: “absolute importance”,
“demonstrated importance”, “essential importance”,
“weak importance” and “importance’. Collectively,
they can berepresented by V={V,|I =1, 2, ..., 5}, where,
V, indicates “absolute importance”, V, “demonstrated
importance” and so on. As “absolute importance”,
“demonstrated importance”, “essential importance”,

“weak importance” and “importance” are still fuzzy
linguistics. This paper has adopted triangular fuzzy
numbersW (I = 1, 2, ..., 5) to represent the scores of five
grades, with the corresponding fuzzy numbers shown in
Figure 3, wherein only Ry is converted into W,. With the
introduction of a [0, 100] measurement scale, the fuzzy
weight of | grade can be represented by W = (Xja, Xib, Xic),
of which x5, Xjp, X|c @re optional values within [0, 100],
and meet the condition of X = Xjp = X5

If N logistics professionals judge the importance
level of evaluation criteria as grades V, (I =1, 2, ..., v),
represented by Yy, below:

th = V|,j =12, .., m h= 1,2, ..., N;
1=1,2,..,v (9)

The grade judgment matrix of N logistics profes-
sionals can be represented by Y :

Y = [Yhlnxm (10)

According to the grade matrix Y of the importance
level and majority rule, it is possible to obtain the grade
of the consensus weight under each evaluation criteria.
Take Z[V/]; as the number of N logistics professionals
who judge the importance under C; criteria as grade V|,
and take Z[2V/]; as the number of professionals with
their judgment grade V; summated to grade V|, namely:

z[2v, ], =gﬁ=l Z[Vg| Vi =12y

If the importance level of consensus judgment
under C; evaluation criteria is judged as grade V, it
shows that the importance level under C; evaluation
criteria meets grades from V, to V,. Namely, the grade
V, includes grades V, ~ V,. If the importance level of
common understanding under C; evaluation criteriais
judged as grade V,, it shows that the importance level
under C; evaluation criteria meets the grades from V3 to
V, apart from grade V,;. Namely, the grade V, implies
grades V3 ~ V, apart from grade V,. According to the
majority rule, Z[XV|]; must exceed a certain majority
value M, namely

Where the M value can be jointly agreed upon by
N logistics professionals. The M value can be deter-
mined by the following formula with the introduction of
the mgjority rule [32]:

_f(N/2)+1 N is even number

M= | [N-1/21+1 Nisoddnumber

(13)
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The majority rule can also incorporate numbers
exceeding two-thirds or three-fourths, depending upon
the level of consensus. Based on the analysis of major-
ity rule, it is possible to obtain grade V,, of consensus for
the importance level of C; criteria, and convert it into the
fuzzy weight under the criteria W:

W=V, V,EV,u=12, ..,V (14)
4. Fuzzy MCQA model

In the case of grade Ry, grade R, within preference
structure matrix PR may be represented by 1, otherwise,
it isrepresented by 0. Therefore, the preference struc-
ture matrix within formula (10) can be converted into
the following p 0-1 type incidence matrix Bg, (k=1, 2,

o) &

Br, = [bijlix; Vi j k (15)
b:fQ”®m<@
! \ 1ifRy =R, (16)

Based on the incidence matrix of each grade, it is
possible to obtain and meet the criteria number matrix
of this grade via g-connectivity, by obtaining the fol-
lowing g-connectivity matrix S (k= 1, 2,..., p) :

Sk=Bg [Bg ] —€'e (17)
Where
SF : unde Ry grade g-connectivity matrix
[BRk]T : the transfermatrixof incidence matrix
According to the g-connectivity matrix obtained
using the formula above, it is possible to obtain the
fuzzy project satisfaction index PS and fuzzy project

comparison index PC; for various locations, each of
which is defined below:

PS, :g R, ®T, Vi (18)
T :Jjj bl ® W, Vi, k (19
Pbi =§ ﬁk [qu _Qi*Rk] Vi (20)

o =maximumSRk i
Qiry = maximums = (. 1) (21)

P
=1

Gir, = S, 1) (22)
where

b%‘j = the 0-1 type incidence value of k grade (Eq. 16)
grade R;;c within preference structure matrix PR
can be represented by 1; otherwise, it represented
by 0.

fik = theincidence weight of grade R in i location.

diRk = S (i, i) is represented by the dimension of A
alternative under grade R, and

iR, :nja>1<i£numSRk (i,i')is presented by the
i =12 ..,n
=i
maximum dimension of all alternatives under
grade Ry.

The fuzzy project satisfaction index indicates the
comprehensive satisfaction of logistics professionals
with A;. The greater the number, the higher the perfor-
mance is. As fuzzy project satisfaction index is only
able to measure the absolute satisfaction of various
alternatives, rather than the relative satisfaction, the
fuzzy comparison index must be obtained in order to
compare alternatives. However, pairwise comparison
method will complicate the calculation. In an effort to
simplify the mathematical operation, it is often assumed
that preference transtivity will occur [28]. With aview
to the fuzzy MCQA method in this paper, it is also
assumed that the preference transtivity will take place.
Therefore, when obtaining the value of PCj, it is only
necessary to determine the maximum qi*Rk for compari-
son with quk, thus enabling us to dispense with consid-
eration of complex pairwise comparison method.

Asboth PS and PC; are fuzzy numbers. Hence, it
would be unusual to compare them directly to crisp
values. A defuzzier is thus required. Based upon the
ranking method of fuzzy numbers for Kim-Park modi-
fied by Teng and Tzeng [30], this paper will convert the
fuzzy numbers of PS and PC; into real numbers. Take
PH; as the general expression of PS and PC; as shown
below:

PH; = (LH;, MH;, RH;), i=1,2, ..., n (23)

The greater the interval of MH;, RH; higher the
positive assessment of location A;, while the greater the
interval of LH;, MH; the greater the negative assessment
of location A;. Take S as the range of all alternatives
P~Hi, the measurement values as well as an universe of
discourse, of which sis an element of set Sshowing an
optional value within the range of S. Take a; as avalue
between [0, 1], showing a positive expert assessment of
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the alternatives, whereas (1-a;) shows a negative as-
sessment of the alternatives. If ug (PH;) represents a
positive membership grade of the fuzzy satisfaction
index in A;, and u,, (PH;) represents a negative member-
ship grade, then the value of ur (PH;) may be obtained
by the following formula.

ur (PH:) = aipto (PH) + (1~ i) pp (PH),
i=1,2, ..,n (24)

o = (RH, - MH|) / (RH| - LHi), Yi (25)
uo(PH;) = (S, — Smin)/(Smax — Swin), Vi (26)

up(PH) = 1= [(Snex — $2)/(Smax — Smin). Vi (27)
Smax RH; = Syin MH;

>4 (RH, ~MH) + (S — ) (8)
_ Smax MH; =Sy LH;

2™ (MH; ~LH) + G~ S (&

Smax = SUP S (30)

Smin = iNf S (31)

s=U PH, (32)

where sy, is an element of set S showing an optional
value within the range of MH;, RH;, and s,, is an element
of set S showing an optional value within the range of
LH;, MH;.

The fuzzy MCQA model in this paper obtains the
evaluation ranking of alternatives based upon the
defuzzier value of PS and PC;. The location A; project
rating index PRI;, may be obtained by the following
formula:

Ur

Vi (33)

r

PRI, =

(1—uT(PS))r+(1—uT(PE:i))

The smaller the PRI; value is, the closer the dis-
tance between the vector of a particular alternative and
the ideal vector -- the better the alternative is.
Conversely, the higher the value of PRI;, the worse the
alternative is. The concept of Euclidean distance is
applied to formula (33), where ther value is often found
to be 2.

EMPIRICAL STUDY

In this section, we evaluate locations for develop-
ing international logistics parksin north of Taiwan. The

locations include Keelung Port (A;), Loudo Industrial
Zone (Ay), CFS of Wudo and Shihjr (Ag), the area
adjacent to Nanken Junction (A4), CKS International
Airport (As), Taoyuan Industrial Zone (Ag), the area
adjacent to Taoyuan Industrial Zone (A7), Hsinchu Sci-
ence-Based Industrial Park (Ag), the area adjacent to
Hsinchu Science-Based Industrial Park (Ag), Taipei Port
(Aqp) and the special zone of Taipei Port (Ay;). The 11
candidate locations were evaluated by comparing re-
spondent satisfaction with ability of each location to
meet each investment criteria.

1. Evaluation structure and procedure

The hierarchical structure of the criteriafor evalu-
ating locations for development of logistics parks was
constructed as shown in Figure 4. Eleven candidate
locations were chosen for location analysis, labeled
A1~Aq,, respectively. Similarly, the hierarchical struc-
ture of the evaluation evaluation criteria for firms se-
lecting the location of four different types of logistics
parks was constructed as shown in Figure 4. These
criteriainclude: transportation convenience (C,), rental
cost (C,), natural environment (Cs), distance from main
consumer market (C,), distance from industrial zone
(Cs), distance from airport/seaport (Cg), and distance
from export processing zone (C7).

This evaluation method was used in the empirical
study in collaboration with fuzzy measurement, fuzzy
grade classification, fuzzy weight and the MCQA
method. As with the evaluation criteria under research
and discussion, it isintended to collect the actual quan-
tification and qualification performance value of vari-
ous locations in order to facilitate location decision-
making in development of international logistics parks.
However, owing to different levels of satisfaction dis-
played by logistics professionals toward the actual per-
formance value, this paper measures their satisfaction
via the fuzzy measurement method, and then classifies
the grade of the performance value via a fuzzy grade
classification method. To assess the importance level
of the evaluation criteria, this paper obtains the fuzzy
weight using majority rule. Based upon the fuzzy grade
and fuzzy weight as well as the MCQA method, the
fuzzy project satisfaction index and fuzzy project com-
parison index of the various locations were obtained.
Finally, adefuzzier was applied viafuzzy ranking method
to obtain the Project Rating Index (PRI) of the various
locations. The framework of decision-making for inter-
national logistics park location is shown in Figure 5.

2. Target sample collection

To assess the preference relations of international
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Criteria

}* Objective + Types —1——

I Locations 4‘

Transportation convenience
Rental cost

Nature environment

Dist. from consumer market
Dist. from airport/seaport

IM/EX

A; In Keeling port

Transportation convenience
Rental cost

Nature environment

Dist. from consumer market
Dist. from industrial zone

Re-import

A, Loudo industry zone

Az Wudo and Xizhi CFS

A4 Nearby Nanken interchange
AsInC.K.S. airport

Ag In Taoyuan industry zone

Transportation convenience

A7 Nearby Taoyuan industry zone

97

Rental cost

Transship. i
Nature environment

Dist. from airport/seaport

Ag In Science-based industrial park

Ag Nearby Science-based industrial park
Ao In Taipe port

Aq1 In particular zone of Taipel port

Optimal location of logistic park

Rental cost

Re-export .
Nature environment

Transportation convenience

Dist. from ex-proc. zone
Dist. from airport/seaport

Fig. 4. Multicriteria evaluative system of logistics park.

logistics park, we developed a structured questionnaire
based on the seven stages outlined by Churchill [6],
whose approach defines a solid foundation for the con-
struction of questionnaires. The content validity of the
guestionnaire used in this study was tested through
interviews with practitioners, and questions were based
on previous studies and discussions with 13 logistics
professionals located in northern Taiwan. Discussions
resulted in minor modifications to the wording and
examples provided in some measurement items, which
were finally accepted as relevant and possessing con-
tent validity. The refined measurement items were
included in the final survey questionnaire.

The sampled firms operatein avariety of industries,
including logistics. Due to limitations of finance and
time, the questionnaire survey was sent to the managers
of shipping companies (30), freight forwarders (40),
and the membership of the Taiwan International Logis-
tics Association (40). The revised questionnaire was
sent to a manager in each of our target sample firms by
mail, email or interview. The total number of usable
responses was 29. The overall response rate for this
study was therefore 24.1 per cent. Responses com-
prised shipping companies (7 firms, 24.1%), freight
forwarders (12 firms, 41.4%) and members of the Tai-
wan International Association (10 firms, 34.5%).

| The performance of location

< [

« |

\ 4

The fuzzy performance assessment
of location

Investigation firms

A4
Fuzzy weight

| Fuzzy grade classification model |<—|

4

The fuzzy PSI and fuzzy PCI of
location alternatives

|A
v |
The evaluative indices of location
alternatives

Fuzzy ranking

Fig. 5. Location decision model of international logistics park.

3. Analysisand results

For the evaluation criteria of four types of logistics
parks, the satisfaction grade of potential |ocations can
be classified into “very good (R;)”, “good (Ry)”, “me-
dium (R3)”, “poor (Rs)” and “very poor (Rs)”. Logistics
professionals tend to estimate the performance value
and judge the satisfaction grade from one evaluation
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criterion particular to a suitable candidate location. The
differing preferences of the logistics professionals were
assessed using the fuzzy measurement method, while
the fuzzy grade classification method obtained the grade
of potential locations under each evaluation criteria.
Detailed results are displayed in Table 2.

In terms of the weight of criteria, this paper has
classified the importance level of the evaluation criteria
into five grades: “absolute importance (Vy))”,” demon-
strated importance (V,)”, “essential importance (V3)”,
“weak importance (V,4)" and “importance (Vg)”. The
logistics professional s tend to judge the grade based on
the importance of each evaluation criteria, leading to
differing judgments. Thus, this paper obtains the fuzzy
weight for a common grade via majority rule (Table 3).

Consideration of the results listed in Table 2 and
Table 3, as well as the evaluation criteria of the four
types of logistics parks. It is possible to analyze and

Table 2. The classification contribution of candidate
location at each criterion

Criteria G, C C C C Co G

obtain the fuzzy project satisfaction index (PS), fuzzy
project comparison index (PC;), and corresponding crisp
values (ut(PS), (ur(PC;) via fuzzy MCQA method
(Tables 4, 5, 6, and 7) for each of the four groups. Then,
the project rating index (PRI) of the potential locations
can be obtained from formula (33) based on the crisp
value of PS and PC;. Given the sameimportance of the
four types of logistics parks, it is possible to calculate
the gross project rating index of potential locations.
The lower the value of the gross project rating index, the
better the evaluation of the location choice. Therefore,
the order of priority of the potential international logis-
tics park locations can be obtained (Table 8). Table 8
shows satisfaction grade of 36 logistics professionals
toward each of the 11 potential locations for an interna-
tional logistics park. The top three are the CFS of Wudo
and Shihjr (Az), CKS International Airport (As) and
Keelung Port (Ay).

4. Discussion
In the case of most importance for a single type of

logistics park, it is assumed that the importance weight
of the most important logistics park is 0.5, 0.6, 0.7 and

Location 0.8, while the other three logistics parks share the
A R RR R R R R R
A RR R R R R R R
As R R R R R R R Table3. The consensus grade and fuzzy weight of
Aa R R R R R R R criteriaC,
As R R R R R R R :
As R: Rs Rs Rs Rs R R Criteria Consensus Fuzzy Criteria Consensus Fuzzy
A; Rs Rs Rs Rs Rs R4 R, grade weight grade weight
As R R Rs Ry Ry R R (o vV, (0.75,10,10) Cs V, (05,075 10)
Ag R R R R R R R C, V,  (0507510) Cg V, (05,075, 1.0)
A RR R R R R R R Cs Vs (02505075 C; V, (05,075 10)
Ay RR R RR RR R R R Csy Vs (0.5,0.75,1.0)
Table4. PSI and PCI value of import/export typeinternational logistics park
L ocation (A) PS ur (PS) PC, ur(PC)

Aq (1.88, 2.75, 3.44) 0.69 (0.00, 0.00, 0.00) 0.00

A (1.13, 1.69, 2.19) 0.41 (0.00, 0.00, 0.00) 0.00

Az (1.50, 2.31, 3.06) 0.58 (1.00, 1.50, 2.00) 0.70

Ay (1.50, 2.19, 2.69) 0.4 (0.00, 0.00, 0.00) 0.00

As (1.63, 2.44, 3.06) 0.60 (0.50, 0.75, 1.00) 0.39

A (1.00, 1.4, 1.69) 0.31 (0.00, 0.00, 0.00) 0.00

A; (0.50, 0.75, 0.94) 0.10 (0.00, 0.00, 0.00) 0.00

Ag (0.75, 1.06, 1.19) 0.19 (0.00, 0.00, 0.00) 0.00

Ag (0.88, 1.31, 1.69) 0.30 (0.00, 0.00, 0.00) 0.00

A (1.13, 1.69, 2.19) 0.41 (0.00, 0.00, 0.00) 0.00

A (0.88, 1.31, 1.69) 0.30 (0.00, 0.00, 0.00) 0.00

Note: PSI: Project Satisfaction Index; PCl: Project Comparison Index
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remaining weight (calculated by weight summation 1). national Airport (As) when the importance weight of a
A ranking of the priority of the 11 international logistics transshipment mode logistics park is 0.7 or 0.8 (Table
park locations may thus be obtained. The optimum 9).

location is CFS of Wudo and Shihjr(Az), or CKS Inter- A sensitivity analysis was undertaken to clarify

Table5. PSI and PCI value of re-import type international logistics park

Location (A) PS ur (PS) PC, ur (PC)
A (1.50, 2.19, 2.69) 0.67 (0.00, 0.00, 0.00) 0.00
A, (0.88, 1.31, 1.69) 0.35 (0.00, 0.00, 0.00) 0.00
Az (1.25, 1.94, 2.56) 0.59 (1.00, 1.50, 2.00) 0.70
Ay (1.50, 2.19, 2.69) 0.67 (0.00, 0.00, 0.00) 0.00
As (1.25, 1.88, 2.31) 0.55 (0.50, 0.75, 1.00) 0.39
As (1.00, 1.44, 1.69) 0.37 (0.00, 0.00, 0.00) 0.00
A; (0.63,0.94, 1.19) 0.18 (0.00, 0.00, 0.00) 0.00
Ag (0.88, 1.25, 1.44) 0.29 (0.00, 0.00, 0.00) 0.00
Ay (0.88, 1.31, 1.69) 0.35 (0.00, 0.00, 0.00) 0.00
A (1.13, 1.69, 2.19) 0.50 (0.50, 0.75, 1.00) 0.39
Anp (0.88, 1.31, 1.69) 0.35 (0.50, 0.75, 1.00) 0.39

Note: PSI: Project Satisfaction Index; PCI: Project Comparison Index

Table 6. PSI and PCI value of transshipment type international logistics park

Location (A) PS ur (PS) PC; ur (PCy)
A (150, 2.19, 2.69) 0.67 (0.00, 0.00, 0.00) 0.00
A, (1.00, 1.50, 1.94) 0.46 (0.00, 0.00, 0.00) 0.00
Aq (1.13, 1.75, 2.31) 0.54 (050, 0.75, 1.00) 0.70
As (113, 1.75, 2.31) 0.48 (0.00, 0.00, 0.00) 0.00
A (150, 2.25, 2.81) 0.68 (0.50, 0.75, 1.00) 0.70
Ac (0.88, 1.25, 1.44) 0.34 (0.00, 0.00, 0.00) 0.00
Ar (0.38, 0.56, 0.69) 0.09 (0.00, 0.00, 0.00) 0.00
Ag (0.63, 0.99, 0.94) 0.19 (0.00, 0.00, 0.00) 0.00
Ao (0.75, 1.13, 1.44) 0.32 (0.00, 0.00, 0.00) 0.00
Ago (0.75, 1.13, 1.44) 0.32 (0.00, 0.00, 0.00) 0.00
Asy (0.75, 1.13, 1.44) 0.32 (0.00, 0.00, 0.00) 0.00

Note: PSI: Project Satisfaction Index; PCI: Project Comparison Index

Table7. PSI and PCI value of re-export type international logistics park

Location (A) PS ur (PS) PC; ur (PCy)
Aq (0.75, 1.06, 1.19) 0.40 (0.00, 0.00, 0.00) 0.00
A, (0.63, 0.94, 1.19) 0.37 (0.00, 0.00, 0.00) 0.00
Az (0.88, 1.38, 1.81) 0.59 (0.50, 0.75, 1.00) 0.70
A4 (0.88, 1.25, 1.44) 0.50 (0.00, 0.00, 0.00) 0.00
A (0.88, 1.31, 1.56) 0.54 (0.50, 0.75, 1.00) 0.70
As (1.13, 1.63, 1.94) 0.69 (0.00, 0.00, 0.00) 0.00
A (0.75, 1.13, 1.44) 0.47 (0.00, 0.00, 0.00) 0.00
Ag (1.00, 1.44, 1.69) 0.60 (0.00, 0.00, 0.00) 0.00
A (0.75, 1.13, 1.44) 0.47 (0.00, 0.00, 0.00) 0.00
Ago (0.38, 0.56, 0.69) 0.14 (0.00, 0.00, 0.00) 0.00
Ay (0.50, 0.75, 0.94) 0.26 (0.00, 0.00, 0.00) 0.00

Note: PSI: Project Satisfaction Index; PCI: Project Comparison Index
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Table 8. Ranking order for location developing logistics park in northern Taiwan area

Location (A) IM/EX Re-import Transship. Re-export PRI, Order
PR, PRI; PRI PRI
Aq 1.05 1.05 1.05 1.17 4.32 3
A, 1.16 1.19 1.14 1.18 4.67 8
Az 0.51 0.51 0.55 0.50 2.07 1
Ay 1.10 1.05 1.13 1.12 4.40 4
As 0.73 0.76 0.44 0.55 2.48 2
As 1.21 1.18 1.20 1.05 4.64 7
A; 1.34 1.29 1.35 1.13 511 11
Ag 1.29 1.23 1.28 1.08 4.88 10
Ag 1.22 1.19 1.21 1.13 4.75 9
Aso 1.16 0.79 1.21 1.32 4.48 5
Au 1.22 0.89 1.21 1.25 457 6
Table9. Location ranking order with single type of logistics park
Types
Location IM/EX Re-import Transship. Re-export
05 0.6 07 08 05 06* 07 08 05 06* 0.7 08 05 06 07 0.8
Ay 3 3 3 3 5 5 5 5 3 3 3 3 4 5 5 7
A, 6 6 6 6 8 8 8 8 6 5 5 5 7 8 8 9
A 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1
Ay 4 4 4 4 6 6 6 6 4 4 4 4 3 4 4 4
A5 2 2 2 2 2 2 2 2 2 2 1 1 2 2 2 2
Ag 8 8 8 7 7 7 7 7 8 8 8 7 5 3 3 3
A; 11 11 11 11 11 11 11 11 11 11 11 11 11 10 9 8
Ag 10 10 10 10 10 10 10 10 10 10 10 10 8 6 6 5
Ag 9 9 9 9 9 9 9 9 9 9 9 9 6 7 7 6
Ao 5 5 5 5 3 3 3 3 5 6 6 6 10 11 11 11
Ay 7 7 7 8 4 4 4 4 7 7 7 8 9 9 10 10

*Showed the weight variety of important degree at each type of logistics park

any influence upon the rank order of location decisions
for a potential international logistics park. Based upon
the different cases of combinations, i.e. most important
for a single logistics park, most important for two
logistics parks and most important for three logistics
parks, the changes of rank of various potential locations
were analyzed.

In the case of most importance for either two or
three types of logistics parks, the priority ranking of the
11 international logistics park locations may be obtained.
The CFS of Wudo and Shihjr(Az) is still the optimum
location (Tables 10 and 11).

CONCLUSION

Each location offers different environmental con-
ditions for the development of the various types of

logistics parks. Integrating the activities of logistics
functions and cargo flows (import, export, and
transshipment), the four types (import/export,
transshipment, re-import and re-export) of logistics parks
were identified as the foundation to assess development
of a location suited to each type of park’s logistics
functions. The seven criteria respondents were consid-
ered when evaluating different types of international
logistics parks. The criteria were transportation
convenience, rental cost, natural environment, distance
from main consumer markets, distance from industrial
zones, distance from airport/seaports, and distance from
export processing zones.

A fuzzy MCQA decision-making mode was pro-
posed to evaluate the empirical study of locations for
developing an international logistics park in northern
Taiwan. Eleven locations were evaluated based on the
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Table 10. Location ranking order with two types of logistics park

IM/EX IM/EX IM/EX Re-import Re-import Transship.
Order & & & & & &
Re-import Transship. Re-export Transship. Re-export Re-export
1 Az Az Az Az Az Az
2 As As As As As As
3 Ao AL Ar Ao Ao AL
4 AL Ay Ay AL Ay Ay
S Ay Az As An Aq As
6 An Aio Az Ay An A,
7 A, An Ag Az As Ag
8 As Ae Ao Ae Ag An
9 Ag Ag Ap Ag A, Ag
10 Asg Ag Ag Asg Ag A
11 A A, A, A A A,
Table 11. Location ranking order with threetypes of logistics park
IM/EX IM/EX IM/EX Re-import
& & & &
Order Re-import Re-import Transship. Transship.
& & & &
Transship. Re-export Re-export Re-export
1 As As Az Aj
2 As As As As
3 Aq Aq Aq A,
4 AlO A4 A4 A4
5 Ay Ao As Ao
6 An An Az An
7 Az As Ao Ae
8 Ag A, Ag A,
9 Ag Ag Ay Ag
10 Ag Ag Asg Ag
11 A A A Ay

perception of logistics professionals of their ability to
meet evaluation criteria. Results show that CFS of
Wudo and Shihjr, CKS International Airport, and
Keelung Port were the preferred investment locations.
Finally, we separately analyze the impact of different
combination of potential locations for developing an
international logistics park on their evaluation ranking.

The location decision-making of international lo-
gistics park should take into account the influence of
multiple criteria and uncertainties. Traditional MCQA
method does not allow decision-makers to make subjec-
tive judgments vialinguistics variables that are fuzzy in
nature. However, the application of crisp values has
made it difficult to make judgments in practical
applications. With the introduction of a fuzzy MCQA
method in collaboration with fuzzy grade measurement,

fuzzy grade classification and the MCQA method, deci-
sion-makers are only required to judge the satisfaction
grade of alternatives rather than granting scores. The
method makes judgment in atime saving and efficient
way, while maintaining the advantages of a traditional
MCQA method. Such an evaluation of locations for
developing international logistics zones in northern
Taiwan may aid international logistics zone plannersin
their selection of alocation for development.

The limitations of this study suggest several direc-
tionsfor future research. First, thisresearch was limited
to examining evaluation criteria based on the perspec-
tive of Taiwanese firms. Investors or respondents from
other nations may perceive such criteria differently.
Future research should include government officials
and agencies. Second, this research uses MCQAI,
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which is based upon the satisfaction of decision-makers.
In the future, MCQAII should be applied to take into
account both the concordance and discordance.
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