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Abstract

It is now widely recognized that supply chains, not individogganisations are
responsible for the success or failure of businesses. This has necessitated close
coordination among suppchain partners. In the past few decades, in an attempt to
improve the overall efficiency of the supply chain, many compame® engagd in
collaboration with other supply chain members. Consequently, several supply chain
management initiatives such asendor Managed Inventory, Efficient Consumer
Response, Continuous Replenishment and Accurate Response have been proposed in
the literature to improve the flow of materials as well as information among supply
chain partners. In this line, Collaborative RPAnning Forecasting and Replenishment
(CPFR) is a relatively new initiativihat combines the intelligence of multiple trading
partners in planning anlfilment of customer demand by linking sales and marketing
best practicesThe role of CPFR has beendeiy studied in the US retail industry, but it

has not been researched much in the UK and also in Asian countries. Hence, this

research focuses on the adoption of CPFR in the UK and India.

Levels ofcollaboration and information sharing differ to a grdent across the supply
chairs based on the needs of individual businesgesordingly, the importance of
CPFR varies in differerdupply chainsThestudy reportedn this researclexplores the

operatios of CPFR and highlights the corresponding bdsefi differentfirms using

case studies of India(4 cases) and British (2 cases) companies operating in-Make
Stock (MTS) and Mak& o-Order (MTO) environmentdn this research, information
exchange among collaborating partneranslysedwith a focuson its role in demand

forecasting and timely replenishment.

In order to identify potential benefits of CPFR, this research has adopted a four stage

approach. In the first stage, interviews withp and middle manageia the case
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companies helped to delop a cleaunderstanding afhe collaborative arrangemerin

each companyin stage two, a conceptual model called the Reference Demand Model
(RDM) was developedRDM is a specific model representing the dependency of
demand projection on informatiomoim different supply chain members involvad
supply chain processe#/hen fully developed, the RDM will serve as a decision tool
for the companies involved ollaboration to decide on the level of collaboratzm

the typeof information exchange inrder to improve supply chain planning and

forecasting.

Further, to explore how demand information collected through RDM can help improve
forecass accuracy, a quantitative approach is employed in the next two stages.
Therefore,stages 3 and were studid only for the cases with detailed sales data. In
stage 3, structural equation models were developed to establish the underlying
relationships among demand factolstt were identified using RDM. In stage 4,
regressiorforecast models of sales were depeld usinghe demandactors identified
through RDM. The forecast models showed an improved accuracy and thus this
research suggested the case comg&ayt Drink Co.)to use the demand information

(identified from RDM) in thedemandorecasts.

The resuls strongly support CPFR & MTS environmentvith promotional salesand
exchanging the detailed saleformation from downstream to upstreampply chain
members may improve treecuracyof demand forecastInformationexchange is also
required to enge timely replenishment forMTS products. However, in a MTO
environment, there is less need for collaboration with downstream supply chain partners

for the purpose of short term demand forecasting.
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Chapter 1 Introduction

Supply chain collaboratiowas regarded as a major reseatapic in the late 1990s

within the area oBupply chairmanagementFirms interested inmproving either cost
effectivenes®r overall supply chain performance tend to collaborate with other supply
chain players (Mclvor et al., 2003; McCarthy and Golicic, 2002; Matchette and Seikel,
2004).In geneal, businesses with similar objectives work closeyetherin order to
achieve the desired excellence in common supply chain processes such as planning,
forecasting, production and replenishmehtowever, the extent and intensity of
collaboration vary gratly based on individual business objectives, which in tufinele

the level of supply chain collaboration (Larsen et al., 2003, ECR Europe, 2002).

At all the levels of supply chain collaboration, information exchange is considered an
integral part of bdging all the members in the collaborative arrangem@tile
exchange of point of sales information and invent@gordsare widely encouraged
within the supply chain (Gavirnemit al, 1999; Raghunathan, 1999), the role of other
information such as pmotional plas, forecast and productiorievels are not much
discussedn the literature The importance of transparent information exchange in the
supply chain is not explained in such a way to persuade many supply chain members to
be a part of collabot@n (Barrattand Oliveira 2001;Ryu et al, 2009). The main focus

of this research study stems from thaspect of supply chain collaboration.
Consequently, this research attempts to identify the role of information exchange in
supply chain collaboratiom six different companies After that, this research will
furtheranalyse the potential benefits of collaboration in thesmmpaniesin this attempt,

the research goals as@ecificresearchlguestions are developed furtherChaptes two

and three
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To understand the basic idea behind this reseaicls important to know the
background of supply chain management and collaboratton. this reasonthe

following sections outline an overview of the developments in supply chain
managementvverthe pasttw\R GHFDGHV ZLWK UHIHUHQFH WR SUDFW
viewpoins. The general purposes and strategies of supply chain collaboration are
explained further. Also, this chapter briefly outlines the research focus, contribution

andresearctapproachThis chapter alssummarsesthe structure of the thesis.

1.1 Background of supply chain management

Generally, supply chain management refers tootigansation and management of all
activities of a supply chain from suppliers through manufacturers, wholesstkilers

and customers. In other words,

Supply chain management is the management of upstream and downstream
relationships with suppliers and customers to deliver superior customer valassat

cost to the supply chain as a wh{&hristopher, 1998)

Normally, suppliersare referredo as upstream members and customers are referred
as downstream members in the supply chain (Chen and Paulra), Ze&ditionally,
the supply chain was designed with more focustlmmmovement of materials rather
than information flow ¢ee Figure 41). Due to ever increasing competition in the
business world, the supply chain also has takdwist from its traditional way of
functioning This hasresulted in a modern supply cham which theintegraton of

materialflow and information flowis a key aspect

Although the supply chain has takedifferent forms such as agile and lean supply
chains,over the past two decadebge core idea ofhe supply chain has always been

customer focusedCustomerdriveninventay management (pull strategy) has replaced
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the traditional way of pushing inventory from upstream to downstream i.e. from
supplier to customer (Simchievi et al, 2003, pp-17). Similarly, the traditional way of
forecasting product demand independently ibglividual membes is slowly being
replaced by collaborative forecastingrrangements(Aviv, 2007). Collaborative
forecasting involves exchanging information frahfferent supply chain members so
that the demandor the final product (and hence the demhdor components to be
supplied by different members) can be predictadre accurately(Aviv, 2007).
Although some recent supply chains include reverse flow of geods asproduct
returns (Dowlatshahi, 2000; Daughe#ial, 20QL), this researcltoncentates on the
forward supply chain with orneay material flow and twavay information flow as

shownin Figure 1.

Figure 1-1 Traditional versus Modern supply chain

- Traditional supply chain
Supplier (Flow of goods)
A v
ferereeeeened] > Man ufaCtUI’el’
A \ 4
¥

fesececenneasd Wholesaler

: A 4
feeseessenened » Retailer

Modern supply chain

(Flow of goods and . A v
information) o > Customer
Goods flow

« nformation flow

1.2 What is supply chain collaboration?

A supply chain(SC) comprises suppliers, manufactigewholesales, retailers and
customers (Christopher, 1998). All or some of these supply chain members can

coordinate their processes (namely planning, forecasting, productaom
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replenishment) to makéhe supply chain more effectiven terms of cost, revenue
generation and timely replenishméB8CC, 2001). When this supply chain coordination
formally continueso accommodate dynamic changes in vargwgply chain processes,

it will evolve into a collaborative supply chain. A collaborative supply chain encourages

exchange of relevant informationitaprove the accuracy of demand forecasts.

+RZHYHU WRGD\fV FRPSHWLWLYH DQG XQSUHGLFWDE
forecastinga complicated taskn many supply chains,rder variability increassfrom

downstream to upstreamnd can resultn excess inventory and huge obsolescence
throughout the supply chaifbee et al., 1997 ee and Padmanabhan, 19%&e and

Whang 1999).To avoid such problems, information exchange and collaborationsn SC

are encouraged in the literatufgsheret al. (1994) have conducted a case study of

Sports Obermeyer (manufacturer of fashion skiwear) and found that the real success of

a product was demdent onthe FXVWRPHUVY UHV SR QhéyHhaMeRlsW KH S UF
found that the exchange of point of sales data from downstream members helped the
upstream members to understand demand patterns, which in turn assisted the future
planning, production and peenishments. However, Toktay al (2000) haveobserved

that the information exchange was possible only wteriwo supply chain members

expected mutual benefitkom thepartnership.

To reap maximum benefftom collaboration each member of the sugpchain may

need to make different levels of infrastructural investment. Companies do collaborate
for new product design and launch; but this aspect is beyond the scope of this research.
This research will identify the role of informati@xchangeand thepotential benefits

for companies that are involved in supply chain collaboration the purpose of

forecasting and replenishment
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1.3 Purposesand strategies ofsupply chain collaboration

Businesses have been collaborating for several decades in masrerdifforms for
various purposes Horvath, 2001 Barratt, 20@; Danese2007). Some of the purposes

of collaboration are improve overall business performance, reduce cost, increase profit
and improve forecast accuracil¢Carthy and Golicic, 2002Mclvor et al, 2003;
Matchette and Seikel, 2004). Lucrative benefits of collaboration encourage many supply
chain members to initiate the process of collaboration. This is reflected in sepghy
chains having information exchange among supply chain membenrseasf the core
processes in a formal or less formal collaboration (Cletradj, 2007).Generallyin the

SC literature, WKH SXUSRVH RI VXSSO\ FKDLQ FROODERUDWL
business goals, objectives and business strateglas. researlc aims to identify
benefits of such collaboration in various supply chains. In this effort different
companies Make-To-Order (MTO) and Make-To-Stock (MTS), are studied for their

collaborativearrangement with thedownstream partngsr

In an attempt tadentify theright supply chairfor various products, Fisher (19973s
classified products under two main categories, namely functional products and
innovative products, depending on their demand patiegeneral, @inctional products
such as grocerseand food productshow less demand uncertainty while innovative
products such as music players and mobile phorshsw high demand uncertainty.
Subsequently Leg2002) has presented a framework that matched supply chain
strategies with demand and suppincertainties of both functional and innovative
products g$ee Figure 12 /HHTV 1UDPH ZRting domtoiVtKidd research.
According to his framework, functional products with low supply uncertainty need to
havesupply chainstrategies aiming a&he highestostefficiency. However the same
functional products with high supply uncertainty neetldwe riskhedging supply chain
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with inventory pooling and resource shariignovative products with low supply
uncertainty need to have responsive $yippains (responsive to customer demand) and
innovative products with high supply uncertainty need to have agile supply ehitins

WKH FRPELQHG VWUHQJIJWKYV RI pKHGJHGYT DQG pUHVSRQ)

Figure 1-2 Supply chain strategies

Demand Uncertainty

Low High
(Functional products) (Innovative products)
Low
(Stableprocess) Efficient supply chains Responsive supply chains

High
(Evolving process)

Supply Uncertainty

Risk-hedging supply chaing Agile supply chains

Source Lee (2002)

(DFK VXSSO\ FKDLQ PHQWLRQH @ifféreént ¢thatadtafistids idH Z R U N
hence necessitatesdifferent supply chain coordination mechanism. For example, to
achieve / H H ®Wicignt supply chaiff ZLWK ORZ GHPDQG X®QgpMUWDLQV
uncertainty a simple transactional level of collaboration between supied buyers

may besufficent. +RZHYHU WR DFKLHYH /HHYV pDJLOH VXSSO\
uncertainty and high supply uncertainty, a close level of collaboration adiffegent

supply chain members may be needed.

Lee (2002)and Fisher (1997)have defined functional products as those with stable
demand patterns. However, their demand need not be quite stable in the presence of
sales promotionsin recentyears, salespromotions at retail outlets hay®ecome a
common practiceespecidy in the UK These sales promotions increase normal sales of

functional productand hence the functional produetgl also have uncertain demand
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during the period of promoti@h sale. In such casesthe promotional sales of
functional products will not follova stable demand pattern as defined in Lee (2688)
Fisher (1997).To execute sales promotionsn active participation from all supply
chain partners is highly critical. Aviv (B@) has highlighted that Collaborative
Planning Forecasting anéReplenishment (CPFR) may be a good option to improve the
agility in supply chain. This is mainly because the CPFR framework encourages
transparent information exchange as one of the key etenwéncollaboration. This
particular aspect of CPFR is considered further in this research to identifylehaf
information exchange in planninéprecastingand replenishmenirocessest various

companies

1.4 Research focus

The main focus of this reaech will be on theanalysisof collaborative arrangement

and related information exchangpecifially for supply chain collaboration initiatives
such as CPFR. Originally CPFR emphasised infrastruciineformation technology

(IT) as part of collaboteve planning and forecasting. HoweVér, infrastructure is not

the main aspect of this research. This research will focus on the collaboration among
supply chain members aiming to improdemand forecastinghrough information
exchangeDemand pattesof products and their respectirdormation requirement for
CPFRwill be analyed through a conceptual model calldge ReferenceDemand

M R G HhCcase companieshis will assist managers in drawing conclusiam the

need for collaboration in various finesss.

While considering the benefits of CPFR, this exploratory research is also focusing on
the underlying factors that havegmsificant impact on the demandhis research is
exploratory in the sense that it considers larges aetlemand factorssystematically

identified through case studieJhe influence of informatiorfactors in different
18



proceses of the supply chain is discussed with evidence from the literature and case

studies.

15 Research approach

This research employs both quantitative ajdlitative approaches. Initially the case
study approach, which is a qualitative approach, is used to understand the extent of
collaborative arrangements between manufacturers and downstream supply chain
members. Case studies are conducted in diffecemtpaniesnamely a soft drink
manufacturera wholesaler of soft drink products,textile material manufactureg
packaging material manufacturan electrical equipment manufacturer, aadrude oil

refiner and distributor. All theseasecompanies prdice supply chain collaboration

with their downstreancustomersThe position of these companies in the supply chain

is classified as typé; type-2 and type3 (seeFigure 13).

Figure 1-3 Position of the @ase companies in the supply chain

Type-1 SC: 3-echelon supply chain

i End .
Retailer —".. Customer .~

Manufacturer Wholesaler/
(Case company) Distributor

A 4
A 4

Type-2 SC 2-echelon supply chain

Manufacturer . End .
Retailer
(Case company) » > Customer .-

y

Type-3 SC Tier-1 supplier to OEM
Manufacturer Other
(Case company) OEM/Supplier

Type-1 companiehiave 3echelon supply chasninvolving amanufacturer dealing with

A

wholesales and retailers. Typ2 companiehave 2echelon supply chaginvolving a
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manufacturer dealingvith retailers. Type8 companiesare manufacturersuppliersof

raw materials either to inal equipment manufacturers (OEM)toothersupplies.

In the casestudies, attentiowas paid to understand the role of information exchange at
various tiersof the supply chainThis informationwasthen used to create a conceptual
PSHIHUHQFH '"HPDQG ORGHOY 5'0 SUHVHQWLQJ WKH
final product demandvas based. In this attempt, some steps to identify the need for
improving the RDMwere also suggested. This approduds helped to identify the
potential benefits of information exchangesupply chain collaboratigrwhich is the

main focus of this research.

For acne of the case companjeSoft Drink Co, detailedquantitative sales da was
available Hence, more sophisticated quantitatimedeling methodssuch as structural
equationmodellingand multiple regression analysiave beeemployedto understand
the underlying demand structuk&hile structural equationsere developed testablish
thegeneral structure of demand, regression mogaete developed to forecast demand.
Knowledge gained through tiRDM and other quantitative models will assist managers

in decision making on future collaborative information exchange.

1.6 Structure of the thesis

The thesis is structured as follows. Chapteo stars with a literature review to
facilitate appropriate direction forigresearctand to identifytheresearch goals. Based
on these goals, research questions are formulated and expkliomgl with an
appropriate research methodology in Chagteee Chapterfour repors the case
studiesfrom British companiesand Chapter five reports the case studies from Indian
companiesChaptersix explains the development tife conceptual &erenceDemand

Model (RDM) andillustratesits importance in the case study companies. Chaptesn
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discusses the crosaseanalysesof all of thecases studieth chapters four and five
Chaptes eight to ten provide a quantitative perspective to the RDM framew
developed in Chaptesix. The quantitative approach is applied to only one case study
company- a SoftDrink Manufacturer thahas supply chain collaboration with major
retailers and wholesaler®ata description is detailed in Chapteight Structurd
equation models are developed in Chapiere These models assigt grouping
products based on their characteristics of demand. Chaptases multivariate linear
regression analysis models for analysing demand data. Cledg¥ensummariseshe
contribution of ths researchThis final chapteralso includes some ideas for future

research.

21



Chapter 2 Literature Review

21 Introduction

Perceived and expected benefits op@y chain collaboratiofSCC) have prompted
supply chain(SC) partnergo develop soplsticated ways of exchanging information for
better management stipply chain process (namelyplanning, forecastingproduction

and replenishmephtimproved accuracy of forecast of product/component demand has
been recognised as a key benefit of suclabolation (Ireland and Crum, 2005). Better
forecasting is said to reduce the problenthefso called bullwhip effect, which refers to

an amplification of demandariability, resulting inexcess inventory in all levels die
supply chain (Lee andPadmanbhan 1997). The information needed to forecast
demand varies depending on the nature of product (e.gtidoal or innovative), on

the position of thepartner in the supply chaife.g., a retailer or a manufacturer or a
supplier of raw material/componish and also on business objectives (e.g., businesses
with promotional sales need to collaborategoymdional planning). This chapter dsal
with the literatue on supply chain collaboratiowith special emphasis on the
Collaborative Planning Forecastingnd Replenishment (CPFR) frameworto
understandhe structure and the role of information exchangeidies on promotional
sales forecasting are also discusdethortant gaps in the literature are identified and

discussedtahe end of this chapter

2.2 Supply chain collaboration

Although the literature on supply chain managem¢(EM) is rich with several
research ideas, concepts, modeld case studies, the concept of collaboratiorohbs
really evolvedover the past two decadeBut, several compangor businesses have

been collaborating for several decades in many different forms for various purposes
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(Horvath, 2001; Barratt, 2004; Danese, 2006, 2007). In the past three decades several

academics have researched the purposes behind variossftyierelationships.

Table 21 reports the purpose of various SC relationships into three main headings:
production planning, information sharing and forecasting, and replenishment.
Companies that collaborate for production planmmgy need to have cross fatonal
activities and clear power sharing agreement to better #igjnproduction processes
(Akkermanset al, 1999; Beamon, 1999). Companies that collaborate for information
sharing and forecastingpnay need to accepdrganisational changebpth intenal and
external to the companyo improve their performanc@arratt and Oliveira2001;
Forme et al., 2007). This will help the SC partriar@int decision making. Companies
that collaborate for timely replenishment need to be good in logisticalrpenices

(Simchi-Levi and Zhao, 2005; Chen and Paulraj, 2004).

Table 2-1 Purpose of supply chain relationships

Purpose Essential elements Authors
o Cross functional activities| Akkermarset al (1999);
I SCC (2001} SCOR model
‘—g_ SCC leadership and powe Kim and Oh (2005)Aviv (2007),
S sharing Simatupang and Sridharan (2@08
= Process alignment Beamon (1999);
2 Lambert and Pohlen (2001);
o Dong and Chen, (2005);
& Emmet and Crocker (2006)
c o Managing changes Barratt and Oliveira (2001); Angerhofer an
So £ (external & internal) Angelides (2006); Formet al (2007)
g £ =l Joint decision making McCarthy and Golicic (20®);
= f_—:) © § Forslund and Jonsson (2007);
= i) Raghunathan2001);
Chang et al., (2007)
o Logistics performance Ettl et al (2000);
2 = Cachon (2001);
KR Chen and Paulraj (2004);
) E Simchi-Levi and Zhao (2005);
= Aviv (2007)

Most of thesestudees have discussed the purposéhefSC relationshipbutin isolaton

from the effort ofSCinformation sharingThese details have nbeenclearly indicated
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in these studiesSome suply chain practices such as Vendor Managed Inventory (VMI)
and Collaborative PlanningForecasting and Replenishment (CPF&je demam
information in supply chain process@sie next section continues with a brief history of
the ewlution of thesesupply chairmanagement practiceSupply chain collaboration,

with particular interest to the CPFR framework, is disedsn detail in latesections

2.2.1 A brief history of the evolution of SCM practices

Several practices such as Vendor Managed Inveni{dl), Efficient Consumer
Response (ECR), Continuous Replenishment (CR) and Accurate response (AR) have
been suggested to improve matkeaiad informatiorflowsin supply chais. (Barratt and

Oliveira, 2001)

VMI developed immid 1980s when Wallart and Procter & Gamble jointly decided to
implement the initiative as a pilot project. After the successful implementation, VMI
was subsequentladopted by many other leading companies such as Nestle and Tesco,
Boeing and Alcoa (Micheau, 2005). VMI is one of the most popular partnering
initiatives for encouraging collaboration and information sharing among trading
partners In VMI, vendor decide on the appropriate inventory level of each of agreed
product, and theappropriateinventory policy to maintain these levels, whereas the

retailers provide access to réghe inventory information (Sari, 2008).

In VMI, communication technology has be&ce essentialot help vendorsn order to
DFFHVV UHW D L<Pakit) Whller @tYaH (QOBOR &tated that the success of VMI
implementation depends on computer platforms, communications technology, and
product identification and tracking systems whstlould be in place at both the retailers

and suppliers. They also pointed out that the software systems are the most important,

due to the fact that they help to determine replenishment quantities and timing, safety
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stock levels, transportation routing amaker facility transshipments. Advanced
Technologies such as EDI (Electronic Data Interchange) are an enabler. However,

Holmstrom(1998) showed that VMI could be enabled via fax, emails and spreadsheets.

VMI is expected to help retailers gain comped advantage by improving product
availability and service level as well as decreasing inventory monitoring and ordering
cost (Sari, 2008).Increased information flow in VMI can helpakingfast decision

and reducing the bullwhip effe(@isney and Touwll, 2003). In addition,it may result in
better utilization of manufacturing capacity and better synchronization of replenishment

process (Waller et al 1999).

Eventhough many benefits have been identified, there are also many challenges. For
instance Sari (2008) showed that Sparton Stores, a grocery chain, shut down its VMI
HITRUW LQ DERXW RQH \HDU GXH WR 90, YHQGRUVY LQDE
Similarly Kmart cut a substantial amount of VMI contracts because Kmart was not
satisfied wih the forecasting ability of VMI vendors. A major obstacle of VMI

initiative was ineffective usage of retail level informatidBince retailers are closer to

the marketplace, they may have better knowledge about cudbemaviours products

and marketmce (Sari, 2008). However, in early VMI programs, this unique
knowledge of the retailers was not included into inventory decisions. This is because in

a typical VMI program, retailers were excluded from the demand forecasting process.

Continuous repleishment (CR), introduced in the late 1980s, is a result of some
improvements over VMI. It involveseplenishinginventory continuously in smaller
batchesCR use point of sale (POS) data foeplenishmentDuring its initial stages,

CR was considered aiccess by the companies that applied it. For examptally,

the company ampbell Soufcould reduce supply chain costs by adopting CR
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(Cachon and Fisher, 1997; Fisher, 1997). However, the benefits of CR did not prove to
be sustainable owing to a lack coordination between suppliers and buyers in sharing
the cost information (Fisher, 1997). Also CR was not successful in avoiding excess

inventory in the pipeline at Procter & Gamble (Barratt and Oliveira, 2001)

In an effort to achieve better supplyain collaboration, an integration of VMI and CR

was attempted by some companies. Companies also harnessed the advances in
information technology in the form &lectronic Data Interchange (ECt) make point

of sale data available to supply chain partn€hese three developments, VMI, CR and

EDI, have beersuccessfully employed by some companies (such as R&Ggrthe

name of ECR to reduce the information distortion in supply chains and also to reduce

lead time (Andraski, 1994).

In all of the above wply chain practiceshe impact of inaccurate forecasts i
performancewvas not considered as a major isdugter in 1997, Sports Obermeyer, a
leading sports company has adopted a new approach gadledrate Responsg $5
(Fisher et al. 1997) Using this approach the comparhas suggestedbservingits
customer demand to make accurate forecastl to incorporate this customer demand
information in their own production plans and production plaof suppliers. The
attractive feature of AR is the &®f early market signa to predict demand of highly
unpredictable items (Fisher et al., 199The wse of AR improved supply chain
flexibility, reduced production costs and reduced production lead twheSports

Obermeyer, but was not considegdtective inthecase of high supply uncertainty.

With the arrival of the internet, new and hitherto unexpected chammelsharing
information have become available to supply chain memié&ren the increasing

complexities of information in supply chains, agiglen the increasing sophistication in
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information technology and the use of the internet, asug@ply chain management tool

has emerged in the last few years for supply chain collaboration. This new tool is the so
called Collaborative Planning, ForeaagtandReplenishment (CPFR) framewoiKhis
framework exploits computer networking, information technology and other internet
based technologies. Some researchers see @RFERsecond generation ECR (Seifert,

2003)to help companies to rapidly responcctmsumer deman@herman, 1998).

2.2.2 CPFR framework

CPFR was introduced as a pilot project between-Mé&t and Warnet.ambert inthe
mid-nineties, aiming tde highlyresponsive to consumer demand. Accordinght®
Voluntary Interindustry Commerce Standkr Association (VICS) (2004 ;PFRcan

be perceived am new collaborative businedsamework that could combine the
intelligence of multiple trading partners in the planning and fulfilment of customer
demand by linking sales and marketing best pract@as.to its flexible and adaptive
nature the companies practicingPFR reaped early successes in the US retail industry;

but it is still in its infancy in Europe (Seifert, 2003).

The CPFR Process Model (VICS, 20Qgland and Crum, 200&nd Seiért, 2®3)
involves nine stepsgrouped under three stages called plannifogecasting and
replenishmentgeeFigure 21 for CPFR process modelh stage onethe collaborative
arrangement is formally agreed by supply chain members. In stagéorecass from
individual supply chain memberalong with sales informatioare exchanged to arrive
at a single demand forecast figure. In the final stpgmjucts areeplenisked based on

the demandorecast All these three stages are explaibetbw.
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Stage I: Planning the collaboration

Collaborative planning aims at improving the visibility between upstream and
downstream partnertmplementing CPFR needs to begin with understanding of CPFR
practices at all levelsConflicting areas such as resource sharing dlodaion need to

be resolved before initi@ing CPFR(VICS, 2002; Ireland and Crum, 2005t this
stage of collaborative planninfive important questions need be answered by all the

partners intendg to initiate collaboration:

x Who are the collabating partners?

X What is the roland taslof each player?

X What is the incentive for each player in the supply chain collaboration?
X What types of resources need to be shared?

x How and what type of information will be shared?

In CPFR the planning stage caqises the developmentf ahe collaboration

arrangemenand the creation of joint business Hé8teps 12).

Step 1 - Develop collaboration arrangement: CPRssion statement, goals and
objedives are formed in this stagklentification of core compencies, resource and
information sharing, and role of each player are discussed in detail to avoid
disagreements. Froeind agreement is created and updated time to time to reflect any
new developments.

Step 2- Create joint business plainThis stage coprises of definition of product
category roles, objects, tactics eitie cevelopment of joint business pkafacilitates

the communication and coordination across various levels of supply chain.
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Figure 2-1 CPFR Process Model

Source: VICS2002)
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Stage II: Forecasting

This stage includes creating sales and order forecast, identifying exceptions for sales
and orders forecast and resolving exception items (VICS, 2@2¢s forecastare

made based on thaistoric salesthat assist production plannin@rder forecastgor
dispatch forecastsare based on sales forecasts but possibly adjusted for existing
inventory, and timghased (to account for distribution lead timé&s)ensure timely
replenishmen{seeFigure 22). Initially, internal forecasts are developed by all supply
chain partners independentlgased on the information available to them. Internal
forecasts byeach supply chain partners are reconciled to produce a Collaborative
Forecasting (CF)CF is pdvanced demand informatidhased on the forecasts figures

from the other partners (Aviv, 2007).

Figure 2-2 Sales forecast and idpatch forecast

Proper use of available informatiaan assist @éieving improvedforecast accuracy.

Answering the following questions willelpto better understarttie process of CF.

x What information or dates needed to forecast demand?

x What are the factors that influence demand?
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x How frequently will the data be exchamigend how?
x What technology will be used to exchange the data?
x How will CF be calculated?

x How is the CF figure incorporated into production planning?

VICS (2002) created steps- B in theCPFRprocess model to explathe collaborative

forecasting.

Step 3 - Create sales (demand) forecast: Sales forecasts are made on the basis of

historicalPOS data and other information on planned events such as promotions.

Step 4- Identify exceptions for sales forecast: Exceptions to the sales forecast such as

seasonland trend values are identified in the data.

Step 5- Resolve/collaborate on exception items: Once the exceptions to sales forecast
are identified, clarification is made to create a new sales forecast through mutual

communication.

Step 6- Create ordeforecast: POS datia linked to the individual inventory strategy to
help generate specific order forecast. Short term foreeast long term forecasare

used to generate actual order and overall planning respectively.

Step 7 - ldentify exceptions for mler forecast: In this step, exceptions to the

collaboratively determined acceptance of the order forecast are identified.

Step 8- Resolve/collaborate on exception items: Exceptions are resolved through

communicating with the partners and new forecastaated incorporating exceptions.

It was identified that theffective information sharing (Raghunathan, 2001) poidt

decision making by all supply chain membei@wd increase the reliability of the order
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generationand avoid bullwhip effect (Lee ell., 1997; Lee and Padmanabhan, 1997).
Also by slaring inventory statuscompames can ensure timely replenishments

(Gavirneni et al., 1999)

Stage IlI: Replenishment

In the CPFR process modaegFigure 21), demand forecasts by individual supply
chain members are aggregated to generate orders, which in turn are used to make

decisions on replenishment.

Step 9- Order generation: Based on the order forecast, order generation is handled
eitherby manufacturer or retailer depending on their competenteiprocess, access

to appropriate technology and the availability of resources. Through joint planning and

decision making, the understanding of the replenishment process is becoming clearer
(Barratt and Oliveira, 2001); which is considered as one ofptsitive features of

collaboration.

These nine stepsf CPFR frameworlare combined to form the CPFR business process
model, which has been adopted by companies such aMerglSara Lee Corporation,
Motorola, HewlettPackard Corporation, Gillette, Ptec & Gamble, IBM etc.lt is
important to note that all steps of CPFR need not be performed by all supply chain

players.

2.3 Impacts of supply chain collaboration: Models and case studies

The CPFR busineggocessnodel is based on the experiences of piiactrs and thie
businesstrategies (Ireland and Crum, 20@%iedner 2003. However,increasingheed
to better align sugp with demanchaspromptedacademics and practitioners suggest

improvements to the CPFR framewodnd to suggest nevapproachesof SC
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collaboration (Chung and Leung, 2005; Corsten and Felde, .200bng and Leung
(2005 have suggested inckion of market information inthe CPFR processeto
improveresponsivaess othesupply chairand alsado L Q F R U @iRyluéeiidichange
conW UiiRtebusiness proceskhis processof engineering change contradd aimed ©
integrate knowledge of different supply chain playersChanget al. (2007) have
SURSRVHG pubQ DXJPHQWHG &3)5 PRGHOYT WkptoRFOXGH P
its accuracy and to reduce the bullwhip effadtimphreys et al. (2001) taascertained

that supplier collaboration and level of trust have positive impact on innovation and
succes®f the supply chainln SC collaborations, the performance of suppliers can be
improved through knowledge transfer progranfModi and Mabert 2007). The
conceptual model developed by Corsten and Felde (2t@&elatal impact of trust,
dependence and supplier collaboration on innovation, purchase cost reduction and
financial perfornance.Some modelaverelatal internal and external collaboration

with logistical service performance in order to masgnihe benefits of supply chain

collaboration Cooper et al., 1998tanket al, 2001;Cooke, 2002Caridiet al, 2005).

Almost all conceptual frameworksave beemlesigned to explain the orgaaiional and
functional aspects of the supply chain collaboration whereas mathematical or simulation
modelshavefocusedmore on the performance evaluation in the way of identifying the
quantifiable benefits. This also helps to identify the areas for improvement.
Collaborative forecasting has been described in the literature to improve forecast
accuracy (McCarthy and Golicic, 200Ryviv, 2007). Information sharing plays an
important roleto improve forecast accuracythis is evident from mathematical models
developed by Leet al (2000) and Raghunah (2001). Bnulation models of Kim

and Oh (2005) andAngerhofer and Angelides (200&)ave drawn attention to
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performance evaluation of supply chaiollaboration to identify the areabat need

improvanent Table 22 covers the literature on models of CPFR.

VICS (2002) claims that CPFR will help to save cost and gain competitive advantage.

Several case studies have been reported in the literatatrexamined the impact of

collaboration. Some of the sted are tabulated ifiable 22. Tangible and intangible

benefits of collaboration are evident througbp&cificcase study on West Marirfsee

WWW.ViCS.ord
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of customershas helped to increase visibilityfademand throughout the value chain

(Mclvor et al, 2003).The importance of information exchange and demand forecast

based on the sales ddtave helped Sport Obermeyer to improve forecast accuracy

amidst demand uncertainty (Fishetr al, 1994).In general most of the CPFR cases

reported improved inventory lessnd forecast accuracy. This is evident from thesase

of Burlington Northern Sata Fe(BNSF)and P&G. Howeverpoor forecast capability

of some playes in the European grocery sector haweade collaborative forecasting

complicated (Smaro007).Many case studies listed fable 22 andTable 23 are

anecdotal in nature; hence démty anygeneralisatiofbased on these studies is difficult.
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Table 2-2 Some existingmodels incollaborative supply chain from the literature

Author

Type of model

Purpose and findings

Conceptud models

Chung and Leung
(2005

An improvement to CPFH
model

Purpose: To be responsive to market changes.

Key insight: Inclusion ofuy (QJLQHHUL QJ F KD (nitdased tfeDrddidhsivenasy
market changes.

Simatupang and
Sridharan(20043

Simatipang and
Sridharan( 20049

Collaborative performance
system

Empirical evidence for
performance of supply chain
collaboration

Purpose: Measure the current status of the performance of supply chain collaboratiof
systematically improve the identifiegps.

Key insight: Collaborative enablers are directly linked with collaborative perform

metrics.

Four types of collaboration identified: Efficient, underrating, prospective and synergisti

Stanket al (2002

Model related internal an
external cdaboration with
logistical service performanc

Key insights: To achieve logistical effectiveness, firms should promote collaboration
internal processes. Collaboration with external supply chain partners along with ir
support will improve loggtical services.

McCarthy and Golicic
(2002

Collaborative forecasting

Increased revenues and earnings are possible with collaborative supply chain.

Lambert and Pohlen
(2001

Developed a framework with following seven steps:

supply chain mapping, idefiting value addition processidentifying the effect of
relationship on profitability, realign supply chain processes accordingly, measure indi
performance, compare value with supply chain objectives, replicate steps at each lin
supply chain

Caridiet al (2005

Multi agent model to optirnse
benefits of supply chain
collaboration

Insight: Mutli-agent system can be used to automate and aptimupply chain
collaboration.

Singh and Powe2009

Structural Equation Model

Insight: Firm perfomance will increase if both supplier and customer are involve
collaborative relationship.

Simulation _models

Angerhofer and
Angelides 2006

Performance measurement

Model helps to identify the areas need improvement by measuring the performaheg
supply chain

Kim and Oh(2005

Performance measurement

Purpose: To check the impact of structure of decision making process in the collab
supply chain performance




Author

Type of model

Purpose and findings

Key insight: Collaborative (balanced) decisioraking in the supply chain cregs more
value in the system level.

Fu and Piplan{20049

Evaluation of supphside
collaboration

Key insight: SuppyVLGH FROODERUDWLRQ FDQ LPSURYH WK

Changet al (2007

Simulationmodel to verify
forecast accuracy

PurposeTo test ACPFR (Augmented CPFR) on forecasting accuracy and reductiie
bullwhip effect

Key insight: ACPFR with applicationof service providerwill have access to marke
information and hence can improve forecast accuracy and achieve considechlution of
inventory.

Optimi sation

and other models

Aviv (200

Aviv (2007

Aviv (2002

Mathematical model for
forecasting

Mathematical model for
forecasting

Mathematical model for joint
forecasting and replenishme

Purpose: Finding thasefulness of collaborative forecasting in supply chain by quantif
the inventory and service performance of supply chain

Key insight: Products with shorter lead time have more berigdin supply chain
collaboration.

Purpose: Study the potential beteff collaborative forecasting ia decentralized suppl
chain

Key insight: Dominance or power of partnership, agilitytlted supply chain and interna
service rate affect the benefits of collaborative forecasting.

Key insight: Auteregressive demand press can decrease the demand uncertainty in
and CFAR (Collaborative Forecasting and Replenishment) programmes.

Chen and Cher{2005

Mathematical model for joint
replenishment

Purpose: To develop four decision making models to determine optimal anye
replenishment and production policies in a supply chain consideringléwaeinventory
system in a two echelon supply chain; Model also includes major and mingp sest for
manufacturers, and major transportation and minor processing cost fetafier.

Raghunathan(2001);
Leeet al (2000

Mathematical model

Inventory reduction and cost reduction can be achieved with efficient use of inforn
sharing Lee et al 2000) and there is no need to invest in hateyanizational systems fq
information sharing if order history is available (Raghunathan, 2001).

Mishra and ShafP009)

Structural equation model

New product development wibbenefitfrom collaborative effort of supplier andustomer

and cross functional involvement.
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Table 2-3 Literature overview of some casetudiesand reviews on CPFR

Modification/ .
Ngme o Purpose to adopt improvement to fi Barriers of . CoIIaboIr.atllon hnol d
Author Industry CPFR/Collaborative the original Bene el implementati o lpglles ethine ogy an
adopted forecastin CPFR impacts on resolved? manufacturer/ forecasting
CPFR 9 retailer)
framework
Initially used
Initiated Improved Using ElectronicData
Ireland and Reduce bullwhip development of productﬂ technology . Interchange then
. | Wal-Mart- - availability and | Less accuracy Supplier- developed a
Crum(2009; Retail effect and improv&C | CPFR framework duced bri in f . and frequent Retail .
Parks(2001) etaller performance along with VICS reduced price, | in forecasting information etailer private
S reduced . information
Association . sharing
inventory exchange called
Retail Link
Using
Included
Steermann Sears Improve inventory evaluation and Inventory level il_rﬁ‘gfmation fncy?rzloggm Producer Sh’\;ﬁ(cél)o\,l\), ietlthetX
(2003 Michelin disparity assessment in cut by 25 % I ; q Retailer 9e) v
visibility information Manugistics
each stage .
sharing
Accelerat business Added
West Marine | performance by erformance Increased Need to Supplier Retailer JDA/E3
Smith (2006 Inc-Consumer | adopting appropriate ﬁn rovement forecasting change core | training suppliers forecasting
goods retailer | technology and cross step S accuracy culture programme PP systems
functional support P
Burlinaton Improved coal
Northgrn and movement Web based Web-based
Wise and Improwe resource between Information collaborative . .
Santa Fe . -—-- . - Supplierbuyer | collaborative Coal
Fagan(200J) planning manufacturer sharing forecasting .
(BNSF)-Coal i | Forecasting tool
manufacturer (supplier) and too
customer
Schachtman Procter & Improve forecast Improved cycle Internal Usina Svncra
(2000); Gamble- accuracy, reduce Pilot test was time, reduced forecastin collagorzltion Manufacture- Syncra Ct trading
Ireland and manufacturer inventory, reduce successful out of stock svstem 9 tool Retailer collaboration tool
Crum (2005 operating expenses problem Y
Not formal CPFR, but
engage in Using
Metro Cash & | collaboration, joint frequent Wholesaler
Cadilhon and | carry- planning and L Trust based Information communicatio (supplier} Tele
Fearng2005 | grocery information sharing to| relationship sharing n through reteﬁl%r communication
wholesaler optimise forecasting simple mode

and product

replenishment

like phone/fax
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Modification/

NENTE @ Purpose to adopt improvement to Barriers of CalehorEio
Author ELSI CPFFE/CollaboratiF\)/e t?le original EiEEll @ implementati B B I cupgalen UzEiallagy e
adopted . 9 impacts P resolved? manufacturer/ forecasting
CPFR forecasting CPFR on retailer)
framework
Reduction of- For. the' pilot
. project: sales
inventory,stok-outs . .
Increased sales| Lack of point . . forecast using
obslescent scrap, . Engineering
. ) CPFR process with reduced of sale data. MRP program
Copper clad | running cost; o . change
Chung and lami . . was modified with| cost. Improved | Frequent | Manufacturer developed by
Leung(2005 laminate Improvement ir+ engineering supply chain changes in control was end user EDP
industry accuracy of sales and h | d introduced in d
order forecast change contro performance product CPER process programmers an
' and profitaldity | design Data exchange
response to i Excel
engineering change using Exce
spread sheet.
Findings:
Findings: SHWDL
Technology in | limited
Observation ofhe collaboration is | forecasting
challenges of not a key capabiliy is a
Smaros European implementing obstacle. key obstacle.
(2007) rocgr sector collaborative Retailers and 2. Lackof | = -
9 y forecasting in the manufactures integration
European grocery have different | and long
sector forecasting and | production
collaboration interval are
needs barriers to
collaborate
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2.4 Establishing supply chain colldoration

Although supply chain managemeintorporatesseveralcollaborativepractices such as

VMI, ECR and @, not all businesses have found it simple and easy to control the
partnershipsamong supply chaimplayers (Seifert, 2003).Recently, CPFR has bame

popular among the members afsupply chain to enhance collaboratibacause of its

nature of transparent information shariigllowing the success irthe retailing sector in

the US, CPFR is slowly becoming popular in the other parts of the worktailing and
manufacturing secter(Seifert, 2003).For example, WaloDUW{fV 86 UHWDLO JLD
success in implementing CPFR encouraged manufacturing companies such as Procter &

Gamble, HewletPackard Co. and West Marine Products taengagento CPFR.

Importantly, the combined effort by all the players is vitad the success ofthe
collaboration. Initiatives in establishing collaboration among supply chain partners can be
seen as more viable to suppliers than buyers (€hah, 2007) or equalo both suppliers
and buyers if equal involvement is revealed in collaboration (Kim and Oh, Zo@®). a
case study of a telecommunicationmgmanyKim and Oh 2005 havefoundthatby sharing
the decisiormaking processand by havingequal involvement incollaboration both
supplies and buyes can maximse their profit Chen et al. (2007) carried outsanulation
study; in which theycompareduyerdriven CPFR withsupplierdriven CPFR.The authors
claimed that the supplierdriven approach will be moreppropriatecompared with the
buyerdriven approach In summary, @ reap maximum benefit of collaboration, each
collaborating partnermay need toexchang information with other SC partners,
irrespective of who initiates collaboration. Howewitie levels d collaboration(Larsen et

al., 2003;Danese 2007and information exchange ardependent on theature of the
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business. Specific detailsrepresenting the type of information to be exchanged at various

levels of collaboratiomanmake collaborative procssssimpler and unambiguous.

2.4.1Levels of collaboration

In the literatureon collaborative supply chasnCPFRIs classified under three levels such
as basicCPFR developng CPFRand advance€PFR (Larseret al, 2003 ECR Europe
(2002. Thebasic CPFRs asimple transactionaklationship among supply chain partners.
At this leve| sales orders and inventory data will be exchanggsk Figure 23). In
developng CPFR, demand, order planning, promotional and production data will be
exchanged. In the highedevel, advanced CPFR, supply chain padneill have
transparent information sharind similar classificationof collaboration wasused by

Danese (2007).

Figure 2-3 Different levels of collaboration

Saurce: Larsen et al. (2003)
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Danese (2007hasconducteda detailed case study on seuwemropeancompaniesThree
levels of collaboration communication, limited collaboration and full collaborationere
identified This classification is almost similao {Larsenet al, 2003) but has includea
number of interacting unitsDanese(2006 2007 has demonstrated that a company
practicing advanae CPFR would havea high number of interacting unitsThe
collaboration limited to basic communication for rep#aments may result in reduced
cost. But to achieva more responsive supply chain a closer collaborative network may be
essential. In practicehere may benorethan thredevels of collaboration than explained
in the literature Identifying the differert levels of collaboration and benefits attached to
each levelis important todecideon the ideal level ofsupply chain collaborationlhis
research aims to classify thextent of collaborationin relation tothe supply chain

environment (MTSrersusMTO) and the difficulty to make accurate forecasts.

2.4.2 The role of information exchange

In this researchinformation exchangeefersto exchange of point of sales informatiand
inventory statusrom downstream to upstream members, andthkrinformationtha may
impact on sales for example - promotional sales)exchangedamong upstream and
downstream members for the purposemfansationalplanning (both long range and short

range planning), forecasting, production and replenishment.

The literature arttles onsupply chainnformation exchange focasmainly on two areas.
One is production and replenishment, and the other is forecasting and planning. Either cost
reduction or inventory control is the primary motive of these supply chain collaborations

(Chen, 1998; Cachon and Fisher, 2000; Kelpal, 2004). Thissectionconsiders articles
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dealing with supply chain collaboration and information exchange for the purpose of

improvedforecastaccuracyand timely replenishment

In contrast taraditionalsupSO\ FKDLQ SUDFWLFHV WRGD\YV VXSSO\ F
transparent to supply chain operators. Healthy collaborative arrangeameohg supply

chain partners proved to be a successful integral part of many-elasisl businesses such

as WalMart, SaralLee, Nabisco etc (Lee, 2002). Following the dseaticcessful adoption

of CPFR inthe US, many companies around the globe have experimentia
collaborative partnershipin their supply chain (Seifert, 2003)ransparent information

sharing in supply lzain collaboration hopes to reduce uncertainty and avoid excess

inventory (Holweget al, 2005; Cheret al, 2000).

Initially at the inception of CPFR, understandinfjtbe collaboration process anithe
framework to collaborate were considered the twsidogquirements for @ollaborative
supply chain(Barratt and Oliveira, 2001)In a later stage, information sharing was
recognsed as one of the key elements foe succesof the collaboration(Seifert, 2003)

Li and Wang(2007) haveasserd that thebenefit of information sharing is dependent on
two factors: one is content and another is proper use of information (Lee and Whang, 1999
2001; Leeet al, 2000;Raghunathan, 2001Pistorted information and inefficient use of
available data will lead toxeess inventory in each level thfe supply chain. Hence, ihay

be importantfor the companies under collaboration to decide on what information to
exchangen orderto reduce cost or inventory, to create maceuratedemand forecastto

make productioffilexible, and to achieve timely replenishment
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Sharing of demand information with upstream membeen help reducing the
PDQXIDFWXUHVY VXSSO\ FKDLQ FRVW f GenandXrfobmatiéD Q
also reducetheinventory cost of both supgli and customer (Gavirnemt al, 1999, Lee,

et al, 2000; Graves, 1999). Sharing demand information along with current inventory
status facilitates achieving reductsom inventory cost (Chen 1998; Cachon and Fisher,

2000).

Depending uporthe forecasing capabilities (technology and manpower) tbé parties
involved, the benefit of information sharing will also range from basic inventory reduction
to higher profit earningThe manufacturer could redudie variance in demand forecast if

readily avail®dle historical order data is being ussgpably(Raghunathan, 2001).

POS dataand marketdatasharingare found influential in achieving forecast accuracy in
Changet al favgmented CPFRnodel.A more detailedliscussioronthevalue of
information sharing in supply chains is given in &t al (2005). Sanders and Premus
(2005 haveattempted to modehe relationship between firm IT capabiligollaboration
and performanceHowever the authors have not discussedformation sharing and

forecasting in detail.

Most of the above discussed literature lists the benefits of exchanging information either o
point of sale data or inventory data but not any other information. Retagtie type of
information to be shared among supply chain memteelsiild-in more visibility is a big
challenge in achieving collaboration (Barratt and Oliveira, 20B%}u et al (200) have
presented aimulationstudy onthe evaluation of supply chain information sharifigney
havecomparedhe value oexchaming shorttermforecass and longterm forecasamong

SC players. Under high demand variability, long term forsgaatformed better than short
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term foreass. Under low demandariability, short term forecastperformed better than
long term forecast Using store level SKUdatg Ali et al. (2009) havefound that simple
time series forecasting will be appropriate for normal sales without promotions. They have
suggested uisg advanced techniques for sophisticated input to improve forecast accuracy

of promotioral salesSeeTable2-4 for more literature on information sharing.

Table 2-4 Literature on information sharing

Authors Information sharing Purpose
Bourlandet al Inventory Minimising inventory cos
(1996)
Cachon and Fisher | Historical data Decision on technology investment
(1997) (no need to invest)
Chen (1998) Demand and inventory Minimising total inventory cost
Gavirenenket al POS and Inventory Minimising inventory cost
(1999)
Cachon and Fisdr Demand and inventory Minimising inventory cost throughout wholg
(2000) supply chain
Leeet al(2000) Demand information Minimising inventory cost
Raghunathan (200Y Order history Decision on technology investment

(no needo invest)

Kulp et al (2004) Demand information Improve supplier benefit

(Asymmetric)
Byrne and Heavey Inventory, sales, order status,| Total supply chain cost saving

(2006) sales forecast, production/
delivery schedule
Changet al(2007) POS & market data Improve responsiveess to demand
fluctuations
Ketzenberg (209) Demand, recovery yield, Capacity utilsation showed more value thar
capacity utilsation any other information in a capacitated closg
loop supply chain.
Ryuet al (20®) Demand information Study changes imventory level and service
level
Ali et al. (2009) SKU-store level data Forecast promotions

While most of the articles support sharing of POS data for reduction of cost or inventory, a
very recent paper by Nakano (200@)sclaimed thainternal foreasting(with-in the firm)

but not external collaborative forecasti(wgth other supply chain playerted significant
impact on logistics and production performande has used survey data from the Japanese

manufacturing sector to develop a structurgisgion model. However, his results have
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identified a positive relationship between internal forecasting and planning, and external

(upstream/downstream) collaborative forecasting.

Information exchange among supply chain partners has been viewed as af tool
performance improvemerih the supply chain (Cachon and Fisher, 20@yrne and
Heavey, 2006; Leet al, 2000).In this line,a special issuef the Management Science
journalin 2004RQ PPDUNHWLQJ DQG RSHUDWLRQV PDUHRAIHPHQW
debated various issu@s the fields of operations management and marketing having sales
information as a main focu this special issuéKulp et al (2004) haverelated different
forms of information and knowledge integration to evaluate thelgubin performance
Steckelet al (2004) havequestioned the importance of point of sale information (POS).
The authorshave argued that the POS information may distract decision making
particularly if product demand is highly fluctuating. However, AYR001, 2007) has
supported sharing sales information amocal forecasting between retailers and
manufacturesThrough mathematical modelthe author hasonfirmedthat collaborative
forecasting CF) could improvethe forecast accura@f products with sbrt lead tims. In
another study Aviv (2007)has also confirmed that CF could improve the overall
performanceof SC by aboufour percentHowever,depending on other factors, such as
explanatory power of the supply chain partners, the supply side agilitythe internal

service ratethe performancenprovemenwill differ (Aviv, 2007).

The quality of the information exchandeamong the supply chain partners is another
important factor that decides the performandee trerall supply chainperformancehas
been shown to be higher with high quality informatiofrom supply chain partners

(Forsuland and Jonsson, 2Q0@hao et al., 2002But, dotaininghigh quality information
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in the supply chain requireshigh level of cooperation and trust among variquigyers
(Barratt and Oliveria, 2001; Fliedner, 200%oo0d inter-organsational communication
among various supply chain playessherefore necessafiaulrajet al, 2008) This inter

organgational communication is vital especially during sales pranet

In recent yeass, many retail outlets offer promotional sales in collaboration with
manufacturerg(Ailawadi et al., 2009).This initiates more collaborative action among
various supply chain player&nowing thedemand informationROS information) and
inventory levelsat the retail outletsnay help the supplier to replenish time (Gavireni,
1999; Cachon and Fisher, 2000).hds always beeaccepted that good forecasting will
avoid stock outs and excessventory But, achieving good forecast acuracy in the
presence of promotioris not an easy task becaubke buying behaviourof customersan

beinfluenced by various factors (Sun, 2005).

This researchwill demonstrate the significant impact of collaborative forecasting in
improving the accucy of promotional sales by having demand information from other

downstreansupply chairpartnes.

2.5 Forecasting promotional sales

As stated earlier many journal articles in the are@pédrations Managemehave focused
on various supply chain processes antbrmation exchange isupply chains But not
many of these articlesavediscussedhe relationship between demand and its influencing
factors to a great extent. This is evident from the recent review papesupply chain
coordination (Arshindeet al, 2008 Bahinipatiet al.,2009. Raju (1995)hasattempted to

relate sales demand with promotional factors. In his theoretical modhalsimcorporated
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various types of promotions such as sales price discount with advertisemeiglfon

discount withoti advertisement and coupon discouitihe dfect of promotios on

consumel § E Xbheh@vdour and consumption patteareaninteresting topic of research

in the area of marketing and retailing (Sun, 2005; ChandoM#artsink, 2002; Wansink,

1996). With respect to the supply chain operatioressery piece of information on
FXVWRPHUVY GHPDQG DQG WKHLU SUHIHUHQEdMteDUH LP:

demand forecastareimportant to avoid lost sales or excess inventory.

Forecasting is one of thmaost important topics in the field of supply chain management.
Generally, shorterm forecasts are used for production scheduling and inventory control
and longterm forecasts are used for market planning (Wacker and Sprague, 1998; Sanders
and Ritzman, 1995 In the past three decadesveral quantitative and qualitative
forecastingtechniqueshave been proposed in the literatu@uantitative foreasting
techniques include multariate regressian exponential smoothinge Holt-Winter model,

the Box-Jenkns model and manyother time series models. Qualitative forecasting
techniquesncludesales force composites, customer surveys, jury of executive opinion, the

Delphi methodand judgemental forecasting.

The 1980sliterature on forecasting supportatigemental forecastnore than any single
forecast based on mathematical/statistical techniques (e.g. Mentz8o@ntd84; Sparkes

and McHugh, 1984, and Dalrymple, 1987). Later, combination forebased on two or
more techniquesvere supported. Thegeroceduresresulted inhigher levet of forecast
accuracy than many other forecasts methods (Winkler and Makridakis, 1983; White and
Dattero 1992; Clemen, 1989; Sanders and Ritzman, 18968s been wellinderstoody

many practitioners and acadesiba a mathematical tool alons often insufficient to
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improve forecast accuradyut additionalinformation and knowledge from different supply
chainpartners is required to reach reliabbeecass (Makridakis et al., 1998reland and
Crum, 2005) A recert studyby Onkalet al (2008) stresskthe importance of judgemental
information to adjusforecasts.Some review articles discussed general issues related to

forecasting techniques (Clemen, 1989; Mentzer and Cox, 1984; Fildes et al., 2008).

Though the forecasting literature is vasind wealthy to the best of my knowledge
promotional forecastingechniques have been reportedhe literature only in the past two
decadesA recent review article oFildeset al (2008) discusseih detail the literatue on
forecastingn the area obperationatesearchThe authors have considered both qualitati
and quantitative approachéis review paper has pointéldat there were few articles on
promotional forecasting, mostly published in the marketing lteeal his article refers to
very few 'event forecasting models' suchlaad RPR&DVW E D Q G (skeTalle&$6 7

5).

Table 2-5 Some models on promotional forecasting

Dependent variable

Geurts (1988)

Authors Forecasting model (Salesforecas) Independent variables
Divakar et al. | CHAN4CAST Group of products (pack Display, advertisements
(2005) Regression Model | size and category)soft

drinks and water
Cooperetal. | 3URPR&DVW Individual products- 67 variables usedregion, price,
(1999 Regression Model | detergents, food products | seasons, special days and

etc. temperature
Rinne and Regression Model | Forecast of 3 individual Price, advertise medium, size o

functional products includeq
to forecast total profit

advertisement, type of
promotion and day of the week

Dube (2004)

Econometric Model

Bundle of productsdgereals,
soups, soft drinks)

Family size, time of buying,
time of consumption, location,
loyalty and advertisements,
quality of product

Sales promations are normally attached withprice discount (Raju, 1995; Sun, 2005).

These promotions can improve normal sales alone or in conjunction with other factors
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exampleholidays, temperature and display locations (Cooper et al., 1999). However it is
importantto recognge the impact of these factors individuatiy sales to measure the
effectiveness of promotion. The effectiveness of promotions is normally reflectad in
increase in the volume of sales during the period of promotion (Divakar et0@b).2
Forecasting the promotional sales is a complicated rexpiring a variety of information

from different supply chain partners. The promotional sales forecaster also needs a good
knowledge of the local market suchths behaviour of consumers anukir buying habits

(Dube, 2004).

Some articleshave proposé regression forecasyy models with multiple independent
variables (Coopeet al, 1999 and Divakaet al, 2005). Cooper et al. (1999have
GHYHORSHG D IRUHFDVW PRGHO FDOOHG 3URPR&DVWCE
company. This model included3 million promotional events of a retailer grocery chain

and 67 independent variables. The forecasts of new products were not indiuded.

attempt to forecast the effect of promotional sales, Cooper et al. (itR98ified thatthe

display location of items in the storeshapositive impact on sales.In additionlonger

durationof promotiors with major displag had mixed effecs on saés especially for slow

moving items.

Several attemptsave beemade to estimate the effect of promotions pnde discount on

sales using store level data (Abraham and LqdiSB7; Blatteberg and Levin, 1987; Naik

et al, 2005) and market level datBybe, 2004; Christeet al., 1997). However these
articles have not suggested any method of forecasting to predict promotional sales. But
these effects of promotions have been consideredthgr researcherso relate demand

factors with different attribtes of sale¢Dube, 2004 and Sun, 200®)ube (2004 nastried
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to predict the consmerV fjurchasebehaviourof bundles of producs, such as cereals,

soups, soft drinks etc., usirthe quality of the productin 'XEHYV HFRQRPHWULF I
FRQVXPHU \kfpaitethaKiz®hrelated to the time of buying and the time of
consumptionThe author hasised several variables including price, location, loyalty and
advertisementsSun (2005)hasrelatedthe FXVWRPHU YV § E ldifeewtlityRes of ZL WK
promotions. McIntyre et al (1993) have attached demand factors with judgemental
indexing. Rinne and Geurts (1988Bave developed a forecast model with five variables

namely price, advertise medium, size of advertisement, type of promotion and day of the
week. The autbrs haverelated the forecast model wisim evaluation otthe profit of three

products.The model with more proftias beeronsideredhebest performing model.

Divakar et al. (2005havedeweloped a model calle@HAN4CAST for a packaged goods

(food praducts) company with mulple products. CHAN4CAST, a sales forecasting

decision support model, incorporatedvariety of variables such as trend, promotional
variables, seasonality, holidays and temperafline. authordhave siggested judgemental
interventiRQ IRU QHZ SURGXFWV DQG WhulieGrioQel tielauthdrsD G M XV
considered channel level data combiniag/ariety of products. Divakaet al (2005)
concentrated more on forecasting rattie@m identifying the underlying demand variables

and their relationship to sale®espitethe previousresearch orpromotionalforecasting

methods, there is still a lack @f structred methodology which can guide addect

practitioners (Fildes and Goodwin, 2007).

2.6 Gaps in the literature

The iterature oninformation exchangehas focused more oexchangingspecific piece of

informationbut has not clearly linked the level of information exchange and collaboration
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to the supplychainenvironment(see Table ). This indeed haraised a critical question

onthe extent othe benefitsof collaboration and information sharing.

Table 2-6 Gaps in the literature

Main theme of supply chain
collaboration and Authors

Gaps

Possible research approach

Different leves and degres of
collaboration are possible (Larser
et al 2003; Danse, 2007). Barrat
and Oliveira 200]) identified the
gap of lack of mention of functions
departments involved in the CPF|
Collaboration adopted in man
industries like clothing, retailing
manufacturing etc. (Smith, 200¢

Steermann, 2003; Rowat, 200
Samaddar and Kadiyala, 200
Simatupang and Sridhara
2004a,b)

What is therole of
information exchange in
different collaborative
supply chains?

xAnalyse and study the CPFR
arrangement inifferent sectors

x Identify the role of information ithe
supply chain processes.

Approach:
xConducting case studies

Supply chain performance
improved through collaborative
forecasting (Ireland and Crum,
2005; McCarthy and Golicic, 2002

What procedre or tool can
be used to identify the
pieces of information to be
exchanged and/or decide
on the level of
collaboration between
different SC members?

x Develop aool/techniqueo evaluate
whether CPFRr other SC
collaborationsarebeneficial

Approach:
xDeveloping RDM

xSuggesting levels of collaboration

CPFR case studies in the literaturs
claim to have achieved improved
forecast accuracy, but are unclear
about what specific forecasting
techniques were used?

CPFR is a framework but is not
clear on whatechniques or tools tg
be used to make forecasts

Whattechniques can be
used to gain more insight
into the structure of
demand and/or make bett
forecasts?

xUse factors identified through RDM t
improve and automate forecasting
Approach:
xAnalysng the saleshroughstructural
equation models (SEM$) generalse
the demand patterns

xUsing multiple linear regression
models to forecast demand

Therefore ascertaimmg a mapping between informationpllaboration arrangemerand

supply chain environmensinot possible from the literatur&his idenified gap in the

literature lel me to form an idea of identifying theole of information exchange in

collaboratve supply chainsThegoals of this research can be brieftatedas follows:

Goal 1: Understading the role of informatioexchange in collaborative supply chains

Goal 2: Identifying critical factors influenag demand. This wiltesult in the development
of a néferencdbemandM RGHO |
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Goal 3 Analyse the factors underlying the demand through SEM

Goal 4: Forecast the demand using multiple regression models based on the variables
identified through RDM and SEM

Goal 5. Aligning supply chain collaboration with referenceptoductdemandvariability

An attempt is made to explore theseefgoals though appropriate case studies, which is

explained further in the next chapter.

2.7 Summary

This chapter explained the literature on supply chain management and supply chain
collaboration especiallythe CPFR framework. Thishapteralso discussed specific meld

and case studies on supply chain collabora#oreview of SC collaboration was included

from the literatureThe ole of information exchange ithe supply chain was discussed
with reference to its impact on supply chperformanceForecastingales promotiors was
discussed from botthe operations and the marketing literature. Finahg goals of this
researchand the gapsidentified from the literaturewere stated. The knowledge gained

from the literature on supply chain collaboration dhd identified gapswill be further

developed into research questions in the next chapter.
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Chapter 3 Research questions and Research Methodology

3.1 Introduction

In this researchjnformation exchange amongupply chainpartners is considered for
understanding its rolan different supply chain processes such as forecasting and
replenishmentWhile considering information exchange for the purpose of forecgst is
importantto be aware of the underlying factafsat may explairnthe demand and the
relationshipbetweenthese factorsThis idea formshe foundation to deal with the gaps
identified in the literature and also to fouiate theresearch questions. Four different but
inter-related research methods are suggested to bridge the gaps. In this process, research
guestions are developed and countered with the help of established tools such as conceptual
models, multivariate regression models and structural equation snédetief description

of each of thestechnquesis further given in thighapter

3.2 Main ResearchQuestion

Generally CPFReither fully or partly is adopted by companies to accomplish their
business goals. As mentioned in the literanengew (Chapter2), businessesan achieve
several benefits by collaborating with other supply chain par{@msrg and Leung 2005
Simatupang and Sridharan, 2084). But, the specific role of supply chain information and

its impact on production planning or forecastarg not clearly stated in the literature. In
order to fill this gap, this research focusesuoerstanding the collaborative arrangements

in different industries and the need of information exchange for better forecasting and

planning.Accordingly the main researcjuestioncan be formulateds follows:
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What is the role of information exchange in cdaborative supply chainsfor demand
forecasting?

The main research question will be answered in four steps.

This research begins by definirthe nature of the collaboration anithe subsequent
information exchange in supply chain processes in a fornpad@ss mapHandfield and
Melnyk, 1998) In this procesdpur subquestions are formulated:

Question 1: What types of collaborative arrangementexist between manufactures
and buyers and what type of irformation is being exchangel to
facilitate CPFR?

This first question is based on the observafimm the literature that the collaborative

arrangement between manufacturers and retailerenadequatelyaddressedl'he reported

benefits of supply chain collaboration are of wide raagéd includeinvenbory reduction,
cost reduction or reduction of lead tinmtdowever,there was no mentioaf what type of
collaborative arrangemeand SC information exchandmelped to achievepecificsupply
chain benefd. For example, from the literature it is difficud understand the role of

information exchangi forecasting the sales promotions

Someresearchers attempted to relate information exchawtgesupply chain benefitsuch

as inventory control and cost reductighse et al., 2000; Raghunathan, 208%iv, 2007).

But thosearticles did noexplainin detail when and howhis data wagxchangd and what

the significance of tls data in different supply chain processess Hence it is vital to
understandhe impactof supply chain collaboration andfammation exchange in practice.
This will help to comprehendthe actual collaborative arrangement and the role of
information exchange foiproduction planning, forecasting and replenishmé&iie @ase

study approachvill be employed to answer this question.
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Question 2: What techniques can be used to decide on the level ahformation
exchangein CPFR?
The second questiononsiders the information exchange among suppliers and buyers
involved in supply chain collaboratioiwo differentviewpointshave beemaised in the
literature (Leeet al, 2000; Raghunathan, 2004akang 2009) One isthatPOSdata helps
forecasting anémother is thatPOS data confuses the forecast@ssgiven intheliterature
review in Section 24, Raghunathar(2001) criticeed theinvestment on technologior
exchange oPOSdata, provided historical data was used for forecasting. In most of the
companiesPOS data is not used for their forecadtsmany casesnly the historicalsales
data is been used for forecasting. HoweyeOS data may be required to monitor
performance of sales against the forecatiring the promotional sales event§he
inventory data may also be required to decide on replenishphemsé Likewise several
partners ofthe supply chain may requira variety of SC information specific to their

business.

Hence by answering the proposed research questios,possible to identify the different
factors andsignalsthat explainthe demand.This will benefit the companiegarticularly
involved in sales pronimns to implement various promotional mechanisms in line with

the identified factors underlying the demand. Based on the inputs from the case studies, a

FRQFHSWXDO PRGHO FDOOH Gisgéveloptd td @Bwer thifdDédton0 R G H O §

Question 3: How are the different demand factors related to salés

Question 3 reflects the fact that forecastard/or decision makers need to understand the

underlying relationship of factors with sales. This will assist them in understanding the
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importance of infomation exchange While information exchange among supply chain
members involves both technology and people, the technology attracts some additional
investment. Henganvestmentn technology has been questioned by many researchers in
the aspect of its edribution to profit(Raghunathan, 2001; Smaros, 200/h)is research is

trying to identify the relationship among various demand factors and their impact on sales.
Though this research does rmtggest anything on technology investmethg research
findings may assist management decisiofe future collaborative arrangement. This
research questiors answered by constructingtructural equal modefgo identify the

underlying structure of demand factors.

Question 4: Can the identified demand factorsfrom RDM help to improve forecast
accuracy?

Question4 relates to theore idean previous research that collaborative forecastiray
improve accuracyespecially when the lead time is shorter (Aviv, 200/)is research
relates the previous findingsitv the actualpracticeof supply chaircollaborationthrough

case studiesThe quality and value of information exchange have been widely discussed in
the context of orgasational resistance for collaboratiqaulrajet al, 2008 Samros,
2007) Some aalytical models have been developed to see the impact of information
exchang by assuming stabldemandGavirneni et al., 1999; Aviv, 2007). But, in practice,
the demand is not always stable, especially during promotidaesce answering the
question 4 wl be ideal for decision making on the level of collaboration. This question 4 is

answered by developing multivariate regression forecast models
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By answering questions 1 to 4, the main research question will be ansiMeeedsearch
conducted for answmg these questions will also suggest an ideal collaborative

arrangement for all theasecompaniestudied

3.3 Research design

To study the above research propositisnsdifferent case studielsave beerconducted.
Some of the products of thesi casecompanies areasy to forecast whilthe others are
difficult to forecastFrom the cases studieitl,has beendentified that the products are of
two main typestManufactureto-Order (MTO) and Manufactur®-Stock (MTS).Hence
this researclanalyses theasesn two main dimensionsnamelytype of products (MTO
andMTS) and demand variabilitfeay to forecast and difficult to forecasdeTable 3

1).

Table 3-1 Research study plan

Type of forecasts
Easy to Forecast Difficult to forecast
Study 2 Study 1
Soft drink wholesaler Soft drinkmanufacturer
o | Case study Case study and quantitative analysis
0 | = | Study 4 Study 3
= = Crude oil refiners and distributors | Fashiorntextile material manufacture
= Case study Case study
o
= Study 5
et Packaging materiahanufacturer
o Case study
l% |C_) Study 6 _ . .
s | Flameproof electrical equipment
manufacturer
Case study

ResearclQuestionl andQuestion2 were addressettirough case studigbathelpto better

understandhe current collaboratioarrangemenand exchangef information in the case
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companiesA FRQFHSW XD O Rde@he BmEmaORGHIOY 5'0 LV GHYHORS
represent the dependency of demand projectm information from SC members.
Question3, about the relationship of underlying demand fagtgranswered partly through

RDM. Further tothe development of RDM, demand factors and actual salesirded

throughthe structural equation modelling teagne. Structural equation models validate

the dependency of demand on the factors identified in the RDM and also explore the
relationships among underlying factors with the demand. This anQuestion three The

significant factors identified througlthe RDM are further used in forecastodels to

answerQuestion four.

34 Research Methods

This research explosesuitable collaborative arrangemeribr thecase study companies in

order to gain advantage of CPFFhe mmpanies under studyeaof two typespf the first

type are companies with established collaborative practices and hisregemaintain a
detailed database on sales, inventory and other related information. The seeond
companies which have been involved in business partnership and intorreathange to
support their business but have no readily available database. All the case companies are
classified undetwo categories Manufacture to Stock (MTSAnd Manufacture to Order

(MTO).

The esearch process involves four stageeFigure 31). In the first stagethe case study
approach is used to identify the CPFR arrangement in the case companies. Bsed on
case stu@s and interviews,a RDM is developed in the second stage faio case

companiesevealing thelependency of demand proj®n ontheinformationsignals
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Figure 3-1 Research plan

In the third stage, further research is carried outHercompary that provided sales data
with details such as pmaotional events,festival dates discount price etc. The factors
identified in theRDM are usedo develop and test measurement models Tieasurement
model ains to examine the impact of demand factors sales This is done througlthe

structural equatin modeling (SEM) technique. The result demandactors of SEM are
used in the fourth stage of the analysis. Is timal stage salesforecasting is carried out

using multiple regression forecasting models. These four stagks methodology case
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study, conceptual model development, structural equation modeling and multiple regression

analysis are discussed further in this chapter.

As diversity in the selection of casesnstrumentato theory building (Eisenhardt, 1989),
the case studies wereonductedin different companis. The compaies selected for the

purpose of this researeinelisted inTable 32.

Table 3-2 Research approach

MTO/ Type of SC Related
Case study company] MTS Research Research approach
questions
Study 1 | Soft drink MTS Type-2 Q1,Q2,Q3 and| Case study, Reference
manufacturer Q4 demandmodel, Structural
retailer equation model and
Regression models
Study 2 | Soft drink MTS Typel Q1 and Q2 Case study
manufacturer
wholesaler
Study 3 Fashion textile MTS Type2 Q1 and Q2 Case study
material MTO Reference Demand Mode
manufacture
Study 4 | Crude oil refiners ang MTS Type-1, Q1 and Q2 Case study
distributoss Type-2
Study 5 | Packaging material | MTO Type-3 Qland Q2 Case study
manufacturer
Study 6 | Flameproof MTO Type-3 Q1 and Q2 Case study
electrical equipment
manufacturer

All of these case studiehave beenconducted to understand the curreotlaboration
practices. ie names of the companies are not disclosed asopatconfidentiality

agreementA brief description of eacbf thecase studied is given in this section.

3.5 Case study

The case study approach has been widely adopted to answer the research questions when an
exploratory indepth understanding is needédoss et al., 2002). Company visits (field

visits) and observational stied on supply chain collaboration practices have been part of
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the case studies in this research. Questions one and two are more related to the structure of
the collaborative arrangenteaf the case companies and hence detailed case study with
intensive semstructured interviewbave beerconducted for this purpose of the research.

The interviewshave beerrecorded, using digital voice recordemd used for the case

analysis and wrihg-up of this thesis

The interviews with case companies have been conducted in differentsperiode with
top and middle managerA list of the main conta, the period of interviews, the number

of personal and telephonic intervieilssshownin Tade 3-3.

Table 3-3 Details of case company interviews

No. of Availability
(faceto- No. of of sales
face) telephone| Total | information
Company Main Contact Period interviews | interviews | hours
Soft Drink Forecast analyst | 20072009 11 2 24 Complete
Co. (Study-1)
Logistics Manager Party
(Study- 1&2) (Study-2)
Planning Manager
Customer Demanc
Analyst
Textile Co. Secretary to MB | 20072009 6 5 12 Party
(Study-3) Planning Manager
Crude-Oill Distribution 20072008 3 1 6 Not
Co. Manager available
(Study-4) Logistics Manager
Packaging Managing Director] 20072009 6 3 12 Party
Co.
(Study-5) Planning Manager
Demand Analyst
EEM Co. Operations 20072008 3 0 5 Not
Manager available
(Study-6) Distribution
Manager
Total
hours of 59
interview

*peopleatdifferent positions were interviewed
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Soft Drink Co. has provided detailed sales dataamemotional calendar for 206007
Textile Co. has provided detail® company partnership and sales volume but no detailed
sales data. Packaging Co. has provided detailed sales data for qriitygavas notvery
useful forthis research.The dher two companies Crud@il Co. and EEM Co. agreed to
have interviews budid not provice any sales detail$urther details of the case studies are

given in Chapters four and five, and also in Appeeslil and I

3.6 Conceptualmodel development

Aviv (2007) developed a styed reference modelmathematical modello improve

production planning of manufacturers by integrating demand information from other supply
chain members.He mentioned the nameeference demand moddb specify the
dependency of the demand process on supply chain informB@sed on this idea, this

resear KDV GHYHORSHG D FRQF ef@®iceMemahi BetfRBPNDO OHG D
RDM is a specifiimodelrepresentinghe dependency of demand projection on information

from various supply chain members iolved in the supply chain processesuch as

planning, brecasting, production and replenishment

In general, business processes greatly rely on derfioaedass, whichin turn enableall

supply chain members to plan, produce, and replenish in good time. Thus, accuracy in
demand forecast is considered as ohdhe mostimportant criteria for the success of
supply chain processeblowever, achievinggood forecast accuracy is not a standalone
process in the supply chain. Information from various supply chain pleyenportant to
develop collaborative foresting. In this research, theupply chain information exchanged
between supplier and buydnas been collected/ariousattributes of informatiorsuch as

actiorrability, reliability andsource of information hee also beerrecorded to verify the
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importanceof information in the process of forecasting and planning. Based on the
attributes of informationRDM attemps to find the actual importance of information at
various supply chain processeddterenttimes. Further details on development of RDM

are gven in Chapte6.

3.7 Structural equation models (SEM)

Structural equatiommodelling (SEM)is a quantitative multivariate analysis technique
solving simultaneous linear regression models. It is used for establishing and testing the
causal relationship among n@us research constructs. SEM is normalsed for two
purposes: testing the construct validity of factors wsting thetheoretical relationships

among a set of constructs measured using multiple observed variables (Hair et al., 2009).

To form SEM oneneeds to have a strong theoretical grounding such as a well
established/argued hypothesis. However SEM is rarely used for exploratory study. In the
area of supply chain collaboration, not many studies have discussed the relationships
between information rad demandAlthough, SEM is a newapproachin the fields of

operations and forecasting, some researchers have used this technique to find relationships
among different groups (suppliers and buyers) or departments (marketing and operations)
inanalysingat UPfV SHUIRUPDQFH OLVKUD D QrGthi6 KeBdarch .LP
SEM is used for exploring the underlying structure of various demand factors identified

through RDM(Ramanathan and Muyldermans, 2010)

In general, SEM uses a tvabep approach. Irhe first step, confirmatory factor analysis is
conducted to test the appropriateness of the measured variables for each factor under study

(Anderson and Gerbing, 1988). In the second step, relationships among factors are tested
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using structural equation rdels. Both these steps together unveil the dependency, direct
effect and indirect effect of each factor on the other as well as on the final endogenous
variable (sales). In this research, the actual sales figures have been used as the endogenous
variable and the identified demand factors (from RDM) as measured variables. The
resulting final structural models of this research could be used as a decision tool for

planners and forecasters.

In SEM, before developing a complete structural equation, normaigurement model(s)
are developedThe measurement modg@le., structural model under examinatiatgals
with the relationships between measured variables and latent constructs (Mishra and Shah,

2009).A simple example of a measurement model is gindagure 32.

Figure 3-2 An example of a measurement model
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In this example there are two latent constructs (or factors) LC1 and LC2. LC1 is
represented through four variables (items 1 to 4) and LC2 isumeshshrough three
variables (items 5 to 7). Both these constructs are connected by covariance relationship
(correlated).The \alidity of this model is normallytested throughsuggested SEM fit
indices. This measurement model will be further used tdlestaa structural equation

model based on the research hypotheses already developed in this research.

3.8 Multiple linear regression models

Multiple regressionanalysis isa popular statisti@l technique to analyse the relationship
between a single dependerdriable and several independent variables. The regression
equation can also be used asmadelling tool to express impacts of various factors
influencing the dependent variable In simple words, total sales can be expressed as

function of different dmand factors such as promotioasd other effectsFor example,

WRWDO VDOHV p<yY FDQ EH UHSUHVHQWHG DWhdrBOORZV

are coefficients, is an error term and are

explanabry variables. These explanatory variables are factors influencing the product
demand (sales) Regression analysis with more explanatory variable&niswvn as

multivariate regressioanalysis

While the case study interviews (discussed in Chaptdre4) to identify variows factors
influencing the demandhe regression method will be used to analifse dependency of
real sales datan those factors Multiple regression analysis will be conducted witle

sales data adhe Soft drinkCompanyin Chapte 10.
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3.9 Summary

In this chapterthe research questions were discussed in detail with relevance to the
idertified gaps in the literaturdhis was followed byanoutline of the research design and
research approadio answe the research questiorour different research methods were
proposedz*case study, conceptual model development, structural equation modelling and
multiple regression analysién introduction to each case was also outlined with a note to
its future role in the thesis. A brief degatron wasgiven foreach of the methods this

research. The next chapter vadiscribe case studies from the UK.
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Chapter 4 Case studies UK

4.1 Introduction

In the process of developing RDMhe importance of collaborain and information
exchangehas beendenified throughtwo case studiefrom the UK The first study is
abouta SoftDrink ManufacturingCompany.The CPFR arrangement betwe&oft Drink

Co. andits retailersis explained irdetail especially for promotional saleShe second case
study is about aWholesalerof chilled and frozen products, who is one of the main
customers ofSoft Drink Co. This case describes the relationship maintained by the

wholesaler with its retailers and one of the main suppli€odt Drink Co.

4.2 RDM for Study 1 - Soft Drink Manufacturing Company (Soft Drink Co.)

4.2.1 Company profile

Soft Drink Ca, a soft drink manufacturing company is one of the oldest companies in the
United Kingdom. Since itdaunch in 1900, Soft Drink Co has been successful by
introducing more and more caumer preferred products. Soft Drink .G@as always been
trying to dominatethe soft drink market through its aggressive promotions and introduction
of new produ along with the other business strategies such as health concerns,
environment commitment dncorporate social responsibility. The company has been

maintaining healthy partnerships will their customers (say retailers).

The products ofSoft Drink Ca are classified as Fast Moving Consumer Goods (FMCG).
Hence,Soft Drink Co.maintainsa low inventory level,typically less than two week3he

companydistributes about 240 million cases of soft drinks a yeaihe UK Their product
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portfolio consists of 43 % of large pet bottles (2Itr and 1.5ltr), 24 % ofn3B36ans and
multi-packs, and 33 % oftleer small pack$ pet bottles and 150ml cans et€his study is
corduded at theoffice in Nottingham (Customer Logistics), which looks after the 400
largest customers (including main grocery retailers, wholesale customers, national retail
outlets and mia brewers). The company manages demand for their largest custsors

as7HVFR 6DLQVEXU\Y VandSetdddfield tRrQugh tBevi@de stages of CPFR.

Soft Drink Ca strongly feels that their relationship witlktailers will helpin reducing
unnecessary waste such as excess inventory and-aitxkin the past five years, the
company has been engaged in information sharing and collaborative forecasting with

retailers aimed to improve forecast accuracy, inventory management and reduce cost.

4.2.2 Product portfolio and promotion mechanisms

The company producea variety of carbonated and n@arbonated drinks. Due to
increasing awareness on health, Soft Drink Coimaoduced nearly 2@5 new varieties of
health drinks and fruit juices in the p&syears. Each produlthe has a variety odlifferent
drinksto choose frone.g.,with sugar, without sugar (diet, light and zero), and flavours like

orange, lemon, pineapple, etc.

Unlike in other European countriethe sale of soft drinks in the Uks heavily dependent

on various promotional mechanistimgt arerun in retail outlets. In the past five yeatsft

Drink Co. has been engaged in CPFR with retailers for promotional planning and
forecasting. Soft Drink Coencourages information sharingdanollaborative forecasting
with their retailers in a view to imprawg forecast accuracy, inventory management and to

reduce cost As a first step towards establishing collaboration, the company is being
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HQJDJHG L @ndD JUHRIGWQW | Zds WuggdsteldNimD stayel bié of CPFR
(VICS, 2002). At this stage, Soft Drink Co discusses their promotional plans with other
retailers and comes up with a promotional calendar specific to each retailer. Each
promotional calendar clearly represents the pradoat promotion, periods of promotion,
types of promotion, price discounts, promotional displays and other promotional features.

PleaseseeTable 41 for details orcomponerg of promotional calendar.

Table 4-1 Components of promotional calendar

Products on promotion| 2Itr/500ml/ 6 packsof 330ml cankthers
Period of promotion 4 weeks; starts on 01/01/2007 and ends on 28/01/2007

Types of promotion 2-for £3/ 3for £4/half price/bogof/ save 50p/others

Pricediscount 26%/ 30%/ 50%/others
Display Gondola end/ plinth/end aisle/ side aisle
Feature Sports logo &/ advertisements on TV, radio, magaziwe,

The company generally offers promotiona similar products at the same time. For
exampleif apromdion is planned foa 2Itr Cherry drink, this will also be offered &o2ltr
Strawberry drinkHowever,it is quite unusual to offer promotions for the saproducts of
different packs (for example 2l Cherry drink anda 500ml Cherry drink). Normally sade
promotions of two major selling produtytpes do not run at the same tin&oft Drink Ca
avoids conflicts inthe promotional calendar for different retailefor example ifTesco
runs a promotion in the first week of January for groduct x{ the sameproduct will

normallynot beon promotion atAsdaduring the same period.

The period of promotion is normally represented byirfg the starting week and the
number of promotional weeks. Normalthe company offers promotions for 2 to 5 times a

year. Eachof the promotiors typically lasts for 36 weeks.The types of promotion differ
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widely across various retailers. This includes -buggetonefree (bogof), buy2-get2-

free, haltprice, 2for £x, 3for £x, save £x, and other new promotions. Each edeltypes

of promotionscan be convertednhto a discount & the normalsales price. Normally
promotions such as bogof and half price will involve higher price discounts and attract
more salesThe dsplay of promotional items also has a great impact omptional sales.
Items on promotions can be displayed at gondola end, end aisle, side aisle, plinth, stack,
etc. Gondola end is located at the endhafaisle witha prominent display sign board.
Among these locations gondola end is a very attracthgtare location for product display
that captures maximum attention from customers. The promotional featscerepresent
in-store sales advertisements such as sign boards, sports featurapmitdluct logo etc.,

and media advertisements outside theestcsuch as thosen the radio, television and

magazines

All the above elements of promotions generally result in an increase over the normal sales.
7KH HIWHQW RI LQFUHDVH LV FDSWXUHG XVLQJXhe PHDYV X
percentage ofales over andabove the normal sale&igure 41 shows the effect of
SURPRWLRQV R Qinlthw Beki€3 [datav/of the Pa3t-2\years for a specific product

of 6-packs 330ml cans. While the promotional sales above 80000 units resulted from bogof
promotions witha gondola display, the sales between 17000 and 40000 units resulted from

3-for and 2for type promotions. From figure 41 it is clear that promotional events can

have a very big impact on the sales volume, and that automatic repleniskhstemss(e.qg.

based on reorder point/order quantity) cannot deal with these huge demand fluctuations.
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Figure 4-1 Effect of promotions on sales

4.2.3 Planning cycle at Soft Drink Co

As a large proportion ofSoft Drink CafV V &r® #k¥endent on promotions, the
promotional calendar plays an important role in their production planning, forecasting and
replenishment. Based otihe promotional calendar, the company starts its production
planning and forecastingvell in advance, as early as 16 weeks before promotions.
Approximately 11 weeks in advance, the company starts their material requirement
planning (MRP). Planning and forecasting continues until final replenishm@astomer
demand analysts (CDA) involden the collaborative forecasting at week 6 agree upon a
single forecast figurelhis forecast includes forecast of demand and agreeingl@paich

schedule. This ensures timely delivery during promotional s&lesFigure 42.
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Figure 4-2 Planning cycle at Soft Drink Ca
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Soft Drink Ca practices Vendor Managed Inventory (VMI) for replenishment. Inventory is
monitored continuousy by Soft Drink CofV UHSUH¥¥YHRMW WWMWCHMHUVY GLV
FHQWUH 7KRXJK WKH FRPSDQ\YfV LQLWLDO IRUHFDVW V\
production and material purchase plans, the collaborative forecast figure iSntleed

only on confirmation from retailers six weeksigorto the planned promotion. This is

further explained throughRigure 42. Feedback on promotions is collected to make the next

stage of forecastingnd replenishmerrocess more effective.
4.2.4 Supply chain collaboration at Soft Drink Co.

Under normal conitlons, the promotional mechanism is quite straight forward as Soft

Drink Co. first proposes its promotional calendar to retaild®eplenishment is also

planned jointly to ensure on time deliveryRetailes react to Soft Drink CAfV SODQ E\
suggesting canges tdhe promotional calendar and generally promotional plans are agreed

by consensus. The mutually agreed promotional plans cotoeefifect in stores at the

planned period. In order to ensure smooth running of these planned promotions at the
retailerV] RXWOHW 6RIW '"ULQN &R KDV HVWDEOLVKHG FRC

retailers.

This enables the company to get pafivsales (POS) data regularliglectronic pointof-

sales data (EPOS) is available to Soft Drink ooughan intranet serice provided by
retailers and other thirgarty web service providers. However, all the retailers do not use
the common electronic data interface; some use exclusive techsiquiar to WatOD UW |V

petail linky ZKLOH RWKHUV XVH 1HW:DUH

! But very rarely, retailers run promotions independently without consulting Soft Drink Co.
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Soft Drink Ca monitors EPOS closely during promotion and ubésinformation to adjust

its replenishment strategy. As Soft Drink .Gakes tle responsibility of maintaininghe
inventory level, the retailers are assured of timely replenishment. If the actual demand
exceeds predicted sales, EPOS information will trigger the Soft Drinkr@ding team to

react quickly if neededby rerouting or deploying inventory from other production or

distribution plants.

4.2.5The current forecasting method employed by Soft Drink Co

The current forecashg methodof Soft Drink Co is based on historit sales data and the
promotional calendaf-orecast analysts of Soft Drink Cealculate forecasts manually for

each product on promotiomnitially, customer demand analysts make theiedaists by

looking at a similar promotion from historic sales data and adjusting it based upon input

from the retailers. If the promotiahmechanism (i.e., the type of promotion) is similar to
SUHYLRXV \HDUfV SURPRWLRQV D avdpa@ihhyreviRus &e3VW ZLO
Based on the sales forecast, an order fordoadispatchforecast)is generated to replenish

goods on time inthe ret@ HUV Y PDLQ GLYV¥YeeHgEX AP). Rl@sd-fdrecasts H

may beupdated at the time dhe promotiorbased on actual EPOS data casethe sales

exceed the forecast.

The presentorecastingorocedure adopted by Soft Drink Ge simple butime consuming.

For example, there is no structured way of forecasting to deal with changestypehu
promotion or display. These complications not only affect forecast accuracy but also
increases the time needed to generate forecasts. Soft Drirdta@os that their forecast

accuracy ofpromotionalsales is abouB0%. Although the company has well established
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cdlaboration with customers, they face a few complexities while executing promotions,

which are explained further.

4.2.6 Somecomplexities

While enjoying increased sales durithge promotional period, Soft Drink Co is concerned
about theaftermath effect of prootional sales. As soon as the end of Soft Drink 0@
promotion, ifthe retailer plans to run another promotion by other beverage company, its
impact on sales of Soft Drink Ceroducts seems to be quite highhe company is
constantly checking the customieuying patterrs, using EPOS datdpr any changes to

adjust its production process.

Sometimes, Soft Drink Cohas not been informedabout in-store promotions run by
retailers. These promotions are being decided solely by the retailer aommgrove their
overall sales. For example,afpromotional deal is agreed to sell 2 bottles for £1.5 for the
period of three weeks and the retathangeshe deal at the end of third week at some of
their outlets, the sales uplift will be higher than anticigat&nfortunately on some
occasionsSoft Drink Ca hasnot beeninformedof such changes. Consistent monitoring of
promotional sales from day gneither by visiting stores running promotions or following
advertisement from public datas indeed helpful dr Soft Drink Co to check the
compliancewith promotional plans. At times, very short notice orsiare promotions
makes Soft Drink Cowork hard to avoid stockuts in retail outlets. EPOS data helps

customer demand analg$d monitor sales and reaatigkly to any sudden changes.

Normally, retailers do not intend to deviate from their original deals with their suppliers. At

the same time, to compete with their business competitors, it is essential for retailers to

75



keep the retail price in line witbthers This necessitateSoft Drink Co to work closeto

the market and hencty to get market information through third party information
providers. Another problem faced by Soft Drink.@othat an increase in sales of one of its
products may result n a decrease in sales of another item (which is referred as
cannibalsation). Although these problems are not regular, careful consideration is essential
to avoid future complexities. Our research aims to identify demand factors theough
ReferenceDemandModel. The RDM was constructed throughseries of interviews with

CDA and forecasters of Soft Drink Cand will be explained i€hapterb.
4.3 Study -2 Wholesale customer of Soft Drink Co.
4.3.1 Company profile

WholesaleCo. is the UK's leading independent andtional wholesaler ofoft drinks,
tobacco, confectionery, chilled & frozegoods and grocery& convenience goodd his
company manages nearly 6300 stock keeping wvitts approximatevalue of 67 million

GBP at any time. The company has 15 deépmtsvarehouses across the country. Most of
these warehouses are workimgdependently of each otheHowever, some of the
warehouses are operating with each othexspecially for slow moving products. Here,

slow moving products refer to the products witfegular demand or consistently low
demand. Usually these slow moving products are stored at one warehouse and transported
to the other warehouse on demand, which avoids excess inventory. Aathgrgducts

sold throughWholesale Co., the soft drinks are one othe major selling products.

2 Medway, Coventry, &reham and Haydock are the 4 major warehouses.
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Wholesale Co. has a good business relationship with one of the leading soft drink

manufactures.

WholesaleCo. is one of themostvaluable wholesale customers $bft Drink Ca Every

year WholesaleCo. sells around 8 milliowases of soft drinks producigith a value of
about35 million GBP. Most of these products are either 500ml pet bottles or 330ml cans.
However a small portion of the business is devoted to selling 2Itr pet bottles. The company
aims tomaintainaboutfive days of stock of soft drink products at all tsnRecently, stock

of Soft Drink Co. products atvholesaleCo. has increased to 6.9 million pounds in July
2009 compared to 2.4 million pounds in June 2009. Consequently, this has increased the

service rat®f WholesaleCo. to 98%.

4.3.2 Relationship between Soft Drink Co. andVholesaleCo.

Both Soft Drink Co.and WholesaleCo. value all oftheir customerand attempt to serve

themto the highest possibléevel. Currently Soft Drink Co. maintains 4 different lévef
relationships with their customers namely vendor, preferred supplier, planning partner,
trusted advisor (se€&igure 43 7KH pYHQGRU VWDWXVY LV WKH ED
relationship between Soft Drink Co. and customers. Invémelorstatus, $ft Drink Co.

simply reactsto demand the customers ordering pattern does not follow any standard
pattern. This level of collaboration encourages sharing of basic standard plans of
replenishmenamong the suppliers and the buyefGustomers' of Soft Dri Co. in this

level of collaboration place irregular orders (volume and timing).
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Figure 4-3 Various levels of relationships in Soft Drink Co.

(Source: Soft Drink Co., 2009)

The next level of reldt RQVKLS LV FDOOHG pS UdfldiddddiaticaMXtG& OL HU |
This level also accommodates CPFR to a limited extent. Service &ntheustomer is

regarded as highly importa@ind hence a common service agenda is created. The next
higher levHO RI UHODWLRQVKLS LV pSODQQLQJ SDWWQHUY
relationshipwith transparent access to sales information. In the planning partner status,
Soft Drink Co. and their customers interact at senior managerial level with access to
systems. In this level transparent communication is possible and hence it is more
transparent compared to the other two levels. The highest level of relationship is called

HWUXVWHG D GWYlvesRHe fustonddrs-iK buginess plans of Soft Drink @ahis
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level both Soft Drink Co. and customers ptaplenishment orderpromotional sales and

new product introductiamn

Soft Drink Co. considers Wholesale Co. as one of their preferred customers (FRjure 4
level 2 from bottory andencouragesepea and more consistent orderfom Wholesale

Co. Soft Drink Co. offers cost incentives on ordefghe same product in futtuck loads

(26 pallety. These orders can be shipped from the same production plant, and hence the

replenishment lead time could teluced by one day.

Soft Drink Co. has also streamlined the ordering system in such a way to ensure timely
UHSOHQLVKPHQW $FFRUGLQJO\ 6RIW '"ULQN &R fV HOHFW
to WholesaleCo. every day from 6:00 am until 6.00 pAil the orders placed before 12:00

noon of @chday are replenishet WholesaleCo. depots mytime after the end of day 2.
HoweverWholesaleCo. accepts delivery from Soft Drink Co. for only limited hours in a

day from8:00 am until 5:00 pmwhich puts nore pressure oSoft Drink Co.and may

increase the lead time to 3 dag@urrently, this complication is being considered by both
companies and will be resolved in the near future, as both are interested inalaighegr

level of collaborative relationsp.

4.3.3 Relationship of WholesaleCo. with their customers

Wholesale Cohas a wide range of customdrem big national chain customers such as
Tesco convenient stweo small local shops and independent storégholesale Co.
maintains a close and healtfefationship withall thesecustomers. Since January 2000, the
company has been in collaboration with YP Electronicsaftrand new Windows based

M (S Boldtion Sinqugl 7KLV QHZ VA\VWHP DVVLYVW¥¢néfitHhDa f@HUV VR
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product file and preinstalled system, so that orders can be placed electronically to
Wholesale Co WholesaleCo. encourages their customers to use SingUfalesaleCo.
valus WKHLU FXVWRPHUVY SDUWLFLSDWLRQ L QVNogsalde W HD U (

Co. pwlished the followed message in their website.

By responding to accurate trading records, retailers will be able to control stock more
professionally, save valuable management time, and yéi@rcustomers exactly the right
range of goods at the righinte. Valuable margin is maintained at the point of sale and
orders can be compiled in seconds. Retailers can identify shrinkage, pinpoint best sellers,
reduce stock outs and analyse promotions, making informed decisions on what they know
rather than whathey think they kno§Company websitaccessed on 22 July 2009)

Currently WholesaleCo. maintains 2 days lead time folocal shopsand independent
customers; howevet takes 1-3 daysto replenishretail customersTo reduce Wholesale
&R TV LQY th&WdmreHolséx3 WVhole Co. has put some pressure on Soft Drink Co. to

reduce the lead time.

4.3.41Inventory management and forecasting at Wholesal€o.

WholesaleCo. and Soft Drink Co. have only been working together for the past two years,
and their informatin systems have not been integrated to a great extent as yet. Currently,
Wholesale Co. has no standard procedures for forecasting and inventory management, and
at the same time end customer demand is not visible to Soft Drink Co. This results in
WholesaleCo. placing irregular replenishment orders at Soft Drink Co., and missing out

the benefits of full truck load orders.

Figure4 VKRZV WKH HQG FXVWRPHU GHPDQG DQG :KROHVDC

over time (Januarydune 2009) for one of the warlses (Medway) for a 500ml drink.
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Figure 4-4 End customer demand and orders of Wholesale Co.

500ml - Medway warehouse 8000 End-customer-demand\Vs
Date Wholesale End customer
&R TV R demand orders
to Soft Drink 2000
Co. LA =t=1{Z}0 * 0 }
24101/2009 3840 2132 Brﬁffég Soft
31/01/2009 6960 2457 6000 #—End customer
07/02/2009 0 2042 demand
14/02/2009 0 2308
000
21/02/2009 1140 2619 2000
8/02/2009 2100 2209 " A

07/03/2009 1980 1938 2 nnn
14/03/2009 1860 1754 S5
21/03/2009 1860 1801
29/03/2009 1740 2191 3000
11/04/2009 3600 3482
18/04/2009 420 514
25/04/2009 3000 3300
00/05/2009 2280 2485
16/05/2009 2100 1982 1000
20/05/2009 3300 2744 it
30/05/2009 2760 3001
06/06/2009 4800 3722 0
13/06/2009 2160 2710

From Figure 44, it is clear that the orders placed on Wholesale Co. by its end customers
are less variable as compd to the replenishment orders placed by Wholesale Co. to Soft
Drink Co. (especially at the beginning of the year). This is a dlketration of the
bullwhip effect. In addition, end customer demand is rather smooth (apart from an Easter
effect). Thisindicates that simple or standard forecasting approaches should work well to
predict demand. Also, a full truck load comprises 1560 cases. In order to exploit the price

discounts offered by Soft Drink Co., it may be better to replenish in multiples66f 1

Figure 45 shows the evolution of inventory oveéme of the 500ml drink at the Medway
warehouse. The average inventory level was 2458 cases, whereas the average weekly end
customer demand was 2404 cases. Thus the Medway warehouse holds alweaekook

demand in stock of this drink.
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Figure 4-5 Inventory level at Wholesale Co.
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4.3.5 Potential improvements in forecasting and inventory management

Because the end customer demand was rather smoothropesed and tested a simple
forecasting approach in which we first calculate the average weekly demand and then
adjust by multiplying with a seasonal coefficient. This approach is known as seasonal
decompositionWe applied the approach on 6 months ofadand defined two seasons
only: seaonone comprises the first 3 months while season two is based on the next 3
months. In addition, we also defined Easter seasonal coefficients to deal with the Easter
seasonal coefficients to deal with the Easter eff@ttshould be clear that the same
principle can be applied if more data were available. For example, if the demand in
Summer and Autumn seasons are significantly different from those in Winter and Spring,
then four seasons needs to be defined). Moraildetf the approach can be found in

(Singh, 2009).

% Copy of Singh ( 2009) will be available from the Nottingham University Business School on request
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Figure 4-6 Demand forecast of Soft drinks at Wholesale Co.
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Figure 46 illustrates the forecasts and demand profiles for a number of prodigs.
evaluated the forecast accuracy by calculatingriean absolute percentage erfdAPE).
Table 42 reports the MAPE results for different 500ml and 330ml products at three
different deports. The average MAPE ranges between 12.83% and 16.54%. Heae, i

be concluded that the approach works very well.

Table 4-2 MAPE of seasonal forecasting at Wholesale Co.

MAPE

Medway | Coventry | Fareham

Depot Depot Depot
500ml products
500miP1 10.42 12.82 9.94
500mtP2 11.58 13.17 11.38
500mtP3 17.83 12.34 19.39
500mtP4 19.39 12.53 21.36
500mtP5 17.44 13.92 18.88
500mtP6 17.23 13.59 18.6
500mtP7 17.21 19.72 16.25
Average MAPE 15.87 14.01 16.54
330 ml products
330miP1 15.31 11.86 13.33
330miP2 11.36 9.29 11.65
330mtP3 17.97 16.16 20.7
330mtP4 14.5 14.02 15.21
Average MAPE 14.79 12.83 15.22

In terms of inventory management, we suggested (and tested) simple (R,Q) or reorder
point (R)}order quantity (Q) models (Nahmias, 2009). The kenqgple is to place a
replenishment order of size Q whenever the inventory position drops below the reorder

point R. The idea is illustrated in Figurer4

We used the EOQEconomic order quantitynodel to calculate Q, but then adjusted the
value to muiiples of full truck loads. This approach works well for fast moving products.
For slower moving items, rounding the EOQ to a full truck load would result in too high

inventory levels. Hence, we proposed a joint replenishment model. This involves
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monitoring different products simultaneously and placing replenishment orders for these
products at exactly the same times, and in such a way that the total order quantity equals a
full truck load. The order quantities for the different products are proportiontieir
respective demand rates and can be calculated by solving a set of linear equations. Full

details of the approach can be found in Singh (2009).

Figure 4-7 (R, Q) model

The reorder point was calatéd for a target service lewSL) or fill rate of 99.5% and
99.8%. Here, fill rate refers to the effectiveness at meeting V W RlerHaddséA manual

simulation in MS Excel was carried out to evaluate the technique.
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Table 4-3 Inventory at Medway warehouse

500ml Medway warehouse
Q R Constant (k)

Order cost
K Seasonl | Season2 | Seasonl | Season 2 | Seasonl | Season2
Order cost 1560 1560 1600 2240 1.4 1.66 | SL=99.5%
10 to 50 1560 1560 1680 2380 1.78 2.02 | SL=99.8%
Order cost 3120 3120 1550 2150 1.06 1.35| SL=99.5%
51 to 100 3120 3120 1620 2280 1.5 1.75| SL=99.8%

Target

service | Service level achieved SOH SOH Inventory

level (simulated) (simulated)| (Actual) | reduction
Order cost 99.5 96.1 1390 2458 43.45%
10 to 50 99.8 98.5 1488 2458 39.46%
Order cost 99.5 97.23 2009 2458 18.27%
51 to 100 99.8 98.5 2088 2458 15.05%

Table 4-3 shows the input parameters for one of the simulations for a 500ml drink at
Medway warehouse. The first partthie table shows the different values for R and Q for
different order costs, seasons and service levels. The second part of the table shows the
target service level, the achieved service level in the simulation, the average stock on hand
(SOH) in the simwtion and the actual stock on hand. The last colwhows the
percentage reduction in average inventory level by comparing simulation and actual stock
on hand. The simulation results indicate that inventory levels can be reduced (sometimes
significantly) without compromising the service levels and at the same time earning
benefits from quantity discountdhese results were confirmed for a variety of products.
Figure4-8 shows the simulation results for a 330ml drink at Medway and the evolution of

inventay over time.
4.3.6 Enhancing Wholesale Co.tSoft Drink Co. collaborative arrangement
Both Soft Drink Co. and Wholesale Co. are interested in improving their performance and

enhancing their collaborative arrangemé&ihce end customer demand at Wholesale<Co.
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Figure 4-8 Evolution of inventory at Medway warehouse

330mlI-Medway warehouse
Q R Constant (k)
Season Season Season Service level
Order achieved | SOH SOH Inventory
cost K S1 S2 S1 S2 S1 S2 (simulated) | (simulated) | (Actual) | reduction
Coggfi o |_1560| 1560 720| 940| 1.06| 135 99.5 935 1618| 42.21%
to 100 1560 1560 765 1015 1.49 1.75 99.8 976 1618 39.68%

rather easy to forecast, there is no need for a detailed RDM. HoweverSsifi©rink Co.

has better forecasting and inventory management capabilities, it may be beneficial to
engage in a VMI arrangement. It is therportantfor Wholesale Co. to make end customer
demand visible (avoiding the bullwhip effect) and for Soft Drid&. to use appropriate
forecasting and inventory management techniques (e.g. seasonal decomposition, (R,Q)
models, joint replenishment for slower moving items). Soft Drink Co. would benefit from
more regular, consistent full truclkodd orders (which canebshipped from the same
production plant). Wholesale Co. would benefit from reduced inventory levels and at the
same time earning cost benefits due to quantity discounts, while maintaining high service
levels. The next chapter will describ&vé case studi of Indian companies who operate

globally.
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Chapter5 Case studiestindia

51 Introduction

Chapter four has introduced two caseshe UK companiesThis chaptempresers three
case studies from Indian companies operating glob&lye more case o&n Indian
compaty is discussed in Appendix The third case study is about axfile Manufacturing
Company This company Textile Co maintains three different levels of collaboration with
its retail customers. Ehcase underlines the importance of supply chain colléiboran
expanding future busines3he fourth case studyinvolves a Crude oil companythat
maintains well established relationshigiith downstream SC partners to make timely
replenishments. The fifth case studyven in Appendix involves a packagingmaterial
manufacturing company. Packaging Co. maintaan®asic collaboration with their
customers to understatide FXVWRPHUVY GHPDQG Th&QsxthEcdsé lsQdy VYV SOD
given in Appendixil, is from a Fireproof electrical equipment manufactyramo deals
with different SC operators globallyThese four casesillustrate different levels of
collaborationwith downstream partners. Each of tbempanies requires various supply
chain information from other supply chain partndiisis chapter discuss&s detaileach of

thesecases and their esting supply chain collaborations

5.2 Study 3 Hextile manufacturing company

5.2.1 Company profile

Textile Ca is a leading textile manufacturing and exporting firm in Indias one of
India's largest producers of hometishing fabric. The compamxports thei products to

many other countries across the globe. Customers of the company include Deco Design in
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Germany; Bravo Fabrics, Barston-Aon stores and Wallart in USA; Prestigious in the

UK; Southcity, Al Kilani iQ WKH 8%$( 7KH FRPSDQ\YV DQQXDO VDOH
2007 wasapproximately Indian Rupees 500 Crores which is equivadeh?0 million US

Dollars. Textile Ca V SURGXFWLRQ VLWH LV VLWXDWHG LQ 7DU

company employs 3500 m®nnel in its production process.

It is well known that India and other developing Asian countries have cheap labour that can
bring downthe cost of production. Howeveifextile Ca is also aware of the need for
maintaining product quality to remain cpstitive in the international textile industry. As

the IndianGovernment is committed to encouraging quality expdrestile Ca regularly
receives incentivefrom the Government for its export business. For instance, the local
government awarded 11P% d foreign currency earned througrextile Ca back to the
company. In addition, the company also received prestigious awards from the Government

under five different categories of excellence in export performance.
5.2.2 Businessstrategy of Textile Co.

The lusiness strategy offextle Co HPSKDVLVHVY PHHWLQJ FXVWRPHUV
exploring new customers through international trade faiestile CafV UHODWLRQVKLS
WKHLU FXVWRPHUVY LV EDVHG RQ WKH TXTh®dowpamgl WKHLU
basic guiding philosophy isto be the best through the pursuit of Excellence in

Performance and Quality"

86' § ,QGLDQ 5XSHHV LQ 'HFHPEHU
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Manufacturing textile materials for international exports is the primary objectiVexdiie

Co., though the company also catéws local needs It produces custorsed and standard

textile materials feeFigure 51). Customsed products are embroidered dress materials

with exclusive design, and matlemeasure finished cushions, pillows and curtains.

Standard products are embroidered materiah wnultiple repeated designs and curtain

materials. The company generally folloasnaketo-order (MTO) strategy for its exports

and local business for custa®i products. tandard products followa maketo-stock

(MTS) strategy with very limited stock theninimises inventory and obsolescence cuge

categorse the company as a NsTcompany since nearlg SHUFHQW R

business follows MTS strategy.

Figure 5-1 Business strategies of Textile Co.
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Textile Co.aims to align its products to supptrebusiness strategies of its customers. For

instance, whenever the retail giant Walart employs product differentiation as its

competitive strategyTextile Co.has produce exclusively designed fabrics that would be

sold only to WalMart. This flexibility fetches them repeat orders and plays a dominant role

in building long term partnerships.
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In order to retain customerfhie company collects feedback v quality and deign of the

producs. Usually it is done through a series of exhibitions and trade shows around the
world especially in the major business capitals in Europe or USA. For instance, the
FRPSDQ\ KDV WDNHQ SDUW LQ WKH WU DaGkfurt] GérthanyH VW LY D
during 912 January 2008. Forthcoming trade fair events in #atyTurkey are believed to

give exposure to the international market and also to innovative ideas in new product

introduction based on various cultures.

The company benefitfrom these trade fairs by exhibiting their products to many business
customers. These trade shows are attended by manufacturers from all sectors of the textile
industrysuch as machinerig@scluding spinning, nonwovens, weaving, knitting, dyeing and

finishing, garment making, testing, software as well as dyestuffs and chemicals (Source:

http://www.biztradeshows.com/trageents/heimtextifrankfurt.ntm|l as on 19 December

2007). Textile Ca utilisesthis opportunity to expand its business in different parts of the

world.

5.2.3 Capabilities

The @pability of a manufacturing company in building successful collabosatidth its
partners can be divided into production, communicatiogistics, and planning and
forecasting.These capabilitiesre discussedeparately in this section in the context of

Textile Ca

5.2.3.1 Production capabilities

An examination of the past records of the company revealed that it has made substantial

investmen in production technologies in the last five years. Since the company 2vas
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hours production policy, it views investments in appropriate technology as critical. New
production technologies have been introduced regularly with @0%e old machines

redacedannually

In addition to production capabilities, the company also resegrthe need for efficient
planning, and scheduling of its operations. On average, the company accepts a daily order
of 25 thousand meters for specialised and regular prqodubtsh is approximately its full
capacity. Successful completion of this order is highly dependent upon proper and efficient
capacity utilsation of its production facilities. To add to the complexity, the company has a
variety of machinery with differingporoduction rates and qualities. For example, the
company has three machines namely Saurer, Tajima and Gigliotti that run 24 hours per day.
The production rates are 1000, 100 and 8000 meters per day respectivelyajima isa
multi-head embroider maclerthat produces fabriad the highest quality compared to the
other two machines. Selling price and demand for the product Tajima machines are

very high.Based on the capability of the machineds areallocaed (schedulingXo them

in accordance ith the receivedorders. For long term customer$extile Ca uses
historical ordersto forecast their demandrhese forecasts are also usedirgsut for

production planning and scheduling.

5.2.3.2 Communication and logistics capabilities

Efficient communicationcapability is vital forthe businesses operating globallyhe
producion lead time, which is the period fromte day of receivingthe order until the
product reachethe customer, variefrom six to eight weeks for normal orders aaloout
four weeks for tgent ordersin order to facilitate production planning and scheduling

given this tight time frameTextile Ca has invested irthe appropriate communication
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infrastructure that would give maximum flexibility. For example, all employe#seinales

and panning division are provided with the latest Personal Digital Assistants (PDA) such
as BlackBerrycommunication systema(Vireless handheld device that provides access to
email, corporate data, phone, web, and ogarieatures They use Skype to commigate

with customers inhe UK and USA, and Kiwi for Switzerland and Germaiiyis helps to
schedule or rschedule productiomearly ten percent of the total profit of the company is
claimed to be spent on technology improvement and employees trairgng y@ar. The
company spent around ten million Indian rupees to have SAP in place. The company is
using SAP ERP software and SAP CRM software for enterprise resource planning,

production planning and scheduling, forecasting and customer relationship manage

Communication facilities with upstreasupply chainmembers generally relies more on

long term relationships than on technologies. Most of the suppliers of raw materials are
located in close proximity and are usually contacted through telephorfexarBased on

the information on production lead time and customer orders, the ERP software
automatically generates inventory status reports that are used by the company to place raw
material orders. The company never experisraghortage of raw matetighanks to their

long term relationship with the suppliers.

However, Textile CafV SHUIRUPDQFH LQ XVLQJ DSSURSULDWH W
(3PL) has not been fountb be satisfactory in the past few yearns estimation of

production timeTextile Ca arranges a 3PL to deliver finished products to their customers

in Europe or USA. The company has experienced a higher transportation time through local
3PLs, which becomes crucial especially when the production is delayed. In ¢hess,

Textile Ca has used therustomeN ffreferred logistics service at higher cosségurdast
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delivery. This problem is expected to be avoided through more efficient communication

with the 3PLs.

5.2.3.3 Planning and forecasting capabilities

Planning plays a major role isupply chain process such as production and
replenishment. Asan increasing number of orders imposighter production capacity
constraints onlextile Ca, the company keeps its production plans ready at least three
months in advancelhe mmpany alsaequest a minimum number of orders from their
clients to schedule and allocate jobs to different production units. Although production
takes 4to 6 weeks, the company proclaim their total lead time (time span between order

and delivery/replenishment) be8 weeks for irregular orders.

Whilst, Textile Ca independently delineates their production and material resource
planning,the companyencourages their customers to get involved in promotional sales
planning. Textile Co strongly supports sales pronwis as it is essential for improving
sales of newer product$n addition,sales promotiasfor established productsebelieved

to retain customers and hence create long term relationship with buyers.

Once the promotional plans are firsall, the forecasting of promotional sales is
collectively done withthe cooperation of all downstream members (buyend)o are
involved in promotionsProduction planning and material procurement plannineatile
Co. are dependent on forecast figurésdraft job schedut is also planned in advance
helpng Textile Co to decice on job outsourcing dependingn the availability of
production capacity. Here it is worth naj that all of the machines do not make similar

products and hence job scheduling becomes midenaore essential for uninterrupted
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production and replenishment. For example, if promotional sales are scheduled at the same
time periodfor two different market leaders (competitors), the companysweegdroduce
exclusive productdor both of the compaies at the same period. This requires more
sophisticated machines whielneobviously out of reach of the normal capacity and hence
some of the jobs need to be outsourced. These managerial decisions are very much

dependent on forecasting.

For MTO produds Textile Co does not need tonake short termdemand forecasts.
&EXVWRPHUVY RUGHUYVY DUH HQWHUHG LQWR WKH 053 V\V\

purchase and production orders.

The company has been engaged in collaborative forecasting for sgessal extile Co. is
using sales forecasts in its production planning and replenishment for MTS pr(shects
Figure 52). In order toimprove forecastaccuracy the first and foremost step is supply
chain collaboration with downstream and upstresupply chin members The current
collaborative arrangementof the company with the other supply chain partnars

described irthe nextsection.

Figure 5-2 Importance of forecasing in Textile Co.

> Customised products v

(MTO) Forecast (MTO)

x No short term forecasting

Textile Co. Forecast (MTS)

X Maintain SKU level
x Avoid stock out and
> Standard products obsolescence

" (MTO/MTS) x Promotion plan
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5.2.4 Supply chaincollaboration at Textile Co.

5.2.4.1 Supply side partnership

Textile Couses only yarn and dye as their primary raw materials. As mentioned earlier,
suppliers are located in close proximatyd hence obtaining these mater@idime, before
actualproduction is not a difficult task for the companyarn is supplied by Indorama,
Reliance and Wellspun. Dye is purchased from mixed sources.e3&@ad European
manufacturers supply major machinery to the compahg. supplier selection imainly

based onthe quality of raw material antheir prompt delivery.

Textile Coenjoys several benefidue to long term relationshgpwith its suppliersThe
supply of raw material is guaranteed at the production sifeeafile Ca almost allof the
time. Reliability onthe supply side enableBextile Coto maintain hassle free production.
Goodrelationships with suppliers afeundto be asential at the time of unexpectedlk
ordersfrom retailersandalsoat the time of promotional saleShe spplierV ontribution

in improving the quality of the produgis through suggestieon the use of raw material.
At times suppliers also give guidance on the variefyraw materialsavailable in the
marketthat aresuitable to particular production. Arghange to the existing government
policy on use of raw material is usually notified to the manufacturer thrinegupplier.

In return for such benefits from suppliefi@gxtile Ca prefers to have formal agreements
with their suppliers for a definite pged of time.Theseguaranteed orders froirextile Ca
are motivating suppliergo be involved in collaboration.Textile Ca also encouragethe

supplierVdpllaboration for improved quality and reduced cost.
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5.2.4.2 Partnership with customers

While collaboration vth suppliers is simple and straightforwarbextile Ca carefully
plans the collaborative arrangement witils downstreamsupply chain partnersAs the
FRPSDQ\YV EXVLQHVYV LV PDLQO\ VXSSRUWHG E\ UHJXODU

sales, estaldhing a comfortable long term partnership is sensed highly essential.

Sales promotions are usually planned for improving sales of existing products and new
products. Promotions can be initiated by retailers or by manufacturers. In either case, a
close cordination between manufacturers and retailers is important. Some regular
customers offextile Ca e.g.Jo-Ann stores predict sales of new products through initial
promotions. Textile Co supports these promotions by supplying sample materia at
subsidisd cost. Such samples are one of the strong business strategiedilef Ca in
establishing relationship with their customers. Orders from customers are directly
proportional to the sales of sample materials. Information on promotional plans is yegularl
exchanged betweehextile Ca and customerOthertypes of promotions, based on local
festive seasons ammmmunicatedo Textile Ca through their customers. This supports the

FRPSDQ\YfV GHFLVLRQ PabéWppdu@ WundhK H WLPH RI

The companymaintains three levels of collaboration with their downstream parthaes

first involves aminimum level communication for orderand replenishmeat This is

usually for new or relatively new customers and also for those who are not dealing with
regularbusiness orders. The second level of collalbmmats for aistomersinvolved in
SURPRWLRQV EXW QRW KDYLQJ pPLQLPXP RUGHUY SROLF

collaboration, Textile Ca and collaborating partners exchange information, promotion
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plars, and maintain agreed level of minimum ordeBge Figure 53 for the asis

collaborative arrangement de&xtile Ca with their downstream customers.

Although Textile Ca maintains various levels of collaboration, it plans its promotional
sales with alcustomers participating in promotional sales. Accordinijlgplanning cycle

at Textile Ca spans a whole year amdll be discussed in the next section.

5.2.5Planning cycle atTextile Co.

Promotional planning is highly valued &éxtile Cofor production ad resource planning.
Promotions are mainly of two types. The first type of promoticmpsce reduction at the
time of new product launchwhile the otherpromotiors are forestablishedproducts.
During the product launchiextile Ca initiates promotns with support from the buyers
and runs the promotion fawo months. Once the product is successful in the market, the

buyer decidesntheirinterestof having further sale of that particular product.

Figure 5-3 Current supply chain collaboration of Textile Co.
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7KLY GHFLVLRQ OHDGV WR P([FOXVLYH ULJKW IRU SURGXTF
an assurance afepeatorders from clients throughout the year. At the same tiane,

exclusive rightpolicy keeps the company wanky around the clock to maka variety of

products with more designs to attract many customers, as some of the products desig

(with exclusive rights) camt be marketed anywheatherthanby the agreed customers.
Duplication of the design is absolutely not possible and héredile Ca retainsan

innovative design team as an integral pathefvorkforce.

For new products, promotiahplans are startethreemontts after their launch, but it is
formally confirmed afterobtaining a betterXQGHUVWDQGLQJ RI WKH EX\HI
monitoring initial sales Both the company and the buyers collaboratively make their
promotion plandgn the middle of the fourth month. TH@ompanycalls this periodthe

M Z D-UgPS H U.LIPbofedasng and planning in advance (about six months) $ié¢he
company to replenish goods on time and run promotions witln@att deal oflifficulty.

But unexpected over sale of products creates cexitplas the production needs 240
weeks time dependingnothe inventory of partly finished products. Herg is worth
mentioring that the products are undergoing almdbe same processing steps.
Customsation such as embroidery and other designgasgponed untithe final stageand
require sophisticatechachines. The sales othe embroidered materighrehigh duringthe

promotions (se€igure 54).
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Figure 5-4 Sales at Textile Co
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Figure 55 represents the planning cycle at Textile The company motars the initial

sales for the firstwo weels. If the salesareabove their initial forecast then the company
tries to replenish as much as possible in the fourth week of promotion. Final sales reviews
by both the parties assist them in deciding on fupm@motional/discoun sales.The
frequency of sales promotions for each prodacges from twdo a maximum ofight

times a yearAs mentioned before aghof thesgpromotiors runs for about two months

Textile Co.fV S OD Q QibcudlestHe@rhpanyV & 3)5 f& @b €st five months
after the launch of a new produdtor establishegroducts thewarmup period(first four
and half months after the product launch) is not requaredisalespromotions can start
once the deal betweerextile Co.and retailer isfinalised During promotional saleghe
sales information from downstream supply chain members sfsstompany to quickly
act upon the demanthe \alue of information exchangé Q 7 H[ W Lsibply8&cRaiff 6

discussed in the next samti
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Figure 5-5 Planning cycle atTextile Co.
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5.2.6 Value of information in planning and forecasting atTextile Co.

5.2.6.1 General information

It is obvious from our study that the productionTextile Cois heavily dependent on

initial forecass. Although all the production is based onforecass, some of the
customsed products get thefmal touchtowards the end of production cyaaly. In

the production cycle prior to the promotiseéM-7 and M8 in Figure 55). Textile Ca

can also include some changes, like colour or design, based on the current sales at retalil
stores.This is indeed highly essential as the sales of textile matenal affected by

seasonality, economic factors amdrket trend.

In the context of sales, seasonality is one of the main factors affecting the sale of textile
products. Usually demand for cotton material is highesummer anddwer inwinter.
Textile Ca can generate thseasonainformationfrom its own records foits long term
customersThis information isalsofound valuablgor new customersSeasonality isa

main concern for standard products but not for cusainproducts.

Economic downturn usually gets reflected in the sales of textilerialateTo avoid
inventory cost and to get rid of oversteclliscounts are offered by retailers to sell slow
moving products. Information on discoaritom retailers will alert manufacturets

any shortcoming ithe design of the product and the needédb the product at a lower
price. But information on discoued sdes is not readily available toextile Ca The
companypersuade their customers to convey discounts offered at their store in detail.

This information assists them in planning.

The demandpattern of a produatan be analysethroughthe sales data. Sales data can

give a comprehensive picture @afprevailing market trend. Buhe trend is not always

102



stable due to external factors such as inflationthef local currency and natural
calamites Sometimes, customer order informationsags a baseline to tracime
demand pattern. Governmahpoliciesof the local markes, such as prohibited types of
dye or yarn, ar&known throughthe customers. Anothevital piece ofinformation in
predicting @&mand is competitor information. The company is collecting tata

through third party3P)information providersand trade fairs.

5.2.6.2 Product specific and customer specific information

Based orthe type of productthe information needor demand forecasstg varies To

make accurate forecador standard productdextile Cotalks tomany supply chain
partners and needo know the sales information and local forecast from each client
Customsed products followa different demand pattern and predictingntand isnore
difficult. In this case, forecasting requires some additional information such as
FXVWRPHUVY VDWLVIDFWLRQ DQG IHHGEDFN RQ WKH
limited for the customsedproducts, it is possible faFextile Coto involveall of them

in the forecashg process Textile Cocontacts those customers on weekly basis to track

details.

Customers with regular repeat orders creatkvse partnership witfiextile Coand the
company maintains a record of orders. In this c@egtile Ca caneasily trace order
and demand pattesnof their product. In practice, communication between the
customers andextile Ca is on weekly basis. The company achieadsetterforecast
accuracy m the case of regular repeat ordefextile Ca faces more uncertainty ihe
case of irregular orders. Several attempts to communigdtehose customeifailedin

the past due to lack of eaperationfrom the customers.
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5.2.6.3 Sales information and local forecast

Sales promotions are aimed to incredmesales ofa specific new or eisting product in
the targeted market. Althoughe cost involved ira Textile Coinduced promotion is
quite high (adextile Cogivesafree sampleto some of theustomers), the company is

still interested in promotions a#isis could help establishing futudealswith customers.

Textile Co. receives the total weekly or fortnightly sales figures from their long term
customers and more detailed daily sales data during promotional events. For well
established customers,cagds of historical information on orders, sales, discounts etc.
are maintained by Textile Co., which helps them to identify demand patterns. Sales
forecast are collected by Textile Co. from their customers, these are called local
forecasts. Only customeunder long term relationship send their own local forecasts to
Textile Co. In addition to these local forecasts, all the above mentioned information is

DOVR XVHG WR FUHDWH 7H[WLOH &R FyuelB®)DQG SODQQL
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Figure5-6 Information exchange inTextile Co supply chain
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5.2.7 Purpose of collaborative forecasting inTextile Co.

Textile Ca makes its initial demand forecasts based on historicaratdta and then
incorporates othdanputssuch as market information and promotional plérsn other
supply chain partners and 3P information provideeeFigure 56). Here the rarket
information refers to trend and competitor informatiorthaf local market. Figure 57
reports the process of forecasting at Textile Twe promotional plan®f retailersare
updated by the company before makihginitial forecastsThis initial forecast is then
updatedwith the localforecastsof retailers Before naking the final forecasts, Textile

Co. observes the sales tite UHW D L O HU V theRxtW Carhpany t@ Kriderstand
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current customer preferences. The firfarecasts areused by Textile Co for
productiors (see Figure 57). Textile Co claims that the forecast accuracy othe

promotional sales is about 75%.

Figure 5-7 Forecasting at Textile Co
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plans forecast
Historical J, R Initial v R Final R Produce and
order data ”| forecast A "| forecast ”| replenish
Market Current sales
information at retail

Decision makersat Textile Co prepare long term expansion plans and short term
production plans based on thmal forecass, which are combinationsof all the
information as specified iRigure 56. Textile Ca aims to improve their business the
way of repeatorders from customerd he capacity expansion plans are continually
reviewed with the salesfigures To obtain repeat orders the company is also

concentratingn ontime delivery.

Fast delivery or replenishment Béxtile Ca is found to have direct relationship with

repeat orders from the customers. Herflaxtile Ca tries to achieva lowerlead time

and a fast replenishment bgxpanding theproduction capacity. Return on investment

has not declined in the past. Hentextile CafV LQWHUHVW LQ PDNLQJ DFF
in their make testockbusiness seems convinciggure5-8 summariseshe purpose of

information exchange arfdrecass at Textile Ca
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Figure 5-8 Application of supply chain information and forecasts
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Textile Ca uses quite alarge number of observations from various supply chain
partners an@P information providers for forecasting their product demarie idea of

using information from various sources has ledthie construction of aeference
demand mode(see Section6.3). Though Textile Coenjoys the benefits of having
supply chain collaboration with some long term customers, it also faces some
complexities in establishing collaborations with other customers. This is further

explained in the next stdection.

5.2.8 Some compéxities

Currently the company maintains complete collaboration with partners who place repeat
orders. Based on the value of orders, the collaboration level is maintained. But, repeat
orders for standard prodsdare less profitable compared to repeat aradrcustonsed
products with exclusive right. Hencdextile Ca tries to increase the number of
customerswith exclusive righs. In this effort, the company investdage amountof
moneyfor initial sales promotionsOn the success of these promotioigxtile Ca
establishedong term collaboratios with these customerdt this point the company

depends on information from customers to predict sales demand. Otherwise, the
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company concentrates on regular sales and a few promotions as agreed upon earlie
with their partnersin this case, the customer exchanges only promotional sales details
and Textile Ca uses order data for their regular forecast. To survive the competition
and to retain their position in the mark&gxtile Ca spends dargeamountof money

on marketing such as trade fairs. Although this is beneficial to the compattyaictirg

many newcustomers, the global economic stiwwn makes further deals difficult.

It is a big challengand possiblya too costly strategyor the companya maintain a
long term partnership with all the customeksReference Demand Modean help the
company to trace the right information path addecice on the ight level of

collaborationwith different customersThis is further explained in Chaptér

5.3 Study 4 +Crude-oil refiners and distributors

5.3.1 Company Profile

Crudeoil Co. is a fortune 500 companwith an annual turnover of over 7440
millions Indian rupeeslt has nearly twenty percent tife refining & market share in
India. It isone of the leding crude oil refiners and distributors caterfiog the local
demand irthe Indian marketCrudeoil Co. has two refinery planf®ne in Mumbai and
another in Vaisakh, Indid’he current capacity of the refineryd@s million metric tons

per annum in ez of these plants. The main administratfgéces are operating from
four metropolitan cities and it has 85 regional offidesilitated by a supply &
distribution infrastructure comprising Terminals, Aviation Service Stations, Bottling

Plants, and InlashRelay Depots & Retail Outlets.

Crudeoil Co. is also producing lubricant oils. With capacity of 335,00fhetric Tons

of lubricant oil efinery, the companyaccounts for over 40% of the coun§ytotal
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lubricant oil production.CrudeOQil Co. has retailoutlets all over the countrythe @ase
study was conducted @rudeoil Co. distribution centre, Chennain the southern coast
of India. Its primary and onlgupplier iSCPCL Crudeoil Co. is one of the foumain
distributors for the products namely $&éine, High Speed Diesel, Superior Kerosene

Oil, Furnace Oil, Light Diesel Oil, andlviation Turbine Fuel (seEigure 59).

Figure 5-9 Products of Crude-Oil Co.

Crude-oil Co.

Source: Crudail Co.

In some parts ofnie country, the distribution of crude oil is managed directly by the
company (through pipelines and trucks) and in other parts the company distributes its
products through other operators. The company has three different roles in the supply
chain such asiect distributor, supplier to distributor and supplier to wholesaler.
Down-stream customersf Crudeoil Co. are mostlytier 2 and tier 1 suppliein the

supply chain. These clients are distributors to many other private and public customers.
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As the number of motor vehicles is increasing every year, the demand for petroleum
products also follows an increasing trenddeanwhile projecting product demand

becomes mandatory for af the supply chain partners to be vialniehe market

5.3.2Collaborative arrangement

Crudeoil Co. is striving to establish and maintaan friendly relationship with its

supplier anddownstream customer&rudeoil Co. has a permanent office space in their
VXSSOLHU &3&/1V ZRUNLQJ DUHD 7UDQVSDUK&emMW DQG
Crudeoil Co. and its supplier asssto have responsive and flexible supply chain. This
collaborative arrangement hel@sudeoil Co.to co-ordinate the distributioand avoids

any problemsin replenishmentSome of the retail outlets are directlyno@cted with

the Crudeoil distribution plants through pipelines. The lower inventory level at the

retail outlet will prompt an indication to the main distribution pladtie to this
technological advancemeiittis easyfor Crudeoil Co.to checkretailerfV LQYHQWRU\ D

plan replenishment accordingly.

Nearly twenty percent of the retailer outketautomaticallyprovide information to

Crudeoil Co. This makes demand forecast easier fuilitatestimely replenishment.

The retailers who are involved inupply chain collaboration are connected &y
DXWRPDWHG LQYHQWRU\ WUDFNLQJ V\VWHP ZKLFK PDI
inventory leves. Crudeoil Co. is committed to makg timely replenishment for the

clients involved in collaborationThe companypractices vendor managed inventory

(VMI) for timely replenishments.For example, if the inventory tracking system
indicates a low inventory leVeat retaitA then Crudeoil Co. will try to replenish at

retail A either by sending a truck or by inventory ldog. If retailer A and retailer B

are connected by pipeline, any shortage of caitlat retaitA will be compensated by
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excess inventory at retailer B (this is called inventory pooling). The pipeline connection
between the two or more retailers makeplenishment easier for Crudéd Co. The
collaborative arrangement among different retailers and @ilde. avoids stoclouts

and also reduces inventory. A stratedfyinventory pooling byCrudeoil Co. facilitates

to maintain sustainable distribution many ofthe branches by balancing inventory

between high demand ousetnd low demand outlgt

A pilot study with Crudeoil Co. helped to observe the role of suppliers awavr
streamcustomers in the supply chaldnlike other case studiethe loch Government is
alsoplayingamainrole in Crudeoil Co.V V XS S OrheFsil8slpfce of crude oil is
fixed by the local Government. At the same time, the local Government decides the
maximum number of automobiles (cars and bikes, trucks etc.) in staey of the

country. This limitation controls the demand fluctuation of crude oil.

Though crudenil is a rare commaodity in India, the demand for croden recent years

has increased considerably. However, CraidleCo. depends heavily on a single
supplier and hence the company maintains a high level of collaboration with its supplier
to ensure timely replenishmentith respect to downstream customers, such as
wholesalers ancetailers the company has established a well structured collaboration t
know inventory levels, this helps with timely replenishment Sgere 510). Various
divisions of Crudenil Co. such as marketing, operations, production, sales, and

purchase are involved in collaboration with destream and wgtream customers.

From Figure 510, it can be seen that the supply chaifoimation of the company is
mainly focusingon the orders from the clients antdmely replenishment at the
distribution outlets. The compartyas not much benefitedrom the informationits

suppliers pas on but needs the support of suppliers to assure timely replenishment to
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downstream customer3he ight supply constraint is making the planning teafnthe

companyconcentratenoreon avoiding stoclouts than forecasting future demand.

Figure 5-10 Supply chain of Crude-oil Co. Information flow and material flow
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5.4 Summary

Chaptes four and five explained the current (as) scenario of supply chain

collaboration in five different case companies.In Chapter 4, lie supply chain

collaboration of Soft Drink Cowith down-stream retailers and wholesakrwas

illustratedsepratelyin two different casedn Chapter 5, theupply chain collaboration
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of Textile Co.with their retail partnersvas descriled indetail Then a 8nple supply
chain collaboration oCrudeoil Co. with their customers &re explained Two more
cass, Packaging Co. andEEM Ca, are explained in Appendixl for better
understanding ofne information flow and its role in the supply chain all of these
cases, the supply chainformation exchange waglustrating its impact onvarious
processes ofsupply chain specific to planning, forecasting production and
replenishment The ndividual Reference Demand ModeWwill be developedand
analysedfor Soft Drink Co. and Textile Coin the next chapter to evaluate the

importance of SC information
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Chapter 6 Conceptualmodel development

6.1 Introduction

Exploration ofthe literature on supply chain collaboration and subsegiegntulation

of the research questions guided ttee developnent ofa conceptual model called a
ReferencdDemandV RGHO § Eheonstruction of RIM is done inthreesteps In

the first step, information on demand factors are listed and grouped under relevant
categories. In step two, various attributes of the demand information are explained. In
step three, each demand factoamslysedaccording ¢ the different attributes explained

in the step 2The RDM will be illustrated forthe case of Soft Drink Co. and Textile

Co. Interpretations of RDM of case companies are made based on the analysis to decide
on the inclusion of theaformationin the suply chain processeghis chapter starts by
explaining the purpose of developing RDM. To facilitate the understanding of RDM
development and the role of SC information in RDM development, the key ideas are

explained withthe example of Soft Drink Co.

6.2 Devebpment of Reference Demand/iodel (RDM)

A Reference Demand Model (RDM) is a model representing the dependency of demand
projection on information frordifferentsupply chain members (Aviv, 2007he RDM

can be highly qualitative or quantitative dependimgtioe information availablerlhis
research develops RDM in the form of aqualitative conceptual frameworkBefore
developing the proposed RDM, it is iompantto me&e its purpose and its role in

collaborativeplanningclear.

114



6.2.1 Purpose of RDM

The cevelopnent of RDMaims to be ammportanttool to identify any discrepancy in
actual salesrad forecasted sales. RDBIso aims to assist managensone or more of

the following:

x

To plan and design information shariagnong different SC members

x To improve the dmand forecast accuraby identifying relevant explanatory
demand factors

X To improve production and material planning

X To improve ortime replenishment

x To identify areas where the forecasting process can be improved

x To decide on the future role of infornat in SCprocesses

x Toalignsupply chairplanning and information sharing

X To decide on the level of collaboration

Developingthe RDM aims to assigharegers in business sectors by the way of haging
standardsed procedure for planning and forecagti This will alsoenable managers to
decide onthe right level ofinformation sharing. Sheng of demand information and
local forecastamongSC members improvemutual understandingf the different SC

PHPEHUVY RQ 6& SURFHVVHVY DQG FRQVWUDLQWYV

6.2.2 Role ofinformation exchange in developing RDM

,Q JHQHUDO EXVLQHVV SURFHVVHV JUHDWO\ UHO\ RQ
enables alBC members to plan, produce, and replenish in good time. Thus, accuracy in
demand forecast is considered as one ofrtiportant criteria for the success of supply

chain processed.o improveforecast accuracy, SC members need to exchange sales
related informationLee et al., 2000)However, he information neeztl for demand

projection varies broadlgnd depends on th@oducts life cycle stage and promotional
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sales. In some casesupply uncertaintynay also havean impact orproduct demand

(Lee, 2002). For example, supply uncertainty of rare metals such as palladium and
titanium may indirectly influence the demand ofigoral equipment in aerospace
manufacturing compaes. Generally,the demand of these products is predicbeged

on historical demand information (Raghunatha&01). Incertain circumstaneg like
promotions, other information such astock leveland pont of sale data willbe
considered during replenishment. This wiklp redee inventory cost (Lee et al,

2000). In practicethedemand forecast of a produnfyalso incorporate various other
aspects of informatiowhich are not usually looked intoredully.

Who observethe market signal?

Who is the owner of the information (i.e., responsibility)?

xX X X

What are the types of data available?

When is the information available?

X

X How is this observed sales information being exchanged to other supply chain
memlers (technology)?

X How fast this information is exchanged (quickness of obtaining data)?

X Is the available data actionable (to act upon the current supply chain)?

X How accurate is theformatiorf?

X How important is this informatich

X Is this information curreht used in forecasting?

By looking at the aboveuestions, a structurqulan can bedevelopedto identify the

supply chain information and its importarfoe planning andorecasting. Subsequently,

this plan will help mamgers to trace thenformation and its sourcés). Then by
evaluating the information, managers can interpret the results to decide on whether to
include the information in the decision making or not. In order to evaluate certain
information, it is important to take account of several aspesgarding the demand

signals.This ideaof a systematic approach tdentifying and collecting relevar8C
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informationis captured through RDMTIo understand the development of RDWe
ideas are applied to Soft Drink Cloformation collected through series of interviews
with thecase companies s&elped to identifithe factorsinfluencing demand and also
to identify data requirement for demand forecastinthe three steps in developing

RDM are explained further.

6.2.3 Stepl of RDM- Information on demand factors

Various pieces ofinformation from downstream partnemsay beessential to improve
performance of various SC processes, such as forecasting and replenishment (Gavirneni

et al., 1999; Lee et al., 2000; Aviv, 2002).

It is widely agreed that thehanging trend in the consumer market impose more
challenges to manufacturefSun, 2005) Hence, theight price for the productbas

always been a great dispute in a competitive matkedrder to improve performance

and to earn profittompanies neetb havegood planning andigher level of accuracy

in demand forecasts. This necessitates the SC planners to consider as much information

as possible in planning amarecasting

The lterature @ supply chain management reveals that predicting denfand
functional productss usually easiercompared tdforecasting demand fannovative
products (Lee, 2002). But in recent years, the changing habits of consumers have posed
more of challengedo forecasting teamirrespective of the type of products puoed.

Sales promotionsnay have areat influenceon buying patters and complicate the
forecasting process Less complicated seasonal salase alsono longer easily
predictable due to external forces such as inflation or changing market (Fesiter et

al., 1994, 1997).
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From the literature review, it was identified that inventory and POS were common
pieces ofinformation shared among SC collaborative partneee Table 24 for
literature on information sharingJhis concept of information sharing hslpo form a

first step in developing RDMn this step, detailed list of information shared among SC

members is collected and grouped. Step 1 is illustrated through the following example.

Step 1 - Example from Soft Drink Co

Apart from thebasic demanéactors(identified from the literaturefamely promotions,
pricing, seasonal and trewdmponents (Cooper et al., 199%re are also some other
factors identified through case studyalysis of Soft Drink Co. namely regional
factors, competition andannibalisation.See Table 4 for a list of information on

demand factors identified from Soft Drink Co.

7KH LQIRUPDWLRQ UHODWHG WR SURPRWLRQ@DO VDO
LQIRUPDWLRQY 7KH LQIRUPDWLRQ UHODWH@WIeEWR VHD
seasonality/special dates. The information related to products life cycle and trends is
mentioned separately. Thegional factors are more related to culture and habdt of

local community. Buying behaviouris partially related to the local temparee.

Therefore, the regional factors and temperature are grouped together under the name

MSHIJILRQDO GLIITHUHQFHVY

In general for all the products, pricing is one of the important factors of sales. Similar
products from competitors with low prices mayeaff the sale of the products of Soft
Drink Co. Hence, pricing is considered asery important factor by Soft Drink Co.

For soft drink productscannibalisation tanincrease in sales of one of its products that

results in a decrease in sales of anottean +is a more specific factothat affects
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demand Other complicating factors specific to the sales promotions of Soft Drink Co
are identified as poor execution of promotidnsthe storesand demand forecasts of
new products. In Step 1 demand inforimathas been listed under relevant groups (see

Table 61).

Table 6-1 Stepl of RDM- List of information on demand factors

Step 2 of developing RDM is explained further.
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6.2.4 Step 2 of RDM- Attributes of t he information

Step 2 of developing RDM includes various attributes of the information that have been

identified from the literature and case studies.

The mst and benefit of obtaining and using information act as a base line to SC
information exchanggSari, 2008).The ®st involved in information exchange is
measured either in terms of investment on technology and/or amount spent on obtaining
information. The kenefit of information exchange is represented through good forecast
accuracyThe impactf information exchangean also be measured through improved
inventory, production and replenishment (Gavirenenhial, 1999). This research
concentrates on the forecast accuracy as the main benefit of SC collaboration. Although
accuracy of information isobligatory in reduction of forecast error, it is highly
subjective to the explanatory power of the partner involved in the process of
information exchange and alfite accuracy of the information at the time of predicting

demand forecast (Aviv, 2007).

It is also important to mention that the ability of observing market changes and the
descriptive nature of the observer can alter the quality or accuracy of the information
used for demand forecast (Aviv, 2002). For example a sudden change in temperature
may increase the sale of beverages but will not help tothkgroduction plarat very

short notice. But correct inventory deploymenthe supply chain will assist in smooth
replenishment. Hencactionability of the information obtained is partiallglated to

the agility and responsiveness of the supply chain. This study considers six major
atributes of information namebgource, cost availability, reliability, actieability and
importance of information. These attributes act as evaluation crittdamand factors

(seeTable 62).
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Source of information

The urce of information indicatethe parties involved in information exchange. In
particular,thesource can help to identify who obsero®es the data and/or where this
information is availéble. The source can beuRZQAVXSSOLHUY uPDQXIDFV
HPUHWDLOHUY ,Q VRPH FDVHV WKH VRXUFH FDQ DOVR |

public data source.

Availability of information

Availability indicates the status of accessibility of imfation witha specific time scale
such as always, intermediate, short term, sometimes, after and tref@r@motional

event.The ime scale is dependent time length of the planning cycle and tHaration

of special events/sales promotions in the casepany.This can be referret in terms

Rl uDOzZD\V DYDLODEOHY RU pQHYHUT

Reliability/Accuracy of information

The aility of observing market changes and descriptive nature of the observer can alter

the reliability of the information used for demafatecast (Aviv, 2002). Hencat is
REOLJDWRU\ WR NQRZ WKH DFFXUDF\ RI LQIRIBSPDWLRQ
attribute can be mentioned as correct or incorrect, complete or incomplete and firm or

provisioral.

Action-ability of information

Action-ability refers to theextent to which the available information can be used in
forecasting, production and replenishmehttion-ability represents the capability of
using the available information the SC. All SC information is not always actionable.
Some will be actionable most of the times and some may be less actjaraibe at

all.
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Importanceof information

Importance of information in supply chain processesveysthe need for information
exchange among supply chain members. Each demandr fand its respective
information signals can be weighed for its importance in order to rirekdecision
process easieBGcales for mentioning importance of information can be important, not
important, very importantand extremely important. In some east is also possible

that the importaceis not known to the SC decision maker.

Cost of information
The ost of information represents the actual cost oiointg informaion from other
SC members. This will includeitimal investment on technologyr peopleand operating

cost.

The general scales used for availability, reliability, actbility and importance of

information are different for each cases studied.

Other information attributes, such as capabilityigihg theinformation and currenise

of information, can also be added to the above list of attrib&@sexample, quick
transfer of sales information (such as EPOS dai@y have a positive impact on the
planning and hence improve responsiveness of supply chain to demand fluctuations
(Bourlandet al, 1996 Changet al, 2007, Cachon and Fisher, 2000) rather thes

using historical data. However, the use of technology can alter the speed of the data
transfer and hendaie respons’enessof the supply chain will differ. If all informtion
available is used effectively in order to respond quickly to the changes, the benefit
the supply chain will be in the form pffor example:forecast accuracy, inventory

reduction, cost reduction etc (Cachon and Fisher, 2000; Boietaald 1996)
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Generally, the capability can be of two stdtegories technical and managerial. Here
technical refers to IT support to handle hageounts ofdatg and managerial refers to
the ability toincorporate the information in planning, production arglereishment. In
general, the managerial capability Imked to judgmental forecastsAlthough,
measuringthe capability is not the focus of this researcle famecan be evident
through performancgesuch as forecast accuraoyf,the supply chainln this research,

WKH FXUUHQW pXVH RI LQIRUPDWLRQY LV FRQVLGHUHG

not included in evaluation of RDM.able6-2|represents the SC information on demand

factors and its corresponding attributese ®bove mentioned attributes of information

will be made clear through the example of Soft Drink Co.

Step 2 of RDM- Example from Soft Drink Co

Source- For the case company, the main source of information is either Soft Drink Co
or retailes. Smetimes third party or publicly availabléenformationis also used for

forecasting.

Availability £Some information is always available, other pieces of information reveal
6 weeks before the promotional event-(8Y, whereas still other pieces of information

are confirmed just prior to the event {2y W-1).

Reliability/Accuracy- The information exchange between manufaatuend retailers
are made electronically and hence sales data is catreacbst of the timeswhile the
other datas correct toa certain extent In the case of Soft Drink Co, the scales used for

UHOLDELOLW\ DUH pFRUUHFWY +LJK /RZ OHGLXP DQG uc
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Table 6-2 Step 2 of RDM- Attributes of information

Information
attributes

Information *
Demand factors

Observer/
Source of
information

-Case company
-Retailer
-Other party

When is the info available?

-Always

-Long term (616 wks in
advance)

-Intermediate term (6 wks
in advance)

-Shortterm (Less than 1
week in advance)

-After the event

-Never

Reliability and
accuracy of
information

- Correct/not correct

- Complete or
incomplete

- Provisional/Firm

Action-ability
(responsiveness to
information)

- Not actionable

- Actionable (Please
specify who in the

supply chain can act o

this information

Importance of
factor?
1- Not Important
2 - Somewhat
important
3 - Important
4 - Very important
5 - Extremely
important
6 - Difficult to say

Is this factor
currently
used in
forecasts?

- Yes, always
- Yes,
sometimes

- No, never

Cost of obtaining

info?

- extra cost
involved (high or
low)

- no extra
cost

Type of retailer/wholesaler

Promotional information

f Type of promotion

f Promotional calendar / slots

f Structure of promotion (Mmber of stores

running the promotion, promotiol
advertised or not, size and location
display )

f Changes to promotional plan

Seasonality / Special dates

f Winter, Spring, Summer, Autumn

f Weather / temperature

f Easter & Christmas

f Back to school & Bank holiges

Trend & life cycle info

f Growth, decline, maturity

f New product launch

Regional differences

f Weather / temperature

f Habits / preferences

Pricing information

f Retail sales price

f Whole sale price

f Discount price

Cannibalisation & Competitor

information

f Similar products in promotion in th¢
same or different store

f Similar products from competitor is if
promotion at the same time (in th
same or different store)

Complicating factors

f Poor execution of promotion in store

f New type of promotion with no history
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Action-ability - Action-ability of information varies widely across different information.
For example, early information on any changes to the structure of promotion is useful
until 6 weeks before promotions. Howeyvér is more difficult to act uponthe
information after this period of timdn case of Soft Drink Co, the scales used for

actionrability are- always, actionable, somewhat actionable, limited, and not actionable

Importance - Exceptfor FRPSHWLWRUYV LQIRUPDWLR®&sd&pG LQIRU
almost all the other information is considered important by the forecasters. In case of

Soft Drink Co, the scales used for importance of informatoa not important,

somewhat important, important, very important, extremely important, andudliffo

say.

Cost- The Company does not incur extra cost to obtain information. This is because the
company is involved in collaboration and information exchange with retail giants who

maintain well established information network.

Table 63 represers both SC information and its attributes related to Soft Drink Co.
Each demand factor is evaluated according to the different attributes. The RDM will be

analysed in Step 3.
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Table 6-3 RDM of Soft Drink Co

Information attributes . Source Availability Rl Action-ability Importance
;Demand factors & information signals Accuracy
Promotional information
x Promotional slots(timing) SDC + Retailer (calendar) Intermediate (Week) High Actionable Extremely important
x Type of promotion SDC + Retailer (calendar) Intermedate (Week6) High Actionable Extremely important
x Structure of promotion SDC + Retailer (calendar) Short term (Week) Medium Actionable Very important
x Changes to planned promotion Retailer Short term (Week) Known when communicated | Sometimes Very important
x Effectiveness of prontmn ) . . . )
- during promotion Retailer (EPQS) _ During event H!gh Sometlmes Very !mportant
- after promotion SDC + Retailer (Sales history) | After event High Not actionable Very important
- % redemption rate Retailer (Sales history) After event (not all retailers) | High Not actionable Somewhat important
Pricing information
Retail sales price (as a surrogate for  type Retailer Always High Actionable Extremely imprtant
promotion)
Seasonality/Special dates
x Winter, Spring, Summer, Autumn Public Calendar Always Correct Actionable Important
x Weather/Temperature Short term- local weather news;| Short term (Weel) Correct Sometimes Somewhat important
Long term- historical data Always Correct Actionable Somewhat important
x Easter / Christmas Public calendar Always Correct Actionable Extremely important
x Back to School/ Bank holidays Public calendar Always Correct Actionable Important
Trend and product life cycle information
x Growth/decline SDC(demand history) Always Correct Actionable Very Important
x Newlestablishegroducts SDC (demand history) Always Correct Actionable Very Important
Cannibalisation & Competitor information
x SDCproducts in promotion in the same { SDC Most of the time Correct Sometimes Somewhat important
different store
x SDC and competitor products i Retailer Not always Correct Not actionable Somewhat important
promotion at the same time (in same
different store)
Complicating factors
x Poor execution of promotion in store Retailer + SDC During event Low Limited Very important
x New type of promotion with no history Retailer + SDC Intermediate Low Limited Important
x Unplanned irstore promotion Retailer After event Low Not actionable Important
x Regional difference (Habits/preferences)| Retailer/other party Sometines  from  regional Requires further analysist| Not actionable Important
deals data is not available

*SDC - Soft Drink Co
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6.2.5 Step 3 of RDM- Evaluation and interpretation of information

The aailability and value of supply chain information are dependent on the relationship
with other SC partners and type of businesses (Fisher et al,, Bi88ér 199Y. Different

kinds of information are useful during forecasting, producgiamningand replenishment.

For examplehistorical sales data and promotional calendars arefose@les forecasting
whereas POS datand inventory statusre required at the time of replenishment. The
company needw obtain the information frordowndreamsupply chain members érom

other reliable sourcesBut not all SC members areisually engaged innformation
exchange andollaboration. Hengeobtaining all the required information is not always
possible If the company is not able to obtain tinéormation it requires, then mhay need

to manage with whatever information availabke.RDM may help to decide on what
information to collect from different supply chain partners and/or use in the
forecasting/replenishment processes. In addition, a Ry help to identify those areas
where the information exchange can be improved (e.g. based on the reliability/correctness

rating).

Some demand factors may not be relevant in certain environments, for example a factor
like temperaturas a more importantor soft drink products thafor other products like
electrical bulbs or crude oiHere the same demand information (temperature) is valued

differently.

Step 3of RDM - Example from Soft Drink Co

Table 64 reports the detailed evaluation of SC infatiron of Soft Drink Co. Thidists

important demand factors affecting the sales of soft drinks at prorabtésmd norn
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promotion period The last column of the tabkEhowsthe evaluation of SC information.
This evaluation has twaspecs +one is the usefoess of information in forecasting and

theseconds the need for further improvemantthe quality of the data.

From Table 64, it is clear thatSoft Drink Co. can make use of all of the SC information
from downstreammembersexceptfor unplanned irstore promotionsSome retailers plan
in-store promotions (like relback promotions in Asda) independently. Sincestharenot
normally communicated in advance, Soft Drink Co. carplah accordingly, which may

resultin stockouts at retail outlets.

According to the analysis, mb of the promotional informatiois rather reliable and
accurate(exceptthe structure of promotion)ln some occasions, the retailers change the
structure of promotion; but this information is not communicated until the promdti
executed. For exampld 2-for promotion is changed to bogof promotion, then the sales
uplift will be very high, and t may be difficult for Soft Drink Co. to replenisin time.
Currently, the company is not considering the redemption rata @fonotion in its
forecasting. (The redemption rate is the percentage of sales transactioissetatisively
based on th promotional deal. For example, if gpéck of 330ml cans is on bogof, but a
customer buys only one six pack, then this sales transaetiluces the redemption rate).

But, inclusion of thisnformation mayimprove the forecasts

Pricing information seasonalityand trendinformation DUH HY D Ocab WeH/GefiDV
Currently, Soft Drink Cois not using temperature or local weather srfdrecasting. In this
research, temperature and trend information are usdteimultiple linear regression

models in Chaptaen
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Table 6-4 Analysis of RDM of Soft Drink Co

Information attributes o Evaluation
;Demand factors & information Source Availability %:Iﬁjbrg(t*}/y/ Action-ability Importance Useful/ | Need tocheck
signals not
Promotional information
x Promotional slots(timing) SDC + Retailer (calendar) | Intermediate (Week) | High Actionable Extremely important| 9
x Type of promotion SDC + Retailer (calendar) | Intermediate (Week) | High Actionable Extremely important| 9
X Structure of promotion SDC + Retailer (calendar) | Short term (Week2) Medium Actionable Very important 9 Reliability
x Changes tplanned promotion | Retailer Short term (Week.) High (if Sometimes Very important 9 Availability
x Effectiveness of promotion ) ) communicated) . )
- during promotion Retailer (EI_DOS) _ During event H!gh Sonetlmes Very !mportant 9 - y
- after promotion SDC_+Reta|Ie|(S_aIes history)| After event H!gh Not Act!onable Very important 9 Act!on-ab!l!ty
- % redemption rate Retailer (Saleistory) After event (not all High Not Actionable | Somewhat importan{ Action-ability
retailers)
Pricing information
Retail sales price (as a surrogftte Retailer Always High Actionable Extremely important| 9
type of promotion)
Seasonality/Special dates
X Winter, Spring, Summer, Autumn| Public Calendar Always Correct Actionable Important 9
x Weather/Temperature Short term- local weather Short term (Weeld) Correct Sometimes Somewhat importan{ 9 Importance
Long term- historical data | Always Correct Actionable Somewhat importan
x Easter / Christmas Public calendar Always Correct Actionable Extremely important| 9
x Back to School/ Banholidays Public calendar Always Correct Actionable Important 9
Trend and product life cycle
information SDC (demand history) Always Correct Actionable Very Important 9
x Growth/decline SDC (demand history) Always Correct Actionable Very Important 9
X Newl/establishegbroducts
Cannibalisation & Competitor V
information
x SDCproducts in promotion in the| SDC Mostly Correct Sometimes Somewhat importan{ 9 Availability
same or different store
x SDCand competitor products in | Retailer Not always Correct Not actionable | Somewhat importan{ 9 Availability
promotion at the same tinf
same or different store)
Complicating factors
x Poor execution of promotion in Retailer + SDC During event Low Limited Very important 9 Accuracy, action
store ability
x New type of promotion with no Retailer + SDC Intermediate Low Limited Important 9 Action-ability
histor
X Unplan);led irstore promotion Retailer After event Low Not actionable | Important 8 Improve
x Regional difference (Habitstal Retailer/other party Sometimes from Requires further| Not actionable | Important ? collaboration
preferences) regional deals analysis- data Availability,
is not available actiorrability

*SDC - Soft Drink Ca
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&EDQQLEDOLVDWLRQ DQG FRPSHWLWRUVY LQIRUPDWLRQ LI
on its importance, Soft Drink Co. may consider using this information in decision making.
Some of the complicating factors such asmexecution of promotion and new type of
promotion are difficult to be considered in the forecasting. Poor execution of a promotion
will be known only after the promotional event, but it may distort the demand profile. A
peak in the sales profile may beuaoh lower in case the promotion was not executed
properly in the stores or in case stamkts occurred. Regular monitoring of promotions at
retail stores may help Soft Drink Co. to improve the performance. In case of new types of
promotion, the company cansider similar promotions from the past. Comparing similar
past sales event can help to improve forec&stgently, Soft Drink Co. has not considered
ORFDO FXVWRfcandunfingksbfEdriviks. Inclusion of this information may also

help improwng SC performance.

6.3 RDM for Textile Co.

As explained earlier, the development of RDM involves three steps. In step 1, the SC
informationrelatedto Textile Co.is collectedand liged under the relevant grougden in
step 2 each demand factor is evéddaagainst a number of demand attribufElse
information specific tolrextile Co.collected in steps 1 and 2 fosra RDM. The RDM of
Textile Co. is shown infable 65. This RDM lists all thefactors thatmay explain the
demand together with an indicatiohtherole of each partner in information exchantpe,
accuracy of informationthe actionability of the information,the cost involved the

reliability andtheimportance of thenformation.

The main source of information is eithire customer or Tetile Co. But for some other

pieces ofinformationsuch as trend and discount salEsxtile Co. depends oihird party
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information providers, trade fairs and public data. SC information related to proaiotion

evens is available to the company approxiglgthree months in advance. The scale that is
XVHG IRU DYDLODmBLOJakd LMVRPRIGM/RHVY DQG pubDOZD\VY
information is marked as low, medium and high. Actamlity of the information is
PDUNHG DV uDFWLRQDE GibrfaE D &@ales se® How Infpottencd® of
LQIRUPDWLRQ DUH pLPSRUWDQWY DQG MPH[WUHPHO\ LPSR
incur extra cost to obtaibasicinformation but does incur extra cost to obtain some other

information from 3Ps and trade faiRlease se€able 65 for RDM of Textile Co.
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Table 6-5 RDM of Textile Co.

Information attributes Source Availability Reliability/ Action- Importance Cost
;Demand factors & information (in months) Accuracy ability
signals
Type of Customers Wholesaler
Retailer
Promotional information
x Duration of promotion Customer 3-4M Medium Actionable Ext. important No cost
x Product on promotion Customer 2-3M High Actionable Ext. Important Extra cost
(New/Current) Customer 2-3M High Actionable Ext. important Extra cost
x Exclusive brand details Cugomer 1-M Medium Sometimes Ext. Important No cost
x Occasional promotions Customer 3-4M Medium Actionable Important No cost
x Local forecast
Seasonality/Special dates/Govt.
matters
X Winter, Spring, Summer, Autumn
x Weather/Temperature Customer & Always High Actionable Important No cost
x Easter / Christmas/New year Public data
x Back to School/ others (uniform
dress material)
X Govt policy on imports/exports
Trend and product life cycle
information
x Growth/decline Own & customer Always High Actionable Important No cost
x Trend for newéstablishegroducts| Customer/3Ps/Trad Sometimes Medium Sometimes Important Extra cost
e fairs
Competitor information
x Similar products Customer/3P Most of the Medium Actionable Ext. important Extra cost
x Different products time
Complicating factors
xNon availability of full POS data | Customer Not available | -- Not Actionable | Important Extracost
x Discount sales Customers/3P Sometimes Medium Actionable Ext. important Extracost
x Regional preferences Own/3P/Trade fairs| Always Medium Sometimes Important Extra cost
x Cannibdisation Own/ 3P Sometimes Low Sometimes Important Extra cost
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6.3.1 Analysis of RDM Hextile Co.

The evaluation of the RDM of Textile Co. (4@@ble 6-6) suggested exchange of

promotionalinformation,seasonal, trend and competitors informat®@afore including

the irformation in forecasting and replenishment processes, it is important for the
managers to check and improve the quality of the informafiba.information on some

of the complicating factors such as discount sales, product returns and local preference
are available to Textile Co. buhe reliability of thesedataare not high. Hencehe

quality attributes othe dataneed to be checke@he analysis 0fRDM suggest thatthe
managers should continue exchangingSfanformation with special attention sbome

Rl WKH DWWULEXWHYVY WKDW DUH PHQWLRQHG DV pFKHFN

For example, although the promotional information is useful in supply chain planning,
the cost of obtaing promotional information is higlHence maregersfintervention is
essential to reduce thesto Similarly, the cost, reliability and availability of discount
sales information need attention of managers. Curremtixtile Co. uses available
information (fromdownstream partneren sales, inventory, local forecast and discount
sales in theiforecasting and replenishmettitis important for the company to improve

the quality of this informatioto improve SC performance
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Table 6-6 Analysis of RDM of Textile Co.

. Information attributes Source Availability Reliability/ Action- Importance Cost Evaluation
;Demand factors & (in months) Accuracy ability
information signals
Type of Customers Wholesaley Retailer Usefu | Need tocheck
I/not
Promotional information
x Duration of promotion Customer 3-4M Medium Actionable | Ext. important | No cost 9 Reliability
x Product on promotion Customer 2-3M High Actionable | Ext. Important | Extra cost 9 Cost
x Exclusive brand details Customer 2-3M High Actionale Ext. important | Extra cost 9 Cost
x Occasional promotions Customer 1-M Medium Sometimes | Ext. Important | No cost 9 Reliability
x Local forecast Customer 3-4M Medium Actionable | Important No cost 9 | Reliability
Seasonality/Special
dates/Govt. matters
X Winter, Spring, Summer,
Autumn Customer & Always High Actionable | Important No cost 9 | -
x Weather/Temperature Public data
x Easter / Christmas/New yea|
x Back to School/ others
(uniform dress material)
X Govt policy on
imports/exports
Trend and product life cycle
x Growth/decline Own & customer Always High Actionable | Important No cost 9 | -
x Trend for newgstablished | Customer/3Ps/Traq Sometimes Medium Sometimes | Important Extra cost 9 Cost, reliability
products e fairs
Competitor information
x Similar products Customer/3P Mostly Medium Actionable | Ext. important | Extra cost 9 Cost, reliability
x Different products
Complicating factors
x Non availability of full POS | Customers Not available | -- Not Actionable | Important Extracost 9 | Availability,
Action-ability
x Discount sales Customers/3P Sometimes Medium Actionable Ext. important | Extra cost 9 Reliability, cost
x Regional preferences Own/3P/Trade fairg Always Medium Sometimes Important Extra cost 9 Reliability, cost
x Cannibalgation Own/ 3P Sometimes Low Sometimes Important Extra @st 8 | Reliability, cost
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6.4 What is RDM for collaborating companies?

The proposed RDM can be adopted by any company involved in SC collaboration (or
CPFR) and information exchange. i¥his especially useful when two or more
companies are involved in information sharifay collaboratve forecasting and/or
replenishmentAs the main objective of RDM is identifying the demand factors to
improve forecast accuracy, evagrece ofdemand iformation needs to be checked for

its related attributes. Subsequently, this glanhelp the mangers to trace any data, its
source and other related attributesough asingle framework. Developing RDM can
simplify the decision making on whether to amporate that particular information in

the forecast process or not. Subsequently, REdY also assist major decisions on

future SCcollaboration on information exchange.

In the case of Soft Drink Co. sales promotions awery important business strgie

and hence collaboration with downstream partners is essential to exchange promotional
plans. RDM can list the SC information along with its attributes so astbalisethe
importance of information in planning, forecasting and replenishimargaseof a poor
forecast or a poor supply chain performance, Soft Drink Co. can feyesialuate the

RDM to order to identify areas for furthenprovament.

In the case of Textile Cothe construction othe Reference Demand Modelill help
the company tadentify the role ofthe information and its contributioto forecasting.
An initial list of the product demand factaaad the arious sourceof information will
help the company teystematicallydentify the importance of information. By tracing
the hghly valued pieces ofinformation and valuable customer§extile Co. can
establishcollaborationwith reliable customersUItimately, the RDM can help the

company to understand the role of each player in SCM and forecasting.
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However the RDM also has soe limitations. As long as the retailers execute sales
promotions as planned earli¢he RDM will help to guide the forecasterdDeviations
from the original plan and inaccurate information will make RDM less effe¢tweSC
information marked withmedum or low attributes values, the supply chain
collaboration need to be fglanned/reevaluatedo ensureghe quality oftheinformation

so ago havereliable and actiomableinformation.

6.5 Summary

This chapter explained the purpose of developing RDMalsk described the role of

SC information in developing RDM. The key ideas to construct a RDM were explained
through three steps. A step-by-step approach for developing Reference Demand
Model was explained wittan example from Soft drink C&teps 1 an@ explained the
systematic approach for listing SC information and corresponding attributes. In step 3,
the factors are evaluated. Thevdlopmentand analysis (evaluation and interpretation)

of RDM aims toserve as a decision tool for the companies feirtsupply chain
collaboration and information exchange to improve forecast accufdty can help

maregers to understand the actual value of information ic@f@boration.
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Chapter 7 Cross Case analysis Qualitative study

7.1 Introduction

This chapter analysedl of the cases discussed in Chap#and5, and Appendk-I.

This chapter begingy explainingthe variousroles played byeachcase companin the

supply chainThen adetailed crosg€ase comparison is discussed to clarify the role of
casecompanis in MTO and MTS environmenBased on the case analysis, MTO and

076 SURGXFWV DUH IXUWKHU FODVVLILHG DV pHDV\ WF
Using a two dimensionalframework of products and forecastshis research has

suggestd suitable forecastethniques to the case companiBsis chapteranswers the

researclguestions 1 and 2.

Question1l * 3What types of collaborative arrangement exist between manufacturers
and buyers, and what type of information is being exchanged to facilitate CPFR
Queston 2 £+ 3:KDW WHFKQLTXH FDQ EH XVHG WR GHFLGH R

HIFKDQJH LQ &3)5""

7.2 Role ofthe case companies itthe supply chain

As suggested by Yin (1994), in this reseasthdifferent types of cases are considered
for descriptive analysisThe prime focusn this research is tdetterunderstand the
collaborative arrangementith downstream partnens eachof the compaies with
particular focus on forecasting and replenishment, and the information needs to

facilitate these two processes.

With reference to Table-Z, this research can be classified as Type 2 of lesagns
for case studies (Yin,9B4). Multiple cases are chosen unthersingle unit of analysis

tinformation exchange in collaborative supply clsgmoss et al., 2002)



Table 7-1 Basicdesigrs for case studies

Single case designs| Multiple case designs

Type 1 Type 2

Holistic-
single unit
of analysis

Type 3 Type 4

Embedded
multiple units
of analysis

Source: Yin, (1994)

The casecompanies selectefbr this study play differentolesin the supply chain.

Figure 71 shows the main role of case companies in the supply chaminstance,

Soft Drink Ca has two main roles. Onmele is manufactureand supplier to retailers

(Study -1) and another role is manufacturer and supplier to wholesalers {Study

Study1 is Type2 SC and Study is Typel SC(seeFigure 71).

Figure 7-1 Main role of case companies studied

Type-1 SC: 3-echelon supply chain

Type-2 SC 2-echelon supply chain

Manufacturer
Soft Drink Co.
Textile Co.

Crude-oil Co.

Y

Type-3 SC Tier-1 sipplier to OEM

Manufacture
Packaging Co.

Other ‘
EEM Co. "| OEM/Supplier

y

Manufacturer Wholesaler/ z
Soft Drink Co. » Distributor > B | 4
Crude-oil Co. Wholesale Co.

Retailer [, - -
Customer

End

End

Crudeoil Co. hastwo roles to play distributor to wholesalers and distributors to

retailers. Hence, Stued Crudeoil Co. is classified as Type SC and Typ& SC (see
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Figure 71). The majority of products of Textile Co. is sold througtailers and hence
it is classified as Typ@ SC.Packaging coand EEM Co. distribute their products to
other original equipment manufacturers (OEM) and hence they are classified a3 Type

SC.

The purposeof collaboration in the case companies are tgdmforecast and/or timely
replenish. Accordingly, each of the case compdiffers on their information need,

which is analysed further in tliellowing sectiors.

7.3 Cross-case comparison

Table 72 reportsthe case study details of all the six cases casideredn this research

This cross case detail outlines theducts of the company in the environmenMJiS

and MTO. Except Packaging Co. and EEM Co., all the other companies mainly have
MTS environment.The supplier base of Crudeil Co. and Wholesal€o. are local
operators, while the other companies have global supply base. Excepto@rGdeall

of the other companies have more than 5 suppl@ustomers of Soft Drink Co. and
Crudeoil Co. are operating locally within the country. However, alltoé other
companies are also dealing with global customklsst of the products of the case
companies are considered as functional wiiitile productsare considered as fashion
driven and electrical products are considered as innovafilethe compaies have

more tharb product lines with more tharb ktock keeping units (SKU).

Soft Drink Co. is one of the oldest companies otlal cases consideredrude-oil Co.
is in the market fomore tharb0 yearswith mature products, while tHéde cycle sage
of other products are either in mature or growth stdde delf life of all of the
products variegrom 2 days to 2 yearand more The production and distributiofead

time also varies widely fron2 days to 6 monthsExcept Crudenil Co. all the
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companies have low supply uncertaintyBut demand uncertainty of promotional
products is high while demand varies from low to medium for other products under

MTO and MTS environment.

The use of SC informatiofor forecastingand replenishmensidifferentfor all these
companiesThis is mainly because the main purpose of collaboration in each of the case
companies are of two typepromotional forecasting and timely replenishmerte
companiesnvolved in promotional sales (Soft Drink Co. and Textile )\Gaxchange
detaiked information with downstreampartnes for forecastingwhile the others
exchange limited oless detaéd informationwith downstream partneiend mainlyfor

timely replenishment.To facilitate such information exchange, each of the case
companies engagein a different level of SC collaboration with downstream SC

partners.

Soft Drink Co. and Textile Co. are involved in intense SC informadkarhangewith
downstream partners especially for promotional sales. The RDM analysis ofwloese t
cases (Chapter 6) has explained the role of the SC information in forecasting. The role

of RDM in CPFR can be summarised as follows.
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Table 7-2 Case study details

Soft Drinks Co. Wholesale Co. Textile Co. Crude-oil Co. PackagingCo. EEM Co.
Study-1 Study-2 Study-3 Study-4 Study-5 Study-6
(Chapter 4) (Chapter 4) (Chapter 5) (Chapter 5) (Appendix-I) (Appendix-Il)
. 40% MTO MTO 75%MTO

Environment MTS MTS 60 %MTS MTS 2506 MTS
xL ocation of Jute:India

suppliers Mostly UK, UK Yarn : India India Paperindia India, Australia

PP Europe Machinery Switzerland, Machirery: India,
Italy Japan

xNumber of 5-10 N/A 10-30 1 5.15 510

suppliers
xLocation of Europe USA, UK, India, Japan India, Australia, Thailand,

customers UK UK Dubai, Abu Dhabi, & India (more than 100 | Malaysia, Korea, Japairan,

India Customers) Australia,Indonesia, Saudi

xNumber of Arabia, Qatarindia

customers > 4000 > 400 > 200 > 2000 >100 >50
xType of Retailers RetailerLocal WholesalerdRetailers Distributors OEM/ OEM/Wholesalers

customers shopg#independ wholesalers Wholesalers

ent retailers

Position of case
company in SC Type2 Type-1 Type-1 and Type2 Typel Type3 Type3
Product type Fundional Functional Fashion driven Functional Functional Innovative
Number of
product lines/ 10 N/A 5 6 5 5
product families
Number of SKUs | >80 >50 >50 >15 Unlimited Unlimited
Product life cycle Verv | verv | sh verv | L sh Medi
length ery long ery long ort ery long ong ort orMedium
Product life cycle | Growth/ Growth/Mature | Growth Mature Growth Growth
stage Mature
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Soft Drinks Co. Wholesale Co. Textile Co. Crude-oil Co. PackagingCo. EEM Co.
Study-1 Study-2 Study-3 Study-4 Study-5 Study-6
(Chapter 4) (Chapter 4) (Chapter 5) (Chapter 5) (Appendix-I) (Appendix-II)

Product shelf life 2 days +6

(Short/Medium/ Z(Sdr?grs-t) 6 morths morths (ZS-h%;rt;onths Very long (1|;/|2e>c/1iel?r;18) Very long

Very long) (Short)

. Real time basis 3-4 days .
Total lead time 2-3 days 1-3 days 6 weeks+8 weeks o (excluding One weekzsix months
(refining 24 hours) loqisti

ogistics)

Supply . Low Low Low Medium Low Low

uncertainty

Demand Normal saled_ow Low Normal saled_ow Low Low MTS-Medium

uncertainty PromotionsHigh PromotionsHigh MTO- Low
Government

Main reasons for Price, rew vehicles policy and new

Promotions Sales at Promotiors, seasos, ' product New projects and new

demand and new : . .

fluctuation downstream trend customers introductionof regulations on safety products
downstream
partners

Main reasons f(_)r x Promotions . X Promotions .

collaboration with Timel X Timely Timel x Timely N/A N/A

downstream X 1imely replenishment X Timely replenishment

members replenishment replenishment

Main reasons for X Timely

collaboration with

Timely

Timely

Timely replenishment

Timely

replenishment

x Timely replenishment

upstream replenishment replenishment replenishment x New projects | x New projects information
members information

Purpose/ . .

information X Foreca;tmg Replenishment X Foreca;tlng Replenishment Replenishment | Replenishment

exchange x Replenishment X Replenishment

Technology used
to communicate
and for
information
exchange

Web based

Online ordering
system

Advanced
communication:
Blackberry for all
partners and workers to
check email; kiwi to
contact Switzerland and
Germany, Skype to
communicate with UK
and USA.

Advanced
automated
inventory status,
emails, web server|
SMS, phone and
fax

Simple
communication:
Telephone, fax
and emails

Simple communication :

Telephone, faxrad emails, web
based information exchange is
under development to check

inventory position.
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Soft Drinks Co. Wholesale Co. Textile Co. Crude-oil Co. PackagingCo. EEM Co.
Study-1 Study-2 Study-3 Study-4 Study-5 Study-6
(Chapter 4) (Chapter 4) (Chapter 5) (Chapter 5) (Appendix-I) (Appendix-II)
EPOS, promotion Promotional sales
Important . . Inventory,
: . plans, inventory, discount,trend,seasonal, . Inventory, .
information ; : : replenishment : Inventory, productionorder,
price, delivery Inventory, order| order, replenishment production,order,
exchanged- X d lansi local plans,order, local f local forecast MRO
downstream time, order, plansinventory,local feedback ocal forecast
feedback forecast feedback

Information used

Historical sales
promotional plans

Historical sales
promotional plans, local

. . Historical sales Historical sales Historic sales N/A
in forecasting local forecast, forecast, seasons and
special days trend
Historical sales,
Information used Sales forecast discount, trend
in replenishment Ell\;%nstorystatm Inventorystatus production, logistics, Inventorystatus Inventorystatus | Inventorystatus

Government policy

* seeFigure 71
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7.4 Role of RDM in case companies

This researclsuggested some constructive steparadysethe SC information obtained
from downstream partner§he onstruction of RDM is an ideal way @fggregéng
varioustypes ofSC information andheir attributesfor decision makingThree steps are
suggested to construct RDNVhile, steps 1 and 2 dRDM list all of the possible
demand factors along with their characteristics, step 3 of RD@Mvesevaluathg and
interpretng the RDM. This approach can guide managersdexide either to stop
information exchange or continue information exchan§emdimes it is also
suggesting the managers to revisit RDM for future collaboratibris. interesting to
note that although these decisions are common for all of the companies, the purpose of
the supply chaininformation is different for each of the case rapanies.However,
RDM can be used as a commtechnique to decide on the level of information

exchange in CPFResearch Question 2).

Some of the case companies use the sel&@=dformation for replenishments while
the others use the same type of infation for forecasting. For example, the historical
sales information is used by the Soft Drink. @ forecasting and EPOS data is used
for replenishment; however, the sales information is used mainly for thetdong

planning in Packaging Co. but natrfthe short terrfiorecasting.

The products of all of the six cases companies studied can be classified under two main
categories MTO and MTS. Demand forecasting of MTS products, such asdiir@ie

and Wholesale Co. are rather simple comparison tahe other MTSenvironmeng.

+HQFH 076 SURGXFWYVY FDQ EH IXUWKHU FODVVLILHG LC
IRUHFDVWY ,W LV LPSshorWwebnfovécastiRg @oimMpaiaaDdy W K H

MTS products than MTO products. This is becausa MiTO environment, orders are
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received from customers and hence demand is known. For MTS proldedismand
forecast is important to avoithe bullwhip effect (Lee and Padmanabhan, 1997).
Accurate demand forecastan help reducing stoabut and excessventory Based on
the levels of difficulty to forecaddlemand INMTS environments, diffeent forecasting

approachgcould be applied

From the analysis of cases, it is clear that soft drink products and textile products are
difficult to forecast whersales promotions are offered by retailers. To forecast these
products different demand factors need to be identified. Identifying important demand
factors is possible througihe Reference Demand ModéRDM). The RDM can help
forecasters to systematicaligt all possibletypes ofSC information and also to identify
potential SC informationhat can be receivellom downstream partner$he analysis
of RDM will guide supply chain plannersn what informatiorhasto be exchanged.
More sophisticated forecagechniques such asultiple regression modelling can be
used to bettematchthe demandvith explanatory factordn summary, it is possible to
VD\ WKDW pGLIILFX@WironhientgRdh HiseDbdtW RDM Gand regression
models to improve forecast@uracy and timely replenishment (Sesble 73). Difficult
to forecasMTS situation mayarise in the following cases:

x Sales promotionfunctional products)

x Products with short shelf lifer life cycle(e.g. fashion driveproduct$

X After marketspare pes

- Satun (case of aftesales service bgohen et al., 2000)

- EEM Co. forMaintenance Revamping and Overhauling (MRO)

Wholesale Co. and Crudrl Co. are in aMTS environmenbut the demand igather
smooth. Hence, ishould be easyor them to forecst the demandising standard

forecasting techniquesiowever, supply chain collaboration with downstream partners
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replenishments.

Table 7-3 Suggested techniques

Forecasts
Easy to Forecast Difficult to forecast
Wholesale Co. | SoftDrink Co.
Crude-oil Co. el SC |TextileCo. Type2S¢ |
x Standard forecasting X Reference Demand
al|® techniques Model
| = X Make end customer demand X Multiple regression
= visible Models
o X VMI X VMI
>
5 oG F—
Packaging Co.
o |EEmco. Type-3SC
S N/A

Currently, Wholesale Co. does not use any mathematical forecasting techniques, and the
company places rather irregular replenishment orders to Soft Drink a&Bd. not
benefitting from the quantity discounts offered (i.e. when orders are placed as full truck
loads). Soft Drink Co. has better forecasting and inventory management capabilities.
We also showed that simple forecasting techniques could be usestiict pine demand

and that (RQ) inventory models (with the order quantity adjusted to a full truck load)
could be applied. Wholesale Co. would benefit from reduced inventory levels, while
maintaining high service and at the same time earning the qudisityunts when it
would engage in a closer collaboration with Soft Drink Co. That collaboration could
involve making end customer demand visible, applying simple forecasting procedures
and (R,Q) inventory policies (with possibly joint replenishmentsterslower moving

items) and perhaps even engaging in a VMI arrangement with Soft Drink Co.

Crudeoil Co. maintains a good collaborative relationship with downstream SC partners

so as to make timely replenishments. Currently, the company exekéidesand

146



inventory pooling with some retail customers. This inventory pooling facility case can
be extended to others to obtain full benefit of SC collaboration. Demand variability of
MTS productsat Wholesale Co. and Crudel Co. are low,and hencehe demand for
these two products cambe determined bysimple forecasting techniques. i$h
forecasting technique can b®r example, simple moving average, exponential

smoothing or HOt: LQWHUfV PHWKRG

Companies operating iaMTO environment such as Packaging Cod &£EM Co. do

not make any shoterm forecast using the SC information from downstream partners.
Supply chain information from downstream partneray beused to make long term
forecasts and material resource planning. The supply chain collaborati@prgter to

each case company is discussed further in the next section.

7.5 Supply chain collaboration in the case companies

7.5.1 Current practice and suggestions

Soft Drink Co. maintains a good collaborative relationship with downstream partners,
especially retadrs. Hence, the promotional sales informatiowédi communicatedn

most casesTherelationship of Soft Drink Co. with Wholesale Gerelatively new and

is not well established in terms wiformation exchange. This is reflectedthre high

order varability. By edablishing collaboration withup- and downstream partners,
Wholesale Co. can improve the visibility of end customer deamdipass it on to Soft
Drink Co. Engaging in a VMI arrangement with Soft Drink Co. could be highly

beneficial (regulareplenishment orders in full truck loads).

Textile Co. believes that establishing the basic communication at transactional level is
enough with new customers or relatively new customers. Currently, Textile Co.

motivates existing customers for futurelabbration through providing free samples. If
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promotion in collaboration with Textile Co. The communication between the two
parties concentrates on promotional sales only.otlner words, the information
exchange between Textile Co. and their customers is elaborate at the time ofggr®mot

but restricted abther times. This relationshiipromotional sales) igenerally extended

by the companyjurther on future business exors.

Crudeoil Co. has well established collaboratiand VMI with downstream partners
(nearly 20 percendf its customers) to ensure timely replenishment. This arrangement
can be extended further for the remaining customers. EEM Co. and Packagiig Co.
not maintain well established downstream supply chain collaboragi¢imey do not find
much value m downstream SC information. These two companies can think of
establishing upstream supply chain collaboration. As most of the products are MTO,
the cdlaboration with upstream SC partners may help the companies to have raw

materials on timéor production.

7.5.2New perspective of SC collaboration

This research has considered functional products, fashion products and innovative
productsin MTS and MTO enviramers. However, the demand fluctuati®rof
functional productsrenot the same for atasesconsideredn this study.Some of the
companies havpromotional sales as a regular feature of business strategy-1Stundly
Study3 considered soft drink prodis (functional products)and textile products
(fashiondriven products) According to Lee (2002) functional products will have low
demand variability compared to innovative (fashion apparels) proddotsever, the
demand patterns are highly fluctuatiray these two products dise sales are affected

by promotions Analysis of these cases suggested considering all possible SC

information toimproveforecasting and replenishmertence, ér Textile Co. and Soft
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Drink Co.ahigh level collaborationvith downstream SC partners witle beneficialln
simple terms, CPFR will be ideal for these two companiehle 74 reports the supply

chain collaboration strategy of the case companies.

Table 7-4 Supply chain cdlaboration strategy

Forecasts
Easy to Forecast Difficult to forecast

0 High collaboration -
%) E Medium collaboration - CPFR
& VMI
S
=
2
=
S| O .
w E Low collaboration ---

MTS products of Wholesale Co. and CrualeCo. are easy to forecastn these two

cass information from downstream SC partneiss required to ensure timely
replenishmentinformation to be exchanged includes aggregated end customer demand
and inventory status. Based on stock levels, the replenishment can be made on time.
Hence,vendor managed inventory/ Il ) is suggested to these two companies. MTO
products of Packaging Co. and EEM Co. do not benefit much by information from
downstream SC partners. Hensmnpletransactiorbasedcollaboration is suggested for
these two comparse In summary, it is possible wonclude that MTS environments
where forecasting is difficult require a high level of collaboration with downstream SC
partners (e.g. CPFR), MTS environments where forecasting is easy require a medium
level of collaboratiorwith downstream SC partners, whereas in MTO environsrent

low level of collaboration with downstream SC partners should be sufficient (see Table

7-4).

While the previous literature identified that different levels and degrees of collaboration

were posdile (Larsen et al, 2003; Danes¥)07), this current research related supply
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chain informationwith the type of productenvironmentsand their demandorecass
difficulty to decideon the appropriate level of supply chain collaboration. This can be

consideed as one of thkey contributions to the literature.

7.6 Summary

All the cases analysed in this chapter were of two typEsS and MTO. Ina MTS
environment, SC information from downstream partners helped-wrortforecasting
and replenishments. BmMTO environment, SC information from downstream was not
used for shorterm forecashg but for longterm planning. Some MTS products were
easy to forecast while the others were difficult to forecast. Easy to forecast MTS
productscan be controlled bgimpleforecasting techniqeandcollaboration withhave
downstream supply chaito make end demand visible. Difficult to forecast MTS
products must ideally be supported wittiownstream SC collaboratioim order to
obtain detakd demand information.A Referene Demand Mdel and multiple
regression techniqug®r causal forecasting techniquesgre suggested in this case.
Downstream SC collaboratiomas not found importantn MTO environments Three

levels of collaboratioiflow, medium and highwere suggested.
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Chapter 8 Data Description

8.1 Introduction

This chaptediscusseshe salegelateddatafrom Soft Drink Co.The data consists of
the promotional details from four different retailers who run promotions at different
times and includeuration and timing of promotions/pes of promotiors, promotional
featured/display, price discount andieekly sales Salespromotions specific to each
retailer hae a different impact a sales even for similar products. this researchthe

data of abouts0 different productssold by bur leading retailers in the UKvere
analysedThedatais describé in this chapter together with theades used to represent

the observed promotional information

8.2 Data collectionmethodology

As explained in the previous chapttre case studyvith the Soft Drink Co. involved
field visits, direct observations and interviews to deveddRDM. In the process of
validating the RDM,weekly sales datavere collected.The acuracy of the data as
first checkedby companng with the promotional calendar anavhenever necessary,
clarified through discussion with th@incipal or key informantn the case company
The principal or keyinformantis the persoim the case comparwho is best informed

about the data used thisresearch (Vosst al, 2002).

The following characteristics wereollected from the four retailers along with the

weeklysales data

X Typesof promotion

X Size of promotion (includes display location, number of stores)
x Duration of promotion (number of promotional weeks)

x Price discount

X Numbe of differentpromotionsoffered during the promotioweeks
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X Feature (advertisemendsy sports events/coupgns
X Special days/holidays

x Christmas/Easter

X Local weather (temperature)

X Unplanned irstore promotion (if available)

X Timing of the promotion

x Product ife cycle (new orestablishegbroducts)

x Customerdpreferencdfaster moving or slower moving prodsict

Although most of the informatiorould be obtained direct URP WKH FRPSDQ\
promotional calendar, somaher pieces of information (such asunplannd in-store

promotiors, feature, and special dayseededfurther clarification from the principal

informant of thecase company Table 81 shows the types of promotions and the

number of promotionsover a period of 3 year§20052007) at thefour different

retailers(referred in this thesis &1, R2, R3 and R4

In Table 81, WKH ODVW FROXPQ pWRWDO SURPRWLRQVY U
promotions offered by each of the four retailéss somecommon products. Some
retailersofferedmore promotims for 2ltr bottles while othersfferedmore promotions

for 500ml bottles. For example, R1 offered 200 promotiofts 2ltr bottlesin total

during 20052007whereadhe other three retailersffered202, 135 and 195 promotions
respectively. For fpacks330ml cans R1 offered195 promotions, R2 offered 43
promotions, R3 offe 172 promotions and R4 offered15 promotions. For 500ml

bottles R2 offered promotion throughout the year 200s is represented agf fin

Table 81. R3 did not offer any prommin for 500mlbottles R1 and R4 offered 84 and

92 promotions respectivebn 500mlbottles
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Table8-1 1XPEHU RI SURPRWLRQV DW UHWDLO VWRUHVY IRU OHDGLQJ SURGXFWYV

Type and number of promotions
MERJRIT KD 2 for £ 3 for £ Other promotion Total promotions

Products R1 | R2IR|R4|R1| R2| R3| R4 |R1|R2|R3|R4 | R1 | R2 | R3| R4 R1 R2 R3 R4
2lt-P1 12 | 10] 2| 9 4 | 11| 4 7 - - 3| - 211165 - 18 22 14 16
21t-P2 11| 10 21 9 4 11 4 7 - - 4 - 2 1 5 - 17 22 15 16
21t-P3 11 6| - 9 4 8 - 7 - - - - 2 1 - - 17 15 - 16
2lt-P4 11 | 10] - 9 4 1 11| - 7 - - - - 2 |1 - - 17 22 - 16
21t-P5 11 6| - 9 4 8 - 7 - - - - 2 1 - - 17 15 - 16
2t-P6 - - - 4 110| 4 1131 8] 2| 8] 6 - - 5 - 12 12 17 19
2lt-P7 - - - 4 116| 4 112|182 | 8] 6 - - 5 - 12 18 17 18
21t-P8 9 - 8 4 12 4 7 - - 3 - 1 - 5 - 14 19 12 15
2lt-P9 9 - 8 4 | 12| 4 7 - - 3| - 2 - 5 - 15 19 12 15
21t-P10 9 -] - 8 4 - 4 7 - - 3 - 2 - 5 - 15 -- 12 15
21t-P11 9 7| - 7 4 12 4 5 - - 3 - 2 - 5 - 15 19 12 12
2lt-P12 9 71 - 5 4 | 12| 4 5 - - 3| - 3 - 5 - 16 19 12 10
21t-P13 9 |- - 5 4 |- 4 6 - |- 3 - 2 |- 5 - 15 -- 12 11
Total 110/ 70| 4 | 86 | 52 |123| 40 | 97 | 16| 4 |41 |12| 22| 5 |50] 0 200 202 135 195
6pk-P1 2 41 - - - 9 3 - 116 1] - 1] 2 - - 4 21 4 --
6pk-P2 11 8 21 9 4 9 8 7 3 - 4 - - - 1 - 18 17 15 16
6pk-P3 9 8 2] - 5 9 8 - 3| - 4 | - - - 1 - 17 17 15 --
6pk-P4 9 71 2| 14| 5 9 8 6 3| - 2 | - - - 1 - 17 16 13 20
6pk-P5 9 7 21 11 1] 5 9 7 6 3 - 1 - - - 1 - 17 16 11 17
6pk-P6 4 41 2] 3 1 9 5 (18| 4|6 ]| 2| - 4 - - - 9 19 9 21
6pk-P7 4 41 2| 3 1 9 5 118 4| 6| 2| - - - - - 9 19 9 21
6pk-P8 4 41 2] 3 - 9 5 (18| 4|6 ]| 2| - - - - - 8 10 4 21

153



Type and number of promotions

MERJRIY KD 2 for £ 3 for £ Other promotion Total promotions

Products R1 | R2IR8|R4|R1| R2| R3| R4 |R1|R2|R3|R4 | R1 | R2 | R3| R4 R1 R2 R3 R4
6pk-P9 11 8 2] 10| 4 9 8 6 - - 4 | - - - 1 - 15 17 15 16
6pk-P10 11 8| 2|10 5 9 8 6 - - 4 | - - - 1 - 16 17 15 16
6pk-P11 11 8| 2 10| 4 9 8 6 - - 4 | - - - 1 - 15 17 15 16
6pk-P12 11 71 2| 11] 4 9 9 6 - - 2 | - - - 1 - 15 16 14 17
6pk-P13 11 7 21 11 ] 4 9 9 6 - - 2 - - - 1 - 15 16 14 17
6pk-P14 11 71 21 11] 5 9 9 6 - - 2 | - - - 1 - 16 16 14 17
Total 118| 91 | 26 | 106| 47 | 126|100 109| 25|24 |36| 0 | 5 | 2 |10] O 195 243 172 215
500ml-P1 - - - - 7 Y - 16 - - - - - - - - 7 -- - 16
500ml-P2 - |- - - 71Y - 16 | - - - - - - - - 7 - -- 16
500ml-P3 6 |- - 1 8 Y - 11 - - - - - - - - 14 -- -- 12
500ml-P4 6 |- - 1 8 Y - 11 - - - - - - - - 14 -- -- 12
500ml-P5 6 |- - 1 8| Y - 11 | - - - - - - - - 14 - -- 12
500ml-P6 6 |- - 1 8 Y - 11 - - - - - - - - 14 -- -- 12
500ml-P7 6 |- - 1 8| Y - 11 | - - - - - - - - 14 - -- 12
Total 30] 0[O 5 [54] 0 o [87]J]of[fO0]JofOoO]J]O]J]O|[O]O 84 -- -- 92
JuiceP1 - 5] - - 3 - 3 - - 4 - - 1 1 1 - 4 10 4 --
JuiceP2 - 5] - - 3 - 3 - - 4 | - - 111f1 - 4 10 4 --
JuiceP3 - |- - - 8 |11 19| 15| - 2 - - - - - 8 13 26 15
JuiceP4 - |- - - 8 | 11| 19| 15| - 2 - - - - - 8 13 26 15
Total 0 [10] O 0 [22) 2244|300 |22)14f 0| 2| 2|2 ] 0 24 46 60 30
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Some retailes offered more bogof while others gave mor&oRand 3for promotions.
Figure 81 shows the peentage of each type of promot®woffered by different
retailers. The retailer Rffered more bogof and haHorice promotions (51 percent)
while the retailers R2, R3 and R4 offered mos2promotionsR1 offeredless 3for
and other promotions (® 8 percent). R2 offered around5% of 2for promotions
which is the highest of abf its promotiors. Nearly half of the promotions offered by
R3 were 2for promotions R4 offered61 percent of2-for promotions.This percentage

split of promotional typesnicluded only leading or major selling products.

Figure 8-1 Percentage of ypes of promotions offered byfour retailers

100%
90%
80%
70% others
60%
3-for
50%
40% 2-for
30% bogof & halt
20% price
10%
0%
R1 R2 R3 R4

Other details on promotios such as display locatioand percentage discount are
differentfor different promotiors and cannot bpresented in a single tabbe figure.
The presenceor absence othesecharacteristics magffect salesFor example, bogof
promotions may have a huge sales uplift whitleiBpromotions may not have such a

big impact on sales.

The datawill be further analysed in chapters eight and nine through structural equation

models and multiple linear regression models.
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(Hair et al, 2006)suggested that data should be cleared to be error free before using it
for furthe analysis. For example,a lower (than average¥ales figures during a
promotional eventnay causeambiguity either on the sales data or on the promotion
calendar.In the case of Soft Drink sales datacls problems wersolved by double
checking the actuaales events with therincipal informant.Carefulcrosschecking for

any unusudy high or low sales and discussions witte company diicials ensured

error free data.

Figure 8-2 Example of average saleduring promotions at R2 for 2ltr bottles

30000
R 2-for (in -store)
25000 L >
*
20000 T bogofand halfw = .
o L T it \ ....... & —, "
.E ::" ’-_: i:' R R . .‘-:
315000 ., . ‘ . . *
g e
8 ’ * :....,. ...............
10000 . R . P
....... * ot *e %, . o
................................... ' L 4 .-"“."-".‘"______..-......
5000 e
2-for and 3—qu/
O T T T T T T 1
0 5 10 15 20 25 30 35
Promotion weeks

For instance, irFigure 82, there were two instances g@romotional sales exceeding
20000 unit§ which prompted further enquires for such an unusually high demand.
Though tlis particular promotion was mentionad 2for in the promotion calendait

was later noted thathose twosales wee the 2-for promotions but with unusually low
prices. The retailer R2 stuck to the previously agreed promotion type but reduced the

price during the promotion. This resultedunusuallyhigh salesn these two instances

“ 1unit represents a case of 24 or 48 cans or bottles
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To ensure error free data, sales of all leading products (2Itr pet bottles, 500ml pet bottles
and 6packs of 330ml cans) were plotted separately in grdph®ach retailerOn
analysing the gragh unusual das (either very high or very low) during promotions
were identified. Such discrepancies were discusstidthe Soft Drink Coand clarified
beforethey were used istructural equation models and multiple regression forecast

models.

8.3 Scalesused to represent quantitative data

A promotionaleventis a majorexplanatoryfactor of demand but itincorporates many
elementsnamely (i)type of promotion(ii) size of promotion(iii) duration ornumber

of promotional weekg(iv) price discountand(v) promotonal features There are also

other elements which will improve sales independently or in conjunction tivih
promotionssuch ag(vi) special daygChristmagtaster/holidaysynd (vii) seasonality

and averagetemperature. Some factors such as (viii) quuct life cycle, (ix) sales
SHULRG DQG [ FXVWRrotbllevifsed uh ithieHibtdd apdyidisie inkbact

of each of these factors was visualised by plotting the actual weekly sales against the
presence and absence of each factorsKgpee 82 and Figure ). The scales used

for representing the promotional and the 1ppomotional elements are of two types

one is continuous such as percentage discount and temperature, and the another is
categorical such as presence or absence of speciglagi(0 or 1) and type of
promotions (1 to 5 scale).

(i) Type of promotion is apromotional mechanismsed in the retail outlet As given

in the case study of Soft Drink Cim Chapter 4the company offers 5 different types of
promotions xhalf-price, bogof, 2for, 3-for and others In general forall the retailers,
QRUPDO ZHHNV ZLWKRXW DQ\ SURPRWLRQ DUH PDUNHG

HYHQWY DUH P Duli farGetdileMR4, the ftype of promotion is categorised
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under ordéhal scale of one to fivevith 5 representing halbrice and 1 representing other
promotions. This is écause the retailer R4 runs various promotions at the same time in
different outletdor some products

(i) Size of promotion represents the number of &srrunning the promotiomhis
alsoincludes thenumber of prominent display locations attached to the promotional
events.Some retailerslike R4,prefer to run promotions at superstores and small stores

at different timeswhile others prefer to run prastions at the same time all outlets.

JRU UHWDLOHUV 5 WR 5 WKH GLVSOD\ RI SURPRWLRQ

DQG p 1T IRU VSHFLDO GLVSOD\ DW JRQGROD HQG RU SOL

Figure 8-3 Example of average sales during promotions at R4 for 2ltr

bogof Half-price

Types of promotions

2-for

3-for

50000 100000 150000 200000 250000 300000 350000

o

Average weekly sales in units

All of the retailers gcept R4 run similar promotions at all of their retail outlets in a
particular period of time. The retailer R4 follows different types of promotions at

various retd outlets at the same time or different period of time. Hi€gure 8-3| it

can be seen th&r R4, 2for and 3for promotions haveegisteredsales in the rangef
30000 units to 80000 unit$Vhereas, bogof and haglfice salesare in the rangef
50000 units to 280000 unity this case, 2or and 3for promotions were run in the

small outlets and bogof and halfice promotions were run in supergsrat different
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period of time For retailer R4, the size of promotion is m&asl in the ordinal scale 1

to 5.

(i) The duration or length of the promotion is the number of weekthat the
promotion is run by eachretailer. This is normally betweeone to fourweeks.
Occasionallythe promotionswill continte for eight weeks From the data analysis, it

was understood thajenerallythe sorter duration ofpromotion showa better sales

uplift than longer promotions. Similarly, too many promotions in a year do not
necessarily give a bettevalesuplift. The duration of promotiongs measured as a
continuous variablen weeks

(iv) Price discountor sales priceis arotherimportantfactorinfluencing FXVWRPHUV |
purchase behavioufhe same price discount may have a different impact on sales when
more packs are involved. For examplee halfprice, bogof and buy twgettwo-free
promotionsresult inthe sameprice discount of 50% compared with the normal price.

The percentage discount is calculated as follows:

Percentage discount = (Base pricepromotional price)/Base price

The lese price refers to the price abrmal timeswithout promotion.For most
promotions, the percentage discowaties betweer20 and 50 percentFor example,

when the normal price of 2| pet bottle is £1.75, customers will benafit a14% price
discountonp-IRU ... 1 SURPRWLRQV 3HUEBQWBEIH43NE FR X QW
mentioned earlier, itferent promotional strategies such as bogeforand 3for will

havea different impact on sales, though sometimes tinay have the same psentage

of discount on price Specifically, the promotion typesfar and 3for will have the

same percentage discount; but, the number of units per sale will be different. In other
words, the buyer needs to buy two unis2-for promotionor three unitsin 3-for
promotionsto benefit from the promotional saldsor example,n a buytwo-gettwo-

free promotiona customer has to buy four units compared to one unit only under-a half
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price mechanism.Though both the types of promotions result in the same 50% price
discaunt, the impact of a halprice promotion on saless typically bigger than the
impact of bogof or buywo-gettwo-free promotions. The sales pce can be included

in the models and is a continuous variablée percentage discouveiriablecan model
different types of promotionand possibleliminate some of the categorical variables.

(v) Promotional features involve marketing activities that are related to improve brand
image and saledAccording to Soft Drink Co, product exposurgenerallyimproves
salesand henceSoft Drink Co.tries a variety ofpromotional features. The company
spend a proportion of its profit on marketing activities such aadvertising. For
example, commercial advertisements during pritinge televison programs attract
more sles Some n-store advertisemerdlso involvesadvertisingcost thatincludes
location of display and sign boards. For exangplgondolaend display attracts more
sales than usual displayn the shelves. But all the products will not be displayed in
gondda endas the cost attached to this display is quite hRgither than considering

the cost of advertisement and its impact on sales, in this research, the presence or
absence of advertisement ERQVLGHUHG DV D FDWHJRUIFBIDO YDUI
retdler R4 there are a number of display locations available and each one of these
locations is different in terms of cost of advertisement and sales uplift. For R4, display
location is represented through ordinal scale 1 to 5.

(vi) Special days: Sales ofsoft drink products do increase chgiholidays and special
events.Normally festivals like Christmas and Easter increase s@lesse dtes are
collected from the publicly availablealendar Special days are also modelled by a
FDWHIJRULFDO RDWLPEOH RI p 1

(vii) Seasonalityandlocal weatherimpact the sales of soft drigkHistorical local

temperaturdmonthly averagels considered for further data analysis. This is collected
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from the website (TW\ANW.metofice.qov.uh In further analysis, the local temperature is

considered as a continuous variable.

(viii) Product life cycle: The impact of promotionsnowvell establisheghroductsmay be

different from newproductsthat aregjust introducedn the marketFor example, when

WKH FRPSDQ\ LQWURIXAHIG WKHVH FBWRGXFWY ZHUH KHEL
media. The sales data in these periods may not be a good reference for predicting the
demand when the product becomes more mature. We have categogizeddicts in

two groups: The recent (new) products and the-esthblished products, and for those

products where we had data spanning the tweclfde phases, we have truncated the

time series so as to remove the introductory phase.

From 2005 to Q07, Soft Drink Co has introduced 25 to 50 new varieties in carbonated

drinks. All of these new products are not usually introduced at the same time in all of

the retailers. Some products are introduced specifically through one retailer. For

example, if Cta drink is introduced through retailer R4, then the Orange drink may be

introduced through retailer R3.

(ix) Sales period in the calendar years the week in the year. It snumberrunning

from 1 to 52 This sales periodls meant to capture the salsctuation in a time series

data

X) &XVWRPHUVY ®BruheIpiddiecQdidentified from the historical sales data.

Similar products on promotion at the same time responded differently for each retailer.

Based on the volume of sales in the gro@iproducts, it wasnarkedfrom 1 to 5in an

ordinal scaleFor example, a fast moving orange drink with the highest sales, among a

group of similar orange drinks, will have the highest customer preference with the scale
$OQRWKHU RUDQISKIDUUMELIMNW I ROH[W KLIKHU VDO

the scale of 4.
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The scales used to represent the sales volume and the other exploratory variables are

either categorical or continuous variables as summariséahile 82.

Table 8-2 Scales used in the data analysis

Variables Retailers R1, R2 and R3 Retailer R4

Type of promotion Categorical variable (0/1) Ordinal variablg1,2,3,4,5)
1-promotion,Gno promotion 5-half-price 1-other promotions

Size/displayof Categorical variable (0/1) Ordinal variable (1,2,3,4,5)

promotion 1-special display; o specialdisplay | 5-superstore special display;

1-no special display

Duration of Continuous variable Continuous variable

promotion

Price discount Continuous vadble Continuous variable

Promotional feature | Categorical variable (0/1) Ordinal variable (1,2,3,4,5)
1-special feature;-@o special feature | 5-most advertisement least

advertisement

Special days Categorical variable (0/1) Categorical variable (0/1)
1-special day; tho specal day;

Local weather Continuous variable Continuous variable

Life cycle Categorical variable (0/1) Categorical variable (0/1)
1-mature product; ®ecent product 1-mature product; ®ecent product

Sales period Continuous wariable Continuous variable

Customer preference| Ordinal variable (1,2,3,4,5) Ordinal variable (1,2,3,4,5)
5-most preferred productleast 5-most preferred productleast
preferred product preferred product

Weekly sales volume| Continuous variable Cortinuous variable

Number of packs Continuous variable Continuous variable

Other factors such as competition and complicating factors (giveasm study Gapter
4) are not quantified as they are more of qualitative in nature. These are left for
judgemetmal decision makingThis research study suggestbet the company should

analyse their historical sales data and also to have further discussion with the retailers.

Similar to the local temperaturend customer preferencanother important factor
which alters the sales of different produdsv WKH FXVWRPHUVY SURGXF
(drinking habi). Health awareness among loc@mmunities may increase the sale of

noncarbonated and fruit juice in place of carbonated soft drinks. Although it is not
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consdered for the data analysis, this report suggeiaithe companyhouldinclude

it in their judgemental planning and forecasting.

In order to explain the characteristicstioé data used fostructural equation modelling
and regression analysis, daptive data analysisvasconducted using a sampdé the

data Thisis furtherexplainedn the next section.

8.4 Descriptive analysis of sample data

A sampleof sales dataf 6-packs 330ml cans faetailer R1was considered for this
descriptive analysisThe product considered iBis analysis is relatively new product
introducedin the market in mid 2004The data includes three yea(80052007) of

weekly salesdata. The ample is selected in such a way that products were on
promotion at the retail dlet at the same period of time and belonged tsimilar

category. Pleassee Table 83, which lists the maximum, minimum and average

number of sales during promotarmnd norpromotioral weeks In this table average

sales volume (in cases) per promoéibweek is differentiated under three categories.
Column one uDOO WI\SHV R IreBddéhhie \&hlerRgeWieekly sales during
SURPRWLRQ LUUHVSHFWLYH RI WKH W\SH RI SURPRWLF
represents t promotional sales during pronmtal week for a particular type of
promotioniIncROXPQ WKUHH pPpSUHVHQFH RI GLVSOD\ &KULVW

weekly sales with special display during Christmas and during other times.
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Table 8-3 Promotional and nonpromotional sales

Average sales/promotion week
Particular Presence of
All type of . .
. ; promotion Display (D)
Statistic | promotions ;
(1) type Christmas (C)
(2) 3)
Normal
sales Mean 538
95% Confidence
Interval for Lower
Mean Bound 516.73
Upper
Bound 559.41
Median 517.31
Std. Deviation 332.35
Minimum 147
Maximum 4036
Promoti 3187 (Weekl) | 2135 (others) 3447 (D)
onal 3192 (Week2) | - (3-for) 4036 (C&D)
Mean 3141 3026 (Week4) | 3899 (bogof)
2829 (Week5) | -- (half-price)
1756 (Week6)
95% Confidence
Interval for Lower
Mean Bound 2951.45
Upper
Bound 3329.86
Median 2479.81
Std. Deviation 2418.33
Minimum 542
Maximum 17325

From the given statistic, it is clear that theeeage promotional sales increased to 5.8
(=3141/538) times of normal salégom column (1), it can be seen that thenpotional
sales in weekene to threavere stale and then the sales started decliningwek six
the promotional sales had declinedrmarly45% of the average promotional sales.
the column (2), the $sswith bogof promotiongeached the highest sales figure with an
average of 3899 units pergmotion week.The impact of promotional splay is
evident from the sales figure given in column (3). The average promotionalsties
special display increadethesales t03447 units.The special display during Christmas

increased the sales to 4036 units.
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Table 83 alsoindicates some otheiifficulties. For example, the maximum sales during
normal weeks are 4036 and minimum sales during promotional weeks are 542, which
are not exactly representing the actual normal and promotional sales respectively. In this
case, it was important to cortenformation from different sources such as promotional
calendar, sales data and temperat8t#l, the statistic of sales did not match with the
promotional calendar or other public information, in such cases it was necessary to

clarify thiswith of thecompanyfV NH\ LQIRUPDQW

Through these discussions witie companyit was identified that the maximum sales
volume of 4036 during normal weeks wasindication ofa promotion running in the
store, but not indicated in the calendar. Similarly, theirmim sales volume of 542

duringa promotional week isorrespondingtqtQR SURPRWLRQY LQ WKH VWR

The data description and descriptive analysis clearly indicate thatadhmfonal sales
are related to type of promotions, promotional weeks, percerdesgount and many
other demand factors. The correlation betweernfalhese variables with reference to

sales is calculated usitiige Pearson correlation coefficieim Chaptero.

8.5 Summary

This chapter introduced the sales data and various detailsdrétaippromotions.The
reliability of the datawas guaranteed through rigorous crokscking and clarification

with the case study company. Theakes usedo represent the promotional and non
promotional elements in the data wer@lexed in detail todcilitate further analysis in

the following chaptersrostructural equation modelling and multiple linear regression
models. The next chapter will introduce measurement models and structural equation

models.
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Chapter 9 Structural equation modelling

91 Introduction

A set of demand factors identified usitige case studyf Soft Drink Co. in Chapter

four have been used in developiR®M in Chaptersix. From the RDM of Soft Drink

Co. four major demand factors namely promotions, special days, seasons and customer
prefeence were identified. d identify the inteirelationships amonghese demand

factors andactualsalesvolume, a structural equation modelling approach is used in this
research.In the process of develo the structural equation model (SEM), a
conceptualdemanefactor relationship is established as a logical sequéocehe
Reference Demand Modekplained inChapter6. Based on this conceptual demand
factor model research hypotheses are developgd GHUVRQ DQG *HUELQJYV
step approachto strucural equation modellingis incorporated intesting these
hypothesesThe research hypotheses #nen testedusing sales data &oft Drink Ca

with a major retaile(R4) in the UK.

This chapter presentie procedural expansion of model constructs #relescription
of modelfit indices. The nmeasurement modeind the structural equation modehkre
presentecand discusseth this chapterThe structuralequationmodel represents the
inter-relationship among promotional factorspecial days, seasonaactors and
customer preference$he drect and indirect effect of thesdemandfactors on sales
volumearealso analged throughthesemodels. The proposed SEMiIm to serve as a
tool to categose the demand factors specific tdariet bottles 500 mland 6packsof

330mlcansin a more general form.
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9.2 Conceptual demandfactor model andhypotheses development

The iole of demand information on various supply chawasdiscussed in greater detalil
in the case studies i@hapter4. Then the RDM specificat the Soft Drink Co. was
developed in Chpter6. Demand factor information fdiorecasting purposes was also
discussed in these two chaptefSurther quantitative analyses of th#emand
information identified fromthe RDM of Soft Drink Co.are discussed ithis chapter.
From theRDM, the demand factors are grouped mainlyfaur latent constructsThe

underlying relationships among geefourlatent constructare testedh this chapter

IQ WKLV FKDSWHU WKH LQIOXHQFH R balékatumeRsX U

hypothessed (SeeFigure 91). The conceptual mdeldemanefactor model has set five

hypotheses to test the relationships among factors (latent constructs). Thisisnodel

validatedusingactual sale datao form a structural equation mdde

Figure 9-1 Conceptual demandfactor model

Recent technology advancement has created many avienuearketing opportunities
such as internet advesgmens, television adveidement, text messages etc
(Swaminathan and Tayur, 2003). Apart from these media advertisemeistsran
display locationmay also have a greampact onsales (Cooper et al., 1999). $oft
Drink Co, collaborating partners deciden the type of promotons, the timing of

promotions andhe display location in advancén this chapter, for the purpose of the
167
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SEM analysis, the sales data of retailer R4 for three years-@WH is considered.
This is mainly because the retailer R4 runs a variety of ptioms at different periods

of time in many stores.

9.2.1The influence of promotional strategieson sales volume

Traditionally, promotionsare intenced to boost normal salethroughthe adgtion of
some specifiqgpromotional salestrategiescombined with prie discounts. From the
case studyof the Soft Drink Co. (Chapter 4)t has been foundhat the type of
promotion decides product pricing, which varies widely across various promofibses.
promotional factorglatent construct-PF)includes four variabesuch as

X Type of promotionPF1)

X Size of promotionRPF2

x

Durationof promotion(PF3)
x Price discoun{PF4)

As explained in Chapter eight (s€able 82 for scales used in the data anal@

8-2 Scales used in the data anall3ise type of promotion can be save x%, buyo8

£x or buy 3 for 2, 2-for £x, buy-onegetone free (bogof)and halfprice. The type of
promotion, size of promotioand period of promotion are represented through the scale
of 1-5. The sze of thepromotionis reflected eithern the display location or in the
number of stores participating in the promotional salér example, the display
location in a normal store is on the shelf, end aisle or gondola and will have different
impacts on sales. Eise are represented with the scale of 1, 2 and 3 respectively. At the
same time, display location on shelves and gondola end at big stores will be measured
as 4 and 5. Please note that the big stores do not offer end aisle for dsphajhe

retailers ad the manufacturer collaboratively decioiethe display location. Some of
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the display locations may incur extra costs. All the parties involved in promotional sales

may bear some dhe costs.

Duration of promotion and price discount are continuousgbkes. The duration of the
promotion may be short duratigt to 4 week} or longer duratior{4 to 8 week3. The

sales volume throughout the promotional weeks is not the Eooper et al., 1999)n

certain cases the sales in the first week will bey vegh and then the sales will
gradually decline, but in some other cases the sales for the first 5 weeks will be stable
and then slowly start declininfuring this periodthe marketing department works in
coordination withproduction teanfor production and replenishmenthe pomotional
planning also includes decision making especially for price discounts. Every aspect of
the promotion may have a differentmpact on sales buthe overall rationaleor

expectation is thagaleswill grow. This argument &ilds the first hypothesis.

Hypothesis 1 Promotioral factors have a positiveinfluence on overall sales

performance

9.2.2Influence of non-promotional demand factorson sales

Some other demand factofether than promotionshave also been indentified in
Chapter 6, when the RDM of Soft Drink Co. was discussé&tiese on-promotional
factors are grouped in this chapter as Special days, Seasonal factor and Customer

preference. These three rpromotional factors ardescribedelow.

Generally, sales of soft diks during holidaysand festivals arexpeced to be higher
thanduringnormal days. In tis research, this particular factor on holidaysl festivals

LV UHSUH\BPHeQial tb@§ DYKILFK LV VLPLOID preWoisresaR® LG D\V |
studies(Cooper & al., 1999; Divakar et al., 2005 addition to holidays, the factor

M6SHFLDO GD\VY LQ WKLV UHVHDUFK LQFOXGHYVY PDLQ IH
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Easter, and alsmcludes otherholiday or celebration periodsich asschool vacation
PRWKBDVIDWKHUYfV Jday aMdbenk Qdoliday3 kh\short the factor
M6SHFLDO GD\VY 3D)\wthQed/twor&isbiwd) X FW

x Festivat (SD1)

X Any other holidays orpgecial occasionéSD2)
Both of these YDULDEOHYV RI ODWHQW aréDrepnésebtedu h®EGRLD O G

categoricalalues (0/1)

The next norpromotional demand factor is seasofadtor (latent construetSF) that
includes

X TemperaturéSF1)

X Sales periodSF2)
7KH YDULDEOH pPWHPSHUDWXUHY UHSUH dthQANOtheWw KH DY |
variable that has close relationship with temperature is the season of the year (winter,
spring, summer and autumn). The season of the year has been specified in previous
research using days or weeks of the year (Cooper et al., 1999). ktetits,research,
WKH YDULDEOH pVDOHV SHULRGY UHSUHVHQWY WKH ZHt}
week of the year i avoid missing any seasomBoth these variables, temperature and

sales period, are continuous scales.

The next group of tweariables are used to represent customer preference collectively.
7KH ILUVW YDULDEOH LI geri2r@l Q¢ GolurtelbRs@l&fla \Wodubi) N 1
the indicator ofthe customerdgjpreference for a product amoraggroup of similar
products(Dube 2004) This is referredo DV p S U R Gof & pvodud@whielis based

on sales volumef the productProducts ranlof a product in this research is interpreted
astheEX\HUVY FKRLFH IRU &yktp & WiRi@anpFoducBiPIRQMrink

Co. It should be noted that the ranke$ notinclude comparison withFRPSHWLWR UV
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brand. Product rank is represented throwghordinal scale from 1 to.5The second
variable of customer preference is the distinction between new and established products.
In Soft Drink Co., the ales of established products are always different from new
products. ,Q VXPPDU\ WKH IDFWRU pFXVWRP-HP) Bas tWbHUHQF F
variables-

X Productranks(CP1)

X Newl/established product€P2)
The new or establishedq@lucts are represented throumtichotomous scal€)/1). In
JHQHUDO WKH DEVHQFH RI SURPRWLRQ LV UHSUHVHQW

(seeTable 82).

The objective of this chapter is to recogaithe relationships underlyirige demanaf
different products2itr and 500ml pet bottlesand 6packsof 330ml cans The ase
study with theSoft Drink Co. has helped to understand the marigtpractices on
promotionsfor these product$romotions area major contribubr to sales volume and
need to be coordinated between the manufacturer (Soft Drink Co.jedaitess. The
collaborative planning decideon the period of promotion, display location for
promotional items, marketing strategies, dtce case study findingsave been used to

formulate the researdhypotheses.

The first noapromoW LR QDO 1D F W R U-SDVNarh8liy, Fdstive séasdhy ke
Christmas or Easter, regional holidays such as bank holidays or school vacations and
other occasions lik& alentines Day or MothersDay will increasesales. Although the

case compangloesforecastsales duringChristmasusinghistoric sales data, they do not

give muchattention to the othespecialdays. In the demanrictor model, all these
festivals andspecial occasionsare included in the name of Special days As the

historical sales data showsigreasedsales duringhe above mentionedpecial days
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(especially for 2r pet bottles), it is wise to test its reliabilityising SEM. Hencethe

second hypothesis as follows.

Hypothesis 2 Spedal daysinfluenceoverall sales performangesitively

The secondonpromotional factor is related tihe seasonal facto-or products like
soft drinks, sale volume generally depend on the local weather or temperature
(Divakar et al., 2005) From thesales data of Soft Drink Co. it is understood thghh
temperaturetiasincreasd the sales of 500ml bottles many retail outlets.Based on

this observation, the next hypothesis is formulated as follows:
Hypothesis 3 Seasonalactors have positive ipact onoverall performance of sales

All the products from a same manufacturer will not have consistent sales volume
throughout a year. Some products ncapturemoremarketsharethan the other€ven
similar products are valued differently by consumerdiffierent period of time (Sun,

2005; Ailawadi et al., 2009 Based on thesales volumgthe products areankedunder

five different levels to represent theustomer preferencelThe new products and
established products are not perceived equally bgubktomers. The preference for new
product and established products is different and it is reflectde: sales volumeThe

next hypothes is U H O D W L Q J preiekeh¢edittiHthe\oferall sales performance.

Hypothesis 4 Customerpreference of the pduct influences overall performance of

sales

Hypotheses 1 to 4 hawestablished relationship between eaéhthe latent construct

with latent FRQVWUXFW pRY HU D Of5o8 &l &f bR &f Bh® 1Q3F btdét laterd O H V
constructssuch as seasonal factand promotionalwill have a positiverelationship
(Cooper et al., 1999)his relationship may influence the overall performance of sales.
For example, the sale of soft drinks during Christmas will have different sales volume in

comparison to the sale ebft drinks during Christmas with bogof type of promotions.
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In this case, Seasonal factor and Promotional factors are acting together to improve the
sales. Hence, it will be ideal to find the intefationship among latent constructs and
overall perfornance of sales. Based on this argument, the next research hypothesis is

formulated as follows:

Hypothesis 5 Significant relationship among r@motional factors,special days

Seasonalactors andcustomeipreferencewill influence overall performance of .

The eploratory nature of hypothesis 5 intends to identify the irg&&ationship among
promotional and nopromotional factors gpecial days, seasonal and customer
preference). This analysis will also assist in identifying the direct and indirect eff

these relationshipsn overallinfluence of sales

9.3 Data

The data for our analysis includes sales data25 different soft drink, over the past
three yearg20052007). For the purpose ahe comparison of SEM modelsf 2ltr
bottles sales dataf two different retailerdR2 and R4)areconsidered. Tisedataare
mainly considered for studying characteristics of demand factors with respect to
promotional sales but not for studying the changing interest of buyers. Hence, it is not
treated as a longdinal study (Hair et al., 2006 pp-876) The @se study research
reported inChapter 4, has been used to identify company specific fdataricing,
marketing strategies (advertising), local festivals, special dapsl customeY
preferencefor each poduct In addition, blicly available information on holidays,

local festivals and temperatunavealsobeen used

The data analysis was initiated with the sales @ata single product or a group of
similar products promoted at the same period iofef which formsthe basic

measurement model. The data matrix est checked for coding errorsee Chapter
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8). In case of any mismatch of sales figure and promotions, it was corrected through

information from thekey informant (Vosset al.,2002).

The distribution of the complete data sespecific to 2ltr productsvas confirmed
satisfactory from the descriptive statisli@nalygis. Table 91 reports theresults of

descriptive analysis namely, mean, standard deviation (SD) and correlation matrix. This

is for a group ofsix similar 2Itr products promoted at the same period of tiffiee

promotional variables arsignificantly correlatedto each other at p < 0.01 level. The
correldion values vary from0.262 to 0.795. It represents that each of the viasab
XQGHU WKH FRQVWUXFW giSittR/PeRiaseiR@tie@haldiansRds V] DU+

of promotionalsales(Mishra and Shah, 2009)

ThenonSURPRWLRQDO FRQVWUXFW u6 $htivdldaOd tolidaysf KDV W
These two variables arégsificantly correlated to each other at p < 0.01 level with
correlationvalue0.386. The festivals andheholidays are significantly correlated to the

period of promotion with value of 0.127 and 0.100 respectively at p < Uh&EL next
nontpromotional RQVWUXFW u6HDVRQDO |BtEnp&aifie Kidim&/ ZR YD
period. Bothof these variables are correlated with value 0.T&Mperature has a high
significant correlation with size of promotion and price discount. But, temperature has a
negative orrelation with festivals and holidays. The negative correlation of temperature

with festivals shows that the main festivals in the UK are happening during low
temperature (example Christmasjhe last nohSURPRWLRQ dufdanerWw U XFW
S UHIHUH Q Fdofel&t&d\WakaZd&product rank and new/established products. It

is important to note that these two variables are not correlated to any other variables of

theother three constructs.
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Table 9-1 Descriptive statistics of first order observed variables

Variables Mean SD 1 2 3 4 5 6 7 8 9 10
1. FF1 Promotion type 1472 1676 1

2. FF2 Size of promotion 033 074 539 1

3.PF3 Durationof

Sromotion 1286 176 -719% .262% 1

4. PF4 Price discount 018 0183 .795% .741% 595+ 1

5.SD1 Festivals 0021 0142 0.056 -0.064 .127** -0.02 1

6. SD2 Holidays 0.123 0.329 0.039 -0.067 .100** 0.02 .386** 1

7. SF1 Temperature 1325 4.918 -0.015 .296* -095* .218* -170** -.086* 1

8. SF2 Time period 26.80 151 -0.05 -0.014 -079* -0.063 .232* .069* .182* 1
9.CP1Productsranks 555y 1 <9 -0.032 0.011 -0.037 -0.003 -0.007 -0.003 0.013 0.002 1

10.CP1 New/Established 433 (4g 0.016 -0.024 0.027 O 0.011 0.006 0.003 0.023 -.870** 1

n = 826 observations & -Correlation is significant at the 0.01 levehl@led)*-Correlation is significant at the 0.05 leveltédled).
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9.4 Model constructs

A two stage procedures adoptedto testthe corceptual framework (Anderson and
Gerbing, 1988). In the first stag8PSS 15has beerusal for Exploratory Factor
Analysis (EFA) and for Confirmatory Factor Analysis (CFA). This is mainly for
developing and testintipe basic conceptual model tevelopinto a structural equation
model. In the second stage, AmosHas been usefbr structural equation modeig

(SEM) to assesshe overall fit of the conceptual frameworkor the demandfactor

model. The ®mplete data setf a single produagroupis used agmput in estimating the
measurement model usirthe method ofmaximum likelihood. Before developing
structural equations, a brief note on latent construct, path analysis, measurement model

and structural model is givérelow.

Latent construct is a variabé generally used in structural equation modelling (SEM).
This is used to measure the variable that cannot be measured directly but can be

estimated through other observed variables.

Path analysis a subset of structural equation modellirsga statistial technique that is
used to examine causal relationships between two or more variables or latent constructs.
In this research, Amos is used tospecify path diagramto show hypothesized
relationships amongvarious demand factorsAs dructural equation mdel is a

combination of path analyses.

In general, SEMs are given in tgteps: constructingieasurement modg) andtesting
the structural modelHair et al., 2006; Hoyle 1995)The measurement modgle.,
structural model under examinatiodgals withthe relationships between measured

variables and latent variabl@glishra and Shah, 2009 he structural model deals with
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the relationships between latent variables omhye SEMis usuallyrepreserdgd with a

visual diagran(Hair et al., 2006).

Stagel: Measurement nodel construction

In this stagethe conceptual model is tested to validate the latent constructs and also to
ensure suggested fit (Mishra and Shah, 268 et al, 2006. A total of ten observed
variablesare used to form four latentonstructs promotional factors, seasonal factors,
special days andustomer preferencéseeFigure 91). Principal component analysis is
conducted to identify the number of groups formed in identified variables. To validate
these groupsthe varimax rotdion method with Kaiser Normalization is used.he

eigen value of one or more is useddentify the number of factor&ny elementwith a

factor loading smaller than 0.4 is not considered for further analysis as they will not
measure specific constru¢Hair et al, 2006). The results of Exploratory Factor
Analysisare givenin Table 92. The percentage of variance explained by these ten

variabless 68.28%. This represents the amount of stability of the construct.

Table 9-2 Exploratory factor analysis for 2Itr pet bottles

Constructs Variables | Factor loadings
Promotional PF1 0.913
factor (PF) PF2 0.727
PF3 0.776
PF4 0.932
Special day¢$SD) | SD1 0.835
SD2 0.724
Seasondiactor SF1 0.792
(SF) SF2 0.629
Customer CP1 0.737
preferencgCP) CP2 0.699

As suggested by Anderson and Gerbing (1988, Confirmatory Factor Analysis
(CFA) is conducted to verify the overall fit tiemodel and also to assess the reliability
and validity of each itemA basic model is developed upon our conceptual moddie

results of CFAaregiven inTable 93. The frst three constructs are highly significant at
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S OHYHO ZKHUHDV WKH O &% DRRQQOMNAINMFW W B YR GR
(not signifiant) althoughthe KaiserMeyer-Olkin  \KMO) measure of sampling
adequacy has 0.5 value (Haiet al, 2006). Hence, this construct (CP) is dropped from

further analysis of 2ltr bottles.

Table 9-3 Resultsof confirmatory factor analysis (Factor loading) -2Itr pet bottles

& RQ VWU X| Promotional| Special | Seasonal | Customer | Total
Observed Factors days factor preference| variance
YDULDEOH explained
PF1 0.915 71.32 %
PF2 0.748

PF3 0.761

PF4 0.936

SD1 0.833 70.05 %
SD2 0.841

SF1 0.769 59.99 %
SF2 0.780

CP1 0.723 52.31 %

n = 826 observations:yalue <0.01 for all factor loadings.

From the case analysis, it was identified that the product ranksinvpogtant factors

that controtWKH VDOHV RI 6RIW GULQN SURGXFW((P1PIOVR Wl
have shavn significantly higter factor loading. Hence, this onsidered for further

analysis andconnected directly tdhe latent constructoverall performance of sales

(Mishra and Shah, 2009)

The CFA confirmed the significance of the entire path betweeemed variables and

first order latent variables with p < 0.0The onstruct validity ofthe model is

explained througlhe percentage of variance extracted (Fornell and Larcker, 1981). All

of the three factors have more than 50% variance extractea f@itihor loading ranging

from 0.723 to 0.93%. The reliability of all of the threelatent constructs is verified as

good using&8 URQEDFK DOSKD DV . +HUH &URIRIEDFK DO
exploratory case (Nunnally, 1978). Hendke construct validity and the construct

reliability of the model shown iRigure 91 are satisfactoryrurthemore the constructs
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are tesed for discriminant validity to check how each construct is distinct from the
other (Anderson and Gerbing, 1988; Hatilal, 2006).Using SPSS, the int@orrelation
among the latent constructs was calculateohéNof thevalues ofcorrelation contains
1.0, it is concludedthat each construct is distinct from the otlfglishra and Shah,

2009).

The model fit isverified using several recommended fit indicesormed chisquare
$df), comparative fit index (CFI), goodnestfit index (GFI), incremental fit index

(IF1), Trucker Lewis Index (TLI) and root mean square error of approximation

(RMSEA) at 90% confidence interval (ClT.able 94 explans each of the ifhess

indices used with suggested-@if points.

Table 9-4 Description of model fit indices

Fituisnglsx Description Slzjtg_jgf?sted
$/df Normed Chisquare : Chsquaredivided by degree of freedom| <4
CFlI Comparative fit index compares the model fit with a basg > 0.90

model >0.90
GFlI Goodnesof-fit index indicates how well the model reproduc
the covariance matrix among the observed variables. >0.90
IFI Incremental fit index: Group of goodness fiff indices that
assesses how well a specified model fits relative to s
alternative baseline model. >0.90
TLI Trucker Lewis index <.07
RMSEA Root MeanSquareError of Approximation .
Cl Confidence interval

Source: Hair et al (2006); Baumgartner and Homburg (1996); Bentler et al., (2001)

The measuremennodel(segFigure 9-2) considerdhe relationshipsf first order latent

constructs withthe corresponding variables. In gshmodel all three of thérst order
factorshave covariance relationshipith each other. The model fit indicéisted in

Table 95 are admissible which is reflected in the significant factor loadihg. nodel
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fit has *), &), 2=458 ZLWK GI 2 £)R50), PR £50.990,
TLI = 0.979 and RMSEA = 0.043 at 90% CI. This model exceeds the suggested level of

fit in empirical research (Shah and Goldstein, 2006).
9.5 Stage 2: Model construction and testing

Structural models

In stage 2,structural equation modelling issed for observing the hypothesd
demandfactor relationships. This is mainly based on the concept of structural
relationshipsas explained by Hairet al (2006. A structural theory is a conceptual
representation of theelationships between constructs. It can be expressed in terms of a
structural model that represents the theory with a set of structural equations and is
usually depicted with a visual diagrafHair et al., 2006). In this research, before
developinga completestructural modelfwo trial modelsare establishedo confirm
relationships among construgidishra and Shah, 2009)hese trial models are named

as structural model 1 (Si¥) and structural model 2 and (S).

The demandof the soft drink is influenced by promotionsholidays, seasons and

customer peferencegCooper et al., 1999; Divakar et al., 2005; Dube, 2004is idea

constitutes thdirst model (SM1) by including theoverall performance ofales as the

effect of the first order construts. Hence, in the second model, tlaent construct

F D O ow@ll performance of sal§fs LV LQWURGXFHG DV DQ LPSUF
measuremeninodel. This model also has af the correlated first order constructs.

This model show a good fit index with kbP H'G 3879 GFI = 0.981, CFI =0.98and

RMSEA =0.054 at 90% CI. The fit result 8M-1 (seeFigure 93) is almost similar to

the measurement modahdthe advantagef this model isconfirmed by its significant

180



factor loading andhe significant stratural links compared to the first order factor

models (Venkatraman, 1989).

The fit indices of theSM-1 are considered as compless it satisfis the fit statistics

suggested inTable 9-4{ But the covariance relationship betwedhe constructs

promotioral factory D Qe@soml factorfis notsignificant The next improvement to
this model is totally free fronthe covariance betweethese twolatent constructs
HSURPRWLRQDO IDFWR U Thd @proped HnddeFJ-R) QusdhEsd/ R U
suggested fit index and refledtse hypothesised idssof demanefactor model In the
model SM2 (seeFigure 94), tKH PRGHO |LW ?K B.244QGUFOE&, EF| =
0.983, RMSEA of 0.052nd R (explanatory power of various independéamttors on
dependent variable)f sales is 0.70This fit index is well undethe suggested fit (Kline,
1998). Thecovariance relationship between latent constructs promotional Satdr
special daysre significant at p €.05. The egative correlatiomf - 0.09 betweerthe
constructs promotigandspecial days isignificant at p < 0.05which represents that
the promotions are noplannedduring special days all the timeln other words, not

many promotions are executed during holidays.

Similarly, the correlationvalue betweenthe special daysaind the seasonafactors is -

0.23 and significant at p < 0.01. This represents the fact th&tighéemperature and
festivals are nohappeningat the same time. This relationship does not show any
implication other than the obvious fact that Christr{iaghe UK) is celebratedt a time
when thetemperaturds low. The covariance relationship has not shown any strong
evidenceof relationships between any two latent construgtier removing these
covariarce relationships among first order latent construttte model fi has not
changed much in the mod@eeFigure 95). Hence, it becomes clear thathough
there is an interelationship exishg amongthe latent constructs, these relationships are
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not highly influencing theoverall performance of saleBhe fit indices of all the models

are listed inTable 95. The finalmodel is considered as thempletestructuralequation

model for further analysidn the complete structurainodel, the degree to wdh the
HOQOGRJHQRXV IDFWRU pVDOHVY FDQ EHZGSbIhNeHHI.PLQHG L

2007)

Table 9-5 Model summary of structural equation models Fit indices

$(df) Normed | CFlI GFI IFI TLI RMSEA (90% CI)
$
MM 45.42 (18) 2.52 0.989 | 0.988 | 0.990 | 0.979 | 0.043(0.028,0.059)
SM-1 81.09 (24) 3.379 0.983 | 0.981 | 0.983 | 0.968 | 0.054 (0.041,0.067)
SM-2 81.09 (25) 3.244 0.983 |0.981 | 0.983 | 0.970 | 0.052(0.040,0.065)
Complete SM | 101.02 (27) | 3.741 0.978 | 0.976 | 0.978 | 0.963 | 0.058 (0.046,0.070)

MM -Measurement Model; SMtructural Model
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Figure 9-2 Measurement model

PF1

PF2

PF3

PF4

SD1

SD2

SF1

0.780*

SF2

Figure 9-3 Model- 1

*** _significant at p < 0.10 ; ** -significant at p < 0.05; * significant at p < 0.01
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Figure 9-4 Model - 2 Figure 9-5 Complete dructural equation model of demand -2Itr pet bottles

** Significant at p < 0.05; #significant at p < 0.01
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9.6 Structural equation model for 2ltr pet bottles

The dructural model aims to represetiite conceptual framework of demaifactor
relationship. In the structural modétigure 9-5) all of the second order factors are
significant with p < 0.01. In order to validate this model different daapdes from the
same population, retailersAlRnd R2,areused(Sharma, 1996)Model fit is admissible

with two differentses of sample ofdata from the same populati¢see Table $). All

of these fit indices are given in thieable 96. Both data ssthave shown god fit
indices with normed chéquare 63.741 and 4.495R? (explanatory power of various
independent factors on dependentatalie)of sales is 0.748 and 0.573 in these data sets.
It is evident from the results that the structural model fits well for the given samples; it
can be concluded that the hypotlsedi demandactor model is valid. Results of the

empirical analysis araifther explained in the next section.

Table 9-6 Testing of structural modd for different data sets of 2ltr pet bottles

$(df) Normed | CFI GFI IFI TLI RMSEA R? of

$ (90% Cl) Sales

Datasetl | 101.02 (27)| 3.741 | 0.978 | 0.976 | 0.978 | 0.963 0.05 0.748
R4 (0.046,0.070)

Dataset?2 | 121.37 (27)| 4.495 | 0.978 | 0.978 | 0.978 | 0.964 0.05 0.573
R2 (0.046,0.066)

9.7 Analysis ofthe model fa 2ltr pet bottles

It is worth mentiomg in detail the reasorfer not choosinghe models SML and SM2
as a complete modeln the SM-1, the promotional factors are nagignificantly
correlated (correlation is zero) wideasonafactors namely tempetae andthe time
period of salesThis indicates that the promotional factors @mdependery and
direcly influencing sales volumeThis is further confirmed througkhe strudural
model as thggromotional factohas direct impact on the sales wigah coefficientof

0.79 at the significance level p < 0.0Ihis proves the first hypothesis that the

18¢



promotional factor has a direct positive impact tbe overall performance of sales
Hence in the next modelthe covariance relationship between promatldactors and

seasonal factors is removed.

In theSM-2, WKH FRQVWU X FisvhgipoSitivély cDrfela@dwitthe other two
constructs but has significant covariance relationship; which indicates that the
decreasen temperature may have negatinfluence on special days. It is true that in
the UK Christmas is the most important festival that happens in winter (low
temperature). Similarlythe correlation between the construgpecial days 6' %nd
promotional factors 3) Was significaninegative correlation. This indicates that the

promotions are offered during nepecial days.

In the final modelthe direct significam impact of special days and seasonal facbors
overall performance of salds evident through theath coefficients0.14 and 0.42
significantatp < 0.05 respectively. Heré can be noted that ithe structural model the
missing covariance relationship among constructs does not affectoithe fit but for
small changes in the loadings between the pathigecial dysandoverall performance

of salesseasonalactors ancbverall performance of salebhe variation explained @R

by thefinal structural equation model is higher compared to the variation explained in
SM-2 (R?= 0.70).This clearly states the complatss of the final mod€Mishra and
Shah, 2009)This structural model of 2ltr bottlegroves the next two hypotheses2(H
and H8) that W& WSHFLDO GD\V ffa@asthaye\adsivive @ipazt oroverall
performance of saleIhe customepreferencgproduct ranks) omverall performance

of saleshasa path coefficienf 0.43 at significance level of p < 0.0Ihis makes the
fourth hypothesis validThat is, the customer preference has a positive impact on

overall performance of sales
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RegardingHypothesis 5, the interrelationship between promotionalssasonalactors

iIs not significant. However, the inteelationship betweemromotional factes and
special days sawell asspecial daysaind seasoal factors is significant but negatively
correlated.None of these relationships wveashown a considerable impact oaverall
performance of sale¥hus the hypothesis 5 is not supportddnce it can be asserted
that thepromotional and nopromotional factorare not related to each other in such a

way tomakeanimpact on theverall performance of sales

The gructural modelfor 2ltr pet bottless further tested for 500npet bottlesand 6
packof 330mlcans Thefirst measurement model is considered as a base model to test
the interrelationships ammy various constructs. This is mainly because the
measurement model incorporates afl the possible relationstspamong latent

constructs

9.8 Structural equation model for 6packs330ml cans

To identify the relationships among various demand faai6/330n cans the same
approach isapplied for 6-packs of 330ml canas explained irthe analysis of2ltr pet
bottles. Based on the level of significantlee demand factors are removed or retained
for further analysisFirst, theprincipal component analysis c®nducted to identify the
groupsof variables.The pocedures followed ithe exploratory factor analysis (EFA)
and confirmatory factor analys{€FA) areexactly the same d@be analysis ofltr pet

bottles Table 97 shows the results of EFA for thepdck 330ml cans.



Table 9-7 Exploratory factor analysis for 330ml cans

Constructs Variables Factor loadings (6packs)
PF Type 0.975
Size 0.829
Periodof promotion| 0.738
Price 0.9%
SD Festivals 0.741
Holidays 0.844
SF Temperature 0.754
Time period 0.776
CP Product rank 0.803
New/Established -0.788

The ptal variance explained in EFA is 70.61%FA is conducted to confirm the
demand factors under each latent variadl¢ of the four factors identifiedhe first
order variablesssignificantwith factor loadings above 0.90 The results of the CFA

analysis are given imable 98.

Table 9-8 Resultsof confirmatory factor analysis (Factor loading)- 330ml cans

& RQV WU ] Promotional | Special Seasonal | Customer | Total
Observed factor days factor preference | variance
YDULDEC explained
PF1 0.976 77.52 %
PF2 0.827

PF3 0.743

PF4 0.955

SD1 0.827 66.28 %
SD2 0.801

SF1 0.769 58.91%
SR2 0.766

CP1 0.799 57.05%
CP2 -0.709

The neasurement model including covariance relationship with all four latent
construets is considered for further testing with sales daft®-packs of 330ml cans

Figure 96 shows the structural equation model fepack 330ml cans.
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Figure 9-6 Structural model of 330ml cans

*- significant at p < 0.01

Unlike 2ltr bottles, 6-packs 0f330ml canglo not havespecial daysndseasonal facter

as significant latent functions ofhe overall performance of sales However,the

promotional factors are highly significarfat p < 0.01) to explain he overall
performance of salewith a path coefficientof 0.77. All of the observed elements of
promotional factors have significantly high loadingstihe range of 0.5 to 0.9The

F R Q V Wistohtenpreférencialsohasa positive and significanimpact onthe overall
performance of salesThe path coefficient of customer preference widterall
performance of sales 0.64 significant at p< 0.01.The doservedLWHP uSURGXFW |
(CP) Y K DBignifizant loadingof 0.63 at p <0.0lonthe ODWHQW FRQVWUXFW
SUHIHU$SI@QFFWRKHU REVHUYHG LWHP Reiv wdductestabtispadw U X FW

S U R GhAda Weéfativesignificantloading-0.44



No significant covariance relationship is found between the latent consthets
pustomer preferenc€CP)fand the promotioral factor (PF)Y This means that the
promotioral factors are independent of the customer preferences. Both of thesg factor
have a positive impacton the overall performance of saleShis result proves
hypothesis H1 and 4 that the promotions and@ustomer preference positively
influencethe overall performance of saleslowever, H2, H3 and H5 are nedpported

for 6-packsof 330ml cans modelin other wordsthere is no evidence thapecial days
andseasonafactors havea positive impacion theoverall performance of saled soft

drink 6-packof 330ml cans. None of the fodemand factors are significantly related to

each otlr.

9.9 Structural equation model for 500ml pet bottles

Table 99 and Table 910 show the results of exploratory factor analysis and

confirmatory factor analysi®r 500mlbottles

Table 9-9 Exploratory factor analysisfor 500ml bottles

Construct Variable Factor loadings
PF Type 0.833
Size 0.734
Period of promotion 0.888
Price 0.8
RF Festival 0.790
Holidays 0.871
LF Temperature 0.774
Time Period 0.743
CP Product rank 0.879
New/established -0.861

The tdal variance explained in EFA is 71.57%. Further to EFA, confirmatory factor
analysis is conducted to confirm the demand factors under each latent varialie. All
the four faobrs identified significant first order variables with factor loadiadp®ve

0.74.The neasurement modé$ considered for further testing with 500ml sales data.
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AMOS 16 is used for testing model fit. Initially, the factor loadings betvikeffir st

orderlatent constructs anaverall performance of salésctors are anabgd.

Table 9-10 Resultsof confirmatory factor analysis (Factor loading) 500ml bottles

<3 R (70 WIS [P0 Promotion| Special | Seasona| Customer T(_)tal
2EVHUYHG YL variance
Factor Days Factor | preference .

explained

Type 0. 832

Size 0. 759

Period of promotion 0.895

Price 0.827 68.80%

Festival 0.858

Holidays 0.842 72.26%

Temperature 0.775

Time Period 0.704 54.81%

Product rank 0.879

New/established -0.818 72.09%

Figure 97 shows the structural equation model for 500ml pet bottles. cMeeall
performance of salesf impulsebuy products (500mbottleg are influenced by
promotions seasonalactas and customer preferescélowever, unlike 2t bottlesand
6-packsof 330ml cansthese products do not have type of promotion as significant
factor. All of the other promotional factors namelige or display of promotion, period

of promotion and pricaliscount havesignificant loading with the latent construct
promotional factoff(loading are 0.81, 0.70, 0.79 respectivetig type of promotion
does not have significant loadinghis is mainly because there is only one type of
promotion offered on@ml pet bottles.The katent construcfpromotional factofhasa

significantpath coefficienbf 0.33 ontheoverall performance of sales

Other norpromotional &ctorsalso have significant factor loadisgith their respective
items (variable). Théemperature anthe time griod have significant loadisgf 0.78
and 0.26 respectively with first order constru@D P HO\ p \fadtbry ROQ/D Cs .

Subsequently this latent factor hagproved its significant impact onthe overall

performance of salewith path coefficient0.37. 7KH YDULD E OtdducQanR/H O\ uS
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and pew product H V W D Enave gilricafit loadings of 0.9 ar@l537 withthelatent
construct gustomer preferenceHere, the negative loading represents the negative
impact of new pr&c XFWV RQ FXVWRPHU SUHIHUHQFH 7KH FRQ\

has a path coefficient of 0.84 witlverall performance of sales

From the structural equation model of 500 ml pet bottlesKepee 97), it is clear that

the demands for 500ml bottleme influenced by the promotional factor (PF), the
seasonal factor (SF) and the customer preferences (CP). But the demand for 500ml
bottles is more dependent on the CP with highest path coefficient of 0.84 than PF and

SF.

Figure 9-7 Structural equation model of 500mlpet bottles

*- significant at p < 0.01

In this model (sed-igure 97), the promotional factors anthe seasonafactors are
related to each other witkignificant (at p< 0.01) correlationvalue of 0.36. This

indicates that the company offers more promotions during high temperatureofBoth

192



these factors havesignificant positive effect othe overall performance of saleghis
resultsindicates that promotional factorseasonafactors ad customerpreference are
positively related tothe overall performance of sale§.e., H1, H3 and H4 are
supportd). The latent constructuV S H F L DSD) 15 mdk significantto explainthe
overall performance of salesmd hencdypothesisH2 is notsuported As this model
hasa positive significant covariance relationship betw@eomotional factor RPF) and
seasonal factorSP), it can be inferred that the combined effect of promotions and

seasondiactors willahave positive impact on saldélatsypports hypothesisib.

9.10 Discussion

Analysing the structurabquationmodelsfor 3 differentproduct sizes namelgitr pet
bottles 6-packsof 330mlcans and 500mlipet bottlesgives a clear indicatiorof the
differentfactorsand their impact on saled hishas guidedneto understand the impact
of promotional and nepromotional demand factors dhe demand.The demand for
big/family packs such astRland 6packs do not behave similarly in termsaoth the
promotional andhe non-promotional factorsThe demand ofeach size haa different
set of demand factors. The model specifigripulsebuy productg500ml)is somewhat
similar tothe model oRItr packs Howeverduring special days 500ml products are not
on promotion, this makes the two models ddéfgr from each other. Other non
promotional factors such as seasons and customer preferengdaglémportant role
in the demand.Customer preferendeasbeen foundo besignificant in the models of

500ml and gpackof 330mlcans The significant demanfhctors of each of these three

producs areshownin({Table9-11,

The promotional factor is a very common demand factor in all of the three models. But

the type of promotion is not very important in the promotional sales of [5@@ahucts.
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Table 9-11: Significant demand factors

6-packsof 500ml pet
Demand factors 2ltr pet bottles 330micans bottles

Promotional factor

Type of promotion 9 9 8

Promotion display 9 9 9

Promotion week 9 9 9

Percentage dcount 9 9 9
Seasonal factor

Temperature 9 8 9

Time period 9 8 9
Special days

Festivals 9 8 8

Holidays 9 8 8
Customer preference

Product rank 9 9 9

New produdfestablished products 8 9 9

The ®asonal factor is founi beimportant for 2Itr and 500ml but not for multipacks.
The gecial days are important only for the sales of big family pack such as 2ltr.
However, theGHP D Q G dded¢ialVdayliis pot at all a importantdemand factofor

the othertwo product sizes. Ctsmer preference is important in the demand of all the

products.

9.11 Summary

This chapterpresentd the formulation and analysisof measurement modeind
structural equation model3he structural equation models desciiltbe relationship
among various deand factors. The technique and analysis was applied to three
different pack sizes: 2ltr pet bottlespécks of 330ml cans and 500ml pet bottlEse
analysis indicated that each pack will have different set of demand factors. This result
along with theReference Demand Mode&lill be useful for Soft Drink Co. to better
understand the factors that explain demamdl to try to improve forecastdhe
underlying demand structufer each pack sizes further used in the next chapfer

the formulation of reggssion based forecasting models.
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Chapter 10 Multiple Linear Regression Forecast Models

10.1 Introduction

The @ase study with Soft Drink C@and subsequent develment of Reference Demand
Model (RDM) has helpedin identifying severalpromotional and noepromotional
demand factorsAs explained in Chapter 9, it has been verified thaisé demand
factorshavesignificantunderlying relationshipwith salesusingthe structural equation
models. In this chaptethe demand fdors, specific to each pack sizeijll be usedfor
developing multiplelinear regression models (MLRMPBPSS15 and MS Excel are
used fonmplementingthe modeln a computerThe procedural approach is explained
in detail and applied tcanalyse thepromotionalsales data of four retailers. The
reaulting regression models are used forecasing and he forecast accuracy of the
modelsis compared with the accuracy of thraditional forecast methodsed by the

Soft Drink Co.

This chapterdiscusses thdMLRMs with reference tothe researchquestios set in
Chapterthree The results of these models are linked to the observationsRedenence
Demand Moded of Chaptei6. The findings are discussed in a viewingproving the

supplychain collaboratiomf the Soft Drink Co.
10.2  Promotional sales factors

In this research, theveekly sales data othe yeas 2005 and 2006 are used for the
purpose of developing MLRM Based orthe Reference Demand Modef Soft Drink

Co., all of the available sales related information explaining each promotional sale is
consdered for MLRM. This aims to function as a base line model for each product on

promotion.
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In this chapter, sales data of all four retailers is considerethédormulation of linear
regressiorforecast modelsThe demand factoiglentified from the RDMof Soft Drink

Co. areevaluated in theegressiomanalysis.Some demand factesuch aghe size of

the promotion (represenhg the number of stores running the promofia@re not
consideredbecauseit is relevant only to the retailer R4nstead a commondemand

factor QDPHO\ pVWUXFWXUH RI SURPRWLRQY JwWilQdeUDOO\ LC
considered All of the quantifiable demand factor@xplanatory variablesidentified

through RDM are considered fthe development oMLRM (seeTable 82). Other
complicating factorsof demandsuch as cannibalisation and unplannedstore

promotions are not considered for regression as these factors need to have judgmental

intervention.
10.2.1 Rules for developing MLRM

In the initial round of analysis, salédependent variableyas considered as a function
of all the available factors (independent variables). Based on their signuifidevel, the
modelsincluded only thesignificant IDFW R UV Z L Wlker&gréssion elg@ation and
omitted all of the othe insignificant factors. SPSG&tepwise regressionand MS Excel
were used to identify the significance level of each demand factor. In this attempt,
different combinations of variables were considerecbhtain ahigh R (explanatory
power) value. Sommodels withhighly significant variableandhigh R hadanegative
constant valudor the intercept base salgs As the base sale cannot be a negative
number, ay suchmodel was not considereth thosecases, the next possible model
with a meaningful comination of explanatory variables was identified. To maintain
uniformity in every analysishe VLIJQLILFDQFH O WaskHénsrentr criteria
for all the independent demand factoifie models were also checked for multi

collinearity. If two ormore demand factors are highly correlated then the model will
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have the problem of multollinearity. Variance inflation facto(VIF) of 10 and above
indicates a multcollinearity problemThe models were checked for VIF of 10 or above
in SPSS outpu(Hair et al., 2006) In summary the folowing simple rules were

employed while developing MLRMs

™ Simple model witha few explanatoryariables
™ Meanindul models withappropriate sign of @fficients
- As the salegrice decreaseshe demand wilincrease; hencehe coefficient
for the Y D U L riee@sHould be negative
- As temperature increases, sadell increase; hencehe coefficient forthe
Y D U Lterep®i K [n8h¥UlOHbE positive
- In general all promotions normally increasales; hence te sign of
promotional factors should be positive
™ Try to model all different types of promotions that happened in the past
™ Use more continuous variaBldan categoricalariables
™ High R (explanatory power of various independent factors on dependent

varialde)

Figure10-1|shows twoexample of regression modsland outputsin the firstexample,

which is for a new producthe sale (dependent variable) asfunction ofvarious factors
(independent variables)ercentage discounbogof, location and promotion. The
adjusted Ris 0.75, which is good for a new produwyith relativelyafew data But the
intercept (base sale) is negative. Therefore, this model will napj@priate to based

as a forecast model. In tsecondexanple in Table 101, which is for an established
product,the sale isdependent ohristmaspercentage discount aiygpe of promotion
(bogof) In this model, all of the explanatory variables amgnificant andthe overall
model has high RThis model isconsidered s acceptable because the total sales or
base sales will not be negativ@nly the models satisfying the above mentioned simple

rules are considered for further analysis.



Table 10-1 Examples of output

Regression Statistic

Multiple R

0.874

R Square

0.763

Adjusted R Square 0.751
Standard Error 1959.034
Obsevations 79
Regression Statistic

Multiple R 0.950
R Square 0.9
Adjusted R Square 0.89
Standard Error 550.4%
Observations 110

10.3

Based orthe above mentioned rules, regression méate¢ach producaredeveloped.

Coefficients
Intercept -7688.1%
Percentage
discount 2563.39
bogof 6700.79
Location
(0/1) 2956.247
Promotion
(0/1) 1979.5%

Coefficients

Intercept 843.728
Christmas
(0/1) 727.52
Percentage
discount 6630.052
bogof (0/1) 425.130

A simple exampldsee the second examplgTatble 10-1

follows:

Here,Y is weekly salegevel

is base sale

a fis a coefficient of variable - Christmagq0/1)

p Jis a coefficient of variable
i fis a coefficient of variable

It is important to note that all the variables

In simple terms,

Sales Y =843.7282 + 727.5218 (Christma} + 6630.052 (Percentage discoynt

+425.1297(bogof)

- bogof(0/1)

Development of Multiple Linear Regression Moded

of aregression equation is as

- Percemigediscount(continuous variable)

are significant with p” 0.05.



The weekly sales during normal dayéth no promotions will be 844 units
Y =843.7282+ 727.52180) +6630.0520) + 425.1297(0)
Y = 843.7282units

The weekly sales durin@hristmaswith no promotions will be 1571 units
Y = 843.7282 727.52181) + 6630.0520) + 425.1297(0)
Y =843.7282 + 727.5218 = 1571. 25 units

The promotional sales durifg@hristmas withyERJRIY] W\SH Rl SURPRWLRQ
units.

Y =843.7282+ 727.52181) + 6630.0520.5) + 425.1297(1)
Y =531141 units

The regression fit was made, based on the weekly sales data in the years 2005 and 2006.
Theregression modetill thenbeused forout of sample accuracy check. The sales data

of the year 2007 is used for out of sample accuracy ch®cklugging the value of
explanatory variables, the weekly sales volume will be forecastedevery promotion,

the MLRM forecastwill be compared withthe actual salesA comnon measure of
forecast accuracythe mean absolute percentage er(®APE) is used for accuracy

check (Fildes and Goodwin, 2007; Makrida&tsal, 1998, pp605).

Here, MAPE = abs {(Actual salesForecast sales)fual sales} * 100

The forecast accuracy is calculated as%O8MAPE.

The same procedure of developing MLRM anfbrecast accuracy check is carried out

for almost allof the leading products of retailers R1 to R4.

10.4 The MLRM for Retailer R1

To begin wth, the sales data of the year 20@B06for retailerR1 is considered fathe
regression analysis. As mentioned eailieChapter 8the weekly sales Y is regressed

against demand factors say F1 to FBthis chapter, the followingight quantifiable
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demand factorgexplanatory variablesglentified through RDM are considered fitve
development oMLRMs.

F1 +Type of promotion (others/3for/2for/bogof)

F2 xStructure of promotion (display locatidbE/End aisle/Plinth/Side aisle/others)
F3 +Special daysdolidays(yes/no)

F4 +Christmagqyes/no)

F5 tPercentage discount

F6 +Product life cycle (nevgstablishel

F7 tTemperature

F8 tPresence/absence of promotion

Initial results of this analysis have revealed thia contribution of each factor in
forecast accuracy is different for different products. Some of the factors such as
percentage discount and type of promotion are significant for a few products.
However these two factors are highly influencitige sales omany other productsn a

few other cases, although?Rexplanatory power of demand factors on sales) is high,

certain promotions are not explained fully. For exampééer to the modelusing the

sales data of 500ml pet bottlés|[Figure 10-1] in which the adjusted Ris 0.91, based

on 2 years sales dafehe autput of the regressiogquation igyiven in Tablel0-2.

Table 10-2 Summary output - Example 1

Regression Statistics

Multiple R 0.953
R Square 0.908
Adjusted R
Square 0.906
Standard Error 222.996
Observations 100
ANOVA
df SS MS F Significance F
Regression 2 47473950 23736975 477.345 6.26E51
Residual 97 4823524 49727.05
Total 99 52297474
Standard

Coefficients Error t Stat P-value Lower 95% Upper 95%
Intercept 368.80 62.477 5.904 5.22E08 244.880 492.80
Temperature  34.5% 4.5 7.58 2.03E11 25.52 43.649
Percentage
discount 3001.5 117693 25.5(8 8.48E-45 2767.912 3235.088
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This regression modehas only two significant explanatoryvariables; one ishe

percentage discount atite other isthetemperatureSeeFigure 101.

Figure 10-1 Example 1- Regression and forecastQrange drink 500ml)

Regressioffit Out of sample forecast
3,500
2-for
bogof 2-for

3,000 j /\

2,500 {
1]
'c 2,000 H
>
[70]
2 ) ¢
g 1,500

1,000 A

500
== Sales of 500ml
0 == [Forecast
1 21 41 61 81 101 121 141
Weeks

From Figure 161, it appears to be sufficient to use just the percentage discount variable

to model the impact of the past promotional events on salesit Bitmportant to note

that this particularmodelcould not be usedVR SUHGLFW VDOHV IRU HYHQ
occurred in the past (e.@-for or half price).The kaselevel salesis 369 units withthe

coefficient of the temperaturevariable equal td34.595 and with the coefficient of

percenage discount variable equal to3001.5 (i.e., each percent of price discount
increases the sales by 30Bunits).

The resultingegression equation is:

Y = 368.8794+34.595 (temperature) + 3001.5 (percentage discount)

For out of sampleccuracy check theales data fothe year 2007 is usedThe sales

forecastfor the year 2007 is calculated lspecifying appropriate values fdhe

201



explanatory variablestemperature and percentage discoést mentioned beforehe
temperature is available from public data and infation on percentage discount is
available from the 2007 promotion calendar. Then s$h&sforecastfor 2007 is
compared with the actual saleslume of 2007.The averageforecast accuracy in this

case is 86 % witln average af4 % MAPE.

For better undrstanehg of the regression models developadotherexample usinghe

salesdataof 6-packsof 330ml canss given inFigure 102.

This model includedpogof &GEY g@-for fand percentage discouffas explanatory
variables. The resug regression aggation is

Y =435.30 + 968.03 (bogof and GE) +2760.93 (percentage discount) +46&i1)3(2

The output summary of the model is listadrable 163.

Figure 10-2 Example 2- Regression and forecast (pack of 330ml cans)

4500
Regression fit Out of sample forecast
4000
3500 == Sales of 6pack
—i—Forecast
3000
2]
S 2500 -
o
© 2000 A
n
1500 - H
1000
500
0
1 21 41 61 81 101 121 141
Weeks
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Table 10-3 Summary output - Example 2

Regression Statistics

Multiple R 0.909
R Square 0.8
Adjusted R
Square 0.820
Standard Error 462.618
Observations 84
ANOVA
Significance
df SS MS F F
Regression 3 81568392 27189464 127.0474 2.44E30
Residual 80 17120829 214010.4
Total 83 98689221
Standard Upper
Coefficients Error t Stat P-value Lower 95% 95%
Intercept 435.29 68.2(8 6.382 1.06E-08 299.558 571.035
Bogof and GE 968.07 173.651 5.574 3.25E07 622.449 1313.604
percent discount 2760.929 310.522 8.891 1.44E13 2142.97 3378.889
2-for 462.77 189.37 2.443 0.017 85.86/  839.586

In this second example, although alfl the threeexplanatoryvariables are highly
significant, the forecast accuracy is not as good as the previoud baseut of sample
forecast accuracy in this case is j6886 (i.e., MAPE 31%hlthough the djusted B(=

0.82 is high. Later, it was found that somehanges to the original promotional plan
were the main reason ftre differences in the forecasts and actual sal@heMAPE of

31% s higher compared to therevious example. Hence, high R does not always
guaranteéigh forecast accuracy. Rather it che argued that higher R canresult in

better forecast accuracy tfie same promotions are continued the forecast period
(2007) as those that were offered in the period the regression model is based en (2005

2006).

Further analysis ofhe sales dat revealed thamot all productdollow the same sales
structure/pattern. Hence, the products are classified under different categories based on
the significant demand factofer each productTable 104 shows theR?valueand the
significant explanatoryfactors for different products at retailer RMarious

combinations ofthe explanatoryvariables were consideredin order to obtain
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meaningful modal with high R values. The models(for 53 different product$ are
classifiedin 15 differenttypes(see Tale 104), indicatingthat more than one product
had the same model structure (i.e., the same explanatory demand f&touping of
similar productsfor example2ltr bottlesor 500mlbottlesor 6-packs cansmakes the

forecasting easier.

These 15 modelsave almost the same set of factors as suggested in SEM. For gexample
SEM suggested thdhe sales of aF pet bottls would be influenced by promotional

factors special days and seasonal factditsis is alsofoundto betrue in most of the

MLRMs of 2ltrs. Usually, the same promotions are offered at the same times for similar
SURGXFWV H J DOO OWU ERWWOHV ZLWK GLITHUHQW
This explains why the regression models for different but similar products have the

same gucture.

204



Table 10-4 R? value in regression analysis Main Demand
factors Products R-square
. Percentage
B S = | discount P11A500m| 0.64
factors Products R-square .
= | bank holiday /
dPercentage | special day
i t P1A2lt 0.92
| e ' Percentage PI2A L5 0.87
= Location (GE) P1B-2ltr 0.82 discount P12B1 5ltr 087
Christmas P1G2ltr 0.74 P12G500m! 0.42
;empe;ature P12D500ml 0.79
ercentage
Discount P2A2ltr 0.97 P12E500ml 0.87
« | bogof P2B2ltr 0.95 N P12F5pk 0.91
—
= | christmas P2G2ltr 0.91 = P12G5pk 0.91
P2D2Itr 0.95 P12H6pk 0.68
P2E2ltr 0.95 P12+6pk 0.65
Percentage P1236pk 0.77
o Discount P3A:2ltr 0.96 P12K-6pk 0.58
= | Bogof and GE P3B-2ltr 0.96 P12L-6pk 0.80
Christmas P3G2ltr 0.95 P12M-6pk 0.73
Percentage
Discount P4A-2ltr 0.85 bogof P13A6pk 0.97
@ | 3for
Bogof and GE P4B-2ltr 0.83 =
- PAG2ltr 0.94 2 for
s P4D-6pk 0.68 Temperature
PAE6pk 0.72 « bogof P14A6pk 0.96
P4F6pk 0.77 s | 3for
PAG6pk 0.73 2 for
Percentage 9 | bogof P15A6pk 0.95
discount P5A-500ml 0.53 S | 30
Temperature P5B-500ml 0.51
P5G500ml 0.56
; P5D-500ml 0.91
P5E500mlI 0.89
P5R500mlI 0.91
P5G500ml 0.90
P5H-500m| 0.91
Percentage
; Discount P6A-2ltr 0.92
Christmas P6B-2ltr 0.92
Percentage
discount P7A-500ml 0.66
™ | bank holiday /
= | special day P7B-500ml 0.63
Promotion(y/n)
Percentage
; discount P8A-500ml 0.90
Bogof P8B-6pk 0.78
Percentage
o discount P9A-6pk 0.63
= | bogof and GE
Temperature
o Promotion(y/n) P10A-10pk 0.61
< | Temperature P10B10pk 0.63
P10G10pk 0.64
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10.5 MLRM sexplained

Nearly 42% ofall productsat retailer R1 are inthe growth stage othe produda life cycle.

7KHVH SURGXFWYV DneviHorPrétent® URGHEARBAUGES inthe matuity

VWDJH DUH QDPHG DV pPHVWDEOLVKHG®G t8BeUNREBME W&/ E\ W
promotioral sales of established products avery well explained by the @mand factors

with a maximum R = 0.97.In general, the demand for most of the productsxjsained

well (with R? valuesin the range of 0.50 to 0.8®y the explanatory variables identified

from theRDM (seeFigure 103). Although many othe morerecentproducts are explained

well by the demand factorglentified fromthe RDM, there aresomeproducts which need

moretime andmoreinformation(i.e., more data point$p make moreaccurate forecasting.

Figure 10-3 Extent of explanation of linear models

R-square of regression models

25

}B
(&)
S 20
o
o
ol 15
©
o 10
)
Qo
S H
=z 0 e
. EXW EXW E X W EXW
less than | lessthan| lessthan| less than <50%
90% 80% 70% 60%
BNew products 8 3 3 5 2 1
O Established product: 15 5 4 5 2 0

Using theMLRMs, the regression fit is compared with the actual sales to find M&fPE
promotional sales in the years 262806. Then the out-of-sample forecasiccuracyusing
2007 data is estimated througire sameregression models.A special consideration is

given forthe results withMAPE of above30%. These resultsvere discussed further with
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