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Abstract: For years, researchers and practitioners have investigated growing business
globalization trerids and intemational freight transportation forecasting. However, there are few
discussions ofthe intenelationships bet*'een globalized business and its effects on international
freight flow. This study reviews ihe experiences of multinati_onal companies and surveys 152

Taiianese IT firms to'provide a detail picture of existing global logistics-operations.ft *-ul
found that the logistics itrategies of the manufacturing suppll' chain will affect a firm's modal
choice. and that the multiple-iite of the multinational production logistics strategies will affect

the trip generation and diitribution. This paper also seeks to highlight gaps in the literature and

issues for futue research.

Key Words: global logistics_stlategy, multinational companies, international freight- 
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l.INTRODUCTION

Logistics has been rapidly transforming as a result of the growing globalization of business and

chinging technology. The globalization of the manufacturing industry 
. refers to the

internationalization of the manufacturing supply chain. Changes in geographical location or
customers' expectations continually transform the nature ofmarkets, applying pressures that in
tum, cause the redirection of product flow within a firm generate. Advanced technologies allow
for methods of adjusting the-flow of raw materials, semi-finished goods, products, and spare

parts. In this process, the demand offreight transportation services that support the delivery of
goods also changes. Traditional freighi transportation studies assumed that manufacturing
ictivities were concentrated at a single manufacturing location; therefore these studies are

inadequate at describing the operationi of today's multi-national manufacturing supply chain.

Information-technology (lT) manufacturing firms in Taiwan have realized the changing-
dynamics of the global market, adjusting their logistics strategies to meet the needs of
multiple-site and multinational production and assembly. The adjustment of logistics strategies
in Taiwanese IT firms has contributed to the change of international freight transportation
demand to and from Taiwan. This study aims to explore the effects of logistics strategies on
intemational freight transportation demand, examining the change of trip generation, trip
distribution and modal choice.

I lris studl lirst explore and categorize the logistics strategies, taken by Taiwanese IT firms.
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One Taiwan firm that is worth discussing is the Acer Corporation. This company has set up
multiple manufacturing sites in Southeast Asian countries and Mainland China to exploit the
comparative advantages of lower land and labor costs. The supply-chain and the movement of
all these materials and products lead to the change of transportation demand among Taiwan,
offshore factories and marketplaces. Secondly, this study analyze how logistics strategies affect
the intemational freight transportation demand pattem and by what degree. For this analysis, a
questionnaire was designed to survey executive managers of 152 IT firms in Taiwan to better
understand the approaches that these companies take to implement logistics strategies and the
impact of these logistics strategies on transportation demand.

This article is organized as follows. Section 2 briefly examines the literature on logistics
strategies and freight transportation demand given an overview of previous research. Section 3
describes logistics strategies as related to Taiwanese IT firms. Section 4 presents the impacts of
various logistics strategies on intemational freight flow. Conclusions and prospects for future
research follow.

2. LITERATURE REVIEW

There has been extensive research on logistics and freight transportation. This research has
primarily focused on traditional logistics issues, which develop solutions only for
implementation at a central location. The Council of Logistics and Management (1993) defines
logistics as "the process of planning, implementing, and controlling the efficient, effective flow
and storage of goods, services, and related information from a point of origin to a point of
consumption for the purpose of conforming to customer requirements." The components of a
logistics system may include some or all of the following: suppliers, production facilities,
transshipment points, and demand points. Distribution of freight from origin to destination is
the core of logistics (Langevin, 1996). Moreover, as industry globalizes, logistics will involve
more material flows through a supply chain that extends beyond national borders. The global
company seeks to achieve a competitive advantage by identifuing world markets for its
products and developing a manufacturing and logistics strategy to support its marketing
strategy. A successful company in the global marketplace will disperse production and
assembly faciiities across multiple regions to meet the needs of overseas markets using global
logistics channels to supply these facilities (Christopher, 1998).

The cost-efficient arrangement of transportation and storage is a major issue when planning a
logistics strategy. Before the first half of the 1990s, the function of logistics was to minimize
total distribution costs and maximize profits, while achieving desired levels of service
performance (Lambert, 1993; CLM, 1986; Gustin et al., 1995; Langevin, 1996). Today the aim
focuses on maximizing manufacturing flexibility both inside and outside the firm towards
customization at the minimum cost (Bowersox and Daugherty, 1995a; Novack et al., 1992).
This means that logistics is now directed towards supply chain issues. Moreover, the aim of a
firm's logistics strategy is to exploit the firm's unique product assembly and delivery features,
to maximize profit and service, thus leading to competitive performance (Bowersox and
Daugherty, 1995b).

Behind the expanding trend of globalization in logistics. there are several factors reshaping
logistics operations and strategies. These factors are (Cooper, 1993): the globalization of
markets, cheaper communications, removal of barriers to trade and foreign investment,
achieving economies of scale in business, innovation in logistics, and decreasing transportation
unit costs. These factors tend to increase world trade and the worldwide specialization of
production. This means that freight traisportation between continents and between countries
will not necessarily increase with the growth of the world economy, but instead grow and
diversifu with the specific demands of the various regional markets (Lehmusvaara, 1998).

Therefore logistics operations wil! determine the direction of freight transportation flow. These
operations can not only be measured by the yardstick of a nation's gross national product (GNP).
but must also be evaluated by the increasing influence that the transportation and distribution of
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goods have on the performance of almost all other economic sectors (Croinic et al., 1997).

On the other hand, Qrtuzar (1990), Langevin (1996), Crainic et al. (1997), Feng et al. (2000)
and Ganido et al. (2000) all provide reviews on the solution approaches in freight
transportation. They indicate that current freight transportation research tends to emphasize
the role and importance that freight transportation plays in the overall manufaituring/
distribution processes. Howev€r, some of these previous analyses of freight transportation
have suffered from a variety of shortcomings. First, most of these studies asiume thai product
manufacturing is done at the factories in a concentrated area. Under the trend of globalized
production, firms manufacture their prod-ucts_at diversified multiple-sites. The previous freight
transportation _studies are incapable of reflecting current manufacturing realities and the
demands that firms cunently placing on freight transportation services to meet their needs.
Second,. earlier stlrdies werg based on only a limited amount of data, and may not have
captured all the effects of the intemalional division of labor. Lastly, part of theie previous
studies underestimated the transportation demand incurred by th-e intemationalization of
production-activity, since they do not take into account the dynamics of the interaction
between a firm's freight demand, and adjustments in the manufacturing supply chain.

While previous studies have highlighted characteristics of logistics strategy and freight
transportalion, to the best of our knowledge, none of the previous academic work fias
researched the influences of global logistics on intemational freight transportation demand.

3. LOGISTICS OPERATIONS OF TAIWANESE IT FIRMS

Logistics has rapidly changed as a result of the growing globalization of economies. The IT
firms in Taiwan have realized changing needs, adjusted their logistics operations and engaged
in multiple-site and multinational production and assembly. This study applied Taiwanese IT
firms' experiences to categorize the manufacturing firms' logistics operations.

3.1 Types of Logistics Operation Stratesi

To establish an efficient intemationaldivision of labor, Multinational Companies (MNCs) have
created a network that addresses various needs when implernenting value-added logistics. The
experiences of IT industries supply the best cases to illustrate the evolution of logistlcs. The IT
industry- in this study refers to the manufacturing activities of firms involved in the following
area: information hardware manufacturers (computer systems, peripheral equipment, important
precision parts and components), consumer electronic manufacturers (audio products, video
products, and other consumptive products) and semiconductor manufacturers (semiconductor
manufacturing, semiconductor's raw materials). The IT production supply chain begins with a
ygiqly ofcomponent producers, each of which specializes in a particular component, usually
distributed on-the open marl<et or supplied on an Original Equipment Manufacturer (OEM)
basis to assemblers. The various components provide different lev-els of value to the conipleted
system.

Curry et al. (1999) summarized the four rypes of logistics channels of the PC industry and their
possible interactions from component sources to final customers. See Figure l. Firms often
utilized more than one method depending on the products or the marketsl and there is much
variition from firm to firm.

The first type of logistics strategy is found in the conventional supply chain, parts and
components are delivered to warehouses and stored until required for assehbly. Th6 finished
products are then-shipp-ed thropgh conventional distribution ihannels (i.e. to diitributors), and
on to value-added resellers (VARs) or to retail stores.

The second type. of logistics operation is global logistics. In dealing with global logistics
strategies are designed to meet globalized sourcing an-d distribution. Gl6bal logistics straiegies
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are based on the recognition that system assembly is a low value-added, but time-sensitive,
segment of the supply chain. Global logistics systems have been developed to manage the
higher-value-added portions of the supply chain involving distribution, marketing, original
design manufacturing (ODM), OEM manufacturing, and distribution as a complete service. The
majority of the practitioners of global logistics are based in Taiwan. The distance between final
markets and manufacturers has created a need for a system that would protect components from
depreciation risks. The global logistics system pioneered by Taiwanese firms is a response. to
opportunities that arose in the mid-1980s to supply U.S. assembly firms with inexpensive
c6mponents and even finished PCs on an OEM basis.

In an attempt to reduce inventory exposure, a number of the largest PC assemblers are shifting
some final assembly operations to distributors, thereby completing the finished product closer
to the final customer. Their aim is to decrease inventory and increase responsiveness. The firms
handling this work are part of a broad and amorphous category called value-added resellers
(VARs). VARs complete the final stage in the third type of logistics operations, which is a
delivery-oriented approach. VARs include distributors of relatively large parts, components,
and syitems and they may perform specialized system integration, paflial system assembly
services, or even whole system contract assembly for large PC marketers. Channel assembly
through VARs resembles the global logistics system, but the critical difference is that the VARs
often perform a wider range of downstream functions. Channel assembly has two features that
make lt superior to the traditional model. First, it shortens inventory-holding periods. Second,
once the contract is concluded and the PC specifications are agreed upon, the contractor need

not be concerned about value erosion because the final agent in the VAR chain deals directly
with the customer's needs.

Direct marketing is the fourth type of logistics operation. The most serious competitive
challenge to the established PC companies comes from direct marketers such as Dell Computer.
These companies receive customer's orders before they actually build a computer. This means
they do not need to hold any inventory, thereby eliminating most inventory and concomitant
risk (Curry et al., 1999). As Figure I indicates, the direct marketing model reduces the number
of activities from the factory to delivery of the finished products to the customer to an absolute
minimum.

Note: Broken lines indicate component flows. solid lines arc finished s1'stems.

Figure l. IT products logistics channels

3.2 Acer and Taiwanese IT firms' experiences

Acer Computer, founded in 1976, is the largest PC manufacturer in Taiwan. The company
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developed an order-based supply chain refened to as "Fast Food" operation and the "Client-
Seryer" operating structure. Acer's Fast Food model endeavors io establish an efficient
international network of division of labor through its selective use of intemational freight
transportation modal for the operation. A.cel's logistics strategy takes account of the rapid pace
ofchange in customer needs using a logistics strategy that protects key parts with high added
value from erosion- To eliminate this risk, parts arq transported either byair or sea,.dEpending
on.the deglee ofadded.value. Products with low added values, such as housing, powei supply
units, and- floppy disk drives are lgrm{ly canied by sea in order to reduce tranJportation c;iti.
on the other hand, key parts with higher added value, such as cPUs, MpUs, h;rd disk drives,
and memory chlgs a1-e selected acc-ording to demand shifts and transported by air immediately
prior to assembly if demand indicates the necessity. The selective choice of air or sei
transportation services is common in the IT industry. The aim is to maintain the quality of parts
used in finished products, ensure customer satisfaction, and at the same time, eliminat-e thd risk
of declines in the price of product inventory.

Because logistics strategies are dependent on a firm's supply chain operation, we divided
Acer's logistics development into four stages in relation to changes in the supply chain. See
Figqe 2 and Figure 3. Before the late 1980s, during the first stage of Acer's logistics
developmenl, the company concentrated all its production activities at a single geographical
location and served its world markets through traditional logistics and marketing networks. At
this stage, the main freight transportation dernand was from Taiwan to the market countries.
Moreover; the value density - the value of a product in relation to its weight and volume -- was
low; as well as time was not considered to be a critical business variable, leading to a large part
ofthe finished products being transported by sea.

Since the 1990s, the second stage of Acer's logistics development, Acer adjusted its supply
chain as factories were relocated to Mainland China and Southeast Asian countries to utilize
cheaper and cost comparative factors. Materials, semi-finished products, components and
finished products were transported to the geographically dispersed manufacturing factories. In
this stage, the output of a primary manufacturing factory in one country may simply be the input
for a sub-assembly factory of Acer located in another country. The semi-finished products may
be transported back to Taiwan for final assembly, then re-export to foreign markets. At this
stage, the increment of transportation demand of semi-finished productsAQt, as illustrated in
Figure 3, was generated along with the process ofsupply chain operation.
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Figure 2. Acer's logistics development
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In the third stage, each of Acer's offshore manufacturing factories performcd. an inde^pendent

operation in the-supply chain and ships output to a final assembly_factory in Taiwan. After final
aisembly, the finiiliei products wer-e exported to the markets. Because the off^s!9re !.tory
was opeiated independently, the increment of transportation demand ( A Qz)was fully reflected

in the'freight flowfrom tvtiinland China and Southeast Asian countries to Taiwan.

But in recent years, the ability to respond to customers' requirements in ever-shortening time-
frames has belome critical, has lead Acer to further adjust their suppll' chain operation. All of
the outputs from each offshore factory are shipped directly to the final assembly factories.in
locations near the marketplace. This is the fourth stage of Acer's logistics development, the

physical flow of components and semi-finished products are not transported^to.Taiwan, freigh1

hr* b"t .., the offihore factory to the marketplace has increased and the freight flow to and

from Taiwan has decreased (- A Ql). In the decislon of modal choice, because thetesponse time
of IT industry operation hai becoire shorter, air transportation services demand is increasing

and sea transportation demand is decreasing.

Because all of the movements of materials, semi-finished products, components and finished-
products determine the freight traisportation demand, the various itages. of logistics
development mentioned above will create different freight transportation.demands in terms of
trip generation and distribution. Table I compares the volume - measured in US dollar cost - of
th6 Acer Group's freight transportation between Taiwan factory, offshore factories (Mainland
China and Souiheast Asian countries) and market places over the years of logistics development
from Stage I to Stage IV. The study found that the total freight mo-verygn! of Acer Group
increase in US Aottars from 870.4 million USD at Stage I in the years of I 988 through 1990 to a
total of 2.536.2 million USD at Stage IV (1997-1999). From Stage I to Stage III. the total freight
volume of Acer Group to and from Taiwan increase from 838.3 million USD (815.8 million +
22.5 million), 1,318.5 million USD (1,122.7 million + 195.8 million) to2,204.2 million USD
(1,314.7 million + 889.5 million). In contrast, during Stage IV, freight volume to and from
Taiwan decreased to 1,055.9 million USD (838.3 million + 217.6 million) since the products
manufactured from offshore factories are shipped directly to the marketplace. Moreover, Table
I and Figure 4 show that Acer Group's outgoing freight share of Taiwan decreased from93.loh
at Stage I to 33.1% at Stage IV. The incoming freight share of Taiwan increased from2.6oh at
Stage I to 38.0% at Stage III but decreased to 10.7% at Stage IV. Considering the changes in
Acer's intemational division of labor and supply chain arrangement in recent years, the flow of
freight from Acer's offshore factories to their market places expanded and accelerated from
Stage III (4.6%) to Stage IV (51.8%). In Acer's experience, the freight transportation demand to
and from Taiwan will indeed fluctuate according to the firm's intemational division of labor as

well as the various supply chain operation models.

Kai-Chieh CHIA. Cheng-Min FENG and Chia-Juch CHANC

Stage of Global Logistics Development

Figure 3. Acer's logistics development and freight transportation demand to and from Taiwan
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Table l. The changes in freight movement of the Acer Group:
Stage I (1988-1990) - stage IV (1997-1999) 

unit: million uS$
To

I alwan Offshore Factory Market Place Sub+otal
from

Stage I (l9EE-1990)

OffshoreFactory 22.5 2.60/o 0.0 0.0Yo 32.1 3.7o/o 54.6 6.30/o

Sub+otal 22.5 2.60/o 5.1 0.60/o 842.8 96.80/o 870.4 100.0%

Taiwan 0.0 0.00/o 21.7 l.3o/o l,l0l.0 61.2% 1,122.7 68.50/o

Offshore Factorv 195.8 n.90/o 250.1 15.3% 70.6 4.3% 516.5 31.5%
Sub+otal 195.8 ll.9o/o 271.8 16.6% I,17l.6 7t.5o/o t,639.2'100.0%

Taiwan 0.0 0.0o/o 40.5 '1.7% 1,274.2 54.5o/o t,314.7 56.2%

Sub-total 889.5 38.0o/o 67.6 2.9o/o 1,3E2.4 59.t% 2,339.5 100.07o

Taiwan 0.0 0.0o/o 91.4 3.60/o 746.9 29.4% E38.3 33.1%
Offshore Factory 271.6 10.7o/o I13.7 4.5o/o 1,312.6 51.8o/o 1,697.9 66.90/o

Million USD

1314.7

Tot l frelght volume

Outgoing rreight

\ \l./ lncomlng ftelght
\ - 27i.6\e

869.5

'195.8 aa

199_389j)90 1991 1992 1993 1994 1995 1996 199, 1998 1999 Yeer

Slage I Stag€ ll S-tage lll 'Stag€ lV

Figure 4. Acer Group's outgoing/incoming freight movement to Taiwan

4. THE EFFECTS ON INTERNATIONAL FREIGHT FLOW

Since many of the pervious studies are quite limited by a lack of available data, this study
designed and conducted a questionnaire to survey the Taiwan IT manufacturing industry iir
order to leam the firms' logistics strategies. This section explains the rationale that was used in
selecting-respondenl Tai-wanese IT manufacturing industry, empirical research methodology,
and the characteristics of the sample.

4.1 Researchmethodologr

In order to_explore issuesof global logistics in Taiwan business, a survey instrument was sent
to 152 IT firms listed on the Taiwan Stock Exchange (TSE). In-depth int-erviews, desk and file
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research, cost and quantitative studies of logistics, andlogistics strategies were also conducted.
The objective of the interview process was to clariff the related details of firms' logistics
operati6ns and to validate findings from the survey analysis. The survey was conducted from
luty t elS to June 2000. Before mailing the questionnaire, two 

^companies 
were asked to 

^pre-
tesi the survey and to provide comments regarding the level of clarity and objectivity of the
questions, the accuracy and applicability of the ansriler options, pd the amount of time spent
on the questioniaire. Suggestions were used to refine some of the questions and to add new
answer bptions. The survey instrument was comprised of three- sections. The frst section
contained questions asking respondents for basic information. The second section included
questions iegarding the 

-manufacturing 
activities of the supp{y chain, includingr- the

respondents' opinions conceming, the reasons driving the- decision to establish offshore
facltories and tie number of the factories of the respondents. The final section of the

instrument questioned respondents as to the strategies of 
- 
manufacturing and logistics,

including identification ofproducts' characteristics and cost oflogistics.

4.2 Sample Analysis

A total of 45 usable surveys were returned each representing a unique firm for an efflective

overall response rate of 29.61 percent (i.e. 45/152). The low response rale r-nal have been due

to the very detailed nature oftf,e survey. Despite the low response rate, it should be noted that
the total humber of surveys retumed represented a very large database for Taiwanese IT
industry supply chain research. Table 2 and Table 3 summarized the basic information
regarding the respondents.

Table 2. Positi of

Title of the Position

No. of
Respondents (o/o)

lity for
%

Top Management
Senior Management

Department Managers

Supervisors & Engineers

Others
Total

0
J

20

t2
0

35

I

4
25

t2
3

45

2.22
8.89

55.56
26.67

6.66
100.00

0.00
6.67

44.44

26.67
0.00

77.'t8

2.22
2.22

ll.lt
0.00

6.67
22.22

I
I

5

0
3

t0

Table 3. Questionnaire survey response profile
Annual Sales

(million USD) No. of Respondents (o/o)

Less than 500 million 3l
$501 million- I billion 15.56

$l - 1.5 billion
$1.5 - 2.0 billion

Greater than $2 billion I 2.22

Total

As shown in Table 2, the positions held by the people who completed the questionnaire varied
from top management to-supervisors and engineers. The top managem€nt pqsltlgns (2.?2yr)
included chief executive offrcers, whereas the senior management positions (8.89%) included
general and assistant general managers, technical directors, operations managers,-and plant
iranagers. The departhent managers (55.56%) were derived from control and lo.gistics

engineering; product engineering;- and marketing and administration personnel, while the
sufervisori and engineeis (26.670/o) included those with the lesponsibility of handling
niinufacturing activfuies. Finally, the title of executive assistant and executive.se_cretary arq

included in tli-e last category 6.66%). Based on the profile of the respondents, it is assumed

the sample provides a re-presentative-profile and can be used to analyze the general practices
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and views within the Taiwanese IT manufacturing industry. Subsequent to completing the
survey, five respondents were contacted for personal interviews to clari$ perceived
misunderstandings or misinterpretations of the questionnaire, and to get a more in-depth
understanding of their opinions. Respondents were asked to provide demographic information
related to their individual firms. Annual corporation sales per respondent ranged from $16
million to $3.06 billion USD, see Table 3, providing a wide coverage of the industry.

With regards to product lines, many firms may carry multiple products, some of these
products accounting for only a small part of the total revenue. To simplifo the analysis, only
the products that take up to 5 percent of the total revenue will be analyzed. Among the
respondents, there were ll firms that carried a single product, 14 firms that carried two
products, l3 firms that carried three products, and 7 hrms that canied more than four products.
Most Taiwanese IT firms canied three products on average. The vertical integration in the IT
industry is obvious, and the degree ofspecialization is high.

4,3 Survey Results and Analysis

In order to examine the offshore relocation process of the Taiwanese IT industry, the
respondents were asked to specifu the location oftheir manufacturing factories. In this survey,
the number of respondents and the related number of manufacturing locations were as follows:
9, I l, I l, 8, 6 respondents established their manufacturing factories at single, two, three, four,
five and more different locations, respectively. The respondent's factories within Taiwan were
considered as at a single location. In addition, the above offshore factory relocation will
illustrate the Taiwanese IT firms' intemational division of labor. About 80 percent (36145) of
the responding companies have already relocated part of their manufacturing activities to
overseas countries. In the survey, 92 offshore manufacturing factories had been established by
36 ofthe respondents. The distribution ofthose offshore factories is shown in Figure 5. There
are 44 offshore factories in China, 13 in the US, 6 in Malaysia, 6 in Singapore, 5 in Thailand,
4 in the United Kingdom, 3 in Japan, 3 in the Philippines, 3 in Mexico, I in Hong Kong and 4
in other countries. Figure 6 illustrates the trend of the respondents' foreign investment in
recent years. It indicates that the trend offoreign investment is increasing continuously.

IE
Y4t
0

3r
.;
.9r
€
o
5lz

***'S"**'"b"ri*"*i.$"s*$s*'t'"*""-tsod
Figure 5. The distribution of surveyed IT firms' foreign investment

In addition, Table 4 highlights the reasons for the respondents' choice to relocate their
factories offshore. Respectively, about 44.57 percent ard 16.30 percent of the respondents
agreed that lower labor and land costs were major incentives for relocation providing a long-
term cost advantage. Moreover, about 3.26 percent ofthe respondents indicated that, lower tax
and tariffs were the main reasons to relocate. Thus, in total about 64 percent of respondents
indicated that labor and land costs as well as tax/tariff savings were the major cost
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considerations for the intemationalization of the division of labor. Obviously, most of the
firms desired cheaper production input factors with cost advantages while they established

their offshore factories. Furthermore, it should be noted that some respondents remarked that
there were other reasons for their location selection. The reasons included "proximity to
customer markets (23.91%)," "easier access to new technologies (6.52%)," "skilled labor
avai labi I ity (3 .26yo)," and "others (2. I 7 

o/o)."

l 990 1999

Figure 6. The trend of foreign investment

This research also tried to find the relationships between the reasons and the locations of a

firm's foreign investment. As shown in Table 5, in general, the reasons given by the
respondents for establishing their factories in China and Southeast Asia were "cheaper labor
cos1s," and "lower tax/tariff'. On the other hand, the reasons respondents established their
factories in the UK, Japan, Singapore, Mexico and the US were "proximity to customer
markets," "easier access to new technologies," and " skilled labor availability". For further
analyzsd, this research categorizes the former countries as Group II and the latter countries as

Group I.

44.57

16.30
access to new technol
labor availabili

'3 so
o680
s70
o560

F

€50
30,z30

I 985

'otal

Note: Only the most major reason is considered for each offshore factory.

4.4 The Changes of Freight Transportation Demand to and from Taiwan

From the survey results of respondents' international division of labor, we find that the
strategies and relocating activities of Taiwanese IT firms are similar to the experience of Acer's
globalized development. Hence, this study uses respondents' import/export data of electronics
iommodities to explore the relationship between firms' globalization and the movements of
freight demand. From 1990 to 1999, the import/export data of the category of electrical
machinery (category of import/export goods used in the HS two-digit code) illustrated as

Appendix 1.

The amount of imported and exported electronics commodities has increaied since the
development of the IT industry. All these products have increased their relative share of total
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Table 4. Reasons for offshore relocation
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freight transportation volume. From 1990 to 1999, the total amount of respondents' imported
and exported electronics commodities increased ftom 422 million USD to 3,379 millioi USD
and 5,603 million USD to 12,223 millionUSD, respectively. Moreover, from the statistical data
analysis, the value of export to Group I countries were more than the value of import from those
countries. In contrast, duri-ng the 1990-1999 period, the value of export to Group II countries
were less than the value of import from those countries.

labor cost

Lower land cost

Lower tax/tariff
Easier to access new

Skilled labor
availabi

Proximity of customer
markets

Table 5. The reasons ofrespondents offshore relocation
Unit: firm

United

States

No{6: Grap I hdud€s: US, J€pan. UK. lrqxico. Singapqe;
Grap ll indudes: Mal€ysia, Thsiland, Phitippinor, MdaFia

Sou.e; The Oreclo.ste GcneEl of Customg, Ministry ot Finane, ROC. (199().2OOO)

Figure 7. Import trend ofrespondents' products flow

Figure 7 and Figure 8 shows the trend of imports and exports by the categories of Group I and
Group II. Based on the surveys, it was observed that import volume from the Group II
countries'has been growing rapidly from 1990 to 1997 and decreased in 1998-1999. The total
import volume from Group II is more than that from Group I, but the total export volume to
Group I is much more than the volume exported to Group II. This result could reflect the
features of respondents' offshore relocation and globalized manufacturing operation. In
addition, the import volume from the Group II countries originated from offshore
manufacturing by responding firms. This pattern exhibits characteristics similar to the global
logistics development experiences of Acer Group described in Figure 4.
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Figure 8. Export trend ofrespondents' products flow

Changes in the flow of goods reflect the freiglt transportation d.ryq4 for diversification in the

sophiitication ofhandling goods. Figure 9 illustates changes offreight transportation modal
chbice. In analyzing the firm's import freight transportation modal ctoice, the ratio by air is
higher than th6 ratio by sea since 1996. During this same period, firms also exported their
products by choosing more air hansportation services than sea.

Considering the reasons for different modal choices in exports and imports, the commodity's
value density (value/weight ratio) is seen as a key modal choice factor. The average import
commodity's value per kilogram was higher than that of the ratio of exports. See Appendix 2.

This result is also caused by IT firms' individual global logistics operations.
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Figure 9. 
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freight transportation modal choice fluctuation trend
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5. CONCLUSIONS AND RECOMMENDATIONS

Traditional freight transportation studies that assume manufacturing activities are concentrated
at a single manufacturing location cannot well-describe the operations of today's multi-national
manufacturing logistics. In order to explore the effects of various logistics strategies on
intemational freight transportation demand, we utilized Acer's experience to desiribe a
multinational company's global logistics operations and surveyed 152 Taiwanese IT firms to
provide a detailed picture of existing global logistics operations. This study found that in
Taiwanese IT firms logistics operation, the faster transportation demand increased and the
slower transportation demand decreased.

It was also found that the logistics strategies of the manufacturing supply chain will affect a
firm's modal choice, and the multiple-site of the multinational production logistics suategies
will affect the trip generation and distribution.

This study has taken a step in the direction of defining the relationship between global logistics
strategies and international freight transportation in IT industry. It is possible of course that
other industries with different characteristics of the global supply chain may produce entirely
different results. In addition, it is important to emphasize that methodological-problems in the
research design limited our interpretations.

The approach outlined in this study should be replicated in other manufacturing firms, as well
as in other manufacturing industrial areas, such as the apparel and automobile industry in order
to construct a typology of global logistics performance in a variety of industries. In future
research, the measure of global manufacturing needs to be improved. Given the diflerences in
application between industries it may be desirable to expand the list of activities further. Finally,
other MNCs may be utilized in further studies.
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