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Abstract: The development of global supply chainsduring thelast decade of the twentieth century hashad agreat
impact on the apparel industry. Apparel industry firmsface awide array of challenges relating to the proliferation
of productvariety, changing product styl es, shortened |ead times,and reduced prices. Asaresult of thesepressures,
apparel companies have been forced to redesign their manufacturing and distribution organizations and to build
supportinginformation systems. Thesetasksarecomplicated by theneedto support widely dispersed andfrequently
changing manufacturing organizationswhile maintai ning efficient logistic and inventory systems. Atthesametime,
the apparel company is faced with coping with the cost pressures endemic to the apparel industry. This paper
presents a synthesis of the global supply chain concept asit appliesto the apparel industry and relates how one
company is attempting to use an Enterprise Resource Planning (ERP) system to provide the basis for operational
control of anincreasingly complex operating environment. Copyright 2002 IFAC

Keywords: BusinessProcess, Enterprise Integration, Information Systems, Information Integration, International

Stability

1.INTRODUCTION

The globalization of markets has resulted in a great
deal of both industry interestand researchinto supply
chain management. A supply chain is recognized as
the combination of suppliers and customers that range
from the processing of raw materials to delivery to the
final consumers (Melnyk and Denzler, 1996). Global
supply chains have existed for more than a hundred
years in the petroleum industry. Exxon and Royal
Dutch/Shell extract crude oil in Saudi Arabia, refine it
in another country, and sell the petroleum productsin
other parts of the world. Morerecently, global supply
chains have arisen in the automobile, electronic
components, and apparel manufacturing industries.
The petroleum, automobile production,and electronics
components manufacturingindustriesarecharacterized
by ahigh degree of automation and relatively few stock
keepingunits. Conversely, theapparel industry isboth
labor intensive and has a large number of frequently
changing stock keeping units. A study of industry
global supply chains by Cohen and Mallik (1997)
reported that the apparel industry (with a Kobrin's
index of 0.12) is ranked behind 12 other industries in

terms of supply chain integration. This is in sharp
contrast to the electronic componentsindustry (with a
Korbin's index of 0.43) and the automobile industry
(with a Korbin's index of 0.39). The globalization of
the apparel industry in the US has been significantly
spurred by TheNorth American Free Trade Agreement
(NAFTA), U. S Taiff Item number 807 (popularly
called 807), and the Caribbean Basin Initiative (CBI).
The criteria of cost, quality, ddivery speed, delivery
reliability, and flexibility are till critica for apparel
companies even though they are labor intensive.
A pparel products must still meet the requirements of
the customer in terms of design, quality, cost, and
delivery evenastheindustry attemptsto cope with the
intense cost pressures.

Traditionally, the textile and apparel industry's supply
chain includes the fiber producer, fabric (textile)
manufacturer, sundries supplier, apparel company,
distributor/retailer, and the end-user/consumer. Inthis
paper, an apparel company is defined as a firm that
manufactures and distributes apparel products and is
headquartered in the United States. Firms meeting this
criteria include VF Corporation and Levi Strauss and



Company which are the largest apparel companies in
the world. Sincetheapparel supply chainisnot highly
integrated, it will generally include contractors,
vendors/suppliers, and retailers in addition to the
apparel company. A contractor is defined as any
company that is contracted by an apparel company to
manufacture (cut, sew, and finish), assemble (sew and
finish), or package apparel. These contractors are
increasingly located outside the United States. A
vendor/supplier is any company that supplies fabric
(such as denim, cottonfabric,etc.), buttons, thread, and
trims (such as clips, plastic bags, etc.) for packaging to
thecontractor/apparel company. Vendors/suppliersare
located all over the world. While some apparel
companies have subsidiary retail stores, most apparel
company sales are made to retailers unaffiliated with
the apparel company.

USapparel companies began tolocateorout-sourcethe
cutting and sewing operations internationally only in
the last quarter century. Morerecently other elements
of the supply chain such as fiber and fabric
manufacturing, finishing, and packaging have moved
outside the US. Prior to this globalization, companies
like VF Corporation and Levi Strauss were
manufacturing al the garments they sold in-housein
facilitieslocated inthe US. Currently thesecompanies
extensively utilize both company owned facilities and
contractors outside the country. Worldwide, VF
Corporation owns 120 manufacturing and distribution
facilities and has numerous contractors. Levi Strauss
has 21 plants and over 600 contractorsin 60 different
countries. The mix of facilities and contractors
employed by large US apparel companies changes
frequently (Meixell and Gargeya, 2001).

Information Technology (IT) has long been recognized
asavital resourceforoperations planning and control.
Over the years it has manifested primarily in Material
Requirements Planning (MRP) systems and
Manufacturing Resource Planning (MRPI1) systems.
These systems havetypically beenintra-company and
national in character. The adoption of electronic data
interchange (EDI) supported the migration to inter-
company systems. ERPsystemshaveaddedtheglobal
dimension to previous uses of IT for operations
management. Thus the blending of ERP systemswith
theglobal operationsoftheapparelindustry would seem
to be a natural transition. This paper describes the
approach taken by one apparel company (VF
Corporation)inadoptinganERPsystemtoenhancetheir
planning and control systems on aglobal scale.

2. DECISION MAKING IN GLOBAL APPAREL
SUPPLY CHAINS

Reviews of global sourcing problem in the literature
include Vidal and Goetschalckx (1997), Cohen and
Madllik (1997), Prasad and Babbar (2000), and Schmidkt
and Wilhem (2000). Decision models reported in
literaturethat arerelevanttotheapparelindustry include
Cohen and Lee(1989), Cohenand Huchzermeier (1998),

and Arntzen, Brown, Harrison, and Trafton (1995).
Whilethesearticles of fersomeguidanceforthedecision
making required to manage the global apparel supply
chain,they do not addressal theelementsthat makethe
apparel supply chain management so challenging
(Gargeya, Birdwell, and Martin, 2000). Specificaly, the
elementsthat contribute to the challenges of managing
globalchainsintheapparel industry relatetotechnol ogy,
the production process, communications, cultural
rel ationships, supplierarrangements, andtransportation.

Critical management deci sionsinclude: (1) how much of
the finished product is to be made at in-house
manufacturing plants? (2) how much of the finished
productistobebought fromexernal subcontractors?(3)
how much of theraw material (fabric, buttons, etc.) is to
be bought from each of the rawmaterial suppliers, and
whichraw material supplier would supply (and in what
guantities)to which of the subcontractorsandin-house
plants? Thesedecisionshaveto beconsistent withthe
goal of minimizing total system-wide costs. System-
widecosts are comprised of tangible costs (labor costs,
overheadcosts,transportationcosts,raw material costs,
duties, taxes, and inventory carrying costs) and
intangible costs (inability to reliably supply quality
products with short leadtimes). Appelbaum and Gareffi
(1994) notedthatthere are pressures intheentireapparel
supply network to lower costs and maintain profits.
Furthermore, Bowman (2000) pointed out that
companiesshould evaluatetheentiresupply chainonan
on-going basis for improving performance. The total
system-widecostconstantly variesdependingonwhich
supplier is selected to supply to which
subcontractor/plantand asaconsequence, apparel supply
chainstend to be dynamic rather than static. A formal
model specifying the relevant decision variablesfor a
single period isfound in Meixell and Gargeya (2001).

Supply chain decisions can be viewed as a dynamic
productallocationproblemwherethekey decisionisthe
location of specific production sites for products. The
decision objectiveis to minimize costs tomeet specified
demands, with facility capacity and import quota
constraints. However, the variety of changing and
shifting operational optionsmeakethedecision process
farfromroutine. There are two types of manufacturing
facilities available to the decision maker. One type is
comprised of those that are owned and operated by the
apparelcompany. Thesecondtypeiscomprisedof those
that are owned and operated by external contractorsto
whomproductioniscontracted. Fortheirownplantsand
for some of the external contractors, the apparel
company sel ects the suppliers of fabric andtrims. Other
external contractors select and manage their sourcing
activitiessolongastheoverall specificationsandquality
are approved by the apparel company. The options
available to the decisionmakerin constructing asupply
chain foraproduct (orevenasingle productionrunof a
product) isshownin Figure 1.

Two cost categories are applicable for this production
allocation problem. Thesearethe variable costs for the



manufacturing operation and thefixed costs for setting
up production of any itemat any facility. In somecases
thefixedcosts are negligible. However, selectinganew
supplier in an international location not previously
utilized could result in substantial fixed costs. The
international nature of this problemmeansthat thetypes
of costs to be considered are quite diverse. Taxes,
duties, and transportation are costs that become very
relevant in international outsourcing decisions.

How much to produce and where to produce are the
decisions made by the apparel company on arecurring
and frequent basis. The frequent introduction of new
stylessignificantly impactsthesedecisions. Production
fortheplanning periodis assigned eitherto theapparel
company’s plantsor to acontractor. Theseresulting
products are inventoried at warehouses owned by the
apparel company. Thesewarehouses then supply the
apparel in the required quantitiesto theretailers. The
apparel company warehouses maintain inventory to
support retailerorders and thusrepresent aconvenient
point to endthesupply chain. The products produced
and shipped in the apparel supply chain are very
numerous, as astock keeping unit (SKU)is set by style,
size, and color. VF Corporation and Levi Strauss carry
thousands of SKUsfortheir respective jeans divisions
alone. Theproductionplanningdecisionsmay aggregate
SKUs into product families rather than allocate
production location by individual SKU. Inthis supply
chain, then, there are three tiers: customers (i.e.
warehouse locations), production plants,and vendors
providingrawmaterials. Therearemultipleproducts and
input raw materials. These decisions are a tactical
supply chain management problem, as described by
Shapiro (1998). Shapiro asserted that thereisan inter-
class of supply chain problems at the tactical levd,
between the strategic and operational levels of
manufacturing planning.

3. INFORMATION TECHNOLOGY AND
GLOBAL SUPPLY CHAINS

Akey issuein devel oping effectivesupply chainsisthe
ability to create what has been termed a virtual
organization in which the supply elements are closely
integrated. Various studies of highly integrated supply
chains (Dyer, Cho and Chu, 1998; Lee, So and Tang,
2000; Shore, 1996) have concluded that information
technol ogy can positively affect highly integrated and
closely linked supply chains. Cohenand Mallik (1997)
point out the problems that may arise when supply
chains are not highly integrated and able to support
adeqguate information flows. In supply chains which
havespreadacrossnational boundaries, thechal lengesof
integrating the supply chain and supporting adequate
information flows are more difficult (Chopra and
Meindl, 2000).

Shore (2001) presents a supply chain IT linkage
capabilitymodelthatisbased onconceptthatthesupply
chain's information sharing is affected by the
characteristics of the customer, supplier, and the

environment of the customer and supplier. The
accompanying case studies illustrate the potential
problems associated withinformationsharing in supply
chainswhen the supply chain is global and/or unstable
and when there is a significant differencein customer
and supplierfirmcharacteristics. Shore providesafour
stage classification for information sharing in supply
chainsrangingfromminimauseof technology tohighly
integrated systems based on extensively integrated
systems between the supplier and customer.

ERP systems have become a key component of the
information technology infrastructure of numerous
companies by providing support for many back office
operations that are essential to supply chains. More
recently, specific supply chain management software
has appeared in the marketplace with the intent of
building upon ERP systems to provide support for
managing the entire supply chain. However, this
approachisgenerally predicatedon the assumptionthat
the ERP system is adequately able to support the back
officeoperations of elementsofthesupply chainand are
thusdependent on the adequacy of the ERPsystem. In
the classification scheme of Shore, the use of ERP
systems in asupply chain could enableafirmto operate
withextensiveinternal information sharing (level 3) and
support extensive external informationsharing (level 4).

Inthe apparel industry, theorgani zational complexity of
the supply chain creates special problems in the
information sharing which is needed for creating
efficient supply chains. Whiletheapparel supply chain
iscomparatively simple in terms of the manufacturing
operations, it may become quite complex
organizationally. When the apparel supply chain is
composed of firm owned operations, the supply chain
may be establishedwithahigh potential forinformation
sharing supported by an ERP system. However, when
the apparel supply chain containscontracted tasks, the
supply information sharing is much more problematic.
Inreality, thelargeapparel company will besupporting
adiversity of supply chainswhichareoftenafunctionof
product lines and even specific styleswithin product
lines.Inaddition, therel entlesscost pressuresof apparel
manufacturing tend to create frequent changes in the
supply chains. Duetothelaborintensivenatureof some
apparel manufacturing operations, many contractor
organizations are located in lower wage countries and
commonly do not have advanced information systems.
As aconsequence, the large apparel firm isfaced with
the extremely challenging task of providing information
systems which can support the information sharing
necessary for efficient supply chainswhenfacedwitha
collection of diverse and changing supply chains,
contractors who freguently have minimal information
technology, and ongoing pressures from customers to
lower costs.

4.ERPIN THE VF JEANSWEAR SUPPLY
CHAIN

VF Corporation has grown fromits origins in 1899 to



become the largest apparel manufacturer in the world
with sales in 2000 of $5.7 hillion. By 1996, VF
Corporationhad 17divisionsproducingawidevariety of
apparel andother sewnproductsinplantsthroughoutthe
world. These divisions generally operated as
independent companies with theincumbent overlap of
services and lack of synergy in businessoperations. In
an effort to better manage such a diverse organization
VF Corporation was reorganized into five product
groups(Jeanswear, | ntimates,Workwear, Playwear,and
Childswear) withtheplan for all groupsto usecommon
information systems andothersharedservices. In1997,
VF Services was formed as a free-standing company to
provide all shared services. Re-engineering decisions
involvingthe shared core business processes of theVF
Corporation operating companies resulted in aplan to
adopt packaged software solutions for many common
systems with custom operating company programs
generally limited to actual manufacturing operations.

Theconsolidationandstandardizati onof systemsacross
theindividual productgroupswas projectedto provide
better management information, more dependable and
competitivesystems,and providebetter opportunitiesfor
sales growth. Specific financial goalsweretoincrease
both sales and income by 8-10% annually, produce a
return on equity of 17-20%annually,and maintain an on
hand inventory of $1 billion by Q1 2002 (Cone, 2001).
The goal of reducing inventory was expected to bea
directoutcomeof the new corporateinformationsystem
mode.

The resulting corporateinformation systemmodel was
based ontheintegrated useof software packages from
SAP for ERP, i2 for production planning, Logility for
sales planning and forecasting, Gerber for product
development,as well as custom legacy systemswhich
were developed for manufacturing operations. To
further complicate the situation, VF Corporation
determined that the standard SAP R/3 software was
inappropriateforitsoperationsandformedapartnership
with SAPto develop an industry specific Apparel and
Footwear Solution (AFS) to handle VF Corporation’s
requirements. Followingitsdevel opmentinpartnership
with VF Corporation, AFS become an SAP industry
specific solution. The largest VF Corporation working
group, VF Jeanswear, was chosen as the focus for the
developmentandinitialimplementationofthisintegrated
informationsystem. TheriskstoVF Corporationof this
plan were multifaceted. In addition to high systems
development costs, VF Corporation was faced withthe
potential for seriousinterferenceintheoperationsof its
largestapparel groupifthenewintegratedsystems failed
to work properly. The active date for the use of the
SAP/R3 (including AFS) in the Jeanswear Group was
February 2, 2000. The system at VF Corporation
represents a particularly challenging ERP
implementationsinceitinvolvedsupport fortruly global
operations, extensiveinterfacing with legacy systems,
and the development of a new industry specific
application (AFS)

Theimplementation of AFSin the apparel industry was
not a seamless development Theoriginal concept was
that AFS devel opmentwould bedirectedby the specific
requirements of VF Corporation and Reebok. Other
firmsincluding SaraLeeHosiery and Wolverine World
Wide were among the early adopters of the system.
However, the development of AFSwas not completely
finished by thetimethat VF Corporation beganto useit
in their Jeanswear division. Some of the original
customers of SAP AFS (such as SaraLee Hosiery and
WolverineWorld Wide)have dropped AFSasamethod
for providing back office operations for supply chain
management even though they arestill using other SAP
R/3functions. A substantial part of thedifficulty isthe
inherent conflictthat existsbetweentheuseof asoftware
product (SAP/R3) with rigid standards for data and
process and the lack of consistent and compatible
informationsystems in contracting firms. TheSAPAFS
solution iswell suited to the support of a high volume,
stable supply chain with manufacturing information
systems whichmeet SA Pstandardsfor datai ntegrity and
completeness. Thenature of theapparel marketplaceis
thatthis type of supply chain does not fit the realities of
contemporary apparel production.

There are essentially four areas of significant potential
conflict between an ERPsystem(such asSAPR/3AFS)
and the global apparel supply chain. First, the
economicsoftheapparelbusinessresult in both diverse
and frequently changing supply chains while ERP
systems function more effectively in theworld of the
fixed, repetitive supply chain. Reconfiguring the ERP
systemtoreflectchangesinthesupply chainis bothtime
consumingandcostly but apparel companiesfrequently
changebothindividual contractorsandthesupply chain
itself. Second, theERPsystemrequiresavery highlevel
dataintegrity and datacompl etenesswhilecontractorsin
the apparel supply chain are often unable to provide
complete, accuratedataforal supply chaintransactions.
ERPsystems are extremely sensitivetoeitherinaccurate
or missing data. International apparel contractors will
frequently havevery rudimentary information systems
and may rely on paper based information sharing which
canresultin bothinaccurateandincompletedata. Third,
the ERP system imposes a strict cause and effect
document control scheme to manage the supply chain
while international apparel contractors are frequently
remissin coordinating theflowof dataand productsin
the supply chain. The control structure of the ERP
system generally does not allow an event (such as
shipping an order) to occuruntil thecontrol event (such
as a production run completion) has occurred. The
international contractors oftensubmit event noticesthat
do not reflect actual events and thus can result in the
ERPcontrol structure being out of sync withthe supply
chain. Finally, much of the benefit that is derived from
supply chain management is lostif demand forecasting
andsupply chain managementarenot congruent. When
global contractors are includedinthesupply chain,the
apparel company is often unable to implement the
adjustments needed to keep the supply chain in
compliancewithdemandforecasts sincethecontractors



areoftenunabletomakerapidadjustmentsinproduction
runs which may be required to adjust to demand.

After completing the infusion of SAP into the VF
Jeanwear group,VFCorporationdel ayedplanstoinfuse
SAP into the operations of the Initimates group in the
summer of 2001. This delay wassubstantially caused by
a general downtown in economic conditions in the
apparel industry. Additional causes for the decisionto
delay was the difficulty in getting the SAP order
management modul econsi stentwiththeapparel industry
reguirements, the cost and time required to implement
SAP, dissati sfactionwiththeSA Pforecastingcapability,
and the scope of the Intimates group project. The
primary benefit realized at thistime isan improvement
inscheduling. VF Corporationremainscommittedtothe
concept of anintegrated information systemto manage
its global operations (Cone, 2001).

5. CONCLUSIONS

The use of integrated information systems in global
supply chain management is aprerequisitefor creating
the highly integrated, efficient supply chain. A key
element of integrated information systemsto support
supply chainsisoftenan ERPsystem. Theeconomicsof
globalapparel supply chainscreate barriers totheuseof
an efficient, effective use of an ERP system. Much of
the potential benefit of the use of an ERP system in
supply chain management is mitigated by the inherent
conflictsthat arise between ERP system requirements
andglobal apparel supply chainrealities. Consequently,
theuseof anERPsysteminsupply chainsthat havelow
levels of integrati on and substantial global components
will create greater management problems and provide
|esspotential benefitsthanwhentheERPsy stemis used
in supply chains with more integration and less
globalization.
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FIGURE 1: ELEMENTSOF GLOBAL APPAREL SUPPLY CHAINS
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