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ABSTRACT

This research empirically investigates competitive relations
among locations developing the re-export type of global logistics
hubs (GLH) in the Asia-Pacific region from the perspective of logis-
tics service providers.  A quantitative SWOT analytical procedure
that integrates the AHP method and the fuzzy theory of graded mean
integration representations was utilized to empirically evaluate the
Multiple Criteria Decision Making (MCDM) problem.  Respondents
located Shenzhen, Busan and Kaohsiung locate in the SO quadrant
and Shanghai, HK and Singapore in the WT quadrant.  Shanghai could
be expected to move into the leading group in the future.  Finally, the
concept of Grand Strategy Matrix (GSM) was used to suggest a
suitable competitive strategy for location on particular competitive
conditions.

INTRODUCTION

Modern commodities distribution has shifted from
anticipatory logistics to a response-based logistics that
focuses on predicting the final product demand.  This
emphasizes a quick response to customer demand.  Lo-
gistics service providers (LSPs) and multinational cor-
porations have thus decided to concentrate logistics
functions such as warehousing, distribution, and re-
processing in a particular location, a global logistics
hub (GLH).  Such hubs have become increasingly im-
portant for LSPs and MNCs.  Their location is of critical
importance, not only in contributing to the efficient
distribution of input/output cargos, but also in attract-
ing MNCs and LSPs to distribute their commodities

through the GLH [22, 23, 30].
In a logistics system, a GLH provides a place for

firms to carry out functional activities, including
transportation, storage, consolidation, assembly,
inspecting, labeling, packing, financing, information,
and R&D services, for varying periods of time [21, 27].
A number of governments have constructed or are plan-
ning GLHs to expand the capacity of existing industry
and air/maritime transport infrastructure.  Multifunc-
tional logistics hubs have been established at major
Asian port cities, including, Busan Logistics Park
(Busan), Shanghai Waigaoqiao Bond Logistics Park
(Shanghai), Kaohsiung Yes Logistics Zone (Taiwan),
Schwartz Logistics hub (Shenzhen), Hong Kong Inter-
national Distribution center (Hong Kong), and Kepple
Distripark (Singapore).

From the viewpoint of MNCs, which both require
and provide a variety of logistics functions, one chal-
lenging management issue for MNC managers is deter-
mining what types of logistics hubs should be established,
along with where they should be located [24, 31].  In
order to attract investment to stimulate their domestic
economies, many port cities are planning or developing
GLHs, and competition between them has significantly
intensified.  Each city has its own industrial, economic
and transportation environment, resulting in the need
for different types of GLHs.  Hence, to develop a
successful GLH and confront increasing competition, it
is imperative that city administrators and planners prop-
erly understand the competitive position, or scenario,
among market players from the perspective of MNCs, to
gain competitive advantages in pitching GLHs to them.

Previous studies of GLHs have examined determi-
nants affecting MNC evaluation of operations, logistics,
distribution, and transshipment centers in specific
regions.  Previous research has generally selected sev-
eral different candidate locations in specific regions and
assessed their preference relations as the foundation for
proposing relation strategies.  Oum and Park [23] evalu-
ated the location preference for regional distribution
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centers focused on the Northeast Asian region.  Tai and
Huang [29] assessed hub port choice for container trunk
lines in East Asia.  Yeo and Song [33] looked at con-
tainer ports in China and Korea.  Lee et al. [18] also used
port conditions to evaluate the efficiency of ports in the
Asia-Pacific region.  By analyzing these previous
researches, it could be found that they selected several
candidate locations in specific region to assess their
preference relations (ranking orders) as the foundation
and for proposing relation strategies depending on the
location’s ranking order and criteria.  To our knowledge,
however, there have been few empirical studies exam-
ining competitive relations (positions), which can show
the location’s position of strengths/weaknesses in inter-
nal environment and opportunities/threats in external
environment, of GLH among the potentially competing
locations so as to propose the suggestion strategies.

SWOT analytical method is very important in the
process of strategy formulation [7, 11].  However, too
often a SWOT analysis is merely a superficial and
imprecise listing or an incomplete qualitative examina-
tion of internal and external criteria [16].  Quantitative
analysis is one way of ameliorating these problems.
David [11, 12] summarized various quantitative analy-
sis methods for SWOT, including External Factor Evalu-
ation Matrix (EFE) and Internal Factor Evaluation ma-
trix (IFE).  Kurttila [16] and Stewart et al.  [28] com-
bined the Analytic Hierarchy Process (AHP) with SWOT
to create a new hybrid method for improving the usabil-
ity of SWOT analysis.  Although a consistency test is
used to ensure the weight that was scored objectively by
the evaluative group, to carry out SWOT analysis com-
parison on several enterprises simultaneously is difficult.

Previous studies have examined the determinants
of operations, logistics, distribution, and transshipment
center preferences in various regions [23, 29, 33, 17, 18,
20].  To our knowledge, however, there have been few
empirical studies examining the competitive positions
of GLHs in comparison to one another, with the goal of
developing useful recommendations for GLH business
strategy.  This paper thus aims to evaluate the relative
competitive position of GLHs using a quantified SWOT
analytical method, for GLH location development in the
Asia-Pacific region, from the perspective of Multi-
National Corporations (MNCs) in Taiwan.

The GLH preference decision of MNCs is a mul-
tiple criteria decision-making (MCDM) problem.
However, criteria and their relative weights differ from
judge to judge.  Further, criteria used in MCDM prob-
lems contain a mixture of quantitative and qualitative
values.  Under many conditions, the values for qualita-
tive criteria are imprecisely defined - they are linguistic
terms, or labels for groups of items or entities whose
boundaries are often “fuzzy”.  Fuzzy set theory was

developed to handle the fact that the key elements in
human thinking are not numbers, but these fuzzy sets
[34, 35].

This paper aims to empirically evaluate the com-
petitive position, using a quantified SWOT analytical
method, for location developing GLH in Pacific Asia
region from the perspective of Multi-National Corpora-
tions (MNCs) in Taiwan.  This paper is organized as
follow.  In Section 2, we identify GLH types from the
viewpoint of international competition.  In Section 3, a
quantified SWOT analytical method, that integrates the
concept of MCDM and the fuzzy theory of graded mean
integration representations, is proposed to assess loca-
tion competition among GLHs.  An empirical study is
then presented to discuss the competitive positions of
GLHs in the Asia-Pacific region.  Discussion and man-
agement implications are detailed in Section 4.  Finally,
the conclusions and findings are presented in section 5.

DEFINITION  OF  GLOBAL  LOGISTICS  HUB

By addressing inbound, operations, and outbound
logistics activities [18], a GLH is defined as a location
which integrates the operations of (see Figure 1): (1) the
inbound side (including the international material &
semi-product and production supply marketplace) and
facilitates the purchasing of material, semi-product,

Fig. 1.  Activites of global logistics hub.
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and product cargos; (2) an operation sides which inte-
grates the environments of seaport, airport and domes-
tic manufacturing marketplace to provide transportation,
warehousing, reprocessing, and distribution; and (3) a
demand side (including the international consumer and
manufacturing marketplaces) that satisfies the require-
ment for a commodities consumption and cargo re-
processing.

Different locations offer a variety of competing
conditions for development of a GLH.  Based on modes
of export and transshipment in international cargo flow,
and the reprocessing functional activities, the repro-
cessing export (re-export) functional activity was pro-
posed to define the GLH type.  The distinctive opera-
tional features of this type (see Figure 1) are described
below:

This type of GLH carries out reprocessing and
transshipment of cargos from the raw & semi-product/
product supply marketplace “1” to the international
manufacturing/consumer “4” marketplace after cargos
reprocessing by the firms supporting the “4” marketplace.
It provides transportation, warehousing, consolidation,
reprocessing, and distribution services, with the partici-
pants being shipping or airline carriers, freight
forwarders, hi-tech firms and customs brokers.  In this
type of GLH, a hi-tech industrial environment and port
conditions are the key conditions, so few locations
provide these functions in a specific region.

In response to the rapid development of global
logistics, many locations have transformed the role of
transshipment into re-export service [27].  In Taiwan,
for example, foreign MNCs order information com-
modities from Original Equipment Manufacturers
(OEM).  These products consist of components im-
ported from several international supply markets and
key elements sourced from the domestic market in
Taiwan.  The activities of reprocessing and transship-
ment involved in OEM manufacturing create higher
value-added services than transshipment alone.

METHODOLOGY

1. Target sample collection

This paper considers the activities of GLH and the
key factors of transshipment, initial re-export, and deep
re-export modes to extract the competitive indicators.
We developed a structured questionnaire based on the
seven stages outlined by [10].  The information to be
sought was first specified, and then the following were
determined: type of questionnaire and its method of
administration, content of individual questions, form of
response to and wordings of each question, sequence of
quest ions,  and physical  characteris t ics  of  the

questionnaire.  The questionnaire was pretested and
revised wherever necessary.  The content validity of the
questionnaire was tested through a theoretical review
and pilot test.  Questions in the questionnaire were
based on previous studies and discussions with a num-
ber of logistics executives and experts.

The sample firms operate in a variety of industries
including international manufacturing firms and logis-
tics service providers.  The eight-page questionnaire
survey was sent to 300 managers of international manu-
facturers selected from the “List of Leading Firms in
2004 with Good Export and Import Performance” in
Taiwan and 40 members of the Taiwan International
Association.  The revised questionnaire was sent to a
manager in each of our target sample firms by ordinary
mail, email or interview.  After removal of invalid
questionnaires, 79 remained, giving an effective return
rate of 19.7%.  The sample consists of 79 MNCs based
in various industries (Table 1).

2. Evaluating method

In this section, the fuzzy quantified SWOT ana-
lytical method, which proposed by Chang and Huang
[4], was utilized to evaluate the competitive position of
a given GLH.  The Analytic Hierarchy Process method
was used to investigate the weights of evaluative criteria,
while the graded mean integration representation of
trapezoidal fuzzy numbers was used to assess the
weighted score among competitive locations under lin-
guistic environment.

(1) Quantified SWOT analytical method

The procedure of the quantified SWOT analytical
method (see Figure 2) includes the following steps:

Step 1: Select candidate Asia-Pacific region location
alternatives in competition with each other; for
example, locations such as Hong Kong (HK)
and Kaohsiung.

Table 1.  Location of sample firms major Asian GLHs

Sample firms
Number of Percentage of
firms the sample

International manufacturing 33 41.8
  firms
Numbers of international 26 32.9
  logistics association
Shipping companies 6 7.6
Freight forwarders 14 17.7

Total 79 100%
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Step 2: Distinguish between internal and external envi-
ronmental criteria primarily based on the level
of control GLH administrators and planners
have over a specific criterion.  Criteria under
the control of the GLH itself are termed internal
criteria, that cannot be completely controlled
are called external criteria.

Step 3: Build a hierarchical structure of evaluation to
examine the competitive position of candidate
locations based on internal and external criteria.

Step 4: Collect data, read literatures to collect quanti-
fied performance measures for the candidate
locations.

Step 5: A questionnaire investigation in 2 parts: the
first being the weight of evaluative criteria
(indicators) using the AHP method; the second,
the linguistic quality performance of the candi-
date locations using trapezoidal fuzzy numbers.

Step 6: Normalize the performance values of the inter-
nal and external criteria.  In order to analyze the

quantified performance values of all evaluation
criteria, normalization should be performed so
that the performance values can be transformed
into the dimensionless units so that the criteria
can be compared with each other.  We used the
following normalization method:

Effective criteria: Eij =
Pij

Maxj (Pij )
(1)

Cost criteria: Eij =
Minj (Pij )

(Pij )
(2)

0 ≤ Eij ≤ 1           Σ
j
  Eij = 1

where Pij and Eij respectively represent the non-normal-
ized and normalized performance value of the jth loca-
tion of the ith evaluative criteria.  The normalized per-
formance value of “a” can be represented by the trap-
ezoidal fuzzy number Eij (a, a, a, a).
Step 7: Calculate the weighted score Rj of all locations

(Table 2), by weight (wi)* and fuzziness perfor-
mance value Ej (cj, aj, bj, dj) then defuzzy the
weight score using the graded mean integration
representation method, as proposed by Chen
and Hsieh [8].

Step 8: Determine the internal and external benchmarks
with the following equations:

AI =
I1 + I2 + + In

n
, j = 1, 2,……n (3)

AE =
E1 + E2 + + En

n
, j = 1, 2,…n (4)

where AI and AE respectively represent the benchmark
of the internal and  environment evaluation, Ij and Ej

respectively represent the weighted score of the jth

location’s internal and external environment.
Step 9: Calculate and compare the coordinate values of

internal and external assessment.

ISj = Ij – AIj,   j = 1, 2...n    –1 ≤ IS ≤ + 1 (5)

ESj = Ej – AEj,   j = 1, 2...n    –1 ≤ ES ≤ + 1 (6)

where ISj represents the coordinate value of the jth

location’s internal environment, and ESj represents the
coordinate value of the jth location’s external environ-
ment.
Step 10: Finally, all candidate locations are shown

depicted in the 4-quadrant SWOT matrix to
determine the competitive positions.

Questionnaire
investigation 

Calculating the internal and
external weight score of

fuzzy number and 
defuzzying the weight score

Deciding the 
competitive locations

Distinguish of internal
and external environment

indicators of GLH 

Normalize the
performance 

Build a hierarchical
structure of GLH 

Determining the
benchmarks and calculating

the internal and external
coordinate values  

Judging the competitive
positions of all locations on
the 4-quadrant coordinate 

Data collection

Objective and quantified
performance value
of fuzzy number

The linguistic quality
performance value of

fuzzy number 

Weights of key
indicators using
AHP method 

Fig. 2. Quantified SWOT procedures evaluating competitive position
of GLH
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(2) AHP Method

The Analytic Hierarchy Process (AHP) method
was initially proposed by Saaty [25] to solve multiple
criteria decision problems.  Using a systematic hierar-
chy structure, complex estimation criteria can be clearly
and precisely represented.  Ratio scales are utilized to
make reciprocal comparisons for each element and each
layer.  After completing the reciprocal matrix, one can
obtain comparative weights for each element.  Consider
problem of finding the weights of importance w1,..., wi,
..., wj,..., wn, on some elements in the next level, for the
criteria C1,..., Ci,..., Cj,..., Cn.  Saaty used the Normal-
ization of Row Average (NRA) method [26] to obtain an
exact priority vector w = (w1,..., w2,..., wj,..., wn).  This
method sums up each row element and standardizes it by
summing all elements of the matrix.  That is, allowing
the aij, i, j = 1, 2,..., n to be the importance strength of
Ci when compared with Cj, then

wi =
aijΣ

j = 1

n

aijΣ
j = 1

n

Σ
i = 1

n
, i = 1, 2,…, n

(7)

Consistency testing is an important issue for using
Eq. (1) to find the priority vector.  It contains two layers.
The first layer checks whether the pairwise comparative
matrix containing answers by decision makers is a
consistency matrix, while the second checks the consis-
tency of the hierarchy structure.  Consistency is esti-
mated by the Consistent Ratio (CR).  The CR is in-

versely proportional to consistency - the lower the
figure, the higher the consistency of answers.  In general,
if the CR is less than or equal to 0.1, the consistency is
considered very high.

The ratio is equal to the consistency index (CI)
divided by the random index (RI).

CR =
CI
RI (8)

The formula for C.I. is:

C.I. =
λ – n
n – 1 (9)

n is the number of items being compared.  The value for
λ is simple the average value of the consistency vector.
The random index is a direct function of the number of
alternatives.

The AHP method will be utilized to investigate the
weights of evaluative criteria.  The pairwise compari-
sons utilized in AHP facilitate the conveyance of the
preferences of respondents, and the measure of consis-
tency enables analysis to return to the judgments, modi-
fying them here and there to improve the overall
consistency.

(3) Fuzzy theory

Fuzzy set theory was developed based on the
premise that the key criteria in human thinking are not
numbers, but linguistic terms or labels of fuzzy sets [2,

Table 2.  The assessment of weighted score among competitive locations

Criteria Weight
Unit

Locations (Lj) performance value

(Ci) (wi) L1 L2 Ln

C1 w1 Q E11 (c11, a11, b11, d11) E12 (c12, a12, b12, d12) E1n (c1m, a1m, b1m, d1m)
C2 w2 N E21 (a21, a21, a21, a21) E22 (a22, a22, b21, a21) E2n (a2m, a2m, a2m, a2m)

Cm wm Q Em1 (cm1, am1, bm1, dm1) Em2 (cm2, am2, bm2, dm2) Emn (cmn, amn, bmn, dmn)

         
Weight score

E1 (c1, a1, b1, d1) E2 (c2, a2, b2, d2) En (cn, an, bn, dn)

R1 R2 Rn

Note: 1. Q: Quality; N: Quantity

2. Generalized trapezoidal fuzzy numbers Ej (cj , aj , bj , dj) = wi × EijΣ
i = 1

m

3. Graded mean integration representation Rj =
cj + 2aj + 2bj + dj

6
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4].  Fuzzy set theory treats vague data as possibility
distributions in terms of set memberships.  Once deter-
mined and defined, the sets of memberships in possibil-
ity distributions can be effectively used in logical
reasoning.  The representation and operation of trap-
ezoidal fuzzy numbers are the two major components of
fuzzy set theory and are foundational to the analysis
used in this research.

(a) The representation of generalized trapezoidal fuzzy
numbers

Several researchers have discussed ways to repre-
sent fuzzy numbers [1, 3, 5, 14, 15, 32].  Adamo [1] and
Campos et al. [3] used the α-preference of the fuzzy
number.  Yager [32] discussed two indices of fuzzy
numbers, gravity and mean value.  Heilpern [14] pro-
posed an expected value fuzzy number based on the low
and upper expected value.  Kaufmann et al. [15] and
Chen [6] proposed the average of four vertex values of
a trapezoidal fuzzy number.  Delagado et al. [13] pre-
sented a method using the r-cuts of fuzzy number method.
Finally, Chen et al. [5] proposed the graded mean
integration representation method that used a grading
system to weight the average of left and right h-level
values to represent the generalized fuzzy numbers.

To match the fuzzy MCDM algorithm developed
in this paper, the graded mean integration representa-
tion method proposed by Chen et al. [4] is used to
present the final ratings of evaluation values (weights
score) of the GLH location alternatives.  The graded
mean integration representation method operation does
not change the results of the representation values after
increasing or decreasing a generalized fuzzy number
into the original generalized fuzzy numbers group.  It
also possesses the advantages of easy implementation,
and strength in solving problems.  It will be used to rank
the final superiority ratings of all alternatives.

In a universe of discourse of X, a fuzzy subset A of
X is characterized by a membership function fA, which
maps each element x in X to a real number in the interval
[0, 1].  The function value represents the grade of
membership of x in A.  A fuzzy number A [c, a, b, d, w]
in ℜ (real line) is a trapezoidal fuzzy number if its
membership function fA: ℜ → [0, 1] is (see Figure 3).

fA(x) =

w(x – c) / (a – c), c ≤ x ≤ a;
w , c ≤ x ≤ b;
w(x – d) / (b – d), b ≤ x ≤ d;
0 , otherwise,

(10)

Since,

L(x) = w
x – c
a – c

, c ≤ x ≤ a,

R(x) = w
x – d
b – d

, b ≤ x ≤ d,

where 0 < x <1

Let Ai =(ci, ai, bi, di), i = 1, 2, ..., n, be n trapezoidal
fuzzy numbers.  The graded mean integration represen-
tation R(Ai) of Ai is

 R(Ai ) =
ci + 2ai + 2bi + di

6
. (11)

Let R(Ai) and R(Aj) be respectively the graded
mean integration representations of trapezoidal fuzzy
numbers Ai and Aj.  It is defined as

Ai > Aj ⇔ R(Ai) > R(Aj);

Ai = Aj ⇔ R(Ai) = R(Aj);

Ai < Aj ⇔ R(Ai) < R(Aj)

(b) The operation of trapezoidal fuzzy numbers

In this paper, the Second Function Principle, pro-
posed by Chen [5], was used to perform arithmetical
operations between generalized trapezoidal fuzzy num-
bers because it does not change the type of the member-
ship function of the generalized fuzzy number, and
reduces the trouble and tediousness of operations.  Sup-
pose A1 = (c1, a1, b1, d1, w1), A2 = (c2, a2, b2, d2, w2) are
two generalized trapezoidal fuzzy numbers, w = min
{w1, w2}.  Chen [5] has shown that the properties of
arithmetical operations with the Second Function Prin-
ciple are as follows.

(1) A1 ⊕ A2 = (c1 + c2, a1+ a2, b1 + b2, d1 + d2; w),
(12)

fA(x)

w

h

R(x)

A

R(x)

c L-1(h) dR-1(h)a b(L-1(h) + R-1(h))/2

Fig. 3. Membership function of a trapezoidal fuzzy number A = (c, a,
b, d).
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where c1, a1, b1, d1, c2, a2, b2, and d2 are any real
number.

(2) A1 ⊗ A2 = (c, a, b, d; w),

where T = {c1c2, a1a2, b1b2, d1d2}, T1 = {a1a2, a1b2,
b1a2, b1b2}, c = min T, a = min T1, b = max T1, d = max
T.

If c1, a1, b1, d1, c2, a2, b2, and d2 are nonzero
positive real numbers, then

 A1 ⊗ A2 = (c1c2, a1a2, b1b2, d1d2; w) (13)

(3) A1 – A2 = (c1 – c2, a1 – a2, b1 – b2, d1 – d2; w), (14)

(4) A1/A2 = (c1/d2, a1/b2, b1/a2, d1/c2; w), (15)

where c1, a1, b1, d1, c2, a2, b2, and d2 are nonzero positive
real numbers.

EMPIRICAL  ANALYSIS

In this section, an empirical evaluation of loca-
tions for developing of re-export type of GLH is per-
formed to demonstrate the computational process as

described in this section of this quantitative SWOT
analytical algorithm proposed herein.

Step 1: The selection of candidate locations (alterna-
tives) with competitive relations.

With strong economic development since the early
80’s and a shift in the global center of manufacturing to
Asia, major ports in Far Eastern region have expanded
rapidly.  The demand for cargos in Far Eastern region
will further increase in the future [9].  Hong Kong
(China), Singapore, Shanghai (China), Busan (Southern
Korea), Kaohsiung (Taiwan) and Shenzhen (China) are
the six major competitive locations in the Far Eastern
region (Containerization International, 2004).  In this
paper, these locations are selected as an example to
evaluate the competitive position of location develop-
ing a GLH by the quantitative SWOT analytical method.

Step 2: Distinguish between internal and external en-
vironment criteria.

The 18 indicators depicted in Table 3 were based
on the criteria of Lou [20] and Lin [19] for development
of a global logistics hub of the re-export type.

Table 3.  The indicators weights of GLH

  Indicators Weight Sub-Criteria Weight Weight of sub-criteria
versus objective

Internal  indicators

Industrial 0.428 I6 Reprocessing time 0.180 0.077
conditions I7 Reprocessing facilities 0.133 0.057

I8 Indus. environ. legal guarantee 0.140 0.060
I10 Reprocessing cost 0.189 0.081
I12 Industrial cluster environment 0.246 0.105
I15 R&D cost 0.112 0.048

Regulation 0.216 I4 Reprocessing tax 0.421 0.091
conditions I5 Zero custom tax 0.389 0.084

I9 Products original certificate 0.190 0.041

Transportation 0.079 I2 Ext-TR Convenience 0.481 0.038
conditions I13 Re-proc. Ext. transportation 0.519 0.041

Environment 0.277 I1 Political, economic, society stability 0.274 0.076
quality I3 Information abilities 0.198 0.055

I14 Financing deregulation 0.236 0.065
I11 Re-processing manpower quality .0292 0.081

External  indicators

Location 0.358 E1 Location resistance 0.355 0.127
conditions E2 Density of shipping line 0.645 0.231

Competition 0.642 E3 Regional industrial competition 0.606 0.389
conditions E4 Parts cost 0.394 0.253
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Step 3: Build a hierarchical structure of evaluating the
competitive position.

We construct the hierarchical structure of the GLH
(Figure 4).  The description of indicators may be found
in appendix A.

Step 4: Collect data, reading to collect the objective
and quantified performance.

Quantified performance consists of actual statisti-
cal values.  In this paper the location resistance and
density of the shipping line are quantitative values
(Table 4).

Step 5: Survey the experts.

The comparative importance value for the evalua-
tion indicators of weights (see Table 3) of the re-export
GLH obtained by the AHP method, is evaluated by a
survey of experts.  Importance is ranked on a 1-9 scale
(the higher the better).  The qualified performance of
criteria is a fuzzy value that uses linguistic rating
variables.  Linguistic expressions of information are
converted to and represented by trapezoidal fuzzy

numbers, which in turn are employed in the preference
rating system.  In this paper, rating of performance was
defined as S = {VL, L, M, H, VH}, where VL = Very
Low, L = Low, M = Medium, H = High, VH = Very
High.  The set is used to evaluate the fuzzy ratings of
locations versus various subjective sub-criteria above
the alternative level, respectively.  The sets are defined
as follows: VL = (0, 0, 0, 0.3), L = (0, 0.3, 0.3, 0.5), M
= (0.2, 0.5, 0.5, 0.8), H = (0.5, 0.7, 0.7, 1), and VH = (0.
7, 1, 1, 1).

Step 6: Normalize the performance values of the inter-
nal and external criteria.

In order to unify the scale of the quantitative
indicators (Table 4) of potential GLH locations in the
East Asia region, the quantitative indicators were
normalized, as shown in Table 5.  The normalized
performance value of “a” can be represented by the
trapezoidal fuzzy number of Eij (a, a, a, a).

Step 7: Calculate the weight score Rj of all locations.

The calculation of weight average score Rj (as
shown in appendix B) of re-export type GLH can be

Internal
factors

External
factors
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Manpower quality 
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Re-proc. Ext. transportation 

Reprocessing time 
Reprocessing facilities 
Indus. environ. legal guarantee 
Reprocessing cost 
Industrial cluster environment 
R&D cost 

Reprocessing tax 
Zero custom tax 
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Financing deregulation 

Industrial
conditions

Regulation
conditions

Transportation
conditions
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Regional industrial competition
Parts cost  

Location
conditions

Competition
conditions

Fig. 4.  Hierarchical structure of GLH.
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obtained by multiplying the weights (wi) with indicators
of performance (Eij (cij, aij, bij, dij).  The weighted
average value Rj of the generalized trapezoidal fuzzy

numbers Ej (cj, aj, bj, dj) can be obtained by wiΣ
i = 1

m

× Eij .

After defuzzying the numbers through the graded mean
integration representation method the weighted average

score Rj can be obtained by 
cj + 2aj + 2bj + dj

6
.

Step 8: Determine the internal and external bench-
marks and calculate and compare the coordi-
nate values.

The benchmarks can be obtained by average value
of the weight score of all locations (see Table 6).

Step 9: Calculate and compare the coordinate values.

The coordinate values can be obtained by the

Table 4.  The quantitative performance of locations developing GLH in the East Asia region

               Evaluative
Unit

                      Locations

               indicators L1 L2 L3 L4 L5 L6

External criteria
    E1    Location resistance Miles 7288 8784 5401 6421 6356 17199
    E2    Density of shipping line Lines 106 130 109 112 215 336

Note: 1. Shanghai (L1); Busan (L2); Kaohsiung (L3); Shenzhen (L4); HK (L5); Singapore (L6).
2. Source: Containerisation International Yearbook 2005.

Table 5.  Normalize the quantitative performance of locations developing GLH in the East Asia region

               Evaluative
Unit

                       Locations

                indicators L1 L2 L3 L4 L5 L6

External indicators
    E1   Location resistance Miles 0.7411 0.6149 1.0000 0.8411 0.8497 0.3140
    E2   Density of shipping line Lines 0.3155 0.3869 0.3244 0.3333 0.6399 1.0000

Note: Shanghai (L1); Busan (L2); Kaohsiung (L3); Shenzhen (L4); HK (L5); Singapore (L6).

weight score of the location subtract benchmark (see
Table 6).

Step 10: Locating the candidate locations on the SWOT
matrix.

Eventually, the coordinate values of all locations
are allocated into one of the four quadrants (see Figure
5).

Figure 5 clearly shows the position of a location
relative to other locations it is competing with.  Such
knowledge can aid GLH developers in selecting a strat-
egy for developing a GLH.  Analysis of the locations
developing the re-export type of GLH from the stand-
point of competitive position and conditions shows that
Shenzhen, Busan, and Kaohsiung, locate in the SO
quadrant due to competitiveness derived from their
high-tech industrial environment.  Because the re-ex-
port type of GLH does not place major emphasis on port
conditions, but instead focuses on high-tech industrial

Table 6.  The benchmarks and coordinate values of GLH

Enviro. Coordinate value L1 L2 L3 L4 L5 L6 Benchmark

Internal Weighted average 0.708 0.752 0.749 0.786 0.722 0.683 0.734
value (SW)
Coordinate value (SW) –0.026 0.018 0.015 0.052 –0.012 –0.051

External Weighted average
0.680 0.726 0.694 0.708 0.670 0.655 0.689value (OT)

Coordinate value (OT) –0.009 0.037 0.005 0.019 –0.019 –0.034

Note: 1. Shanghai (L1); Busan (L2); Kaohsiung (L3); Shenzhen (L4); HK (L5); Singapore (L6).
2. Coordinate value = Weighted average value-Benchmark.
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conditions, Hong Kong, Busan and Singapore locate in
the WT quadrant.  Since Shanghai is aggressively im-
proving the infrastructure (including Great Yangshan
Island and Little Yangshan Island) and the operations
system of the port, and the industrial environment
(including developing science-based technology parks
and a distribution park), Shanghai can be expected to
move from the third quadrant toward the leading group
(first quadrant) in the future.

1. Discussion and implication

In the SWOT, the first quadrant stands for the
strengths and market opportunities of the enterprises
[4].  Enterprises in this quadrant can use their strengths
to adopt strategies, such as market penetration, market
development, and product development, to form com-
petitive strength.  If an enterprise in the first quadrant
has extra resources, forward, backward and Enterprises
in the second quadrant are those with market develop-
ment opportunities but on the horizontal integration,

may be efficient strategies.
weak side of the competition.  The most urgent

issue is to eradicate their weaknesses to intensify com-
petitive strength.  If they lack unique competences, they
may consider intensifying their competitive strength
through joint venture or horizontal merger strategies.
Enterprises in the third quadrant are of low competitive
strength and face threats from other competitors.  De-
fensive strategies, such as focusing on the most favored
markets, can be used to avoid threats.  Divestiture or
liquidation should be adopted if these strategies fail.
Enterprises in the fourth quadrant are those possessing
competitive strength but facing greater threats than
opportunities.  Diversification or joint venture should
be adopted to reduce threats.

The quantified SWOT used in this study not only
shows the competitive relations between locations de-
veloping GLHs, but also serves as a reference for devel-
opment strategies on the basis of the Grand Strategy
Matrix (GSM) [4].  Just as in the GSM, enterprises are
sorted into the 4 quadrants according to their categories
(Figure 6).  However, in the GSM, the ordinate stands
for the external environment (opportunities, threats)
while the abscissa stands for the internal environment
(strengths, weaknesses).

In case of Kaohsiung, several strategies may serve
as a brief illustration of development of a re-export type
of GLH (Table 7).  The strategies depend on these SO
quadrant’s strategies of market development, market
penetration, product development, forward integration,
backward integration, horizontal integration and con-
centric diversification.  ForSuch as the strategy of “mar-
ket penetration”, supporting participants might include
banking, insurance, e-commerce, marketing, and other

-0.05
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-0.1 -0.05 0.05 0.1
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Fig. 5.  The competitive position of GLH in Pacific-Asia region.

Fig. 6. The grand strategy matrix
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logistics integration companies that provide financing,
information, marketing, and R&D services and charge
fee from primary or functional participants.

CONCLUSION

We analyze the competitive relations in GLH de-
velopment in Busan, Shanghai, Kaohsiung, Hong Kong,
Shenzhen, and Singapore in Pacific-Asia region.  In this
study, a quantified SWOT procedure that integrates the
MCDM concept and the fuzzy AHP method was pro-
posed to help decision makers assess the competitive
position of a given global logistics hub (GLH).  The
method shows similarities to the GSM concept, and thus
may be combined with the GSM for strategy formulation.

The performance values for qualitative criteria are
often imprecisely defined.  The employment of trap-
ezoidal fuzzy numbers and linguistic values character-
ized by trapezoidal fuzzy numbers facilitates the human
rating based on ‘feeling’.  Hence, the fuzzy AHP method
is used to integrate various linguistic assessments and
weights to evaluate the location suitability and deter-
mine the best selection.

Results showed that Shenzhen, Busan and
Kaohsiung locate in the SO quadrant, due to their ad-
vantages in the internal environment and opportunities
in the external environment.  Shanghai, HK and
Singapore locate in the WT quadrant, given their weak-
nesses in internal environment and threats in the exter-

nal environment.  However, since Shanghai is actively
improving its infrastructure and industrial environment,
it should migrate into the SO quadrant soon.

The research contributes to GLH studies by evalu-
ating competitive relations from investor (manufacturer)
perspectives.  Although numerous studies have exam-
ined determinants affecting MNC evaluation of specific
types of GLH, few have specifically examined the com-
petitive positions of GLH locations relative to each
other, so as to propose strategies for better marketabil-
ity and development.  Further, a comparison of the
competitive positions of GLH in Busan, Shanghai,
Kaohsiung, Hong Kong, Shenzhen, and Singapore is
useful for GLH administrators in more readily identify-
ing competitive relations and proposing competitive
strategies.

The study findings have several management
implications.  The quantified SWOT analysis of the
GLH locations gives a clear indicator of their relative
competitive positions.  This may aid GLH administra-
tors and planners in further examination and elaboration
of their competitive strategies.  The concept of the
Grand Strategy Matrix (GSM) is used to suggest suit-
able strategies based on its competitive position.  In the
case of the competitive position of Kaohsiung, several
strategies serves as a brief illustration of potential di-
rections for GLH development, based on strategies for
enterprises in the SO quadrant of the Grand Strategy
Matrix.

Table 7.  SO strategies of Kaohsiung developing GLH

Strategy Definition Description

Market Expand into new markets
development

Market In the existing market, attract
penetration new customers.

Product Develop new production and
development improve traditional production

Backward Integrate the upstream market of
integration the supply side

Forward Integrate the downstream
integration market of the consumption side

Horizontal Combine the advantageous
integration resources to jointly design and

develop new production

Concentric Increase shared technologies
diversification and markets of new production

under existing production

Sign Free Trade Agreements (FTA) to expand economic hinterland for
exploiting new consumption and supply markets or establish long-term
relations

Upgrade supporting logistics activities such as marketing, financing and
information to attract new multinational corporations.

Provide a improved industrial cluster environment, human resources, taxa-
tion of production value-adding, and relevant inducements for construction
of an intelligent industrial environment.

Sign an FTA with Japan (upstream) to improve the channel relationship with
Taiwan (downstream) in the provision of key parts and components

Improved the relationship between Taiwan (upstream) and China
(downstream), including promoting direct shipping links

Establish hi-tech industrial parks, such as the Taichung  Science Park, to
stimulate cluster effects and upgrade  competitiveness.

Improve shared environments, such as the construction of information
platform among information industries, to expand services and competitive-
ness of existing production.
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APPENDICES

Appendix A. The description of evaluative indicators of GLH

Indicators Description

Internal  indicators
Political, economic, social stability The internal environmental stability of a location will affect the investment of MNCs
Ext-TR Convenience The convenience of extension transportation between port and reprocessing areas will affect

  time and cost efficiencies
Information capabilities Providing convenient information services to MNCs in logistics, commerce, and finance
Zero customs tax Affects the transshipment and reprocessing cost of cargos
Reprocessing time Provides timely performance
Reprocessing facilities Manufacturing facilities providing deep (hi-tech) reprocessing abilities
Reprocessing deregulation Deregulation of deep reprocessing activities will attract MNCs
Industrial environment lLegal Legalization of reprocessing environment will attract MNCs of manufacturing companies
  guarantees
Product country of origins Affects product branding
  certification
Reprocessing cost Costs such as facilities, labor etc
Re-processing manpower quality Affects the quality of product value-added
Industrial cluster environment The ability of vertical and horizontal industries to cluster affects the efficiency of deep

  reprocessing
Financial deregulation Affect the investment of foreign MNCs
R&D cost Affects the deep reprocessing cost of cargos

External  indicators
Location resistance The distance from location to main consumer market, affects the distribution cost and time
Density of shipping lines The frequency of voyages by all shipping lines from the location’s port to main marketplace
Regional industrial competition Affects the selection of deep reprocessing activities by MNCs
Components cost The cost of parts and components for deep reprocessing

Ports in China and Korea with the Analytic Hierarchy
Process,” Journal of the Eastern Asia Society for Trans-
portation Studies, Vol. 5, October, pp. 726-741 (2003).

34. Zadeh, L.A., “Fuzzy Sets,” Information and Control,
Vol. 8, pp. 338-353 (1965).

35. Zadeh, L.A., “The Concept of a Linguistic Variable and
its Application to Approximate Reasoning, Part I, II and
III,” Information Science, Vol. 8, pp. 199-249, pp. 301-
357; Vol. 9, pp. 43-80 (1975, 1976).
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