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Abstract

It is now widely recognized that supply chains, not individual organisations, are
responsible for the success or failure of businesses. This has necessitated close
coordination among supply chain partners. In the past few decades, in an attempt to
improve the overall efficiency of the supply chain, many companies have engaged in
collaboration with other supply chain members. Consequently, several supply chain
management initiatives such as Vendor 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 Planning Forecasting and Replenishment
(CPFR) is a relatively new initiative that combines the intelligence of multiple trading
partners in planning and fulfilment of customer demand by linking sales and marketing
best practices. The role of CPFR has been widely 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 of collaboration and information sharing differ to a great extent across the supply
chains based on the needs of individual businesses. Accordingly, the importance of
CPFR varies in different supply chains. The study reported in this research explores the
operations of CPFR and highlights the corresponding benefits in different firms using
case studies of Indian (4 cases) and British (2 cases) companies operating ihoMake-
Stock (MTS) and Mak&-0-Order (MTO) environments. In this research, information
exchange among collaborating partners is analysed with a focus on 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 with top and middle managers in the case
2



companies helped to develop a clear understanding of the collaborative arrangements
each company. In stage two, a conceptual model called the Reference Demand Model
(RDM) was developed. RDM is a specific model representing the dependency of
demand projection on information from different supply chain members involved in
supply chain processes. When fully developed, the RDM will serve as a decision tool
for the companies involved in collaboration to decide on the level of collaboration and
the type of information exchange in order to improve supply chain planning and

forecasting.

Further, to explore how demand information collected through RDM can help improve
forecasts accuracy, a quantitative approach is employed in the next two stages.
Therefore, stages 3 and 4 were studied only for the cases with detailed sales data. In
stage 3, structural equation models were developed to establish the underlying
relationships among demand factors that were identified using RDM. In stage 4,
regression forecast models of sales were developed using the demand factors identified
through RDM. The forecast models showed an improved accuracy and thus this
research suggested the case company (Soft Drink Co.) to use the demand information

(identified from RDM) in the demand forecasts.

The results strongly support CPFR in a MTS environment with promotional sales, and
exchanging the detailed sales information from downstream to upstream supply chain
members may improve the accuracy of demand forecasts. Information exchange is also
required to ensure timely replenishment for MTS 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.



Publications based on this research

Journal article

Usha Ramanathan and Luc Muyldermans, 201@entifying demand factors for
promotional planning and forecasting: Ase of a Soft Drink Company in the UK’,

International Journal of Production Economibsi:10.1016/j.ijpe.2010.07.007

Conference presentations

Ramanathan, U.; Muyldermans, L.; MacCarthy, B., 2009, "Improving forecasting
accuracy of sales promotions through Reference Demand Model and Multiple Linear
Regression analysis”, in POMS 2009, 20th Annual Conference of the Production and

Operations Management Society, Orlando, Florida, May.

Ramanathan, U.; Muyldermans, L.; MacCarthy, B., 2008, "Forecasting Promotional
Sales Using Linear Regression Models", in INFORMS Annual Meeting, Washington

DC, 12-15 October.

Ramanathan, U.; Muyldermans, L., 2007, "Supply Chain Collaboration: A Review and
Scope for Future Research”, in the proceedings of the Logistics Research Network

Annual Conference, LRN2007, September (Full paper presented).



Acknowledgements

First of all, | would like to thank my PhD advisor Dr Luc Muyldermans for his support
and guidance. He played a key role in introducing the topic of supply chain
collaboration to me. | would also like to thank Prof Bart MacCarthy, Prof Kul Pawar,

Dr Jane Guinery for their valuable comments during progress of my research.

Second, | would like to thank all the case study companies involved in this research.
Many individuals in the case study companies facilitated the research. In particular
Rachel, James and Sarah from the Soft Drink Company, Srinivasan and Ramesh from
the Packaging Company, Vishnu Priya from the Textile Company, and other
anonymous helpers from the Electrical Equipment Company and the Crude Oil

Company .

Third, | am grateful to all my colleagues in the PhD room who have always been with
me throughout my period of study. | also express my sincere thanks to Ms Andrea
Tomlinson, administrator of the PhD programme and also to Ms Alison Rarrett

secretary of the Operations Management Division.

Fourth, | record my sincere gratitude to my husband Ram and my children Bharat and

Nila for their endless support and love during my long PhD journey.

Finally, I would like to thank the University of Nottingham for awarding m8ysecial

scholarshipto fund a part of my tuition fees.

| dedicate this research to my parents, especially to my father, Sankaralingam,svho wa
always interested in my higher education. | am sure my research will earn my mother,

Krishnaveni, the highest pride in her life.



Table of Contents

ADSETACT ...ttt ettt e e et e et e reaeaebeeenerenerrnaerrnaechrariiaans 2
Publications based on this reSearch .............ccccoeeivvueiiiiiiiiiiiiiiiiiiiiiiiiieieieeeeeies e, 4
ACKNOWIEAGEMENES ...t e e e eeet e eeeeteeeeeenaesesnneeeennneesfuieeeennns 5
Chapter 1 INtrOQUCTION .......iieeiiiiiiei e ee e eeee e e et e et eeeeseeneesennseenseeensseenseeediernns 12
1.1 Background of supply chain management .............ccccoooveveeeienneeeenieeeennes donnnn. 13
1.2  What is supply chain collaboration? ............cocoueueiiiuiiiiiiiiiiiiiiiiiiiiiieneinnsas]ereenn 14
1.3 Purposes and strategies of supply chain collaboration................cccc........l ... 16
1.4  RESECAICH FOCUS ...civvviiiiiiiiiiieee ettt e e e e eeeeaeeseenneeseennseedurnnenns 18
1.5 Research approacCh ........o.ocuveiiuuiiiiiiiiiiiiiieiieeeeieeeeeeeeeeeeeeveeeeevieeeeenbeeeenans 19
1.6 Structure Of the theSiS...........viiiuuiiiiiiiiiiiiiiiieiiiieeeeeeeeeeieeeeeieeeseeeeeasfereeens 20
[Chapter 2 Literature REVIEW .............cooeeuuueeiieeiieeeiiieeeeieeeeiieeeseeeeeeensesssseseneeessherins 22
2.0 INETOTUCTION et e et e e st eeeseteeesennseesennssasennaeseeshireens 22
2.2 Supply chain collaboration..................oiiiuuiiiiiiiiiiiieiiiiieeeeiieeeeeeeeeeeieeeeeni e, 22
2.2.1 A brief history of the evolution of SCM practiCes............cccccvvrervnrenen.. ... 24
2.2.2 CPFEFR frameWOIK ......cc.oiiuniiiiiiiiiiii et ea e eeeeaaa e 27
2.3 Impacts of supply chain collaboration: Models and case studies .............}...... 32
2.4  Establishing supply chain collaboration................cccceeeeivviiiiiiiiiniiiiecne e, 39
2.4.1 Levels of collaboration ..........ccccocoeuiiiiiuiiiiiiiiiiiiiiiiiiiieieeiiieeeeeieeeeenessfenenn 40
2.4.2 The role of information exchange...........ccccccueeeeieviiieiiiiiieiiieeeieeenii e, 41
2.5 Forecasting promotional SAIES ...........c..covvuiiieiiieiiiiiiiiiiiiiiiiiiiieiieieeinieeenaifereenns 46
2.6  GaPS INthe TIEIATUIE ... eeee e e eeeeeeeeeeeeeenaferenans 50
2.7 SUIMIMATY ..ot ee et ettt e e et e ettt s eaeeaesseaseaaessensenaensensenasesensennense]erneees 52
[Chapter 3 Research questions and Research Methodoloqy..............cccceuuuiideeei.. 53
3.l INETOTUCTION ittt e et e e e seteeeseenssesesnnsssenneeeeshireens 53
3.2  Main Research QUESHION ..........uueiiieeiiieiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenabernnnns 53
3.3 RESEAICH GESION....cccuiiiiiieeiiieiiie et e e e et reeeeseeneseensseenseennseenns]ornrenns 57
3.4 Research MethOdS ..........covuuiiiuiiiiiiiiiie e ee e e e e e aaens 58
3.5 CASE STUAY ..ttt e et e et e et eeeaeeeaaseenseennseeenseennseennseenseeenduenirees 60
3.6 Conceptual model development.............ooouveueiiiiiniieiiiiiiiiieeiiiieeeeieeeeeea e, 62
3.7 Structural equation Models (SEM) ........ccocuoviuuiiiiuiiiiiiiiiiiiiiiiiiieieieeereeasafineens 63
3.8 Multiple linear regression MOdelS ...........ccouvuueiiveueiiiiiiiiiiiiieeiiieeeiiieeeeenesfeennn, 65
3.9 SUIMIMATY ittt ettt et e et et e e e s eaeeaaeasenseaenssnsenesnsensenasnse]irneees 66
[ S R e ... 67
A1 INETOTUCTION Lttt e et e e e e e eesenaessennessenneeeennshernnns 67
4.2 RDM for Study 1 - Soft Drink Manufacturing Company (Soft Drink Co.)..).. 67
421 ComMPANY PrOFIE ..oonieiiiiiiiiie ettt ee e eeeereeanenneennaenshanes 67
4.2.2 Product portfolio and promotion mechanisms............cccocoovvveeeeveneeenibns 68
4.2.3 Planning cycle at SOft DINK CO ....o.vvviviiiiiiiiiiiiiiiiiiieeieiieieeeeeeseeena e, 71
4.2.4  Supply chain collaboration at Soft Drink CO...........cccceeeeeiviiiiieieeenn. . 13
4.2.5 The current forecasting method employed by Soft Drink Co.................. 74
4.2.6 SOME COMPIEXITIES ...uuiiiieeiiiiie e eeeeeeeeeeeeeeieeeeeeieeeeeeeeeeeenees|ornnns 75
[4.3 Study -2 Wholesale customer of Soft DrinK CO............ccccuuveeeeeeeeeeeeeeeeesi e 76
4.3.1  ComMPAaNY PrOFIlE ...covveeiiiiiieiieeeeeeee e ee e eeene e b enans 76
4.3.2 Relationship between Soft Drink Co. and Wholesale Co...................}..... 77
4.3.3 Relationship of Wholesale Co. with their customers.................cc...... fov... 79
4.3.4 Inventory management and forecasting at Wholesale Co. ................l...... 80

6



4.3.5 Potential improvements in forecasting and inventory management.. |..... 82
4.3.6 Enhancing Wholesale Co.Soft Drink Co. collaborative arrangement .| 86
[Chapter 5  Case StUIES INAIA ............c..ueeeveeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeennanas ....88
5.1 INEFOQUCTION vttt eeeeeeeseteeeeennsesessnssasennaeseesherrens 88
5.2 Study 3-Textile manufacturing COMPAaNY .............eeeevenieeeernieeiiieeeeeieeaennnn. .... 88
5.21  COMPANY PIrOTIIE .oovuiieiiiiiiiee i eeee et e et eeeeeeeeesensssensseensacharees 88
5.2.2 Business strategy of TeXtile CO. ....cccovuueiiiiuuiiiiiiiiiiiiiiieiiiieeeieeeeeieee o, 89
5.2.3  CaPaAbII®S ..o.uuiiieiiiiiiiiiiieeee ettt e et e et e e e e e e e aeenaaenn feranes 91
5.2.4 Supply chain collaboration at Textile CO. .........ccccuvveeevvvieeiiiiienenneenn o, 96
5.2.5 Planning cycle at Textile CO. ........cccuueeiiiuiiiiiiiiiiiiiieieiiiieeeeiiieeeeiiieeeeid e, 98
5.2.6 Value of information in planning and forecasting at Textile Co. ......... .102
5.2.7 Purpose of collaborative forecasting in Textile CO. ...........c.cccuuvenn.nnl) ... 105
5.2.8  SOME COMPIEXILIES ....uuuiiiiiiiiiiii et e e e e e eaeeaaas ... 107
[5.3 Study 4- Crude-oil refiners and distributors................cccocuueveevivueeeeaaanan... ..108
5.3.1  CompPany Profile ..........cccoouuuiiiiiiiiiiiiiiiiii et ee e aaeend ... 108
5.3.2 Collaborative arrangement..............oouvuuiiiierniiiiiiiiieeiiieeeeiieeeeeiiieeeeennnns ... 110
B4 SUIMIMAIY cuuiitiiiiiiiiii et ee ettt et ee e e et eetaeensebnesbsensesnsssnsensasnsssnsesnes]ersns 112
[Chapter 6 Conceptual model development...........cc..eeuuveeiveeeeeeeieeeieecciiieeaeenn. ...114
B.1  INITOTUCTION .ouuuiiiiiiiiii et e e e e e et eeesetaeesebneasesaaanes ... 114
6.2 Development of Reference Demand Model (RDM)..........cccccocvvvueviennnnnn.n. ..114
6.2.1 PUrpoSe Of RDM ........coiiiiuiiiiiiiiiiiiii it e e e e eeans ...115
6.2.2 Role of information exchange in developing RDM............................. .. 115
6.2.3 Stepl of RDM - Information on demand factors................cccceeeeevunnn...d .. 117
6.2.4 Step 2 of RIM - Attributes of the information ...............cccoceveevinnnnnn.inl) 120
6.2.5 Step 3 of RDM - Evaluation and interpretation of information............ .127
(6.3  RDM fOr TEXUIE CO. ..oeeeiiieeiiiieeeeeeieeeeeeeeeeeeeeeeseeeeeeeessaeneeeeseeessaannees ...130
[6.3.1 Analysis of RDM—TEeXtle CO. ..........ccooveeueiieeeeeeeeiiieeeeeeeeeieeenrreennnn . 133
6.4 What is RDM for collaborating companie€S?............c.eeeveuiiiieuieeenneaannnnn.. ...135
0.5 SUIMMAIY oottt ee et e eeee et e etaeenssensstnseneasnsssnsennee]ersns 136
[Chapter 7 Cross Case analysis - Qualitative Study ...........ccooeeeeeeeoeeeiiieenaas oo 137
7.1 INETOQUCTION Lottt e et e e et e e e e et eeeeeneasennnaane .. 137
7.2 Role of the case companies in the supply chain..........ccccceeevvveiiieveeeennes b, 137
7.3  CroSS-Case COMPATISON .......ccuuuniiieuniiiiieeeitiieeieieeeseeneeesesneeesesnseesesneeerennes|esnnns 139
7.4 Role of RDM iN CASE COMPANIES........ccvvuueiiieieeeeiieeeeieeeeeiieeeeeeiieeeesieseeenidienns 144
7.5 Supply chain collaboration in the case companies..............cccceeeevvuneeeennn o, 147
7.5.1 Current practice and SUQOESHIONS ........cccevuiirevniiiiiiieeiiiieeeeiiieeeeeieeeens e, 147
7.5.2 New perspective of SC collaboration ................cccceeeiviuiiiiiiiiiiiinnnnn. ... 148
7.6 SUIMMIATY .ottt et e et e et eeeteeeeteesenaesenaessnaeesnseesnaeenneeenneee]eeren 150
[Chapter 8  Data DESCHPION ... eeeeeeeeeeeeeeeeaeeans ... 151
T A 1 (o Yo [V o3 1] o [P PP PPPTRPTI ...151
8.2 Data collection MethOdOIOOY .........c.vveniieiiiiiiiiiiiiiieeiiieeeeeeeeeeieeerenneens ....151
8.3 Scales used to represent quantitative data.............cccoeeueeveueiiiniiiinniiiniiiinnnns 157
8.4 Descriptive analysis of sample data ..........ccoo.cviviieiieiiiiiiiiiiiiiiiiiiiiiiiieeiiii]onens 163
8.5 SUMMIAIY ..ttt et e e e e e e eeeteeeanaeeenseenneeenneeeneee]aeres 165
[Chapter 9  Structural equation Modelling..................eeeeeeiuiiieieeeeaiieeeeeeeeeeeenn. ... 166
S I R 11 (o Yo [V o3 ] o [P PP P PPPTRPTI .... 166
9.2 Conceptual demand-factor model and hypotheses development............)...... 167
9.2.1 The influence of promotional strategies on sales volume................... ....168
9.2.2 Influence of non-promotional demand factors on sales.....................\ ....169
L R I D 1 v NPT PPPTTPPPTTSY PR 173
9.4 MOAEI CONSIIUCTS ...uuiieniieiiiiiiii et ee et e e et e e e e e et eeeenesesnseennsaedaeees 176




9.5 Stage 2: Model construction and testing .............cccuueeeeevieeeennieeeineeeeeneea fonnn. 180
9.6 Structural equation model for 2ltr pet bottles ...........ccoevvveiiiiiiiiiiiiiiiiieni e, 185
9.7 Analysis of the model for 2ltr pet bottles...........cceveiiiiiiiiiiiiiiiiiiiiin, .185
9.8 Structural equation model for 6packs-330ml cans.........cc.ccoevveviieriennniiinnnn 187
9.9 Structural equation model for 500ml pet bottles...........ccccccoeevveiiiiiiinenidon. 190
.00 DISCUSSION...ceuuuiiietiiiieieeee et e eeet e eeeeteeeseaeeeesesnseesesnsesennseesnnsesesnnseseenneedesnns 193
9.11 SUIMIMIATY . et e e et e et e e et e eeteeeteeeneeenaesneesnaaenneaedueeen 194
[Chapter 10 Multiple Linear Regression Forecast Models................ccccccuuuvueeee..... .195
10.1 TaLugeTe [N Tel Lo o P PP PP PP PP .195
10.2 Promotional sales factors...........ccuuuieiiuviiiiiiiiiiiiiiiieieieeeeeieeeeeeeeeeeieeee e, 195
[10.2.1 Rules for developing MLRM............coouuuiueiiieeeeiieeeeeeeeeeeeeeeeeeennaa s 196
10.3 Development of Multiple Linear Regression Models ................cc..........].. 198
10.4 The MLRM for Retailer R1..........ccooovuuiiiiiuiiiiiiiiiiiiiiiiiieeeiee e 199
10.5 MLRMS explaiN@d............uoeiiuuuiiiiiiiiiiiiiieeiiiceeeeieeeeeieeeeeeeeeeeeeeeveeeeenih e 206
10.6  Advantage of using Multiple Linear Regression Models........................... 209
10.7 MLRM for RELAHEr R2 .......couuiiiiiiiiiiiiiiieiiiee e seeeeeeeeeeeeaena b 212
10.8 Forecasting Sales UPHft.............oooivuuiiiiiniiiiiiiiiiiiiieeiiie e aeea 218
10.9 DiscusSioN Of MLRMS .........ccuuiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e eeeeeeenn e 222
TO.10  SUMMAIY ettt ee et et et e e ee e et eeaeeensssnsesaensssnsesnsensasnsesnsdurnes 227
[Chapter 11 Discussions and CONCIUSIONS............ccoeeeeuuuueeeeeieeeeeiieeessieeeeerieesseeeecdennns 228
111 INEFOAUCTION Louuuiiiiiiiiiii et e e et e e et eeeeaaeesenneadenns 228
11.2  Discussions of case studies and conceptual model.............cc.cceeveeeeni o, 228
[11.2.1 Discussion of Quantitative MOdelS.............cccoouuueeeeeeeeeiiinaeesieeeiinnnns] e 229
11.3  Contribution t0 KNOWIEAQE ........cccvvniiieiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeen ) 231
11.4  Scope for future reSEarCh .........ccc..ccueiiiiueiiiiiiiiiiiiiiiiiiieeceiieeeeiieeeeeies s favenn 233
R OIBINCES ... ettt e et e e e et ee et seeanesennseennsaennseennseensesehereenns 236
APPENAIX-1 CASE STUAY-5 ...couvuiiiiiiiiiiiiiiiiie et e et e e e e e e e e e aeeaeeesennaee s 250
APPENAIX-Il CASE STUAY-6 ... eeee e eeeeeeeeeeeeeeeeeneeeedhannns 262
Appendix-1ll INterview QUESTIONS ...........ccovvuuiiiiiiiiiiiiiiiiiieieiiiieeeiieeeeiiieeesenaeeseensfons 268




Table of figures

Figure 1-1 Traditional versus Modern supply chain..............cccoooevvveeiciinieeeiiniieenni o, 14
Figure 1-2 Supply Chain Strat@gi€S . .......vivuuuiiiiiieeiiiieeeeeeeeeeeeeeieeeeeeeeeeeieeeeeieeeashaneeeens 17
Figure 1-3 Position of the case companies in the supply chain...........ccccccccveeeeibennnn.. 19
Figure 2-1 CPFR Process MOAEl ...........coouuiiiiiuiiiiiiiiiiiiiiiiiiiieiiieeeeeieeeeeeeeeeeiee e b, 29
Figure 2-2 Sales forecast and dispatch forecast..........ccccooeveeeviiiiiiiiciiiiiiieeeeeee e, 30
Figure 2-3 Different levels of collaboration ............ccccccoevveiiiiiiiiiiiiiiiiiiiiiiieeeni e, 40
Figure 3-1 RESEAICN PIAN ....cvvveiiiiiciieiieeeeeeeeee e e e eeeeeeeeeeeeeeeeene | erenannns 59
Figure 3-2 An example of a measurement model............c...ccccveeeviviiiiiinieeeneeeeniidenennnn. 64
Figure 4-1 Effect of promotions 0N sales............ccocoovvviiiiiiniiiiiiiiiiiiiiieiiieieeiieeeei e, 71
Figure 4-2 Planning cycle at Soft Drink Co. .........ccoovvuiiiiiiiiiiiiiiiiiiiiceiiieeeeeieeeeee e, 72
Figure 4-3 Various levels of relationships in Soft Drink Co. ..........ccovvvvviiiieieiiiien e, 78
Figure 4-4 End customer demand and orders of Wholesale CO. ..........ccccccceeeeeeiidoennnn. 81
Figure 4-5 Inventory level at Wholesale CoO. ...........ooovvvviiiiiiniiiiiiiiiiiiiiiiiiiieeieeeeai e, 82
Figure 4-6 Demand forecast of Soft drinks at Wholesale Co. ..........ccccccoeeeeevvinvei e, 83
Figure 4-7 (R, Q) MOAEI ......coovvuiiiiiiiiiiieiieeeeeeeeee e e eeeeeee e eeeeneeeeendieeennns 85
Figure 4-8 Evolution of inventory at Medway warehouse .............cccccceevveveevvneeenniibennn, 87
Figure 5-1 Business strategies of Textile CO. ........cccoveevviiiiiiiiiiiiiiiiiieeeeeiieeeeeeeiii | e, 90
Figure 5-2 Importance of forecasting in Textile Co. .........cueeeviviiiiiiniiiiiieieeeiee b, 95
Figure 5-3 Current supply chain collaboration of Textile Co.........c..cccccvveeevvvneneenn o, 98
Figure 5-4 Sales at TeXLIE CO ..ocuuuviivvniiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeieeeeeeeeeeneee s e 100
Figure 5-5 Planning cycle at TeXtile CO. ......cocuuveiieuuiiiiiiiiiiiiiieiiieeeeieeeeieeeeeeieeeeei e, 101
Figure 5-6 Information exchange in Textile Co supply chain..............cccooeeevvuni o, 105
Figure 5-7 Forecasting at TexXtile CoO. ..........oovvvuuiiiiiiiiiiiiiiiiieeeeeieeeeeieeeeeeeeeeeeee e e, 106
Figure 5-8 Application of supply chain information and forecasts ......................... .107
Figure 5-9 Products of Crude-Oil CO. .......ccceuuiiiiuiiiiiiiieiiiieeeeiieeeeeeieeeeiieeeeeeneeeeenib e 109
Figure 5-10 Supply chain of Crude-oil Cdnformation flow and material flow....... 112
Figure 7-1 Main role of case companies studied ..............cccovvvvviiiieiiiiiiiieeeeeeiiieeee e, 138
Figure 8-1 Percentage of types of promotions offered by four retailers.................|..... 155
Figure 8-2 Example of average sales during promotions at R2 for 2ltr bottles..... .|..... 156
Figure 8-3 Example of average sales during promotions at R4 for 2ltr .................|..... 158
Figure 9-1 Conceptual demand-factor model ............ccocoovvvviiiiiiiiiiiiiiieceeeee 167
Figure 9-2 Measurement MOEl .............oovvuuiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeieeeeeea b eennns 183
FIQUIE 9-3 MO = 1 .ovvniiiieiiieecceee ettt e e e e e e e e eeeeeseneeeendhaeens 183
FIQUIE 9-4 MO = 2 ..ot eeeeeeeeeeeeeeeseneeeendhaeens 184
Figure 9-5 Complete structural equation model of demand -2ltr pet bottles..........]|..... 184
Figure 9-6 Structural model of 330MI CaANS ......cccvvviiiiiiiiiiii e b, 189
Figure 9-7 Structural equation model of 500ml pet bottles..............ccccoeevvvvveeeennn |, 192
Figure 10-1 Example 1- Regression and forecast (Orange drink 500ml)..............)...... 201
Figure 10-2 Example 2 - Regression and forecast (6-pack of 330ml cans)...........|...... 202
Figure 10-3 Extent of explanation of linear models ............cccccoeeveiiiviiieeeeneiiee o, 206
Figure 10-4 Comparison of traditional and regression forecasts...............cccococevvu o, 209




Table of tables

Table 2-1 Purpose of supply chain relationships ...........ccovvvvviiiiiiiiiiiiiiiiiniieniieniioreennn, 23
Table 2-2 Some existing models in collaborative supply chain from the literature]...... 35
Table 2-3 Literature overview of some case studies and reviews on CPFR........ |........ 37
Table 2-4 Literature on information Sharing...........c.cc.cceeueeiiiiiiiiiiiiiiiiiieeiiieeeeeee e, 44
Table 2-5 Some models on promotional forecasting ............cccoceuevvveiiieeeiieiniieenniiiivrnns 48
Table 2-6 Gaps IN the ITEIratUre .............oeiveuiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee | evaannn 51
Table 3-1 Research StUAY PIAN ...........vivuiiiiiiiiiiiee e eeieeeie e e ee e eeeeesennes | eeerannns 57
Table 3-2 ResearcCh apprOaCh ............uoiiieuiiiiiiiieiiie e eee e e e eeeens 60
Table 3-3 Details of case COMPANY INTEIVIEWS ........ccuuvieeiieiiieiiiieiieeniieeereennseenseedeersnnns 61
Table 4-1 Components of promotional calendar ............cccoccoveveviiieniieiiiniiiiiiiienii e, 69
Table 4-2 MAPE of seasonal forecasting at Wholesale CoO............ccoeeevvvevieneniiivnnnns 84
Table 4-3 Inventory at Medway War€hOUSE ...........ccceuuuiiiieunieiiiiiieiiiiiieeiiiieeeesiieesdineeenns 86
Table 6-1 Stepl of RDM - List of information on demand factors ................ccccceu e, 119
Table 6-2 Step 2 of RDM - Attributes of information..............cccccceveeevvveiiiennnennnnn o 124
Table 6-3 RDM Of SOft DINNK CO..uuvvviiiiiiiiiiiiiiiiiiieicccciieeeeeeeeeeeeeee e eeeee | 126
Table 6-4 Analysis of RDM of SOft Drink CO..........oouvvuiiiiiiiiiiiiiiiiiiieeeiiiieeeiieeeennn] o 129
Table 6-5 RDM of Textile CO........cooooiiiiiiiiiiiiiiiiiiiii e 132
Table 6-6 Analysis of RDM Of TeXtile CO. .....ovovvuuiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee ... 134
Table 7-1 Basic designs fOr CASE STUAIES ........ovvuiiiuiiiiiiiiiiiiiiiieiiieiieeeisieseensenseenshenrenns 138
Table 7-2 Case StUAY deLAIIS ........ooveeuiiiiieeiiieeeeeeee e eeeeeeeeeeeeeeee ] eeeeens 141
Table 7-3 SUQQESEd tECNNIGUES ........ovviieiiiiiieiieiieiieeieeeeeeeeeieeeeeeseeasenssenssenseeshensenns 146
Table 7-4 Supply chain collaboration Strategy ..........cc.cuvvveiiieiiiiniiiiiiiiiiiiiieeieeeeiidaenn. 149
Table 81 Number of promotions at retail stores’ for leading products ....................... 133

Table 8-2 Scales used in the data analySiS...........ccccuvviveviiiiieieiiiiiiiiiiiieiieeeee e, 162
Table 8-3 Promotional and non-promotional salesS............cccccovveiiiiiiiiiiiiiiiniinic e 164
Table 9-1 Descriptive statistics of first order observed variables...........................}..... 175
Table 9-2 Exploratory factor analysis for 2ltr pet bottles .........coccoeeviiiieiiiiiiiidnn 177
Table 9-3 Results of confirmatory factor analysis (Factor loading) -2ltr pet bottleg ... 178
Table 9-4 Description of model fit INAICES ........c.ovvuiiiuiieiiiiiiiiiiiiiieiieiieiieeeiiee .179
Table 9-5 Model summary of structural equation modeig indices........................ 182

Table 9-6 Testing of structural model for different data sets of 2ltr pet bottles ......|.... 185
Table 9-7 Exploratory factor analysis for 330ml CanS...........ccccevvvvviiviiiiniiiiniieieai s 188
Table 9-8 Results of confirmatory factor analysis (Factor loading) - 330ml cans ..|.... 188

10



Table 9-9 Exploratory factor analysis for 500ml bottles .............cccoccveiiiiiiniinnnnnns
Table 9-10 Results of confirmatory factor analysis (Factor loading) 500ml bottles|....
Table 9-11: Significant demand faCtOrS...........c.uoiiuiiiiiiiiiiiiiiiiiieieeeieeeeeeeeeea e
Table 10-1 EXamMPIES Of OULDUL.........iiuniieiiiiiiiiiiieiieeiiieeeeeeeeseeesaenneeennseenesensefennns
Table 10-2 Summary output - EXample L..........cccoevvivuiiiiiiiiiiiiiiiiiiiiieieeiieeeeeieeeee e,
Table 10-3 Summary output - EXamMPIE 2......cc..iveuiiiiiiiiiiiiiiiiiiiiiieiiieieeeeisseenaa e
Table 10-4 Rvalue in regreSSion @NalYSIS ...............e.eeeeeeeeeeeeeeeeeeeeeeseeseeseseeeeeenseeadhanes
Table 10-5 Average MAPE during regression period and forecast pelRad........ 207
Table 10-6 Comparison of regression and traditional forecasts for R1 (year 2007) ....
Table 10-7 Average MAPE during regression period and forecast pelRad........ 218
Table 10-8 Comparison of regression and traditional forecasts for R2 (year 2007) ....
Table 10-9 MAPE during regression period and forecast peri®etailer 3 ............ 216
Table 10-10 MAPE during assessment period and forecast peRethiler 4 .......... 217
Table 10-11 Comparison of MAPES in three forecag®etailer R1.......................... 419
Table 10-12 Comparison of MAPES in three forecasRetailer R2.......................... 420
Table 10-13 SUMMAry Of FESUIS .......ccvvuiiiiiiiiieii e eeeen
Table 10-14 Promotional sales uplift in R1 and R2 and MAPE...............cccocccvveii e,

11



Chapter 1 Introduction

Supply chain collaboratiowas regarded as a major research topitche late 1990s

within the area of supply chain management. Firms interested in improving either cost
effectiveness or 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 general, businesses with similar objectives work closer together in order to
achieve the desired excellence in common supply chain processes such as planning,
forecasting, production and replenishment. However, the extent and intensity of
collaboration vary greatly based on individual business objectives, which in ture defin

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 bridging all the members in the collaborative arrangement. While
exchange of point of sales information and inventory records are widely encouraged
within the supply chain (Gavirneni et al., 1999; Raghunathan, 1999), the role of other
information such as promotional plans, foresastd production levels are not much
discussed in 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 collaboration (Barratt and Oliveira, 2001; Ryu et al., 2009). The main focus
of this research study stems from this aspect of supply chain collaboration.
Consequently, this research attempts to identify the role of information exchange in
supply chain collaboration in six different companies. After that, this research will
further analyse the potential benefits of collaboration in these companies. In this attempt,
the research goals and specific research questions are developed further in Chapters two

and three.
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To understand the basic idea behind this research, it is important to know the
background of supply chain management and collaboration. For this reason, the
following sections outline an overview of the developments in supply chain
management over the pastotdecades with reference to practitioners’ and researchers’
viewpoints. The general purposes and strategies of supply chain collaboration are
explained further. Also, this chapter briefly outlines the research focus, contrgbution

and research approach. This chapter also sunesénis structure of the thesis.

1.1 Background of supply chain management

Generally, supply chain management refers to the organisation and management of all
activities of a supply chain from suppliers through manufacturers, wholesaler, retailers

and customers. In other words,

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

cost to the supply chain as a whole (Christopher, 1998).

Normally, suppliers are referred to as upstream members and customers are teferred
as downstream members in the supply chain (Chen and Paulra), Ze&ditionally,

the supply chain was designed with more focus on the movement of materials rather
than information flow (see Figure 1-1). Due to ever increasing competition in the
business world, the supply chain also has taken a twist from its traditional way of
functioning. This has resulted in a modern supply ch@iwhich the integration of

material flow and information flow is a key aspect.

Although the supply chain has taken different forms, such as agile and lean supply
chains, over the past two decades, the core idea of the supply chain has always been

customer focused. Customer driven inventory 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 (Simchi-Levi et al., 2003a, pp-17). Similarly, the traditional way of
forecasting product demand independently by individual mesniseslowly being
replaced by collaborative forecasting arrangements (Aviv, 2007). Collaborative
forecasting involves exchanging information from different supply chain members so
that the demand for the final product (and hence the demand for components to be
supplied by different members) can be predicted more accurately (Aviv, 2007).
Although some recent supply chains include reverse flow of goods such as product
returns (Dowlatshahi, 2000; Daugherty et al., 2001), this research concentrates on the
forward supply chain with one-way material flow and two-way information flow as

shown in Figure 1-1.

Figure 1-1 Traditional versus Modern supply chain

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

.................. Wholesaler

: A 4
feeseessenened » Retailer

Modern supply chain

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

. Information flow

1.2 What is supply chain collaboration?

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

coordinate their processes (namely planning, forecasting, production, and
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replenishment) to make the supply chain more effective in terms of cost, revenue
generation and timely replenishment (SCC, 2001). When this supply chain coordination
formally continues to accommodate dynamic changes in various supply chain processes,
it will evolve into a collaborative supply chain. A collaborative supply chain encourages

exchange of relevant information to improve the accuracy of demand forecasts.

However, today’s competitive and unpredictable business world makes demand
forecasting a complicated task. In many supply chains, order variability iasfeas
downstream to upstream and can result in excess inventory and huge obsolescence
throughout the supply chain (Lee et al., 1997; Lee and Padmanabhan, 1997; Lee and
Whang, 1999). To avoid such problems, information exchange and collaboration in SCs
are encouraged in the literature. Fisher et al. (1994) have conducted a case study of
Sports Obermeyer (manufacturer of fashion skiwear) and found that the real success of
a product was dependent on thstomers’ response to the product. They have also

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 replenishments. However, Toktay et al. (2000) have observed
that the information exchange was possible only when the two supply chain members

expected mutual benefits from the partnership.

To reap maximum benefit from collaboration, each member of the supply chain 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 information exchange and the potential benefits
for companies that are involved in supply chain collaboration, for the purpose of

forecasting and replenishment.
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1.3 Purposes and strategies of supply chain collaboration

Businesses have been collaborating for several decades in many different forms for
various purposes (Horvath, 2001; Barratt, 2004; Danese, 2007). Some of the purposes
of collaboration are - improve overall business performance, reduce cost, increase profit
and improve forecast accuracy (McCarthy and Golicic, 2002; Mclvor 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 recent supply
chains having information exchange among supply chain members as one of the core
processes in a formal or less formal collaboration (Chang et al., 2007). Generally in the
SC literature,the purpose of supply chain collaboration is related to the company’s
business goals, objectives and business strategies. This research aims to identify
benefits of such collaboration in various supply chains. In this effort different
companies, Make-To-Order (MT)\Gand Make-To-Stock (MTS), are studied for their

collaborative arrangement with their downstream partners.

In an attempt to identify the right supply chain for various products, Fisher (1997) has
classified products under two main categories, namely functional products and
innovative products, depending on their demand pattern. In general, functional products,
such as groceries and food products, show less demand uncertainty while innovative
products, such as music players and mobile phones, show high demand uncertainty.
Subsequently Lee (2002) has presented a framework that matched supply chain
strategies with demand and supply uncertainties of both functional and innovative
products (see Figure 1x2Lee’s framework is the starting point of this research.
According to his framework, functional products with low supply uncertainty need to
have supply chain strategies aiming at the highest cost efficiefowever, the same
functional products with high supply uncertainty need to have risk-hedging supply chain
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with inventory pooling and resource sharing. Innovative products with low supply
uncertainty need to have responsive supply chains (responsive to customer demand) and
innovative products with high supply uncertainty need to have agile supply chains with

the combined strengths of ‘hedged’ and ‘responsive’ supply chains.

Figure 1-2 Supply chain strategies

Demand Uncertainty

Low High
(Functional products) (Innovative products)
Low
(Stable process) Efficient supply chains Responsive supply chains

High

(Evolving process) Risk-hedging supply chaing Agile supply chains

Supply Uncertainty

Source: Lee (2002)

Each supply chain mentioned in Lee’s framework has different characteristics and
hence necessitates a different supply chain coordination mechanism. For example, to
achieveLee’s ‘efficient supply chaily with low demand uncertainty and low supply
uncertainty, a simple transactional level of collaboration between suppliers and buyer
may be sufficientHowever, to achieve Lee’s ‘agile supply chain’, with high demand
uncertainty and high supply uncertainty, a close level of collaboration among different

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 promotions. In recent years, sales promotions at retail outlets have become a
common practice, espediain the UK. These sales promotions increase normal sales of

functional products and hence the functional products will also have uncertain demand
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during the period of promotional sales. In such cases, the promotional sales of
functional products will not follova stable demand pattern as defined in Lee (2002) and
Fisher (1997). To execute sales promotions, an active participation from all supply
chain partners is highly critical. Aviv (2007) has highlighted that Collaborative
Planning Forecasting and Replenishment (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 elements of collaboration. This
particular aspect of CPFR is considered further in this research to identify the role of
information exchange in planning, forecasting and replenishment processes at various

companies.

1.4 Research focus

The main focus of this research will be on the analysis of collaborative arrangements
and related information exchange, specifically for supply chain collaboration initiatives
such as CPFR. Originally CPFR emphasised infrastructure of information technology
(IT) as part of collaborative planning and forecasting. HowdVemfrastructure is not

the main aspect of this research. This research will focus on the collaboration among
supply chain members aiming to improve demand forecasting through information
exchange. Demand patterns of products and their respective information requirement for
CPFR will be analysed through a conceptual model called‘Regerence Demand
Model” in case companies. This will assist managers in drawing conclusions on the

need for collaboration in various businesse

While considering the benefits of CPFR, this exploratory research is also focusing on
the underlying factors that have significant impact on the demand. This research is
exploratory in the sense that it considers larger sets of demand factors, systematically

identified through case studies. The influence of information factors in different
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proceses of the supply chain is discussed with evidence from the literature and case

studies.

15 Research approach

This research employs both quantitative and qualitative 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 diffecemtpanies namely, a soft drink
manufacturer, a wholesaler of soft drink products, a textile material manufaeturer,
packaging material manufacturer, an electrical equipment manufacturex carge oil

refiner and distributor. All these case companies practice supply chain collaboration
with their downstream customers. The position of these companies in the supply chain

is classified as type-1; type-2 and type-3 (see Figure 1-3).

Figure 1-3 Position of the case companies in the supply chain

Type-1SC: 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 companies have 3-echelon supply chains involving a manufacturer dealing with

A

wholesalers and retailers. Type-2 companies have 2-echelon supply chains involving a
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manufacturer dealing with retailers. Type-3 companies are manufacturers/suppliers of

raw materials either to original equipment manufacturers (OEM) or to other suppliers.

In the case studies, attentias paid to understand the role of information exchange at
various tiers of the supply chain. This information was then used to create a conceptual
‘Reference Demand Model’ (RDM), presenting the factors and events on which the

final product demandvas based. In this attempt, some steps to identify the need for
improving the RDMwere also suggested. This approach halped to identify the
potential benefits of information exchange in supply chain collaboration, which is the

main focus of this research.

For one of the case companies, Soft Drink Co, detailed quantitative stdewata
available. Hence, more sophisticated quantitative modelling methods such as structural
equation modelling and multiple regression analysis have been employed to understand
the underlying demand structure. While structural equatians developed to establish

the general structure of demand, regression madeks developed to forecast demand.
Knowledge gained through the RDM 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. Chapter two starts with a literature review to
facilitate appropriate direction forighresearch and to identify the research goals. Based
on these goals, research questions are formulated and explained along with an
appropriate research methodology in Chapter three. Chapter four reports the case
studies from British companies and Chapter five reports the case studies from Indian
companies. Chapter six explains the development of the conceptual Reference Demand

Model (RDM) and illustrates its importance in the case study companies. Chapter seven
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discusses the cross-case analyses of all of the cases studied in chapters four and five.
Chapters eight to ten provide a quantitative perspective to the RDM framework
developed in Chapter six. The quantitative approach is applied to only one case study
company - a Soft Drink Manufacturer that has supply chain collaboration with major
retailers and wholesalers. Data description is detailed in Chapter eight. Structura
equation models are developed in Chapter nine. These models assist in grouping
products based on their characteristics of demand. Chapter ten uses multivariate linear
regression analysis models for analysing demand data. Chapter eleven summarises the
contribution of this researcihis final chapter also includes some ideas for future

research.
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Chapter 2 Literature Review

21 Introduction

Perceived and expected benefits of supply chain collaboration (SCC) have prompted
supply chain (SC) partners to develop sophisticated ways of exchanging information for
better management of supply chain processes (namely planning, forecasting, production
and replenishment). Improved accuracy of forecast of product/component demand has
been recognised as a key benefit of such collaboration (Ireland and Crum, 2005). Better
forecasting is said to reduce the problem of the so called bullwhip effect, which refers to
an amplification of demand variability, resulting in excess inventory in all levels of the
supply chain (Lee and Padmanabhan, 1997). The information needed to forecast
demand varies depending on the nature of product (e.g., functional or innovative), on
the position of the partner in the supply chain (e.g., a retailer or a manufacturer or a
supplier of raw material/components) and also on business objectives (e.g., businesses
with promotional sales need to collaborate for promotional planning). This chapter deal
with the literature on supply chain collaboration with special emphasis on the
Collaborative Planning Forecasting and Replenishment (CPFR) frameteork
understand the structure and the role of information exchange. Studies on promotional
sales forecasting are also discussed. Important gaps in the literature are identified and

discussed at the end of this chapter.

2.2 Supply chain collaboration

Although the literature on supply chain management (SCM) is rich with several
research ideas, concepts, models and case studies, the concept of collaboration has only
really evolved over the past two decades. But, several companies or 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 various types of SC relationships.

Table 2-1 reports the purpose of various SC relationships into three main headings:
production planning, information sharing and forecasting, and replenishment.
Companies that collaborate for production planning may need to have cross functional
activities and clear power sharing agreement to better align their production processes
(Akkermans et al., 1999; Beamon, 1999). Companies that collaborate for information
sharing and forecasting may need to accept organisational changes, both internal and
external to the company, to improve their performance (Barratt and Oliveira, 2001;
Forme et al., 2007). This will help the SC partniarpint decision making. Companies

that collaborate for timely replenishment need to be good in logistical performances

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

Table 2-1 Purpose of supply chain relationships

Purpose Essential elements Authors
> Cross functional activities| Akkermans et al. (1999);
I SCC (2001) - SCOR model
‘—g_ SCC leadership and powe| Kim and Oh (2005); Aviv (2007);
S sharing Simatupang and Sridharan (2004a,b)
= 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); Forme et al. (2007)
g £ T g Joint decision making McCarthy and Golicic (2002);
= f_—:) © § Forslund and Jonsson (2007);
IS i) Raghunathan, (2001);
Chang et al., (2007)
s Logistics performance Ettl et al. (2000) ;
2 = Cachon (2001);
QL0 Chen and Paulraj (2004);
o) E Simahi-Levi and Zhao (2005);
= Aviv (2007)

Most of these studies have discussed the purpose of the SC relationsimpsdlation

from the effort of SC information sharing. These details have not been clearly indicated
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in these studies. Some supply chain practices such as Vendor Managed Inventory (VMI)
and Collaborative Planning-orecasting and Replenishment (CPFR) use ddman

information in supply chain processes. The next section continues with a brief history of
the evolution of these supply chain management practices. Supply chain collaboration,

with particular interest to the CPFR framework, is discussed in detail in later sections.

2.2.1 A brief history of the evolution of SCM practices

Several practices such as Vendor Managed Inventory (VMI), Efficient Consumer
Response (ECR), Continuous Replenishment (CR) and Accurate response (AR) have
been suggested to improve material and information flows in supply chains. (Barratt and

Oliveira, 2001)

VMI developed in mid 1980s when Wal-Mart and Procter & Gamble jointly decided to
implement the initiative as a pilot project. After the successful implementation, VMI
was subsequently adopted 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 decides on the appropriate inventory level of each of agreed
product, and the appropriate inventory policy to maintain these levels, whereas the

retailers provide access to real-time inventory information (Sari, 2008).

In VMI, communication technology has become essential to help vendors in order to
access retailers’ inventory status. Waller et al (1999) stated that the success of VMI
implementation depends on computer platforms, communications technology, and
product identification and tracking systems which should 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 and inter facility trans-shipments. 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 competitive 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 help making fast decisions
and reducing the bullwhip effect (Disney and Towill, 2003). In addition, it may result in

better utilization of manufacturing capacity and better synchronization of replenishment

process (Waller et al 1999).

Even though 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
effort in about one year due to VMI vendors’ inability to deal with product promotions.
Similarly Kmart cut a substantial amount of VMI contracts because Kmart was not
satisfied with the forecasting ability of VMI vendors. A major obstacle of VMI
initiative was ineffective usage of retail level information. Since retailers are closer to
the marketplace, they may have better knowledge about customer behauiodusts

and marketplace (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 replenishment (CR), introduced in the late 1980s, is a result of some
improvements over VMI. It involves replenishing inventory continuously in smaller

batches. CR uses point of sale (POS) data for replenishment. During its initial stages,
CR was considered a success by the companies that applied it. For example, initially,

the company‘Campbell Soup could 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 of 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 supply chain collaboration, an integration of VMI and CR
was attempted by some companies. Companies also harnessed the advances in
information technology in the form of Electronic Data Interchange (EDI) to make point

of sale data available to supply chain partners. These three developments, VMI, CR and
EDI, have been successfully employed by some companies (such as P&G) under the
name of ECR to reduce the information distortion in supply chains and also to reduce

lead time (Andraski, 1994).

In all of the above supply chain practices, the impact of inaccurate forecasts on its
performance was not considered as a major issue. Later in 1997, Sports Obermeyer, a
leading sports company has adopted a new approach tatledrate Respons€AR)

(Fisher et al., 1997)Using this approach the company has suggested observing its
customer demand to make accurate forecasts and to incorporate this customer demand
information in their own production plans and production plans of suppliers. The
attractive feature of AR is the use of early market signals to predict demand of highly
unpredictable items (Fisher et al., 1997). The use of AR improved supply chain
flexibility, reduced production costs and reduced production lead times of Sports

Obermeyer, but was not considered effective in the case of high supply uncertainty.

With the arrival of the internet, new and hitherto unexpected channels for sharing
information have become available to supply chain members. Given the increasing

complexities of information in supply chains, and given the increasing sophistication in
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information technology and the use of the internet, a new supply chain management tool
has emerged in the last few years for supply chain collaboration. This new tool is the so
called Collaborative Planning, Forecasting and Replenishment (CPFR) framework. This
framework exploits computer networking, information technology and other internet
based technologies. Some researchers see CPFR as a second generation ECR (Seifert,

2003) to help companies to rapidly respond to consumer demand (Sherman, 1998).

2.2.2 CPFR framework

CPFR was introduced as a pilot project between Wal-Mart and Warner-Lambert in the
mid-nineties, aiming to be highly responsive to consumer demand. According to the
Voluntary Inter-industry Commerce Standards Association (VICS) (2004), CPFR can
be perceived as a new collaborative business framework that could combine the
intelligence of multiple trading partners in the planning and fulfilment of customer
demand by linking sales and marketing best practices. Due to its flexible and adaptive
nature, the companies practicing CPFR reaped early successes in the US retail industry;

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

The CPFR Process Model (VICS, 2002; Ireland and Crum, 2005 and Seifert, 2003)
involves nine steps, grouped under three stages called planning, forecasting and
replenishment (see Figure 2-1 for CPFR process model). In stage one, the collaborative
arrangement is formally agreed by supply chain members. In stage two, forecasts from
individual supply chain members along with sales information are exchanged to arrive
at a single demand forecast figure. In the final stage, products are repidrasied on

the demand forecast. All these three stages are explained below.
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Stage I: Planning the collaboration

Collaborative planning aims at improving the visibility between upstream and
downstream partners. Implementing CPFR needs to begin with understanding of CPFR
practices at all levels. Conflicting areas such as resource sharing and allocation need to
be resolved before initialising CPFR (VICS, 2002; Ireland and Crum, 2005). At this
stage of collaborative planning, five important questions need to be answered by all the

partners intending to initiate collaboration:

e Who are the collaborating partners?

e What is the role and task of each player?

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

¢ How and what type of information will be shared?

In CPFR, the planning stage comprises the development of the collaboration

arrangement and the creation of joint business plans (Steps 1- 2).

Step 1 - Develop collaboration arrangement. CPFR mission statement, goals and
objectives are formed in this stage. Identification of core competencies, resource and
information sharing, and role of each player are discussed in detail to avoid
disagreements. Front-end agreement is created and updated time to time to reflect any
new developments.

Step 2 - Create joint business plans: This stage comprises of definition of product
category roles, objects, tactics etc. The development of joint business plans facilitates

the communication and coordination across various levels of supply chain.
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Figure 2-1 CPFR Process Model
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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, 2002). Sales forecasts are
made based on the historic sales that assist production planning. Order forecasts (or
dispatch forecasts) are based on sales forecasts but possibly adjusted for existing
inventory, and time-phased (to account for distribution lead tineegnsure timely
replenishment (see Figure 2-2). Initially, internal forecasts are developed by all supply
chain partners independently, based on the information available to them. Internal
forecasts by each supply chain partners are reconciled to produce a Collaborative
Forecasting (CF). CF imdvanced demand informatiobased on the forecasts figures

from the other partners (Aviv, 2007).

Figure 2-2 Sales forecast and dispatch forecast
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Proper use of available information can assist achieving improved forecast accuracy.

Answering the following questions will help to better understand the process of CF.

e What information or data is needed to forecast demand?

e What are the factors that influence demand?
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¢ How frequently will the data be exchanged and how?
e What technology will be used to exchange the data?
e How will CF be calculated?

e How is the CF figure incorporated into production planning?

VICS (2002) created steps 3 - 8 in the CPFR process model to explain the collaborative

forecasting.

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

historical POS data and other information on planned events such as promotions.

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

seasonal and 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 order forecast: POS datemked to the individual inventory strategy to
help generate specific order forecast. Short term forecasts and long term forecasts are

used to generate actual order and overall planning respectively.

Step 7 - Identify exceptions for order 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 forecast is created incorporating exceptions.

It was identified that the effective information sharing (Raghunathan, 2001) and joint

decision making by all supply chain members would increase the reliability of the order
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generation and avoid bullwhip effect (Lee et al., 1997; Lee and Padmanabhan, 1997).
Also by sharing inventory status companiean ensure timely replenishments

(Gavirneni et al., 1999).

Stage IlI: Replenishment

In the CPFR process model (see Figure 2-1), 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
either by manufacturer or retailer depending on their competence in the process, 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 of the positive features of

collaboration.

These nine steps of CPFR framework are combined to form the CPFR business process
model, which has been adopted by companies such as Wal-Mart, Sara Lee Corporation,
Motorola, Hewlett-Packard Corporation, Gillette, Procter & Gamble, IBM etc. It 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 business process model is based on the experiences of practitioners and their
business strategies (Ireland and Crum, 2005; Fliedner).280&ever, increasing need
to better align supply with demand has prompted academics and practitioners to suggest

improvements to the CPFR framework and to suggest new approaches of SC
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collaboration (Chung and Leung, 2005; Corsten and Felde, 2005). Chung and Leung
(2005) have suggested inclusion of market information in the CPFR prodesses
improve responsiveness of the supply chain and alsedeporate ‘engineering change
conrol’ in the business process. This process of engineering change control is aimed to
integrate knowledge of different supply chain players. Chang et al. (2007) have
proposed ‘an augmented CPFR model’ to include market data in forecasting to improve

its accuracy and to reduce the bullwhip effect. Humphreys et al. (2001) have ascertained
that supplier collaboration and level of trust have positive impact on innovation and
success of the supply chain. In SC collaborations, the performance of suppliers can be
improved through knowledge transfer programs (Modi and Mabert, 2007). The
conceptual model developed by Corsten and Felde (2005) has related impact of trust,
dependence and supplier collaboration on innovation, purchase cost reduction and
financial performance. Some models have related internal and external collaboration
with logistical service performance in order to maximise the benefits of supply chain

collaboration (Cooper et al., 1997; Stank et al., 2001; Cooke, 2002; Caridi et al., 2005).

Almost all conceptual frameworks have been designed to explain the organisational and
functional aspects of the supply chain collaboration whereas mathematical or simulation
models have focused more 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, 2002; Aviv, 2007). Information sharing plays an

important role to improve forecast accuracy. This is evident from mathematical models
developed by Lee et al. (2000) and Raghunathan (2001). Simulation models of Kim

and Oh (2005) and Angerhofer and Angelides (2006) have drawn attention to
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performance evaluation of supply chain collaboration to identify the areas that need

improvement. Table 2-2 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 literature that examined the impact of
collaboration. Some of the studies are tabulated in Table 2-2. Tangible and intangible

benefits of collaboration are evident through a specific case study on West Marine (see

www.vics.orq. Wal-Mart’s initiative of constructing purchase patterns on the profiles

of customers has helped to increase visibility of demand throughout the value chain
(Mclvor et al., 2003). The importance of information exchange and demand forecast
based on the sales data have helped Sport Obermeyer to improve forecast accuracy
amidst demand uncertainty (Fisher et al., 1994). In general, most of the CPFR cases
reported improved inventory levels and forecast accuracy. This is evident from the cases
of Burlington Northern Santa Fe (BNSF) and P&G. However, poor forecast capability
of some players in the European grocery sector have made collaborative forecasting
complicated (Smaros, 2007). Many case studies listed in Table 2-2 and Table 2-3 are

anecdotal in nature; hence deriving any generalisation based on these studies is difficult.
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Table 2-2 Some existing models in collaborative 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 of Engineering change management’ increases the responsiveness
market changes.

Simatupang and
Sridharan 20043

Simatupang and
Sridharan 0049

Collaborative performance
system

Empirical evidence for
performance of supply chain
collaboration

Purpose: Measure the current status of the performance of supply cletioredion and to
systematically improve the identified gaps.

Key insight: Collaborative enablers are directly linked with collaborative perform

metrics.

Four types of collaboration identified: Efficient, underrating, prospective araiggtic.

Stank et al.Z001)

Model related internal an
external collaboration with
logistical service performanc

Key insights: To achieve logistical effectiveness, firms should pronuilaboration acros
internal processes. Collaboration with external supply chain partners altmdnternal
support will improve logistical 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, identifying value addition process, idengfyihe effect of
relationship on profitability, realign supply chain processes accordingdgsure individua
performance, compare value with supply chain objectives, replicate steps éihleatthe
supply chain

Caridi et al. (2005)

Multi agent model to optimeés
benefits of supply chain
collaboration

Insight: Mutli-agent system can be used to automate and optimisey sappin
collaboration.

Singh and Power2009

Structural Equation Model

Insight: Firm performance will increase if both supplier and customerirarolved in
collaborative relationship.

Simulation _models

Angerhofer and
Angelides 2006

Performance measurement

Model helps to identify the areas need improvement by measuringetfgmpance of the
supply chain

Kim and Oh 2005

Performance measurement

Purpose: To check the impact of structure of decision makioceps in the collaborativ
supply chain performance




Author

Type of model

Purpose and findings

Key insight: Collaborative (balanced) decision-making in the supplynctig@ates morsg
value in the system level.

Fu and Piplani (2004)

Evaluation of supply-side
collaboration

Key insight: Supplyside collaboration can improve the distributor’s performance.

Chang et al(2007)

Simulation model to verify
forecast accuracy

Purpose: To test A-CPFR (Augmented CPFR) on forecasting accurdagdurction of the
bullwhip effect.

Key insight: A-CPFR, with application of service provider, will have acdesmarket
information and hence can improve forecast accuracy and achieve considedhltition of
inventory.

Optimisation

and other models

Aviv (2001

Aviv (2007

Aviv (2002

Mathematical model for
forecasting

Mathematical model for
forecasting

Mathematical model for joint
forecasting and replenishme

Purpose: Finding the usefulness of collaborative forecasting in sapaly by quantifying
the inventory and service performance of supply chain

Key insight: Products with shorter lead time have more benefit from sughpyn
collaboration.

Purpose: Study the potential benefits of collaborative forecastiaglatentralized suppl
chain

Key insight: Dominance or power of partnership, agility of the suppbin and interna
service rate affect the benefits of collaborative forecasting.

Key insight: Auto-regressive demand process can decrease theddenwamtainty in VMI
and CFAR (Collaborative Forecasting and Replenishment) programmes.

Chen and Chen2005

Mathematical model for joint
replenishment

Purpose: To develop four decision making models to determine optinmahtary
replenishment and production policies in a supply chain consideringléwaeinventory
system in a two echelon supply chain; Model also includes major amt sg@trup cost fo
manufacturers, and major transportation and minor processingcadise fretailer.

Raghunathan, (0J);
Lee et al. 2000

Mathematical model

Inventory reduction and cost reduction can be achieved with efficient fuséoomation
sharing (Lee et al, 2000) and there is no need to invest in intemizeanal systems fo
information sharing if order history is available (Raghunathan, 2001

Mishra and Shah?Q(9)

Structural equation model

New product development will benefit from collaborative effort of suplied customer

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

Name of . LHBIEET . Collaboration
aator | sy | DUBSIONORL | IO | genertor | STOES | Howwasit | (suppler | Technologyand
adopted forecastin CPFgR impacts P on resolved? manufacturer/ forecasting
CPFR 9 retailer)
framework
Initially used
. Improved . Electronic Data
Initiated Using
. product Interchange then
Ireland and Reduce bullwhip development of S technology .
.| Wal-Mart- - availability and | Less accuracy Supplier - developed a
Crum @009; Retalil effect and improve Sq CPFR framework duced bri in f . and frequent Retail .
Parks (2001) etaller performance along with VICS reduced price, | in forecasting information etailer private
) o reduced . information
Association . sharing
inventory exchange called
Retail Link
Using
Included
Steermann Sears- Improve inventory evaluation and Inventory level iLn?‘Sfmation ;en??rgo&gm Producer- Sh’\;ﬁ(cél)o\,l\), iattthetX
(2003) Michelin disparity assessment in cut by 25 % I ; q Retailer 9e) v
visibility information Manugistics
each stage .
sharing
Accelerate business Added
West Marine | performance by Increased Need to Supplier . JDA/E3
. . . performance - e Retailer- .
Smith (2006) | Inc-Consumer| adopting appropriate improvement forecasting change core | training suppliers forecasting
goods retailer | technology and cross step S accuracy culture programme PP systems
functional support P
Burlington Improved coal
. Northern and movement . Web base_d Web-based
Wise and Improve resource between Information collaborative . .
Santa Fe . - . ; Supplier-buyer | collaborative Coal
Fagan (2001) planning manufacturer sharing forecasting .
(BNSF)-Coal i d | Forecasting tool
manufacturer (supplier) an too
customer
Schachtman Procter & Improve forecast Improved cycle Internal Usina Svncra
(2000); accuracy, reduce Pilot test was time, reduced . g syn Manufacturer- | Syncra Ct trading
Gamble - . forecasting collaboration : .
Ireland and inventory, reduce successful out of stock Retailer collaboration tool
manufacturer : system tool
Crum @005 operating expenses problem
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-
Fearne (2005)| 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 CalehorEiog
Author ELSL CPFFE/CollaboratiF\)/e t?le original EizAElt @ implementati B B Gl Vel e
adopted . 9 impacts P resolved? manufacturer/ forecasting
CPFR forecasting CPFR on retailer)
framework
Reduction of- For.the' pilot
. project: sales
inventory, stock-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 in - 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 ing Excel
engineering change using Exce
spread sheet.
Findings:
Findings: 1. Retailers’
Technology in | limited
Observation of the collaboration is | forecasting
challenges of not a key capability is a
Smaros European implementing obstacle. key obstacle.
P collaborative Retailers and 2. Lackof | = -
(2007) grocery sector S : .
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 collaboration

Although supply chain management incorporates several collaborative practices such as
VMI, ECR and CR, not all businesses have found it simple and easy to control the
partnerships among supply chain players (Seifert, 2003). Recently, CPFR has become
popular among the members afsupply chain to enhance collaboration because of its
nature of transparent information sharing. Following the success in the retailing sector in
the US, CPFR is slowly becoming popular in the other parts of the world in retailing and
manufacturing sectors (Seifert, 2003). For example, Méat’s (US retail giant) great
success in implementing CPFR encouraged manufacturing companies such as Procter &

Gamble, Hewlett-Packard Co. and West Marine Products Inc. to engage into CPFR.

Importantly, the combined effort by all the players is vital to the success of the
collaboration. Initiatives in establishing collaboration among supply chain partners can be
seen as more viable to suppliers than buyers (Chen et al., 2007) or equal to both suppliers
and buyers if equal involvement is revealed in collaboration (Kim and Oh, 2005). From a
case study of a telecommunication company Kim and Oh (2005) have found that by sharing
the decision-making process and by having equal involvement in collaboration, both
suppliers and buyers can maximise their profit. Chen et al. (2007) carried out a simulation
study, in which they compared buyer-driven CPFR with supplier-driven CPFR. The authors
claimed that the supplier-driven approach will be more appropriate compared with the
buyer-driven approach. In summary, to reap maximum benefit of collaboration, each
collaborating partner may need to exchange information with other SC partners,
irrespective of who initiates collaboration. However, the levelsotlaboration (Larsen et

al., 2003; Danese 2007) and information exchange are dependent on the nature of the
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business. Specific details representing the type of information to be exchanged at various

levels of collaboration can make collaborative processes simpler and unambiguous.
2.4.1Levels of collaboration

In the literature on collaborative supply chains, CPFR is classified under three levels such
as basic CPFR, developing CPFR and advanced CPFR (Larsen et al., 2003; ECR Europe
(2002). The basic CPFR is a simple transactional relationship among supply chain partners.
At this level, sales orders and inventory data will be exchanged (see Figlhrdn2-3
developing CPFR, demand, order planning, promotional and production data will be
exchanged. In the highest level, advanced CPFR, supply chain partners will have
transparent information sharing. A similar classification of collaboration was used by

Danese (2007).

Figure 2-3 Different levels of collaboration

Scope of &

collaboration

Advanced

CPFR
Deve]opin
CPFR

>
Depth of collaboration

Saurce: Larsen et al. (2003)
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Danese (2007) has conducted a detailed case study on seven European companies. Three
levels of collaboration - communication, limited collaboration and full collaboration - were
identified. This classification is almost similar to (Larsen et al., 2003) but has incduded
number of interacting units. Danese (2006; 2007) has demonstrated that a company
practicing advanced CPFR would hawe high number of interacting units. The
collaboration limited to basic communication for replenishments may result in reduced
cost. But to achieva more responsive supply chain a closer collaborative network may be
essential. In practice, there may be more than three levels of collaboration than explained
in the literature. Identifying the different levels of collaboration and benefits attached to
each level is important to decide on the ideal level of supply chain collaboration. This
research aims to classify the extent of collaboration in relation to the supply chain

environment (MTS versus MTO) and the difficulty to make accurate forecasts.

2.4.2 The role of information exchange

In this research, information exchange refers to exchange of point of sales information and
inventory status from downstream to upstream members, and all other information that may
impact on sales (for example - promotional sales) exchanged among upstream and
downstream members for the purpose of organisational planning (both long range and short

range planning), forecasting, production and replenishment.

The literature articles on supply chain information exchange éscuainly 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; Kulp et al., 2004). This section considers articles

41



dealing with supply chain collaboration and information exchange for the purpose of

improved forecast accuracy and timely replenishment.

In contrast to traditional sppy chain practices, today’s supply chain management is more
transparent to supply chain operators. Healthy collaborative arrangements among supply
chain partners proved to be a successful integral part of many world-class businesses such
as Wal-Mart, Sara Lee, Nabisco etc (Lee, 2002). Following thelgatcessful adoption

of CPFR in theUS, many companies around the globe have experimented with
collaborative partnerships in their supply chain (Seifert, 2003). Transparent information
sharing in supply chain collaboration hopes to reduce uncertainty and avoid excess

inventory (Holweg et al., 2005; Chen et al., 2000).

Initially at the inception of CPFR, understanding of the collaboration process and the
framework to collaborate were considered the two basic requirements for a collaborative
supply chain (Barratt and Oliveira, 2001). #later stage, information sharing was
recognised as one of the key elements for the success of the collaboration (Seifert, 2003)
Li and Wang (2007) have assatthat the benefit of information sharing is dependent on

two factors: one is content and another is proper use of information (Lee and Whang, 1999,
2001; Lee et al., 2000; Raghunathan, 2001). Distorted information and inefficient use of
available data will lead to excess inventory in each level of the supply chain. Hence, it may
be important for the companies under collaboration to decide on what information to
exchange in order to reduce cost or inventory, to create more accurate demand forecasts, to

make production flexible, and to achieve timely replenishments.
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Sharing of demand information with upstream members can help reducing the

manufactures’ supply chain cost (Raghunathan, 1999). Knowledge of demand information

also reduces the inventory cost of both supplier and customer (Gavirneni, et al., 1999, Lee,
et al.,, 2000; Graves, 1999). Sharing demand information along with current inventory

status facilitates achieving reductions in inventory cost (Chen 1998; Cachon and Fisher,

2000).

Depending upon the forecasting capabilities (technology and manpower) of the parties
involved, the benefit of information sharing will also range from basic inventory reduction
to higher profit earning. The manufacturer could reduce the variance in demand forecast if

readily available historical order data is being used capably (Raghunathan, 2001).

POS data and market-data-sharing are found influential in achieving forecast accuracy in
Chang et al(2007)’s ‘augmented CPFRnodel. A more detailed discussion on the value of
information sharing in supply chains is given in Li et al. (2005). Sanders and Premus
(2005 have attempted to model the relationship between firm IT capability, collaboration
and performance. However, the authors have not discussed information sharing and

forecasting in detail.

Most of the above discussed literature lists the benefits of exchanging information either of
point of sale data or inventory data but not any other information. Recognising the type of
information to be shared among supply chain members to iouittbre visibility is a big
challenge in achieving collaboration (Barratt and Oliveira, 2001). Ryu et al. (2009) have
presented a simulation study on the evaluation of supply chain information sharing. They
have compared the value of exchanging short term forecasts and long term forecasts among

SC players. Under high demand variability, long term foregaatformed better than short

43



term forecasts. Under low demand variability, short term foregestormed better than

long term forecasts. Using store level SKU dé&tia et al. (2009) have found that simple

time series forecasting will be appropriate for normal sales without promotions. They have
suggested using advanced techniques for sophisticated input to improve forecast accuracy

of promotional sales. See Table 2-4 for more literature on information sharing.

Table 2-4 Literature on information sharing

Authors Information sharing Purpose
Bourland et al Inventory Minimising inventory cost
(1996)
Cachon and Fisher | Historical data Decision on technology investment
(1997) (no need to invest)
Chen (1998) Demand and inventory Minimising total inventory cost
Gavireneni et al POS and Inventory Minimising inventory cost
(1999)
Cachon and Fisher | Demand and inventory Minimising inventory cost throughout wholg
(2000) supply chain
Lee et al.(2000) Demand information Minimising inventory cost
Raghunathan (2001 Order history Decision on technology investment

(no need to 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
Chang et al.(2007) POS & market data Improve responsiveness to demand
fluctuations
Ketzenberg (2009) Demand, recovery yield, Capacity utilisation showed more value thal
capacity utilisation any other information in a capacitated closg
loop supply chain.
Ryu et al. (2009) Demand information Study changes in inventory level and servig
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 (2009) has claimed that internal forecasting (with-in the firm)
but not external collaborative forecasting (with other supply chain players) had significant
impact on logistics and production performance. He has used survey data from the Japanese

manufacturing sector to develop a structural equation 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 a tool of
performance improvement in the supply chain (Cachon and Fisher, 2000; Byrne and
Heavey, 2006; Lee et al., 2000). In this liaespecial issuef the Management Science
journal in 2004on ‘marketing and operations management interfaces and coordination’ has
debated various issu@s the fields of operations management and marketing having sales
information as a main focus. In this special issue, Kulp et al. (2004) have related different
forms of information and knowledge integration to evaluate the supply chain performance
Steckel et al. (2004) have questioned the importance of point of sale information (POS).
The authors have argued that the POS information may distract decision making
particularly if product demand is highly fluctuating. However, Aviv (20QQ07) has
supported sharing sales information and local forecasting between retailers and
manufactures. Through mathematical models the authocdrdsmed that collaborative
forecasting CF) could improve the forecast accuracy of products with short lead times. In
another study Aviv (2007) has also confirmed that CF could improve the overall
performance of SC by about four percent. However, depending on other factors, such as
explanatory power of the supply chain partners, the supply side agility, and the internal

service rate, the performance improvement will differ (Aviv, 2007).

The quality of the information exchanged among the supply chain partners is another
important factor that decides the performance. The overall supply chain performance has
been shown to be higher with high quality information from supply chain partners

(Forsuland and Jonsson, 2007; Zhao et al., 2@2) obtaining high quality information
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in the supply chain requireshigh level of cooperation and trust among various players
(Barratt and Oliveria, 2001; Fliedner, 2003). Good inter-organisational communication
among various supply chain players is therefore necessary (Paulraj et al., 2008). This inter-

organisational communication is vital especially during sales promotions.

In recent years, many retail outlets offer promotional sales in collaboration with
manufacturers (Ailawadi et al., 2009). This initiates more collaborative action among
various supply chain players. Knowing the demand information (POS information) and
inventory levels at the retail outlets may help the supplier to replenish on time (Gavirneni,
1999; Cachon and Fisher, 2000). It has always been accepted that good forecasting will
avoid stock outs and excess inventory. But, achieving good forecast accuracy in the
presence of promotions is not an easy task because the buying behaviour of customers can

be influenced by various factors (Sun, 2005).

This research will demonstrate the significant impact of collaborative forecasting in
improving the accuracy of promotional sales by having demand information from other

downstream supply chain parteer

2.5 Forecasting promotional sales

As stated earlier many journal articles in the area of Operations Management have focused
on various supply chain processes and information exchange in supply chains. But not
many of these articles have discussed the relationship between demand and its influencing
factors to a great extent. This is evident from the recent review papers on supply chain
coordination (Arshinder et al., 2008; Bahinipati et al., 2009). Raju (1995) has attempted to

relate sales demand with promotional factors. In his theoretical model he has incorporated
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various types of promotions such as sales price discount with advertisement, on-shelf
discount without advertisement and coupon discount. The effect of promotions on

consumes’ buying behaviour and consumption patterns aménteresting topic of research

in the area of marketing and retailing (Sun, 2005; Chandon and Wansink, 2002; Wansink,
1996). With respect to the supply chain operations, every piece of information on

customers’ demand and their preferences are important to plan and forecast. Accurate

demand forecasts are important to avoid lost sales or excess inventory.

Forecasting is one of thmost important topics in the field of supply chain management.
Generally, short term forecasts are used for production scheduling and inventory control
and long term forecasts are used for market planning (Wacker and Sprague, 1998; Sanders
and Ritzman, 1995). In the past three decades several quantitative and qualitative
forecasting techniques have been proposed in the literature. Quantitative forecasting
techniques include multivariate regressions, exponential smoothing, the Holt-Winter model,
the Box-Jenkins model, and many other time series models. Qualitative forecasting
techniques include sales force composites, customer surveys, jury of executive opinion, the

Delphi method and judgemental forecasting.

The 1980s literature on forecasting supported judgemental forecasts more than any single
forecast based on mathematical/statistical techniques (e.g. Mentzer and Cox, 1984; Sparkes
and McHugh, 1984, and Dalrymple, 1987). Later, combination forecasts based on two or
more techniques were supported. These procedures resulted in higher levels of forecast
accuracy than many other forecasts methods (Winkler and Makridakis, 1983; White and
Dattero 1992; Clemen, 1989; Sanders and Ritzman, 1990). It has been well understood by

many practitioners and academics that a mathematical tool alone is often insufficient to
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improve forecast accuracy, but additional information and knowledge from different supply
chain partners is required to reach reliable forecasts (Makridakis et al., 1998; Ireland and
Crum, 2005). A recdrstudy by Onkal et al. (2008) stressed the importance of judgemental
information to adjust forecasts. 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 vast and wealthy, to the best of my knowledge
promotional forecasting techniques have been reported in the literature only in the past two
decades. A recent review article of Fildes et al. (2008) discuissietail the literature on
forecastingn the area of operational research. The authors have considered both qualitative
and quantitative approaches. This review paper has pointed that there were few articles on
promotional forecasting, mostly published in the marketing literature. This article refers to
very few 'event forecasting models' suchPasnoCast™ and CHAN4CAST (see Table 2-

5).

Table 2-5 Some models on promotional forecasting

Dependent variable

Geurts (1988)

Authors Forecasting model (Salesforecast) Independent variables
Divakar et al. | CHAN4ACAST Group of products (pack Display, advertisements
(2005) Regression Model | size and category) - soft
drinks and water
Cooper et al. | PromoCast™ Individual products - 67 variables used - region, pric
(1999) Regression Model | detergents, food products | seasons, special days and
etc. temperature
Rinne and Regression Model | Forecast of 3 individual Price, advertise medium, size g

functional products includeq
to forecast total profit

advertisement, type of
promotion and day of the week

Dube (2004)

Econometric Model

Bundle of products (cereals
soups, soft drinks)

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

Sales promotions are normally attached vatprice discount (Raju, 1995; Sun, 2005).

These promotions can improve normal sales alone or in conjunction with other factors for
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example holidays, temperature and display locations (Cooper et al., 1999). However it is
important to recognise the impact of these factors individually on sales to measure the
effectiveness of promotion. The effectiveness of promotions is normally reflected in an
increase in the volume of sales during the period of promotion (Divakar et al., 2005).
Forecasting the promotional sales is a complicated task reqaikiagety of information

from different supply chain partners. The promotional sales forecaster also needs a good
knowledge of the local market such as the behaviour of consumers and their buying habits

(Dube, 2004).

Some articles have proposed regression forecasting models with multiple independent
variables (Cooper et al.,, 1999 and Divakar et al., 2005). Cooper et al. (1999) have
developed a forecast model called PromoCast™ which was specific to a particular
company. This model included 1.3 million promotional events of a retailer grocery chain
and 67 independent variables. The forecasts of new products were not included. In an
attempt to forecast the effect of promotional sales, Cooper et al. (1999) identified that the
display location of items in the store has a positive impact on sales. In addition longer
duration of promotions with major displays had mixed effects on sales especially for slow

moving items.

Several attempts have been made to estimate the effect of promotions and price discount on
sales using store level data (Abraham and Lodish, 1987; Blatteberg and Levin, 1987; Naik
et al.,, 2005) and market level data (Dube, 2004; Christen et al., 1997). However, these
articles have not suggested any method of forecasting to predict promotional sales. But,
these effects of promotions have been considered by other researchers to relate demand

factors with different attributes of sales (Dube, 2004 and Sun, 2005). Dube (2004) has tried
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to predict the consumegr purchase behaviouwf bundles of products, such as cereals,
soups, soft drinks etc., using the quality of the productDuhe’s econometric model,
consumers’ purchase pattern has been relatéd the time of buying and the time of
consumption. The author has used several variables including price, location, loyalty and
advertisements. Sun (2005) has relatedcilsomers’ behaviour with different types of
promotions. Mcintyre et al. (1993) have attached demand factors with judgemental
indexing. Rinne and Geurts (1988) have developed a forecast model with five variables
namely price, advertise medium, size of advertisement, type of promotion and day of the
week. The authors have related the forecast modelamivaluation of the profit of three

products. The model with more profit has been considered the best performing model.

Divakar et al. (2005) have developed a model called CHAN4CAST for a packaged goods
(food products) company with multiple products. CHAN4CAST, a sales forecasting
decision support model, incorporatadvariety of variables such as trend, promotional
variables, seasonality, holidays and temperature. The authors have suggested judgemental
interventon for new products and trading day’s adjustments. In the model, the authors
considered channel level data combining a variety of products. Divakar et al. (2005)
concentrated more on forecasting rather than identifying the underlying demand variables
and their relationship to sales. Despite the previous research on promotional forecasting
methods, there is still a lack of a structured methodology which can guide and direct

practitioners (Fildes and Goodwin, 2007).

2.6 Gaps in the literature

The literature on information exchanges focused more on exchanging specific piece of

information but has not clearly linked the level of information exchange and collaboration
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to the supply chain environment (see Table 2-6). This indeed has raised a critical question

on the extent of the benefits of collaboration and information sharing.

Table 2-6 Gaps in the literature

Main theme of supply chain
collaboration and Authors

Gaps

Possible research approach

Different levels and degrees |
collaboration are possible (Larst
et al, 2003; Danese, 2007). Barr
and Oliveira 2001 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 the rolef
information exchange in
different collaborative
supply chains?

e Analyse and study the CPFR
arrangement in different sectors

o Identify the role of information in the
supply chain processes.

Approach:
e Conducting case studies

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

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

e Develop a tool/technique to evaluate
whether CPFR or other SC
collaborations are beneficial

Approach:
¢ Developing RDM

e Suggesting levels of collaboration

CPFR case studies in the literaturg
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 what techniques or tools {
be used to make forecasts

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

¢ Use factors identified through RDM t
improve and automate forecasting
Approach:
¢ Analysing the sales through structur
equation models (SEM$) generalis
the demand patterns

e Using multiple linear regression
models to forecast demand

Therefore, ascertaining a mapping between information, collaboration arrangement and
supply chain environment is not possible from the literature. This identified gap in the
literature lel me to form an idea of identifying the role of information exchange in
collaborative supply chains. The goals of this research can be briefly stated as follows:
Goal 1: Understanding the role of information exchange in collaborative supply chains

Goal 2: Identifying critical factors influencing demand. This will result in the development
of a‘Reference Demand ddel’
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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 reference to product demand variability

An attempt is made to explore these five goals through 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, especially the CPFR framework. This chapter also discussed specific models
and case studies on supply chain collaborat#toreview of SC collaboration was included

from the literature. The role of information exchange in the supply chain was discussed
with reference to its impact on supply chain performance. Forecastisgsaieotiors was
discussed from both the operations and the marketing literature. Finally, the goals of this
research and the gaps identified from the literature were stated. The knowledge gained
from the literature on supply chain collaboration and the identified gaps will 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 research, information exchange among supply chain partners is considered for
understanding its role in different supply chain processes such as forecasting and
replenishment. While considering information exchange for the purpose of forecasting, it is
important to be aware of the underlying factors that may explain the demand and the
relationship between these factors. This idea forms the foundation to deal with the gaps
identified in the literature and also to formulate the research questions. Four different but
inter-related research methods are suggested to bridge the gaps. In this process, research
questions are developed and countered with the help of established tools such as conceptual
models, multivariate regression models and structural equation models. A brief description

of each of these techniques is further given in this chapter.
3.2 Main Research Question

Generally CPFR, either fully or partly, is adopted by companies to accomplish their
business goals. As mentioned in the literature re\{glapter 2), businesses can achieve
several benefits by collaborating with other supply chain partners (Chung and Leung 2005
Simatupang and Sridharan, 2004).aBut, the specific role of supply chain information and

its impact on production planning or forecasting are not clearly stated in the literature. In
order to fill this gap, this research focuses on understanding the collaborative arrangements
in different industries and the need of information exchange for better forecasting and

planning. Accordingly the main research question can be formulated as follows:
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What is the role of information exchange in collaborative supply chains for demand
forecasting?

The main research question will be answered in four steps.

This research begins by defining the nature of the collaboration and the subsequent
information exchange in supply chain processes in a form of a process map (Handfield and
Melnyk, 1998). In this process, four sub-questions are formulated:
Question 1:  What types of collaborative arrangement exist between manufacturer
and buyers, and what type of information is being exchanged to
facilitate CPFR?
This first question is based on the observation from the literature that the collaborative
arrangement between manufacturers and retailers was inadequately addressed. The reported
benefits of supply chain collaboration are of wide range and include inventory reduction,
cost reduction or reduction of lead time. However, there was no mention of what type of
collaborative arrangement and SC information exchange helped to achieve specific supply
chain benefits. For example, from the literature it is difficult to understand the role of

information exchange in forecasting the sales promotions.

Some researchers attempted to relate information exchange with supply chain benefits such
as inventory control and cost reductions (Lee et al., 2000; Raghunathan, 2001; Aviv, 2007)
But thosearticles did not explain in detail when and how this data was exchanged and what
the significance of tls data in different supply chain processes whl&nce, it is vital to
understand the impact of supply chain collaboration and information exchange in practice.
This will help to comprehend the actual collaborative arrangement and the role of
information exchange for production planning, forecasting and replenishment. The case

study approach will be employed to answer this question.
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Question 2: What techniques can be used to decide on the level of information
exchange in CPFR?
The second question considers the information exchange among suppliers and buyers
involved in supply chain collaboration. Two different viewpoints have been raised in the
literature (Lee et al., 2000; Raghunathan, 2001; Nakano, 2009). One is that POS data helps
forecasting an@rother is that POS data confuses the forecasters. As given in the literature
review in Section 2.,4Raghunathan (2001) criticised the investment on technology for
exchange of POS data, provided historical data was used for forecasting. In most of the
companies, POS data is not used for their forecasts. In many cases only the historical sales
data is been used for forecasting. However, POS data may be required to monitor
performance of sales against the forecasts during the promotional sales events. The
inventory data may also be required to decide on replenishment plans. Likewise several
partners of the supply chain may requaevariety of SC information specific to their

business.

Hence, by answering the proposed research question, it is possible to identify the different
factors and signals that explain the demand. This will benefit the companies, particularly
involved in sales promotions, to implement various promotional mechanisms in line with
the identified factors underlying the demand. Based on the inputs from the case studies, a

conceptual model called ‘Reference Demand Model’ is developed to answer this question.

Question 3: How are the different demand factors related to sales?

Question 3 reflects the fact that forecasters and/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 information exchange. While information exchange among supply chain
members involves both technology and people, the technology attracts some additional
investment. Hence, investmeanttechnology has been questioned by many researchers in
the aspect of its contribution to profit (Raghunathan, 2001; Smaros,. 20§ yesearch is

trying to identify the relationship among various demand factors and their impact on sales.
Though this research does not suggest anything on technology investments, the research
findings may assist management decisions for future collaborative arrangement. This
research question is answered by constructstigictural equal modelgo identify the

underlying structure of demand factors.

Question 4: Can the identified demand factors from RDM help to improe forecast
accuracy?
Question 4 relates to the core idagrevious research that collaborative forecasting may
improve accuracy, especially when the lead time is shorter (Aviv, 2002). This research
relates the previous findings with the actual practice of supply chain collaboration through
case studiesThe quality and value of information exchange have been widely discussed in
the context of organisational resistance for collaboration (Paulraj.,e2068; Samros,
2007). Some analytical models have been developed to see the impact of information
exchang by assuming stable demand (Gavirneni et al., 1999; Aviv, 2007). But, in practice,
the demand is not always stable, especially during promotions. Hence, answering the
question 4 will 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 answered. The research
conducted for answering these questions will also suggest an ideal collaborative

arrangement for all the case companies studied.

3.3 Research design

To study the above research propositions six different case studies have been conducted.
Some of the products of these six case companies are easy to forecast while the others are
difficult to forecast. From the cases studigdas been identified that the products are of

two main types- Manufactureto-Order (MTO) and Manufactur®-Stock (MTS). Hence,

this research analyses the cases in two main dimensions, namely type of products (MTO
and MTS) and demand variability (easy to forecast and difficult to forecast) (see Table 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 drink manufacturer
o | Case study Case study and quantitative analysis
@2 | &= | Study 4 Study 3
o = Crude oil refiners and distributors | Fashion textile material manufacture
% Case study Case study
= Study 5
2 Packaging material manufacturer
° Case study
l% |C_) Study 6 . _ .
s | Flame-proof electrical equipment
manufacturer
Case study

Research Question 1 and Question 2 were addréssedh case studies that help to better

understand the current collaboration arrangement and exchange of information in the case
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companiesA conceptual model called ‘Reference Demand ddel” (RDM) is developed to
represent the dependency of demand projection on information from SC members.
Question 3, about the relationship of underlying demand factors, is answered partly through
RDM. Further to the development of RDM, demand factors and actual sales are linked
through the structural equation modelling technique. 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 answers Question three. The
significant factors identified through the RDM are further used in forecast models to

answer Question four.

34 Research Methods

This research explores suitable collaborative arrangements for the case study companies in
order to gain advantage of CPFR. The companies under study are of two types; of the first
type are companies with established collaborative practices and hence they maintain a
detailed database on sales, inventory and other related information. The second are
companies which have been involved in business partnership and information exchange to
support their business but have no readily available database. All the case companies are
classified under two categories - Manufacture to Stock (MTS) and Manufacture to Order

(MTO).

The research process involves four stages (see Figure 3-1). In the first stagee stada
approach is used to identify the CPFR arrangement in the case companies. Based on the
case studies and interviewa, RDM is developed in the second stage for two case

companies revealing the dependency of demand projection on the information signals.
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Figure 3-1 Research plan

Stages 1 & 2

Case study
Understand CPFR
Understand the role of information

Develop RDM
Identify the
dependency of sales

on demand factors

Stage 3

(use sugg
steps)

A
[ Analyse RDM W

Develop
Measurement
models
Use identified
sales factors
from RDM

Develop SEM
Identify underlying
relationship among
factors and sales

Stage 4

Develop Multiple
linear regression
models
Forecast & check
accuracy

Compare results
of linear models
with SEM & RDM

Decide future
collaboration

In the third stage, further research is carried out for the company that provided sales data
with details such as promotional events, festival dates, discount prices etc. The factors
identified in the RDM are usetd develop and test measurement model. This measurement
model aims to examine the impact of demand factors on sales. This is done through the
structural equation modeling (SEM) technique. The resulting demand factors of SEM are
used in the fourth stage of the analysis. Is timal stage, sales forecasting is carried out

using multiple regression forecasting models. These four stages in the 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 were conducted in different companies. The companies selected for the

purpose of this research are listed in Table 3-2.

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 demand model, Structura
retailer equation model and
Regression models
Study 2 | Soft drink MTS Type-1 Q1 and Q2 Case study
manufacturer -
wholesaler
Study 3 | Fashion textile MTS Type-2 Q1 and Q2 Case study
material MTO Reference Demand Mode
manufacturer
Study 4 | Crude oil refiners ang MTS Type-1, Q1 and Q2 Case study
distributors Type-2
Study 5 | Packaging material | MTO Type-3 Q1 and Q2 Case study
manufacturer
Study 6 | Flame-proof MTO Type-3 Q1 and Q2 Case study
electrical equipment
manufacturer

All of these case studies have been conducted to understand the current collaboration
practices. The names of the companies are not disclosed as partoofidentiality

agreement. A brief description of each of the cases 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 in-depth understanding is needed (Voss et al., 2002). Company visits (field

visits) and observational studies 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 arrangement of the case companies and hence detailed case study with
intensive semi-structured interviews have been conducted for this purpose of the research.
The interviews have been recorded, using digital voice recorder, and used for the case

analysis and wrihg-up of this thesis.

The interviews with case companies have been conducted in different periods of time with

top and middle managers. A list of the main contacts, the period of interviews, the number

of personal and telephonic interviews is showitable 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 | 2007-2009 11 2 24 Complete
Co. (Study-1)

Logistics Manager Party
(Study- 1&2) (Study-2)

Planning Manager

Customer Demanc

Analyst
Textile Co. Secretary to MD* | 2007-2009 6 5 12 Party
(Study-3) Planning Manager
Crude-Oill Distribution 2007-2008 3 1 6 Not
Co. Manager available
(Study-4) Logistics Manager
Packaging Managing Director] 2007-2009 6 3 12 Party
Co.
(Study-5) Planning Manager

Demand Analyst
EEM Co. Operations 2007-2008 3 0 5 Not

Manager available
(Study-6) Distribution

Manager

Total
hours of 59
interview

*people at different positions were interviewed
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Soft Drink Co. has provided detailed sales dataamemotional calendar for 2005-2007.
Textile Co. has provided details on company partnership and sales volume but no detailed
sales data. Packaging Co. has provided detailed sales data for one yeavabubitvery

useful for this research. The other two companies Crude-Oil Co. and EEM Co. agreed to
have interviews but did not provide any sales details. Further details of the case studies are

given in Chapters four and five, and also in Appendices | and Il

3.6 Conceptual model development

Aviv (2007) developed a stylised reference model (mathematical momahprove
production planning of manufacturers by integrating demand information from other supply
chain members. He mentioned the name reference demand model to specify the
dependency of the demand process on supply chain information. Based on this idea, this
researh has developed a conceptual model called a ‘Reference Demand Mode{RDM).

RDM is a specific model representing the dependency of demand projection on information
from various supply chain members involved in the supply chain processes such as

planning, forecasting, production and replenishment.

In general, business processes greatly rely on demand forecasts, which in turn enable all
supply chain members to plan, produce, and replenish in good time. Thus, accuracy in
demand forecast is considered as one of the most important criteria for the success of
supply chain processes. However, achieving good forecast accuracy is not a standalone
process in the supply chain. Information from various supply chain pleyenportant to

develop collaborative forecasting. In this research, the supply chain information exchanged
between supplier and buyers has been collected. Various attributes of information such as

action-ability, reliability and source of information have also been recorded to verify the
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importance of information in the process of forecasting and planning. Based on the
attributes of information, RDM attempts to find the actual importance of information at
various supply chain processes at diffetames. Further details on development of RDM

are given in Chapter 6.

3.7 Structural equation models (SEM)

Structural equation modelling (SEM) is a quantitative multivariate analysis technique

solving simultaneous linear regression models. It is used for establishing and testing the
causal relationship among various research constructs. SEM is normally used for two
purposes: testing the construct validity of factors and testing the theoretical relationships

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

To form SEM one needs 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 and demand. Although, SEM is a new approach in 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)
in analysing aifm’s performance (Mishra and Shah, 2009; Kim, 2009). In this research

SEM is used for exploring the underlying structure of various demand factors identified

through RDM (Ramanathan and Muyldermans, 2010).

In general, SEM uses a two-step approach. In the 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 models. 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, normally measurement model(s)
are developed. The measurement model (i.e., structural model under examination) deals
with the relationships between measured variables and latent constructs (Mishra and Shah,

2009). A simple example of a measurement model is given in Figure 3-2.

Figure 3-2 An example of a measurement model

ltem1

ltem?2

ltem3

ltem4

ltem5

LC2

ltem6 g

ltem7
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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 is measured through three
variables (items 5 to 7). Both these constructs are connected by covariance relationship
(correlated). The validity of this model is normally tested through suggested SEM fit
indices. This measurement model will be further used to establish a structural equation

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

3.8 Multiple linear regression models

Multiple regression analysis is a popular statistical technique to analyse the relationship
between a single dependent variable and several independent variables. The regression
equation can also be used as a modelling tool to express impacts of various factors
influencing the dependent variable. In simple words, total sales can be expressed as a

function of different demand factors such as promotions and other effects. For example,

total sales ‘Y’ can be represented as follows: Y =ay+aX +a,X, +....... +a,X,+€6 where

Qy, Ay, Ay, a, are coefficients, € is an error term andX;,X,,Xg,........ , X, are

explanatory variables. These explanatory variables are factors influencing the product
demand (sales). Regression analysis with more explanatory variables is known as

multivariate regression analysis.

While the case study interviews (discussed in Chapter 4) help to identify various factors
influencing the demand, the regression method will be used to analyse the dependency of
real sales data on those factors. Multiple regression analysis will be conducted with the

sales data of the Soft drink Company in Chapter 10.
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3.9 Summary

In this chapter, the research questions were discussed in detail with relevance to the
identified gaps in the literature. This was followedamoutline of the research design and
research approado answe the research questions. Four different research methods were
proposed- case study, conceptual model development, structural equation modelling and
multiple regression analysis. An introduction to each case was also outlined with a note to
its future role in the thesis. A brief description was given for each of the mathtids

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

4.1 Introduction

In the process of developing RDM, the importance of collaboration and information
exchange has been identified through two case studies from the UK. The first study is
about a Soft Drink Manufacturing Company. The CPFR arrangement between Soft Drink
Co. and its retailers is explained in detail especially for promotional sales. The second case
study is about a Wholesaler of chilled and frozen products, who is one of the main
customers of Soft Drink Co. This case describes the relationship maintained by the

wholesaler with its retailers and one of the main suppliers - Soft Drink Co.

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

4.2.1 Company profile

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

maintaining healthy partnerships will their customers (say retailers).

The products of Soft Drink Co. are classified as Fast Moving Consumer Goods (FMCQG).
Hence, Soft Drink Co. maintairsslow inventory level, typically less than two weeks. The

company distributes about 240 million cases of soft drinks a year in the UK. Their product
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portfolio consists of 43 % of large pet bottles (2Itr and 1.5Itr), 24 % of 330 ml cans and
multi-packs, and 33 % of other small packs ( pet bottles and 150ml cans etc). This study is
conducted at the office in Nottingham (Customer Logistics), which looks after the 400
largest customers (including main grocery retailers, wholesale customers, national retail
outlets and main brewers). The company manages demand for their largest customers, such

asTesco, Sainsbury’s, Morrisons, Asda and Somerfield, through the three stages of CPFR.

Soft Drink Co. strongly feels that their relationship with retailers will help in reducing
unnecessary waste such as excess inventory and stock-outs. In 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 non-carbonated drinks. Due to
increasing awareness on health, Soft Drink Co has introduced nearly 20-25 new varieties of
health drinks and fruit juices in the past 3 years. Each product line has a variety of different
drinks to choose from e.g., with sugar, without sugar (diet, light and zero), and flavours like

orange, lemon, pineapple, etc.

Unlike in other European countries, the sale of soft drinks in the UK is heavily dependent
on various promotional mechanisms that are run in retail outlets. In the past five years, Soft
Drink Co. has been engaged in CPFR with retailers for promotional planning and

forecasting. Soft Drink Co. encourages information sharing and collaborative forecasting
with their retailers in a view to improving forecast accuracy, inventory management and to

reduce costs. As a first step towards establishing collaboration, the company is being
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engaged in a ‘front-endagreement’ with retailers as suggested in stage one 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 products on promotion, periods of promotion,
types of promotion, price discounts, promotional displays and other promotional features.

Please see Table 4-1 for details on components of promotional calendar.

Table 4-1 Components of promotional calendar

Products on promotion| 2Itr/500ml/ 6-packs of 330ml cans/others

Period of promotion 4 weeks; starts on 01/01/2007 and ends on 28/01/2007

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

Price discount 26%/ 30%/ 50%/others
Display Gondola end/ plinth/end aisle/ side aisle
Feature Sports logo &/ advertisements on TV, radio, magazine, €

The company generally offers promotions on similar products at the same time. For
example, ifapromotion is planned for a 2ltr Cherry drink, this will also be offereal 2tr
Strawberry drink. However, it is quite unusual to offer promotions for the same products of
different packs (for example a 2| Cherry drink an800ml Cherry drink). Normally sade
promotions of two major selling product types do not run at the same time. Soft Drink Co.
avoids conflicts in the promotional calendar for different retailers. For example if Tesco
runs a promotion in the first week of January for‘aroduct X, the same product will

normally not be on promotion at Asda during the same period.

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

year. Each of the promotions typically lasts for 3-6 we&ke types of promotion differ
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widely across various retailers. This includes buy-one-get-one-free (bogof), buy-2-get-2-
free, half-price, 2-for £x, 3-for £x, save £x, and other new promotions. Each otypese

of promotions can be convertedto a discount of the normal sales price. Normally
promotions such as bogof and half price will involve higher price discounts and attract
more sales. The display of promotional items also has a great impact on promotional sales.
Items on promotions can be displayed at gondola end, end aisle, side aisle, plinth, stack,
etc. Gondola end is located at the end of the aisle ayifominent display sign board.
Among these locations gondola end is a very attractive in-store location for product display
that captures maximum attention from customers. The promotional features also represent
in-store sales advertisements such as sign boards, sports featurapmeitlict logo etc.,

and media advertisements outside the stores such as those on the radio, television and

magazines.

All the above elements of promotions generally result in an increase over the normal sales.
The extent of increase is captured using a measure called ‘sales uplift’ defined as the
percentage of sales over and above the normal sales. Figure 4-1 shows the effect of
promotions on retailers’ sales in a time series data of the past 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 2-for type promotions. From figure 4-1 it is clear that promotional events can
have a very big impact on the sales volume, and that automatic replenishment systems (e.g.

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
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4.2.3 Planning cycle at Soft Drink Co

As a large proportion of Soft Drink Ce.sales are dependent on promotions, the
promotional calendar plays an important role in their production planning, forecasting and
replenishment. Based on the promotional calendar, the company starts its production
planning and forecasting well 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 replenishment. Customer
demand analysts (CDA) involved in the collaborative forecasting at week 6 agree upon a
single forecast figure. This forecast includes forecast of demand and agreeing on a dispatch

schedule. This ensures timely delivery during promotional sales. See Figure 4-2.
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Figure 4-2 Planning cycle at Soft Drink Co.
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Soft Drink Co. practices Vendor Managed Inventory (VMI) for replenishment. Inventory is
monitored continuously by Soft Drink Ce.representatives at the retailers’ distribution

centre. Though the company’s initial forecast starts with historical sales data to draft
production and material purchase plans, the collaborative forecast figure is then finalised
only on confirmation from retailers six weeks prior to the planned promotion. This is
further explained through Figure 4-2. Feedback on promotions is collected to make the next

stage of forecasting and replenishment process more effective.
4.2.4 Supply chain collaboration at Soft Drink Co.

Under normal conditions, the promotional mechanism is quite straight forward as Soft
Drink Co. first proposes its promotional calendar to retailers. Replenishment is also
planned jointly to ensure on time delivEnRetailers react to Soft Drink Ce.plan by
suggesting changes to the promotional calendar and generally promotional plans are agreed
by consensus. The mutually agreed promotional plans cotoeeffect in stores at the
planned period. In order to ensure smooth running of these planned promotions at the
retailes’ outlet, Soft Drink Co has established collaborative arrangement with their

retailers.

This enables the company to get point-of-sales (POS) data regularly. Electronic point-of-
sales data (EPOS) is available to Soft Drink Co. thraaugimtranet service provided by
retailers and other third-party web service providers. However, all the retailers do not use
the common electronic data interface; some use exclusive techniques similarNtaiVal-

‘retail link’, while others use NetWare.

! But very rarely, retailers run promotions independently without conguoft Drink Co.
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Soft Drink Co. monitors EPOS closely during promotion and uses this information to adjust
its replenishment strategy. As Soft Drink Co. takes the responsibility of maintaining the
inventory level, the retailers are assured of timely replenishment. If the actual demand
exceeds predicted sales, EPOS information will trigger the Soft Drink Co. trading team to
react quickly if needed, by rerouting or deploying inventory from other production or

distribution plants.

4.2.5The current forecasting method employed by Soft Drink Co.

The current forecasting method of Soft Drink Co. is based on hattsates data and the
promotional calendar. Forecast analysts of Soft Drink Co. calculate forecasts manually for
each product on promotion. Initially, customer demand analysts make their forecasts 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
previous year’s promotions, a sales forecast will be made by averaging previous sales.

Based on the sales forecast, an order forecast (or dispatch forecast) is generated to replenish
goods on time in the retafs’ main distribution centre (see Figure 2-2). These forecasts

may be updated at the time of the promotion based on actual EPOS data, in case the sales

exceed the forecast.

The present forecasting procedure adopted by Soft Drink Co. is simple but time consuming.
For example, there is no structured way of forecasting to deal with changes ipdahs ty
promotion or display. These complications not only affect forecast accuracy but also
increases the time needed to generate forecasts. Soft Drink Co. claims that their forecast

accuracy of promotional sales is about 80%. 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 Some complexities

While enjoying increased sales during the promotional period, Soft Drink Co is concerned
about the aftermath effect of promotional sales. As soon as the end of Soft Drisk Co.
promotion, if the retailer plans to run another promotion by other beverage company, its
impact on sales of Soft Drink Co. products seems to be quite high. The company is
constantly checking the customer buying patterns, using EPOS data, for any changes to

adjust its production process.

Sometimes, Soft Drink Co. has not been informed alostore promotions run by
retailers. These promotions are being decided solely by the retailer aonmgrove their
overall sales. For example,afpromotional deal is agreed to sell 2 bottles for £1.5 for the
period of three weeks and the retaithanges the deal at the end of third week at some of
their outlets, the sales uplift will be higher than anticipated. Unfortunately, on some
occasions Soft Drink Co. has not been inforraeéduch changes. Consistent monitoring of
promotional sales from day one, either by visiting stores running promotions or following
advertisement from public data, is indeed helpful for Soft Drink Co. to check the
compliance with promotional plans. At times, very short notice on in-store promotions
makes Soft Drink Co. work hard to avoid stock-outs in retail outlets. EPOS data helps

customer demand analysts to monitor sales and react quickly 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
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keep the retail price in line with others. This necessitates Soft Drink Co to work closer to
the market and hence try to get market information through third party information
providers. Another problem faced by Soft Drink Co. is that an increase in sales of one of its
products may result in a decrease in sales of another item (which is referred as
cannibalisation). Although these problems are not regular, careful consideration is essential
to avoid future complexities. Our research aims to identify demand factors theough
Reference Demand Model. The RDM was constructed thrawggiiies of interviews with

CDA and forecasters of Soft Drink Co. and will be explained in Chapter 6.
4.3 Study -2 Wholesale customer of Soft Drink Co.
4.3.1 Company profile

Wholesale Co. is the UK's leading independent and national wholesaler of soft drinks,
tobacco, confectionery, chilled & frozen goods, and grocery & convenience goods. This
company manages nearly 6300 stock keeping units with approximate value of 67 million
GBP at any time. The company has 15 depmtsvarehouses across the country. Most of
these warehouses are working independently of each other. However, some of the
warehouses are cooperating with each other especially for slow moving products. Here,
slow moving products refer to the products with irregudemand 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. Among all products

sold through Wholesale Co., the soft drinks are one of the major selling products.

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

manufactures.

Wholesale Co. is one of the most valuable wholesale customers of Soft Drink Co. Every
year Wholesale Co. sells around 8 million cases of soft drinks products with a value of
about 35million 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 to maintain about five days of stock of soft drink products at all times. Recently, stock
of Soft Drink Co. products at Wholesale Co. 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 rate of Wholesale Co. to 98%.

4.3.2 Relationship between Soft Drink Co. and Wholesale Co.

Both Soft Drink Co. and Wholesale Co. value all of their customers and attempt to serve
themto the highest possible level. Currently Soft Drink Co. maintains 4 different levels of
relationships with their customers namely vendor, preferred supplier, planning partner,
trusted advisor (see Figure 4-3The ‘vendor status’ is the basic transactional level
relationship between Soft Drink Co. and customers. In the vendor status, Soft Drink Co.
simply reacts to demand; the customers ordering pattern does not follow any standard
pattern. This level of collaboration encourages sharing of basic standard plans of
replenishment among the suppliers and the buyers. Customers' of Soft Drink 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.
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The next level of reladnship is called ‘preferred supplier’. This is of a more tactical nature.

This level also accommodates CPFR to a limited extent. Service to the end customer is
regarded as highly important and hence a common service agenda is created. The next
higher lewl of relationship is ‘planning partner’, which is a more proactive type Of
relationship with 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

‘trusted advisor’, which involves the customers in business plans of Soft Drink Co. In this
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level both Soft Drink Co. and customers plan replenishment orders, promotional sales and

new product introductions.

Soft Drink Co. considers Wholesale Co. as one of their preferred customers (Figure 4-3 -
level 2 from bottom), and encourages repeat and more consistent orders from Wholesale
Co. Soft Drink Co. offers cost incentives on orders of the same product in full trusk load
(26 pallets). These orders can be shipped from the same production plant, and hence the

replenishment lead time could be reduced by one day.

Soft Drink Co. has also streamlined the ordering system in such a way to ensure timely
replenishment. Accordingly, Soft Drink Co.’s electronic online ordering system is available

to Wholesale Co. every day from 6:00 am until 6.00 pm. All the orders placed before 12:00
noon of echday are replenishei Wholesale Co. depots anytime after the end of day 2.
However Wholesale Co. accepts delivery from Soft Drink Co. for only limited hours in a
day from 8:00 am until 5:00 pm, which puts more pressure on Soft Drink Co. and may
increase the lead time to 3 days. Currently, this complication is being considered by both
companies and will be resolved in the near future, as both are interested inaiaighegr

level of collaborative relationship.

4.3.3 Relationship of Wholesale Co. with their customers

Wholesale Co. has a wide range of customers from big national chain customers such as
Tesco convenient stores to small local shops and independent stores. Wholesale Co.
maintains a close and healthy relationship with all these customers. Since January 2000, the
company has been in collaboration with YP Electronics for a brand new Windows based

‘Epos solution Sinqua This new system assists retailers so that they can benefit from a full
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product file and pre-installed system, so that orders can be placed electronically to
Wholesale Co. Wholesale Co. encourages their customers to use Sinqua. Wholesale Co.
valuestheir customers’ participation in profit earning and timely replenishment. Wholesale

Co. published 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 offer your customers exaditjth

range of goods at the right time. 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 what they think they know (Company website accessed on 22 July 2009).

Currently Wholesale Co. maintains 1-2 days lead time for local shops and independent
customers; howevet takes 1-3 days to replenish retail customers. To reduce Wholesale
Co.’s inventory at the warehouses, Whole Co. has put some pressure on Soft Drink Co. to

reduce the lead time.

4.3.4Inventory management and forecasting at Wholesale Co.

Wholesale Co. and Soft Drink Co. have only been working together for the past two years,
and their information 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
Wholesale Co. placing irregular replenishment orders at Soft Drink Co., and missing out

the benefits of full truck load orders.

Figure 44 shows the end customer demand and Wholesale Co.’s orders to Soft Drink Co.

over time (January- June 2009) for one of the warehouses (Medway) for a 500ml drink.
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Figure 4-4 End customer demand and orders of Wholesale Co.
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From Figure 4-4, it is clear that the orders placed on Wholesale Co. by its end customers
are less variable as compared to the replenishment orders placed by Wholesale Co. to Soft
Drink Co. (especially at the beginning of the year). This is a clear illustration of the
bullwhip effect. In addition, end customer demand is rather smooth (apart from an Easter
effect). This indicates 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 multiples of 1560.

Figure 4-5 shows the evolution of inventory over time 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 about one week of

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 smooth, we proposed 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
decomposition. We applied the approach on 6 months of data, and defined two seasons
only: season one 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 effect. (It should 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). More details of the approach can be found in

(Singh, 2009).

% Copy of Singh (2009) will be available from the Nottingham UniveBiisiness School on request
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Figure 4-6 Demand forecast of Soft drinks at Wholesale Co.
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Figure 4-6 illustrates the forecasts and demand profiles for a number of products. We
evaluated the forecast accuracy by calculating the mean absolute percentage error (MAPE).
Table 4-2 reports the MAPE results for different 500ml and 330ml products at three

different deports. The average MAPE ranges between 12.83% and 16.54%. Hence, it can

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
500mIP2 11.58 13.17 11.38
500mIP3 17.83 12.34 19.39
500miP4 19.39 12.53 21.36
500mIP5 17.44 13.92 18.88
500mIP6 17.23 13.59 18.6
500mIP7 17.21 19.72 16.25
Average MAPE 15.87 14.01 16.54
330 ml products
330mlP1 15.31 11.86 13.33
330mlP2 11.36 9.29 11.65
330mlP3 17.97 16.16 20.7
330mlP4 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 key principle is to place a
replenishment order of size Q whenever the inventory position drops below the reorder

point R. The idea is illustrated in Figure 4-7.

We used the EOQ (Economic order quantity) model to calculate Q, but then adjusted the
value to multiples 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 proportional to their
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
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The reorder point was calculated for a target service level (SL) or fill rate of 99.5% and
99.8%. Here, fill rate refers to the effectiveness at meetistgmers’ demands. A 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 part of the 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 simulation and the actual stock on hand. The last column shows 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 discounts. These results were confirmed for a variety of products.
Figure 4-8 shows the simulation results for a 330ml drink at Medway and the evolution of

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

enhancing their collaborative arrangement. Since end customer demand at Wholesale Co.
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Figure 4-8 Evolution of inventory at Medway warehouse
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rather easy to forecast, there is no need for a detailed RDM. However, since Soft Drink Co.
has better forecasting and inventory management capabilities, it may be beneficial to
engage in a VMI arrangement. It is then important for Wholesale Co. to make end customer
demand visible (avoiding the bullwhip effect) and for Soft Drink Co. 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 truck load orders (which can be shipped 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 describea case studies of Indian companies who operate

globally.
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Chapter5 Case studies- India

51 Introduction

Chapter four has introduced two caseshe UK companies. This chapter presents three
case studies from Indian companies operating globally. One more case of an Indian
company is discussed in Appendix-I. The third case study is about a Textile Manufacturing
Company. This company, Textile Co. maintains three different levels of collaboration with
its retail customers. The case underlines the importance of supply chain collaboration in
expanding future business. The fourth case study invadv€sude oil company that
maintains well established relationships with downstream SC partners to make timely
replenishments. The fifth case study, given in Appendix-1 involvpackagingmaterial
manufacturing company. Packaging Co. maintaan®asic collaboration with their
customers to understand thestomers’ demand and business plans. The sixth case study,
given in Appendix-Il, is from a Fire-proof electrical equipment manufactwhko, deals

with different SC operators globallyThese four cases illustrate different levels of
collaboration with downstream partners. Each of the companies requires various supply
chain information from other supply chain partners. This chapter discusses in detail each of

thesecases and their existing supply chain collaborations.

5.2 Study 3-Textile manufacturing company

5.2.1 Company profile

Textile Co. is a leading textile manufacturing and exporting firm in India. It is one of
India's largest producers of home furnishing fabric. The com@gmyrts their products to

many other countries across the globe. Customers of the company include Deco Design in
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Germany; Bravo Fabrics, Barston, Jo-Ann stores and Wal-Mart in USA, Prestigious in the
UK; Southcity, Al Kilani in the UAE. The company’s annual sales turnover in the year
2007 was approximately Indian Rupees 500 Crores which is equivalent to 120 million US
Dollars. Textile Co’s production site is situated in Tarapur near Mumbai, India. The

company employs 3500 personnel in its production process.

It is well known that India and other developing Asian countries have cheap labour that can
bring down the cost of production. However, Textile Co. is also aware of the need for
maintaining product quality to remain competitive in the international textile industry. As
the Indian Government is committed to encouraging quality exports, Textile Co. regularly
receives incentives from the Government for its export business. For instance, the local
government awarded 10-12% of foreign currency earned through Textile Co. 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 Business strategy of Textile Co.

The business strategy of Textile @mphasises meeting customers’ expectations and
exploring new customers through international trade fairs. Textil&s @dationship with

their customers’ is based on the quality of their product and timely delivery. The company's
basic guiding philosophy is "to be the best through the pursuit of Excellence in

Performance and Quality”.

" (1 USD = 41.6 Indian Rupees in December 2007)
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Manufacturing textile materials for international exports is the primary objective of Textile
Co., though the company also caters for local needs. It produces customised and standard
textile materials (see Figure 5-1). Customised products are embroidered dress materials
with exclusive design, and matiemeasure finished cushions, pillows and curtains.
Standard products are embroidered material with multiple repeated designs and curtain
materials. The company generally folloasnaketo-order (MTO) strategy for its exports

and local business for customised products. Standard products falloaketo-stock

(MTS) strategy with very limited stock that minimises inventory and obsolescence eost. W
categorise the company as a MTS company since ne@rperGent of the company’s

business followa MTS strategy.

Figure 5-1 Business strategies of Textile Co.
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Textile Co. aims to align its products to support the business strategies of its customers. For
instance, whenever the retail giant Wal-Mart employs product differentiation as its
competitive strategy, Textile Co. has produced exclusively designed fabrics that would be
sold only to Wal-Mart. This flexibility fetches them repeat orders and plays a dominant role

in building long term partnerships.
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In order to retain customers, the company collects feedback on the quality and design of the
products. 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

company has taken part in the trade fair festival ‘Heimtextil’ held in Frankfurt, Germany

during 9-12 January 2008. Forthcoming trade fair events in Italy and Turkey are believed to
give exposure to the international market and also to innovative ideas in new product

introduction based on various cultures.

The company benefits from these trade fairs by exhibiting their products to many business
customers. These trade shows are attended by manufacturers from all sectors of the textile
industry such as machineries including spinning, nonwovens, weaving, knitting, dyeing and

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

http://www.biztradeshows.com/trade-events/heimtextil-frankfurtraslon 19 December

2007). Textile Co. utilissthis opportunity to expand its business in different parts of the

world.

5.2.3 Capabilities

The capability of a manufacturing company in building successful collaborations with its
partners can be divided into production, communication, logistics, and planning and
forecasting. These capabilities are discussed separately in this section in the context of

Textile Co.

5.2.3.1 Production capabilities

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

investment in production technologies in the last five years. Since the compaayas
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hours production policy, it views investments in appropriate technology as critical. New
production technologies have been introduced regularly with 10% of the old machines

replaced annually.

In addition to production capabilities, the company also recognises the 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 products, which is approximately its full
capacity. Successful completion of this order is highly dependent upon proper and efficient
capacity utilisation of its production facilities. To add to the complexity, the company has a
variety of machinery with differing production 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 500-1000 meters per day respectively. Tajima is
multi-head embroider machine that produces fabrics of the highest quality compared to the
other two machines. Selling price and demand for the product from Tajima machines are
very high. Based on the capability of the machines, jobs are a&tbic@heduling) to them

in accordance with the received orders. For long term customers, Textile Co. uses
historical orders to forecast their demand. These forecasts are also used as input for

production planning and scheduling.

5.2.3.2 Communication and logistics capabilities

Efficient communication capability is vital for the businesses operating globally. The
production lead time, which is the period from the day of receiving the order until the
product reaches the customer, varies from six to eight weeks for normal orders and about
four weeks for urgent orders. In order to facilitate production planning and scheduling

given this tight time frame, Textile Co. has invested in the appropriate communication
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infrastructure that would give maximum flexibility. For example, all employees in the sales
and planning division are provided with the latest Personal Digital Assistants (PDA) such
as BlackBerrycommunication system (a Wireless handheld device that provides access to
email, corporate data, phone, web, and organiser feptlilessy use Skype to communicate

with customers in the UK and USA, and Kiwi for Switzerland and Germany. This helps to
schedule or re-schedule production. Nearly ten percent of the total profit of the company is
claimed to be spent on technology improvement and employees training every year. 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 management.

Communication facilities with upstream supply chain members 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 telephone and fax. Based 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 experiences a shortage of raw material thanks to their

long term relationship with the suppliers.

However, Textile COs performance in using appropriate third party logistics provider

(3PL) has not been found to be satisfactory in the past few years. In estimation of
production time, Textile Co. 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 those cases,

Textile Co. has used their custorigoreferred logistics service at higher cost to secure fast
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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 in supply chain proesssuch as production and
replenishment. As an increasing number of orders impose tighter production capacity
constraints on Textile Co., the company keeps its production plans ready at least three
months in advance. The company also requeastsnimum number of orders from their
clients to schedule and allocate jobs to different production units. Although production
takes 4 to 6 weeks, the company proclaim their total lead time (time span between order

and delivery/replenishment) to be 8 weeks for irregular orders.

Whilst, Textile Co. independently delineates their production and material resource
planning, the company encourages their customers to get involved in promotional sales
planning. Textile Co strongly supports sales promotions as it is essential for improving
sales of newer products. In addition, sales promotions for established products are believed

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

Once the promotional plans are finalised, the forecasting of promotional sales is
collectively done with the cooperation of all downstream members (buyers), who are
involved in promotions. Production planning and material procurement planning of Textile
Co. are dependent on forecast figures. A draft job schedule is also planned in advance
helping Textile Co. to decide on job outsourcing depending on the availability of
production capacity. Here it is worth noting that all of the machines do not make similar

products and hence job scheduling becomes more and more essential for uninterrupted
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production and replenishment. For example, if promotional sales are scheduled at the same
time period for two different market leaders (competitors), the company needs to produce
exclusive products for both of the companies at the same period. This requires more
sophisticated machines which are obviously 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 products Textile Co. does not need to make short term demand forecasts.
Customers’ orders are entered into the MRP system. The MRP engine then generates

purchase and production orders.

The company has been engaged in collaborative forecasting for several yetdes Cbhexs

using sales forecasts in its production planning and replenishment for MTS products (see
Figure 5-3. In order to improve forecast accuracy, the first and foremost step is supply
chain collaboration with downstream and upstream supply chain members. The current
collaborative arrangements of the company with the other supply chain partners are

described in the next section.

Figure 5-2 Importance of forecasing in Textile Co.
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5.2.4 Supply chain collaboration at Textile Co.

5.2.4.1 Supply side partnership

Textile Co uses only yarn and dye as their primary raw materials. As mentioned earlier,
suppliers are located in close proximity and hence obtaining these materials on-time, before
actual production, is not a difficult task for the company. Yarn is supplied by Indorama,
Reliance and Wellspun. Dye is purchased from mixed sources. Japanese and European
manufacturers supply major machinery to the company. The supplier selection is mainly

based on the quality of raw material and their prompt delivery.

Textile Co enjoys several benefits due to long term relationships with its suppliers. The
supply of raw material is guaranteed at the production site of Textile Co. almosthal of
time. Reliability on the supply side enables Textile Co to maintain hassle free production.
Good relationships with suppliers are found to be essential at the time of unexpected bulk
orders from retailers and also at the time of promotional sales. The stippbetribution

in improving the quality of the products is through suggestions on the use of raw material.
At times, suppliers also give guidance on the variety of raw materials available in the
market that are suitable to particular production. Any change to the existing government
policy on use of raw material is usually notified to the manufacturer through the supplier.
In return for such benefits from suppliers, Textile Co. prefers to have formal agreements
with their suppliers for a definite period of timEhese guaranteed orders from Textile Co.
are motivating suppliers to be involved in collaboration. Textile Co. also encourages the

supplies’ collaboration for improved quality and reduced cost.
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5.2.4.2 Partnership with customers

While collaboration with suppliers is simple and straightforward, Textile Co. carefully
plans the collaborative arrangement with its downstream supply chain partners. As the
company’s business is mainly supported by regular repeat orders, promotions and seasonal

sales, establishing 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 coordination between manufacturers and retailers is important. Some regular
customers of Textile Co. e.dJo-Ann stores predict sales of new products through initial
promotions. Textile Co supports these promotions by supplying sample material at a
subsidised cost. Such samples are one of the strong business strategies of Textile Co. 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 between Textile Co. and customers. Other types of promotions, based on local
festive seasons are communicated to Textile Co. through their customers. This supports the

company’s decision making at the time of anew product launch.

The company maintains three levels of collaboration with their downstream partners. The
first involves a minimum level communication for orders and replenishments. This is

usually for new or relatively new customers and also for those who are not dealing with
regular business orders. The second level of collaboration is for customers involved in
promotions but not having ‘minimum order’ policy agreements. In the highest level of

collaboration, Textile Co. and collaborating partners exchange information, promotion
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plans, and maintain agreed level of minimum orders. See Figure 5-3 foasike

collaborative arrangement of Textile Co. with their downstream customers.

Although Textile Co. maintains various levels of collaboration, it plans its promotional
sales with all customers patrticipating in promotional sales. Accordingly, the planning cycle

at Textile Co. spans a whole year and will be discussed in the next section.

5.2.5Planning cycle at Textile Co.

Promotional planning is highly valued at Textile Co for production and resource planning.
Promotions are mainly of two types. The first type of promoticapsce reduction at the

time of new product launch, while the other promotions are for established products.
During the product launch Textile Co. initiates promotions with support from the buyers
and runs the promotion for two months. Once the product is successful in the market, the

buyer decides on their interest of having further sale of that particular product.

Figure 5-3 Current supply chain collaboration of Textile Co.
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This decision leads to ‘Exclusive right for product design to the buyer’. Exclusive right is

an assurance of repeat orders from clients throughout the year. At the same time, an
exclusive right policy keeps the company working around the clock to make a variety of
products with more designs to attract many customers, as some of the products designs
(with exclusive rights) cannot be marketed anywhere other than by the agreed customers.
Duplication of the design is absolutely not possible and hence Textile Co. retains an

innovative design team as an integral part of the workforce.

For new products, promotiahplans are started three months after their launch, but it is
formally confirmed after obtaining a bettenderstanding of the buyers’ interest by
monitoring initial sales. Both the company and the buyers collaboratively make their
promotion plangn the middle of the fourth month. The Company calls this period the
‘warm-up-period’. Forecasting and planning in advance (about six months) helps the
company to replenish goods on time and run promotions without great deal of difficulty.
But unexpected over sale of products creates complexity as the production neetls 2 to
weeks time depending on the inventory of partly finished products. Here, it is worth
mentioning that the products are undergoing almost the same processing steps.
Customisation such as embroidery and other designs are postponed until the final stage and
require sophisticatechachines. The sales of the embroidered materials are high during the

promotions (see Figure 5-4).
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Figure 5-4 Sales at Textile Co
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Figure 5-5 represents the planning cycle at Textile Co. The company monitors the initial
sales for the first two weeks. If the sales are above 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 future promotional/discount sales. The
frequency of sales promotions for each product ranges from two to a maximum of eight

times a year. As mentioned before, each of these promotions runs for about two months.

Textile Co’s planning cycle includes the company CPFR plan for the first five months
after the launch of a new product. For established products, the warm-up period (first four
and half months after the product launch) is not required and sales promotions can start
once the deal between Textile Co. and retailer is finalised. During promotional sales, the
sales information from downstream supply chain members assists the company to quickly
act upon the demand.The value of information exchamgéxtile Co.’s supply chain is

discussed in the next section.
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Figure 5-5 Planning cycle at Textile Co.
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5.2.6 Value of information in planning and forecasting at Textile Co.

5.2.6.1 General information

It is obvious from our study that the production in Textile Co is heavily dependent on
initial forecasts. Although all the production is based on forecasts, some of the
customised products get their final touch towards the end of production cycle only. In
the production cycle prior to the promotion (see M-7 and M-8 in Figure 5-5). Textile Co.
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 materials are affected by

seasonality, economic factors and market trends.

In the context of sales, seasonality is one of the main factors affecting the sale of textile
products. Usually demand for cotton material is higher in summer and lower in winter.
Textile Co. can generate this seasonal information from its own records for its long term
customers. This information is also found valuable for new custo®easonality is a

main concern for standard products but not for customised products.

Economic downturn usually gets reflected in the sales of textile materials. To avoid
inventory cost and to get rid of overstocks, discounts are offered by retailers to sell slow
moving products. Information on discounts from retailers will alert manufacttoers

any shortcoming in the design of the product and the need to sell the product at a lower
price. But information on discoued sdes is not readily available to Textile Co. The
company persuade their customers to convey discounts offered at their store in detail.

This information assists them in planning.

The demand pattern of a product can be analysed through the sales data. Sales data can

give a comprehensive picture afprevailing market trend. But the trend is not always
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stable due to external factors such as inflation of the local currency and natural
calamities. Sometimes, customer order information acts as a baseline to trace the
demand pattern. Governmental policies of the local markets, such as prohibited types of
dye or yarn, are known through the customers. Another vital piece of information in

predicting demand is competitor information. The company is collectiigy ddta

through third party (3P) information providers and trade fairs.

5.2.6.2 Product specific and customer specific information

Based on the type of product, the information need for demand forecasting varies. To
make accurate forecasts for standard products, Textile Co talks to many supply chain
partners and needs to know the sales information and local forecast from each client
Customised products folloa different demand pattern and predicting demand is more
difficult. In this case, forecasting requires some additional information such as
customers’ satisfaction and feedback on the product. As the number of customers is

limited for the customised products, it is possible for Textile Co to involve all of them

in the forecasting process. Textile Co contacts those customers on weekly basis to track

details.

Customers with regular repeat orders creatkse partnership with Textile Co and the
company maintains a record of orders. In this case, Textile Co. can easily trace orders
and demand patterns of their product. In practice, communication between the
customers and Textile Co. is on weekly basis. The company achieves a better forecast
accuracy in the case of regular repeat orders. Textile Co. faces more uncartthety

case of irregular orders. Several attempts to communicate with those customers failed in

the past due to lack of co-operation from 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 existing product in
the targeted market. Although the cost involvedifiextile Co induced promotion is
quite high (as Textile Co givesfree samples to some of the customers), the company is

still interested in promotions as this could help establishing future deals with 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, records 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 customers under long term relationship send their own local forecasts to
Textile Co. In addition to these local forecasts, all the above mentioned information is

also used to create Textile Co.’s demand planning and forecasts (see Figure 5-6).
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Figure5-6 Information exchange in Textile Co supply chain
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5.2.7 Purpose of collaborative forecasting in Textile Co.

Textile Co. makes its initial demand forecasts based on historical order data and then
incorporates other inputs such as market information and promotional plans, from other
supply chain partners and 3P information providers (see Figure 5-6). Here the market
information refers to trend and competitor information of the local market. Figdre 5-

reports the process of forecasting at Textile Co. The promotional plans of retailers are
updated by the company before making the initial forecasts. This initial forecast is then
updated with the local forecasts of retailers. Before making the final forecasts, Textile

Co. observes the sales at theailers’ outlet. This helps the company to understand
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current customer preferences. The final forecasts are used by Textile Co. for
productions (see Figure 5-7). Textile Co claims that their forecast accuracy of the

promotional sales is about 75%.

Figure 5-7 Forecasting at Textile Co.
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Decision makersat Textile Co prepare long term expansion plans and short term

production plans based on the final forecasts, which are combinations of all the
information as specified in Figure 5-6. Textile Co. aims to improve their business by the
way of repeat orders from customers. The capacity expansion plans are continually
reviewed with the sales figures. To obtain repeat orders the company is also

concentrating on on-time delivery.

Fast delivery or replenishment at Textile Co. is found to laadieect relationship with

repeat orders from the customers. Hence, Textileri&s. to achieve lower lead time
and a fast replenishment by expanding the production capacity. Return on investment
has not declined in the past. Hence, Textile’Ciaterest in making accurate forecasts

in their make to stock business seems convincing. Figure 5-8 summarises the purpose of

information exchange and forecasts at Textile Co.
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Figure 5-8 Application of supply chain information and forecasts
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Textile Co. uses quite a large number of observations from various supply chain
partners and 3P information providers for forecasting their product demand. The idea of
using information from various sources has led to the construction of a reference
demand model (see Section 6.3). Though Textile Co. enjoys 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 sub-section.

5.2.8 Some complexities

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 products are less profitable compared to repeat orders of customised
products with exclusive right. Hence, Textile Co. tries to increase the number of
customers with exclusive rights. In this effort, the company invests a large amount of
money for initial sales promotions. On the success of these promotions, Textile Co.
establishes long term collaborations with these customers. At 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 earlier
with their partners. In this case, the customer exchanges only promotional sales details
and Textile Co. uses order data for their regular forecast. To survive the competition
and to retain their position in the market, Textile Co. spends a large amount of money
on marketing such as trade fairs. Although this is beneficial to the company in attracting

many new customers, the global economic slowdown makes further deals difficult.

It is a big challenge and possildytoo costly strategy for the company to maintain a
long term partnership with all the customeksReference Demand Model can help the
company to trace the right information path atoddecide on the right level of

collaboration with different customers. This is further explained in Chapter 6.

5.3 Study 4- Crude-oil refiners and distributors

5.3.1 Company Profile

Crude-oil Co. is a fortune 500 company with an annual turnover of over 740,440
millions Indian rupees. It has nearly twenty percent of the refining & market share in
India. It isone of the leading crude oil refiners and distributors catering for the local
demand in the Indian market. Crude-oil Co. has two refinery plants, one in Mumbai and
another in Vaisakh, India. The current capacity of the refinery is 6.5 million metric tons
per annum in each of these plants. The main administrative offices are operating from
four metropolitan cities and it has 85 regional offices facilitated by a supply &
distribution infrastructure comprising Terminals, Aviation Service Stations, Bottling

Plants, and Inland Relay Depots & Retail Outlets.

Crude-oil Co. is also producing lubricant oils. With a capacity of 335,000 metric Tons

of lubricant oil refinery, the company accounts for over 40% of the cdantoyal
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lubricant oil production. Crude-Oil Co. has retail outlets all over the country. The case
study was conducted at Crude-oil Co. distribution centre, Chennai, on the southern coast
of India. Its primary and only supplier is CPCL. Crude-oil Co. is one of the four main
distributors for the products namely Gasoline, High Speed Diesel, Superior Kerosene

Oil, Furnace Oil, Light Diesel Oil, and Aviation Turbine Fuel (see Figure 5-9).

Figure 5-9 Products of Crude-Qil Co.
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Source: Crude-oil Co.

In some parts of the 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 as direct distributor, supplier to distributor and supplier to wholesaler.
Down-stream customers of Crude-oil Co. are mostly tier 2 and tier 1 supplier in 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 trend. Meanwhile, projecting product demand

becomes mandatory for all of the supply chain partners to be viable in the market.

5.3.2Collaborative arrangement

Crude-oil Co. is striving to establish and maintairfriendly relationship with its
supplier and downstream customers. Crude-oil Co. has a permanent office space in their
supplier CPCL’s working area. Transparent and quick information exchange between
Crude-oil Co. and its supplier assists to have responsive and flexible supply chain. This
collaborative arrangement helps Crude-oil Co. to co-ordinate the distribution and avoids
any problems in replenishment. Some of the retail outlets are directly connected with
the Crude-oil distribution plants through pipelines. The lower inventory level at the
retail outlet will prompt an indication to the main distribution plant. Due to this
technological advancement, it is easy for Crude-oil Co. to check ratamesntory and

plan replenishment accordingly.

Nearly twenty percent of the retailer outlets automatically provide information to
Crude-oil Co. This makes demand forecast easier and facilitates timely replenishment.
The retailers who are involved in supply chain collaboration are connected by an
automated inventory tracking system which makes them aware of other retailers’
inventory levels. Crude-oil Co. is committed to making timely replenishment for the
clients involved in collaboration. The company practices vendor managed inventory
(VMI) for timely replenishments. For example, if the inventory tracking system
indicates a low inventory level at retail-A then Crude-oil Co. will try to replenish at
retail A either by sending a truck or by inventory pooling. If retailer A and retailer B

are connected by pipeline, any shortage of crude-oil at retail-A 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 makes replenishment easier for Crude-oil Co. The
collaborative arrangement among different retailers and Crude-oil Co. avoids stock-outs
and also reduces inventory. A strategy of inventory pooling by Crude-oil Co. facilitates
to maintain sustainable distribution in many of the branches by balancing inventory

between high demand outlets and low demand outlets.

A pilot study with Crude-oil Co. helped to observe the role of suppliers and down-
stream customers in the supply chain. Unlike other case studies, the local Government is
also playinga main role in Crude-oil Cés supply chain. The sales price 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 every state of the

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

Though crude-oil is a rare commodity in India, the demand for crude-oil in recent years
has increased considerably. However, Crude-oil Co. depends heavily on a single
supplier and hence the company maintains a high level of collaboration with its supplier
to ensure timely replenishment. With respect to downstream customers, such as
wholesalers and retailers, the company has established a well structured collaboration to
know inventory levels, this helps with timely replenishment (see Figure 5-10). Various
divisions of Crude-oil Co. such as marketing, operations, production, sales, and

purchase are involved in collaboration with down-stream and up-stream customers.

From Figure 5-10, it can be seen that the supply chain information of the company is
mainly focusing on the orders from the clients and timely replenishment at the
distribution outlets. The company has not much benefited from the information its

suppliers pass on but needs the support of suppliers to assure timely replenishment to
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down-stream customers. The tight supply constraint is making the planning team of the

company concentrate more on avoiding stock-outs 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

Chapters four and five explained the current (as-is) scenario of supply chain

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

collaboration of Soft Drink Co. with down-stream retailers and wholesalers was

illustrated separately in two different cases. In Chapter 5, the supply chain collaboration
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of Textile Co. with their retail partners was described in detail. Then a simple supply
chain collaboration of Crude-oil Co. with their customers were explained. Two more
cases, Packaging Co. and EEM Co., are explained in Appendix-l for better
understanding of the information flow and its role in the supply chain. In all of these
cases, the supply chain information exchange was illustrating its impact on various
processes of supply chain specific to planning, forecasting, production and
replenishment. The individual Reference Demand Modell be developed and

analysed for Soft Drink Co. and Textile Co. in the next chapter to evaluate the

importance of SC information.
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Chapter 6 Conceptual model development

6.1 Introduction

Exploration of the literature on supply chain collaboration and subsequent formulation
of the research questions guided to the development of a conceptual model called a
‘Reference Demand ddel’ (RDM). The construction of RDM is done in three steps. 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 factor is analysed according to the different attributes explained
in the step 2The RDM will be illustrated for the cases 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 the information in the supply chain processes. This 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 with the example of Soft Drink Co.

6.2 Development of Reference Demand Model (RDM)

A Reference Demand Model (RDM) is a model representing the dependency of demand
projection on information from different supply chain members (Aviv, 2007). The RDM
can be highly qualitative or quantitative depending on the information available. This
research develops a RDM in the form of a qualitative conceptual framework. Before
developing the proposed RDM, it is important to make its purpose and its role in

collaborative planning clear.
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6.2.1 Purpose of RDM

The development of RDM aims to be an important toatlentify any discrepancy in
actual sales and forecasted sales. RDM also aims to assist managers in one or more of
the following:

e To plan and design information sharing among different SC members

e To improve the demand forecast accuracy by identifying relevant explanatory

demand factors

e To improve production and material planning

e To improve on-time replenishment

¢ To identify areas where the forecasting process can be improved

e To decide on the future role of informationS processes

e To align supply chain planning and information sharing

e To decide on the level of collaboration

Developing the RDM aims to assist managers in business sectors by the way of having a
standardised procedure for planning and forecasting. This will also enable managers to
decide on the right level of information sharing. Sharing of demand information and
local forecasts amon§C members improves mutual understanding of the different SC

members’ on SC processes and constraints.

6.2.2 Role of information exchange in developing RDM

In general, business processes greatly rely on products’ demand forecast; this in turn

enables alBC members to plan, produce, and replenish in good time. Thus, accuracy in
demand forecast is considered as one of the important criteria for the success of supply
chain processes. To improve forecast accuracy, SC members need to exchange sales
related information (Lee et al., 2000). However, the information eteént demand

projection varies broadly and depends on the products life cycle stage and promotional
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sales. In some cases, supply uncertainty may also have an impact on product demand
(Lee, 2002). For example, supply uncertainty of rare metals such as palladium and
titanium may indirectly influence the demand of original equipment in aerospace
manufacturing companies. Generally, the demand of these products is predicted based
on histori@l demand information (Raghunathan, 2001). In certain circumstaliice
promotions, other information such as stock level and point of sale data will be
considered during replenishment. This will help &inventory costs (Lee et al.,
2000). In practice, the demand forecast of a product may also incorporate various other
aspects of information which are not usually looked into carefully.

e Who observes the market signal?

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

e What are the types of data available?

e When is the information available?

e How is this observed sales information being exchanged to other supply chain

members (technology)?

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

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

e How accurate is the information?

e How important is this information?

e s this information currently used in forecasting?

By looking at the above questions, a structured plan can be devetomkhtify the
supply chain information and its importance for planning and forecasting. Subsequently,
this plan will help managers to trace the information and its source(s). 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 aspects regarding the demand

signals. This idea o& systematic approach to identifying and collecting relevant SC
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information is captured through RDM. To understand the development of RDM, the
ideas are applied to Soft Drink Co. Information collected through a series of interviews
with the case companies has helped to identify the factors influencing demand and also
to identify data requirement for demand forecasting. The three steps in developing

RDM are explained further.

6.2.3 Stepl of RDM - Information on demand factors

Various pieces of information from downstream partners may be essential 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 the changing trend in the consumer market impose more
challenges to manufacturers (Sun, 2005). Hence, the right price for the prodscts ha
always been a great dispute in a competitive market. In order to improve performance
and to earn profit, companies need to have good planning and higher level of accuracy
in demand forecasts. This necessitates the SC planners to consider as much information

as possible in planning and forecasting.

The literature on supply chain management reveals that predicting demand for
functional products is usually easier compared to forecasting demand for innovative
products (Lee, 2002). But in recent years, the changing habits of consumers have posed
more of challenges to forecasting teams irrespective of the type of produatsquod
Sales promotions may have a great influence on buying patterns and complicate the
forecasting process. Less complicated seasonal sales are also no longer easily
predictable due to external forces such as inflation or changing market trends (Fisher et

al., 1994, 1997).
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From the literature review, it was identified that inventory and POS were common
pieces of information shared among SC collaborative partners (see Table 2-4 for
literature on information sharing). This concept of information sharing helps to form a
first step in developing RDM. In 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 the basic demand factors (identified from the literature) namely promotions,
pricing, seasonal and trend components (Cooper et al., 1999), there are also some other
factors identified through case study analysis of Soft Drink Co. namely - regional
factors, competition and cannibalisation. See Table 6-1 for a list of information on

demand factors identified from Soft Drink Co.

The information related to promotional sales is grouped under ‘Promotional
information’. The information related to seasons and holidays is grouped under
seasonality/special dates. The information related to products life cycle and trends is
mentioned separately. The regional factors are more related to culture and lsabit of
local community. Buying behaviour is partially related to the local temperature.
Therefore, the regional factors and temperature are grouped together under the name

‘Regional differences’.

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

For soft drink products;annibalisation- anincrease in sales of one of its products that

results in a decrease in sales of another iteim a more specific factor that affects
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demand. Other complicating factors specific to the sales promotions of Soft Drink Co
are identified as poor execution of promotions by the stores and demand forecasts of
new products. In Step 1 demand information has been listed under relevant groups (see

Table 6-1).

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

Information attributes

Information - Demand factors

Attribute -1
Attnbute -2
Attribute -3
Attribute n

Type of retailer/wholesaler
Promotional information
*  Type of promotion
* Promotional calendar / slots
v Structure of promotion (number of stores running the promotion, promotion advertised or
not, size and location of display )
» Changesto promotional plan
Seasonality / Special dates
v Winter, Spring, Summer, Autumn
»  Weather/ temperature
»  Easter & Christmas
*  Backtoschool & Bank holidays
Trend & Life cycle info
»  Growth, decline, maturity
» New product launch
Regional differences
v Weather/ temperature
»  Habits/ preferences
Pricmg mformation
»  Retail sales price
v Whole sale price
*  Discount price
Cannibabsation & Competitor information
*  Similar productsin promotion in the same o different store
»  Similar products from competitor 15 in promotion at the same time (in the same or different
store)
(omplicating factors
* Poorexecution of promotion in store
»  Newtype of promotion withno history

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

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

identified from the literature and case studies.

The cost and benefit of obtaining and using information act as a base line to SC
information exchange (Sari, 2008). The cost involved in information exchange is
measured either in terms of investment on technology and/or amount spent on obtaining
information. The benefit of information exchange is represented through good forecast
accuracy. The impacts information exchange can also be measured through improved
inventory, production and replenishment (Gavireneni et al., 1999). This research
concentrates on the forecast accuracy as the main benefit of SC collaboration. Although
accuracy of information is obligatory in reduction of forecast error, it is highly
subjective to the explanatory power of the partner involved in the process of
information exchange and also the 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 to alter the producticat yéaum

short notice. But correct inventory deployment in the supply chain will assist in smooth
replenishment. Hence, action-ability of the information obtained is partially related to
the agility and responsiveness of the supply chain. This study considers six major
attributes of information namelgource, cost availability, reliability, action-ability and
importance of information. These attributes act as evaluation criteria of demand factors

(see Table 6-2).
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Source of information

The source of information indicates the parties involved in information exchange. In
particular, the source can help to identify who observes/owns the data and/or where this
information is available. The source can Bewn’, ‘supplier’, ‘manufacturer’ or
‘retailer’. In some cases the source can also be a third party information provider or

public data source.

Availability of information

Availability indicates the status of accessibility of information veigpecific time scale

such as always, intermediate, short term, sometimes, after and before the promotional
event. The time scale is dependent on the length of the planning cycle and the duration
of special events/sales promotions in the case company. This can be referred to in terms

of ‘always available’ or ‘never’.

Reliability/Accuracy of information

The ability of observing market changes and descriptive nature of the observer can alter
the reliability of the information used for demand forecast (Aviv, 2002). Hence, it is
obligatory to know the accuracy of information being used in ones’ forecast. This
attribute can be mentioned as correct or incorrect, complete or incomplete and firm or

provisioral.

Action-ability of information

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

all.
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Importance of information

Importance of information in supply chain processes conveys the need for information

exchange among supply chain members. Each demand factor and its respective
information signals can be weighed for its importance in order to make the decision

process easier. Scales for mentioning importance of information can be important, not
important, very important, and extremely important. In some cases it is also possible

that the importaceis not known to the SC decision maker.

Cost of information
The cost of information represents the actual cost of obtaining information from other
SC members. This will include initial investment on technology or people and operating

cost.

The general scales used for availability, reliability, action-ability and importance of

information are different for each cases studied.

Other information attributes, such as capability of using the information and current use
of information, can also be added to the above list of attributes. For example, quick
transfer of sales information (such as EPOS data) may have a positive impact on the
planning and hence improve responsiveness of supply chain to demand fluctuations
(Bourland et al., 1996Chang et al., 2007, Cachon and Fisher, 2000) rather than just
using historical data. However, the use of technology can alter the speed of the data
transfer and hence the responsiveness of the supply chain will differ. If all information
available is used effectively in order to respond quickly to the changes, the benefit to
the supply chain will be in the form of, for example: forecast accuracy, inventory

reduction, cost reduction etc (Cachon and Fisher, 2000; Bourland et al., 1996).
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Generally, the capability can be of two sub-categories - technical and managerial. Here,
technical refers to IT support to handle huge amounts of data, and managerial refers to
the ability to incorporate the information in planning, production and replenishment. In
general, the managerial capability is linked to judgmental forecasts. Although,
measuring the capability is not the focus of this research, the same can be evident
through performance, such as forecast accuracy, of the supply chain. In this research,

the current ‘use of information’ is considered further in the case study analysis; but is

not included in evaluation of RDIM. Table 6-2 represents the SC information on demand

factors and its corresponding attributes. The above 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 retailers. Sometiag third party or publicly available information is also used for

forecasting.

Availability — Some information is always available, other pieces of information reveal
6 weeks before the promotional event (W- 6), whereas still other pieces of information

are confirmed just prior to the event (W-2, W-1).

Reliability/Accuracy - The information exchange between manufactuaad retailers
are made electronically and hence sales data is correct at most of the times, while the
other data is correct tcertain extent. In the case of Soft Drink Co, the scales used for

reliability are ‘correct” (High/Low/Medium) and ‘not correct’.
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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 (6-16 wks in
advance)

-Intermediate term (1-6 wks
in advance)

-Short term (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

= Type of promotion

= Promotional calendar / slots

= Structure of promotion (humber of stort

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

= Changes to promotional plan

Seasonality / Special dates

= Winter, Spring, Summer, Autumn

= Weather / temperature

= Easter & Christmas

= Back to school & Bank holides

Trend & life cycle info

= Growth, decline, maturity

= New product launch

Regional differences

= Weather / temperature

= Habits / preferences

Pricing information

= Retalil sales price

= Whole sale price

= Discount price

Cannibalisation & Competitor

information

= Similar products in promotion in th
same or different store

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

Complicating factors

= Poor execution of promotion in store

= 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. However, it is more difficult to act upon the
information after this period of time. In case of Soft Drink Co, the scales used for

action-ability are - always, actionable, somewhat actionable, limited, and not actionable.

Importance - Except forcompetitor’s information and information on cannibalisation,
almost all the other information is considered important by the forecasters. In case of
Soft Drink Co, the scales used for importance of information are not important,
somewhat important, important, very important, extremely important, and difficult to

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 6-3 represents 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 Ry Action-ability Importance
| Demand factors & information signals Accuracy
Promotional information
e Promotional slots(timing) SDC + Retailer (calendar) Intermediate (Week) High Actionable Extremely important
e Type of promotion SDC + Retailer (calendar) Intermediate (Week) High Actionable Extremely important
e Structure of promotion SDC + Retailer (calendar) Short term (Week) Medium Actionable Very important
o Changes to planned promotion Retailer Short term (Week:) Known when communicated | Sometimes Very important
o Effectiveness of promotion ) . . . )
- 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 important
promotion)
Seasonality/Special dates
e Winter, Spring, Summer, Autumn Public Calendar Always Correct Actionable Important
o Weather/Temperature Short term - local weather news Short term (Week:) Correct Sometimes Somewhat important
Long term - historical data Always Correct Actionable Somewhat important
e Easter / Christmas Public calendar Always Correct Actionable Extremely important
« Back to School/ Bank holidays Public calendar Always Correct Actionable Important
Trend and product life cycle information
o Growth/decline SDC(demand history) Always Correct Actionable Very Important
o New/established products SDC (demand history) Always Correct Actionable Very Important
Cannibalisation & Competitor information
e SDC products in promotion in the sanmre| SDC Most of the time Correct Sometimes Somewhat important
different store
e SDC and competitor products | Retailer Not always Correct Not actionable Somewhat important
promotion at the same time (in same
different store)
Complicating factors
e Poor execution of promotion in store Retailer + SDC During event Low Limited Very important
¢ New type of promotion with no history Retailer + SDC Intermediate Low Limited Important
« Unplanned in-store promotion Retailer After event Low Not actionable Important
« Regional difference (Habits/preferences)| Retailer/other party Sometimes from regiona Requires further analysis- | 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 availability and value of supply chain information are dependent on the relationship
with other SC partners and type of businesses (Fisher et al., 1994; Fisher 1997). Different
kinds of information are useful during forecasting, production planning and replenishment.
For example, historical sales data and promotional calendars are used for sales forecasting
whereas POS data and inventory status are required at the time of replenishment. The
company needs to obtain the information from downstream supply chain members or from
other reliable sources. But not all SC members are usually engaged in information
exchange and collaboration. Hence, obtaining all the required information is not always
possible. If the company is not able to obtain the information it requires, then it may need
to manage with whatever information available. A 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 RDM may 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 temperature is a more important for soft drink products than for other products like
electrical bulbs or crude oil. Here, the same demand information (temperature) is valued

differently.

Step 3 of RDM - Example from Soft Drink Co

Table 6-4 reports the detailed evaluation of SC information of Soft Drink Co. This lists

important demand factors affecting the sales of soft drinks at prorabtésrd non-
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promotion periods. The last column of the table shows the evaluation of SC information.
This evaluation has two aspget one is the usefulness of information in forecasting and

the second is the need for further improvement in the quality of the data.

From Table 6-4it is clear that Soft Drink Co. can make use of all of the SC information
from downstream members except for unplanned in-store promotions. Some retailers plan
in-store promotions (like roll-back promotions in Asda) independently. Since these are not
normally communicated in advance, Soft Drink Co. cannot plan accordingly, which may

result in stock-outs at retail outlets.

According to the analysis, most of the promotional information is rather reliable and
accurate (except the structure of promotion). In some occasions, the retailers change the
structure of promotion; but this information is not communicated until the promotion is
executed. For example, if 2-for promotion is changed to bogof promotion, then the sales
uplift will be very high, and it may be difficult for Soft Drink Co. to replenish on time.
Currently, the company is not considering the redemption rata mfomotion in its
forecasting. (The redemption rate is the percentage of sales transactions that is exclusively
based on the promotional deal. For example, if a 6-pack of 330ml cans is on bogof, but a
customer buys only one six pack, then this sales transaction reduces the redemption rate).

But, inclusion of this information may improve the forecasts.

Pricing information, seasonality and trend informatia evaluated as ‘can be used
Currently, Soft Drink Co. is not using temperature or local weather in its forecasting. In this
research, temperature and trend information are used in the multiple linear regression

models in Chapter ten.
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Table 6-4 Analysis of RDM of Soft Drink Co

Information attributes —> o Evaluation
l.Demand factors & information Source Availability aei:lﬁjbr:"g// Action-ability Importance Useful/ | Need to check
signals not
Promotional information

e Promotional slots(timing) SDC + Retailer (calendar) | Intermediate (Week) | High Actionable Extremely important| v/
e Type of promotion SDC + Retailer (calendar) | Intermediate (Week) | High Actionable Extremely important| v/
e Structure of promotion SDC + Retailer (calendar) | Short term (Week2) Medium Actionable Very important v Reliability
e Changes to planned promotion | Retailer Short term (Week:) High (if Sometimes Very important v Availability
e Effectiveness of promotion ) ) communicated) . ) >
- during promotion Retailer (EEOS) _ During event H!gh Sonetlmes Very !mportant Y - y
- after promotion SDC+Retailer (Sales history After event High Not Actionable | Very important Y Action-ability
- % redemption rate Retailer (Sales history) After event (not all High Not Actionable | Somewhat importan Action-ability
retailers)
Pricing information
Retail sales price (as a surrogate for | Retailer Always High Actionable Extremely important| v/
type of promotion)
Seasonality/Special dates
e Winter, Spring, Summer, Autumn| Public Calendar Always Correct Actionable Important v
e Weather/Temperature Short term - local weather | Short term (WeeK:) Correct Sometimes Somewhat importan{ v Importance
Long term - historical data | Always Correct Actionable Somewhat importan
e Easter / Christmas Public calendar Always Correct Actionable Extremely important| v/
e Back to School/ Bank holidays Public calendar Always Correct Actionable Important v
Trend and product life cycle
information SDC (demand history) Always Correct Actionable Very Important v
o Growth/decline SDC (demand history) Always Correct Actionable Very Important v
* New/established products
Cannibalisation & Competitors’
information
e SDC products in promotion in the| SDC Mostly Correct Sometimes Somewhat importan{ v/ Availability
same or different store
e SDC and competitor products in | Retailer Not always Correct Not actionable | Somewhat importan{ v Availability
promotion at the same time (in
same or different store)
Complicating factors
¢ Poor execution of promotion in Retailer + SDC During event Low Limited Very important v Accuracy, action-
store ability
e New type of promotion with no | Retailer + SDC Intermediate Low Limited Important v Action-ability
histor
. Unplan);led in-store promotion Retailer After event Low Not actionable | Important £ Improve
« Regional difference (Habits/local | Retailer/other party Sometimes from Requires further| Not actionable | Important ? collaboration
preferences) regional deals analysis - data Availability,
is not available action-ability

*SDC - Soft Drink Co.
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Cannibalisation and competitors’ information if available can be used in planning. Based

on its importance, Soft Drink Co. may consider using this information in decision making.
Some of the complicating factors such as poor execution 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 be much lower in case the promotion was not executed
properly in the stores or in case stock-outs 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 can consider similar promotions from the past. Comparing similar
past sales event can help to improve forecasts. Currently, Soft Drink Co. has not considered
local customers’ habits of consuming soft drinks. Inclusion of this information may also

help improving SC performance.

6.3 RDM for Textile Co.

As explained earlier, the development of RDM involves three steps. In step 1, the SC
information related to Textile Co. is collected and listed under the relevant groups. Then in
step 2 each demand factor is evaluated against a number of demand attributes. The
information specific to Textile Co. collected in steps 1 and 2 forms a RDM. The RDM of
Textile Co. is shown in Table 6-5. This RDM lists all the factors that may explain the
demand together with an indication of the role of each partner in information exchange, the
accuracy of information, the action-ability of the information, the cost involved, the

reliability and the importance of the information.

The main source of information is either the customer or Textile Co. But for some other

pieces of information such as trend and discount sales, Textile Co. depends on third party
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information providers, trade fairs and public data. SC information related to promotional
events is available to the company approximately three months in advance. The scale that is
used for availability is ‘month in advancg ‘sometimes’ and ‘always’. Reliability of
information is marked as low, medium and high. Action-ability of the information is
marked as ‘actionable’ and ‘sometimes actionéble’. Scales used for importance of
information are ‘important’ and ‘extremely important’. Normally, Textile Co. does not

incur extra cost to obtain basic information but does incur extra cost to obtain some other

information from 3Ps and trade fairs. Please see Table 6-5 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
¢ Duration of promotion Customer 3-4M Medium Actionable Ext. important No cost
¢ Product on promotion Customer 2-3 M High Actionable Ext. Important Extra cost

(New/Current) Customer 2-3M High Actionable Ext. important Extra cost
e Exclusive brand details Customer 1-M Medium Sometimes Ext. Important No cost
e Occasional promotions Customer 3-4M Medium Actionable Important No cost
¢ Local forecast
Seasonality/Special dates/Govt.

matters
e Winter, Spring, Summer, Autumn
¢ Weather/Temperature Customer & Always High Actionable Important No cost
e Easter / Christmas/New year Public data
e Back to School/ others (uniform

dress material)
o Govt policy on imports/exports
Trend and product life cycle

information
¢ Growth/decline Own & customer Always High Actionable Important No cost
e Trend for new/established produq Customer/3Ps/Trad Sometimes Medium Sometimes Important Extra cost

e fairs

Competitor information
¢ Similar products Customer/3P Most of the Medium Actionable Ext. important Extra cost
e Different products time
Complicating factors
¢ Non availability of full POS data | Customer Not available | -- Not Actionable | Important Extra cost
o Discount sales Customers/3P Sometimes Medium Actionable Ext. important Extra cost
e Regional preferences Own/3P/Trade fairs| Always Medium Sometimes Important Extra cost
e Cannibdisation Own/ 3P Sometimes Low Sometimes Important Extra cost
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6.3.1 Analysis of RDM —Textile Co.

The evaluation of the RDM of Textile Co. (§ee Table|6-6) suggested exchange of

promotional information, seasonal, trend and competitors information. Before including
the information in forecasting and replenishment processes, it is important for the
managers to check and improve the quality of the information. The information on some
of the complicating factors such as discount sales, product returns and local preference
are available to Textile Co. but the reliability of these data are not high. Hence, the
quality attributes of the data need to be checked. The analysis of RDM suggests that the
managers should continue exchangingSkanformation with special attention to some

of the attributes that are mentioned as ‘check’.

For example, although the promotional information is useful in supply chain planning,
the cost of obtaining promotional information is high. Hence, managgesvention is
essential to reduce the cost. Similarly, the cost, reliability and availability of discount
sales information need attention of managers. Currently, Textile Co. uses available
information (from downstream partners) on sales, inventory, local forecast and discount
sales in their forecasting and replenishment. It is important for the company to improve

the quality of this information to 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 to check
I/not
Promotional information
e Duration of promotion Customer 3-4M Medium Actionable | Ext. important | No cost v Reliability
¢ Product on promotion Customer 2-3 M High Actionable | Ext. Important | Extra cost v Cost
e Exclusive brand details Customer 2-3M High Actionalle Ext. important | Extra cost v Cost
e Occasional promotions Customer 1-M Medium Sometimes | Ext. Important | No cost v Reliability
e Local forecast Customer 3-4M Medium Actionable | Important No cost v Reliability
Seasonality/Special
dates/Govt. matters
o Winter, Spring, Summer,
Autumn Customer & Always High Actionable | Important No cost v -
e Weather/Temperature Public data
e Easter / Christmas/New yedq
e Back to School/ others
(uniform dress material)
e Govt policy on
imports/exports
Trend and product life cycle
o Growth/decline Own & customer Always High Actionable | Important No cost v -
e Trend for new/established | Customer/3Ps/Traq Sometimes Medium Sometimes | Important Extra cost v Cost, reliability
products e fairs
Competitor information
e Similar products Customer/3P Mostly Medium Actionable | Ext. important | Extra cost v Cost, reliability
o Different products
Complicating factors
e Non availability of full POS | Customers Not available | -- Not Actionable | Important Extracost| Vv Availability,
Action-ability
e Discount sales Customers/3P Sometimes Medium Actionable Ext. important | Extra cost v Reliability, cost
« Regional preferences Own/3P/Trade fairg Always Medium Sometimes Important Extra cost v Reliability, cost
e Cannibalisation Own/ 3P Sometimes Low Sometimes Important Extracost| * 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. This is especially useful when two or more
companies are involved in information sharing for collaborative forecasting and/or
replenishment. As the main objective of RDM is identifying the demand factors to
improve forecast accuracy, every piece of demand information needs to be checked for
its related attributes. Subsequently, this plan can help the mangers to trace any data, its
source and other related attributes through a single framework. Developing RDM can
simplify the decision making on whether to incorporate that particular information in
the forecast process or not. Subsequently, RDM can also assist major decisions on

future SC collaboration on information exchange.

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

and hence collaboration with downstream partners is essential to exchange promotional
plans. RDM can list the SC information along with its attributes so as to visualise the

importance of information in planning, forecasting and replenishment. In case of a poor
forecast or a poor supply chain performance, Soft Drink Co. can revisit/re-evaluate the

RDM to order to identify areas for further improvement.

In the case of Textile Co., the construction of the Reference Demand Model will help
the company to identify the role of the information and its contributidiorecasting.

An initial list of the product demand factors and the various sources of information will
help the company to systematically identify the importance of information. By tracing
the highly valued pieces of information and valuable customers, Textile Co. can
establish collaboration with reliable customers. Ultimately, 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 some limitations. As long as the retailers execute sales
promotions as planned earlier, the RDM will help to guide the forecasters. Deviations
from the original plan and inaccurate information will make RDM less effective. For SC
information marked with medium or low attributes values, the supply chain
collaboration need to be re-planned/re-evaluated to ensure the quality of the information

so as to have reliable and action-able information.

6.5 Summary

This chapter explained the purpose of developing RDM. It also described the role of
SC information in developing RDM. The key ideas to construct a RDM were explained
through three steps. A stép-step approach for developing a Reference Demand
Model was explained with an example from Soft drink Co. Steps 1 and 2 explained the
systematic approach for listing SC information and corresponding attributes. In step 3,
the factors are evaluated. The development and analysis (evaluation and interpretation)
of RDM aims to serve as a decision tool for the companies for their supply chain
collaboration and information exchange to improve forecast accuracy. This can help

managers to understand the actual value of information in SC collaboration.

13¢



Chapter 7 Cross Case analysis - Qualitative study

7.1 Introduction

This chapter analyses all of the cases discussed in Chapters 4 and 5, and Appendix-I.
This chapter begins by explaining the various roles playeshblgcase company in the
supply chain. Then a detailed cross-case comparison is discussed to clarify the role of
case companies in MTO and MTS environment. Based on the case analysis, MTO and
MTS products are further classified as ‘easy to forecast’ and ‘difficult to forecast’.

Using a two dimensional framework of products and forecasts, this research has
suggestd suitable forecast techniques to the case companies. This chapter answers the

research questions 1 and 2.

Question 1- “What types of collaborative arrangement exist between manufacturers
and buyers, and what type of information is being exchanged to facilitate?CPFR
Question 2— “What technique can be used to decide on the level of information

exchange in CPFR?”

7.2 Role of the case companies in the supply chain

As suggested by Yin (1994), in this research six different types of cases are considered
for descriptive analysis. The prime focus in this research is to better understand the
collaborative arrangement with downstream partners in each of the companies, with
particular focus on forecasting and replenishment, and the information needs to

facilitate these two processes.

With reference to Table 7-1, this research can be classified as Type 2 of basic designs
for case studies (Yin, 1994). Multiple cases are chosen under the single unit of analysis

— information exchange in collaborative supply chains (Voss et al., 2002).



Table 7-1 Basic designs for case studies

Single case designs

Multiple case designs

Holistic-

single unit

of analysis

Type 1

Type 2

Embedded-

multiple units
of analysis

Type 3

Type 4

Source: Yin, (1994)

The case companies selected for this study play different roles in the supply chain.

Figure 7-1 shows the main role of case companies in the supply chain. For instance,

Soft Drink Co. has two main roles. One role is manufacturer and supplier to retailers

(Study -1) and another role is manufacturer and supplier to wholesalers (Study-2).

Study-1 is Type-2 SC and Study-2 is Type-1 SC (see Figure 7-1).

Figure 7-1 Main role of case companies studied

Type-1SC: 3-echelon supply chain

Manufacturer
Soft Drink Co.
Crude-oil Co.

Type-2 SC 2-echelon supply chain

Manufacturer
Soft Drink Co.
Textile Co.

Crude-oil Co.

Wholesaler/ :
» Distributor > R )
Wholesale Co.
> Retailer | 5 .~

Manufacture
Packaging Co.
EEM Co.

Type-3 SC Tier-1 supplier to OEM

Other

A 4

OEM/Supplier

<

End

End

“.. Customer .~

Crude-oil Co. has two roles to play: distributor to wholesalers and distributors to

retailers. Hence, Study-4 Crude-oil Co. is classified as Type-1 SC and Type-2 SC (see
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Figure 7-1). The majority of products of Textile Co. is sold through retailers and hence
it is classified as Type-2 SC. Packaging co. and EEM Co. distribute their products to
other original equipment manufacturers (OEM) and hence they are classified a3 Type-

SC.

The purpose of collaboration in the case companies are mainly to forecast and/or timely
replenish. Accordingly, each of the case company differs on their information need,

which is analysed further in the following sections.

7.3 Cross-case comparison

Table 7-2 reports the case study details of all of the six cases considered in this research.
This cross case detail outlines the products of the company in the environment of MTS
and MTO. Except Packaging Co. and EEM Co., all the other companies mainly have
MTS environment. The supplier base of Crude-oil Co. and Wholesale Co. are local
operators, while the other companies have global supply base. Except Crude-oil Co. all
of the other companies have more than 5 suppliers. Customers of Soft Drink Co. and
Crude-oil Co. are operating locally within the country. However, all of the other
companies are also dealing with global customers. Most of the products of the case
companies are considered as functional while textile products are considered as fashion
driven and electrical products are considered as innovative. All the companies have

more than 5 product lines with more than 15 stock keeping units (SKU).

Soft Drink Co. is one of the oldest companies of all the cases considendd-dll Co.

is in the market for more than 50 years with mature products, while the life cycle stage
of other products are either in mature or growth stage. The shelf life of all of the
products varies from 2 days to 2 years and mbie production and distribution lead

time also varies widely from 2 days to 6 months. Except Crude-oil Co. all the
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companies have low supply uncertainty. But 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 information for forecasting and replenishment is different for all these
companies. This is mainly because the main purpose of collaboration in each of the case
companies are of two types: promotional forecasting and timely replenishment. The
companies involved in promotional sales (Soft Drink Co. and Textil¢ ©&ahange
detaiked information with downstream partrgerfor forecasting while the others
exchange limited or less detdlinformation with downstream partners and mainly for
timely replenishment. To facilitate such information exchange, each of the case
companies engageis a different level of SC collaboration with downstream SC

partners.

Soft Drink Co. and Textile Co. are involved in intense SC information exchange with
downstream partners especially for promotional sales. The RDM analysis of these two
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 7-2Case study details

Soft Drinks Co. | Wholesale Co. Textile Co. Crude-oil Co. Packaging Co. 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)
. 40% MTO MTO 75% MTO
Environment MTS MTS 60 % MTS MTS 2506 MTS
e Location of . . Jute: India_ . .
suppliers Mostly UK, UK Yarn : India India Paper: India India , Australia
PP Europe Machinery: Switzerland, Machinery: India
Italy Japan
* Number of 510 N/A 10-30 1 515 510
suppliers
¢ Location of Europe, USA, UK, India, Japan India, Australia, Thailand,
customers UK UK Dubai, Abu Dhabi, & India (more than 100 | Malaysia, Korea, Japan, Iran
India Customers) Australia, Indonesia, Saudi
e Number of Arabia, Qatar, India
customers > 4000 > 400 > 200 > 2000 >100 >50
« Type of Retailers Retailer/Local | Wholesalers/Retailers | Distributors OEM/ OEM/Wholesalers
customers shops/Independ wholesalers/ Wholesalers
ent retailers
Position of case
company in SC* Type-2 Type-1 Type-1 and Type-2 Type-1 Type-3 Type-3
Product type Functional 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 or Medium
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. Packaging Co. 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(Sdﬁgrst)ﬁ monhs | onhs (Zs-hi:gonths Very long (1|\-/|2e)cqieuar:15) Very long
Very long) (Short)
Real time basis 3-4 days .
Total lead time 2 - 3 days 1-3 days 6 weeks- 8 weeks - (excluding One week- six months
(refining 24 hours) o
logistics)
ﬁ#c?eprltyain ty Low Low Low Medium Low Low
Demand Normal sales-Low Low Normal sales-Low Low Low MTS-Medium
uncertainty Promotions-High Promotions-High MTO- Low
Government
Main reasons for , . Price, new vehicles policy and new .
Promotions Sales at Promotionsseasos, product New projects and new
demand and new : . .
fluctuation downstream trend customers introduction of regulations on safety products
downstream
partners
Main reasons f(_)r e Promotions . e Promotions .
collaboration with . Timel e Timely Timel e Timely N/A N/A
downstream Imety replenishment * limely replenishment
members replenishment replenishment
Main reasons for o Timely

collaboration with

Timely

Timely

Timely replenishment

Timely

replenishment

e Timely replenishment

upstream replenishment replenishment replenishment e New projects | e New projects information
members information

Purpose/ . .

information * Foreca;tmg Replenishment * Foreca_stlng Replenishment Replenishment | Replenishment

exchange ¢ Replenishment ¢ 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, fax and emails, wel
based information exchange is
under development to check
inventory position.
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Soft Drinks Co. | Wholesale Co. Textile Co. Crude-oil Co. Packaging Co. 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, seasong . Inventory, .
information ; . ; replenishment . Inventory, production, order,
price, delivery Inventory, order| order, replenishment production, order
exchanged - . d | . local plans, order, local f local forecast, MRO
downstream time, order, plans inventory, loca feedback ocal forecast
feedback forecast, feedback

Information used
in forecasting

Historical sales
promotional plans
local forecast,
special days

Historical sales

Historical sales
promotional plans, local
forecast, seasons and
trend

Historical sales

Historic sales

N/A

Information used
in replenishment

Sales forecast
inventory status
EPOS

Inventory status

Historical sales,
discount, trend,
production, logistics,

Government policy

Inventory status

Inventory status

Inventory status

* see Figure 7-1
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7.4 Role of RDM in case companies

This research suggested some constructive stegslyse the SC information obtained
from downstream partners. The construction of RDM is an ideal way of aggregating
various types of SC information and their attributes for decision making. Three steps are
suggested to construct RDM. While, steps 1 and 2 of RDM list all of the possible
demand factors along with their characteristics, step 3 of RDM involves evaluating and
interpreting the RDM. This approach can guide managers to decide either to stop
information exchange or continue information exchange. Sometimes it is also
suggesting the managers to revisit RDM for future collaborations. It is interesting to
note that although these decisions are common for all of the companies, the purpose of
the supply chain informatiors different for each of the case companies. However,
RDM can be used as a common technique to decide on the level of information

exchange in CPFR (research Question 2).

Some of the case companies use the selected SC information for replenishments while
the others use the same type of information for forecasting. For example, the historical
sales information is used by the Soft Drink Co. for forecasting and EPOS data is used
for replenishment; however, the sales information is used mainly for the long-term

planning in Packaging Co. but not for the short term-forecasting.

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 as Crude-oil Co.
and Wholesale Co. are rather simple in comparison to the other MTS environments.
Hence, MTS products can be further classified into ‘easy to forecast” and ‘difficult to
forecast’. It is important to note that the short term forecasting is more important for

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 products the demand
forecast is important to avoid the bullwhip effect (Lee and Padmanabhan, 1997).
Accurate demand forecasts can help reducing stock-out and excess inventory. Based on
the levels of difficulty to forecast demand in MTS environments, different forecasting

approaches could be applied.

From the analysis of cases, it is clear that soft drink products and textile products are
difficult to forecast when sales promotions are offered by retailers. To forecast these
products, different demand factors need to be identified. Identifying important demand
factors is possible through the Reference Demand Model (RDM). The RDM can help
forecasters to systematically list all possible types of SC information and also to identify
potential SC information that can be received from downstream partners. The analysis
of RDM will guide supply chain planners on what information has to be exchanged.
More sophisticated forecast techniques such as multiple regression modelling can be
used to better match the demand with explanatory factors. In summary, it is possible to
say that ‘difficult to forecast MTS environments can use both RDM and regression
models to improve forecast accuracy and timely replenishment (see Table 7-3). Difficult
to forecast MTS situation may arise in the following cases:

e Sales promotions (functional products)

e Products with short shelf life or life cycle (e.g. fashion driven products)

e After market spare parts

- Saturn (case of after-sales service by Cohen et al., 2000)

- EEM Co. for Maintenance Revamping and Overhauling (MRO)

Wholesale Co. and Crude-oil Co. are in a MTS environment but the demand is rather
smooth. Hence, it should be easy for them to forecast the demand using standard

forecasting techniques. However, supply chain collaboration with downstream partners
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is essential to make end customers’ demand visible and also to ensure timely

replenishments.

Table 7-3 Suggested techniques

Forecasts
Easy to Forecast Difficult to forecast
Wholesale Co. | SoftDrink Co.
Crude-oil Co. | pe1SC | TextileCo. Type-25¢ |
e Standard forecasting o Reference Demand
al|® techniques Model
| = e Make end customer demand e Multiple regression
= visible Models
S e VMI o 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 Co., and 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 technigues could be used to predict the demand
and that (R ,Q) 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 quantity discounts 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 replenishments for the slower moving

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

Crude-oil Co. maintains a good collaborative relationship with downstream SC partners

so as to make timely replenishments. Currently, the company exercises VMI and
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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 Crude-oil Co. are low, and hence the demand for
these two products can be determined by simple forecasting techniques. This
forecasting technique can be for example, simple moving average, exponential

smoothing or HoltWinter’s method.

Companies operating iaMTO environment such as Packaging Co. and EEM Co. do

not make any short-term forecast using the SC information from downstream partners.
Supply chain information from downstream partners may be used to make long term
forecasts and material resource planning. The supply chain collaboration appropriate 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 retailers. Hence, the promotional sales information is well communicated in
most cases. The relationship of Soft Drink Co. with Wholesale Co. is relatively new and
is not well established in terms of information exchange. This is reflected in the high
order variability. By establishing collaboration with up- and downstream partners,
Wholesale Co. can improve the visibility of end customer demand, and pass it on to Soft
Drink Co. Engaging in a VMI arrangement with Soft Drink Co. could be highly

beneficial (regular replenishment 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 future collaboration through providing free samples. If
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these ‘free samples’ sell well in the local market, customers may plan the future
promotion in collaboration with Textile Co. The communication between the two
parties concentrates on promotional sales only. In other words, the information
exchange between Textile Co. and their customers is elaborate at the time of promotions
but restricted at other times. This relationship (promotional sales) is generally extended

by the company further on future business expansions.

Crude-oil Co. has well established collaboration and VMI with downstream partners
(nearly 20 percent of its customers) to ensure timely replenishment. This arrangement
can be extended further for the remaining customers. EEM Co. and Packaging Co. do
not maintain well established downstream supply chain collaboration as they do not find
much value in downstream SC information. These two companies can think of
establishing upstream supply chain collaboration. As most of the products are MTO,
the collaboration with upstream SC partners may help the companies to have raw

materials on time for production.

7.5.2New perspective of SC collaboration

This research has considered functional products, fashion products and innovative
productsin MTS and MTO environmda However, the demand fluctuations of
functional products are not the same for all cases considetbis study. Some of the
companies have promotional sales as a regular feature of business strategy. Study-1 and
Study-3 considered soft drink products (functional products) and textile products
(fashion driven products). According to Lee (2002) functional products will have low
demand variability compared to innovative (fashion apparels) products. However, the
demand patterns are highly fluctuating for these two products as the sales are affected
by promotions. Analysis of these cases suggested considering all possible SC

information to improve forecasting and replenishment. Hence, for Textile Co. and Soft
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Drink Co.ahigh level collaboration with downstream SC partners will be beneficial. In
simple terms, CPFR will be ideal for these two companies. Table 7-4 reports the supply

chain collaboration strategy of the case companies.

Table 7-4 Supply chain collaboration strategy

Forecasts
Easy to Forecast Difficult to forecast

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

MTS products of Wholesale Co. and Crude-oil Co. are easy to forelcatitese two

cases information from downstream SC partners is required to ensure timely
replenishment. Information 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 (VMI) is suggested to these two companies. MTO
products of Packaging Co. and EEM Co. do not benefit much by information from
downstream SC partners. Hence, simple transaction-based collaboration is suggested for
these two companies. In summary, it is possible to conclude 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 collaboration with downstream SC partners, whereas in MTO environments
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 possible (Larsen et al, 2003; Danese, 2007), this current research related supply
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chain information with the type of product environments and their demand farecast
difficulty to decide on the appropriate level of supply chain collaboration. This can be

considered as one of the key contributions to the literature.

7.6 Summary

All the cases analysed in this chapter were of two types: MTS and MTOMIAS
environment, SC information from downstream partners helped short-term forecasting
and replenishments. BmMTO environment, SC information from downstream was not
used for short-term forecasting but for long-term planning. Some MTS products were
easy to forecast while the others were difficult to forecast. Easy to forecast MTS
products can be controlled by simple forecasting techniques and collaboration with have
downstream supply chaito make end demand visible. Difficult to forecast MTS
products, must ideally be supported with downstream SC collaboration in order to
obtain detagd demand information.A Referene Demand Model and multiple
regression techniques (or causal forecasting techniques) were suggested in this case.
Downstream SC collaborationasnot found importantn MTO environments. Three

levels of collaboration (low, medium and hjghere suggested.
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Chapter 8 Data Description

8.1 Introduction

This chapter discusses the sales related data from Soft Drink Co. The data consists of
the promotional details from four different retailers who run promotions at different
times and include duration and timing of promotions, types of promotions, promotional
features/display, price discount and weekly sales. Sales promotions specific to each
retailer havea different impact on sales even for similar products. In this research, the
data of about 50 different products sold by four leading retailers in the UK were
analysed. The data described in this chapter together with the scales used to represent

the observed promotional information.

8.2 Data collection methodology

As explained in the previous chapter, the case study with the Soft Drink Co. involved
field visits, direct observations and interviews to deveddRDM. In the process of
validating the RDM, weekly sales data were collected. The accuracy of the awmta w
first checked by comparing with the promotional calendar and, whenever necessary,
clarified through discussion with the principal or key informignthe case company.

The principal or key informant is the person in the case company who is best informed

about the data used in this research (Voss et al., 2002).

The following characteristics were collected from the four retailers along with the

weekly sales data.

e Types of promotion

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

e Price discount

e Number of different promotions offered during the promotion weeks
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o Feature (advertisements-any sports events/coupons)
e Special days/holidays

e Christmas/Easter

e Local weather (temperature)

e Unplanned in-store promotion (if available)

e Timing of the promotion

e Product life cycle (new or established products)

e Customerspreference (faster moving or slower moving products)

Although most of the information could be obtained diredittyn the company’s
promotional calendar, some other pieces of information (such as unplemstxe
promotions, features, and special days) needed further clarification from the girincip
informant of the case company. Table 8-1 shows the types of promotions and the
number of promotions over a period of 3 years (2005-2007) at the four wliffere

retailers (referred in this thesis as R1, R2, R3 and R4).

In Table 8-1,the last column ‘total promotions’ represents the total number of
promotions offered by each of the four retailers for some common products. Some
retailers offered more promotions for 2ltr bottles while others offered more promotions
for 500ml bottles. For example, R1 offered 200 promotions for 2Itr bottles in total
during 2005-2007 whereas the other three retailers offered 202, 135 and 195 promotions
respectively. For 6-packs 330ml cans, R1 offered 195 promotions, R2 offered 243
promotions, R3 offered 172 promotions and R4 offered 215 promotions. For 500ml
bottles, R2 offered promotion throughout the year 2006; this is represent¥d ias

Table 8-1. R3 did not offer any promotion for 500ml bottles. R1 and R4 offered 84 and

92 promotions respectively on 500ml bottles.
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Table 8-1Number of promotions at retail stores’ for leading products

Type and number of promotions
‘bogof’/half price 2 for £ 3 for £ Other promotion Total promotions

Products R1|R2|R8|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
2lt-P6 - - - 4 110| 4 1131 8] 2| 8] 6 - - 5 - 12 12 17 19
2lt-P7 - - - 4 116| 4 1121 8] 2| 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] O 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 ] 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
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Type and number of promotions

‘bogof’/half price 2 for £ 3for£ Other promotion Total promotions

Products R1|R2/ R3] R4 |R1| R2 | R3| R4 |[R1|R2| R3| R4 | R1| R2 | R3 | R4 R1 R2 R3 R4
6pk-P9 11 8] 2110 4] 9 8 6 - -1 4] - - - 1 - 15 17 15 16
6pk-P10 11 8| 2110 5] 9 8 6 - -1 4] - - - 1 - 16 17 15 16
6pk-P11 11 8| 2]10] 4] 9 8 6 - -1 4] - - - 1 - 15 17 15 16
6pk-P12 11 7] 2111 ] 4] 9 9 6 - - 2 | - - - 1 - 15 16 14 17
6pk-P13 11 7 2111 ] 4 9 9 6 - - 2 - - - 1 - 15 16 14 17
6pk-P14 11 7] 2111 ] 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 81|Y - 11 | - - - - - - - - 14 -- -- 12
500ml P6 6 |- - 1 8 Y - 11 - - - - - - - - 14 -- -- 12
500ml P7 6 |- - 1 81|Y - 11 | - - - - - - - - 14 -- -- 12
Total 30 [ 0| 0] 5 ([54] 0 0 |87 0)J]0]J0O0O]JO]J]O]J]OJ|JO]|O 84 -- - 92
JuiceP1 - 5] - - 3 - 3 - - 4 | - - 1 1 1 - 4 10 4 --
JuiceP2 - 5] - - 3 - 3 - -1 4] - - 1111 - 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 0| 0 | 22| 22|44 ]300 f212|214] 0] 2|2]2]0 24 46 60 30
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Some retailers offered more bogof while others gave more 2-for and 3-for promotions.
Figure 8-1 shows the percentage of each type of promotions offered by different
retailers. The retailer R1 offered more bogof and half-price promotions (51 percent)
while the retailers R2, R3 and R4 offered more 2-for promotions. R1 offered less 3-for
and other promotions (6 to 8 percent). R2 offered around 55% of 2-for promotions,
which is the highest of all of its promotions. Nearly half of the promotions offered by

R3 were 2-for promotions. R4 offered 61 percent of 2-for promotions. This percentage

split of promotional types included only leading or major selling products.

Figure 8-1 Percentage of types of promotions offered by four retailers
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Other details on promotisnsuch as display location and percentage discount are
different for different promotions and cannot be presented in a single table or figure
The presence or absence of these characteristics may affect sales. For exambple, bog
promotions may have a huge sales uplift while 3-for promotions may not have such a

big impact on sales.

The data will 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 further analysis. For example lower (than average) sales figures duriag
promotional event may cause ambiguity either on the sales data or on the promotion
calendar. In the case of Soft Drink sales data, such problems were solved by double
checking the actual sales events with the pradenformant. Careful cross-checking for

any unusudy high or low sales and discussions with the company officials ensured

error free data.

Figure 8-2 Example of average sales during promotions at R2 for 2ltr bottles

30000
R 2-for (in-store)
25000 s>
*
20000 T bogof and half~g =
@ P — s \ ......... & —, "
.E ::" ’-_: s:' R R . .‘-:
315000 ., . ‘ . . *
ki e
8 ’ * :....,. ...............
10000 . ~ . o
....... * ot *e %, . o
................................... 'S L 4 .-"“."-".‘"______..-......
5000 et ssasasasss s s TR
2-for and 3-fq_¢:/
O T T T T T T 1
0 5 10 15 20 25 30 35
Promotion weeks

For instance, in Figure 8-2, there were two instances of promotional sales exceeding
20000 unit§ which prompted further enquires for such an unusually high demand.
Though this particular promotion was mentioned as 2-for in the promotion calendar, it
was later noted thahose two sales were 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 resulted in unusually high sales in 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 6-packs of 330ml cans) were plotted separately in graphs for each retailer. On
analysing the graphs, unusual sales (either very high or very low) during promotions
were identified. Such discrepancies were discussed with the Soft Drink Co. and clarified
before they were used in structural equation models and multiple regression forecast

models.

8.3 Scales used to represent quantitative data

A promotional event is a major explanatory factor of demand , but it incorporates many
elements namely (i) type of promotion, (ii) size of promotion, (iii) duration or number

of promotional weeks, (iv) price discount and (v) promotional features. There are also
other elements which will improve sales independently or in conjunction with the
promotions such as (vi) special days (ChristiBaster/holidays) and (vii) seasonality

and average temperature. Some factors such as (viii) product life cycle, (ix) sales
period and (x) customers’ preference are not often used in the data analysis. The impact

of each of these factors was visualised by plotting the actual weekly sales against the
presence and absence of each factors (see Figure 8-2 and Figure 8-3). Thesedales

for representing the promotional and the non-promotional 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 special display (0 or 1) and type of
promotions (1 to 5 scale).

(i) Type of promotionis a promotional mechanism used in the retail outlets. As given

in the case study of Soft Drink Co. in Chapter 4, the company offers 5 different types of
promotions— half-price, bogof, 2-for, 3-for and other$n general for all the retailers,
normal weeks without any promotion are marked with ‘0’and all the other promotional

events are marked with ‘1. Only for retailer R4, the type of promotion is categorised
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under ordinal scale of one to five with 5 representing half-price and 1 representing other
promotions. This is because the retailer R4 runs various promotions at the same time in
different outlets for some products.

(i) Size of promotion represents the number of stores running the promotion. This
also includes the number of prominent display locations attached to the promotional
events. Some retailers, like R4, prefer to run promotions at superstores and small stores
at different times, while others prefer to run promotions at the samaertiaieoutlets.

For retailers R1 to R3, the display of promotion is marked as ‘0’ for no special display

and ‘1’ for special display at gondola end or plinth or end aisle display.

Figure 8-3 Example of average sales during promotions at R4 for 2ltr

bogof Half-price

3-for

Types of promotions

2-for

o

50000 100000 150000 200000 250000 300000 350

Average weekly sales in units

All of the retailers except 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 retail outlets at the same time or different period of time. [From Figyre 8-3, it

can be seen that for R4, 2-for and 3-for promotions have registered sales in the range of
30000 units to 80000 units. Whereas, bogof and half-price sales are in the range of
50000 units to 280000 units. In this case, 2-for and 3-for promotions were run in the

small outlets and bogof and half-price promotions were run in superstores at different
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period of time. For retailer R4, the size of promotion is measured in the ordinal scale 1
to 5.

(i) The duration or length of the promotion is the number of weeks that the
promotion is run by each retailer. This is normally between one to four weeks.
Occasionally, the promotions will continue for eight weeks. From the data analysis, it
was understood that generally the shorter duration of promotion show a better sales
uplift than longer promotions. Similarly, too many promotions in a year do not
necessarily give a better sales uplift. The duration of promotions is measured as a
continuous variable in weeks.

(iv) Price discount or sales priceis another important factor influencirgstomers’
purchase behaviour. The same price discount may have a different impact on sales when
more packs are involved. For example, the half-price, bogof and buy two-get-two-free
promotions result in the same price discount of 50% compared with the normal price.
The percentage discount is calculated as follows:

Percentage discount = (Base price - promotional price)/Base price

The base price refers to the price at normal times without promotion. For most
promotions, the percentage discount varies between 20 and 50 percent. For example,
when the normal price of 2| pet bottle is £1.75, customers will benefit from a 14% price
discount orf2-for £3” promotions (Percentage discount = (1.75-1.5)/1.75 = 0.1428). As
mentioned earlier, different promotional strategies such as bogof, 2-for and 3-for will
havea different impact on sales, though sometimes they may have the same percentage
of discount on price. Specifically, the promotion types 2-for and 3-for 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 units in 2-for promotion or three units in 3-for
promotions to benefit from the promotional sales. For example, in a buy-two-get-two-
free promotion, a 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
discount, the impact of a half-price promotion on sales is typically bigger than the
impact of bogof or buy-two-get-two-free promotions. The sales price can be included
in the models and is a continuous variable. The percentage discount variable can model
different types of promotions, and possibly eliminate some of the categorical variables.
(v) Promotional features involve marketing activities that are related to improve brand
image and salesAccording to Soft Drink Co., product exposure generally improves
sales and hence Soft Drink Co. tries a variety of promotional features. The company
spends a proportion ots profit on marketing activities such as advertising. For
example, commercial advertisements during pritinge television programs attract
more sales. Some in-store advertisement also involves advertising cost that includes
location of display and sign boards. For example a gondola end display attracts more
sales than usual display on the shelves. But all the products will not be displayed in
gondola end as the cost attached to this display is quite high. Rather than considering
the cost of advertisement and its impact on sales, in this research, the presence or
absence of advertisement densidered as a categorical variable of ‘0’ or ‘1’. For

retailer 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 of soft drink products do increase during holidays and special
events. Normally festivals like Christmas and Easter increase sales. These dates are
collected from the publicly available calendar. Special days are also modelled by a
categorical variable of ‘1’ or ‘0.

(vii) Seasonalityandlocal weather impact the sales of soft drinks. Historical local

temperature (monthly average) is considered for further data analysis. This is collected
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from the website (TW\ANW.metoffice.qov.u In further analysis, the local temperature is

considered as a continuous variable.

(viii) Product life cycle: The impact of promotions on well established products may be
different from new products that are just introduced in the mafketexample, when

the company introduced the ‘zero-range’, these products were heavily advertised in the

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 categorized the products in
two groups: The recent (new) products and the well-established products, and for those
products where we had data spanning the two life-cycle phases, we have truncated the

time series so as to remove the introductory phase.

From 2005 to 2007, 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 Cola 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 is a number running
from 1 to 52. This sales period is meant to capture the sales fluctuation in a time series
data.

(x) Customers’ preference for the product is identified 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 group of products, it was marked from 1 to 5 in an
ordinal scale. For 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
5. Another orange drink with ‘no-sugar’ with the next higher sales volume will be in

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 summarised in Table 8-2.

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 variable (1,2,3,4,5)
1-promotion,0-no promotion 5-half-pricel-other promotions

Sizel/display of Categorical variable (0/1) Ordinal variable (1,2,3,4,5)

promotion 1-special display; 0-no special displa| 5-superstore special display;

1-no special display

Duration of Continuous variable Continuous variable

promotion

Price discount Continuous variable Continuous variable

Promotional feature | Categorical variable (0/1) Ordinal variable (1,2,3,4,5)
1-special feature; 0-no special featur{ 5-most advertisement 1- least

advertisement

Special days Categorical variable (0/1) Categorical variable (0/1)
1-special day; 0-no special day

Local weather Continuous variable Continuous variable

Life cycle Categorical variable (0/1) Categorical variable (0/1)
1-mature product; O-recent product | 1-mature product; O-recent produ

Sales period Continuous variable Continuous variable

Customer preference| Ordinal variable (1,2,3,4,5) Ordinal variable (1,2,3,4,5)
5-most preferred product;1-least 5-most preferred product;1-least
preferred product preferred product

Weekly sales volume| Continuous variable Continuous variable

Number of packs Continuous variable Continuous variable

Other factors such as competition and complicating factors (given in case study Chapter
4) are not quantified as they are more of qualitative in nature. These are left for
judgemental decision making. This research study suggested that the company should

analyse their historical sales data and also to have further discussion with the retailers.

Similar to the local temperature and customer preference, another important factor
which alters the sales of different produdtsthe customers’ product consumption
(drinking habi). Health awareness among local communities may increase the sale of

non-carbonated and fruit juice in place of carbonated soft drinks. Although it is not
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considered for the data analysis, this report suggested that the company should include

it in their judgemental planning and forecasting.

In order to explain the characteristics of the data used for structural equation modelling
and regression analysis, descriptive data analysis was conducted using a sample of the

data. This is further explained in the next section.

8.4 Descriptive analysis of sample data

A sample of sales data of 6-packs 330ml cans for retailer R1 was considered for this
descriptive analysis. The product considered is this analyaielatively new product,
introducedin the market in mid 2004The data includes three years (2005-2007) of
weekly sales data. The sample is selected in such a way that products were on
promotion at the retail outlet at the same period of time and belongadsitoilar
category. Please see Table 8-3, which lists the maximum, minimum and average
number of sales during promot&irand non-promotional weeks. In this table average
sales volume (in cases) per promotional week is differentiated under three categories.
Column one‘all types of promotions’ represent the average weekly sales during
promotion irrespective of the type of promotion. Column two ‘type of promotion’
represents the promotional sales during promotional week for a particular type of
promotion. In olumn three ‘presence of display, Christmas’ represents the promotional

weekly sales with special display during Christmas and during other times.
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Table 8-3 Promational and non-promotional 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 the average promotional sales increased to 5.8
(=3141/538) times of normal sales. From column (1), it can be seen that the promotional
sales in weeks one to three were stable and then the sales started declining. By week six
the promotional sales had declined by nearly 45% of the average promotional sales. In
the column (2), the sales with bogof promotions reached the highest sales figure with an
average of 3899 units per promotion week. The impact of promotional display is
evident from the sales figure given in column (3). The average promotional sales with
special display increased the sales to 3447 units. The special display during Christmas

increased the sales to 4036 units.
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Table 8-3 also indicates some other difficulties. 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 correct information from different sources such as promotional
calendar, sales data and temperature. Still, the statistic of sales did not match with the
promotional calendar or other public information, in such cases it was necessary to

clarify this with of the compariy key informant.

Through these discussions with the company, it was identified that the maximum sales
volume of 4036 during normal weeks wasindication of a promotion running in the
store, but not indicated in the calendar. Similarly, the minimum sales volume of 542

duringa promotional week is corresponding‘t@ promotion’ in the store.

The data description and descriptive analysis clearly indicate that the promotional sales
are related to type of promotions, promotional weeks, percentage discount and many
other demand factors. The correlation between all of these variables with reference to

sales is calculated using the Pearson correlation coefficient in Chapter 9.

8.5 Summary

This chapter introduced the sales data and various details related to promotions. The
reliability of the data was guaranteed through rigorous cross-checking and clarification
with the case study company. The scales used to represent the promotional and non-
promotional elements in the data were explained in detail to facilitate further analysis in
the following chapters on structural 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 using the case study of Soft Drink Co. in Chapter
four have been used in developing RDM in Chapter six. From the RDM of Soft Drink
Co. four major demand factors namely promotions, special days, seasons and customer
preference were identified. To identify the inter-relationships among these demand
factors and actual sales volume, a structural equation modelling approach is used in this
research. In the process of developing the structural equation model (SEM), a
conceptual demand-factor relationship is established as a logical sequence for the
Reference Demand Model explained in Chapter 6. Based on this conceptual demand-
factor model research hypotheses are develofgederson and Gerbing’s (1988) two-

step approachto structural equation modelling is incorporated in testihgse
hypotheses. The research hypotheses are then tested using sales data of Soft Drink Co.

with a major retailer (R4) in the UK.

This chapter presents the procedural expansion of model constructs and the description
of model fit indices. The measurement model and the structural equation models are
presented and discussed in this chapter. The structural equation model represents the
inter-relationship among promotional factors, special days, seasonal factors and
customer preferences. The direct and indirect effect of these demand factors on sales
volume are also analysed through these models. The proposed SEMs aim to serve as a
tool to categorise the demand factors specific tiogat bottles, 500 ml and 6-packs of

330ml cans in a more general form.
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9.2 Conceptual demand-factor model and hypotheses development

The role of demand information on various supply chains was discussed in greater detail
in the case studies in Chapter 4. Then the RDM specific to the Soft Drink Co. was
developed in Chapter 6. Demand factor information for forecasting purposes was also
discussed in these two chapters. Further quantitative analyses of the demand
information identified from the RDM of Soft Drink Co. are discussed in this chapter.
From the RDM, the demand factors are grouped mainly in four latent constructs. The

underlying relationships among these four latent constructs are tested in this chapter.

In this chapter, the influence of the four factors in the products’ sales volume is
hypothesied (See Figure 9-1). The conceptual model demand-factor model has set five
hypotheses to test the relationships among factors (latent constructs). This model is

validated using actual sales data to form a structural equation model.

Figure 9-1 Conceptual demand-factor model

Sales Volume
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Recent technology advancement has created many avenues for marketing opportunities
such as internet advertisements, television advertisement, text messages etc
(Swaminathan and Tayur, 2003). Apart from these media advertisements, in-store
display location may also have a great impact on sales (Cooper et al., 1999). In Soft
Drink Co., collaborating partners decide on the type of promotions, the timing of

promotions and the display location in advance. In this chapter, for the purpose of the
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SEM analysis, the sales data of retailer R4 for three years (2005-2007) is considered.
This is mainly because the retailer R4 runs a variety of promotions at different periods

of time in many stores.

9.2.1The influence of promotional strategies on sales volume

Traditionally, promotions are intead to boost normal sales through the adoption of
some specific promotional sales strategies combined with price discounts. From the
case study of the Soft Drink Co. (Chapter #)has been found that the type of
promotion decides product pricing, which varies widely across various promotions. The
promotional factors (latent construcPF) includes four variables such as

e Type of promotion (PF1)

e Size of promotion (PF2)

e Duration of promotion (PF3)

e Price discount (PF4)

As explained in Chapter eight (see Table 8-2 for scales used in the data analysjs)Table

8-2 Scales used in the data analysis, The type of promotion can be save x%, buy 3-for

£x or buy 3 for 2, 2-for £x, buy-one-get-one- free (bogof) and half-price tyfiee of
promotion, size of promotion and period of promotion are represented through the scale
of 1-5. The size of the promotion is reflected either in the display location or in the
number of stores participating in the promotional sales. For example, the display
location in a normal store is on the shelf, end aisle or gondola and will have different
impacts on sales. These 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 display. Both the

retailers and the manufacturer collaboratively decide on the 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 of the costs.

Duration of promotion and price discount are continuous variables. The duration of the
promotion may be short duration (1 to 4 weeks), or longer duratitmg4veeks). The

sales volume throughout the promotional weeks is not the same (Cooper et al., 1999); in
certain cases the sales in the first week will be very high 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 declining. During this period, the marketing department works in
coordination with production team for production and replenishment. The promotional
planning also includes decision making especially for price discounts. Every aspect of
the promotion may have a different impact on sales but the overall rationale or

expectation is that sales will grow. This argument builds the first hypothesis.

Hypothesis 1 Promotional factors have a positive influence on overall sales

performance

9.2.2Influence of non-promotional demand factors on sales

Some other demand factors (other than promotions) have also been indentified in
Chapter 6, when the RDM of Soft Drink Co. was discussed. These non-promotional
factors are grouped in this chapter as Special days, Seasonal factor and Customer

preference. These three non-promotional factors are described below.

Generally, sales of soft drinks during holidays and festivals are exjtecbe higher
than during normal days. In this research, this particular factor on holidays and festivals
is represented as ‘Special days which is similar to ‘holidays’ in previous research
studies (Cooper et al., 1999; Divakar et al., 2005). In addition to holidays, the factor

‘Special days’ in this research includes main festivals of the UK such as Christmas and
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Easter, and also includes other holiday or celebration periods such as school yacation
mothers’ day/father’s day, valentines’ day and bank holidays. In short, the factor
‘Special days’ (latent construct — SD) includes two variables

e Festivals (SD1)

¢ Any other holidays or special occasions (SD2)
Both of thesevariables of latent factor ‘Special days’ are represented through

categorical values (0/1).

The next non-promotional demand factor is seasonal factor (latent construct- SF) that
includes

e Temperature (SF1)

e Sales period (SF2)
The variable ‘temperature’ represents the average temperature of the month. Another
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). Hence, in this research,
the variable ‘sales period’ represents the week of the year. The idea of representing the
week of the year is to avoid missing any seasons. Both these variables, temperature and

sales period, are continuous scales.

The next group of two variables are used to represent customer preference collectively.
The first variable is called ‘product rank’. In general, the volume of sales of a product is

the indicator of the customérgreference for a product amomggroup of similar
products (Dube, 2004). This is referrechidproduct rank’ of a product, which is based

on sales volume of the product. Products rank of a product in this research is interpreted
as thebuyers’ choice for the product among a group of similar products of Soft Drink

Co. It should be noted that the rank does not include comparisorcamietitors’
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brands. Product rank is represented through an ordinal scale from 1 to 5. The second
variable of customer preference is the distinction between new and established products.
In Soft Drink Co., the sales of established products are always different from new
products. In summary, the factor ‘customer preference’ (latent construct - CP) has two
variables -

e Product ranks (CP1)

¢ New/established products (CP2)
The new or established products are represented theodgihotomous scale (0/1). In
general, the absence of promotion is represented through ‘0’ for all the above variables

(see Table 82

The objective of this chapter is to recognise the relationships underlying the demand o
different products2itr and 500ml pet bottles, and 6-packs of 330ml cans. The case
study with the Soft Drink Co. has helped to understand the marketing practices on
promotions for these products. Promotionsameajor contributorto sales volume and

need to be coordinated between the manufacturer (Soft Drink Co.) and retailers. The
collaborative planning decides on the period of promotion, display location for
promotional items, marketing strategies, etc. The case study findings have been used to

formulate the research hypotheses.

The first non-promtonal factor is ‘Special days’-SD. Normally, festive seasons like
Christmas or Easter, regional holidays such as bank holidays or school vacations and
other occasions like Valentines DayMbthers [ay will increase sales. Although the

case company does forecast sales during Christmas using historic sales data, they do not
give much attention to the other special days. In the demand-factor model, all these
festivals and special occasions are includedhe name of Special days. As the

historial sales data shows increased sales during the above mentioned special days
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(especially for 2 pet bottles), it is wise to test its reliability using SEM. Hence, the

second hypothesis is as follows.

Hypothesis 2 Special days influence overall sales performance positively

The second non-promotional factor is related to the seasonal factor. For products like
soft drinks, sales volume generally depends on the local weather or temperature
(Divakar et al., 2005). From the sales data of Soft Drink Co. it is understood that high
temperatures has increased the sales of 500ml bottles in many retail outlets. Based on

this observation, the next hypothesis is formulated as follows:
Hypothesis 3 Seasonal factors have positive impact on overall performance of sales

All the products from a same manufacturer will not have consistent sales volume
throughout a year. Some products may capture more market share than the others. Even
similar products are valued differently by consumers at different eoiotime (Sun,

2005; Ailawadi et al., 2009). Based on the sales volume, the products are ranked under
five different levels to represent the customer preferefite® new products and
established products are not perceived equally by the customers. The preference for new
product and established products is different and it is reflected in the sales volume. The

next hypothesis islating customers’ preferences with the overall sales performance.

Hypothesis 4 Customer preference of the product influences overall performance of
sales

Hypotheses 1 to 4 have established relationship between each of the latent construct
with latentconstruct ‘overall performance of sales’. Some of all of the first order latent
constructs such as seasonal factor and promotional will have a positive relationship
(Cooper et al., 1999). This 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 of soft 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 inter-relationship among latent constructs and
overall performance of sales. Based on this argument, the next research hypothesis is

formulated as follows:

Hypothesis 5 Significant relationship among promotional factors, special ,days

Seasonal factors and customer preference will influence overall performance of sales.

The exploratory nature of hypothesis 5 intends to identify the inter-relationship among
promotional and non-promotional factors (special days, seasonal and customer
preference). This analysis will also assist in identifying the direct and indirect effect of

these relationships on overall influence of sales.

9.3 Data

The data for our analysis includes sales data for 25 different soft drinks, over the past
three years (2005-2007). For the purpose of the comparison of SEM models of 2ltr
bottles, sales datd two different retailers (R2 and R4) are considered. These data are
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 longitudinal studidair et al., 2006, pp-876). The case study research
reported in Chapter 4, has been used to identify company specific data for pricing,
marketing strategies (advertising), local festivals, special days, and customer
preference for each product. In addition, publicly available information on holidays,

local festivals and temperature have also been used.

The data analysis was initiated with the sales data for a single product or a group of
similar products promoted at the same period of time, which forms the basic

measurement model. The data matrix was first checked for coding errors (see Chapter
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8). In case of any mismatch of sales figure and promotions, it was corrected through

information from the key informant (Voss et al., 2002).

The distribution of the complete data set specific to 2ltr products was confirmed
satisfactory from the descriptive statistical anialyJable 9-1 reports the results of
descriptive analysis namely, mean, standard deviation (SD) and correlation matrix. This
is for a group of six similar 2Itr products promoted at the same period of time. The
promotional variables are significantly correlated to each other at p < 0.01 level. The
correlation values vary from 0.262 to 0.795. It represents that each of the variables
under the construct ‘promotional factors’ are distinctly representing the characteristics

of promotional sales (Mishra and Shah, 2009).

The nonpromotional construct ‘Special days’ has two variables- festivals and holidays.
These two variables are significantly correlated to each other at p < 0.01 level with
correlation value 0.386. The festivals and the holidays are significantly correlated to the
period of promotion with value of 0.127 and 0.100 respectively at p < 0.01. The next
non-promotional enstruct ‘Seasonal factor’ has two variables — temperature and time
period. Both of these variables are correlated with value 0.182. Temperature has a high
significant correlation with size of promotion and price discount. But, temperature has a
negative correlation 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 Christmas). The last pomnotion construct ‘customer
preference’ has two correlated variables product rank and new/established products. It

is important to note that these two variables are not correlated to any other variables of

the other 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. PF1 Promotion type 1472 1676 1
2. PF2 Size of promotion 0331 0.749 539" 1
3.PF3 Duration of
. 1.285 1.764 719" 262" 1
promotion
4. PF4 Price discount 0.138 0183 -795* .741* 595** 1
5. SD1 Festivals 0.021 0142 0.056 -0.064 .127** -0.02 1
6. SD2 Holidays 0123 0329 0.039 -0.067 .100* 0.02 .386* 1
7. SF1 Temperature 13.275 4.918 -0.015 .296** -095* .218* -170** -.086* 1
8. SF2 Time period 26.809 15107 -0.05 -0.014 -.079* -0.063 .232** .069* .182** 1
9.CP1Productsranks 550 4679 -0.032 0.011 -0.037 -0.003 -0.007 -0.003 0.013 0.002 1
10.CP1 New/Establishec g 433 0496 0.016 -0.024 0.027 0 0.011 0.006 0.003 0.023 -.870** 1

n = 826 observations & **-Correlation is significant at the 0.01 level (2-tailed);*-Correlation is significant at the 0.05 level (2-tailed).
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9.4 Model constructs

A two stage procedure is adoptem test the conceptual framework (Anderson and
Gerbing, 1988). In the first stage, SPSS 15 has been used for Exploratory Factor
Analysis (EFA) and for Confirmatory Factor Analysis (CFA). This is mainly for
developing and testing the basic conceptual model to develop sttoctural equation
model. In the second stage, Amos 16 has been used for structural equation modelling
(SEM) to assess the overall fit of the conceptual framework for the demand-factor
model. The complete data sdta single product group is used as input in estimating the
measurement model using the method of maximum likelihood. Before developing
structural equations, a brief note on latent construct, path analysis, measurement model

and structural model is given below:

Latent construct is a variable 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 modelling, is a statistical technique that is
used to examine causal relationships between two or more variables or latent constructs.
In this research, Amos is used to specify path diagrams to show hypothesized
relationships among various demand factors. Asicgiral equation model is a

combination of path analyses.

In general, SEMs are given in two steps: constructing measurement model(s) and testing
the structural model (Hair et al., 2006; Hoyle 1995). The measurement model (i.e.,
structural model under examination) deals with the relationships between measured

variables and latent variables (Mishra and Shah, 2009). The structural model deals with
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the relationships between latent variables only. The SEM is usually represented with a

visual diagram (Hair et al., 2006).

Stage 1: Measurement model construction

In this stage, the conceptual model is tested to validate the latent constructs and also to
ensure suggested fit (Mishra and Shah, 2009; Hair et al.).2QQ6tal of ten observed
variables are used to form four latent constructs: promotional factors, seasonal factors,
special days and customer preferences (see Figure 9-1). Principal component analysis is
conducted to identify the number of groups formed in identified variables. To validate
these groups, the varimax rotation method with Kaiser Normalization is used. The
eigen value of one or more is ugeddentify the number of factorany element with a

factor loading smaller than 0.4 is not considered for further analysis as they will not
measure specific construct (Hair et al., 2006). The results of Exploratory Factor
Analysis are given in Table 9-2. The percentage of variance explained by these ten

variables is 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
Seasonal factor | SF1 0.792
(SF) SF2 0.629
Customer CP1 0.737
preference (CP) | CP2 0.699

As suggested by Anderson and Gerbing (1988), the Confirmatory Factor Analysis
(CFA) is conducted to verify the overall fit of the model and also to assess the reliability
and validity of each itemA basic model is developed upon our conceptual model. The

results of CFA are given in Table 9-3. The first three constructs are highly significant at
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p < 0.01 level, whereas the last construct ‘product’ fails the Bartlett’s test of sphericity
(not significant) although the Kaiser-Meyer-Ollkin(KMO) measure of sampling
adequacy has 0.5 value (Hair et al., 2006). Hence, this construct (CP) is dropped from

further analysis of 2ltr bottles.

Table 9-3 Results of confirmatory factor analysis (Factor loading) -2ltr pebottles

Constructs— Promotional| Special | Seasonal | Customer | Total
Observed Factors days factor preference| variance
variable | 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; p-value <0.01 for all factor loadings.

From the case analysis, it was identified that the product ranks were important factors
that controlthe sales of Soft drink products. Also, the variable ‘product ranks (CP1}

have shown significantly high factor loading. Hence, this is considered for further
analysis and connected directly to the latent construct overall performance of sales

(Mishra and Shah, 2009).

The CFA confirmed the significance of the entire path between observed variables and
first order latent variables with p < 0.01. The construct validity of the model is
explained through the percentage of variance extracted (Fornell and Larcker, 1981). All
of the three factors have more than 50% variance extractea faithor loading ranging

from 0.723 to 0.936. The reliability of all of the three latent constructs is verified as
good usingCronbach alpha as o = 0.63. Here, Cronbach alpha > 0.60 is valid in this
exploratory case (Nunnally, 1978). Hence, the construct validity and the construct

reliability of the model shown in Figure 9-1 are satisfactory. Furthermore, the constructs
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are testd for discriminant validity to check how each construct is distinct from the

other (Anderson and Gerbing, 1988; Hair et al., 2006). Using SPSS, the inter-correlation
among the latent constructs was calculated. None of the values of correlation contains
1.0, it is concluded that each construct is distinct from the other (Mishra and Shah,

2009).

The model fit is verified using several recommended fit indices - normed chi-square
(¥°/df), comparative fit index (CFl), goodnessfit index (GFI), incremental fit index
(IF1), Trucker Lewis Index (TLI) and root mean square error of approximation
(RMSEA) at 90% confidence interval (Cl). Table 9-4 explains each of the fitness

indices used with suggested cut-off points.

Table 9-4 Description of model fit indices

Fituisrgisx Description Slzjtg_jgf?sted
yIdf Normed Chi-square : Chi-square divided by degree of freed( < 4
CFlI Comparative fit index compares the model fit with a basg > 0.90

model >0.90
GFlI Goodness-of-fit index indicates how well the model reprod

the covariance matrix among the observed variables. >0.90
IFI Incremental fit index: Group of goodness of fit indices {

assesses how well a specified model fits relative to s

alternative baseline model. >0.90
TLI Trucker Lewis index <.07
RMSEA Root Mean Square Error of Approximation >90%
Cl Confidence interval

Source: Hair et al (2006); Baumgartner and Homburg (1996); Bentler et alL) (20

The measurement model (see Figurg 9-2) considers the relationships of first order latent

constructs with the corresponding variables. In this model all three of the first order
factors have covariance relationship with each other. The model fit indices listed in

Table 9-5 are admissible which is reflected in the significant factor loading. The model
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fit hasGFI = 0.988, CFI = 0.989, x* = 45.2 with df = 18, normed ¥*= 2.52, IFl = 0.990,
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 is used for observing the hypothesised
demand-factor relationships. This is mainly based on the concept of structural
relationships as explained by Hair et al. (2006). A structural theory is a conceptual
representation of the relationships 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 diagram (Hair et al., 2006ln this research, before
developinga complete structural model, two trial models are established to confirm
relationships among constructs (Mishra and Shah, 2009). These trial models are named

as structural model 1 (SM-1) and structural model 2 and (SM-2).

The demand of the soft drinks is influenced by promotions, holidays, seasons and
customer preferences (Cooper et al., 1999; Divakar et al., 2005; Dube, 2004). This idea
constitutes the first model (SM-1) by including the overall performance of sales as the
effect of the first order constructs. Hence, in the second model, the latent construct
called ‘overall performance of safesis introduced as an improvement to the
measurement model. This model also has all of the correlated first order constructs.
This model show a good fit index withmeed x* = 3.379, GFI = 0.981, CFI =0.983 and
RMSEA =0.054 at 90% CI. The fit result 8M-1 (see Figure 9-3) is almost similar to

the measurement model and the advantage of this model is confirmed by its significant
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factor loading and the significant structural links compared to the first order factor

models (Venkatraman, 1989).

The fit indices of theSM-1 are considered as complete as it satisfies the fit statistics

suggested in Table 9-4. But the covariance relationship between the constructs

‘promotional factorand ‘seasonal factors not significant. The next improvement to

this model is totally free from the covariance between these two latent constructs -
‘promotional factor’ and ‘seasonal factor’. This improved model3M-2) also hasa
suggested fit index and reflects the hypothesised idedsmand-factor model. In the
model SM-2 (see Figure 9-4jietmodel fit has normed x* = 3.244, GFI =0.981, CFI =
0.983, RMSEA of 0.052 and*Rexplanatory power of various independent factors on
dependent variable) of sales is 0.70. This fit index is well under the suggested fit (Kline,
1998). The covariance relationship between latent constructs promotional factors and
special days are significant at p < 0.05. The negative correlation of - 0.09 between the
constructs promotions and special days is significant at p < 0.05, which represents that
the promotions are not planned during special days all the time. In other words, not

many promotions are executed during holidays.

Similarly, the correlation value between the special days and the seasonal factors is -
0.23 and significant at p < 0.01. This represents the fact that the high temperature and
festivals are not happening at the same time. This relationship does not show any
implication other than the obvious fact that Christmas (in the UK) is celebrated at a time

when the temperature is low. The covariance relationship has not shown any strong
evidence of relationships between any two latent constructs. After removing these

covariance relationships among first order latent constructs, the model fit has not

changed much in the model (see Figure 9-5). Hence, it becomes clealtitbagh

there is an inter-relationship existing among the latent constructs, these relationships are
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not highly influencing the overall performance of sales. The fit indices of all the models
are listed in Table 9-5. The final model is considered as the complete structural equation
model for further analysis. In the complete structural model, the degree to which the
endogenous factor ‘sales’ can be determined is calculated through R? (Sohn et al.,

2007).

Table 9-5 Model summary of structural equation models- Fit indices

x> (df) Normed | CFlI GFI IFI TLI RMSEA (90% CI)
P
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; SM-Structural 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
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*** _gignificant at p < 0.10 ; ** -significant at p < 0.05; *- significant at p < 0.01
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Figure 9-4 Model - 2

PF1
PF2
PF3
PF4
SD1
Overall sales
performance
SD2 o
i
V)
*
SF1
SF2

Figure 9-5 Complete structural equation model of demand -2ltr pet bottles

PF1
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PF3
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R-square = 0.70
SD1 R-Square = 0.748
Sales Overall sales Sales
performance
Sb2
SF1
Normed Chi-square = 3.74
CFI =0.978
GFI =0.976
RMSEA = 0.05
SF2 p = 0.001

** Significant at p < 0.05; *- significant at p < 0.01
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9.6 Structural equation model for 2ltr pet bottles

The structural model aims to represent the conceptual framework of demand-factor
relationship. In the structural model (Figure P&l of the second order factors are
significant with p < 0.01. In order to validate this model different data samples from the
same population, retailers R4 and R2, are used (Sharma, 1996). Model fit is admissible
with two different sets of sample of data from the same population (see Table 9-6). All

of these fit indices are given in the Table 9-6. Both data sets have shown good fit
indices with normed chi-square of 3.741 and 4.495eRplanatory power of various
independent factors on dependent variable) 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 hypothesised demand-factor model is valid. Results of the

empirical analysis are further explained in the next section.

Table 9-6 Testing of structural model for different data sets of 2Itr pet bottles

¥ (df) Normed | CFI GFI IFI TLI RMSEA R? of

r (90% ClI) Sales

Data setl | 101.02 (27) | 3.741 0.978 | 0.976 | 0.978 | 0.963 0.05 0.748
R4 (0.046,0.070)

Data set2 | 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 of the model fo 2ltr pet bottles

It is worth mentioning in detail the reasons for not choosing the models SM-1 and SM-2
as a complete model. In th&M-1, the promotional factors are not significantly
correlated (correlation is zero) with seasonal factors namely temperature and the time
period of sales. This indicates that the promotional factors are independently and
directly influencing sales volume. This is further confirmed through the structural
model as the promotional factor has direct impact on the sales with path coefficient of

0.79 at the significance level p < 0.01. This proves the first hypothesis that the
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promotional factor has a direct positive impact on the overall performance of sales.
Hence, in the next model, the covariance relationship between promotional factors and

seasonal factors is removed.

In the SM-2, the construct ‘special days’ is not positively correlated with the other two
constructs but has significant covariance relationship; which indicates that the
decrease in temperature may have negative influence on special days. It is true that in
the UK Christmas is the most important festival that happens in winter (low
temperature). Similarly, the correlation between the constrspecial daygSD)’ and
‘promotional factorgPF)’ has significant negative correlation. This indicates that the

promotions are offered during non-special days.

In the final modelthe direct significant impact of special days and seasonal factors on
overall performance of sales is evident through the path coefficients 0.14 and 0.42
significant at p < 0.05 respectively. Here, it can be noted that in the structural model the
missing covariance relationship among constructs does not affect the model fit but for
small changes in the loadings between the patbgecial days and overall performance

of sales, seasonal factors and overall performance of sales. The variation expldined (R
by the final structural equation model is higher compared to the variation explained in
SM-2 (R = 0.70). This clearly states the completeness of the final model (Mishra and
Shah, 2009)This structural model of 2ltr bottles proves the next two hypotheses (H2
and H3) that'special days’ and ‘seasonal factors havea positive impact on overall
performance of sales. The customer preference (product ranks) on overall performance
of sales has a path coefficient of 0.43 at significance level of p < 0.01. This makes the
fourth hypothesis valid. That is, the customer preference has a positive impact on

overall performance of sales.
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Regarding Hypothesis 5, the interrelationship between promotional and seasonal factors
is not significant. However, the inter-relationship between promotional factors and
special days as well as special days and seasonal factors is significant but negatively
correlated. None of these relationshipyéhahowna considerable impact on overall
performance of sales. Thus the hypothesis 5 is not supported. Hence, it can be asserted
that the promotional and non-promotional factors are not related to each other in such a

way to make an impact on the overall performance of sales.

The structural model for 2ltr pet bottles is further tested for 500ml pet bottles and 6-
pack of 330ml cans.he first measurement model is considered as a base model to test
the inter-relationships among various constructs. This is mainly because the
measurement model incorporates all of the possible relationships among latent

constructs.

9.8 Structural equation model for 6packs-330ml cans

To identify the relationships among various demand factors of 330ml cans, the same
approach is applied for 6-packs of 330ml cans as explained in the analydis pt 2|
bottles. Based on the level of significance, the demand factors are removed or retained
for further analysis. First, the principal component analysis is conducted to identify the
groups of variables. The procedures followed in the exploratory factor analysis (EFA)
and confirmatory factor analysis (CFA) are exactly the same as the analysis of 2ltr pe

bottles. Table 9-7 shows the results of EFA for the 6-pack 330ml cans.



Table 9-7 Exploratory factor analysis for 330ml cans

Constructs Variables Factor loadings (6packs)
PF Type 0.975
Size 0.829
Period of promotior;  0.738
Price 0.954
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 total variance explained in EFA is 70.61%. CFA is conducted to confirm the
demand factors under each latent variable. All of the four factors identified the first
order variablegs significant with factor loadings above 0.709. The results of the CFA

analysis are given in Table 9-8.

Table 9-8 Results of confirmatory factor analysis (Factor loading) - 336l cans

Constructs— | Promotional | Special Seasonal | Customer | Total
Observed factor days factor preference | variance
variable | explained
PF1 0.976 77.52 %
PF2 0.827

PF3 0.743

PF4 0.955

SD1 0.827 66.28 %
SD2 0.801

SFL 0.769 58.91%
SR 0.766

CP1 0.799 57.05%
CP2 -0.709

The measurement model including covariance relationship with all four latent
constructs is considered for further testing with sales data of 6-packs of 330ml cans.

Figure 9-6 shows the structural equation model for 6-pack 330ml cans.
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Figure 9-6 Structural model of 330ml cans

PF1
PF2
PF3
.) ) _
PF4 S, R-Square = 0.692
Overall sales Sales
performance
CP1 Normed Chi-square =2.56
CFl =0.997
GFI1=0.993
RMSEA = 0.041
p = 0.006
CP2

*- significant at p < 0.01

Unlike 2ltr bottles, 6-packs of 330ml cans do not have special days and seasorgal factor
as significant latent functions of the overall performance of sales. However, the
promotional factors are highly significant (at p < 0.01) to explain the overall
performance of sales with path coefficientof 0.77. All of the observed elements of
promotional factors have significantly high loadings in the range of 0.5 to 0.97. The
construct ‘customer preferen¢also has a positive and significant impact on the overall
performance of sales. The path coefficient of customer preference with overall
performance of sales is 0.64, significant at p < 0.01. The obsgewed product rank

(CP1), has a significant loading of 0.63 at p < 0.01 on thé&nt construct ‘customer
preference’. Another observed item of this construct namely ‘new product/established

product’ hasa negative significant loading -0.44.



No significant covariance relationship is found between the latent constructs the
‘customer preference (CPand the‘promotional factor (PF) This means that the
promotional factors are independent of the customer preferences. Both of these factor
have a positive impact on the overall performance of sales. This result proves
hypothesis H1 and H4 that the promotions and customer preferences positively
influence the overall performance of sales. However, H2, H3 and H5 are not supported
for 6-packs of 330ml cans model. In other words, there is no evidence that special days
and seasonal factors haag@ositive impact on the overall performance of sales of soft
drink 6-pack of 330ml cans. None of the four demand factors are significantly related to

each other.

9.9 Structural equation model for 500ml pet bottles

Table 9-9 and Table 9-10 show the results of exploratory factor analysis and

confirmatory factor analysis for 500ml bottles.

Table 9-9 Exploratory factor analysis for 500ml bottles

Construct Variable Factor loadings
PF Type 0.833
Size 0.734
Period of promotior] 0.888
Price 0.840
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 total variance explained in EFA is 71.57%. Further to EFA, confirmatory factor
analysis is conducted to confirm the demand factors under each latent variable. All of
the four factors identified significant first order variables with factor loadings above

0.74. The measurement model is considered for further testing with 500ml sales data.
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AMOS 16 is used for testing model fit. Initially, the factor loadings between the first

order latent constructs and overall performance of sales factors are analysed.

Table 9-10 Results of confirmatory factor analysis (Factor loading) 500ml bottles

Constructs— : : Total
. Promotion| Special | Seasona| Customer :
Observed variable | 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 9-7 shows the structural equation model for 500ml pet bottles. The overall
performance of sales of impulse-buy products (500ml bottles) are influenced by
promotions, seasonal factors and customer preferences. However, unlike 2ltr bottles and
6-packs of 330ml cans, these products do not have type of promotion as significant
factor. All of the other promotional factors namely size or display of promotion, period

of promotion and price discount have significant loadings with the latent construct
‘promotional factar (loading are 0.81, 0.70, 0.79 respectively), the type of promotion
does not have significant loading. This is mainly because there is only one type of
promotion offered on 500ml pet bottles. The latent constpotnotional factorhasa

significant path coefficient of 0.33 on the overall performance of sales.

Other non-promotional factors also have significant factor loadings with their respective
items (variable). The temperature and the time period have significant loadings of 0.78
and 0.26 respectively with first order construainely ‘seasonal factor at p < 0.01.

Subsequently, this latent factor has proved its significant impact on the overall

performance of sales with path coefficient 0.BXe variables namely ‘product rank’
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and‘new produckstablished’ have significant loadings of 0.9 and -0.537 with the latent
construct ‘customer preferente Here, the negative loading represents the negative
impact of new prducts on customer preference. The construct ‘customer preference’

has a path coefficient of 0.84 with overall performance of sales.

From the structural equation model of 500 ml pet bottles (see Figure 9-7), it is clear that
the demands for 500ml bottles are 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 500ml pet bottles
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Normed Chi-square = 3.888
CFIl =0.980
GFI =0.983
RMSEA = 0.040
p = 0.0001

PF4

CP1

CcP2

*- significant at p < 0.01

In this model (see Figure 9-7), the promotional factors and the seasonal factors are
related to each other with significant (at p < 0.01) correlation value of 0.36. This

indicates that the company offers more promotions during high temperature. Both of
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these factors havasignificant positive effect on the overall performance of sales. This
results indicates that promotional factors, seasonal factors and customer preference are
positively related to the overall performance of sales (i.e., H1, H3 and H4 are
supported). The latent construspecial days (SD) is not significant to explain the
overall performance of sales and hence hypothesis H2 is not supported. As this model
hasa positive significant covariance relationship between promotional faetrand
seasonal factorSP), it can be inferred that the combined effect of promotions and

seasonal factors widl have positive impact on sales, tegpports hypothesisib.

9.10 Discussion

Analysing the structural equation models for 3 different product sizes nantefyefl
bottles, 6-packs of 330ml cans, and 500ml pet bottles gives a clear indication of the
different factors and their impact on sales. This has guided me to understand the impact
of promotional and non-promotional demand factors on the demand. The demand for
big/family packs such astRland 6packs do not behave similarly in terms of both the
promotional and the non-promotional factors. The demand of each sizedlifesent

set of demand factors. The model specific to impulse-buy products (58Gaihewhat

similar to the model of M packs. However, during special days 500ml products are not
on promotion, this makes the two models different from each other. Other non-
promotional factors such as seasons and customer preference also play important roles
in the demand. Customer preference has been found to be significant in the models of

500ml and 6-pack of 330ml cans. The significant demand factors of each of these three

products are shown|in Table 9{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 500ml products.
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Table 9-11: Significant demand factors

6-packs of 500ml pet
Demand factors 2ltr pet bottles 330ml cans bottles

Promotional factor

Type of promotion 4 v x

Promotion display v v v

Promotion week v v v

Percentage discount 4 v v
Seasonal factor

Temperature v x v

Time period v x 4
Special days

Festivals v x x

Holidays v x x
Customer preference

Product ranks B v v

New product/established products * v Y

The seasonal factor is found to be important for 2ltr and 500ml but not for multipacks.
The special days are important only for the sales of big family pack such as 2ltr.
However, thedemand factor ‘special dayis not at all an important demand factor for

the other two product sizes. Customer preference is important in the demand of all the

products.

9.11 Summary

This chapter presented the formulation and analysis of measurement model and
structural equation models. The structural equation models described the relationship
among various demand factors. The technique and analysis was applied to three
different pack sizes: 2ltr pet bottles, 6-packs of 330ml cans and 500ml pet bottles. The
analysis indicated that each pack will have different set of demand factors. This result
along with the Reference Demand Model will be useful for Soft Drink Co. to better

understand the factors that explain demand and to try to improve forecasts. The
underlying demand structure for each pack size is further used in the next chapter for

the formulation of regression based forecasting models.
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Chapter 10 Multiple Linear Regression Forecast Models

10.1 Introduction

The case study with Soft Drink Co. and subsequent development of Reference Demand
Model (RDM) has helped in identifying several promotional and non-promotional
demand factors. As explained in Chapter 9, it has been verified that these demand
factors have significant underlying relationships with sales using the structural equation
models. In this chapter, the demand factors, specific to each pack size, will be used for
developing multiple linear regression models (MLRMPSS15 and MS Excel are

used for implementing the models on a computer. The procedural approach is explained
in detail, and applied to analyse the promotional sales data of four retailers. The
resulting regression models are used for forecasting and the forecast accuracy of the
models is compared with the accuracy of the traditional forecast method used by the

Soft Drink Co.

This chapter discusses the MLRMs with reference to the research questions set in
Chapter three. The results of these models are linked to the observations from Reference
Demand Models of Chapter 6. The findings are discussed in a view to improving the

supply chain collaboration of the Soft Drink Co.

10.2 Promotional sales factors

In this research, the weekly sales data of the years 2005 and 2006 are used for the
purpose of developing MLRMs. Based on the Reference Demand Model of Soft Drink
Co., all of the available sales related information explaining each promotional sale is
considered 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 considered for the formulation of linear
regression forecast models. The demand factors identified from the RDM of Soft Drink
Co. are evaluated in the regression analysis. Some demand factors such as the size of
the promotion (representing the number of stores running the promotion) are not
considered (becausk,is relevant only to the retailer R4). Inste acommon demand

factor namely ‘structure of promotion’, generally available for all the retailers, will be
considered. All of the quantifiable demand factors (explanatory variables) identified
through RDM are considered for the development of MLRM (see Table 8-2). Other
complicating factors of demand such as cannibalisation and unplanned in-store
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, sales (dependent variable) was considered as a function
of all the available factors (independent variables). Based on their significance level, the
models included only the significafiictors with p < 0.05 in the regression equation and
omitted all of the other insignificant factors. SPSS (step-wise regression) and MS Excel
were used to identify the significance level of each demand factor. In this attempt,
different combinations of variables were considered to obtain a HiglexRlanatory

power) value. Some models with highly significant variables and Hdta&a negative
constant value for the intercept (base sales). As the base sale cannot be a negative
number, any such model was not considered. In those cases, the next possible model
with a meaningful combination of explanatory variables was identified. To maintain
uniformity in every analysis, thégnificance level of p < 0.05 was set as entry criteria

for all the independent demand factors. The models were also checked for multi-

collinearity. If two or more demand factors are highly correlated then the model will
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have the problem of multi-collinearity. Variance inflation factor (VIF) of 10 and above
indicates a multi-collinearity problem. The models were checked for VIF of 10 or above
in SPSS output (Hair et al., 2006). In summary, the following simple rules were

employed while developing MLRMSs.

« Simple model with a few explanatory variables
% Meaningful models with appropriate sign of coefficients
- As the sales price decreases, the demand will increase; hence the coefficient
for thevariable ‘price’ should be negative
- As temperature increases, sales will increase; hence the coefficient for the
variable ‘temperature’ should be positive
- In general all promotions normally increase sales; hence the sign of
promotional factors should be positive
< Try to model all different types of promotions that happened in the past
% Use more continuous variables than categorical variables
< High R (explanatory power of various independent factors on dependent

variable)

Figure 10-1 shows two examples of regression models and outputs. In the first example,

which is for a new product, the sale (dependent variable) is a function of various factors
(independent variables): percentage discount, bogof, location and promotion. The
adjusted Ris 0.75, which is good for a new product with relatively a few data. But the
intercept (base sale) is negative. Therefore, this model will not be appropriate to be used
as a forecast model. In the second example in Table 10-1, which is for an established
product, the sale is dependent on Christmas, percentage discount and type of promotion
(bogof). In this model, all of the explanatory variables are significant and the overall
model has high RThis model is considered as acceptable because the total sales or
base sales will not be negative. Only the models satisfying the above mentioned simple

rules are considered for further analysis.



Table 10-1 Examples of output

Coefficients
Regression Statistic :g‘é?é‘;i‘t);ge -7688.105
Multiple R 0.874 .
R Squ)Jare 0.763 discount 2563.387
. ; —>| bogof 6700.791
Adjusted R Square 0.751 Location
Standard Error 1959.034
Observations 79 ) 2956.247
Promotion
(0/1) 1979.557
Regression Statistic Coefficients
Multiple R 0.950 Intercept 843.728
R Square 0.902|— | Christmas
Adjusted R Square 0.899 (0/1) 727.522
Standard Error 550.459 Percentage
Observations 110 discount 6630.052
bogof (0/1) 425.130

10.3  Development of Multiple Linear Regression Models

Based on the above mentioned rules, regression model for each product are developed.

A simple example (see the second example of Tablg 10-1) of a regression equation is as

follows:

Y =X, +ax +bx, +cx,

Here, Y is weekly sales level

X, is base sale

‘a’ is a coefficient of variabl®- Christmas (0/1)

‘b’ is a coefficient of variableX, - Percentage discount (continuous variable)

‘c’ is a coefficient of variable<; - bogof (0/1)

It is important to note that all the variabl¥s X, , X; are significant with p< 0.05.

In simple terms,

Sales Y = 843.7282+ 727.5218 (Christmas) + 6630.052 (Percentage disgount
+425.1297 (bogof
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The weekly sales during normal days with no promotions will be 844 units
Y =843.7282+ 727.5218 (0) + 6630.052 (0) + 425.1297 (0)
Y = 843.7282 units

The weekly sales during Christmas with no promotions will be 1571 units
Y =843.7282+ 727.5218 (1) + 6630.052 (0) + 425.1297 (0)
Y =843.7282 + 727.5218 = 1571. 25 units

The promotional sales during Christmas willogof” type of promotion will be 5311
units.

Y =843.7282 727.5218 (1) + 6630.052 (0.5) + 425.129y (1
Y =5311.41 units

The regression fit was made, based on the weekly sales data in the years 2005 and 2006.
The regression model will then be used for out of sample accuracy check. The sales data
of the year 2007 is used for out of sample accuracy check. By plugging the value of
explanatory variables, the weekly sales volume will be forecasted. For every promotion,
the MLRM forecast will be compared with the actual sales. A common measure of
forecast accuracy, the mean absolute percentage error (MAPE) is used for accuracy
check (Fildes and Goodwin, 2007; Makridakis et al., 1998, pp-605).

Here, MAPE = abs {(Actual salesForecast sales)/Actual sales} * 100.

The forecast accuracy is calculated as 160%APE.

The same procedure of developing MLRM anfrecast accuracy check is carried out

for almost all of the leading products of retailers R1 to R4.

10.4 The MLRM for Retailer R1

To begin with, the sales data of the year 2005-2006 for retailer R1 is considered for the
regression analysis. As mentioned earlier in Chapter 8, the weekly sales Y is regressed

against demand factors say F1 to F8. In this chapter, the following eight quantifiable
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demand factors (explanatory variables) identified through RDM are considered for the
development of MLRM.

F1- Type of promotion (others/3for/2for/bogof)

F2— Structure of promotion (display location-GE/End aisle/Plinth/Side aisle/others)
F3- Special days/Holidays (yes/no)

F4— Christmas (yes/no)

F5- Percentage discount

F6— Product life cycle (new/established)

F7— Temperature

F8— Presence/absence of promotion

Initial results of this analysis have revealed that the 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 not significant for a few products.

However, these two factors are highly influencing the sales of many other products. In a
few other cases, althougtf Rxplanatory power of demand factors on sales) is high,

certain promotions are not explained fully. For examples refer to the model, using the

sales data of 500ml pet bottlés[Figure 10-1, in which the adjustedi® 0.91, based

on 2 years sales data. The output of the regression equation is given in Table 10-2.

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 244.880 492.879
Temperature  34.596 4.562 7.584 2.03E411 25.542 43.649
Percentage
discount 3001.5 117693 25.503 8.48E-45 2767.912 3235.088
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This regression model has only two significant explanatory variables; one is the

percentage discount and the other is the temperatee€idGire 10-1.

Figure 10-1 Example 1- Regression and forecast (Orange drink 500ml)

Regressioffit Out of sample forecast
3,500
2-for
bogof 2-for
3,000 j /\
2,500 {
1]
‘c 2,000 “
>
d 1
©
3 1,500 %
1,000 -+
500
== Sales of 500ml
0 == [Forecast
1 21 41 61 81 101 121 141
Weeks

From Figure 10-1, it appears to be sufficient to use just the percentage discount variable
to model the impact of the past promotional events on sales. But, it is important to note
that this particular model could not be usedpredict sales for events which haven’t
occurred in the past (e.g., 3-for or half price). The base level sales is 369 units with the
coefficient of the temperature variable equal to 34.595 and with the coefficient of
percentage discount variable equal to 3001.5 (i.e., each percent of price discount
increases the sales by 3001.5 units).

The resulting regression equation is:

Y = 368.8794+34.595 (temperature) + 3001.5 (percentage discount)

For out of sample accuracy check the sales data of the year 2007 is usedle§he sa

forecast for the year 2007 is calculated by specifying appropriate values for the
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explanatory variables - temperature and percentage discount. As mentioned before, the
temperature is available from public data and information on percentage discount is
available from the 2007 promotion calendar. Then the sales forecast for 2007 is
compared with the actual sales volume of 2007. The average forecast accuracy in this

case is 86 % with an average of 14 % MAPE.

For better understanding of the regression models developed, another example using the
sales data of 6-packs of 330ml cans is given in Figure 10-2.

This model includedbogof &GE, ‘2-for’ and ‘percentage discounas explanatory
variables. The resulting regression equation is:

Y =435.30 + 968.03 (bogof and GE) +2760.93 (percentage discount) +462.73(2-for)

The output summary of the model is listed in Table 10-3.

Figure 10-2 Example 2 - Regression and forecast (6-pacit 330ml cans)

4500
Regression fit Out of sample forecast
4000
3500 =& Sales of 6pack
=—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 0.827
Adjusted R
Square 0.820
Standard Error 462.613
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 435.297 68.208 6.382 1.06E-08 299,558 571.035
Bogof and GE 968.027 173.651 5.574 3.25E07 622.449 1313.604
percent discount 2760.929 310.522 8.891 1.44E43 2142.97 3378.889
2-for 462.727 189.371 2.443 0.017 85.867 839.586

In this second example, although all of the thesplanatory variables are highly
significant, the forecast accuracy is not as good as the previous case. The out of sample
forecast accuracy in this case is just 69% (i.e., MAPE 31%) although the adjtiéted R
0.82) is high. Later, it was found that some changes to the original promotional plan
were the main reason for the differences in the forecasts and actual sales. The MAPE of
31% is higher compared to the previous example. Hembigh R does not always
guarantee high forecast accuracy. Rather it can be arguesltiggier R can result in

better forecast accuracy if the same promotions are continued in the forecast period
(2007) as those that were offered in the period the regression model is based on (2005-

2006).

Further analysis of the sales data revealed that not all products follow the same sales
structure/pattern. Hence, the products are classified under different categories based on
the significant demand factors for each product. Table 10-4 shows taduBand the
significant explanatory factors for different products at retailer R1. Various

combinations of the explanatory variablegere considered in order to obtain

20<



meaningful models with high Rvalues. The models (for 53 different products) are
classifiedin 15 different types (see Table 10-4), indicating that more than one product
had the same model structure (i.e., the same explanatory demand factors). Grouping of
similar products for example tRlbottles or 500ml bottles or 6-packs cans makes the

forecasting easier.

These 15 models have almost the same set of factors as suggested in SEM. For example,
SEM suggested that the sales df Plet bottles would be influenced by promotional
factors, special days and seasonal factors. This is also found to be true in most of the
MLRMs of 2ltrs. Usually, the same promotions are offered at the same times for similar
products (e.g., all 2ltr bottles with different flavours are on ‘bogof” during Christmas).

This explains why the regression models for different but similar products have the

same structure.
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Table 10-4 R? value in regression analysis Main Demand
factors Products R-square
. Percentage
R DSE o | discount P11A-500m 0.64
factors Products R-square .
= | bank holiday /
dPercentage | special day
i t P1A-2lt 0.92
I ' Percentage P12A-150tr 0.87
S Location (GE) P1B-2Itr 0.82 discount P12B-1.5ltr 087
Christmas P1C-2ltr 0.74 P12C-500ml 0.42
Temperature P12D-500ml 0.79
Percentage
Discount P2A-2ltr 0.97 P12E-500ml 0.87
« | bogof P2B-2ltr 0.95 N P12F-5pk 0.91
-
= | christmas P2C-2ltr 0.1 = P12G-pk 0.91
P2D-2ltr 0.95 P12H-6k 0.68
P2E-2ltr 0.95 P121-tk 0.65
Percentage P12J-gk 0.77
« | Discount P3A-2ltr 0.96 P12K-6ok 0.58
= | Bogof and GE P3B-2ltr 0.96 P12L-6pk 0.80
Christmas P3C-2ltr 0.95 P12M-fpk 0.73
Percentage
Discount P4A-2ltr 0.85 bogof P13A-6k 0.97
@ | 3for
Bogof and GE P4B-2Itr 0.83
Z | 2for
< PAC-2ltr 0.94
s PA4D-6k 0.68 Temperature
PAE-Gk 0.72 « bogof P14A-6pk 0.96
PAF-k 0.77 s | 3for
PAG6pK 0.73 2 for
Percentage 9 | bogof P15A-6pk 0.95
discount P5A-500ml 0.53 = .
Temperature P5B-500ml 0.51
P5C-500ml 0.56
; P5D-500ml 0.91
P5E-500ml 0.89
P5F-500ml 0.91
P5G-500ml 0.90
P5H-500ml 0.91
Percentage
; Discount P6A-2ltr 0.92
Christmas P6B-2Itr 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-fpok 0.78
Percentage
o discount P9A-6pk 0.63
= | bogof and GE
Temperature
° Promotion(y/n) P10A-10pk 0.61
< | Temperature P10B10pk 0.63
P10C40pk 0.64
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10.5 MLRMs explained

Nearly 42% of all productat retailer R1 are in the growth stage of the product life cycle.
These products are mentioned as ‘new or recenproducts’. The products in the maturity
stage are named as ‘established products’ by the case company. In the MLRMs, the
promotioral sales of established products are very well explained by the demand factors
with a maximum R= 0.97. In general, the demand for most of the products is explained
well (with R? values in the range of 0.50 to 0.80) by the explanatory variables identified
from the RDM (see Figure 10-3). Although many of the more recent products are explained
well by the demand factors identified from the RDM, there are some products which need

more time and more information (i.e., more data points) to make more accurate forecasting.

Figure 10-3 Extent of explanation of linear models

R-square of regression models
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O Established product: 15 5 4 5 2 0

Using the MLRMs, the regression fit is compared with the actual sales to find MAPE of
promotional sales in the years 2005-2006. Then, the out-of-sample forecast accuracy using
2007 data is estimated through the same regression models. A special consideration is

given for the results with MAPE of above 30%. These resudte discussed further with
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the case company officials. Table 10-5 shows the MAPE during the regression period
(2005-2006) and during tHerecast period (2007) for retailer R1. This table has two parts -
the first part has detailed MAPE values for established products and the second part has

detailed MAPE values for new products.

Table 10-5 Average MAPE during regression period and forecast period R1

Type of promotion and MAPE of established products
Products bogof 2 for £ 3forf Other promotion
Regression | Forecast | Regression | Forecast | Regression| Forecast | Regression| Forecast
P1A-2ltr - - 0.93 6.30 0.82 13.30 -- --
P1B-2ltr -- -- 3.58 5.97 4.12 10.59 - -
P2A-2ltr 8.26 7.6 0 29.19 - - - 17.44
P2D-2ltr 8.34 6.15 0 15.45 - - - 9.12
P3A-2ltr 3.08 12 16.53 35.53 - -- -- 6.26
P3B-2Itr 7.54 10.26 12.04 33.99 - -- -- 1.43
P3C-2Itr 7.86 36.19 17.82 15.68 - - - 12.77
P13A-6-pk 10.7 10.25 0 - 11.78 15.31 - 53.67
P14A-6-pk 12.74 6.01 0 - 8.79 22.32 - -
P8B-6pk 17.22 14 - - 5.63 8.89 -- --
P9A-6pk 25.22 14.78 4.55 30.12 - - - -
P12H-6pk 16.89 22.4 27.63 53.97 - - - -
P121-6pk 20.14 20.77 16.77 57.03 - - - -
PAF-6pk 15.28 12.47 17.09 17.93 - - - -
P12J-6pk 11.83 19.85 17.38 12.76 - - - -
P12L-6pk 11 14.63 13.13 14.66 - - - -
P5A-500ml - - 343 10.66 - - - -
P5B-500ml -- -- 3.89 12.43 - - - -
P5D-500ml 8.6 28.09 35.88 12.77 - - - -
P5E-500ml 7.61 36.22 43.01 9.51 - -- -- --
P5F-500ml 10.12 41.86 40.43 18.07 - - - -
P5G-500ml 9.97 32.06 35.76 11.93 - - - -
P5H-500ml 8.14 41.45 41.47 19.01 - - - -
P10A-10-pk - - 0 25.06 -- -- -- --
P10B410-pk - - 0 23.21 -- -- -- --
P10C40-pk -- -- 0 15.21 - - - -
P12A-1.5ltr 18.14 11.04 -- 67.17 - - 52.86 6.15
P12B-1.5ltr 19.15 11.36 - 63.63 - - 49.26 3.33
P8A-500ml 15.69 56.36 23.95 59.21 -- -- -- --
P12D-500ml 35.67 25.43 26.98 53.36 -- -- -- --
P6A-2ltr 11.99 0.45 7.41 10.48 - - - -
P6B-2Itr 17.05 23.35 2.76 14.99 -- -- -- --
Weighted
avg MAPE 13.62 18.56 13.76 21.09 4.92 14.08 51.06 12.09
Number of
promotions 141 64 48 112 23 5 2 13
Overall MAPE - forecast 19.47




Type of promotion and MAPE of recent products
Products bogof 2-for 3-for Other promotion
Regression | Forecast | Regression| Forecast | Regression| Forecast | Regression | Forecast
P1C-2ltr - - 0.7 30.3 - 79.06 - -
P2B-2ltr 10.32 26.98 0 24.96 - - - 46.01
P2C-2ltr 8.69 17.14 0 1.92 - - - 19.23
P2E-2ltr 4.38 23.45 0 13.82 - - - 19.23
P4A-2Itr 9.62 16.07 66.1 37.88 - - - 1531
P4B-2ltr 12.6 11.47 77.32 38.14 - - - 21.88
P4C-2ltr 10.83 33.55 22.4 15.44 - - 9.92
P15A-6pk - 7.72 - - 20.43 34.55 - -
P4E-6pk 24.57 26.39 28.77 30.73 - - - -
P4D-6pk 17.95 21.08 14.19 25.03 - - - -
P4G-6pk 10.13 19.8 20.13 22.07 -- - - -
P12K-6pk 15.56 20.3 21.77 2.46 - - - -
P12M-6pk 17.16 20.56 30.57 27.09 - - - -
P5C-500ml - - 32.45 12.7 - - - -
P12F-5pk - - 26.7 - - - 3.53 -
P12G-5pk - - 27.41 -- -- - 3.14 -
P12C-500ml - - - 6.72 - - 46.27 21.54
P7B-500ml - 67.76 38.15 - - - - 65.81
P7A-500ml - 70.75 38.61 - - - - 69.6
P12E-500ml 19.45 16.42 25.32 58.57 -- - - -
P11A-500ml 38.64 55.07 - - - - - -
Weighted
MAPE 14.86 25.94 27.51 22.04 20.43 56.81 24.80 33.28
Number of
promotions 83 50 40 36 1 2 4 24
Overall MAPE- forecast 26.81

Table 10-5 shows four different promotions, namely bogof, 2-for, 3-for and other types.
Since retailer R1 has not given many half-price promotions, they are included within the
bogof promotions. The overall MAPE for the established and recent products aré 19.47
and 26.81% respectively. As the regression forecasts showed good accuracy, the same
procedure can be applied for other retailers. However, before testing the MLRMs with
other retailers, it is important to check the advantage of the suggested method (regression
method) over the current forecasting method follovsgdthe case company. The case
analysis (see Chapte) 4f Soft Drink Co. has provided good insight into the current

practice of the company’s promotional planning and forecasting. With the help of the
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demand analysts, | retraced their forecast calculations and then compared them with

MLRM calculations. This is further explained in the following section.

10.6  Advantage of using Multiple Linear Regression Models

The Soft Drink Co. currently follows a simple forecasting method, which is referred to as
the ‘traditional method This method projects historical sales onto similar promotional
events in the future. In other words, when the customer demand analysts have to make a
forecast for 2ltr pet bottles of a particular flavour, they look at how this (or most similar)
promotion performed on this product in the most recent past, and then they use the actual
historical sales as a forecast for the future. In order to understand the advantage of using
regression models, these are compared with Soft Drink €aditional forecasting method

in terms of forecast accuracy (see Figure LOFhis figure illustrates both traditional and
regression based forecasts in comparison to the actual sales. The traditional method shows
good performance for forecasting normal sales but fails to perform well for some

promotional events.

Figure 10-4 Comparison of traditional and regression forecasts
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Table 10-6 reports the performance of both traditional and regression forecasts on different
products at retailer R1. The table shows the average MAPE and the number in parenthesis
represents the number of promotions offered in forecast period (ZDB&)number of
promotions mentioneds ‘1’ in parenthesis represents non availability of historical sales

details.

Comparison of MLRMs with traditional forecast shows that the regression forecasts with
explanatory variables, identified from the RDM, could do far better than the traditional

method (see Table 10-6

The weighted MAPE for each type of promotion using regression and traditional forecast
are calculated. Table 10-6 shows the detailed results for both the methods. For established
products, the regression forecasts resulted in a lower MAPE value compared to the
traditional method. For instance, by using the regression method the MAPE of bogof
promotions of established products is dropped by 5.54%, in comparison to the traditional
method. Similarly the MAPE of 3-for promotions is dropped by 53.41% and the MAPE of
other promotions is dropped by 23.51%. However, the MAPE of 2-for promotions on
established products is about the same for both of the methods. In case of recent, products
the MAPE on bogof is reduced by 5.15%, the MAPE on 2-for is reduced by 7.17%, the
MAPE on 3-for is reduced by 42.71 % and the MAPE on other promotions is reduced by
25.62%. For the more recent products, all of the promotions are better predicted by the
regression method compared with the traditional method. Hence, it is very clear that that
the overall forecast accuracy can be improved by the regression method. This shows the

advantage of the MLRMs over the traditional method.
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Table 10-6 Comparison of regression and traditioral forecasts for R1 (year 2007)

Established MAPE MAPE MAPE MAPE
Products bogof 2-for 3-for Other promotions
RF TF RF TF RF TF RF TF
P1A-2ltr - - 6.30(3) | 18.10(3) | 13.30(1) | 23.07 (1) - -
P1B-2ltr - - 597(3) | 16.68(3) | 1059 (1) | 16.59 (1) - -
P2A-2ltr 7.60 (3) | 23.71(3) | 29.19 (2) | 30.22 (2) - - 17.44 (2) | 51.65 (2)
P2E-2ltr 6.15(3) | 22.96 (3) | 15.45 (2) | 30.50 (2) - - 9.12 (2) 60.21 (2)
P3A-2ltr 12 (3) 9.76 (3) | 35.53 (2) | 46.68 (2) - - 6.26 (2) 21.24 (2)
P3B-2ltr 10.26 (3) | 8.23(3) | 33.99 (2) | 27.66 (2) - - 1.43 (2) 11.85 (2)
P3C-2ltr 36.19 (3) | 26.04 (3) | 15.68 (2) | 15.93 (2) - - 12.77(2) | 19.59 (2)
P13A-6pk 10.25 (2) | 9.25 (2) - - 15.31 (1) | 99.95 (1) - -
P14A-6pk 6.01(2) | 11.39 (2) - - 2232(1) | 99.94 (1) - -
P8B-6pk 140 (2) | 15.15(2) - - 8.89 (1) 97.91 (1) - ~
P9ABpK 14.78 (4) | 25.97 (4) | 30.12 (3) | 5.38 (3) - - - -
P12H-6pk 22.40 (4) | 30.37 (4) | 53.97 (3) | 15.46 (3) - - - -
P1216pk 20.77 (4) | 29.45 (4) | 57.03 (3) | 17.97 (3) - — - -
PAF6pk 12.47 (4) | 22.55 (4) | 17.93 (2) | 11.42 (2) - — - -
P12J-6pk 19.85 (4) | 26.07 (4) | 12.76 (2) | 12.54 (2) - — - -
P12L6pk 14.63 (4) | 16.36 (4) | 14.66 (2) | 7.06 (2) - - - -
P5A-500m| - - 10.66 (4) | 14.94 (4) - - - -
P5B-500ml - - 12.43 (4) | 30.03 (4) - - - -
P5D-500ml | 28.09 (1) | 41.15 (1) | 12.77 (7) | 16.70 (7) - - - ~
PSE-500ml | 36.22 (1) | 41.15 Q) | 951(7) | 11.97 (7) - - - -
P5F-500ml | 41.86 (1) | 51.54 (1) | 18.07 (7) | 19.92 (7) - - - —
P5G-500ml | 32.06 (1) | 44.07 1) | 11.93 (7) | 15.94 (7) - - - —
P5H-500ml | 41.45 (1) | 55.23 (1) | 19.01 (7) | 25.85 (7) - - - —
g'rgmgﬁggg 50 50 74 74 5 5 10 10
W,\jfgltzed 17.02 22.56 18.95 18.51 14.08 67.49 9.40 32.91
Recent Bogof - MAPE 2 for - MAPE 3 for - MAPE Other promotions -
products MAPE
RF TF RF TF RF TF RF TF
P1C-2ltr 30.03 (3) | 45.00(3) | 79.06 (1) | 100 (1)
P2B-2ltr 26.98 (3) | 25.16 (3) | 24.96 (2) | 80.66 (2) - - 46.01(2) | 56.32(2)
P2C-2ltr 17.143) | 26.78(3) | 1.92(2) | 7.3 (2) - - 19.23(2) | 73.47 (2)
P2E-2ltr 23.45(3) | 22.77(3) | 13.82(2) | 19.18(2) | - — 1923(2) | 77.72 2)
P4A-2ltr 16.07 (3) | 23.30(3) | 37.88(2) | 5857 (2) | - — 1531 (2) | 16.72 (2)
P4B-2ltr 11.473) | 893(3) | 38.14(2) | 6021 (2) | - - 21.88(2) | 37.37(2)
PAC-2ltr 33.55(3) | 33.00(3) | 15.44 (2) | 17.82(2) | - - 9.22 (2) 16.97 (2)
P15A-6pk 7.72(1) | 32.32(1) | -- - 3455(1) | 99.03(1) | - -
P4E6pk 26.39 (4) | 25.20 (4) | 30.73(3) | 19.17(3) | - - - -
P4D-6pk 21.08 (4) | 4265 (4) | 25.03 (3) | 5.47 (3) - - - -
P4AG6pk 19.80 (4) | 22.78 (4) | 22.07 (2) | 24.40(2) | - - - ~
P12K-6pk 20.03 (4) | 27.36 (4) | 2.46 (2) | 9.97 (2) - - - -
P12M-6pk 20.56 (4) | 25.19 (4) | 27.00(2) | 13.40(2) | - - - -
P5C-500ml 12.70 (4) | 26.47 (4) | - - - —
Sﬂmgﬁéﬁi 39 39 31 31 2 2 12 12
Wﬁfg‘gd 21.16 26.29 21.80 28.97 56.81 99.52 21.81 46.43

Numbers in parenthesis () represents the number of promotions dffédoedcast period; RF- regression forecast;
TF- traditional forecast
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10.7 MLRM for Retailer R2

A similar regression analysis was carried out for retailer R2. This resulted in 16 MLRM
for 50 different products. Table 10-7 shows the MAPE during the regression period (2005-
2006) and during the forecast period (2007) for retailer R2. The overall MAPE for

established products is 22.76% and for recent products is 24.05%.

Compared to bogof and 2-for promotions the number of 3-for and other promotions are
fewer. The retailer R2 has offered many new promotions and hence the historical sales
reference is not available for new type of promotions. This is resulted in poor forecast
accuracy (high MAPE) for other promotions. For example, the products 2ltr-P3, 2ltr- P5
and 6pk-P3 in Table 10-7 show a high MAPE and these promotions were not offered
during regression period (2005-2006). However, the overall performance of forecast

models of R2 is good.
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Table 10-7 Average MAPE during regression period and forecast period R2

Type of promotion and MAPE of mature products
Products bogof 2-for 3-for Other promotions
Regression | Forecast | Regression| Forecast | Regression| Forecast | Regression | Forecast
2ltr-P1 -- -- 16.87 12.25 3.89 1.38 - -
2ltr-P2 - - 20.17 25.82 3.44 0.15 - -
2ltr-P3 13.54 26.02 9.43 15.73 - - - 85.81
2ltr-P4 16.39 21.76 13.56 15.34 -- - - 51.53
2ltr-P5 37.21 23.58 8.29 2.29 - - - 112.32
2ltr-P6 26.11 - 13.28 - - - - 36.56
2ltr-P7 10.98 14.8 19.41 20.02 -- - - 26.39
2ltr-P8 9.77 41.88 8.95 21.05 - - - 41.71
2ltr-P9 4.37 20.5 12.7 9.2 - - - 35.14
2ltr-P10 9.15 17.35 12.75 17.46 -- - - 44.3
6pk-P1 5.18 19.1 54.42 21.54 10.33 59.95 - 40.54
6pk-P2 2.24 16.85 51.8 19 4.44 50.91 - 20.2
6pk-P3 4.43 22.47 34.9 1341 12.18 54.9 - 109.7
6pk-P4 22.24 47.46 8.22 9.22 -- - - -
6pk-P5 32.8 6.33 17.97 4.45 - - - -
6pk-P6 16.44 9.36 13.43 20.85 - - - -
6pk-P7 23.43 10.94 13.89 8.76 -- - - -
6pk-P8 28.21 7.15 8.96 8.84 - - - -
6pk-P9 29.59 17.72 1438 22.26 - - - -
6pk-P10 19.55 35.29 19.36 15.8 -- - - -
6pk-P11 8.09 36.04 8.09 11.07 - - - -
6pk-P12 42.14 7.25 30.51 36.8 - - - -
6pk-P13 19.39 12.38 14.57 21.21 -- - - -
500ml P1 - - 22.69 1.78 - - - -
500 ml P2 - - 351 16.53 - - - -
500 mlP3 - - 61.23 23.13 - - - -
500mlP4 -- -- 1.24 15.89 - - - -
500ml P5 -- -- 5.54 16.41 - - - -
500ml P6 - - 6.12 26.45 - - - -
500ml P7 -- -- 15.17 16.9 - - - -
500mlP8 -- -- 5.67 14.09 - - - -
10pkP1 -- -- 16 17 - 107 - -
10pkP2 - - 9 23 - 18 - -
10PkP3 -- -- 22 15 - - - -
10PkP4 -- -- 7 10 - - - -
10PkP5 -- -- 12 22 - - - -
1.5ltr-P1 - - 13.65 57.49 - - - -
1.5Itr-P2 -- -- 25.07 35.2 - - - -
500mIP9 - - 4.27 21.48 - - - -
500mI-P10 - - 10.82 - - - - -
2ltr-P11 10.82 10.9 27.74 23.97 27.91 14.13 42.36 -
2ltr-P12 17.9 8.14 13.8 3.08 17.9 29.6 0 -
Number of 105 60 219 106 23 15 2 14
Weighted 20.32 20.29 17.55 16.97 12.96 36.57 21.18 62.47
Overall MAPE-forecast 22.76
Type of promotion and MAPE of recent products
bogof 2 for 3 for Other promotion

Products Regression | Forecast | Regression| Forecast | Regression| Forecast | Regression | Forecast
5Pk-P1 -- 29.63 -- 54.34 - - - 15.65
5Pk+P2 -- 21.15 -- 37.82 - - - 34.31
5Pk+P3 - 12.78 - 10.01 - - - 0.00
5PkP4 - 8.88 - 14.79 - - - 0.00
500mI-P11 - - - - - - 7.35 30.84
500mI-P12 19.38 22.94 - 33.52 - - 31.92 -
5PkP5 2.64 2.27 9.47 25.04 - - - -
1itr-P1 2.64 4.9 11.19 27 - - - -
Number of 10 21 8 18 -- == 3 8
Weighted 16.03 18.8 10.62 31.23 - - 15.54 21.67

Overall MAPE-forecast 24.05
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The accuracy of the regression models was compared with the traditional forecasting
method. Similar to retailer R1, also in this case the regression models outperformed the
traditional method (see Table 10-8). While considering bogof and 2-for promotions, the

regression method considerably improved the forecast accuracy (for example, MAPE of

26.33 is reduced to 21.49 in bogof).

The use of the regression method on 3-for and other types of promotions also showed
improved forecast accuracy compared to the traditional method. However, the accuracy of
both approaches is not very good. The reason behind this is that very few 3-for promotions
were offered in the past. In other words, the 3-for promotions and the other types of

promotions do not have enough history to support good forecasting.
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Table 10-8 Comparison of regression and traditioral forecasts for R2 (year 2007)

MAPE-bogof MAPE-2-for MAPE-3-for MAPE-Other
Products promotions

RF TF RF TF RF TF RF TF
2ltr-P1 - - 12.25(2) | 12.30(2) | 1.38(1) | 29.04 (1) - -
2ltr-P2 - - 25.82(2)| 2354(22) | 015(1) | 2857 (1) - -
2ltr-P3 26.02(4) | 27.9(4) | 1573 (3)| 2.94(3) - - 85.81 (1) | 192.03 (1)
2ltr-P4 2176 (4) | 29.4(4) | 1534 (3)| 7.66(3) - - 51.53 (1) | 35.30 (1)
2ltr-P5 2358 (4) | 38.25(4)| 229@3) | 7.76 (3) - - 112.32 (1) | 186.96 (1)
2ltr-P6 - - - - - - 36.56 (1) | 176.24 (1)
2ltr-P7 14.8 (4) | 15.36 (4) | 20.02 (3)| 79.74 (3) - - 26.39 (1) | 84.20 (1)
2Itr-P8 41.88 (4) | 24.01(4)| 21.05(3)| 86.8(3) - -- 4171 (1) | 4054 (1)
2ltr-P9 205(4) | 148(4) | 9.2(3) 9.78 (3) - - 35.14 (1) | 89.27 (1)
2ltr-P10 17.35(4) | 19.93 (4) | 17.46 (3)| 82.45(3) - - 44.3 (1) 94.48 (1)
6pk-P1 19.1(2) | 26.32(2) | 21.54(2)| 40.34(2) | 59.95(1)| 107.94 (1) | 40.54(2) | 118.59 (2)
6pkP2 16.85(2) | 26.98(2) | 19(2) 35.08(2) | 50.91(1)| 10344 (1) | 20.2(2) 68.24 (2)
6pk-P3 2247 (2) | 40.27(2)| 13.41(2)| 2854(2) | 54.9(1) | 82.47(1) 109.7 (2) | 167.25(2)
6pk-P4 47.46 (2) | 35.91(2)| 9.22(3) | 26.58 (3) - - - -
6pk-P5 6.33(2) | 24(2) 4.45(3) | 18.51(3) - - - -
6pk-P6 9.36 (2) | 21.9(2) | 20.85(3)| 48.21(3) - - - -
6pk-P7 10.94 (2) | 25.38(2) | 8.76 (3) 17.4 (3) - - - -
6pk-P8 7.15(2) | 19.24(2)| 884(3) | 19.75(3) - -- -- --
6pk-P9 17.72 (2) | 37.10 (2) | 22.26 (3) | 30.05 (3) - -- -- --
6pk-P10 35.29 (2) | 39.01(2)| 15.8(3) | 20.31(3) - - - -
6pk-P11 36.04 (2) | 30.74(2) | 11.07 (3) | 20.42 (3) - - - -
6pk-P12 7.25(2) | 22.47(2)| 36.8(3) | 20.51(3) - - - -
6pk-P13 12.38 (2) | 22.33(2) | 21.21(3)| 22.21(3) - - - -
500miP1 - - 178 (1) | 19.55(1) - -- -- --
500mHP2 - - 16.53 (1) | 18.32 (1) - -- -- --
500ml-P3 -- -- 23.13 (1) | 38.64 (1) -- - - -
500miHP4 - - 15.89 (1) | 28.97 (1) - - -- --
500mHP5 - - 16.41 (1) | 22.87 (1) - - - -
500mlP6 - - 26.45 (1) | 37.79 (1) - - - -
500miHP7 - - 16.9 (1) | 28.78 (1) - -- -- --
500mHP8 - - 14.09 (1) | 17.23 (1) - - - -
Number of
promotions 54 54 69 69 5 5 14 14
Weighted
average
MAPE 21.49| 26.33 13.64 3114 33.46 70.29 55.33 114.80

Number in the parenthesis () represents the number of promotiensdiffi forecast period

The MLRMs with weekly sales data for the retailers R3 and R4 are developed. Further
results of MAPE using MLRMs for the retailers R3 and R4 are given in Table 10-9 and

Table 10-10. Similar to previous cases, using weekly sales data of 2005-2006, the
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regression models are developed while the sales data of 2007 is used for forecast accuracy

check.

Table 10-9 MAPE during regression period and forecast period- Retailer 3

Type of promotion and MAPE of established productsR3

Products bogof 2-for 3-for Other promotions

Regression | Forecast Regression | Forecast | Regression | Forecast | Regression | Forecast
2ltr-P1 0(1) 15.29 (1) 17.26 (3) 42.95 (1) 20.68 (2) 24.3 (1) 16.98 (4) 16.86 (1)
2ltr-P2 0 48.54 (1) 13.59 (3) 30.38 (1) 10.69 (2) 58.67 (1) 23.01 (4 74.90 (1)
2ltr-P3 - - 13.99 (3) 14.44 (1) 3.58 (2) 47.21 (1) 17.66 (4) 21.35(1)
2Itr-P4 22.65 (3) 33.97 (1) 8.99 (2) 25.65 (1) 29.26 (4) 79.17 (1)
2Itr-P5 37.47 (3) 57.56 (1) 48.75 (2) 15.03 (1) 34.21 (4) 77.23 (1)
2ltr-P6 32.2 (3) 40.19 (1) 5.07 (2) 20.44 (1) 18.92 (4) 80.86 (1)
2ltr-P7 13.74 (3) 18.62 (1) 3.98 (2) 43.93 (1) 25.25 (4) 26.39 (1)
2Itr-P8 22.38 (3) 16.84 (1) 8.57 (2) 65.01 (1) 28.80 (4) 25.83 (1)
2ltr-P9 - 8.39 (1) 23.55 (3) 8.49 (7) 1.29 (1) 8.85 (4) 74.17 (1)
2ltr-P10 31.41 (1) - 41.75 (2) - 12.53 (1) 14.53(3) - -
2ltr-P11 - 60.27 (1) - 36.37 (6) - - 5.47 (2)
6pk-P1 14.18 (2) - 15.85 (2) 36.37 (3) 11.44 (1) 52.40 (1) --
6pk-P2 19.50 (2) 14.39 (2) 33.78 (3) 19.95 (1) 31.32 (1) -
6pkP3 - - 28.31 (3) - 16.65 (1) - -
6pk-P4 108.05 (2) 51.16 (5) 54.23 (4) - 73.95 (2) 31.56 (1) --
6pk-P5 105.14 (2) 64.29 (5) 56.66 (2) - 151.93 (1) 0(1) -
6pk-P6 92.97 (2) 30.04 (5) 17.03 (4) - 9.73 (2) 0(1) -
6pkP7 134.36 (2) 54.71(5) 38.84 (4) - 43.74 (2) 32.62 (1) -
6pk-P8 119.24 (2) 23.46 (4) 36.58 (4) - 82.59 (2) 65.48 (1) -
6pk-P9 1295 (2) 51.73 (5) 18.52 (3) 26.51 (2) 26.51 (2) 49.47 (1) -
6pk-P10 34.78 (2) 31.13 (5) 10.14 (3) 66.23 (2) 66.23 (2) 0(1) --
OtherP1 - - 5.85(3) -- - - 0(1)
OtherP2 - 10.75 (3) - - 0(1)
OtherP3 19.95 (14) 13.83 (5) 23.82(3) 7.34 (4) -
OtherP4 14.77 (14) 12.70 (5) 3.06(3) 21.17 (4) -
OtherP5 8.65 (14) 16.26 (5) 11.20 (3) 8.36 (4) -
OtherP6 14.97 (14) 14.83 (5) 7.52 (3) 11.72 (4) -
OtherP7 21.12 (14) 7.93 (5) 7.94 (3) 21.32 (4) -
OtherP8 - 98.29 (2) - 159.39 (2) 50.74(5)
OtherP9 125.96 (2) -- 76.88 (2) 64.64 (5)
Weighted
average
MAPE 62.56 41.37 24.40 28.84 14.89 37.60 23.04 46.29
No. of
promotions 21 3 135 85 45 52 43 23

Overall MAPE- forecast 34.33

Number in the parenthesis () represents the number of promotieresidn respective period

Table 10-9 shows the overall MAPE of 34.33% for forecast period 2007. Compared to
previous results for retailers R1 and R2, this result is not very impressive. Retailer R3
offered fewer promotions in the year 2007 and in addition the type of promotions has
shifted; the number of bogof promotions in 2007 is just 3 compared to 21 in the regression
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period (years 2005 -2006), The number of bogosomewhat compensatég more 2-for

and 3-for promotions. But the promotional mix has changed and this may explain the

poorer performance of the regression models.

Table 10-10 MAPE during assessment period and forecast period Retailer 4

Tesco-Type of promotion and MAPE of established products

Products bogof 2-for 3-for Other promotions
Regression | Forecast | Regression | Forecast | Regression | Forecast | Regression | Forecast
2ltr-P1 -- -- 5.4 (6) 8.4 (7) 18.72 (6) -- -~ --
2ltr-P2 -- -- 8.07 (6) 13.18 (7) 8.37 (6) -- -~ --
2Itr-P3 12.22(5) | 14.67 (4)| 19.94(5) | 18.56 (2) -- -- -- --
2ltr-P4 1469 (5) | 18.33(3)| 22.92(5) | 13.88(2) -- -- -~ --
2ltr-P5 8.08 (5) 9.38 (3) 23.78 (5) 7.11 (2) -- -- -~ --
2ltr-P6 18.07 (5) | 20.85(3) | 29.16 (5) 2.80 (2) -- -- -- --
6pk-P1 0.36 (2) 10.48 (1) | 15.59 (12) | 27.44 (6) -- -- -- --
6pk-P2 2.79 (2) 12.59 (1) | 15.71 (12) | 19.77 (6) -- -- -~ --
6pk-P3 1553 (5) | 13.78 (5) | 41.19(3) | 30.26 (3) -- -- -- --
6pk-P4 13.32 (7) 15.50 (4) 9.11 (3) 11.27 (3) - -- -- --
6pk-P5 1553 (7) | 20.43(4)| 17.21(3) | 26.10(3) -- -- -~ --
6pk-P6 8.19 (7) 16.5 (4) 5.07 (3) 21.93 (3) -- -- 12.88 (1) --
500mlP1 - -- 4.52 (10) 9.35 (6) -- -- -- --
500mlP2 -- - 4.69 (10) 7.72 (6) - -- -- -
500mIP3 1.42 (1) -- 11.32 (8) 8.94 (3) -- -- -~ --
500mlP4 2.80 (1) - 8.81 (8) 21.88 (3) -- -- -- --
500mlP5 0.99 (1) -- 4.86 (8) 13.43 (3) -- -- -- --
500mIP6 0.93(1) -- 5.85 (8) 4.57 (3) -- -- -~ --
500mIP7 0.49 (1) -- 16.66 (8) | 15.86 (3) -- -- -~ --
500mI-P8 0.62 (1) -- 4.35 (8) 6.09 (3) -- -- -- --
OtherP1 -- -- 19.67 (9) | 15.24 (6) -- -- -~ --
OtherP2 -- -- 14.17 (9) | 18.52 (6) -- -- -~ --
OtherP3 -- -- 15.31(9) | 14.39 (6) -- -- -- --
OtherP4 -- -- 5.99 (9) 14.33 (6) -- -- -- --
Weighted
avg. MAPE 11.63 16.65 12.27 15.04 13.55 - 12.88 -
Number of
promotions 56 32 172 100 12 -- 1 --
Overall MAPE for forecast 1488
Type of promotion and MAPE of recent products
Products bog 2-for 3-for Other
Regression | Forecast Regression | Forecast Regression | Forecast Regression | Forecast
2ltr-P7 - - 11.07 (2) 13.41 (7) 9.48 (2) - - --
2Itr-P8 31.58 (5) 25.57 (4) 22.98 (5) 15.72 (2) - - - --
2ltr-P9 10.46 (4) 21.53 (3) 21.97 3) 24.55 (2) - - - --
2ltr-P10 3.91(2) 2.42 (3) 248 (3) 2.21(2) - - - --
2ltr-P11 22.94 (5) - 12.28 (5) 19.81 (1) - - - --
6pk-P7 12.90 (7) 13.10 (7) 23.6 (3) 28.87 (3) - - 157 (1) -
6pk-P8 15.97 (7) 35.57 (4) - - - - 46.23 (1) --
6pk-P9 9.23(7) 3.62 (4) 2.44 (3) 8.77.(3) - - 8.37.(1) -
Weighted
avg. MAPE 15.92 16.90 14.58 15.58 9.48 - 18.72 -
Number of
promotions 37 25 24 20 2 - 3 -
Overall MAPE - forecast 16.31




For retailer R4, the MAPE for forecast is very low and models are very good. The overall
weighted MAPE of the established products is 14.88% and of the recent products is
16.31%. The results are summarised in Table 10-10. In Table 10-9 and Tabléofl{®10,

products’ represents either 500ml or 330ml drink with unusual pack sizes of 5 or 10.

10.8  Forecasting sales uplift

Another approach to estimate the impact of promotions by Soft Drink Co. is to estimate the
sales uplift. As all the promotions intend to improve normal sales, the calculation of sales
uplift (over and above the normal sales) during each promotion helps the planner to decide
their future promotions. The sales uplift is the ratio of the average sales during promotional
events (normally 4 weeks) and the average normal base sales level during non-promotional
weeks. For forecasting demand of some products (e.g., 5-pack orange juice and 5-pack

cherry drink), Soft Drink Co. is using this uplift ratio in their traditional forecast method.

To test the forecast accuracy using the uplift method, the sales data of retailers RL and R
are considered. The new MLRMs consider sales upliti é@spendent variable Y. All of

the other independent demand factors remain the same. These MLRMs, forecast the sales
uplift for the year 2007. The MAPE of this uplift method is then compared with other
methods, namely the traditional method and the standard regression method. Table 10-11
and Table 10-12 summarise the results of three forecasting methods at retailers R1 and R2.
In these two tables, for each product, the first row shows the MAPE using three different
forecasts methods and the second row shows the sales factors (independent variables) used
in the forecasting models. In the these tabiRd®’ represents percentage discouktmas

represents Christmas arndmp represents temperagur
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Table 10-11 Comparison of MAPEs in three forecasts- Retailer R1

MAPE
Traditional
Products method Regression method Uplift method
Slir 20.59 9.80 12.75
PD,X-mas,temp,display PD,temp,display
olir 16.64 8.28 13.75
PD,X-mas,temp,display PD,temp,display
6pk 54.60 12.78 19.75
bogof,2for,3for,temp bogof
6pk 55.67 14.17 15.45
bogof,2for,3for bogof
6pk 56.53 5.15 24.94
PD,bogof,display bogof
6pk 15.68 22.45 42.74
PD,bogof,dispy PD
6pk 22.92 38.19 34.30
PD,bogof,display,2for PD
6pk 23.71 38.90 26.80
PD,bogof,display PD
6pk 16.99 15.20 41.94
Bogof,2for,display PD
olir 32.86 23.09 31.07
PD,bogof,display PD
olir 35.50 23.83 20.85
PD,bogof,display PD
60k 22.19 28.56 37.79
i PD,bogof,display PD
6pk 23.59 20.94 20.22
Bogof,2for,display PD
6pk 19.30 23.83 18.23
Bogof,2for,display PD
Average
MADE 29.77 20.37 25.76




Table 10-12 Comparison of MAPEs in three forecasts- Retailer R2

MAPE
Products UElenE] Regression method Uplift method
method
2ltr 20.67 6.82 27.17
Temp,X-mas,holiday,display PD,base sale,display
2ltr 26.06 12.99 34.06
Temp,X-mas,holiday,display PD,base sale,display
2ltr 74.29 42.52 30.73
PD,bogof,X-mas bogof
2ltr 24.12 29.54 26.52
PD,bogof,X-mas bogof
2ltr 77.66 46.06 32.05
PD,bogof,X-mas bogof
2ltr 59.77 20.40 22.80
PD,temp,X-mas PD,display
2ltr 50.45 34.88 29.59
PD,temp,Xmas PD,display
2ltr 49.53 27.82 22.67
PD,X-mas PD,display
2ltr 88.47 30.83 24.82
PD,X-mas PD,display
6pk 88.96 39.86 35.75
PD,bogof,X-mas,temp PD
6pk 68.92 18.53 39.93
PD,bogof,X-mas,temp PD
6pk 92.75 66.09 22.21
bogof,tempX-mas,display PD,base sale
6pk 31.25 28.34 33.90
PD,bogof,X-mas,temp PD
6pk 21.26 5.39 14.56
PD,bogof,X-mas,temp PD
6pk 35.06 15.11 30.49
PD,bogof,temp PD
6pk 21.39 9.85 21.80
PD,bogof,X-mas,temp PD
6pk 19.50 8.00 15.00
bogof,prom(y/n) PD
6pk 33.58 19.99 30.01
PD,bogof,X-mas PD
6pk 29.66 25.55 27.98
PD,bogof,X-mas PD
6pk 25.58 23.56 27.20
PD,bogof,X-mas PD
6pk 21.49 22.03 16.11
PD,bogof PD
6pk 22.27 16.80 21.63
PD,bogof,X-mas PD
Average
MAPE 44.67 25.04 26.68

22(



The uplift method averages the sales volumes to obtain the sales uplift ratio. For example,
if the total number of promotions per year is 10 then the uplift method will use 10 data
points (each promotion with a period of 4 to 6 weeks is converted into a single data point).
Regression models with more data points may improve the model fit (Makridakis et al.,
1998). Hence, in the uplift forecast method, the products promoted at the same period of
time with similar demand structure were grouped together. This approach has helped to

obtain more data points to form meaningful regression models.

Comparison of all the three methods indicates that the uplift method can be used as an
alternative forecast method. In Table 10-11, at retailer R1, the overall MAPE of -

regression method is 20.37% and uplift method is 25.76%. It can be seen that for most of
the 2ltr bottles, the regression forecasts using weekly sales achieved better accuracy than

the uplift method.

In Table 10-12at retailer R2, the overall MAPE of - regression forecast is 25.04% and
uplift forecast is 26.68%. It can be seen that for some 2Itr bottles, the accuracy of uplift
method is better than the standard regression method and for some 6-pack of 330ml cans,
the accuracy of regression method is better than the uplift method. Compared to the
traditional forecast method, both of the suggested forecasting methods, regression method
and uplift method, have performed well (see Table 10-11 and Table 10-12). It is important
to mention that the regression models, with weekly sales data or with uplift ratio, used
explanatory variables identified through the Reference Demand Model. This answers the
research Question 4 thite inclusion of demand factors identified through the RDM

improves forecast accuracy
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10.9 Discussion of MLRMs

The regression analysis revealed significant factors of sales for every single product. The
out of sample accuracy check for forecasting models, based on MLRMs, showed an
improved performance for many prodsidt is interesting to note that the structure of some
regression forecast models are similar because many products have similar exploratory
variable when they are on promotion at the same period of time. Table répel® the
summary of the resultsf @ the MLRMs using weekly sales data and uplift ratio, and the
traditional forecast. The MAPE of regression forecast and uplift forecast are much lower

than that of traditional forecast.

Table 10-13 Summary of results

Regression Forecast Traditional forecast Uplift forecast
Retailer | Average | Average | No. of | Average | No.of | Average| No. of Comments
R? MAPE | products | MAPE | products | MAPE | products
Number of
R1 081 | 19.26 37 26.21 37 25.76 14 | Promotions (2-for
ard other) are
almost double in
the test period
Very consistent
R2 063 | 2143 31 38.94 31 26.68 2p | Promotions in the

training and the
test period (excep
other promotions)

Very inconsistent
R3 0.54 34.33 30 -- -- -- -- promotional mix
in the training and
the test period

Very consistent
promotions in the
training and the
test period (excep
other promotions)

R4 0.74 15.59 32 -- -- - -

From Table 10-13, it can be seen that tRefRetailer R2 is 0.63, which is lower than the
R? of retailer R1 (=0.81). Still, the forecasts accuracy of both of the retalérs similar

with average MAPE of about 20%. This is mainly because, the type of promotions offered
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at retailer R2 in the test period 2007 is almost similar to that of training period (2005-2006).

From| Table 10-¥, it can be seen that the retailer R2 has offered nearly the same number of

promotions for established products, for bogof, 2-for and 3-for promotions in the test and
the training period. But, the retailer R2 has offered more new promotions. For example, the
number of other promotions is 2 during training period whereas it is 14 during test period.
This has elevated the MAPE of other promotions to 62.47% for the mature products (see

Table 10-7). Still, the overall performance of MLRMs for the retailer R2 is good.

In the case of the retailer R1, the number of bogof promotions offered in the training period
and the test period for bogof has not changed much. However, all the other promotions (2-
for, 3-for and other new promotions) have doubled in the test period. This has complicated

the accuracy of the forecasts models. Some regression models with?hag¢go Rave not

1%

shown good accuracy. For example, the regression model govduct P15-A ir[ Tabl

10-5 has high R(=0.95) value and the MAPE for 3-for promotions in the training period

and the testing period are 20.43% and 34.55% respectively. The higher MAPE in the
testing period may be due to the fact that there was just one 3-for promotion in the years
2005-2006. Due to lack of historical sales data, the forecast accuracy was low. Still, the
accuracy achieved through MLRMs is higher than the traditional method (see Table 10-

for 3-for and other promotiohs

In the case of retailer R3, the regression models have the avéraf@ 54 and the average
MAPE of 34%. The number of bogof promotions given in training period has reduced to 3
from 21. Instead, more 2-for and 3-for promotions have been offered. This change in

promotional mix has considerably reduced the forecast accuracy.
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In the case of the retailer R4, the averagdsR).74 and the average MAPE is 15.59 %.
Among all the four retailers, the retailer R4 has achieved the highest forecast accuracy. This
may be due to the fact that the number of promotions offered in the training period and the
test period are almost the same and no new promotions are introduced in the test period.
This retailer is highly consistent in executing the promotions as planned earlier (matching

with the promotional calendar).

Based on the above discussions of the forecast models at four retailers, it is possible to
classify the products into two main categories. One is the products that can be accurately
forecasted and the other is that the products that cannot be accurately forecasted.

Products can be accurately forecasted

» if the same types of promotion with almost the same promotional features happened
in the past will continue in the future
» if the promotional mix remains more or less the same
» if the sales uplift remains the same
Products cannot be accurately forecasted
» if more new promotions happen in the test period (no history)

» if the promotional mix changes significantly

For example, a retailer may be offering the same number of promotions but change the
promotional mix from 2-for to 3-for. Although the new 3-for promotions have the same
percentage discount, customers need to buy three units per sale. Sometimes, these

promotions haveecordedalower uplift in the sales than anticipated.
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Table 10-14 Promotional sales uplift in R1 and R2 and MAPE

Training Period (2005-2006) Testing period (2007)
Sales Uplift Sales Uplift
2005 2006 (MAPE)
y— y— Y— 2]
> | & | & > | & | & S 8 8 g
g o~ ™ g o~ ™ £ o~ ™ 5
P1 ] ] ] 15 | 142 237 | 3.02 ]
R1 Uplift 63) | (13.3)
R2Upift | | 1.7 | _ (o093 | 11| _ 113 | 173 ]
(12.25)| (1.38)
P2 ] ] ] 144 | 154 231 | 3.1L ]
R1 Uplift (5.97) | (10.59)
. 154 0.79 | 0.99 1.00 | 138
R2 Uplift |~ - - - "~ | (25.82)| (0.19) -
P3 1008| 2.26 | _ | 493 | 268 | _ | 606 | 517 | _ 3.9
R1 Uplift (7.6) | (29.19) (17.44)
. 37 | 188 0.82
R2Upift | 415 | 215 | - | 415 | 223 | - | S0 el - | geay
Pa 12.26 | 506 7.78
Riuplit | Y| 21 | - 1279 6481 - | og598)| (24.96)] | 6.01)
. 208 | 163 271
R2Upift | 349 | 17 | - |38 |1es| - | 2O LDl - | Sl
P5 525 | 2.97 3.96
Riuplit | ©70| 2 - 4% 21 - | g | as45)| (9.12)
. 205 | 1.87 0.84
R2Uplift | 433 | 181| - | 266|189 | - | o) 00| - | 0%
P6 660 | 53 4.07
Riuplift | 800 | 22L| - | 48212791 - | o) | (3553)| - (6.26)
R2Uplift | 325 | 228 | - | 358 | 255 | - (13418) (2261032) - (2069319)
p7 1401 | 552 8.79
R1 Uplift | 2119| 356 10.22) 6.08 (16.07)| (37.88) (15.31)
. 495 | 186 3.22
R2Upift | 347 | 208 | - | 325 |231| - | 40 €8 .| A2
P8 495 | 416 3.08
R1uplitt | 274 | 197 4421 254 (10.26) | (33.99) (1.43)
R2 Uplift | 328 | 238 | - | 343 | 232 | - (gbzg) (g'g) : (305'9134)
P9 11.92 | 4.95 7.65
R1 Uplift | 2222| 324 11.81) 6.6 (11.47)| (38.14) (21.88)
. 435 | 204 1.07
RzUpift | 411 | 219 | - | 37 | 233 - | b0 RO e
P10 838 | 4.07 5.25
Riuplit | 888 | 288 | - | 7471336 - | 3519)| (1568) (12.77)
R2 Uplit | - - - - - - i i i i
P11 693 | 3.35 44
R1Uplift | o2 /L] 3921 - | 6711 3451 - | 5555 (1544 (9.92)
R2 Uplit | - - - - - - ; i } :
P12 24.32 783 | 039
R1Uplift | 2265|421 | 55 | 2271 - [ 587 | g5 - | (1531)| (53.67)
. 771 | 308 | 406 | 199
R2Upift | 417 | 134 | 165 | - | 19 | 244 | T3 | 2O} SO0

Numbers in parenthesis () represent MAPE
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It is important to mention that the sales uplift is not the same for all products in the
promotions. Table 10-1¢eports the promotional sales upl#ttwo retailers on some of the

top selling products (P1, P2, etc.). Mean absolute percentage error (MAPE) is reported for
each product during the testing period in the parenthesis. The sales uplift of some products,
say P7, P9 and P11 of R1, were in the range of 21-35 times normal sales in the year 2005.
However, the sales uplift of these products in 2006 and 2007 were not so high compared to

that of 2005.

Such huge demand fluctuations challenge accurate forecasting. Hence, the inclusion of
more demand factors in the forecasting is suggested in this research. In the case of no sales
uplift (e.g. P1 and P2 in R2) either the promotional plans were suspended and the
information not passed to the manufacturer, or changes occurred after the planning stage

but not updated in the calendar.

While, this research suggests Soft Drink Co. to include the demand factors identified
through the Reference Demand Model in the forecasting, it also encourages the company to

check the following list to ensure improved forecast accuracy.

» Change in promotional mix
» Impact of promotions

- High uplift in the training set

- Low uplift in the test set
» Variability in sales volume for some promotions

- More variability in the training set may reflect in high variability in the
forecast
» Very few observations in the training set for some type of promotions (less
historical data)

22¢



More variability in the promotions and less historical sales data will affect the forecast
accuracy considerably. For example, if there is an excess inventory of bespoke [2cks of
bottles promoted during the football season (with a special logo on the packsgtail

store, then the retailer will continue promotion without informing the manufacturer. This
will show more variability in the sales data. High level of collaboration among Soft Drink
Co. and the retailers can help improving information exchange and also avoid major

changes in the promotional mix. This may subsequently reduce the variability.

10.10 Summary

This chapter described the method of developing simple regression models using data from
Soft Drink Co. Multiple linear regression models were developed for major selling products
at four retailers of Soft Drink Co. using the training data set (sales during 2005-2006). The
results of the MLRMs were used to forecast the test data set (promotional sales of 2007) at
these four retailers. These forecasts were then compared with the traditional forecast
method being used in the case company. A detailed report on results of each retail sales
analysis was given. On proving the advantage of the MLRMSs, regression forecast method
was applied to all the retailers’ sales forecasts. Another regression model using sales uplift
ratio was also suggested in this chapter. This uplift forecast method showed improved
accuracy compared to the traditional forecasts. Hence, the uplift method was suggested as
an alternative forecast method. The combinational forecast of regression method and uplift

method can help the company to further improve the performance.



Chapter 11 Discussions anatonclusions

11.1 Introduction

This chapter combines all observations and results obtained from the qualitative and
quantitative analysis described in previous chapters. The results of the qualitative analysis
include observations from case studies and analysis of the conceptual Reference Demand
Models, the results of the quantitative analysis include observations from SEM models and
multiple linear regression models. Irrespective of the methodology used, all of the analyses
confirm that the exchange of supply chain information helps forecasting and hence may

improve supply chain processes.

The concept of Reference Demand Model suggested a structured approach either to
progress on the current mapping of supply chain information with supply chain partners or
to identify the possible future mapping of supply chain information. The steps suggested to
analyse the RDM interadi to direct managers in decision making on information exchange

to support CPFR. Structural equation models and regression models were then suggested to

analyse promotional sales data of Soft Drink Co.

The findings of this research with reference to three different methodologies are further
discussed in this chapter. The scope for future research on CPFR is discussed at the end of

this chapter.

11.2  Discussions of case studies and conceptual model

It was observed from the case studies, Soft Drink Co. and Textile Co. in particular, that it is
important to indentify the relevant factors that explain demand. Both cases relate to MTS

environments with products that are rather difficult to forecast (due to the presence of
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promotions). This research proposed constructing a RDM to gain more insight in the
possible demand factors as well as to decide on the level of collaboration and information
exchange. In addition a high level of collaboration between the manufacturer and
downstream supply chain partners seems necessary in these environments. Hence,
techniques such as CPFR may be helpful to improve supply chain performance. In terms of
information exchange, historical sales data and promotional calendars are key to ensure
good forecasting, whereas EPOS data and inventory status are required to ensure timely

replenishment and avoid stock-outs and excess inventory (through VMI).

In MTS environments where demand is rather smooth (Wholesale Co. and Crude-oil Co.),
simple (standard) forecasting approaches can be used to predict demand. In these
environments a medium level of collaboration seems sufficient. The focus is on making end
customer demand visible (to avoid the bullwhip effect) and perhaps engage in VMI
arrangements if the manufacturer has better forecasting/inventory management capabilities.

In that case it is also important to monitor/exchange EPOS data and the inventory status.

In MTO environments (Packaging Co. and EEM Co.) there is no need for short term
forecasts. Hence, a low level of collaboration with the downstream SC partners should be
sufficient. Historical sales data and other demand details may be useful for long term

planning and forecasting.

11.2.1 Discussion of Quantitative Models

For the Soft Drink<Co., which is dealing with four major retailers, promotions have a big
impact on sales. Exchange of promotional plans is essential for accurate forecasting and

timely replenishment. The information on other factors such as holidays, temperature, and



market preference on products is also important to improve forecast accuracy. However,
this non-promotional information is currentlyot incorporated in the company’s
forecasting approach. Relationships among promotional factors, seasonal factors, special
days and customer preferences are explained in structural equation models (SEM). The
results of SEM clearly indicated that the sales of all products, irrespective of the size, were
influenced by promotions. The demand of impulse-buy products (500ml bottles) and 2Itr
bottles were also influenced by seasonal factors. Special days were not always influencing
the sales of 500ml bottles and 330ml cans. The SEM analysis did not show much
interaction between various demand factors. The SEM results revealed the general
underlying structure of demand factors. This answers the research Question 3 - How are the

different demand factors related to sales?

The demand factors listed in RDM and SEM were further used for developing multiple
linear regression models. The sales forecast of the sales using regression models
demonstrated improved accuracy. But good accuracy was not guaranteed if less accurate
promotional details were used. Hence, these regression models cannot be used or should be
used with care when the promotional mix changes over time. A high forecast accuracy is an
indication for a good forecasting model with reliable explanatory factors. In case of lower
forecast accuracy one can revisit RDM or try to improve the availability of atecur
information through collaboration with supply chain partners. This answers the research
Question 4 - Can the identified demand factors from RDM help improving forecast

accuracy?
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11.3  Contribution to knowledge

This research makes three primary contributions to the existing literature. Firstly, the
formulation of ‘Reference Demand Model’ from the cases studied is a new concept in the

area of supply chain collaboration. This approach has not been explored in the literature in
detail (Aviv, 2007). This research has suggested the companies involved in collaldoration
develop a specific RDM suitable for their environment. Tiepsssuggested for evaluating

the RDM will guide company’s managers to better understand the reced level of
collaboration with other supply chain members for information exchange, planning and
forecasting. A RDM is especially useful in MTS environments where forecasting is

difficult.

This research also suggested steps to analyse the RDM so as to understand the importance
of information exchange for forecasting and promotional planning. By developing the
RDM and also by developing a procedure for analysing RDM, this research made two
important sub-contributions to the existing literature of supply chain collaboration and
forecasting. The first sub-contribution lies in the result that the inclusion of identified
demand factors from RDM improves forecast accuracy. However, it is important for the
collaborating partners to obtain reliable information from other supply chain partners. Only
high quality information can guarantee high quality forecasts (Busetti, 2006). The second
important sub-contribution is the role of RDM as a tool to improve supply chain
collaboration and forecasting. On revisiting RDM periodically and also on comparing

forecasts with actual sales one can improve the collaborative arrangements.

Secondly, identifying the underlying structure of demand through SEM has not been

attempted in the literature so far. Especially in the area of supply chain collaboration and
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information exchange for demand forecasting, this is the first attempt to use SEM for
identifying the general demand factors for products under promotional sales. In this
research, SEM models have suggested a specific set of demand factors for 2ltr bottles, 6-
packs of 330ml cans, and impulse-buy products such as 500ml bottles. This has given a
clear idea of the effect of promotions and other factors on the sales of different products.
Structural equation models have also indicated the role of demand factors in groups of
products that are common to all the retaileFbe idea of applying SEM for identifying the
underlying demand structure can be extended to other manufacturing companies that are

involved in supply chain collaboration.

The third contribution of this research is suggesting multiple linear regression models for
forecasting, using the identified explanatory variables in RDM and SEM. Although
regression models have been used in the literature for forecasting, the structured procedure
of identifying demand factors through RDM and using the same demand sfactor

subsequently in the forecast modekse not attempted in the past.

The sales forecasts using multiple linear regression analysis proved advantageous over the
traditional method used by the company. The comparison of SEM and MLRM gives a clear
idea of the role of the demand factors for each product. In the case of poor forecasts,
managers may look for missing demand factors and revisit the RDM or look for the
underlying causes why therégasts were poor (e.g. due to changes in the promotional mix,
inaccuracies in the promotional calendar, unplanned or un-communicated in-store

promotions.

This systematic approach for identifying the appropriate demand factors and using the same

factors in simple linear regression forecast models will help in assisting managers to
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improve forecast accuracy and reduce time of forecast calculations. The approach of
integrating RDM and regression forecast models have been highly appreciated by Soft

Drink Co. and is currently being used by the company.

This research also suggested three levels of collaboration. In MTS environments with high
demand variability (difficult to forecast), a high level of collaboration with downstream SC
partners- CPFR is suggested. In MTS environments with low demand variability (easy to
forecast), a medium level of collaboration with downstream SC partners is suggested
(making end customer demand visible and VMI). In MTO environments, a low level of

collaboration with the downstream SC partners should be sufficient.

11.4  Scope for future research

In this research, case studies played an important role in understanding the collaborative
arrangement between manufacturers and downstream supply chain partners. This helped to
develop a conceptual model called RDM, representing demand factors and their
characteristics. The demand factors identified through RDM are subsequently used in SEM
and MLRM to understand the underlying structure of demand and also for forecasting the
sales. The combination of these three methods can be vieveecbagprehensive tool for

improving forecast accuracy.

The approach used in this research was well appreciated by the case companies especially
by Soft Drink Co., Wholesale Co., Textile Co. and Packaging Co. The companies believed
that the RDM could influence management decision making on promotional sales and
could also lead to the renewal of collaboration agreements. Soft Drink Co. is currently

using some of the best performing forecast models, suggested frenstudy. This
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research can be extended for different sectors such as pharmaceutical, aerospace and
automotive industry etc. In all the cases, it is important to ensure a good intra-
organisational relationship and high quality information before proceeding with supply

chain collaboration (Mena et al., 2009; Flynn et al., 2010; Forslund and Jonssdn, 2007

Constructing a RDM could be interesting to better understand the factors that drive demand
of (repairable) spare parts (for example after sales service). Demand factors in this
environment could include: the installed base, failure rates, repair-ability and durability of

components, trade-in or upgrade programmes, life cycle aspects, usage rates etc.

This research has also identified the need for supply chain collaboration with upstream
partners especially iMTO environments. In MTO companies, such as Packaging Co. and
EEM Co., short term forecasting is not so important because the company receives orders
from customers, hence demand is known. But material requirements planning is vital to
ensure compliance with due dates and making sure the company get raw materials from its
suppliers on time. A close relationship with upstream supply chain members may help them
to have smooth production process with shorter lead times and also to ensure timely
replenishmentSimilar to a Reference Demand Model, a reference supply model (RSM)
can be developed to facilitate the supply side collaboration. Constructing a RSM may assist

companies in

e Make or buy decisions
e Supplier selection based on lead time/workloads/quality/reliability etc.

¢ Information exchange
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Future research on RSM can potentially guide the managers to decide on what information
needs to be exchanged with upstream SC partners. Such information exchange can guide
them to decide on whether to make or buy raw materials required for production. For
example, Packaging Co. is currently producing its raw material (fabric). Buséhafa

urgent orders, to reduce lead time, the company buy fabric from other suppliers. In this
case, RSM can guide managers to choose the right supplier. A RSM may be particularly
interesting in MTO environments with a complex supply base and stringent capacity
constraints (necessitating frequent make or buy decisions). Aerospace companies such as

Rolls Royce are an example of this category.

There is another possible extension of this research by considering product returns. In
recent years, increased consumer rights and environmental awareness have increased the
number of product returns. Company dealing with product returns or operating a closed
loop supply chain, can construct a reference return model (RRM).

This RRM may help the company to understand

e where do returns come from
e what is the quality/timing/reliability of the returned products

e Why/when/who returned the product

This researchvas based on cases of MTO/MTS companies producing functional, fashion
driven and innovative products. To make the findings of these cases more general, a larger
number of cases could be analysed, considering other environments. Cases similar to
Saturn (after-market spare parts) and Sports Obermeyer can be considered (Cohen et al.,
2000; Fisher et al., 1994). This will help to draw a general conclusion on the information

need in different supply chains and for different products.
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Appendix-I Case study-5

Packaging material manufacturing company
1. Company Profile
Packaging material manufacturing company is a well established active producer of
packaging materials in India (hereafter Packaging material manufacturing company will be
referred to as Packaging Co.). The company has been serving the packaging fodustry
more than four decades since its creation in 1966. It has four manufacturing units in
various parts of India namely Chennai, Nellore, Bangalore and Mumbai. Packaging Co.
produces a variety of packaging materials such as flexible water proof packing materials,
polyprophelene woven bags, Agronit bags and Jumbo bags. The company has a special
manufacturing division for producing Jumbo bags for orders from many industries such as
petrochemical, mineral, dyeing and natural food material (pharmaceutical). Packaging Co.
is mainly operating in the local Indian market, but their products, especially the Jumbo
bags, are being used by their customers to export their goods and machinery internationally.
The company also producésilling & Discharging machinerywhich is used for filling
and discharging of Jumbo Bags. These machines are manufactured with technical
collaboration from another UK company. The quality Rakkaging Co.’s products is

important to receive repeat orders from their customers.

The annual turnover of the company is 100 Crores Indian Rupees which is equivalent to 25
million US Dollars. The company employs 125 personnel in its production department.

The company holds nearly 20% of the market share in the local packaging industry. Fierce

* (1USD~ 41.6 Indian Rupees in December 2007)
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competition forces Packaging Co. to be innovative with periodic revision obtigany’s

strategy.

2. Business strategy of Packaging Co.

The Jumbo bags are also knoa®mFIBC - Flexible Intermediate Bulk Containers (Bulk
Bags) in the packaging industry. These Jumbo bags are norchedlified as functional
products (Fisher, 1997) as long as it does require any particular specification such as size or
UV (Ultra Violet) treatment. Demand for these products is heavily dependent on
customers’ demand and capacity expansion plans. The customers’ business plans, such as

sales promotions, have a great impact on the demand of Packaging Co.’s products. This is

mainly due to the fact that Packaging Co. is neither original equipment manufacturer nor
direct seller to retailers. Instead the products of Packaging Co. are supplied to other
manufacturers. Packaging Co. plays the rola dfpe-3 SC (see Figure 1-3). Packaging

Co. deals with more than 100 customers, 60% of which mainly operate in the local market.
These customers need both Jumbo and other packaging materials. The remaining 40% of
customers are exporting their products in the Jumbo bags only. The demand for Jumbo bags
is mainly from the manufacturers operating internationally and a relatively small fraction

from the local market (wholesalers or producers of machinery and petrochemical products).

The two main business strategies of Packaging Co. are: (1) maintaining a low priee with
low profit margin on standard products, and (2) introducing more innovative psatatt

as Jumbo bags with long life UV treatments and easy to handle bags etc. In order to
compete in the market Packaging Co. keeps its profit margin as low as possible (4% of the
cost of production). The company understands that in the competitive business market, total

dependability on cost leadership can only be a short term advantage and hence Packaging
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Co. tries to introduce innovation in their products. Initially, the group opted for
specialisation in manufacturingVaterproof Packing MateridlsGradually the group has
added plasticprocessing units like ‘Extrusion coating’ and ‘Film extruding’ to be up to

date with the technological developments in the packaging industry. An in-house Research
& Development department was set inpl1986 to develop innovative and cost effective

packaging.

In India, Packaging Co was the first manufacturer to introduce the concept of the Jumbo
Bags. These bags can handle up to 2,000 Kilograms per bag. The efforts in the area of
Research & Development have been successful and in addition Packaging Co. hed receiv
various national and international awards. Recently, the company started the backward
integration, a process of convertirgplyprophelenginto fabric. The polyprophelene is one

of the main raw materials for Jumbo bags. This backward integration process has helped
the company to save considerable costs on raw materials and has also made the company
self sufficient on raw materials (input). Other advantages of the backward integration
include a reduction of the processing lead time by 20-25% and more production flexibility.
Packaging Co. schedules the production of Jumbo bags based on their own raw materials
(fabric) production. Without a doubt, this arrangement helps to reduce inventory and
guarantees on-time delivery. Packaging'sClead time had also reduced noticeably (by

20%) after the introduction of backward integration. According to Packaging Co, MTO
products need innovation to survive the market competition and MTS products need to be
competitive in their pricing. Both of these strategies, being innovative and cost leadership

help the company be a market leader in the packaging industry (see Figure 1
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Figure 1 Business strategy of Packaging Co
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Although, the products of Packaging Co. can be classified as functional products, they are
not made to stock, except for standard products, because of the various sizes, shapes and
UV treatments. UV treatment limits the ‘shelf life’ of a product. Packaging Co maintains a

safety stock with a raw material inventory of about 25% of the expected ordes and

finished product inventory of about 10% of expected order.

3. Capabilities

Although Packaging Co srelativdy new company in terms of supply chain collaboration,

it maintains an effective but simple communication technology. On the other hand
Packaging Co has a well established production and logistics capabilities which are

explained below.

3.1. Production and logistics capabilities

Packaging Co believes in upgragitneir technology periodically. Generally, the capacity
expansion of Packaging Cs.dependent on their customers’ expansion plan as Packaging
Co.’s demand is directly proportional to their customers demand. These customers are not

end customers or retailers. The customers of Packaging Co. are either manufactures of
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finished products or suppliers to manufacturers. Any production expansion in the

customers’ plants will therefore induce more demand for PackagingsGooducts.

The company periodically expands their production base to support more businesses.

Revision and upgrade of existing technology takes place on average, every three years. The

current production capacity is 1000 bags per day. Recent expansion of producictycap

in Packaging Co. isxpected to increase the company’s market share into double its present

value. Figure 2 illustrates the production planning cycle at Packaging Co.

Figure 2 Planning cycle at Packaging Co
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The production of jumbo bags normally takes 2 to 3 days, provided raw materials are
available. Otherwise, the production process will take an additional 1-2 days for converting
polyprophelene into fabric. In most of the cases the production includes UV treatment of

bags.

In the past years, Packaging Co. encountered logistical problems as their productson site
situated away fromtheir customers’. This caused delays in replenishment and also
increased logistical costs. Recently the company has purchased transportation vehicles to
move finished products from the factory to the nearest distribution hub, from where all the
products are delivered to the customers using cheap logistics providers. This arrangement

has helped Packaging Co. to reduce its logiktiosts.

3.2. Communication and forecasting capability

Most of Packaging Cts communication with their customers is through an iMail Server.

This is one of the advanced recent communication technologies, which works well
independently or in combination with other technologies such as an Email server, SMTP,
POP3 and IMAP. The otnpany’s recent upgrade of communication technology has
reduced complexity and communication has become ed3smkaging Co. believes that
their recent investment will improve communication and help avoiding replenishment
delays. Packaging Ce.production plans are dependent on their forecasts which in turn,
are dependent on their customers’ productions capacity, production plan and product
demand.This necessitates Packaging Co.’s production capacity to be aligned with their

customer requirements.
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4.  Supply chain collaboration and information exchange

Packaging Co. has around ten suppliers and hence supply uncertainty is highly .unlikely
The relationship with suppliers is not felt very important except for knowing Government
regulations on the product introduction and specification. On the other hand, the
relationship with the clients is very important to be successful in the competitive market.
Packaging Co. is managing more than 100 customers. A healthy relationship benefits a

smooth flow of product and information.

For production planning, Packaging Co. needs input from their customers for the design,
size and other specifications like weight tolerance and UV treatment. Collaboration
between Packaging Co. and their customers assist them to produce materials according to
customers’ requirement. The company is also determined to replenish stocks on time
Hence, supply chaimformation from customers is essential to be responsive to any future
orders. Packaging Co. has a good understanding that not all of the information exchanged
among supply chain partners is actionable. For example, bags with new specifications
cannot be produced immediately without planning and scheduling. This exercise may also
require additional machinery in production. To avoid lost sales, Packaging Co. is interested
in establishing intensive collaborations with their customers in the planning stage for
product specification. This collaboration further continues in forecasting, production, and

replenishment.

Collaboration with established customers in the market brings in future business (more
demand) for Packaging Co. products. Packaging Co. chheltscustomers’ reputation
from published market data before it initiates collaboration. Once the collaboration

relationship is establishe®ackaging Co.’s representative starts working closely with the
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customer to follow their production. This helps the company to make customised products
(e.g., bags of different size with UV treatment and water proof) to the customers at a short
period of time. Information from customers on their sales and local forecast based on
customers’ promotional and seasonal data facilitates Packaging Co. to agreeaupon

common forecast figure. Readily available order data is also being used by the company for

its future plans and production.

5. Importance of SC information

Interviews with supply chain process managdrsompanies revealed that the production
planning and forecasting is mainly based on eight types of information input: inventory,
customers’ production, capacity, market share, business plans, sales data, order information

and local forecasts (see Figure 3). Unlike other suppliers who work closely with end
customers, Packaging Co. needs only historic sales information but not EPOS. Here local

forecast refers to expected demand forecasted by PackagingSmmers.

While considering the information needed, the technology involved in exchanging the
information also needs to be considered. Delayed information will not have any benefit for
improving forecasting and production plans. Packaging Co. clameaceive information

very quickly through basic communication such as telephone, fax and electronic mails
through iMail server. The accuracy of the information appears to be very high andghis wa

also evident from the past performance of the company.



Figure 3 Information exchange in Packaging Co supply chain
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Based on the available supply chain information, Packaging Co. forecasts its demand (see
Figure 3). Currently the company is achieving around 70 - 75 % forecast accuracy. From
Figure 4, it is clear that the actual sales and forecast sales of Jumbo bags, Agronit bags and
Woven bags are very close for most of the periods from April 2007 to September 2007. In
May 2007 the actual sale and forecast are almost the same for Jumbo bags. Such forecasts

are further used for production planning of Packaging Co.
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Figure 4 Sales and forecasts at Packaging Co.
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6. Role of information in Packaging Co.

Supply chain information is being used for long term as well as short term platning
Packaging Co. (see Figure 5). Capacity expansion plans are made periodszdlpba

sales. In addition forecasts are needed for longer and intermediate term human resource

planning such as whether to hire part time or full time workers.

Figure 5 Influence of forecast in organizational planning

Application of SC information

Long term plans Short term plans
Capacity expansion/Business expansion Production and replenishment plan
Decision on market share Logistics planning
Decision on backward integration Make or buy raw-material (buy)

Human resource planning

Sharing SC information at Packaging Co. invslvery little technology; and hence the

role of technology is not found as very essential for the exchange of this information.
Meanwhile, product specification and historical sales data of customers are being sent
through iMail to avoid any mis-specification in future. Hence, it requires a very minimal
help of information technology (see Table 1). The availability of an ample source of
public information make&market shareof partners very transparent. Orders are placed
through iMail or telephone. Promotion plans of customers are discussed in detail with
Packaging Co, which requires human interaction and collaboration rather than technical
support. As most of the data processing is being done through MS Office tools, the
company has not made large amount of investment on technology apart from investing

on iMail set up.
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Table 1 Needs for information exchange

Product specification
Market share position
Production capacity
Inventory

Sales data
Expansion plans
Local forecast

Supply c_haln Level of collaboration
information
Order data Basic communication

Basic data transfer technologyMail

Public data

Collaboration- Human interaction
Collaboration- Human interaction
Collaboration-Basic data transfer technolegiail
Collaboratior- Human interaction

Basic communication
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Appendix-Il Case study-6

Electrical Equipment Manufacturing Company
1. Company Profile
1.1. General
Electrical Equipment Manufacturing Company (EEM Co.) is a private company based
in Melbourne, Australia. For over five decades (Since 19B®M Co. has been
functioning as manufacturer and supplier dxplosion Protected Lightirigand
Electrical equipment of high quality for domestic and international marketSM
products are used by oil companies in Australia and are exported to over 20 countries in
the Asia-pacific and Middle East regions. Due to its global operation, it has
manufacturing plants and distribution centres across the world. (see Figure 1)

Figure 1: Organisational structure of the company

» EEM (Middle East) Joint Stock Company
» EEM (India) Joint Stock Company
EEM (Australia) R
-------------- » EEM (America) To be established
-------------- » EEM (Europe) Partly established

Source: EEM Co.

To maintain its high standardsEEM Co. keeps its organisational structure
straightforward and simple. Almost all the branches and franchises of this company try
to adopta similar organisation structure as the parent compB& Australia. EEM

Co. in India and Middle East countries have an established business and manufacturing
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base. HoweverEM in Europe is still under development. The company is looking
forward to expanding their business in the USA.

1.2. Local

The case study company ‘EEM India’, is located in Mumbai, India. It manufactures
flameproof electrical equipments such as lighting for hazardous areas with full back-up
support from Australia. The EEM products are recognised across the world under the
names of Toyo, UDHE, KPG, EIL, among others. In Indi&M Cos’ products are

used by major (clients) companies including IOCL, Clough Engineering, ONGC and
Chemtrols. EEM India has at least 28 major clienEEM India makes products for
orders from their parent company and local clients. The company takes part in major
projects of the local Government and private sector. Nearly 50 percent of their
production facility is devoted to serving local demands. In order to utilise the’plants
capacity to its maximum, the company plans in coordination with other supply chain
partners. The company has different business strategies for manufacture to order (MTO)
and manufacture to stock (MTS) products. The main projects and ipaatynprojects

(pilot) with established clients always follow MTO.

The company’s production capacity expansion is based on the orders from the
established clients. EEM Co. is also involved in regular maintenance services such as
revamping and overhauling, which is considered as MTS. The company is a regular
supplier of spare parts to well established oagequipment manufacturers such as
Reliance in India. In this case, the company follow MTS strateggyKgure 2). In
general, it is possible to say that the company has Type-3 SC foMb@&hand MTO

products.
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Figure 2: Business strategies
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MTS

A\ 4

1.3. Global

Today, the company has truly become a global player by having offices in many parts
of the world and supplying goods to more than 20 countries worldwide. With its head
office in Melbourne, AustraliagEEM's network is spread widely from Japan and Korea

to India and beyond to Saudi Arabia. TEBEM group has firm plans to enter into
European and American markets in the near future. Due to its worldwide operations it
needs wider supplier coordination from different companies. The main projects can be
from any country, but completion of the project is the sole responsibility of the
company and hence all the partners work collectively towards the final goal. For
example, a project can be from China, the designer can be from Europe, the Engineering
consultant can be from India, and the contractor can be from Australia or US. A high

level of internal collaboration becomes absolutely essential in each project.

1.4. Product details & standards
The Research and Development (R&D) tearkElaM Co. use computer aided drafting
techniques to produce a full range of products such as Flameproof (Exd), Increased

safety (Exe), Dust excluding ignition proof (DIP) and Pressurised (Exp) electrical
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equipments. Recently, EEM Co. also launched Petrochemical and Corrosive Liquid
Handling products. The product range for this division included composite hoses,
couplings and tanker fittings, which blended well wi#BM's explosion proof product

range.

EEM products are tested by internationally recognised Testing and Certifying bodies.
The Australian AS/NZS Standards for explosion protected electrical equipment are in
line with IEC standards (International Electrotechnical Commission) and are similar to
American standards. EEM's key objective is to improve products and processes through
an ongoing commitment to research and development. This has made EEM a successful

and reputed global technology organisation.

2.  Supply chain processes at EEM

Nearly half of the production is meant for orders from the parent company. This
necessitateEEM India to work closely with parent company in Australia. Usually the
production lead time takes about four weeks to finish small projects and it may be up to
even 8 weeks depending on the size of the project. This time period includes delivery at
the specified warehouse or plant at OEM’s production site. The orders from the local
clients are directly dealt with by the company and hence planning, production and
replenishment is the sole responsibility of the local management. Based on the local
orders,EEM Co. commits their delivery time to the parent company. This helps them
for material resource planning to maintain uninterrupted production and timely

replenishment.

EEM Co. tries to improve the capacity utilisation by operating the machines to a
maximum of 18 hours a day. The MTS products are produced only when the orders

from the main projects are low. The products of EEM halang shelf life (2 years),
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but the holding costs and obsolescence costs are huge. Hence, the compday trie
avoid over production. MTS products are manufactured based on laksalies details.

The company maintains 25% of annual demand as safety stock for MTS production.

3.  Supply chain collaboration at EEM

EEM’s international operation demands high quality standard products. To maintain its
global standing, the business processelSEN involve many suppliers and customers

in their supply chain. As a result, information sharing is an integral part of all its
operations. Relationships with suppliers are used for both information flow and raw
material flow. This nformation flow includes competitors’ business and future
projects; but it is of a highly informal in nature. Though the reliability and accuracy of

competitors’ data is not fully guaranteed, it is important to plan the future business.

As EEM is a main supplier to many original equipment manufacturers (OEM), the
demand of OEM products triggers the demandEiBM’s products. Hence, knowledge

of market rating and the market potential of OEMs are essehtiahe company’s
demand planning. The market information is easily available in the public data base.
Good supply chain collaboration with downstream members (OEM) helps the company
to know about their future projects and hence production planning is made less
complicated. In recent days, planning has become a joint process between EEM and
their customers (suppliers and buyers) by involving all collaborative supply chain
partners. The SC collaboration is also felt to be important for sales coordination in

various countries around the world.
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Figure 3: Information flow in SC oEEM

Public data base
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4.  Summary

The case study of EEM has givaminsight on the limited use of information exchange
and demand planning mMTO Company (tier 2 and tier 3 suppliers). Although the
basic information flow is good in the SC, the impact of information is highly unlikely in
the supply chain process as it is neither controlled by a single player nor maintained by
all members. Hence, developing and usadreference Demand Model with the
available information is a complicated task unless supply chain information flow is

standardised.



Appendix-III Interview Questions

Proposed open ended questions for case company interviews

Name of the Company: Product line:

Interviewee’s position in the Company:

Company profile/background

1.
2.
3.
4.
5.

When was the company established?

How many product plants do you have in the UK/India? Where are they located?
What is annual turn over of the company?

How many full time/part time employees are associated with the company?
What is your market share in this industry specific to the UK/India?

Business strategy

1.
2.

As a manufacturer how do you categorize your product (MTS/MTOQO)?
What is your main business strategy? (product differentiation, cost leadership
etc.,)

Capabilities-Production

1.

o gk wb

What is rate of production?

What is the average number of orders placed by your customers per day?

Is current production capacity sufficient to meet demand?

Will you accept order above your production capacity?

What do you consider as your strength in production technology?

What is the lead time of the product under normal condition (duration from
receiving order till time to market)?

What is the shelf life (sale life) for the product?

. How quickly can you produce for special orders?

. How frequently do you introduce new products?

Capabilities-Communication and information exchange

1.

2.
3.
4.

How do you communicate with your supply chain partnerstechnology,
frequency

Supply chain management techniques -VMI/CPFR/others

Who does observer data and who does send to you?

How quickly can you react to the urgent demand?

Capabilities- Logistics and others

1.

Where are your distribution centres (DC) located in the UK/India?
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. Can you explain the logistical operatientor e.g., factory to DC and then to

customers?

. Who does manage logistics for your company? How do you manage logistics

related issues?

Supply chain partners

A) Supply side

1.

4.
5.
6.

Do you have supply uncertainty for raw materials?

If yes, a) how well in advance do you know the situation? b) How do you get
this information? c) How do you handle this uncertainty?

How many suppliers do you have? Can you describe how you collaborate with
your suppliers to facilitate forecasting, material flow and production planning?
What supply chain management - collaboration do you use in your company
(such as CPFR, VMI etc.)?

In case of VMI, do you have your representatives at DC or each retail outlet?
What is the benefit of having collaboration with suppliers?

What do you feel on future benefits?

B) Customers side

1.
2.

How many customers do you have?
Do you collaborate with your customers? Describe the collaborative

arrangement with your customers.

3. Based on the above questioBo you collaborate on promotiahplans?

What is the main focus of this collaborative arrangement?

5. What type of relationship do you establish with your clients for information

© © N o

sharing?

Are you involved in any collaborative arrangement for a specific time period?
What is the normal duration for collaborative partnership?

What technology is used for information sharing?

Who does provide information?

10.What is your policy on incentive sharing for information exchange?

Inventory policies

1.
2.

Can you describe the inventory policies used in the company?

What are the lead times, average inventory levels, number of SKUs etc.?

Importance of information

1. What are the different types of information you use to forecast demand?
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Who does provide this information? Who does observe this information?
How do you get this information media and technology?

How often do you exchange information?

How reliable are these information?

How quickly can you react to this information?

What is the most important information to have accurate forecast and why?

In your opinion, what other data will help improving forecast?

Forecasting demand

1.

ok~ 0N

How do you manage demand forecasting?

Do you incorporate all the data (discussed earlier) in your forecasting?

What are the main information and sub information do you use for forecasting?
How accurate are the forecasts?

Based on forecasting what changes do you incorporate in your production and

/or planning?

6. How much in advance do you plan promotions?
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