
On some issues of supply chain coordination 

under various uncertainties 
 

 

 

 

 

 

 

 

 

Joyanta Kumar Majhi 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPARTMENT OF MATHEMATICS 

JADAVPUR UNIVERSITY  

KOLKATA-700032 

INDIA 

https://scholar.google.com/citations?user=YaQELCIAAAAJ&hl=en&oi=sra
http://www.jaduniv.edu.in/VIEW_DEPARTMENT.PHP?DEPTID=79
http://www.jaduniv.edu.in/
http://www.jaduniv.edu.in/
http://www.jaduniv.edu.in/


Thesis submitted for the degree of Doctor of Philosophy (Science)
of

JADAVPUR UNIVERSITY

By

JOYANTA KUMAR MAJHI

DEPARTMENT OF MATHEMATICS

JADAVPUR UNIVERSITY

KOLKATA-700032

MAY 2022

On some issues of supply chain coordination
under various uncertainties

http://www.jaduniv.edu.in
https://scholar.google.com/citations?user=YaQELCIAAAAJ&hl=en&oi=sra
http://www.jaduniv.edu.in/view_department.php?deptid=79
http://www.jaduniv.edu.in
https://www.google.com/maps/place/Jadavpur+University/@22.500276,88.371298,17z/data=!4m5!3m4!1s0x0:0xd047bab0c8bfb11c!8m2!3d22.4988822!4d88.3714123?hl=en


zeaooL-E1E4loll
ftliranruq rndnePul',

scIlELuaqlEIAI Jo lueuuBdao
JOsseJoJd

(Fas 1ultgJo III!,la elup 6rospr.radns aql;o arnluu8;5)

lrlc BrpuBqJ sBqqlg'Jord

'aloJeq eJeqA\[uB pJBl\B

crruepucu Jeqlo fue ro euroldrp pafiep,(uu raqtle JoJ peuglqns ueeq seq tr Jo

Ued ,(ue rou sFeql sFD Jeqllau 1eql pue Z€0004-Blu:11oX 
"$prenr-ug 

rndnepel

'sclluueqlull[ Jo lueunrudaq 'FIC BTpuBIIJ suqqlfl Tord Jo uolslruadns eql

Jepun IJo^\ u/$o srq uodn peseq ,(1a1n1osqu sl 'r$lsrenrun rndnepuf Jo eert

-ep (ecuelcs) '(I'rldJo pru/he eql rcJ(SZt'st{tBI t lSllZE: ON XqCM) gtOZ

',{reruqad ql8 uo pare6fer euruu sr-q lot oq,r\ HIBI I rBrImX quu,{of 'lrs

fq pegFuqns ,,sepulsilecun snoIJBA Jeptm uollBlrlpJooc ulerlc

Alddns Jo sensq eruos uO,, peppue slseql eql 1ut1t ,$prec ol sl sFII

uosl^ugdns gHr I tou.{ flrvf,IdlJugc

LtLgV;VZ (ee) lO: auoqdalal
elpul '280 ooz-elello)

AilSH3AtNn HndAVOVT
SCllVtl3Hl-Vt/\ JO INf YIIUVd3O

IJNSIJS dO AIINJV.{

tr!e. l[a$,.h$,. EL.bhlh.



Dedicated to

My beloved Family





Acknowledgements

My entire period of research work has been a very memorable and meaningful part
of my life’s journey. Throughout this journey, I had the opportunity to meet a lot

of amazing people. Through this column, I would like to convey my heartiest grat-
itude to everyone of them. First and foremost, I am wholeheartedly and extremely

grateful to my supervisor, Prof. Bibhas Chandra Giri, Department of Mathematics,
Jadavpur University, Kolkata-700032, for introducing myself to the area of research

on Supply Chain Management which meets my desire to pursue Ph.D. His comments,
auspices and motivation were also of huge assistance throughout my research work. I

am grateful to him for graciously sharing his knowledge through numerous inspiring

meetings and conversations. I am grateful to him for patiently listening to me and
correcting me whenever I have gone astray, which I believe will help me throughout my

life. I found myself in a wonderfully supportive atmosphere from the start, where I was
given the freedom to develop my thinking as I saw perfect. Also, simultaneously, I was

enhanced with valuable comments, insightful suggestions, and comprehensive scrutiny
which helped a lot for accuracy. Above all, I would like to express my gratitude to him

for his consistent focus on logical scientific thinking. Finally, it’s a pleasure to have
him as my research supervisor.

I acknowledge my deep sense of gratitude to my Research Advisory Committee
members Prof. Sudeshna Banerjea, Department of Mathematics, Jadavpur University,

Prof. R. N. Mukherjee Retd. Professor, Department of Mathematics, Burdwan Uni-
versity, and Prof. Bibhas Chandra Giri, Department of Mathematics, Jadavpur Uni-

versity, for their insightful comments, encouragements, and ideas. I express my deepest
sense of gratitude to Prof. Kripasindhu Chaudhuri Retd. Professor, Department of

Mathematics, Jadavpur University, for his invaluable assistance and encouragements

to carry out my doctoral research. I am grateful to the honorable and deeply knowl-
edgeable anonymous referees of several international journals who have enhanced my

doctorate work by providing constructive criticism. I’m also thankful to a number of
researchers whose great works have inspired me to continue working on some of their

ideas whenever I realise those are within my scope of learning.

I would like to convey my heartfelt gratitude to the Head of the Department of

Mathematics at Jadavpur University, as well as other faculty members, for their essen-
tial help and provision of the necessary facilities for my doctoral studies. My gratitude

also extends to the departmental librarians for their assistance and cooperation at
this time. I would like to express my sincere gratitude to Jadavpur University’s Vice-

Chancellor, Registrar, and all Deans for allowing me to work in the university and
giving administrative assistance for my PhD studies. I feel pride for being a part of it.

I’ve been gifted with a number of friendships that have assisted me at various
stages of my life and research. I am especially thankful to Dr. Monalisa Masanta,

v



Sushil Kumar D.y, Chirantan Mondal, Mahatab Uddin Molla, Anamika Dash, Sumon
Sarkar, Biswarup Samanta, Nabin Sen, Dr. Sampa Pahan, Sumanjit Sarkar, and many
others who cannot be named here individually for their help and support in mv research
work' Apart from his support and cooperation, I would like to thank Sushil Kumar.
Dey for accompanying me at various stages of this entire journey. I'd like to thank
Chirantan Mondal for his technical support regarding my work. I am also thankful to
rny supervisor's senior research scholars, Dr. Tarun Maiti, Dr. Sudar.shan Bardhan, Dr..
Manoranjan De, Dr. Haimanti Pal, Dr. Balaji Roy, and Dr. Subhodip Sharma, for their
advice and support. I would like to express my gratitude to Dr. Sudarshan Bardhan
for his mathematical insights, which have always acted as a source of inspiration for
me' Without mentioning my friends Smarajit Maji, Abhijit Mukherjee, Argha Ghosh,
Animesh Lahiri, Rakesh Nandi, Pritam Saha, Sushil Malik and Chandan Mondal, this
acknowledgement would be incomplete.

I convey my heartfelt gratitude to my parents Nemai Majhi and Padma Majhi for
their undying love, encouragement, care and. blessings through each and every journey
of my life which have empowered me to the fruitful completion of this thesis. I would
also like to show my thankfulness to my elder brother and sister for their unwavering
love and support during my studies. A debt of admiration is also given to my uncle
Madan Majhi and Binay Maharaj for their devotion and important moral support in
completing my thesis. I would also like to express mv gratitude to my respected school
teachers, Krishna Chandra Pal, my beloved unclergraduate professors, Dr. Swapan
Kumar Ghosh, and my postgraduate professors, Prof. Swapan Kumar Chakraborty,
Dr. Madan lal Ghosh, Dr. Mridul Kumar Sen and Dr. Aloke Goswami.

I am eternally grateful to God for bestowing his blessings o1 me, without which I
would not have been able to advance in my academic career and finish -y thesis. I am
grateful to the University Grants Commission (UGC) of Inclia for giving a generous
fellowship that allowed me to commit my time to full-time research. To summarise,
I'd like to thank everyone who contributed to the successful completion of my thesis
and apologise for not being able to name everyone specifically.

lq*b,B #^
vi

Joyanta Kumar Majhi



Contents

1 Introduction 1
1.1 Supply chain and supply chain management . . . . . . . . . . . . . . . 2

1.2 Supply chain strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.2.1 Centralized structure . . . . . . . . . . . . . . . . . . . . . . . . 4

1.2.2 Decentralized structure . . . . . . . . . . . . . . . . . . . . . . . 5
1.3 Supply chain coordination . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.3.1 Criteria of contracts . . . . . . . . . . . . . . . . . . . . . . . . 7

1.3.2 Necessity of supply chain coordination . . . . . . . . . . . . . . 8

1.3.3 Advantages of supply chain coordination . . . . . . . . . . . . . 8
1.4 Some important issues . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.4.1 Newsboy framework . . . . . . . . . . . . . . . . . . . . . . . . 9

1.4.2 Demand uncertainty . . . . . . . . . . . . . . . . . . . . . . . . 10

1.4.3 Supply uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.4.4 Sustainable development . . . . . . . . . . . . . . . . . . . . . . 12

1.4.5 Customer return . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.5 Outline of the thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.6 Goal of the thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2 Review of literature 21
2.1 Demand uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.2 Supply uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.3 Secondary resource . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
2.4 Quality management . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.5 Sustainable develoment . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.6 Customer return policy . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.7 Supply chain coordination . . . . . . . . . . . . . . . . . . . . . . . . . 28

3 Coordinating a socially responsible supply chain with random yield
under CSR and price-dependent stochastic demand 31

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.2 Problem description and notation . . . . . . . . . . . . . . . . . . . . . 35

3.3 Centralized supply chain model . . . . . . . . . . . . . . . . . . . . . . 37
3.3.1 Centralized model without CSR . . . . . . . . . . . . . . . . . . 43

3.3.2 Centralized model with CSR in the presence of secondary resource 47

3.4 Decentralized model with price-only contract . . . . . . . . . . . . . . . 48
3.5 Coordination contract . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

vii



Contents

3.5.1 Revenue-sharing contract . . . . . . . . . . . . . . . . . . . . . . 53

3.5.2 Revenue-sharing with cost-sharing contract . . . . . . . . . . . . 54

3.6 Numerical analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

3.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4 Coordinating a three-level supply chain with effort and price de-
pendent stochastic demand under random yield 67

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

4.2 Model assumptions and notation . . . . . . . . . . . . . . . . . . . . . 70

4.3 Centralized model−The Benchmark case . . . . . . . . . . . . . . . . . 74

4.4 Decentralized model with wholesale price-only contract . . . . . . . . . 77

4.5 Coordination contracts . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

4.5.1 Buyback contract with revenue sharing contract . . . . . . . . . 82

4.5.2 Contingent buyback with SRP contract and revenue sharing con-

tract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

4.5.3 Implementation of coordination contract . . . . . . . . . . . . . 89

4.5.4 Difficulties of other contracts that coordinate the supply chain . 90

4.6 Numerical illustration . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

4.6.1 Managerial insights . . . . . . . . . . . . . . . . . . . . . . . . . 97

4.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

5 Coordination of a three-layer supply chain under demand and sup-

ply risk uncertainties 101

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

5.2 Problem description and assumptions . . . . . . . . . . . . . . . . . . . 105

5.3 Benchmark models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

5.3.1 Centralized model . . . . . . . . . . . . . . . . . . . . . . . . . . 108

5.3.2 Decentralized model with price-only contract . . . . . . . . . . . 112

5.4 Spanning revenue sharing contract . . . . . . . . . . . . . . . . . . . . . 117

5.5 Numerical example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

5.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

6 Coordination of a supply chain with customer returns and qual-

ity improvement through customer feedbacks under demand and
supply uncertainties 133

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

6.2 Model design and notation . . . . . . . . . . . . . . . . . . . . . . . . . 136

6.3 Centralized supply chain . . . . . . . . . . . . . . . . . . . . . . . . . . 139

6.4 Decentralized supply chain . . . . . . . . . . . . . . . . . . . . . . . . . 144

6.5 Coordination mechanism for a decentralized supply chain . . . . . . . . 149

viii



Contents

6.5.1 Buy-back with revenue-sharing contract in the manufacturer-led

scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
6.5.2 Differentiated buy-back with a modified revenue sharing contract 153

6.5.3 Implementation of the contract . . . . . . . . . . . . . . . . . . 159
6.5.4 A comparison of the designed contracts with other contracts . . 161

6.6 Numerical analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
6.6.1 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

6.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

7 Coordinating a socially responsible closed-loop supply chain with
product improvement and recycling under demand and supply un-

certainties 169

7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
7.2 Design of a socially responsible CLSC . . . . . . . . . . . . . . . . . . . 173

7.2.1 Model description . . . . . . . . . . . . . . . . . . . . . . . . . . 173
7.2.2 Mathematical model formulation . . . . . . . . . . . . . . . . . 175

7.3 Centralized supply chain . . . . . . . . . . . . . . . . . . . . . . . . . . 178
7.4 Decentralized supply chain with wholesale price contract . . . . . . . . 182

7.5 Coordination mechanism for the supply chain . . . . . . . . . . . . . . 188
7.5.1 Buy-back pay-back contract . . . . . . . . . . . . . . . . . . . . 189

7.5.2 Buy-back pay-back cost-sharing contract . . . . . . . . . . . . . 193
7.6 Numerical analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196

7.6.1 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
7.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202

8 Conclusion and future span 205

Bibliography 207

List of Publications 221

ix



List of Tables

3.1 Optimal decisions and profits of three scenarios . . . . . . . . . . . . . 60
3.2 Effects of k on the decision variables and profit functions . . . . . . . . 61

3.3 Effects of c
′

m on the decision variables and profit functions . . . . . . . 63
3.4 Effects of σy on the decision variables and profit functions . . . . . . . 63

4.1 Optimal decisions under different scenarios . . . . . . . . . . . . . . . . 91
4.2 Effect of the procurement cost c′s on channel performance . . . . . . . . 95

4.3 Effect of the salvage value vs on channel performance . . . . . . . . . . 95
4.4 Effect of the salvage value v on channel performance . . . . . . . . . . 95

4.5 Channel performance under different demand scenarios . . . . . . . . . 96

5.1 Optimal decisions and expected profits under different scenarios. . . . . 126

5.2 Optimal decisions and expected profits under contract when demand
variance varies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

5.3 Optimal decisions and total expected profits under both SRS and price-

only contract when yield variance σz and probability of disruption (1−α)
vary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

6.1 A comparison of results of different models . . . . . . . . . . . . . . . 164
6.2 Impact of customer returns on optimal decisions and profits for coordi-

nated supply chain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

7.1 A comparison of results of different models . . . . . . . . . . . . . . . 198

7.2 Effects of consumers’ sensitivity to manufacturer’s quality investment
level e on the optimal decisions and profits of the coordinated supply

chain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
7.3 Effects of consumers’ sensitivity to retailer’s CSR activity level η on the

optimal decisions and profits of the coordinated supply chain. . . . . . 201

x



List of Figures

1.1 Pictorial representation of supply chain. . . . . . . . . . . . . . . . . . 3

3.1 Concavity of the objective functions under wholesale price-only contract 59

3.2 Concavity of the objective functions under coordinating contract. . . . 59

4.1 Effect of σx on decision variables . . . . . . . . . . . . . . . . . . . . . 92

4.2 Effect of σx on expected profits. . . . . . . . . . . . . . . . . . . . . . . 92
4.3 Effect of σz on decision variables . . . . . . . . . . . . . . . . . . . . . . 93

4.4 Effect of σz on expected profits. . . . . . . . . . . . . . . . . . . . . . . 93
4.5 Effect of σy on decision variables . . . . . . . . . . . . . . . . . . . . . . 94

4.6 Effect of σy on expected profits. . . . . . . . . . . . . . . . . . . . . . . 94
4.7 Performance of coordinated chain with respect to demand parameters . 97

4.8 Effect of µ on coordinated channel performance. . . . . . . . . . . . . . 97
4.9 Effect of τ on coordinated channel performance. . . . . . . . . . . . . . 97

5.1 Graphical representation of the proposed supply chain model with two

unreliable suppliers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
5.2 Concavity of Πc(Q1, Q2). . . . . . . . . . . . . . . . . . . . . . . . . . . 126

5.3 Concavity of Πmc(Q1, Q2). . . . . . . . . . . . . . . . . . . . . . . . . . 126
5.4 Performance of coordinated chain w.r.t. demand and supply uncertainties131

6.1 Concavity of the profit function Πm(Qm, η). . . . . . . . . . . . . . . . 163
6.2 Concavity of the profit function Πmc(Qm, η). . . . . . . . . . . . . . . . 163

6.3 Performance of coordinated chain w.r.t. demand and supply uncertainties165

7.1 Concavity of the profit function Πc(Q,Qm, e, η) w.r.t. its decision variables197

7.2 Concavity of the function Πr(Q, η). . . . . . . . . . . . . . . . . . . . . 198
7.3 Concavity of the function Πmc(Qm, e). . . . . . . . . . . . . . . . . . . . 198

7.4 Effect on ordering and production decisions w.r.t. demand and supply
uncertainties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

7.5 Performance of CSR investment w.r.t. demand and supply uncertainties 199

7.6 Performance of quality improvement w.r.t. demand and supply uncer-
tainties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200

xi





Chapter 1

Introduction

“Unity is strength....when there is teamwork and collaboration, wonderful things can

be achieved.” – Mattie Stepanek

Globalization, fast changing customer needs, high-speed telecommunications, regu-

latory requirements, product life cycle shortening, product diversification, and technol-

ogy innovation are only a few of the causes behind today’s businesses complexity. To

survive in this complex business environment, organizations have been driven to rely on

a specific transaction exclusively, i.e., to decide among being on the supplying or man-

ufacturing or retailing side. Large organisations are in naturally more difficult situation

due to the increased number of stakeholders involved in decision-making. Complex or-

ganisations’ managers and employees must learn to work together and embrace change

on a daily basis.

In such a complicated business environment, organisations can no longer compete as

isolated entities but must concentrate on collaborative supply chains to enhance their

overall performance. Organizations must align their own goals and business practises

with the interests of the entire supply chain, which increases customer satisfaction and

decreases total system expenditure. This leads to formation of supply chain coordina-

tion, with the goal of increasing supply chain efficiency and competitiveness in global

marketplaces. It is thus a difficult job for researchers to devise optimal supply chain

1



Chapter 1. Introduction

techniques to address these challenges and ensure that global channels run efficiently

and effectively. This thesis aims to develop and analyse optimization-based models

for various demanding yet unsolved problems in supply chain coordination, addressing

several real-world business issues experienced by supply chain managers. The chapter

begins with some background on supply chain, supply chain management, and supply

chain coordination, followed by a discussion on supply chain coordination challenges.

1.1 Supply chain and supply chain management

A supply chain comprises of all entities engaged, directly or indirectly, in fulfilling a

customer’s request. A supply chain involves not just the manufacturer and supplier,

but also transporters, warehouses, retailers, and even customers. Within each company,

such as a manufacturer, the supply chain includes all operations involved in receiving

and fulfilling a customer request. New product creation, marketing, operations, distri-

bution, financing, and customer support are some of the responsibilities that fall under

these operations. The context of supply chain starts with the source of supply and

stops at the point of consumption.

From the perspective of a product, supply chain activities convert natural resources,

raw materials, and components into a final product and delivered to its customer. For

instant consider a customer who enters a Wal-Mart store to buy laundry detergent.

The supply chain starts with the customer’s requirement for detergent. The next stage

in this supply chain is the Wal-Mart retail shop that the consumer visits. Wal-Mart

stocks its shops with inventory which may have received from a final-goods warehouse

or a distributor utilising vehicles provided by a third party. The distributor in turn

is supplied by the manufacturer (say, Proctor & Gamble [P&G] in this case). The

P&G production plant obtains their raw materials from a variety of suppliers, some

of whom may have received their materials from lower-tier suppliers. For example,

package materials may arrive from Tenneco Packaging; however, Tenneco acquires raw

materials from other suppliers to produce the packages. These examples demonstrate

the importance of the customer in the supply chain. In fact, the major goal of every

supply chain is to meet consumers’ needs while also profiting from the process. The

2



Chapter 1. Introduction

phrase “supply chain” brings up thoughts of goods or services passing through a chain

from suppliers to manufacturers to distributors to retailers to customers. Though this

is undoubtedly a part of the supply chain, but it is equally significant to visualise

information, cash, and product flows in both directions of this supply chain. Fig 1.1

depicts a supply chain, with arrows pointing in the directions of information, physical

product, and fund flow.

Information flow

Payment flow

Supplier Manufacturer 
Product 

flow 
Distributor 

Product

flow 
Retailer

Product

flow
Customer

Product 

flow

Supply chain planning 

Supply chain execution 

Fig. 1.1: Pictorial representation of supply chain.

The success of a supply chain is intimately connected to the management of the

supply chain. Wal-Mart, Dell Computer, and Amazon are just a few examples of or-

ganisations that have achieved their success based on outstanding supply chain design,

planning, and execution. A well-planned supply chain is essential for optimising asset

utilisation, reducing excessive inventories, reducing waste, and meeting or exceeding

customers expectations. A supply chain’s performance is determined not only by how

it tackles external issues, but also by how the chain is constructed to prevent inter-chain

conflicts as much as possible. Supply chain management means maintaining control

over all involved entities so that the correct quantity is served at the correct time at

the correct place, and thus increasing profit or decreasing cost.

3



Chapter 1. Introduction

1.2 Supply chain strategies

Every supply chain is unique in its basic area of operation. When compared to one

another, their modes of operation and strategies are also distinct. Despite the fact

that each supply chain has its own set of market needs and operational constraints,

the concerns are essentially the same in each situation. In any supply chain, compa-

nies must make decisions concerning their strategies both collectively and individually.

They must distinguish between competitive strategy and supply chain strategy while

deciding on their approaches. Again, supply chain strategy is determined by supply

chain structure. Supply chain structures are divided into two categories: centralized

and decentralized. Let’s take a closer look at the two main structures.

1.2.1 Centralized structure

In this strategy, each member of the supply chain acts as a single decision maker, tries

to maximize/minimise total profit/cost by selecting optimal decision variables. This

approach is essentially holistic. This means that, in a organisation, the maximum profit

level of any supply chain can only be achieved when all of the entities work together

rather than thinking only about their individual profits. Of course, such a structure is

difficult to implement in practice, but it serves as a benchmark for administrators and

strategists who seek to implement different policies across channel members in order

to achieve the same total profit as in the centralised one.

A centralized supply chain incorporates joint decision making in which individual

entities align their objectives and decisions in the interest of the entire supply chain. It

also requires the sharing of information and operational strategies across chain mem-

bers. In specific, smooth and well controlled flow of information and materials are

main ingredients for a centralized supply chain. Though it has been demonstrated

that a centralized supply chain can achieve maximum channel profit, it is practically

impossible to execute such a policy because it requires the hypothetical existence of a

single decision maker who possesses all relevant information as well as the contractual

authority to implement such decisions in order to maximize the total profit of the chain

rather than the profit of individual entities.
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1.2.2 Decentralized structure

On the contrary, a decentralized strategy is totally opposite to a centralised approach.

In a decentralized strategy, decision rights are naturally divided across several decision

makers or players, and each player seeks to maximize/minimize his or her individual

profit/cost by making the possible optimal choices in their favors. Different supply

chain members have different personal information and incentives, and they are fre-

quently hesitant to reveal confidential information about cost and demand. Due to lack

of collaboration, supply chain performance may be suboptimal. Because each decision

maker optimizes a different objective function, a local optimum does not have to be

globally optimal for the entire supply chain. In other sense, the decentralized system

is inefficient since its total expected profit is less than that of the centralized supply

chain.

In vast majority of cases, the upstream entity of a supply chain charges a fixed

per unit wholesale price, based on which the downstream entity determines his own

wholesale price, and so on, which is referred to as a ‘wholesale price-only contract’.

This sub-optimization decreases the overall profit of the chain, and the dilemma is

well known as ‘double marginalization effect’ (Spengler, 1950). Another issue is the

‘bullwhip effect’, which arises when supply chain participants make decisions without

consulting others, resulting in the spread of misleading information about demand,

cost functions, etc., (Lee et al., 1997). Individual interests, local perspectives, and

opportunistic behaviors among supply chain members lead to supply and demand mis-

matches (Fisher et al., 1997).

Nash games are used to solve optimization problems in the decentralised model.

Nash games have received a lot of attention in Game Theory, both in theory and

in practice (Gupta and Weerawat, 2006). The Nash Equilibrium seems to be the

solution to a game in which two or more players take decisions. Each player considers

an opponent’s decision, but has no motive, and nothing to gain, by changing his or her

plan. In a Nash Equilibrium, every firm does the best it can, given the actions of its

competitors. Nash equilibria are known for producing non-cooperative outcomes. In a

specific game, there are decisional states from which no player wants to depart. Nash

equilibria are such examples. So when decisions of other players are taken into account,
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each player’s approach in the Nash Equilibrium is optimal. A Nash equilibrium point

has the unique property of being attained immediately during the first iteration of the

game if the internal models of the players are known. As a result, the existence of Nash

equilibrium points reduces the negotiating process to a single information exchange.

1.3 Supply chain coordination

The best performance can be achieved if the companies work together by negotiating

on a set of transfer payments, such that each company’s goal is aligned with the supply

chain’s goal. Firms can generate such incentive by adjusting their conditions of trade

through a contract that sets a transfer payment mechanism. A contract is said to

coordinate the supply chain if the set of optimal actions is in a Nash equilibrium, i.e.,

no chain member has a beneficial unilateral deviation from the set of optimal activities

of the supply chain. The phrases network, channel, and supply chain coordination are

all used to describe the same thing. In general, the objective is to propose contracts

that induce collaboration through suitable regulations for information and incentives

such that supply chain performance is optimised. This strategy can be found in a

variety of contexts. Cachon (2003) reviewed various investigations on supply chain

contracts. A supply chain contract should typically include the three types of flows

that occur between supply chain members, namely, information, financial, and physical

flows. However, categorising supply chain contracts is not easy. To date, no commonly

accepted classification appears to exist. Tsay et al. (1999) categorised the literature

on supply chain contracts by eight contract clauses including specification of decision

rights, minimum purchase commitments, pricing, quantity flexibility, allocation rules,

buy-back or returns policies, lead time, and quality. According to Cachon (2003),

there are various potential contracts that can be used to establish coordination in a

newsvendor scenario, including revenue-sharing contract, buy-back contract, quantity

flexibility contract, sales-rebate contract, and quantity discount contract etc. This

contracts contain certain parameters and requirements that the contracting parties have

agreed to follow. According to Lee (2000), contract is a vehicle for redesigning decision

rights, work flow, and resources among chain participants in order to leverage decent
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improvement such as higher profit margin, increased customer service performance,

and quicker response time.

1.3.1 Criteria of contracts

Certain contract mechanisms are developed among individual decision makers in order

to encourage them to pursue channel coordination. The following criteria are extremely

essential in evaluating a contract’s strengths and limitations (Cachon, 2003):

♦ Supply chain coordination

The action in the decentralized supply chain matches all chain partners’ decisions

with the centralized supply chain. That is, each individual member’s decisions

should maximize entire supply chain’s profit, and also no company should have

a unilateral opportunity to deviate from optimal supply chain actions.

♦ Arbitrary split of supply chain profit

A supply chain contract should be flexible enough to accommodate any division

of entire supply chain’s profit. If contract parameters are changed to distribute

profits arbitrarily, a contract that Pareto dominates a non-coordinating contract

will always exist.

♦ Administrative costs

Last but not least, there will be a tradeoff between a supply chain contract’s

efficiency (in terms of profit) and its administrative expenditures. Administrative

costs are often determined by the contract’s specification of the kind and extent

of material and information flows.

In terms of administrative costs, both the wholesale price contract and the quan-

tity discount contract are equally expensive to operate because they only need a single

transaction. Other contracts such as revenue-sharing, buy-back, or quantity flexibility

are more expensive to administer since they necessitate additional material or infor-

mational transfers between the companies.
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1.3.2 Necessity of supply chain coordination

To give a greater quality of service without incurring an unnecessary economic burden,

all supply chain activities must be balanced. It is critical to understand that customer

service comprises all points of contact between the supplier and the customer and

it is the consequence of the combined impact of all activities performed by channel

members along the supply chain. They are also interrelated; if one operation fails,

the chain is disturbed, resulting in poor performance and disrupting workload in other

areas, threatening the supply chain’s efficiency.

To maximize the trade-off between entire cost and service excellence, it is vital

to think in the context of the entire supply chain rather than particular functional

areas. Unfortunately, most members’ functional perspectives and aims are in conflict,

making integration along the supply chain difficult. The development of supply chain

coordination is essential to effectively resolve these disputes and transform the supply

chain into a weapon for achieving competitive advantage by synchronizing supply chain

activities in line with customer expectations.

1.3.3 Advantages of supply chain coordination

A well-coordinated supply chain increases total profit and enhances customer experi-

ence by reducing lead times, preventing stock outs, raising product availability, and

increasing the supply network’s response in delivering items or services to customers.

Except this, other potential advantages, are given below:

♦ Partnership formation:

The fundamental advantage of coordinating a supply chain is the development of

a partnership. What was previously a buyer-and-customer relationship has now

evolved into a partnership. This improves the amount of trust. Suppliers and

buyers can save money on transactions by forming long-term business agreements.

♦ Felicitates forecasting

Having the right amount of stock on hand is crucial to meet customer demands.

Demand forecasting looks at how much of a particular product users expect to
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demand within a given week, month, or quarter. However, forecasting customer

behaviour is much more than just anticipating desires and needs. The more

detailed and valuable information assists businesses in planning and executing

inventory management, shipping, and manufacturing schedules with the purpose

of enhancing system efficiency can be achieved through coordination.

♦ Inventory management and on-time delivery

A well-coordinated supply chain enhances inventory management, resulting in

fewer overstock and understock situations. Just-in-time delivery is also facilitated

by a coordinated supply chain, which ensures that things are supplied as soon as

they are ordered and produced.

♦ Profit margins

Improving system-wide performance is an essential goal of supply chain coordi-

nation. The system’s expenses are reduced as a result of operational flexibility

and efficient inventory control, which drives profit margins.

♦ Risk sharing

Another benefit that is pursued by entering into supply chain contracts is sharing

the risk arising from the uncertainty in the supply chain. Given that the firms are

supposed to be risk neutral, the concept of risk should be handled with caution;

the model maximises expected profit rather than risk hedging.

1.4 Some important issues

Since the major goal of this thesis is to address several key issues in supply chain

coordination, we have chosen a few of them to explore in the following sub-sections:

1.4.1 Newsboy framework

The newsvendor model is a mathematical model used to evaluate optimal inventory

levels in operations management and applied economics. This model is also known
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as the “Newsvendor Problem” or “Newsboy Problem” because it is analogous to the

dilemma faced by a newspaper vendor who must decide how many copies of the day’s

paper to stock in the face of unknown demand and knowing that leftover copies will

be worthless at the end of the day. When the overage and underage expenses are

proportionate to their sizes, determining the optimal quantity of product to make

accessible is simple. The newsboy problem is a single-period inventory model in which

a single order is placed for a product, and the product is either sold out or an excess

of unsold products is sold for a salvage value at the end of the period. This occurs in

goods that are seasonal or perishable, such as newspapers, seasonal apparel, and so on.

Since we only order once over the period, the only inventory decision we make is how

much to order. Of course, if the demand is deterministic and well-known, the solution

is straightforward. As a result, demand is supposed to be a random variable with a

particular probability distribution.

1.4.2 Demand uncertainty

Demand is the most crucial aspect in any supply chain. Of all the market dynamics,

demand is the most unpredictably unpredictable. Management personnel have very

little and restricted influence over it. Even a small fluctuation in the demand pattern

for a specific item creates lots of new issues for the production unit in concern. Overall,

this means that the demand for any item follows a discernible pattern throughout

time. Supply chain’s demand pattern can be divided into two types: deterministic and

stochastic. In reality, most of the demand is essentially random as we can never be sure

of the exact size of the market. Many unanticipated factors may enter in the picture and

cause demand to rise or fall unexpectedly. Therefore, to retain a constant watch on the

marketing behavior of various items, companies try to classify the demand sensitivity

factors. Demand has been found to be sensitive to a number of factors including price,

time, quality, stock, promotional effort, and so on. Stochastic demand pattern is one

major area of concern of this doctoral thesis.Analyzing demand components, customer

service level goals, sales and marketing strategies, inventory targets, customer order

entry and promising, distribution resource planning, demand forecasting and aggregate

10



Chapter 1. Introduction

levels, new product introduction, product commitments, and so on, we can only acquire

an idea of demand pattern.

1.4.3 Supply uncertainty

Supply uncertainty problems in operations have spanned a vast body of research con-

tributions, ranging from perishable goods to exposure obsolescence, from vaccine pro-

duction (Chick et al., 2008) and blood banks to food and beverage, to semiconductor

and wafer processing, market-based commodities processing, and production processes

requiring chemical or thermal treatments. The manufacturing process in the industries

is marked by significant yield unpredictability. For instance, semiconductor production

process is regarded by the complexity and variability. The output of this process is

very uncertain and typically less than the initial input, since rework and scrapping

are common because of the cutting-edge technology involved in its process (Chao and

Sivakumar, 2004). Pharmaceutical production typically encompasses a number of pro-

cesses including dispensing, mixing, compressing, and coating, each having a number

of factors (such as raw material quality and human mistakesetc.,) that can have a

significant influence on product output. In cultivation, agricultural production are

immensely dependent on environmental conditions like temperature, climate, nutrient

levels, soil humidity, and availability of water.

Transportation is also subject to supply uncertainty. For example, a European

pharmaceutical industry sources medications from Asia. The medicines are transported

by sea freight and must keep within a particular temperature range throughout the

journey. The medicines must be discarded if the temperature falls outside of the

acceptable range during shipment. Temperature hazards aren’t the only supply risk

that businesses have to deal with. Other risks involve product handling, wrapping, air

flow inside container, and many other. Also, manufacturing units that combine a large

number of components into finished goods experience significant supply uncertainty

because of the present popularity of outsourcing and supply chain extension. For

example, in 2012, the manufacturing of a component (in-cell multi-touch display) for

the iPhone 5 found to be extremely time-consuming. The production process of this
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component was stochastic. As a result, the iPhone 5’s supply was reduced, and its

sales were hampered. The challenge of supply uncertainty has been well explored

in the framework of single side i.e., either in random yield production process (for

a comprehensive review, see Yano and Lee (1995); Tang and Kouvelis (2014)), or

transportation risk (Güler et al., 2013) or supply uncertainty in assembly system (Güler

and Bilgiç, 2009). In this thesis, we concentrate on supply uncertainty in the production

process, but the approach can be used to analyse random yield in any supply risk

scenario.

1.4.4 Sustainable development

The need of maintaining ecological balance in the supply chain has become increasingly

obvious as a consequence of sustainable development. Some of the ideal approaches

that industry may adopt as significant initiatives are reusing, recycling, and remanu-

facturing. Corporate social responsibility (CSR) is a self-regulatory business concept

that allows an organisation to be socially responsible to its stakeholders, the general

public, and even itself. Social responsibility refers to the part of sustainability that

are related to people, and it is concerned with ensuring that persons have what they

require. A traditional supply chain has an impact on employees, workers, consumers,

and local communities, which is why it is crucial to manage such influences proactively.

For instance, utilising renewable sources of energy by companies can decrease draughts

as they need less energy and water to maintain. The ultimate objective of social sus-

tainability is to improve people’s quality of life by providing properly spread health

care and addressing ethical issues in the supply chain.

Furthermore, exerting CSR boosts a company’s reputation and has a major impact

on consumer goodwill (Komodromos and Melanthiou, 2014), that increase market de-

mand (Hsueh, 2014). There are several instances of well-known companies using CSR

to gain a competitive advantage and produce sustainable goods, such as technology

giant Hewlett-Packard, which has made a significant effort to encourage the recycling

of its used products such as laptops and printers. The firm recycled 395,200 tonnes of

hardware in 2018. As a result, the goal of a socially responsible firm goes beyond fi-
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nancial value, and it includes fair trade, better employment practices, proper customer

relations, ethical brand value recognition among the community, and so on, in order

to ensure environmental protection and better health standards for living beings.

An another form of sustainable development is remanufacturing which restores a

used product to as-new. Remanufacturing is prevalent in many industries and, for a

variety of products including disposable cameras (Kodak, 2008), motor vehicle compo-

nents (Bosch, 2016a; Ferrer and Whybark, 2001), aerospace equipment (Treat, 2012),

medical devices (Hosseini-Motlagh et al., 2020), consumer products Apple (2016);

Bosch (2016b), and retreaded tires (Debo et al., 2006) to name a few. Remanu-

facturing is an opportunity as it incurs relatively low cost of remanufacturing used

products compared to producing new ones and its potential environmental benefits.

Reusing products or components can also help reduce waste generation and extend

the life cycle of products. Dell and Apple collect and recycle old computers when

the customer buys a new product (Govindan and Popiuc, 2014). Remanufacturing of

waste products decreases both the need for natural sources and generation of waste

(Qiang, 2015). Hence the implementations of remanufacturing have economic, social

and environmental benefits.

1.4.5 Customer return

A definitive retail return policy can help increase sales because an overwhelming per-

centage of the consumer population looks for it. Therefore, having a well thought out

return policy clearly displayed in store is key to attracting and keeping customers. A

return policy is a good business for those stores where the visitors don’t get to see and

hold the physical product before they buy it. And it is essential to do business online,

so e-commerce sites must ensure that their return policies are fair and appealing to

their customers. The basic message is, “if for some reason you don’t like our product,

return it for the full value of what you paid for it.” On the outside, it is an uncondi-

tional agreement that guarantees the quality of the product. A concise and clear return

policy gives consumers a feeling of security that what they are buying is guaranteed to

be what it is represented.
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Some consumers return products that perform unsatisfactorily while others return

products that function satisfactorily, for other reasons such as not meeting expectations

or tastes. Managing returns is never quite as simple as putting items back on a shelf

to be shipped off to another customer. Returns involve a quality control process. The

reason for returning an item should be established as soon as possible once it has been

returned. The correct implementation of this process enables management not only

to manage the reverse product flow efficiently, but to identify opportunities to reduce

unwanted returns and to control the reason why the product was unsatisfactory, or did

not meet customers’ expectations by product quality improvement.

1.5 Outline of the thesis

The primary goal of this doctoral thesis is to investigate the EOQ (economic order

quantity) in the context of the newsvendor problem and examine this in various supply

chain models with a focus on supply chain coordination. This thesis is constructed by

eight chapters wherein the current chapter is the introductory. Each chapter begins

with a motivation for the model under consideration, followed by a description of earlier

contributions discussed in the literature. Following that, we develop a mathematical

model and examine distribution-free stochastic consumer demand influenced by several

factors such as price, effort, CSR activities, quality, and greenness for both centralized

and decentralized configurations. Each chain member’s optimal decisions are evaluated

and compared using centralised and decentralised strategies. Some strategies, state-

ments, and mathematical expressions may be found to be repeated or similar in several

chapters. This has been done for the purpose of the model’s completeness as well as to

retain the independence of each chapter. The research study presented in this thesis is

divided into chapters as outlined below.

Chapter 1 is the introductory part which explains the purpose and scope of our

work. It explains the fundamental concepts of supply chain networks as well as their

various characteristics. Some major concerns in supply chain coordination are exam-

ined, including the newsboy framework, the nature of demand, the best coordination

technique, CSR activities, and remanufacturing.
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In Chapter 2, a brief literature survey is provided so that one can link the problems

described in the following chapters.

Chapter 3 demonstrates the aspects of a socially responsible supply chain by pro-

viding a better quality of life promoting fairly distributed healthcare and supply chain’s

ethical issues. In this chapter, we study a two-tier SC comprising of a manufacturer and

a retailer where only the manufacturer exhibits corporate social responsibility (CSR)

to increase company’s goodwill. The retailer sells a single kind of perishable or seasonal

product to satisfy price and CSR dependent stochastic market demand in a single pe-

riod. The production process of the manufacturer is subject to random yield. Though

one widely used way to tackle random yield is to use a secondary resource, but there

may be a situation where a manufacturer can’t access a secondary resource to mitigate

his yield risk. Depending on existence of a secondary market, two possible centralized

models are provided: one by considering no secondary market, and other one by in-

corporating a secondary market. We find that, in particular, the secondary resource

is detected to have a positive effect on supply chain performance, but we also find a

situation where the presence of secondary resource might not be beneficial for a supply

chain. We also analyze a centralized scenario where CSR activities are not exhibited

in the supply chain as a benchmark model. It is shown that the SC’s estimated benefit

with CSR is persuaded to be greater than the SC without CSR in terms of profit.

We investigate two scenarios in the decentralized supply chain model. One scenario

assumes the risk of randomness in both demand and production and the cost of CSR

investment is not shared among the chain members. The other scenario assumes that

the chain members share both the risk of uncertainty and the cost of CSR investment.

In each scenario, the optimal pricing and ordering strategy of the retailer, and CSR

investment and production decisions of the manufacturer are analyzed. In the risk

sharing decentralized scenario, we show that a simple revenue-sharing contract fails to

coordinate such a supply chain. However, a composite contract combining revenue-

sharing, and cost-sharing is shown to coordinate the supply chain and allow arbitrary

allocation of total channel profit to ensure that both the retailer and the manufacturer

are benefited. We further analyze the impact of randomness in production as well as

the effect of CSR investment on the performance of the entire supply chain.
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Chapter 4 deals with the negative impact of decentralization among the supply chain

entities and minimizes double marginalization effect within the chain, especially when

the end-customers’ demand is not deterministic. This chapter investigates coordination

issue in a three-level supply chain with one raw material supplier, one manufacturer,

and one retailer. The retailer exerts effort to promote the product as well as his retail

shop locally. The customer demand is assumed to be stochastic and dependent on

both retail price and sales-effort. Both the supplier and the manufacturer face random

yield in production, and the manufacturer cannot access a secondary market due to its

brand image and specific configuration or feature. The integrated supply chain is first

analyzed as the benchmark case for comparison. In the decentralized setting, aiming

at how the risk of uncertainties in both yield and demand can be distributed among

the supply chain members, we analyze the wholesale price contract as no risk sharing

contract, and develop our risk sharing composite contract which distributes the risk of

uncertainties among the parties to enhance the supply chain performance. In both the

cases, we determine the optimal ordering, pricing, sales effort, and production decisions.

Two different composite contract mechanisms are implemented to outperform the base

case in terms of chain’s total profit as well as individual profits. We find that a

composite contract having two components a contingent buyback with target sales

rebate and penalty between the retailer and the manufacturer, and a revenue-sharing

contract between the manufacturer and the supplier achieves supply chain coordination

and allows arbitrary allocation of total channel profit among all the chain members.

The impact of randomness in both demand and production, and the impact of non-

existence of emergency resource for the final product on the performance of the entire

supply chain are analyzed. Moreover, models under linear, exponential and quadratic

demand patterns are developed. A numerical example is provided to illustrate the

developed model and draw some important managerial insights.

In Chapter 5, as an extension of our previous work, we consider supply disruption

as another form of supply uncertainty besides random yield. We consider a single

period three-echelon supply chain with three possible uncertainties, in which a retailer

faces an uncertain market demand for a short shelf-life product and sources it from a

manufacturer under voluntary regimes. The manufacturer sources the raw materials
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from two unreliable suppliers without any emergency resource. The manufacturer’s

main supplier who delivers the order quantity at a cheaper wholesale price is prone to

disruption and, therefore, can deliver full order quantity if not disrupted, but it delivers

nothing, if disrupted, while the backup supplier who provides similar quality product at

a comparatively higher wholesale price is prone to random yield and, therefore, can only

fulfill a random fraction of the manufacturer’s order. The risks of supply uncertainty at

both the suppliers are assumed to be independent. We analyze the integrated model as

the centralized benchmark case and the decentralized model with wholesale price-only

contract as decentralized benchmark case. Then aiming at how the risk of uncertainties

in both supply and demand can be distributed among the supply chain entities, we

introduce a spanning revenue sharing contract into the decentralized system. Under

spanning revenue sharing mechanism, each supplier decreases its wholesale price, which

induces the manufacturer to reduce its wholesale price too at the beginning of the

selling season. The compensation for reduced wholesale price of both the supplier and

the manufacturer is given in terms of revenue share by the retailer, after the selling

season. We explore coordination conditions and elaborate the circumstance under

which the contract is desirable to each of the individual members as well as the entire

supply chain. From the numerical results, it shown that, if the enhancement in supply

uncertainty is mainly due to increase in random yield in production, it is optimal to

increase the use of the cheaper supplier. In contrast, if the enhancement in supply

uncertainty comes mainly from supply disruption, it is beneficial to over-utilize the

expensive supplier.

Chapter 6 examines how customer feedbacks should be used to improve product

quality in the context of product returns due to mismatch of customers’ needs and

expectations. In this chapter, we consider a supply chain in which a manufacturer

produces a product with yield uncertainty and sells it to a retailer who offers a full

refund return policy to the customers in which the consumers can return the purchased

products if the products do not fit their individual needs or tastes. In order to im-

prove the product, the manufacturer invests in product quality improvement according

to customers’ likes and preferences. Since products are returned as a poor match to

customer needs, rather than functioning problems, has a savage value. The customer
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demand is assumed to be stochastic and depends on quality improvement investment.

We investigate both the centralized and decentralized models in order to shed light on

how to spread the two uncertainties (demand and yield) as well as quality improve-

ment cost across chain members in the presence of customer returns. We present two

contract mechanisms to coordinate the supply chain in the decentralized model. For

a manufacturer-led scenario, we combine a buy-back contract in which retailer credits

only for unsold product, with a revenue-sharing contract where manufacturer shares

the retailer’s revenue for her reduced wholesale price. For a manufacturer-retailer-led

scenario, we combine a differentiated buyback policy with two buy-back prices - one

for unsold product and another for product returned by the customer with a revenue-

sharing cost-sharing scheme where the manufacturer shares both the retailer’s revenue

and the cost of investment for product improvement. We find that the buy-back with

revenue sharing contract is unable to coordinate the supply chain, whereas the differ-

entiated buy-back policy with revenue-sharing cost-sharing scheme is able to do so.

Apart from SC coordination, we also demonstrate how the manufacturer can motivate

the retailer to collect and send customer feedbacks regarding their product expecta-

tions and tastes by applying extra rewards for returned products to reduce customer

returns rate. We also investigate the effect of demand and supply uncertainties on the

optimal decisions as well as how channel partners collaborate on product quality im-

provement investments. Our research also determines whether the retailer can convince

the manufacturer to invest in product quality improvement.

Chapter 7 demonstrates the conflicts of creating two types of uncertainty (demand

and supply uncertainties) in the forward flow and the return of two types of products

(defective and waste products) in the reverse flow of a closed-loop supply chain (CLSC)

for product recycling and improvement. We model a two-tiered close-loop supply chain

which consists of two members - one manufacturer and one retailer. In forward logis-

tics, the manufacturer produces a product under production yield and sells to the

retailer. Consumers can purchase this item from the retailer with the manufacturer’s

free-repair warranty as a safeguard from premature failures. In reverse logistics, two

types of products are returned from consumers. The first one is the return of prema-

ture failure products due to functioning issues. The manufacturer is obligated to accept
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such products and perform maintenance services to repair the product and returns to

their owners during the warranty period. The other type is the returned waste prod-

ucts that have reached the end of their useful life (EOL). The retailer is responsible

for collecting waste products from customers and returning them to the manufacturer

for recycling. We suppose that the retailer performs CSR activities to raise customers’

environmental awareness and encourage them to return their used products and the

manufacturer invests in quality improvement in the form of improved product design,

updated equipment, higher-quality raw materials, and improved quality control pro-

cesses to reduce faulty product returns. To coordinate the system, we first propose a

buy-back pay-back contract in which buy-back contract is offered by the manufacturer

to the retailer and pay-back contract is offered by the retailer to the manufacturer.

In this agreement, the manufacturer compensates for the retailer’s leftover inventory

at the end of the selling season and the retailer compensates for the manufacturer’s

excess output beyond his order. It is shown that the proposed contract cannot coordi-

nate the supply chain. Then the contract is modified to a buy-back with pay-back-cost

sharing contract in which the retailer promises not only to compensate for the manu-

facturer’s excessive output above his order but also to share a portion of the quality

improvement expenditure with the manufacturer. We demonstrate that this contract

can accomplish coordination and allocate supply chain profit to the manufacturer and

retailer in a number of different ways. The model is numerically demonstrated and a

sensitivity analysis is performed to investigate the effects of demand and supply un-

certainties, quality elasticity coefficient and CSR awareness coefficient on the optimal

solution. It is also aimed to explore the impact of defect products return for fixing

and quality improvement to reduce defects on optimal decisions of SC as well as how

channel partners participate on product quality improvement investment.

In Chapter 8, an overview of the overall conclusion of the study done in this thesis

is provided, as well as some future research areas are suggested.

1.6 Goal of the thesis

The goal of this doctoral study is to perform analytical and empirical research in the

area of Supply Chain Management while providing mechanisms for organizations to
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effectively coordinate physical and information flows and enhance the compatibility

between upstream and downstream stages of their supply chains. In this thesis, we

investigate several models under centralized (integrated) and decentralized (Vertical

Nash) scenarios, as well as decentralized scenario using contracts. Operational coordi-

nation mechanisms usually involve logistics synchronization and sharing of information.

Throughout the thesis, we explore various tactics for various market scenarios based

on the above-mentioned aspects. We also analyze the cases numerically to illustrate

the proper application of the models we built. We create several supply chain models

and try to coordinate decentralized systems under some contract mechanism. Although

the centralized policy is constructed as a benchmark scenario, it is not always feasible

to execute the centralized policy in real-life situations. In this context, we look at a

few multi-layer supply chain problems and try to enhance decentralized systems using

certain contract mechanism. The sensitivity of the key parameters is depicted to assist

decision makers in making effective marketing strategy decisions. The final goal of this

thesis is to assist corporates to fulfil their sales target, to enhance their public image, to

provide the right plans for market demand, to strengthen the relation and coordination

among downstream and upstream members of their supply chains.
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Review of literature

This chapter presents a brief literature review to identify some key issues in supply

chain coordination that are relevant to this thesis, and explores some limitations of

previous research works.

2.1 Demand uncertainty

In recent years, the negative impact of demand fluctuation on the performance of supply

chains has been studied under complex scenarios like growing modern technologies,

intense global competition, market instability, and short life-cycle products such as

vegetables, toys, stylish goods, etc. The situation becomes more complex when the

demand is sensitive on few factors like price, promotional effort, time, quality, stock,

CSR, etc. Consequently, demand fluctuation for such products gets more attention of

a buyer when it makes procurement plans.

Since retail price is one of the main factors for customers to decide about buying

a product, joint determination of inventory and pricing decisions has been extensively

discussed in the literature. Emmos and Gilbert (1998) developed a supply chain model

with price-dependent demand and found that although the return policy fails to co-

ordinate the supply chain, it still performs better than wholesale price contract. Yao

et al. (2008) analyzed the impact of price sensitivity factors on return policy under

price-dependent stochastic demand, and concluded that the manufacturer has to sur-

render a part of his profit to the retailer when demand variability is high. Wang and
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Chen (2017) framed the pricing and coordination strategies in a supply chain of fresh

products with wholesale price and portfolio contracts where losses may arise during

transportation. Hu et al. (2018) discussed coordination of order quantity and pricing

decisions for a two-level supply chain through option contracts. Yadav et al. (2020)

analyzed a single manufacturer multiple buyers model where demand is price-sensitive

to each buyer. They suggested how to react to a certain change in some parameter

to determine the right inventory policy. Giri and Glock (2021) examined the bullwhip

effect in a manufacturing/remanufacturing supply chain in which they incorporated

the price of the product in the demand. For this demand model, they employed the

order-up-to inventory policy with a minimum mean square error forecasting scheme

and measured the bullwhip effect at each echelon of the supply chain.

In the supply chain management literature, sales effort has been used to influence

the market demand. For a supply chain where demand is influenced by the retailer’s

sales effort, Taylor (2002) developed a composite contract combining target sales rebate

and buyback contracts to achieve coordination. Xiao et al. (2005) analyzed a model

with two competing retailers who can choose to invest in sales effort to influence the

demand. They examined how the price subsidy rate contract can achieve supply chain

coordination. He et al. (2006) exhibited that the coordination and win-win outcome

may be achieved by an augmented revenue-sharing contract based on sales rebate and

penalty under effort-dependent stochastic demand. He et al. (2009) further investigated

a two-echelon supply chain facing stochastic demand which is sensitive to both retail

price and sales effort, and showed that although the buyback contract can’t achieve

channel coordination, a properly designed composite contract is able to achieve this.

Zha et al. (2015) studied the coordination of a supply chain with an effort-induced

demand function under Stackelberg game strategy, and showed that a cost sharing

contract can coordinate the supply chain. Yan and He (2020) examined effectiveness

of cooperative advertising policy in a SC structure in apparel industries in which the

retailer provides a price discount offer in the second period. An inventory model for

perishable products is formulated by Shah et al. (2022) for price and stock-dependent

demand rate along with greening efforts. They developed an algorithm to calculate the

retailer’s profit function with respect to cycle time, selling price, and greening effort.
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2.2 Supply uncertainty

A large number of studies on supply chain has considered that supply quantity equals

the order quantity. However, in real business activities, the supply uncertainty is

inevitable due to influence of many factors. For example, a supplier may fulfil a random

fraction of an order (usually referred to as random yield) or a supplier who is supposed

to deliver the full order by in-house production, may suffer from disruption under which

nothing will be delivered to the buyer.

In many industries with equal quantity input, the output amount of the production

process usually varies due to influence of many factors. In most of the agricultural

based industries and any high-tech manufacturing industry like LCD (liquid crystal

display ), semi-conductor, silicon chips and so on, the production is uncertain. In

particular, almost all industries have somewhat the same phenomena with respect to

production randomness. Dada et al. (2007) proposed an extension to the newsvendor

model where a supplier is either reliable or suffering from yield randomness, having

uncertainty in both the amount and per unit cost of product, and showed that a given

supplier will be selected only if all less expensive suppliers are selected regardless of

the given supplier’s reliability level. Choi et al. (2017) offered a concise review of many

uncertainty factors related to supply chain, and characterised the works according

to an innovative optimization model with various uncertainty factors. Considering a

single supplier facing random yield and multiple downstream retailers dealing with

random demands, He et al. (2019) presented several analytical models under a game

structure in order to investigate the supply risk sharing mechanism within the supply

chain. Karim and Nakade (2019) developed a production-inventory model in which

production is subject to random yield. They found that the incorporation of safety

stock helps the system to mitigate the risk of production uncertainty. Voelkel et al.

(2020) modeled a dynamic programming problem with stochastic demand, tracking

cost, and random yield, and provided an adjusted value iteration algorithm that finds

the optimal solution.

To excel in intense global competition, today’s supply chain is becoming more

globalised to enjoy cheaper raw material, lower labour cost, tax policy, advance man-

ufacturing technologies and other financial benefits, all of which reduce the per unit
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production cost of a product. Such globalized supply chain networks frequently experi-

ence supply disruption.Among the early researchers in disruption management, Meyer

et al. (1979) considered a single production process which is subject to random dis-

ruption. A large body of literature concentrates on discovering the optimal number

of suppliers to enhance the channel ability in disruption management. Berger et al.

(2004) and Berger and Zeng (2006) investigated the issue of supplier selection where a

buyer has to choose the optimal number of suppliers that are identical in terms of sup-

ply disruption. Ruiz-Torres and Mahmoodi (2007) represented a decision tree which

helps to find the optimal number of suppliers, and concluded that the optimal number

of utilized suppliers is typically small as long as the suppliers are very unreliable and

the cost of failure is very high. Giri et al. (2021) considered a three-level supply chain

with price and effort-dependent random demand in which all productions are subject

to yield.

2.3 Secondary resource

A lot of studies has emphasised on the issue of dual sourcing under supply uncer-

tainty in the presence of secondary resource. In fact, dual sourcing improves channel

performance even when there is no supply uncertainty (Bulinskaya, 1964).

Parlar and Wang (1993) were the first to demonstrate the benefits of emergency

sourcing in presence of supply uncertainty for both the EOQ model and the newsvendor

model. Chopra et al. (2007) developed a single-period model with dual sourcing to

integrate two types of supply uncertainty - supply disruption and random yield. Arcelus

et al. (2008) developed a newsvendor model where the manufacturer shares the risk of

demand uncertainty with the retailer by offering buyback contract, and mitigated his

own risk by the availability of the secondary resource. He and Zhang (2008) studied the

effect of random yield in a two-echelon decentralized supply chain under risk sharing

contract which was further extended by He and Zhang (2010) by considering the effect

of secondary market on the supply chain. Giri and Bardhan (2014) addressed the

problem of determining optimal order and reserve quantities at a primary supplier and

a secondary supplier, respectively, where the primary supplier is prone to disruption.
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The work was further extended by Giri and Bardhan (2015) to incorporate random

yield in production of the primary supplier.

Secondary resource as a tool to mitigate supply disruption has been designed by

several researchers. Tomlin (2009) studied optimal mitigation strategies for a short

life-cycle product where supply base for the buyer is subject to random disruption. He

showed that disruption mitigation is not possible only through inventory control; sup-

plier’s diversification is an effective mitigation strategy in that case too. In contrast to

Tomlin (2009) model, Chopra et al. (2007) considered two suppliers − one is unreliable

due to both random yield and disruption uncertainty, and the other one is perfectly

reliable. Their mitigation strategy was to reserve a quantity at the reliable supplier

and exercise up to that reserved amount if the first supplier can’t fulfil the demand

due to random yield or supply disruption. Giri and Bardhan (2015) discussed a supply

chain model with a retailer and a manufacturer under both random yield in production

and disruption risk. The retailer has the option for capacity reservation with a backup

supplier. The authors considered a penalty contract and characterized the retailer’s

joint ordering and reserving decisions and the manufacturer’s pricing decision. Majhi

et al. (2021) considered a supply chain with perishable or seasonal product where the

production process of the manufacturer is subject to random yield. Depending on ex-

istence of a secondary market they provided two possible models: one by considering

no secondary market, and other one by incorporating a secondary market.

2.4 Quality management

In order to satisfy customers and meet company’s goals, quality improvement is a

critical component in SCs (Karipidis, 2011; Rong et al., 2011; Franca et al., 2010; Lin

et al., 2005; Bernstein and Federgruen, 2007; Xie et al., 2011). Singer et al. (2003)

described the strategic behavior about quality inside a supplier-retailer relationship

in a disposable product business. Bhaskaran and Krishnan (2009) reviewed various

contracts to collaborate in the improvement and introduce a new product within a

supply chain. To attract market share, Li et al. (2013) used a return policy and a

quality improvement effort as two incentive factors. Under a deterministic demand,
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they looked at the relationship between quality and return price, as well as their effects

on manufacturer profit. Yoo (2014) was one of the first to investigate the relationship

between product quality and return policy in a SC with a supplier and a distributor.

Under a deterministic demand, they employed Nash equilibrium to find the optimal

quality improvement effort, return rate, and price. Yan (2015) assumed a combined

pricing and product quality choice problem in a manufacturer-retailer supply chain and

analyzed the performance of three distinct contract strategies for this decentralized

network. He et al. (2016) designed a single-manufacturer-single-supplier supply chain

strategy with reference impacts in supplier quality management problem. Chakraborty

et al. (2019) studied a supply chain wherein the retailer has the ability to share in the

manufacturer’s quality improvement investment. They also looked into the diverse

responsibilities that different parties play in quality improvement.

2.5 Sustainable develoment

To sustain in competitive business environment, companies are adopting various mod-

ern technologies in their day to day business activities. These activities sometime may

affect the environmental and social life of its stakeholders. Therefore, the companies

should operate their businesses in a more socially responsible way to buildup a corpo-

rate goodwill of their stakeholders.

Many researchers have shown the advantages of CSR activities into business. Carter

and Jennings (2002) pointed out the direct and positive impact of CSR activities onto

the performance of the supply chain. Cramer (2008) traced out a blueprint for the

guidance of managers in selecting their own suitable ways to implement CSR activ-

ities into their companies. In the scenario of implementing CSR initiatives, Boyd

et al. (2007) claimed that unnecessary monitoring can be inefficient and damage buyer-

supplier partnerships and will not actually enhance compliance; rather, visibility, trust

and commitment contribute to enhance supply chain performances. Freeman (2010),

CSR may help businesses and their stakeholders to improve their overall financial per-

formance. Pino et al. (2016) demonstrated that CSR has a significant influence on

consumers’ choice of products. Khosroshahi et al. (2019) investigated the effect of
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manufacturer transparency and CSR on sustainable decision making and profit accu-

mulation of supply chain members, taking into account the impact of transparency

and CSR on demand function. Li (2020) investigated the impact of CSR internal cost

subsidies on supply chain participants’ optimal decision-making and profits.

Remanufacturing waste products by extracting the useful ingredients from low-

quality products and blocking the residues of dangerous materials from entering the

environment not only helps firms achieve environmental goals, but it can also reduce

production costs (Guide Jr and Van Wassenhove, 2006; Wu, 2012; Ferrer and Swami-

nathan, 2010). Taleizadeh et al. (2017) looked at the consequences of remanufacturing

in a CLSC where a third party was in charge of collecting defective goods. They

assumed that new and remanufactured products were of different quality, and they ex-

amined the influence of quality level on remanufacturing performance using five game

theories. Zerang et al. (2018) used the same model, but assumed that remanufactured

products were of the same quality as new ones, and that the market demand was pre-

dictable and dependent on marketing efforts. To discover the best profit, they used

three distinct leaders in the Stackelberg game.

2.6 Customer return policy

In the retail industry, customer return is becoming an increasingly crucial problem

(McWilliams, 2012; Chen and Chen, 2017). Toktay et al. (2004) declared that customer

return rates for most retailers varied from 5% to 9% of their sales. Mostard and Teunter

(2006) predicted the return rate for certain trendy items can be as high as 74%. Many

retail stores offer a full-refund returns scheme to their customers to obtain a decent

competitive advantage (Vlachos and Dekker, 2003) and customer loyalty (Shulman

et al., 2011). However, customer returns have a serious influence on a retailer’s decision

making and profit, not only through lost profits but also through the expenses of

handling returned product. In these articles, consumers are assumed to return a certain

fraction of purchased products (Vlachos and Dekker, 2003; Chen and Bell, 2009; Wang,

Chen and Chen, 2019). Vlachos and Dekker (2003) focused on a retailer’s optimum

ordering policy while examining various techniques to handling returned items. Chen
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and Bell (2009) looked at a retailer’s simultaneous pricing and ordering decisions for

price-dependent stochastic demand in the event of customer returns. Wang et al. (2020)

investigated ordering decisions of a retailer with both wholesale price contract and put

option contract for single period problems under the circumstance of customer returns.

They demonstrated that the put option contract can help to coordinate the supply

chain by minimizing the negative impact of customer returns.

2.7 Supply chain coordination

Due to marginalization phenomenon, supply chain members realize that collaboration

is crucial when they seek to maximize their own profits individually. Various types of

contract agreement for supply chain coordination have been discussed in the literature.

Extensive reviews of supply chain contracts and coordination literature can be found

in Lariviere (1999), Tsay et al. (1999) and Cachon (2003). Cachon and Lariviere

(2005) showed that the revenue sharing contract is very effective for a wide range of

supply chain coordination to align the individual member’s objective with the system

objective, despite certain limitations. They also compared revenue sharing contract

with other popular contracts and found that revenue sharing is equivalent to buyback

in newsvendor case, and equivalent to price discount in the price-setting newsvendor

case. Jaber and Goyal (2008) investigated the coordination of order quantities amongst

the members in a three-level supply chain assuming multiple buyers at the first level,

a single vendor at the second level, and multiple suppliers at the third level. Ding

and Chen (2008) imposed return policies between each pair of adjacent members in a

three-echelon supply chain, and established that the multi-echelon supply chain can be

fully coordinated with the above contract with arbitrary profit allocation among the

members.

He and Zhang (2008) calculated the impact of random production yield in a two-

echelon supply chain under different risk sharing agreements, which was later extended

by He and Zhang (2010) by considering the effects of the secondary market on supply

chain decisions. Hsueh (2014) first considered socially responsible supply chain under

stochastic demand and found that a new revenue sharing contract can coordinate the
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chain for an exogenous retail price. Zhao and Yin (2018) extended the work of Hsueh

(2014) by considering endogenous retail price. They were able to coordinate the supply

chain using a modified revenue sharing contract under CSR investment and retail price

dependent stochastic customer demand, having a linear CSR investment and retail

price dependent deterministic demand component. Although Zhao and Yin (2018)

dealt with a random demand, but they assumed deterministic yield in the production

process of the manufacturer.

Customer returns provide another dimension to the relationship between the manu-

facturer and the retailer, emphasizing the importance of collaboration. Li et al. (2012)

explored the optimal ordering strategy of a retailer, the optimal wholesale pricing

strategy of a manufacturer, and coordination of the supply chain consisting customer

return with a buy-back agreement. Xu et al. (2015) analyzed supply chain coordination

with a buy-back contract, presuming the return deadline as a decision variable. Hey-

dari, Rastegar and Glock (2017) explored the coordination and Pareto improvement

of a supply chain in which buy-back and money-back assurance are considered. They

demonstrated that a money-back assurance can cover a larger number of customers.

Guo et al. (2017) reviewed supply chain contracts with customer returns.

As the primary focus of closed-loop supply chain is the incorporation of forward

supply chain and reverse supply chain for the benefit of the manufacturing plants and

the environmental issues, it is hard to establish a coordination mechanism in a CLSC.

Zhang et al. (2014) looked at the contract design issue for a CLSC which collects re-

turned products. De Giovanni et al. (2016) used an incentive strategy throughout a

supply chain to coordinate a dynamic CLSC and increase consumers’ willingness to

return used products. Hu et al. (2016) developed five contracts to coordinate an RSC

in the context of strategic consumer recycling behaviour. A two-stage pricing contract,

wholesale price contract, subsidy contract, cost-pooling contract, and indemnity con-

tract are among these contracts. Panda et al. (2017) also looked into the effects of

CSR in a CLSC. They showed that channel coordination is a useful policy for sharing

CSR costs among members and improving CSR performance. Heydari and Ghasemi

(2018) proposed a revenue sharing contract to coordinate a RSC.
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Chapter 3

Coordinating a socially responsible
supply chain with random yield
under CSR and price-dependent
stochastic demand∗

3.1 Introduction

One of the most essential concerns of today’s supply chain management is to prevent

the double marginalization phenomenon (Spengler, 1950) because all the players want

to take advantage of both competitive and cooperative relationships. Therefore, they

individually seek to optimize their profits that usually lead to a situation where the

players have different and sometimes conflicting objectives. For this reason, a supply

chain needs collaboration of the members to remove the conflicting objectives among

themselves. One of the interesting collaboration instruments to remove the conflictive

objectives is a contract mechanism among the channel members. A contract mechanism

is a method which removes conflicts among the entities by determining a precise set of

actions such that each firm’s objective becomes aligned with that of the whole system.

∗This chapter is based on the paper published in International Journal of Supply and Operations

Management, (2021), vol. 8, pp. 194-211.
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To create that incentive to share risk and/or reward, the parties can adjust their terms

of trade through introducing trade parameters between them, including the rule of

transfer payment scheme of money and products. Contracts are effective instruments to

get rid of information asymmetry and multiple marginalizations by providing accurate

information and incentives to all entities so that the decentralized chain behaves as

closer as possible, if not exactly same as the centralized chain. A contract with this

efficiency has been called a “perfect coordination contract” (Bernstein and Federgruen,

2005). A great amount of literature has discussed contract-based coordination with

the help of popular contracts such as quantity discounts (Jeuland and Shugan, 1983;

Mandal and Giri, 2019); quantity flexibility (Tsay, 1999; Xiong et al., 2011); buy-back

policy (Pasternack, 1985; Ding and Chen, 2008); and so on. For detail survey on

contract mechanism, we refer readers to Cachon (2003) and Tsay et al. (1999). The

contracts are structured in such a way that all the members are incentivized to operate

as centralized supply chain while maximizing their own expected profits individually.

To sustain in a competitive business environment, companies are adopting various

modern technologies in their day to day business activities. These activities sometime

may affect the environmental and social life of its stakeholders (Zamanian et al., 2020).

Therefore, the companies should operate their businesses in a more socially responsible

way to build up corporate goodwill of their stakeholders. Also, an ethical and environ-

mentally conscious customer is willing to buy a product of a CSR company at a higher

price. Therefore, CSR activities are becoming popular to both managers and the re-

searchers. However, for companies, it is not easy to exhibit CSR activities into their

business strategies. Pre-declared CSR activities may not catch all opportunities to

benefit companies. On the other hand, postponed CSR approaches may lead to higher

CSR costs when it is found that they have already violated social obligation. Exhibiting

CSR activities on the upstream members influences sales and profit of the downstream

members. For example, in 1996, sales and image of NIKE dropped down once it was

found that a few of its subcontractors had been employed child labor (Gimenez and

Tachizawa, 2012). However, the CSR activity is not a problem to a particular supply

chain member. Only the morality of the chain members is not enough to exhibit CSR.

It is, therefore, required to create an interest among the members to invest in CSR
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which ensures that each of them will be benefited from these activities.

In many industrial scenarios, the production yield is uncertain due to influence of

many uncontrollable factors. Random production can be found in most agriculture-

based industries such as egg, vegetable, cereal, etc., where parameters like weather,

draught, fertility of the land affect the production yield, and the exact yield quantity

can never be anticipated in advance. In any high-tech manufacturing industry like

LCD (liquid crystal display), semi-conductor, silicon chips, and so on, the quality of

the product is uncertain due to small timing error or the presence of a small amount

of dust contained in air of the manufacturing area. In particular, almost all industries

have somewhat the same phenomena concerning production randomness.

The randomness may cause under-production or over-production. To deal with

such a situation, producers often use a secondary market as an emergency resource to

satisfy the unmet demand, and also for salvaging the leftover products. Chopra et al.

(2007) reported an incident where a fire took place at the Philips microchip plant in

Albuquerque, NM in March 2000 which supplied chips to both Nokia and Ericsson,

among whom only Nokia got rid of the shortages in supply with the help of its multi-

tiered supplier strategy to obtain chips from other sources. However, the availability

of emergence resource in every stage of supply chain is a simplified assumption, partic-

ularly when it comes to mitigating demand of the final product of a branded company

with specific configuration and features. But also there may be a situation where a

manufacturer can’t access a secondary resource to mitigate his yield risk. Then the

manufacturer’s decisions are affected by yield uncertain together with a secondary re-

source exist or not. However, it is not so clear how this yield randomness and secondary

resources impact the decisions of the chain members.

Based on the practices mentioned above, in this chapter, we study a two-tier supply

chain comprising of a retailer and a manufacturer who exhibits social responsibility to

increase company’s goodwill. The retailer sells a single kind of perishable or seasonal

product to satisfy stochastic market demand in a single period. The production process

of the manufacturer is subject to random yield and the retailer faces a stochastic market

demand which is price and CSR sensitive. Because of random production yield, a

secondary source is introduced. A composite contract which has two components-
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revenue-sharing and cost-sharing is proposed to coordinate the supply chain. The

primary objective of this study is to find the answer of the following questions:

• How do demand and yield uncertainties affect the supply chain decisions?

• Is only the morality of the chain members enough to exhibit CSR?

• How does the presence of secondary resource effect the performance of the supply

chain?

• How to remove the conflictive objectives of the chain members to coordinate the

supply chain?

To answer the above questions, we investigate a socially responsible supply chain

that consists of a retailer and a manufacturer facing production yield uncertainty.

The retailer faces retail price and CSR-dependent stochastic demand. The centralized

model of the supply chain is first analyzed as a benchmark model. We investigate two

scenarios in the decentralized supply chain model. One scenario assumes the risk of

randomness in both demand and production and the cost of CSR investment is not

shared among the chain members. The other scenario assumes that the chain members

share both the risk of uncertainty and the cost of CSR investment. In both scenarios,

the optimal pricing and ordering strategy of the retailer, and CSR investment and

wholesale price of the manufacturer are analyzed. The contribution of the chapter

with respect to the relevant existing literature is three-fold:

• We incorporate both uncertain demand and random production yield in a socially

responsible supply chain.

• We analyze the effects of the CSR activity and the secondary resources, which

provide guidance for managers to take action under different market scenarios.

• We also investigate the proposed supply chain’s coordination problem. We design

a contract mechanism that improves CSR activities as well as the whole supply

chain’s expected profit.
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The remaining chapter is structured as follows: Section 3.2 presents model descrip-

tion, notations and assumptions for developing the proposed model. Section 3.3 dis-

cusses the centralized supply chain. Section 3.4 describes the decentralized model under

no risk and cost-sharing contract. Section 3.5 illustrates the decentralized model under

risk and cost-sharing contract, and discusses two contracts- standard revenue-sharing

contract in subsection 3.5.1 and revenue-sharing along with cost-sharing contract in

subsection 3.5.2. Section 3.6 is devoted to numerical analysis for theoretical support

and gaining more managerial insights. In Section 3.7, the chapter is concluded with

some future research directions.

3.2 Problem description and notation

We study a supply chain which consists of a retailer and a manufacturer. The re-

tailer trades a seasonal product in a single period to satisfy uncertain demand. The

CSR activities like health and education development, investment for environmental

protection, insurance for workers, etc. are undertaken by the manufacturer who faces

random yield in production. In general, a higher CSR investment results in higher mar-

ket demand. We consider a non-decreasing function k
√
η as reward market demand

where k is the customer’s CSR sensitivity which is affected by a huge number of socio-

cultural parameters and η is the CSR investment of the manufacturer. The stochastic

market demand x, experienced by the retailer is a non-negative continuous random

variable with general distribution. Over the region [l,u] F (·) and f(·) are the cumula-

tive distribution function and probability density function, respectively with mean x̄

and standard deviation σx . After forecasting the market demand x and knowing the

manufacturer’s contract, the retailer decides to place an order to the manufacturer for

Q units of the final product. Because of random yield in production, the manufacturer

sets a higher lot size Qm. Suppose that the produced quantity is yQm where y is a

random variable having cdf G(·) and pdf g(·) with mean ȳ and standard deviation σy

over the region [a,b], 0≤ a ≤ b ≤ 1. If the produced amount is less than the amount

ordered, then there is no emergency resource to fulfill the order. But if the produced

amount is more, the excess amount can be salvaged in a secondary market at a lower
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wholesale price. Therefore, the manufacturer must be very careful when he sets his

production lot size Qm. The manufacturer hands over the produced units to the re-

tailer before the start of the selling season. Based upon the contract agreement, the

transfer payment is made. We assume symmetric information i.e., at the starts of the

selling season, both the players have the full information. All the members associated

in the supply chain are neutral and take a rational decisions. Also, reordering is not

possible.

Notations

The notations used in this chapter are listed as given bellow:

x : stochastic customer demand with mean x̄ and variance σ2
x

y : random yield with mean ȳ and variance σ2
y

cm : unit production cost of the manufacturer

cr : unit handling cost of the retailer

g : unit goodwill lost of the retailer for unmet customer demand

vr : unit salvage value of a residual product at the retailer

vm : unit salvage value of leftover at the manufacturer

η : CSR expenditure of the manufacturer

p : unit retail price of the final product at the retailer

Q : order quantity of the retailer

Qm : aimed production lot size of the manufacturer

wm : unit wholesale price of the manufacturer

We will introduce more symbols whenever needed. To avoid trivial cases, the following

restrictions are made: vm < cm < wm; vr < wm + cr < p; cr + cm/ȳ < p. The first

two restrictions prevent the manufacturer and the retailer respectively from infinite

production and assure that each of them makes a positive profit. The last restriction

corresponds that the system’s unit selling price is higher than expected unit cost.
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3.3 Centralized supply chain model

A centralized supply chain is one in which different members of the supply chain act

as a single unit in order to optimize the performance of the supply chain together.

Conceptually here only one decision-maker who possesses all the information relevant

to make decisions as well as has the contractual power to implement such decisions to

maximize the system profit, and the wholesale price charged by the manufacturer to

the retailer could be viewed as a transfer of internal revenue. The whole supply chain’s

expected profit is given by

Πc(Q,Qm, p, η) = pE[min{X,Q, yQm}] + vrE[(min{Q, yQm} − x)+]

−gE[(x−min{Q, yQm})+]− crE[min{Q, yQm}]
+vmE[(yQm −Q)+]− cmQm − η

= (p+ g − vr)E[min{X,Q, yQm}]− (cr − vr + vm)E[min{Q, yQm}]

−(cm − vmȳ)Qm − η − gx̄ (3.1)

We can rewrite the above profit function as follows:

Πc(Q,Qm, p, η) = (p+ g − vr)
{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}

− (cr − vr + vm)

×
{

∫ Q

Qm

a

yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−(cm − vmȳ)Qm − η − gx̄ (3.2)

As observed by Petruzzi and Dada (1999), for a price setting newsvendor problem

(PSNP) containing multiple decisions variables in its objective function, it is often
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difficult to show the joint concavity of the objective function in all of its decisions vari-

ables. In the literature (for instance, Wang et al., 2020), it is a common approach to

use a repetitive method to show the objective function’s concavity. In this chapter, the

objective function of the centralized system consists of four decision variables and the

exact methods cannot be applied to obtain the optimal solution. So we apply a repet-

itive method. Let us assume that a finite but not necessarily unique optimal decision

set (Qc, Qc
m, p

c, ηc) exists for the centralized model. The first order partial derivatives

of Πc(Q,Qm, p, η) with respect to each of the decision variables are as follows:

∂Πc(Q,Qm, p, η)

∂Q
= (p+ gr − vr)

∫ b

Q

Qm

(

∫ u

Q−(α−βp+k
√
η)

f(x)dx
)

g(y)dy

−(cr − vr + vm)

∫ b

Q

Qm

g(y)dy

∂Πc(Q,Qm, p, η)

∂Qm
= (p+ gr − vr)

∫ Q

Qm

a

∫ u

yQm−(α−βp+k
√
η)

yf(x)dxg(y)dy

−(cr − vm + vr)

∫ Q

Qm

a

yg(y)dy− (cm − vȳ)

∂Πc(Q,Qm, p, η)

∂η
=

k

2
√
η
(p+ gr − vr)

{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

− 1

∂Πc(Q,Qm, p, η)

∂p
=

{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}

−β(p+ gr − vr)
{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}
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For given p and η, the second order partial derivatives of Πc(Q,Qm, p, η) with respect

to its decision variables Q and Qm are

∂2Πc(Q,Qm, p, η)

∂Q2
= −{p+ gr − vr}

{

F̄
(

Q− (α− βp+ k
√
η)
)( 1

Qm

)

g
( Q

Qm

)

+f
(

Q− (α− βp+ k
√
η)
)

Ḡ
( Q

Qm

)}

+(cr − vr + vm)
( 1

Qm

)

g
( Q

Qm

)

∂2Πc(Q,Qm, p, η)

∂Q2
m

= −{p+ gr − vr}
{

F̄
(

Q− (α− βp+ k
√
η)
)( Q2

Q3
m

)

g
( Q

Qm

)

+

∫ Q

Qm

a

y2f
(

yQm − (α− βp+ k
√
η)
)

g(y)dy
}

+(cr − vr + vm)
( Q2

Q3
m

)

g
( Q

Qm

)

∂2Πc(Q,Qm, p, η)

∂Qm∂Q
=

∂2Πc(Q,Qm, p, η)

∂Q∂Qm
= (p+ gr − vr)F̄

(

Q− (α− βp+ k
√
η)
)

×
( Q

Q2
m

)

g
( Q

Qm

)

− (cr − vr + vm)
( Q

Q2
m

)

g
( Q

Qm

)

Now, putting Qc and Qc
m in the above second order partial derivatives, we get

[

∂2Πc(Q,Qm, p, η)

∂Q2

]

Q=Qc

= −{p+ gr − vr}f
(

Qc − (α− βp+ k
√
η)
)

Ḡ
( Qc

Qm

)

[

∂2Πc(Q,Qm, p, η)

∂Q2
m

]

Qm=Qc
m

= −{p+ gr − vr}
∫

Qc

Qc
m

a

y2f
(

yQc
m − (α− βp+ k

√
η)
)

g(y)dy

[

∂2Πc(Q,Qm, p, η)

∂Qm∂Q

]

( Q=Qc

Qm=Qc
m
)

=

[

∂2Πc(Q,Qm, p, η)

∂Q∂Qm

]

( Q=Qc

Qm=Qc
m
)

= 0

Let Hi denotes the principal minor of order i (i = 1,2) of the associated Hessian matrix
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H . To check the positiveness and negativeness of the principal minors we have,

H1 = −{p + gr − vr}f
(

Qc − (α− βp+ k
√
η)
)

Ḡ
( Qc

Qm

)

< 0

H2 = {p+ gr − vr}2f
(

Qc − (α− βp+ k
√
η)
)

Ḡ
( Qc

Qc
m

)

×
∫

Qc

Qc
m

a

y2f
(

yQc
m − (α− βp+ k

√
η)
)

g(y)dy > 0

This leads to the following proposition.

Proposition 3.1 For given retail price p and CSR investment η, the entire system’s

objective function Πc(Q,Qm, p, η) is jointly concave in Q and Qm, and the optimal

order quantity Qc and production decision Qc
m satisfy the following equations:

Q = (α− βp+ k
√
η) + F−1

(cr − vr + vm
p+ g − vr

)

(3.3)

(p+ g − vr)

∫
Q

Qm

a

∫ u

yQm−(α−βp+k
√
η)

yf(x)dxg(y)dy

−(cr − vm + vr)

∫
Q

Qm

a

yg(y)dy = (cm − vmȳ) (3.4)

�

Again, for given R and Q, the second order partial derivatives of Πc(Q,Qm, p, η) with

respect to its decision variables p and η are

∂2Πc(Q,Qm, p, η)

∂η2
= −k2

4η
(p+ gr − vr)×

{

∫ Q

Qm

a

f
(

yQm − (α− βp+ k
√
η)
)

g(y)dy

+

∫ b

Q

Qm

f
(

Q− (α− βp+ k
√
η)
)

g(y)dy
}

∂2Πc(Q,Qm, p, η)

∂p2
= −2β

{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
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+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

− β2(p+ gr − vr)

×
{

∫ Q

Qm

a

f
(

yQm − (α− βp+ k
√
η)
)

g(y)dy

+

∫ b

Q

Qm

f
(

Q− (α− βp+ k
√
η)
)

g(y)dy
}

∂2Πc(Q,Qm, p, η)

∂η∂p
=

∂2Πc(Q,Qm, p, η)

∂p∂η
= (p+ gr − vr)

( βk

2
√
η

)

×
{

∫ Q

Qm

a

f
(

yQm − (α− βp+ k
√
η)
)

g(y)dy

+

∫ b

Q

Qm

f
(

Q− (α− βp+ k
√
η)
)

g(y)dy
}

+
k

2
√
η

×
{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

If Hi denotes the principal minor of order i (i = 1,2) of the associated Hessian matrix

H , then

H1 = −2β
{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

− β2(p+ gr − vr)

×
{

∫
Q

Qm

a

f
(

yQm − (α− βp+ k
√
η)
)

g(y)dy

+

∫ b

Q

Qm

f
(

Q− (α− βp+ k
√
η)
)

g(y)dy
}

< 0

H2 =
k2

4η

{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

> 0
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The above discussion leads to the following proposition.

Proposition 3.2 For given order quantity Q and production decision Qm, the entire

system’s objective function Πc(Q,Qm, p, η) is jointly concave in p and η, and the optimal

retail price pc and CSR investment ηc satisfy the following equations:

{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}

= β(p+ g − vr)
{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

(3.5)

and
K

2
√
η
(p+ g − vr)

{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

= 1 (3.6)

�

From equation (3.3), we observe that the order quantity Q of the final product is

affected by both exogenous and endogenous parameters related to the final product as

well as the raw materials except the distribution of the demand, which is quite natural.

After putting the optimal values of the decisions variables in equation (3.2) we get the

channel profit Πc(Q
c, Qc

m, p
c, ηc). Although, due to the complexity, we can’t find the

closed-form solution from Πc(Q
c, Qc

m, p
c, ηc), but with the help of Proposition 3.1, we

can show that CSR investment increases the order quantity which leads to a higher

expected channel profit.
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3.3.1 Centralized model without CSR

We now present the maximal expected profit and optimal decisions of the centralized

decision model without CSR for comparison purposes. In this scenario, the expected

profit function can be described as

Πc0(Q,Qm, p) = (p+ g − vr)
{

∫
Q

Qm

a

(

∫ yQm−(α−βp)

l

(α− βp+ x)f(x)dx

+

∫ u

yQm−(α−βp)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp)

l

(α− βp+ x)f(x)dx

+

∫ u

Q−(α−βp)

Qf(x)dx
)

g(y)dy
}

− (cr − vr + vm)

×
{

∫ Q

Qm

a

yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−(cm − vmȳ)Qm − gx̄ (3.7)

Due to complexity of the profit function Πc(Q,Qm, p) in (3.7), it is difficult to show

directly that Πc(Q,Qm, p) is jointly concave inQ, Qm and p. So, like previous model, we

apply a repetitive method to show concavity of Πc(Q,Qm, p). We derive the following

results to characterize the optimal decisions of the centralized model.

Proposition 3.3 For given retail price p, the entire system’s objective function

Πc0(Q,Qm, p) is jointly concave in Q and Qm, and the optimal order quantity Qc0

and production decision Qc0
m satisfy the following equations:

Q = (α− βp) + F−1
(cr − vr + vm

p+ g − vr

)

(3.8)

(p+ g − vr)

∫ Q

Qm

a

∫ u

yQm−(α−βp)

yf(x)dxg(y)dy

−(cr − vm + vr)

∫ Q

Qm

a

yg(y)dy = (cm − vmȳ) (3.9)
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Proof. Taking partial derivatives of Πc(Q,Qm, p) with respect to Q and Qm we get

∂Πc(Q,Qm, p)

∂Q
= (p+ gr − vr)

∫ b

Q

Qm

(

∫ u

Q−(α−βp)

f(x)dx
)

g(y)dy

−(cr − vr + vm)

∫ b

Q

Qm

g(y)dy

∂Πc(Q,Qm, p)

∂Qm

= (p+ gr − vr)

∫
Q

Qm

a

∫ u

yQm−(α−βp)

yf(x)dxg(y)dy

−(cr − vm + vr)

∫
Q

Qm

a

yg(y)dy− (cm − vȳ)

∂2Πc(Q,Qm, p)

∂Q2
= −{p + gr − vr}

{

F̄
(

Q− (α− βp)
)( 1

Qm

)

g
( Q

Qm

)

+f
(

Q− (α− βp)
)

Ḡ
( Q

Qm

)}

+ (cr − vr + vm)
( 1

Qm

)

g
( Q

Qm

)

∂2Πc(Q,Qm, p)

∂Q2
m

= −{p + gr − vr}
{

F̄
(

Q− (α− βp)
)( Q2

Q3
m

)

g
( Q

Qm

)

+

∫ Q

Qm

a

y2f
(

yQm − (α− βp)
)

g(y)dy
}

+(cr − vr + vm)
( Q2

Q3
m

)

g
( Q

Qm

)

∂2Πc(Q,Qm, p)

∂Qm∂Q
=

∂2Πc(Q,Qm, p, η)

∂Q∂Qm
= (p+ gr − vr)F̄

(

Q− (α− βp)
)

×
( Q

Q2
m

)

g
( Q

Qm

)

− (cr − vr + vm)
( Q

Q2
m

)

g
( Q

Qm

)

Now, putting Qc and Qc
m in the above second order partial derivatives, we get

[

∂2Πc(Q,Qm, p)

∂Q2

]

Q=Qc

= −{p+ gr − vr}f
(

Qc − (α− βp)
)

Ḡ
( Qc

Qm

)
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[

∂2Πc(Q,Qm, p)

∂Q2
m

]

Qm=Qc
m

= −{p + gr − vr}
∫ Qc

Qc
m

a

y2f
(

yQc
m − (α− βp)

)

g(y)dy

[

∂2Πc(Q,Qm, p)

∂Qm∂Q

]

( Q=Qc

Qm=Qc
m
)

=

[

∂2Πc(Q,Qm, p)

∂Q∂Qm

]

( Q=Qc

Qm=Qc
m
)

= 0

If Hi denotes the principal minor of order i (i = 1,2) of the associated Hessian matrix

H , then

H =





∂2Πc

∂p2
∂2Πc

∂p∂e

∂2Πc

∂e∂p
∂2Πc

∂e2



 .

We deduce

H1 = −{p+ gr − vr}f
(

Qc − (α− βp)
)

Ḡ
( Qc

Qm

)

< 0

H2 = {p+ gr − vr}2f
(

Qc − (α− βp)
)

Ḡ
( Qc

Qc
m

)

×
∫ Qc

Qc
m

a

y2f
(

yQc
m − (α− βp)

)

g(y)dy > 0

This shows that the Hessian matrix is negative definite. Then, from the first order

optimality conditions ∂Πm(Q,Qm,p)
∂Q

= 0 and ∂Πm(Q,Qm,p)
∂Qm

= 0, we obtain the optimal

solution. �

Proposition 3.4 For given order quantity Q and production decision Qm, the whole

supply chain’s profit function Πc0 in the centralized model without CSR is concave in

in p, and the optimal retail price pc satisfies the following equation:

{

∫ Q

Qm

a

(

∫ yQm−(α−βp)

l

(α− βp+ x)f(x)dx+

∫ u

yQm−(α−βp)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp)

l

(α− βp+ x)f(x)dx+

∫ u

Q−(α−βp)

Qf(x)dx
)

g(y)dy
}

45



Chapter 3. Coordinating a SC with random yield under CSR and price-dependent stochastic demand

= β(p+ g − vr)
{

∫ Q

Qm

a

(

∫ yQm−(α−βp)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp)

l

f(x)dx
)

g(y)dy
}

(3.10)

Proof. Taking partial derivatives of Πc(Q,Qm, p) with respect to p, we get

∂Πc(Q,Qm, p)

∂p
=

{

∫
Q

Qm

a

(

∫ yQm−(α−βp)

l
(α− βp + x)f(x)dx

+

∫ u

yQm−(α−βp)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp)

l
(α− βp+ x)f(x)dx

+

∫ u

Q−(α−βp)
Qf(x)dx

)

g(y)dy
}

−β(p + gr − vr)
{

∫
Q

Qm

a

(

∫ yQm−(α−βp)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp)

l
f(x)dx

)

g(y)dy
}

and
∂2Πc(Q,Qm, p, )

∂p2
= −2β

{

∫ Q

Qm

a

(

∫ yQm−(α−βp)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp)

l

f(x)dx
)

g(y)dy
}

− β2(p + gr − vr)

×
{

∫
Q

Qm

a

f
(

yQm − (α− βp)
)

g(y)dy

+

∫ b

Q

Qm

f
(

Q− (α− βp)
)

g(y)dy
}

< 0.

Therefore, Πc(Q,Qm, p, ) is concave with respect to p and from the first order optimality

condition ∂Πc0(Q,Qm,p)
∂p

= 0, we obtain the optimal retail price pc0. This proves the

proposition. �

The profit functions in equations (3.2) and (3.7) are too complicated to compare their

properties. In Section 3.6, we use a numerical example to illustrate this comparison.
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3.3.2 Centralized model with CSR in the presence of sec-

ondary resource

In this section, we examine the same model in the presence of secondary resource for

the manufacturer to mitigate his random production yield. Let c
′

m be the purchasing

cost of the secondary resource. The expected profit of the entire supply chain in this

case is described as

Πcs(Q,Qm, p, η) = (p+ g − cr − vm)Q− (p+ g − vr)

∫ Q−(α+√
ηk−βp)

l

F (x)dx

−(c
′

m − vm)Qm

∫ Q

Qm

a

gdy −Qm (cm− vȳ)− grX̄ − η (3.11)

Similar to Πc(Q,Qm, p, η), Πcs(Q,Qm, p, η) is an objective function of a price setting

newsvendor problem containing multiple decisions variables. In the similar manner,

for Πc(Q,Qm, p, η), we can obtain the optimal solutions of Πcs(Q,Qm, p, η). The entire

chain’s optimum decisions satisfy the followings equations:

(p+ g − cr − vm)− (p+ g − vr)F (Q) = (c
′

m − vm)G(
Q

Qm

) (3.12)

(c
′

m − vm)

∫
Q

Qm

a

yg(y)dy = (cm− vȳ) (3.13)

Q−
∫ Q−(α+

√
ηk−βp)

l

F (x)dx = (p+ g − vr)β

∫ Q−(α+
√
ηk−βp)

l

f(x)dx (3.14)

(p+ g − vr)
K

2
√
η

∫ Q−(α+
√
ηk−βp)

l

f(x)dx = 1 (3.15)

It is difficult to get explicit analytical solution of the model. Most of the literatures
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have shown that the secondary resource has a positive impact on the supply chain (Lee

and Whang, 2002). It is noted that the accessibility of the secondary resource is helpful

to the supply chain in order to obtain a higher profit while production is suffering from

random yield. The presence of the secondary market provides the manufacturer with

more ways to overcome the production uncertainty and increases the supply chain’s

performance effectively. Moreover, the double marginalization in the decentralized

supply chain decreases in the presence of a secondary resource.

3.4 Decentralized model with price-only contract

Although the integrated model provides the most system potency, it is far from the

real business situation. In reality, supply chain entities are freelance decision makers

and that they select the most effective decisions to maximize their individual profits.

We currently think about a decentralized system wherever there’s a price-only contract

among the supply chain entities. The method flow is as follows.

The manufacturer simultaneously decides its wholesale price wm and CSR invest-

ment η first. Then, with the knowledge of demand uncertainty and wholesale price

offered by the manufacturer, the retailer determines to buy Q units from the manufac-

turer and the manufacturer decides to produce Qm units. The amount min{Q, yQm} is

shipped by the manufacturer to the retailer. Lastly, the market demand x occurs and

the retailer trades the quantity min{X,Q, zQm} to the end-customers. We consider

a Nash sequence where the manufacturer is the first decision maker, and the system

is solved through backward substitution. Therefore, the retailer first determines his

optimal decisions. For given Qm and η, the retailer’s profit function Πr(Q, p) can be

derived as follows:

Πr(Q, p) = pE[min{X,Q, yQm}] + vrE[(min{Q, yQm} − x)+]

−gE[(x−min{Q, yQm})+]− (w + cr)E[min{Q, yQm}]

= (p+ g − vr)E[min{X,Q, yQm}]− (w + cr − vr)E[min{Q, yQm}]

−gx̄ (3.16)
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We can rewrite the above profit function as follows:

Πr(Q, p) = (p+ g − vr)
{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}

− (w + cr − vr)

×
{

∫ Q

Qm

a

yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−gx̄ (3.17)

Due to complexity, the concavity of Πr(Q, p) with respect to Q and p can not be proved

analytically. The following proposition explores the retailer’s optimal order quantity

and retailer price in the wholesale price contract, assuming that Πr is concave.

Proposition 3.5 The retailer’s optimal order quantity Q and retail price p in the

decentralized model with wholesale price-only contract are given by the following equa-

tions:

Q = (α− βp+ k
√
η) + F−1

(w + cr − vr
p+ g − vr

)

(3.18)

and

{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}
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= β(p+ g − vr)
{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

(3.19)

Proof. We have

∂Πr(Q, p)

∂Q
= (p+ gr − vr)

∫ b

Q

Qm

(

∫ u

Q−(α−βp+k
√
η)

f(x)dx
)

g(y)dy

−(w + cr − vr)

∫ b

Q

Qm

g(y)dy

∂Πc(Q, p)

∂p
=

{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}

−β(p + gr − vr)
{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

From the first order optimality condition ∂Πr(Q,p)
∂Q

= 0 and ∂Πr(Q,p)
∂p

= 0, we obtain the

retailer’s optimal order quantity and retail price. �

Comparing the retailer’s optimal order quantity with that of the centralized system,

we find that the retailer orders less. The manufacturer’s self-interest bears the double

marginalization impact by pricing higher than the production cost, and this is the only

way by which he can gain a positive expected profit. Underneath this contract, the

manufacturer doesn’t have any incentive to cut back his wholesale value because the
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retailer takes order decisions with no assurance to the manufacturer.

After investigating the retailer’s problem and getting the optimum decisions
(

Qd, pd
)

, we tend to derive the manufacturer’s expected profit function Πm(Qm, η)

as follows:

Πm(Qm, η) = wE[min{Q, yQm}] + vmE[(yQm −Q)+]− cmQm − η

= (w − vm)E[min{Q, yQm}]− (cm − vmȳ)Qm − η

which can be written as

Πm(Qm, η) = (w − vm)
{

∫ Q

Qm

a

yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−(cm − vmȳ)Qm − η (3.20)

Similar to the retailer’s case, the concavity of the manufacturer’s objective function

Πm(Qm, η) with respect to Qm and η can not be proved analytically. The proposition

below characterizes the manufacturer’s optimal production amount and CSR invest-

ment in the decentralized system under wholesale price only contract.

Proposition 3.6 The optimal production amount Qm of the manufacturer satisfies

the following equation

(w − vm)

∫ Q

Qm

a

yg(y)dy = (cm − vmȳ) (3.21)

The CSR investment η in the manufacturer’s objective function is in linear form with

a negative sign and there is no other term related to η. Therefore, the optimal decision

of the manufacturer is not to invest in CSR activities.

Proof. We have

∂Πm(Qm, η)

∂Qm

= (w − vm)

∫
Q

Qm

a

yg(y)dy− (cm − vȳ) (3.22)

Solving the first order optimality condition, we can obtain the optimal production. �
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Under the price-only contract, the manufacturer does not have any influence on

the retailer’s order quantity. The retailer also takes his decision without any promise

to the manufacturer. The manufacturer takes the risk of his production uncertainties

alone. In this situation, we assume that the wholesale prices are negotiated based on

the firm’s bargaining powers, keeping the gross margin higher than a desired level of

acceptance. Now, we compare the above benchmark models in the following theorem:

Theorem 3.1 Both the order and production quantities in the decentralised model are

strictly less than their counterparts in the centralized model. A lower-order amount

results in a lower expected supply chain profit in the decentralised setting. �

The above Theorem is a generalization of the finding for the two-level supply chain

that can be a step back model (Spengler, 1950), demonstrating that, in the decentral-

ized environment, the total network channel output is not reached to its maximum

profit even if all chain participants maximize their respective incomes. In the de-

centralized scenario where the decision power is distributed across the various chain

participants, there is a possible deviation from the optimal decisions achieved under the

centralized model. In order to align each member’s decision with the entire channel,

contract mechanisms come into play to prevent sub-optimization by removing mem-

bers’ rivalry without affecting the structure of the supply chain and the decision making

powers of its members.

3.5 Coordination contract

The disadvantages of wholesale price contracts in terms of supply chain performance

have already been observed in previous section. The purpose of this subsection is to

discover a remedy that improve the performance of a supply chain. Coordination is

a crucial assessment factor for measuring supply chain performance. Contract mecha-

nism is a technique to attain coordination by modifying each player’s expected profit

exploitation in terms of trade parameters like valuation, order amount, quality among

the players which also enhance the profit of the whole supply chain. A decentralized

supply chain is claimed to be coordinated when it attains an equivalent potency as the
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centralized scenario in terms of profit.

3.5.1 Revenue-sharing contract

We first analyze the case where the manufacturer decides production quantity, CSR

investment, and offers revenue-sharing contract to the retailer. In a revenue sharing

contract, the retailer keeps a fixed fraction of his revenue for himself and shares the

rest to the supplier, apart from paying the per unit wholesale price. Usually the

manufacturer reduces the wholesale price in turn to encourage the retailer to order

more. Depending on the manufacturer’s decisions, the retailer decides its retail price

and order quantity. At the end of the marketing season, the retailer keeps a fraction

φ of his total revenue and returns (1 − φ) proportion to the manufacturer so as to

compensate it’s reduced wholesale price. Under this contract, for given retail price and

order quantity, the expected profit of the manufacturer can be described as

Πors
m (Qm, η) = (1− φ)pE[min{X,Q, yQm}] + wE[min{Q, yQm}] + vmE[(yQm −Q)+]

−cmQm − φη

= (1− φ)pE[min{X,Q, yQm}]− (w − vm)E[min{Q, yQm}]

−(cm − vmȳ)Qm − φη (3.23)

We can rewrite the above profit function as follows:

Πors
m (Qm, η) = (1− φ)p

{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}

− (w − vm)

×
{

∫
Q

Qm

a

yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−(cm − vmȳ)Qm − φη (3.24)
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The optimal production lot size and CSR investment of the manufacturer satisfy

the following equations:

(1− φ)× p

∫
Q

Qm

a

∫ u

yQm−(α−βp+k
√
η)

yf(x)dxg(y)dy

−(w − vm)

∫
Q

Qm

a

yg(y)dy = (cm − vmȳ) (3.25)

and
K

2
√
η
(1− φ)× p

{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

= 1 (3.26)

For channel coordination, we take ηors = ηc, which gives φp−vr +g = 0. The retailer’s

expected profit function under this contract is given by

Πrc(Q, p) = φpE[min{X,Q, yQm}] + vrE[(min{Q, yQm} − x)+]

−gE[(x−min{Q, yQm})+]− (w + cr)E[min{Q, yQm}]
= (φp− vr + g)E[min{X,Q, yQm}]− (w + cr − vr)

×E[min{Q, yQm}]− gx̄ (3.27)

If ηors = ηc holds then the expected profit of the retailer becomes negative. Hence

the retailer would not agree to sign up the revenue sharing contract. This leads to the

following theorem.

Theorem 3.2 The revenue-sharing contract fails to coordinate the supply chain. �

3.5.2 Revenue-sharing with cost-sharing contract

Now, we intercommunicate the case where the manufacturer offers a cost-sharing con-

tract, in addition to revenue sharing policy with the retailer. During a cost-sharing

contract, the retailer is actuated to share the CSR investment of the manufacturer.
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Using this contract, the manufacturer influences the retailer to share the CSR invest-

ment more, which successively enhances the customer demand. Under this setting, the

retailer’s profit is given by

Πrc(Q, p) = φpE[min{X,Q, yQm}] + vrE[(min{Q, yQm} − x)+]

−gE[(x−min{Q, yQm})+]− (w + cr)E[min{Q, yQm}]− φη

= (φp− vr + g)E[min{X,Q, yQm}]− (w + cr − vr)

×E[min{Q, yQm}]− gx̄− φη (3.28)

An equal representation of the expected profit of the retailer is given by:

Πrc(Q, p) = (φp− vr + g)
{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}

− (w + cr − vr)

×
{

∫
Q

Qm

a

yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

− gx̄− ηφ (3.29)

Similar to the retailer’s and the manufacturer’s objective functions in section 3.4, it

is difficult to show directly that Πrc(Q, p) and Πmc(Qm, η) are jointly concave with

respect to their decision variables. The next two propositions characterize the optimum

decisions of the retailer and the manufacturer under the revenue sharing and cost

sharing agreement.

Proposition 3.7 In the decentralized model under revenue-sharing with cost-sharing

agreement, the optimal order quantity Q∗ and retail price p∗ of the retailer are obtained

from the following equations:

Q = (α− βp+ k
√
η) + F−1

(w + cr − vr
φp+ g − vr

)

(3.30)
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φ×
{

∫ Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}

= β(φp+ g − vr)
{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

(3.31)

Proof. The proof is similar to the Proposition 3.5. �

From Proposition 3.7 we find that the retailer’s optimal order quantity is an in-

creasing function of the retail price p and a decreasing function of its purchasing cost

wm and treating cost cr.

Now, taking into account the retailer’s optimum responses, we determine the man-

ufacturer’s optimal decisions. The manufacturer’s expected profit function is given

by

Πmc(Qm, η) = (1− φ)pE[min{X,Q, yQm}] + wE[min{Q, yQm}] + vmE[(yQm −Q)+]

−cmQm − (1− φ)η

= (1− φ)pE[min{X,Q, yQm}]− (w − vm)E[min{Q, yQm}]
−(cm − vmȳ)Qm − (1− φ)η (3.32)

We extract an alternative representation of the manufacturer’s profit function as given

below:

Πmc(Qm, η) = (1− φ)p
{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

yQm−(α−βp+k
√
η)

(yQm)f(x)dx
)

g(y)dy
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+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

(α− βp+ k
√
η + x)f(x)dx

+

∫ u

Q−(α−βp+k
√
η)

Qf(x)dx
)

g(y)dy
}

− (w − vm)

×
{

∫
Q

Qm

a

yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−(cm − vmȳ)Qm − (1− φ)η (3.33)

The proposition characterizes the manufacturer’s optimal production amount and CSR

investment in the decentralized system under the proposed composite contract.

Proposition 3.8 The optimal input amount Q∗
m and CSR expenditure η∗ of the man-

ufacturer satisfy the following equations:

(1− φ)p

∫ Q

Qm

a

∫ u

yQm−(α−βp+k
√
η)

yf(x)dxg(y)dy

−(w − vm)

∫
Q

Qm

a

yg(y)dy = (cm − vmȳ) (3.34)

and
K

2
√
η
(1− φ)p

{

∫
Q

Qm

a

(

∫ yQm−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α−βp+k
√
η)

l

f(x)dx
)

g(y)dy
}

= (1− φ)(3.35)

Proof. The proof is similar to the Proposition 3.7. �

In order to find the conditions for a win-win outcome, we now characterize the

participation problem of the chain members. In the following theorem, we get the

circumstances under which the contract coordinates the supply chain:

Theorem 3.3 Under the voluntary compliance, the revenue-sharing with cost-sharing

contract with the wholesale price of the manufacturer

wm = φ× vm − (1− φ)(cr − vr) (3.36)

achieves the channel coordination.
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Proof. Comparing the supply chain members’ optimal decisions of the decentralized

model under spanning revenue-sharing contract given in Proposition 3.7 and 3.8 with

the optimal decisions of the centralized supply chain in Proposition 3.1 and 3.2 respec-

tively, we find that when the conditions wm = φ×vm−(1−φ)(cr−vr) holds, the supply

chain is coordinated. As a result, the retailer’s ordering and pricing decisions align with

the centralized model and the manufacturer takes the ordering decisions and CSR in-

vestment same as in the centralized model i.e., Q∗ = Qc, Q∗
m = Qc

m, η
∗ = ηc and p∗ = pc.

Further, using optimal decisions given in Propositions 3.7 and 3.8 and coordination

conditions in equation (3.36), the total expected profit of the decentralized SC under

spanning revenue sharing contract is Πrc(Q
∗, p∗) +Πmc(Q

∗
m, η

∗) = Πc(Q
c, Qc

m, p
c, η∗) �

Now, our attention is focused on the issue of individual firm’s participation. A

situation can occur where a participant of the chain becomes worse by signing the

proposed contract. Clearly, the manufacturer wants to receive higher compensation

(higher value of φ) from the retailer to reduce his wholesale price. On the other

hand, the retailer wants to share CSR investment cost as small as possible (lower

value of φ) to incentive the manufacturer to invest in CSR activities to increase CSR

sensitive customer demand. Therefore, the manufacturer wants to increase the share

φ but the retailer wants to decrease it. Hence, a question arises- how to determine the

suitable contract parameters (φ, wm) under which supply chain members are motivated

to engage in the proposed coordinating contract mechanism? We will find the answer

to this question from the numerical experiment.

3.6 Numerical analysis

In this section, a numerical example is used to explore the effect of various parameters

on the decision variables and the expected profit of the whole supply chain as well

as individual profits of the channel members. The stochastic factor x of the market

demand is uniformly distributed with mean x̄ = 50 and standard deviation σx = 50/
√
3.

Productions of the supplier is assumed to follow uniform distributions with means

σy=0.05 and standard deviations ȳ = 0.8. The other parameter-values are taken as

α = 500; β = 10; S=200; cm=5; cr=2.5; gr=1.5; v=4;vr=4.5.
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Fig. 3.1: Concavity of the objective functions under wholesale price-only contract

For the above set of values, the concavity of the retailer’s expected profit function

Πr(Q, p) with respect to Q and p and the manufacturer’s expected profit function

Πm(Qm, η) with respect to Qm and η under the wholesale price contract are checked

graphically as shown in Fig. 3.1. Also, for the same data set, under revenue sharing-

cost sharing contract, the retailer’s profit function Πrc(Q, p) is jointly concave in Q and

p and the manufacturer’s profit function Πmc(Qm, η) is jointly concave in Qm and η,

which can be checked graphically as shown in Fig. 3.2.
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Fig. 3.2: Concavity of the objective functions under coordinating contract.

In Table 3.1, the optimal decision variables and the expected profits for the SC’s cen-

tralized decisions with CSR, the SC’s centralized decisions without CSR, the SC’s cen-

tralized decisions with a secondary resource, the decentralized decisions under whole-
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sale price-only contract and SC coordination under profit and cost-sharing contract are

compared. Table 3.1 shows that the optimal retail price pc = 32.52 with CSR is higher

than the optimal retail price p0 = 31.10. Also, the data in Table 3.1 reveal that the

expected profit Πc=5735.50 is much higher than Π0=5400.33. It is possible to explain

that Πc is more than Π0 as follows. The SC with CSR has extra reward demand (S)

relative to the SC without CSR and hence has higher expected sales (see EPS in Table

3.1). As the extra revenue arising from additional rewarded demand and the higher

selling price (pc > p0) cover the CSR investment η, the expected profit of the supply

chain with CSR is higher than the expected profit of the SC without CSR.

Table 3.1: Optimal decisions and profits of three scenarios

Variables Centralized Centralized Centralized model Decentralized model Decentralized model
model with model without with secondary under revenue and under wholesale

CSR CSR resource cost sharing price
Q 293.036 278.490 287.191 293.036 186.786
Qm 370.851 350.648 387.987 370.851 253.023
p 32.524 31.102 32.59 32.524 36.482
η 355.225 354.871 355.225 0.010

EPS 251.299 237.111 251.024 251.299 173.312
np 31.110 31.102 31.18 31.110 36.481
w 3.27 18
Πd 5735.50 5400.33 5717.7 5735.50 4901.30
Πr 3401.94 2740.20
Πm 2333.56 2161.10

It is noted that, for the supply chain with CSR, the selling price is greater than that

of the supply chain without CSR. At the first glance, it appears that relatively high

optimum retail price for the SC with CSR does not help the consumer. However, the

CSR activities support the stakeholders including the consumer. For example, Indian

company ‘P&G’ spends a fraction of revenue from all its products for girls education

which might give the chance of a healthier and happier life for the girls to meet their

own needs. After all, there are also extensive benefits for the community as a whole. An

educated woman has the skills, knowledge, and self-confidence to be a better citizen,

parent, and employee. In this way, the CSR activity is beneficial to the customers.

Here, the manufacturer’s CSR activity helps both the members of the SC and other

stakeholders. In other terms, the manufacturer’s CSR operation accomplishes ”win -

win” for the supply chain and the community.
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For the decentralized decision under revenue and cost-sharing contract, Q, Qm, η,

and p are calculated by equations (3.30), (3.31), (3.34), and (3.35), respectively. The

wholesale price wm is determined following Theorem 3.3 as wm = φ×vm−(1−φ)(cr−vr).

Table 3.1 displays the computational outcome for decentralized scenario under the

composite contract. Comparing the results in the second column with those in the

fifth column in Table 3.1, we observe that all decision variables and predicted income

are the same. Such findings suggest that the composite contract can achieve channel

coordination, as described in Theorem 3.3. Making a comparison of the results in the

fifth column with those in the sixth column in Table 3.1, we observe that SC’s order

quantities and CSR’s commitment under a composite contract agreement are higher

than those under whole-sale price only contract. The expected profits of the SC and its

members are greater under channel coordination with the proposed composite contract

than those under whole-sale price only contract. Based on the criteria in the empirical

case, we consider that if the requirements in Theorem 3.3 are fulfilled, i.e. the supply

chain is coordinated, then in turn, for φ = 0.59 all supply chain participants receive

the same amount of additional profit due to revenue-sharing and cost-sharing contract

relative to the decentralized model with whole-sale price contract only.

Table 3.2: Effects of k on the decision variables and profit functions

k Πd Πr Πm Q Qm p η EPS np
1.1 5575.72 3306.65 2269.07 286.107 361.225 31.846 180.889 244 31.106
1.3 5648.38 3349.98 2298.40 289.259 365.604 32.154 259.042 247 31.108
1.5 5735.50 3401.94 2333.56 293.036 370.851 32.524 355.225 251 31.110
1.7 5838.29 3463.24 2375.05 297.489 377.041 32.960 472.199 255 31.113
1.9 5958.27 3534.78 2423.48 302.683 384.262 33.469 613.496 260 31.116
2.1 6097.29 3617.69 2479.60 308.696 392.624 34.058 783.641 266 31.119
2.3 6257.64 3713.30 2544.33 315.625 402.263 34.738 988.445 273 31.122

Now, we investigate the effects of CSR-sensitive coefficient k on the expected profits

and optimal decisions. To investigate the impact of k under the composite contract,

we take φ= 0.59. Optimal decision variables and estimated profits for various k are

mentioned in Table 3.2. It is evident from the results shown in Table 3.2 that all the

decision variables, including order quantity and retail price, increase as k increases.

Also the SC’s expected profit, each member’s expected benefit, and CSR investment
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increase as k increases. However, the increased rate of CSR investment with k tends

to be higher than the expected profit amount. Table 3.2 provides an interesting com-

parison of the CSR contribution level. Apparently, the ratio of CSR investment to the

profit of the supply chain and the ratio of CSR investment to the profit of the manu-

facturer increase w.r.t. k. This result implies that if the reward demand arising from

CSR investment increases, the manufacturer wants to increase its CSR investment. In

Table 3.2, it is found that the increased rate of np (31.10-31.12) is very low with k

but the CSR investment rises with k at a high rate. A higher value of k is therefore

advantageous not only for the SC but also for other SC owners, including customers. A

higher value of k is one of the strongest ways to boost the entire channel’s revenue and

consumers’ welfare. The significance of k indicates that when handling the SC with

CSR, we strive to choose acceptable CSR practices and boost the income by improving

CSR investment. Similar findings can be created on other parameters such as c
′

m and

σy, etc. through a sensitivity analysis.

Most of the researches have shown that there is a beneficial allocation influence

of a secondary market for the supply chain. In our numerical analysis, we have quite

similar observations. Remember that getting access to the secondary market as an

emergency resource is advantageous to the supply chain (Lee and Whang, 2002) to

achieve a higher expected profit when producing less. From the numerical example, we

see that the profit in the centralized model with a secondary resource is greater than

the profit in the centralized model without a secondary resource. The presence of the

secondary market offers more alternatives which ultimately increase the supply chain’s

efficiency. In the presence of a secondary market, the double marginalization effect in

the decentralized supply chain is decreased, and the amount moved to the retailer is

increased.

It is a little surprising when we find that there may be a situation when a secondary

resource may not be favorable for the supply chain. It seems that the manufacturer

does not need to invest that much for production to satisfy the same amount Q in the

presence of a secondary resource which decreases his production investment as well as

the risk of salvaging, compare to the absence of a secondary resource. However, the

manufacturer produces less under the expectation that he will purchase from the sec-
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Table 3.3: Effects of c
′

m
on the decision variables and profit functions

c
′

m Πd Q Qm p η EPS np
10 5738 287.772 367.594 32.5625 355.978 250.367 31.1407
15 5723.47 287.356 382.083 32.585 355.185 250.955 31.1697
20 5717.7 287.191 387.987 32.5939 354.871 251.024 31.1803
25 5714.61 287.102 391.194 32.5987 354.702 251.029 31.1857
30 5712.68 287.047 393.208 32.6017 354.596 251.022 31.1891
35 5711.36 287.009 394.591 32.6038 354.524 251.013 31.1914

ondary resource while producing less. But when the purchasing cost of the secondary

resource increases, the performance of the supply chain decreases as shown in Table

3.3. The presence of the secondary resource with high purchasing cost indeed gener-

ates more fear on the manufacturer’s mind that compels him to increase the amount

of his production decision, under the force compliance. The effect on the retailer’s

decision, when the purchasing cost of the secondary resource is varying, is negligible.

Consequently, the expected sales of the retailer almost remain unchanged. Therefore,

the risk of salvaging of the final product at the manufacturer level increases as the

purchasing cost of the secondary resource increases, which leaves a negative impact on

the supply chain performance.

Table 3.4: Effects of σy on the decision variables and profit functions

σy Πd Πr Πm Q Qm p η EPS np
0.01 5763.05 3407.94 2355.11 293.527 359.564 32.484 357.795 252 31.065
0.03 5751.30 3404.67 2346.63 293.315 363.465 32.500 356.567 251 31.084
0.05 5735.50 3401.94 2333.56 293.036 370.851 32.524 355.225 251 31.110
0.07 5717.18 3399.21 2317.97 292.712 379.991 32.551 353.758 250 31.141
0.09 5696.64 3396.32 2300.32 292.349 390.457 32.582 352.147 250 31.175
0.11 5673.86 3393.15 2280.71 291.946 402.103 32.617 350.372 249 31.213

Finally, we explore how the production yield uncertainty impacts on the supply

chain under the proposed composite contract. Table 3.4 shows the influence of yield

uncertainty on the decisions of the supply chain. For comparison purpose, six different

values of yield variance are utilized in Table 3.4. It is shown that the supply chain’s

benefit rises as the yield uncertainty decreases. This supports the fact that a lower risk

leads to the efficiency of the supply chain. Not unexpectedly, the difference between

order quantity and planed production amount decreases as the yield uncertainty de-
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creases, i.e., the manufacturer plans to use less input to generate the very same output

and satisfy the demand. We also find that the optimal CSR investment increases as

the yield uncertainty decreases. This shows that yield uncertainty may encourage the

manufacturer to increase the investment in CSR for a higher rewarded demand rather

than his other investment, (production investment). When the manufacturer invests

more in CSR, it creates more demand and the efficiency of the supply chain is increased

in general.

3.7 Conclusion

In this article, we analyze a two-level supply chain coordination problem consisting of a

manufacturer and a retailer where only the manufacturer invests in CSR activities. The

issue discussed in this article is an extension of the traditional price setting newsven-

dor model and the existing socio-responsible supply chain coordination problem with

demand uncertainty and exogenous retail price. After modeling and addressing SC’s

centralized decision issue without CSR or with CSR in the presence or absence of a

secondary resource, we have solved the problem of SC coordination under the revenue-

sharing and cost sharing contract. Because of the difficulty of the problem, we have

addressed the problem in the case of linear price-dependent demand, i.e., d(p) = a−bp

as taken by Zhao and Yin (2018). Our work is firmly linked to Zhao and Yin (2018)

who assumed that stochastic demand follows uniform distribution and the demand is

linear in price. We have extended their work by taking arbitrary distribution of demand

function and random yield in production. Furthermore, the coordination effect of the

modified revenue sharing contract in Zhao and Yin (2018), where only one member

exhibits CSR is modified by revenue and cost sharing contract, where both members

exhibit CSR.

The following conclusions are drawn from our theoretical analysis and empirical

study: First, the SC’s estimated benefit with CSR is persuaded to be greater than that

of the SC without CSR. Second, the traditional revenue sharing contract is unable to

coordinate the SC under the Nash system, but the proposed composite contract can

coordinate the SC. Third, in particular, the secondary resource is detected to have a
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positive effect on supply chain performance, but we also find a situation where the

presence of secondary resource might not be beneficial for a supply chain. Ultimately,

the SC’s expected income, each member’s expected benefit, and stakeholder welfare

(CSR investment) increase with k. The above results suggest that raising k is crucial

for enhancing the SC’s profit and its stakeholders’ welfare while handling the SC with

CSR.

For a socio-responsible two-echelon supply chain faced with price and CSR-

dependent random demand, we have concentrated on the coordination issue of the

supply chain. Although the revenue sharing and cost sharing contract guarantees that

SC’s target is met, there are some limitations of this research work. We have assumed

that the demand is linear in retail price which can be relaxed. The expansion of this

work includes exploring the problems of SC coordination with dual networks for the

manufacturer-retailer SC, in the sense of CSR. Extending the revenue sharing and cost

sharing contract into a multi-period supply chain is another avenue for future research.
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Chapter 4

Coordinating a three-level supply
chain with effort and price-depe-
ndent stochastic demand
under random yield∗

4.1 Introduction

Recently fashionable products with higher features have become more favourable for

customers than durable and long-lasting products, as customers are searching for va-

riety and they want to use a product for a short time and look for a new one after

that. In reality, such behavior can be related to products such as electronic goods (e.g.,

personal computer, mobile), fashion items, etc. To sustain in the competitive business

environment, companies therefore have been forced to increase their production rates

together with higher efforts on retailing varieties of products. It is, therefore, more

acceptable for the companies to focus on a single transaction only, i.e., to choose to be

either on the manufacturing side or on the retailing side, and that shows the picture

of how today’s supply chains have initiated to decentralize.

Since price is one of the main factors for customers to decide whether to buy a

∗This chapter is based on the paper published in Annals of Operations Research, (2021), vol. 307,
pp. 175-206.
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product or not, joint determination of inventory and pricing decisions is of utmost

importance. In addition to retail price, the retailer can also influence demand by sales

efforts such as advertising, after-sales service support, providing attractive products’

display, and hiring sophisticated sales personnel to influence consumer purchase. For

example, in the electronics industry, the market demand depends not only on the

brand reputation of the product, but also on retailer’s after-sales service support. As

reported by Dant and Berger (1996), sales effort programs finance 25-40% of the local

advertisements of retailers. In 1970, the cost of sales efforts in US has been estimated

at $900 million, whilst the expenditure on sales advertising was approximately $15

billion in 2000 (Nagler, 2006) and $50 billion in 2010 (Yan, 2010).

In the previous chapter, we have discussed about the production yield uncertainty

in a two-echelon supply chain where the manufacturer can’t access a secondary resource

to mitigate his yield risk of the final product. For raw materials shortage, it is possible

to access an alternative resource. In that case, raw material producers often use a

secondary market as an emergency resource to satisfy the unmet demand, and also

for salvaging the leftover products. In this chapter, as an extension of our previous

work, we consider a multi-echelon newsvendor problem with random yield and price

and sales effort dependent random demand. The proposed supply chain consists of

a raw material supplier, a manufacturer and a retailer trading a single product for a

single period with short life-cycle. It is also assumed that production of raw materials

and production of finished goods are both subject to random yield. The raw-material

supplier can mitigate the risk of uncertainty in production by using a secondary market.

Similarly, the retailer can access a secondary market for selling the leftover products

at a lower price. However, the availability of secondary resource at the manufacturer

level is debarred here, which is justified from the perspective of brand value or quality

issue of the product produced by the manufacturer.

The main problem in such a multi-echelon supply chain is to decide how to deal

with such uncertainties and influences so as to maximize profits of the chain members

as well as the whole supply chain. In the literature, various contracts are proposed to

coordinate the supply chain under different scenarios. Although most of the existing

literatures on contract mechanism focus on channel coordination in two-level supply
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chain like our previous study, but the real world business supply chains consist of

multiple entities. Companies like HP, Lenovo and Lakmé procure raw materials from

their suppliers and sell finished products through their retailers. So these supply chains

contain more than two entities. The popular contract mechanisms which are designed

for two-level supply chains are thus needed to be generalized so as to fit in multi-level

supply chains. Many researchers have extended the traditional contracts by establishing

contract between pairs of adjacent entities in a multi-echelon supply chain. The present

work aims in that direction. However, there are issues related to contract parameters

information, simultaneous installation of the contract, etc. when traditional contracts

are implemented in a multi-level supply chain. From this perspective, the following

research questions arise:

• Can a contract mechanism be designed to coordinate the proposed multi-echelon

supply chain by generalizing/combining some existing popular contracts?

• What are the impacts of uncertainties in demand and production as well as non-

existence of emergency resource for the final product on optimal decisions and

profits of individual members’ and the entire supply chain?

To answer these questions, we propose a composite contract by combining three

popular contracts viz. a buyback contract, a sales rebate and penalty contract, and a

revenue sharing contract. The integrated supply chain is first analyzed as the bench-

mark case for comparison. In the decentralized setting, aiming at how the risk of

uncertainties in both yield and demand can be distributed among the supply chain

members, we analyze the wholesale price contract as no risk sharing contract, and

develop our risk sharing composite contract which distributes the risk of uncertainties

among the parties to enhance the supply chain performance. In both the cases, we de-

termine the optimal ordering, pricing, sales effort, and production decisions. We also

analyze the impacts of uncertainties in demand and production as well as non-existence

of emergency resource for the final product on optimal decisions of the supply chain.

The contributions of the chapter with respect to the existing literature are as fol-

lows. Firstly, our chapter incorporates the risks of random yield, and random demand

which is sensitive to both retail price and sales effort in a multi-echelon supply chain.
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Secondly, we consider the situation where the manufacturer faces the yield risk but

can’t access a secondary resource to mitigate yield uncertainty. We suggest that, in

this situation, the retailer should set a larger order quantity than the one when the

manufacturer has access to the secondary market. We also find that this strategy is

beneficial to all the members of the supply chain. Thirdly, this chapter contributes to

the multi-echelon supply chain coordination literature by exploring a composite con-

tract. We show that, for a three-echelon supply chain with uncertainty at each stage, a

composite contract can ensure both coordination and win-win outcome that overcome

the difficulties of contract parameters’ estimation and simultaneous installation.

The rest of the chapter is organised as follows. Section 4.2 presents model de-

scription and notations of the problem under consideration. Section 4.3 discusses the

centralized benchmark model and section 4.4 illustrates the decentralized model with

no risk sharing contract. A risk sharing coordination contract is presented in section

4.5. Numerical examples are provided and the optimal results are analyzed in section

4.1. Section 4.7 summarizes the chapter and indicates scopes of future research.

4.2 Model assumptions and notation

Most of the assumptions of this chapter are borrowed from Giri et al. (2016). The

proposed model is developed for trading a short life-cycle product such as personal

computer, electronic or fashionable good. Since the product life cycle is short, only

one-time order is considered. All the entities, namely, the supplier, the manufacturer

and the retailer involved in the supply chain are assumed to be risk-neutral, and there

is no information asymmetry among them. In view of various uncertainties related to

weather, environment, availability of skilled labor, product quality, transportation, etc,

it is assumed that productions of the raw material and the finished good are subject to

random yield. The supplier can mitigate the risk of uncertainty in production by using

a secondary market. Similarly, the retailer can access a secondary market for selling the

leftover products at a lower price. However, the availability of secondary market at the

manufacturer level has been debarred here, which is justified from the perspective of

brand value or quality issue of the product produced by the manufacturer. Following He
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et al. (2009), the market demand is assumed to be stochastic but sensitive to both retail

price and sales effort. The random demand is assumed to be of the formD = γ(p, e)+x,

where γ(p, e) = α − βp + ke, α, β, k > 0, showing that the actual demand is linear

in its deterministic and stochastic components; β and k denote price and sales effort

sensitivity parameters, respectively; α is the base demand, and x denotes a particular

value of the random variable X . The notations used in this chapter are provided in

the following table. More notations will be defined as and when needed.

Notation

cs : unit production cost at the raw material supplier.

c′s : unit procurement cost of raw material from the secondary market.

cm : unit manufacturing cost at the manufacturer.

v : unit salvage value of the final product.

vs : unit salvage value of excess product at the raw material supplier.

gr : retailer’s goodwill cost for unit unmet demand.

X : a positive random variable with range [l, u], pdf f(·), cdf F (·), mean x̄, and

variance σ2
x representing the stochastic portion of the customer demand.

Y : a random variable with range [c,d], 0 ≤ c < d ≤ 1, having pdf g(·) and cdf G(·),

denoting the randomness of the production quantity produced

by the manufacturer.

Z : a random variable with range [a, b], 0 ≤ a < b ≤ 1, with pdf h(·) and cdf H(·),

denoting the randomness of the production quantity of the raw material

produced by the supplier.

R : planned production quantity of the raw-material supplier, a decision variable.

Q : ordered quantity of the retailer, a decision variable.

p : unit retail price of the final product charged by the retailer, a decision variable.

e : effort level to summarize the retailer’s activities to influence market demand,
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a decision variable. We assume J(e) to be the retailer’s cost of exerting an

effort level e with J(0) = 0, J ′(e) > 0 and J ′′(e) > 0 when e > 0.

ws : unit wholesale price of the raw material offered by the supplier to the

manufacturer, a decision variable.

wm : unit wholesale price of the finished product charged by the manufacturer to the

retailer, a decision variable.

The sequence of events is as follows:

• Firstly the retailer forecasts the market demand D, and negotiates his trade con-

tract with the manufacturer, by placing an order of Q units to the manufacturer.

• The manufacturer negotiates another trade contract with the supplier and passes

the order to the supplier. Without loss of generality, we assume that one unit of

the final product can be produced from one unit of the raw material.

• After receiving the order quantity Q, the raw material supplier decides his optimal

production quantity R, and starts production. The produced amount is zR,

where z is a particular value of the random variable Z. If the actual production

quantity of the supplier is less than the amount ordered, he buys the difference

from the secondary market to fulfill the order; if it is more, the excess amount is

salvaged at a lower rate.

• After receiving Q units of raw material from the supplier, the manufacturer starts

production. The production output is yQ, y being a particular value of the

random variable Y . If the produced amount is less than the amount ordered by

the retailer, the manufacturer can’t buy the difference from the market due to

non-availability of secondary resource of the final product.

• The retailer receives yQ units of the final product. If the demand is less than the

on-hand inventory, the excess amount is salvaged; otherwise, the shortage incurs

a cost.
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In order to avoid trivial cases and ensure positive profit margin for all the chain

members, we assume the following:

(i) vs < cs < ws, in order to prevent the supplier from producing an infinitely large

quantity, and ensure positive profit, (ii) ws + cm < wm and ws < c′s, in order to

ensure that the manufacturer makes positive profit and does not buy raw materials

from the secondary market directly, (iii) v < wm < p, in order to ensure that the

retailer participates in the business, and does not order infinitely large quantity, (iv)

v < (ws + cm)/ȳ, in order to confirm that the salvage value is less than the expected

unit production cost of the final product, (v) p > cs/z̄ + cm/ȳ, i.e., retailer’s unit

selling price is higher than the expected unit cost of the product. (vi) The density

functions f(·), g(·), h(·), of customer demand, manufacturer’s production and supplier’s

production respectively, are strictly positive on their respective domains. (vii) Also

all the probability density functions (f, g, h) along with cumulative density functions

(F,G,H) are continuous on their respective domains.

We now formulate the proposed model based on the above assumptions. Let

S(Q, p, e) be the expected sales volume which can be expressed as

S(Q, p, e) = E[min{yQ,D}] = ȳQ−
∫ d

c

∫ yQ−γ(p,e)

l

(yQ− x− γ(p, e))f(x)g(y)dxdy

Using the identity (a− b)+ = a−min{a, b}, the expected leftover inventory I(Q, p, e)

can be written in terms of the expected sales as

I(Q, p, e) = E[(yQ−D)+] =

∫ d

c

∫ yQ−γ(p,e)

l

(yQ− x− γ(p, e))f(x)g(y)dxdy

= ȳQ− S(Q, p, e)

The expected lost sales L(Q, p, e) can be written as

L(Q, p, e) = E[(D − yQ)+] =

∫ d

c

∫ u

yQ−γ(p,e)

(x+ γ(p, e)− yQ)f(x)g(y)dxdy

= X̄ − S(Q, p, e)
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4.3 Centralized model−The Benchmark case

To establish a performance benchmark, we first analyze the integrated supply chain

model, i.e., the centralized model. In this model, conceptually there is only one central

decision maker for the whole supply chain. Here, the wholesale price(s) charged by the

upstream member(s) to the downstream member(s) may be seen as internal revenue

transfer, which will not influence the supply chain performance as a whole. We assume

that all the residual products are salvaged and unmet demands are lost. The expected

profit of the entire supply chain can then be expressed as

Πc(R,Q, p, e) = pS(Q, p, e) + vI(Q, p, e)− grL(Q, p, e)− cmQ− csR

−c′sE[(Q− zR)+] + vsE[(zR −Q)+]− J(e), (4.1)

where a+ = a if a ≥ 0 and 0 if a < 0. The first two terms denote revenues earned

by selling the final product at the primary and the secondary markets, respectively;

the third term indicates the cost for lost sales; the fourth and the fifth terms represent

the costs for production of the finished product and the raw material, respectively; the

sixth term designates the cost for buying the raw materials from the secondary market;

the seventh term represents the revenue generated from selling excess raw materials at

the secondary market, and the last term indicates the cost associated with sales effort.

We then have an equivalent representation of the entire supply chain’s expected

profit function as given below:

Πc(R,Q, p, e) = {(p+ gr)ȳ − cm − vs}Q− (p+ gr − v)

∫ d

c

∫ yQ−γ(p,e)

l

(yQ− x− γ(p, e))

×f(x)g(y)dxdy − (c′s − vs)

∫ Q/R

a

(Q− zR)h(z)dz

−(cs − vsz̄)R − grx̄− J(e). (4.2)

As observed by Petruzzi and Dada (1999), for a price setting newsvendor problem

(PSNP) containing multiple decisions variables in its objective function, it is often diffi-

cult to show the joint concavity of the objective function in all of its decisions variables.

In the literature (for instance, Wang et al., 2020), it is a common approach to use a
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repetitive method to show the objective function’s concavity. In the present article, the

objective function of the centralized system consists of four decision variables and the

exact methods cannot be applied to obtain the optimal solution. So we apply a repet-

itive method. Let us assume that a finite but not necessarily unique optimal decision

set (Rc, Qc, pc, ec) exists for the centralized model. The first order partial derivatives

of Πc(R,Q, p, e) with respect to each of the decision variables are as follows:

∂Πc(R,Q, p, e)

∂Q
= (p+ gr)ȳ − (cm + vs)− (c′s − vs)H

(Q

R

)

−(p + gr − v)

∫ d

c

∫ yQ−γ(p,e)

l

yf(x)g(y)dxdy (4.3)

∂Πc(R,Q, p, e)

∂R
= (c′s − vs)

∫ Q/R

a

zh(z)dz − (cs − vsz̄), (4.4)

∂Πc(R,Q, p, e)

∂p
= S(Q, p, e) + (p+ gr − v)

∂S(Q, p, e)

∂p
, (4.5)

and
∂Πc(R,Q, p, e)

∂e
= (p+ gr − v)

∂S(Q, p, e)

∂e
− J ′(e). (4.6)

It is easy to observe that, for given p and e,

∂2Πc(R,Q, p, e)

∂Q2
= −(c′s − vs)

R
h
(Q

R

)

− (p+ gr − v)

∫ d

c

y2f(yQ− γ(p, e))g(y)dy < 0

since (c′s − vs) > 0 from assumptions (i) and (ii); p > v i.e., (p + gr − v) > 0 from

assumption (iii); f, g, and h are strictly positive from assumption (vi). Further

∂2Πc(R,Q, p, e)

∂Q∂R
=

∂2Πc(R,Q, p, e)

∂R∂Q
= (c′s − vs)h(Q/R)

Q

R2
> 0

since (c′s − vs) > 0, h > 0 and Q and R are strictly positive decision variables and

∂2Πc(R,Q, p, e)

∂R2
= −(c′s − vs)

Q2

R3
h
(Q

R

)

< 0

Let M be the Hessian matrix of the objective function and M1, M2 are the principal

minors of M , then
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M =





∂2Πc

∂Q2

∂2Πc

∂Q∂R

∂2Πc

∂R∂Q
∂2Πc

∂R2



 ,

we deduce the principal minors |M1| < 0 and |M2| = (c′s − vs)
Q2

R3
h
(Q

R

)

(p + gr −
v)

∫ d

c
y2f(yQ− γ(p, e))g(y)dy > 0. This leads to the following proposition.

Proposition 4.1 For given p and e, Πc(R,Q, p, e) is jointly concave in R and Q, and

the optimal values Qc and Rc satisfy the equations

∫ d

c

∫ yQ−γ(p,e)

l

yf(x)g(y)dxdy =
(p+ gr)ȳ − (cm + vs)− (c′s − vs)H

(

Q
R

)

(p+ gr − v)
(4.7)

and

∫ Q/R

a

zh(z)dz =
cs − vsz̄

(c′s − vs)
. � (4.8)

Again for given R and Q,

∂2Πc(R,Q, p, e)

∂p2
= (−2β − β2(p+ gr − v))

∫ d

c

f(yQ− γ(p, e))g(y)dy < 0

since β > 0, p > v i.e., (p + gr − v) > 0 from assumption (iii); f and g are strictly

positive from assumption (vi). For the same assumptions, we have

∂2Πc(R,Q, p, e)

∂p∂e
=

∂2Πc(R,Q, p, e)

∂e∂p
= k

∫ d

c

∫ yQ−γ(p,e)

l

f(x)g(y)dxdy

+kβ(p+ gr − v)

∫ d

c

f(yQ− γ(p, e))g(y)dy > 0,

and
∂2Πc(R,Q, p, e)

∂e2
= k2(p+ gr − v)

∫ d

c

f(yQ− γ(p, e))g(y)dy − µ < 0.

Therefore, from the Hessian matrix

M =





∂2Πc

∂p2
∂2Πc

∂p∂e

∂2Πc

∂e∂p
∂2Πc

∂e2



 ,

we deduce the principal minors |M1| < 0 and |M2| = 2βµ
∫ d

c

∫ yQ−γ(p,e)

l
f(x)g(y)dxdy−
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k2(
∫ d

c

∫ yQ−γ(p,e)

l
f(x)g(y)dxdy)2 + β2µ(p + gr − v)

∫ d

c
f(yQ − γ(p, e))g(y)dy > 0. This

leads to the following proposition.

Proposition 4.2 For given R and Q, if 2βµ
∫ d

c

∫ yQ−γ(p,e)

l
f(x)g(y)dxdy+β2µ(p+gr−

v)
∫ d

c
f(yQ − γ(p, e))g(y)dy > k2(

∫ d

c

∫ yQ−γ(p,e)

l
f(x)g(y)dxdy)2, then Πc(R,Q, p, e) is

jointly concave in p and e, and the optimal values pc and ec satisfy the equations

∫ d

c

∫ yQ−γ(p,e)

l

(yQ− x− γ(p, e))f(x)g(y)dxdy

+β(p+ gr − v)

∫ d

c

∫ yQ−γ(p,e)

l

f(x)g(y)dy = ȳQ (4.9)

and k(p+ gr − v)

∫ d

c

∫ yQ−γ(p,e)

l

f(x)g(y)dy + µe = 0 � (4.10)

Observation: Since γ(p, e) = α − βp + ke and the expected sales S(Q, p, e) is pos-

itive, therefore from equation (4.5) we have
∂S(R,Q, p, e)

∂p
< 0, indicating that the

expected sales quantity reduces with higher retail price, and from equation (4.6) we

have
∂S(R,Q, p, e)

∂e
> 0, indicating that a higher sales effort boosts the expected sales

quantity. Putting the optimal values in equation (4.2), the maximum expected profit

of the integrated supply chain is obtained as

Πc(R
c, Qc, pc, ec) = (pc + gr − v)

∫ d

c

∫ yQc−γ(p,e)

l

(x+ γ(p, e))f(x)g(y)dxdy

−grx̄− J(ec) (4.11)

4.4 Decentralized model with wholesale price-only

contract

In this section, we analyze the supply chain dynamics under wholesale price only con-

tract scenario. Although the centralized model provides the best performance of the

supply chain, it is a conceptual benchmark, whereas the decentralized system is more

practical and commonly used in real business scenario. Under decentralized setting,
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all the supply chain members are assumed as independent decision makers, and they

negotiate certain contracts specifying money and products transfer. All the firms are

risk neutral so that each of them chooses the best decision to maximize its own ex-

pected profit, resulting in possible deviation from the optimal solution obtained under

centralized setting. Under this strategy, the sequence of events is as follows:

First, the raw material supplier declares his own wholesale price to the manufac-

turer for the coming selling season. The manufacturer in turn determines his wholesale

price and offers it to the retailer. If the retailer accepts this price, he then determines

retail price, sales effort, and order quantity simultaneously, and places order at the

manufacturer after forecasting the market demand. The manufacturer passes the same

amount of order to the supplier, as he does not want to take any risk of overproduc-

tion. Receiving the order from the manufacturer, the raw material supplier plans his

production quantity and starts production. As there is yield uncertainty associated

with raw material production, the supplier might choose a larger production quantity

to fulfill the manufacturer’s order; otherwise, he has to buy the shortfall quantity from

the secondary market at a higher price to deliver the order. Clearly, the manufacturer

forces the supplier to bear the random yield risk alone. After receiving the ordered

amount from the raw material supplier, the manufacturer produces the final product

and delivers a shipment at most equal to the order quantity of the retailer, by which

the manufacturer forces the retailer to bear the risk of his production yield.

For any R > 0, we define Πr(Q, p, e) as the expected profit of the retailer, given by

Πr(Q, p, e) = pS(Q, p, e) + vI(Q, p, e)− grL(Q, p, e)− wmE[yQ]− J(e)

= (p+ gr − wm)ȳQ− (p+ gr − v)

∫ d

c

∫ yQ−γ(p,e)

l

(yQ− x− γ(p, e))

×f(x)g(y)dxdy − grx̄− J(e) (4.12)

Similar to centralized system, we consider a finite but not necessarily unique opti-

mal decision triplet (Qd, pd, ed) exists for the decentralized model. Then the triplet

(Qd, pd, ed), i.e., the optimal order quantity, retail price and effort level for the retailer

can be derived from the following equations (derived from the first order optimality
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conditions of the retailer’s objective function):

∫ d

c

∫ yQ−γ(p,e)

l

yf(x)g(y)dxdy =
(p+ gr − wm)ȳ

(p+ gr − v)
, (4.13)

S(Q, p, e) + (p+ gr − v)
∂S(Q, p, e)

∂p
= 0, (4.14)

and (p+ gr − v)
∂S(Q, p, e)

∂e
− J ′(e) = 0. (4.15)

Let Πm be the expected profit of the manufacturer. Then

Πm = wmE[yQ]− (cm + ws)Q = (wmȳ − cm − ws)Q. (4.16)

For given values of the retailer’s decision variables, the expected profit of the raw-

material supplier is

Πs(R) = wsQ− c′sE[(Q− zR)+] + vsE[(zR −Q)+]− csR

= (ws − vs)Q− (c′s − vs)

∫ Q/R

a

(Q− zR)h(z)dz − (cs − vsz̄)R. (4.17)

The following proposition determines the supplier’s optimal production quantity and

it’s relation with the retailer’s ordered quantity.

Proposition 4.3 (i) The supplier’s expected profit is concave in R, and the

optimal production quantity Rd satisfies the equation
∫ Q/R

a
zh(z)dz = cs−vsz̄

(c′s−vs)
.

(ii)Rd(Q) = K1Q, where K1(> 0) is a constant.

Proof. (i) From (4.17) we have ∂2Πs(R)
∂R2 = −(c′s − vs)

Q2

R3H
(

Q
R

)

< 0 since (c′s − vs) > 0

from assumptions (i) and (ii); H > 0 from assumption (vi), and Q and R are strictly

positive decision variables, exhibiting Πs(R) to be concave in R. Also, the first order

optimality condition gives

∫ Q/R

a

zh(z)dz =
cs − vsz̄

(c′s − vs)
. (4.18)
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(ii) THis follows from the fact that K(x) =
∫ x

0
h(t)tdt is increasing in x for all x. �

Proposition 4.3 (i) shows that the relationship between Rd and Qd depends only

on the parameters associated with the supplier’s production and it’s random yield

distribution. Moreover, the supplier’s production decision is a linear function of the

retailer’s ordered quantity. Simple calculation shows that the linear coefficient K1 is

influenced positively by c′s and negatively by cs; hence, for higher unit raw material

procurement cost at the secondary market, the supplier is inclined to produce more

quantity, but for higher unit production cost, the supplier produces lesser quantity,

which are quite natural in real market scenario. However, the relationship between K1

and vs is not so straightforward, and elementary calculus exhibits that K1 increases

with vs when z̄ > cs
c′s
, and decreases with vs when z̄ < cs

c′s
. From managerial point

of view, one can apprehend that when the expected yield is sufficiently low, a higher

salvage value would result in lower production, since an extra production would incur

an extra loss in addition to the extra cost already present due to lower average yield.

After putting the optimal production decision from proposition 4.3, the profit of the

supplier reduces to

Πs(R
d) = [(ws − vs)− (c′s − vs)H

(Q

R

)

]Q (4.19)

Here we assume that contract prices are negotiated based on the firm’s bargaining

power, keeping the profit margin above a desired level of acceptance in the decentralized

setting.

Proposition 4.4 The retailer’s order quantity, the supplier’s production decision, and

the total supply chain’s profit under price only contract are less than their counterparts

in the integrated supply chain.

Proof: For reasonable wholesale prices offered by the supplier and the manufacturer,

the relations ws > vs + (c′s − vs)H
(

Q
R

)

Q and wm > cm+ws

ȳ
must hold simultaneously

so as to keep profit margins positive. We have to show Qd < Qc; however, no explicit

form for Qd or Qc can be derived. As K(Q) =
∫ d

c

∫ yQ−γ(p,e)

l
yf(x)g(y)dxdy is strictly
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increasing in Q, it is sufficient to show K(Qd) < K(Qc) in order to establish that

Qd < Qc. Now, we have

wmȳ > cm + ws > vs + cm + (c′s − vs)H
(

Q
R

)

(p+ gr)ȳ − wmȳ

p + gr − v
<

(p+ gr)ȳ − (vs + cm)− (c′s − vs)H
(

Q
R

)

p+ gr − v

K(Qd) < K(Qc)i.e., Qd < Qc.

Also, we have Qd

Rd = Qc

Rc which implies that Rd < Rc. It is now easy to verify that

Πc(R
c, Qc, pc, ec) > Πd(R

dQd, pd, ed), where Πd stands for total channel profit under

price only contract. �

Proposition 4.4 is a generalization of the result under wholesale price-only contract

for the two-level supply chain, known as double marginalization, showing that the de-

centralized channel can’t reach the maximum efficiency level in terms of generating

profit, even if all entities maximize their own expected profits. As coined by He and

Zhao (2012), such phenomenon is known as multiple marginalization. Both the sup-

plier’s and the manufacturer’s individual pricing policies are the reason behind system

inefficiency. To overcome such sub-optimization in the decentralized system, contract

mechanisms come into play.

4.5 Coordination contracts

A contract mechanism is designed in such a way that the optimal decisions taken by

the channel members become identical with those of centralized one and subsequently

prevents sub optimization as well as improve the performance of all parties involved

in the chain. A contract is said to coordinate the supply chain if the sum of profits

of all members of the decentralized SC under the contract is equal to the profit of

the centralized system. Besides coordination, another desirable feature of a contract

mechanism is win-win outcome, where each participating firm’s profit is strictly better

off under that contract compared to the wholesale price contract scenario as discussed

in Section 4.4. However, as pointed out by Cachon (2003), implementation of a contract

in practice is also an important feature; if adopting a fruitful contract becomes costlier

to administer, the contract designer may prefer to design a simpler but leaser effective.
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4.5.1 Buyback contract with revenue sharing contract

Some difficulties arise while implementing a traditional contract in a multi-level supply

chain. One of the major difficulties occurs when contracts are offered level-by-level from

the up-stream entities to the down-stream partners. Since the contract parameters

between a pair of adjacent entities depend on the contract parameters between the

next adjacent pair, the contract designers may not be able to precisely anticipate the

next pair’s contract parameters. Another difficulty is simultaneous installation of the

contract. As observed by Van Der Rhee et al. (2010), if the contracts are not installed

simultaneously, situations may arise where one party may earn benefit without signing

the agreement while others have already signed; hence some parties may choose to wait

for others’ participation in the contract. Unfortunately, if each party chooses to wait

for others’ move, the coordination can never be established in a multi-echelon supply

chain.

To overcome the above mentioned obstacles, following the idea provided by Van

Der Rhee et al. (2010), we choose the manufacturer to be in the leading role in installing

the contract, since he has significant market power over both the raw material supplier

and the retailer due to its market base and popularity among the customers through

it’s brand name, justifying the existence of a manufacturer dominated supply chain. As

mentioned by Güler and Bilgiç (2009), automotive industries are prototype examples

of manufacturer dominated supply chain. Since the retailer has private information

about the customer demand, and he deals with demand as well as supply uncertainties

simultaneously, it appears realistic for the manufacturer to negotiate with the retailer

first, and then with the supplier for terms of trade contract. We consider that the

manufacturer first offers a buyback contract to the retailer and then a revenue sharing

contract to the supplier. Under buyback contract, the manufacturer offers a per unit

buyback price b (v < b < wm) to the retailer for every unit of unsold product at

the end of the selling season. Clearly, the manufacturer shares the cost incurred by

the retailer due to over-stocking. Under a revenue sharing contract, the manufacturer

keeps a fraction φ of his total revenue for himself, and shares the rest with the supplier;

in turn, the supplier reduces per unit wholesale price that induces the manufacturer to

increase order quantity.
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Under this contract mechanism, the retailer’s expected profit function Πr(Q, p, e)

is given by

Πr(Q, p, e) = pS(Q, p, e) + bI(Q, p, e)− grL(Q, p, e)− wmE[yQ]− J(e)

= (p+ gr − wm)ȳQ− grx̄− J(e)

−(p+ gr − b)

∫ d

c

∫ yQ−γ(p,e)

l

(yQ− x− γ(p, e))f(x)g(y)dxdy(4.20)

If the above contract coordinates the supply chain then the optimal decisions of the

retailer would be same as those obtained in the centralized setting. From the first order

conditions for optimality of the retailer’s profit function with respect to Q, p and e, we

get

∂Πr(Q, p, e)

∂Q
= (p+ gr − wm)ȳ − (p + gr − b)

∫ d

c

∫ yQ∗−γ(p,e)

l

yf(x)g(y)dxdy,

(4.21)

∂Πr(Q, p, e)

∂p
= S(Q, p∗, e) + (p+ gr − b)

∂S(Q, p∗, e)

∂p
, (4.22)

and
∂Πr(Q, p, e)

∂e
= (p+ gr − b)

∂S(Q, p, e∗)

∂e
− J ′(e∗) (4.23)

Comparing equations (4.21) with (4.7), (4.22) with (4.9) and (4.23) with (4.10), we find

that when b = v and wm = [cm + hs + (ps − hs)H(Q/R)]/ȳ, the manufacturer’s pricing

strategy will be able to align the retailer’s ordering, pricing, and effort decisions with

the centralized system i.e., Qc = Q∗, pc = p∗ and ec = e∗. Putting the values of the

buyback price b = v and wholesale price wm in equation (4.20), the retailer’s expected

profit is seen to be equal to the expected total channel profit under the centralized

setting, leaving other channel members at zero profit margin. This leads to the results

given in Proposition 4.5.

Proposition 4.5 A composite contract having buyback between the retailer and the

manufacturer as a component with any other contract between the supplier and the

manufacturer fails to achieve win-win outcome for all the members. �
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4.5.2 Contingent buyback with SRP contract and revenue

sharing contract

Now, we turn to the case where the manufacturer offers a target sales rebate and

penalty (SRP) contract, in addition to contingent buyback policy with the retailer by

setting the rules of pricing while postponing the determination of the final contract

prices between them. In a target sales rebate and penalty contract, the manufacturer

sets up a sales target Q0 in front of the retailer. If the retailer’s sales quantity is beyond

the target then he will enjoy a per unit rebate τ for sold products beyond Q0; otherwise,

the retailer has to pay a penalty τ to the manufacturer for each unit of unsold products

below the target. Using this contract, the manufacturer influences the retailer to sell

more, which in turn enhances the retailer’s sales effort level and order quantity. Under

this proposed contingent buyback with SRP contract and revenue sharing contract, the

retailer’s profit is given by

Πr(Q, p, e) = pS(Q, p, e) + bI(Q, p, e)− grL(Q, p, e)− wmE[yQ]

+τ [S(Q, p, j)−Q0]− J(e)

= (p+ gr − wm + τ)ȳQ− τQ0 − (p+ gr − b+ τ)

×
∫ d

c

∫ yQ−γ(p,e)

l

(yQ− xγ(p, e))f(x)g(y)dxdy

−grx̄− J(e) (4.24)

The optimal order quantity Q∗
r , retail price p∗, and sales effort level e∗ for the retailer

under this setting are obtained from the first order optimality conditions as

∫ d

c

∫ yQ∗

r−γ(p,e)

l

yf(x)g(y)dxdy =
(p+ gr + τ − wm)ȳ

(p+ gr − b+ τ)
(4.25)

∫ d

c

∫ yQ−γ(p,e)

l

(yQ− x− γ(p, e))f(x)g(y)dxdy

+β(p∗ + gr − b+ τ)

∫ d

c

∫ yQ−γ(p,e)

l

f(x)g(y)dy = ȳQ (4.26)

and k(p+ gr − b+ τ)

∫ d

c

∫ yQ−γ(p,e)

l

f(x)g(y)dy + µe = 0. (4.27)

84



Chapter 4. Coordinating a three-level supply chain with effort and price dependent random demand

Now we consider the sub-optimal setting where the retailer and the manufacturer

work together.The combined profit of the retailer and the manufacturer is

Πmr(Q, p, e) = pS(Q, p, e) + vI(Q, p, e)− grL(Q, p, e)− (ws + cm)Q− J(e)

= (p + gr)ȳ − ws − cm)Q− grx̄− J(e)− (p+ gr − v)

×
∫ d

c

∫ yQ−γ(p,e)

l

(yQ− x− γ(p, e))f(x)g(y)dxdy. (4.28)

Hence, the optimal order quantity Q∗
mr for the total profit of the retailer and the

manufacturer satisfies the following equation:

∫ d

c

∫ yQ∗

mr−γ(p,e)

l

yf(x)g(y)dxdy =
(pȳ + grȳ − ws − cm)

(p+ gr − v)
(4.29)

Although the manufacturer has random yield in production, the final order quantity of

the sub-supply chain is same as that ordered by the retailer, since there is no incentive

for the manufacturer to bear the risk of over-production. In order to achieve full

coordination between the manufacturer and the retailer, the relation Q∗
mr = Q∗

r must

hold. Comparing equations (4.25) with (4.29), we have that the optimal order quantity

of the retailer and the joint order quantity of the retailer and the manufacturer are

same when the optimal contract parameters are as follows:

b = τ + v (4.30)

and ws = wmȳ − τ ȳ − cm. (4.31)

From equation (4.31), it is easy to derive that ws < wm, since ȳ < 1, as expected.

Next, we assume that the manufacturer offers a revenue sharing contract to the

supplier. The expected profit of the manufacturer under the transfer payment with the

retailer and the supplier is given by

Πm = {(φwm − τ)ȳ − ws − cm}Q− (b− τ − v)

∫ d

c

∫ yQ−γ(p,e)

l

(yQ− x− γ(p, e))

×f(x)g(y)dxdy + τQ0 (4.32)
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Also, the supplier’s expected profit can be expressed as

Πs(R) = wsQ + (1− φ)wmE[yQ]− c′sE[(Q− zR)+] + vsE[(zR −Q)+]− csR

= {ws + (1− φ)wmȳ − vs}Q− (c′s − vs)

∫ Q/R

a

(Q− zR)h(z)dz

−(cs − vsz̄)R (4.33)

Proposition 4.6 (i)The optimal solution R∗ for the supplier satisfies the equation

∫ Q/R∗

a

zh(z)dz =
cs − vsz̄

(c′s − vs)
(4.34)

(ii)R∗(Q) = K2Q where K2 is a constant.

Proof. The proof is omitted as it is similar to that of Proposition 4.3. �

The proposed composite contract works as follows. By contingent buyback policy

with SRP, we set the rule of pricing while postponing the determination of the final

contract prices (e.g., wholesale price, sales rebate and penalty) and the sales target,

as the trade contract between the supplier and the manufacturer is yet to be finalized.

Once the exact contract parameters are settled between the upstream members, the

retailer and the manufacturer would decide their final contract parameters, according

to the rule of pricing such that they would be able to secure their own profit shares in

presence of the contract signed between the upstream members. In order to achieve

supply chain coordination, the manufacturer’s composite contract policy (contingent

buyback with SRP for retailer and revenue sharing for supplier) can be used to convince

the retailer to order and the supplier to produce up to the quantity of the centralized

supply chain. Comparing equations (4.25) with (4.7), (4.34) with (4.8), (4.26) with

(4.9) and (4.27) with (4.10), we find that when the conditions (4.30), (4.31) and

wm = τ +
cm + vs + (c′s − vs)H

(Q

R

)

ȳ
. (4.35)

hold, we have R∗ = Rc, Q∗ = Qc, p∗ = pc, and e∗ = ec. This leads to Proposition 4.7.
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Proposition 4.7 The contingent buyback contract with target sales rebate and penalty

between the retailer and the manufacturer, and a revenue sharing contract between the

manufacturer and the supplier with contract parameters satisfying equations (4.30),

(4.31), and (4.35) can fully coordinate the supply chain, and profits may be allocated

arbitrarily by varying φ, τ , and Q0. �

Equation (4.30) gives b = v+τ < τ+(ws+cm)/ȳ = wm, suggesting that a (wm, b, Q0, τ)

flexible buyback scheme with SRP prevents the retailer from earning profit by over-

ordering. Equation (4.31) implies that, in the (ws, φ) revenue sharing scheme, the

wholesale price for raw material depends only on the prices of raw material at the

secondary market and the production yield of the raw material. This feature of the

(ws, φ) revenue sharing scheme is unique and presents an interesting implementation

challenge. We would have rather expected the wholesale price of raw material (ws)

to depend on raw material production cost (cs) and revenue sharing parameter (φ),

as suggested in the existing literature. In addition, when equation (4.31) holds, there

exists possibility for the supplier to cheat the manufacturer by claiming enhanced c′s

and reduced vs which would result in coordination failure. Successful coordination

between the supplier and the manufacturer therefore needs an additional mechanism

of information sharing regarding production yield and emergency resource’s prices.

Under the (wm, b, Q0, τ) flexible buyback contract with SRP, the retailer is incen-

tivized to sell a product at a retail price even lower than the wholesale price charged

by the manufacturer when his actual sale leaves the sales target behind, since sell-

ing a product beyond the sales target allows the retailer to earn a per unit profit

margin p − wm + τ , i.e., for a positive profit margin, p > wm − τ . It is therefore de-

duced that after reaching the sales target, the retailer may reduce the retail price even

lesser than his purchasing cost to influence the market demand, and secure profit when

p > (ws+cm)/ȳ. When the retailer’s actual sale is below the sales target, even then the

retailer is incentivized to enhance sales effort rather than claiming credit for the unsold

product from the manufacturer, since selling a product allows him to earn a per unit

margin p−wm, while buyback gives him a per unit margin b−wm−τ = v−τ−(ws+cm)/ȳ

which is always negative. Thus the retailer may sell a product at a retail price p > wm

with a positive profit margin or may even reduce retail price to influence the market
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demand with p > v − τ − (ws + cm)/ȳ instead of clamming buyback credit and it is

quite easy for the retailer to sell at this retail price which is lesser than it’s salvage

value. In either way, the incentive of the retailer is to sell the products directly at the

market.

However, it is still possible for the supplier to earn more profit by claiming fabri-

cated values of c′s and vs. For successful supply chain coordination, the manufacturer

therefore requires to monitor the raw material production process and verify the prices

of raw material at the secondary market. Although the retailer has no such incentive

to earn profit by labelling the leftover inventories as sold out products or vice versa, the

manufacturer does possess information regarding salvage value of the product, since

he himself sells leftover inventories there. To sum up, the manufacturer must be the

dominant party and possess full control over the dynamics of the entire chain, as well

as must have access to each and every information related to supply chain functioning

and implementation of the contract.

Observation: For a given target sales rebate, if the purchasing price of the raw

material at the secondary market increases, the supplier should raise both wholesale

price and planed production quantity of raw material and the manufacturer should

raise wholesale price whereas the retailer should cut off his order quantity with higher

retail price and lower sales effort. �

Under the composite contract, the supplier’s optimal wholesale price is independent

of the production cost (cs). The supplier is incentivised to produce raw material instead

of buying from the secondary market because if all the raw materials are brought from

the secondary market, his expected profit would be {(1− φ)wmȳ+ (ws − c′s)}Q, where

the second term is always negative, and consequently his profit would fall down. We

find that the behavioral implications of the composite contract are very much aligned

with the manufacturer’s objectives. Further, we have the following observations:

• The supplier is motivated to produce raw material on his own instead of mitigating

the gap using the secondary market.

• The manufacturer should be dominant enough to have full control over the entire

chain.
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• The retailer is motivated to sell the product with a higher sales effort.

4.5.3 Implementation of coordination contract

For other contract parameters settled, the manufacturer ensures profit margin at least

equal to that obtained in the wholesale price-only scenario by setting sales target

Q0 ≥ [(wmȳ − cm − ws)Q
d + (1− φ)wmbȳQ

∗]/(b− v)

in front of the retailer. On the other hand, the manufacturer to earn maximum profit,

leaving the profits of all other entities same as those obtained in wholesale price-only

contract scenario, sales target Q0 should be set as

Q0 = [Πb − Πr − Πs + (1− φ)wmbȳQ
∗]/(b− v)

providing the upper limit of Q0. We conclude that there exists a range of sales target

(Q0) for every combination of τ and φ for which the composite contract ensures win-win

situation for all the chain members. Clearly, the sales targetQ0 set by the manufacturer

to the retailer, depends on the relative bargaining power of the manufacturer and the

retailer. The manufacturer, being more powerful, wants to ensure that the retailer earns

a desirable enough profit to induce him to accept coordination policy, and capture

excess profit by himself through coordination. However, since the retailer has the

power of setting the order quantity, retail price and sales effort simultaneously, the

manufacturer can’t force the retailer for a higher sales target if he wants the retailer to

set order quantity, retail price and sales effort to remain same as those in the integrated

supply chain. Otherwise, if the manufacturer becomes indifferent about the retailer’s

power and sets a higher sales target in front of the retailer, the retailer will reduce both

order quantity and sales effort and rise retail price, resulting in coordination failure.

Therefore, the manufacturer should choose a set of actions (ws, φ) for the supplier and

a set of actions (wm, b, Q0, τ) for the retailer, which satisfy the equations (4.30), (4.31),

and (4.35), in order to coordinate the supply chain and share the additional profit that

accrued through supply chain coordination.

89



Chapter 4. Coordinating a three-level supply chain with effort and price dependent random demand

4.5.4 Difficulties of other contracts that coordinate the sup-

ply chain

We have shown that supply chain coordination is achieved when the manufacturer sets

a wholesale price wm = [cm+hs+(ps−hs)H(Q/R)]/ȳ, although the entire supply chain

profit is bagged by the retailer. A two-part tariff contract with this wholesale price can

also achieve supply chain coordination and allocate the channel profit among the chain

members. Under a two-part tariff contract, the manufacturer charges a per unit fee

along with a fixed sum as a stocking or licensing fee. The two-part tariff contract has

been extensively discussed by Moorthy (1987) and Coughlan andWernerfelt (1989) who

have shown its effectiveness in a manufacturer-controlled supply chain. However, this

contract theoretically allows the manufacturer to arbitrarily claim profit for himself. In

the current scenario, as the retailer retains the power to control the retail price and the

sales effort to influence the market demand, charging a high fixed fee to him might result

in difficulty in implementing such a contract. Furthermore, since the manufacturer is

well informed about the retailer’s power to influence the market demand, the two-part

tariff contract is not profitable for the chain members. Since it is impossible to forecast

accurately the customer demand, setting the fixed fee without knowing the actual sale,

could leave the retailer unprofitable. Similarly, when the retailer tries to raise the retail

price and reduce the order quantity, the manufacturer can’t anticipate preciously how

to react against this. So, a two-part tariff contract with a wholesale price at marginal

cost of the manufacturer leaves the manufacturer at worse off.

Cachon and Lariviere (2005) showed that a price-discount sharing contract is ef-

fective in the price setting newsvendor case. For successful implementation of the

contract, they assumed that the retailer has computer and bar code system to track

each sale. So it should not be difficult for the manufacturer to monitor his clients.

However, a retailer or a raw material supplier may not agree with such agrement all

the time, since the extra investment in installing those technologies would incur ex-

tra cost. Our proposed composite contract requires no special monitoring because the

supplier must submit the secondary market’s documents in revenue sharing contract.

Moreover, the manufacturer need not bother about the cost to exert sales effort, since

he is not sharing any part of it in any way.
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4.6 Numerical illustration

A numerical study is provided to further illustrate the developed model. The random

demand is assumed to be of the form D = γ(p, e) + x, where γ(p, e) = α − βp + ke,

α, β, k > 0, showing that the actual demand is linear in its deterministic and stochastic

components; α is the base demand; β and k denote price and sales effort sensitivity

parameters, respectively; x is a particular value of the random variable X defined in

Notations. As proposed by He et al. (2009), the retailer’s cost to exert sales effort

level e is assumed to be a convex function of e, specified by J(e) = µ e2

2
, where µ

is a parameter representing sales effort cost sensitivity. Following Giri et al. (2016),

the parameter-values are set as follows: v = 4, cm = 1, cs = 2.5, vs = 1, c′s = 7.

Productions of the raw-material supplier as well as the manufacturer are assumed to

follow uniform distributions with means and standard deviations (z̄ = 0.7, σz = 0.1),

and (ȳ = 0.8, σy = 0.05), respectively. In view of the assumptions and optimality

conditions provided in Section 3, we further choose remaining parameter-values as:

gr = 9.5, α = 700, µ = 1.5, β = 25, k = 2, Q0 = 580, τ = 5, φ = 0.7 in appropriate

units. The stochastic factor x of the market demand is uniformly distributed with

mean x̄ = 50 and standard deviation σx = 50/
√
3.

Table 4.1: Optimal decisions under different scenarios

Model Q R p e Πs Πm Πr Π ws wm

Centralized 593 851 14.34 23.05 - - - 6670 - -
Decentralized 434 623 17.77 17.54 1457 1189 3546 6193 7.3 13.80
Coordinated 593 851 14.34 23.05 1592 1282 3795 6670 3.94 11.17

Table 4.1 establishes that the proposed composite contract is able to successfully co-

ordinate the supply chain, paying all the entities better off compared to the wholesale

price-only contract. As illustrated in Table 4.1, the retailer’s optimal order quantity

and sales effort level under the contract are higher than their counterparts in whole-

sale price only contract whereas the optimal selling price is much lower, resulting in

generating more demand and consequently more profit for the entire chain. A higher

order quantity also has the possibility to generate more profit for the supply chain by

meeting more demand.
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(b) Effect of σy on the optimal decisions.

Fig. 4.1: Effect of σx on decision variables

The standard deviation of the demand distribution is often taken as a measure

of uncertainty; the more the uncertainty, the more the deviation. Fig. 4.1 shows

that, with higher demand uncertainty, the retailer should set lower selling price and

order more products irrespective of the fact whether he is under contract or not.
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Fig. 4.2: Effect of σx on expected profits.

A higher order quantity from the retailer’s

end in turn enhances production and ordered

quantities of the manufacturer and the sup-

plier. It is also an acceptable strategy for the

retailer to reduce selling price to attract more

demand. However, since there is no inher-

ent risk sharing mechanism present in price

only contract, the resulting lower individual

expected profit under price only contract has

a negative effect on sales effort; the retailer

should invest less amount of money in it. Fur-

thermore, as demand uncertainty increases, the supplier should set higher planned pro-

duction quantity so as to reduce the risk of buying items from spot market at a higher

rate.

Fig. 4.2 illustrates the changes in the expected profits of the supply chain system

and its individual members with varying demand uncertainty (σx). It is seen that,

under composite contract, the whole chain and its individual members earn more profit.

92



Chapter 4. Coordinating a three-level supply chain with effort and price dependent random demand

In general, a higher uncertainty has a negative effect on the system profit due to over-

stocking and under-stocking risks. It is observed that, for a fixed set of contract

parameters, the manufacturer loses his profit share with higher demand uncertainty,

indicating that contract parameters should be redesigned in favor of the manufacturer

with varying demand uncertainty.
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Fig. 4.3: Effect of σz on decision variables

Fig. 4.3 exhibits that yield uncertainty at the supplier has no effect on the optimal

decisions of the retailer under wholesale price contract, whereas the supplier reduces

its planned production quantity to mitigate the risk. On the contrary, the composite
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Fig. 4.4: Effect of σz on expected profits.

contract compels the retailer to order lesser

amount under higher yield uncertainty, and

raise price and reduce effort level simultane-

ously to secure per unit profit margin. Never-

theless, the total profit of the system reduces

with higher yield uncertainty under both the

scenarios (decentralized and coordinated), as

is evident from Fig. 4.4. Also, under price

only contract, yield uncertainty affects the ex-

pected profit of the supplier only. It is also

observed that, for a fixed set of contract pa-

rameters, the supplier gets benefitted whereas both the manufacturer and the retailer

lose their profit shares with higher yield uncertainty.
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(b) Effect of σy on p and e.

Fig. 4.5: Effect of σy on decision variables

Figs. 4.5 and 4.6 illustrate the effect of yield uncertainty at the manufac-

turer on the supply chain performance. It is obvious that a higher yield vari-

ability exposes a bigger risk, leading the manufacturer to choose a lower pro-

duction quantity. The manufacturer reduces his production input quantity to

hedge the associated risks, resulting in reduction in profits for all the channel

members. The manufacturer should be inclined towards improving production

technology and stabilizing the production yield variability as much as possible.
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Fig. 4.6: Effect of σy on expected profits.

Also, for a fixed set of contract parame-

ters, the manufacturer gets benefitted whereas

other members lose their profit shares with

higher yield uncertainty.

As observed by Lee and Whang (2002),

having access to a secondary market is bene-

ficial for any supply chain member. Table 4.2

suggests that the supplier should aim at re-

ducing dependence on the secondary market

by raising his planned production quantity;

however, it does not affect the business strat-

egy of the retailer under wholesale price contract. For a predetermined set of contract

parameters, the supplier raises wholesale price to prevent additional loss due to ten-

tative salvaging, and consequently enhancing the manufacturer’s wholesale price and
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Table 4.2: Effect of the procurement cost c′
s
on channel performance

Wholesale price contract Composite contract
ps Q R Πs Πd Q∗ R∗ wsb wmb Πsb Πmb Πrb Πb p∗ e∗

5 434 565 1527 6263 597 778 3.78 10.97 1575 1299 3891 6766 14.24 23.20
6 434 598 1487 6223 595 820 3.87 11.09 1584 1290 3836 6711 14.30 23.12
7 434 623 1457 6193 593 851 3.94 11.17 1592 1282 3795 6670 14.34 23.05
8 434 643 1434 6170 591 876 3.99 11.24 1597 1277 3764 6639 14.37 23.01
9 434 659 1416 6152 590 897 4.03 11.29 1601 1273 3739 6614 14.39 22.97

retail price too. The retailer cuts down the order quantity and the investment in sales

effort. However, the supplier manages to secure more profit share due to higher whole-

sale price. Similarly, a higher salvage value of raw material induces the supplier to raise

production level and reduce wholesale price to encourage upstream members to order

more. A higher order quantity compels the retailer to reduce retail price and raise the

sales effort level to generate additional demand, resulting in higher channel profit.

Table 4.3: Effect of the salvage value vs on channel performance

Wholesale price contract Composite contract
hs Q R Πs Πd Q∗ R∗ wsb wmb Πsb Πmb Πrb Πb p∗ e∗

0 434 599 1434 6170 591 817 3.99 11.24 1597 1277 3764 6639 14.37 23.01
0.5 434 609 1444 6180 592 832 3.97 11.21 1595 1279 3778 6653 14.35 23.03
1 434 623 1457 6193 593 851 3.94 11.17 1592 1282 3795 6670 14.34 23.05
1.5 434 639 1473 6209 594 876 3.90 11.13 1588 1286 3817 6692 14.32 23.09
2 434 662 1493 6229 595 908 3.86 11.07 1583 1291 3844 6719 14.29 23.13

Table 4.3 shows that both the downstream members get benefited under composite

contract except the supplier who has to compromise with his own profit share to ensure

sale of product through the supply chain rather than selling them at salvage value

afterwards. Finally, Table 4.4 shows that, a higher salvage value of the finished product

Table 4.4: Effect of the salvage value v on channel performance

Wholesale price contract Composite contract
v p e Πs Πm Πr Πd wsb wmb Πsb Πmb Πrb Π p∗ e∗

2 17.47 17.76 1440 1175 3512 6129 3.94 11.17 1565 1309 3718 6593 14.32 23.00
3 17.75 17.50 1448 1182 3528 6160 3.94 11.17 1578 1296 3755 6630 14.33 23.03
4 17.77 17.54 1457 1189 3546 6193 3.94 11.17 1592 1282 3795 6670 14.34 23.05
5 17.79 17.58 1467 1197 3565 6229 3.94 11.17 1607 1267 3840 6715 14.34 23.08
6 17.80 17.62 1477 1205 3586 6269 3.94 11.17 1625 1249 3889 6764 14.33 23.09

raises profit margin for both the supplier and the retailer due to higher ordered and

planned production quantities, but the manufacturer suffers for a predetermined set of

contract parameters.
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We now aim to study a predetermined market situation from the perspective of

different price-demand relationships. Till now the linear relationship between demand

and price has been considered which is of the specific form D = α−βp+ke+x, having

parameter-values as α = 700, β = 25, k = 2. Keeping the market demand fixed as

may be obtained from the optimal values of the decision variables provided in Table

4.1, a simple computer simulation reveals that the same market scenario may also be

represented by an exponential price-demand relationship of the form D = αβ−pek + x

with parameter-values α = 899, β = 1.0659, k = 20.00229312, or by a quadratic

relationship as D = (αp2 − βp+ γ) kj + x with parameter-values α = 0.1223, β =

30.3304, k = 1.001, γ = 853. Table 4.5 exhibits the applicability of the proposed model

under various price-demand relationships. It is suggested that the contract parameters

are to be set depending on the demand pattern observed from the historical data,

since a fixed set of parameter-values allocates different profit shares among the channel

members for different demand patterns.

Table 4.5: Channel performance under different demand scenarios

Demand Q R p e Πs Πm Πr Π
Linear 593 851 14.34 23.05 1592 1307 3770 6670

Exponential 554 796 13.78 3.02 1488 1411 3408 6308
Quadratic 648 930 14.44 0 1739 1160 4981 7881

Since the market demand depends on both the retail price and the sales effort of

the retailer, then the retail price sensitivity parameters β and sales effort sensitivity

parameters k are two major factors to influence demand. Figs. 4.7 - 4.9 illustrate the

variation in profit under Contingent buyback with SRP contract and revenue sharing

contract with different values of such parameters. We plot ‘percentage profit increase’

of the channel members along with the total supply chain, where πi = 100 × (πc
i −

πw
i )/π

w
i for i = r,m, s and T . Since demand decreases linearly with higher values of

β, the retailer is forced to reduce the retail price and raise the sales effort to mitigate

the negative effects on demand. Fig. 4.8 show that µ has a negative impact on

retailer’s performance because as µ increase the expenditure regarding sales effort also

increase. It is observed that a higher sales rebate τ has a negative impact on retailer’s

performance but has positive impact on performance of both the manufacturer and the
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supplier, which are shown in Fig. 4.9.
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Fig. 4.7: Performance of coordinated chain with respect to demand parameters
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Fig. 4.8: Effect of µ on coordinated channel
performance.
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Fig. 4.9: Effect of τ on coordinated channel per-
formance.

4.6.1 Managerial insights

From the numerical study conducted in the previous section, we draw the following

managerial insights:

• The proposed composite contract is applicable to a wide range of market scenarios

represented by different forms of price-effort relationship. It can reduce the double

marginalization effect too.
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• Based on available information, if the manager is convinced that the demand is

going to be more uncertain for reasons beyond control in a particular business

cycle, he should reduce both the sales effort and the retail price, and order more

stock under price only contract. Even if the proposed composite contract is

established, the retail price should still be lower, but the sales effort should be

set at a higher level to induce more demand. Also, contract parameters should

be redesigned in favor of the manufacturer with varying demand uncertainty by

raising sales target and/or raising per unit penalty.

• Under composite contract, the manager should reduce the production and order

quantities, and the retail price to mitigate a higher yield uncertainty at produc-

tion level; also, more promotional effort should be made. Further, the contract

parameters should be redesigned accordingly against the entity with higher yield

variation. The observation is consistent with the findings of He and Zhang (2008).

However, if the manager fails to implement such a contract, the retailer should

keep other decisions unaltered under higher yield at the supplier whereas redesign

pricing strategy to reduce demand under higher yield at the manufacturer, and

reduce order quantities in both the cases.

• If the manager can sell leftover products, be it raw materials or finished ones, at

higher salvage rate, he should raise the order quantity placed at the manufacturer.

Both unit penalty cost τ and revenue fraction φ should be raised for higher salvage

value of the finished product, penalty cost τ should be raised but revenue fraction

φ should be reduced for higher salvage value of raw material, and penalty cost τ

should be reduced but revenue fraction φ should be raised for higher price of raw

material at the secondary market.

4.7 Conclusion

Random yield is common in many industries. Traditional newsvendor setting allows

industries to access a secondary market for emergency resource. This article con-

siders unavailability of secondary market at the manufacturing stage in a supplier-
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manufacturer-retailer supply chain. The retailer faces both supply and demand uncer-

tainties and makes joint decision on retail price, sales effort and order quantity, and the

supplier makes joint decision on wholesale price and production amount. It is proven

that perfect supply chain coordination can be achieved by a composite contract offered

by the manufacturer. This composite contract consists of two components − one is

revenue sharing contract (ws, φ) between the supplier and the manufacturer, and the

other one is contingent buyback with target sales rebate and penalty (wm, b, Q0, τ) be-

tween the retailer and the manufacturer. The applicability of the proposed model is

established and valuable managerial insights are provided from numerical results.

In this chapter, we have provided insights and implications of the proposed supply

chain contract under various uncertainties and influences. Certainly our work has

some limitations and restrictions that can be explored in future research. For instance,

we have allowed the manufacturer to control business policies unilaterally. One can

study a multi-echelon supply chain model where multiple entities may dominate the

supply chain. In our study, we have considered the existence of the secondary market

for both the raw-material supplier and the retailer. It would be more realistic and

challenging to extend the model by considering complete absence of the secondary

market as backup resource anywhere throughout the chain, and develop risk sharing

policies accordingly. In addition, the current study considers that the qualities of

produced raw materials and the ones bought from the secondary market by the supplier

are the same. Consideration of quality difference of the produced raw materials and the

ones bought from the secondary market by the supplier, and developing a model where

the yield of the manufacturer depends on the produced quantity of the raw material

supplier would also be potential future research directions. Finally, the current study

focuses on a single-period model. Extending the present model to a multi-period model

would be a difficult but challenging task for future research.
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Chapter 5

Coordination mechanisms of a
three-layer supply chain under
demand and supply risk
uncertainties∗

5.1 Introduction

From the World Trade Center terrorist attack on 11 September, 2001 and blackout

on 14 August, 2003 in the U.S. to recent political instability, natural disasters and

destructive competitive acts increase the complexity, uncertainty and ambiguity of

globalized supply chain. There are mainly two kinds of risk of uncertainty that affect

supply chain management and network design. The first risk of uncertainty grows from

the matter of demand and supply coordination and the second one grows from supply

uncertainty which is emblematically modelled as complete supply disruption where

supply halts completely, or yield uncertainty where the supplied quantity can fulfil a

random fraction of the placed order size. We incorporate such supply uncertainties

with normal demand-supply coordination risks. This chapter builds on the literature

regarding the management of the risk of uncertainty, and on the framework of supply

∗This chapter is based on the paper published in RAIRO-Operations Research, (2021), vol. 55, pp.
S2593-S2617.
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chain coordination.

To excel in intense global competition, today’s supply chain is becoming more

globalised to enjoy cheaper raw material, lower labour cost, tax policy, advance man-

ufacturing technologies and other financial benefits, all of which reduce the per unit

production cost of a product. Such globalized supply chain networks frequently expe-

rience supply disruption arising from operational contingencies (like system failures,

equipment shortage, web server error, strikes), natural hazards (like hurricanes, earth-

quakes, storms and virus), political instability and terrorism. Taiwan earthquake in

1999 halted the production of many semiconductor manufacturing companies causing

shipping disruption of 70 percent of word’s graphics cards and 10 percent of data hard

disk components (Savage, 1999). Emission of fire from Eyjafjllajokull volcano in Ice-

land on 20th March, 2010 which sent shock waves through several production plants

in Europe due to many air transport cancellation throughout the world. A chemical

accident in Bhopal in India has driven serious environmental and massive economic

consequences (Kleindorfer and Wu, 2003).

To hedge against uncertain supply disruption and to mitigate the devastating ef-

fect of supply disruption, many firms are realising the importance of several mitigation

strategies. One of the simplest and effective policies adopted by several buyers is

‘multi-sourcing policy’ which allows the buyer to have more than one resource pro-

viding similar quality attributes but may differ in terms of pricing. Another one is

‘contract agreement policy’ among all the supply chain entities to enhance perfor-

mance. Using several resources or contracts with them is a critical but crucial decision

for buyers, especially for them who produce short life-cycle products. Then how to

envision a contract mechanism under multi-sourcing strategies to reduce stock-out risk

is an interesting challenge for the buying firms. In this chapter, we investigate risk as-

sessment and risk mitigation strategies to make the supply chain more elastic from the

perspective of individual entities as well as the entire channel through implementation

of contract mechanism among the chain members.

The supply-demand coordination risk has been the central concern of activities in

the previous chapters and studied the impact of demand fluctuation on the performance

of supply chains. In the previous chapter, we have discussed about the uncertain supply
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which takes the form of random yield when the manufacturer sources raw material from

only one supplier. In this chapter, as an extension of our previous work, we consider

supply disruption as another form of supply uncertainty and considered that the raw

materials are procured from two unreliable suppliers without any emergency resource.

Our main goal is to design a joint sourcing and contracting policy that enables supply

chain entities to mitigate both demand and supply risks of uncertainty under the

procurement from two unreliable suppliers.

We consider a single period three-echelon supply chain with three possible uncer-

tainties (independent to each other), in which a retailer faces an uncertain market

demand for a short shelf-life product and sources it from a manufacturer under volun-

tary regimes. The manufacturer sources the raw material from two unreliable suppliers

without any emergency resource. The manufacturer’s main supplier who delivers the

order quantity at a cheaper wholesale price is prone to disruption and therefore may de-

liver all or nothing of the manufacturer’s order, while the backup supplier who provides

similar quality attributes at a comparatively higher wholesale price is prone to random

yield and therefore can only fulfil a random fraction of the manufacturer’s order. The

two unreliable sources are usually geographically dispersed so that a supply risk at one

supplier will not affect the other supplier i.e., the risks of supply uncertainty at both

the suppliers are independent. In this chapter, we assume that both the random yield

and disruption risk are unresolved when the manufacturer places its order to both the

unreliable suppliers simultaneously.

Under voluntary regime, one can look for a contract mechanism to cope with the

demand-supply uncertainty. Available popular contract agreements are limited within

only two levels that we considered in Chapter 3. These contracts are extendable in a

multi-level supply chain by installing them between any two adjacent pairs of supply

chain entities as shown in Chapter 4. But a pair-wise contract in a multi-level sup-

ply chain has a drawback from the perspective of simultaneous implementation i.e.,

there may occur a situation where a firm can be benefitted even without signing the

agreement when other entities have already signed (Van Der Rhee et al., 2010). Van

Der Rhee et al. (2010) proposed a spanning revenue sharing contract in which one

supply chain member takes the lead in making a single contract with all other entities
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in the supply chain. In this chapter, we assume that the retailer takes the lead in

negotiating a revenue sharing contract with all other supply chain members to prevent

the two-sided supply-demand uncertainty. Through this agreement, the retailer would

take the optimal decisions on the following aspects. Under which condition, the span-

ning revenue sharing contract is desirable and when the conditions are satisfied, and

how much to order from the manufacturer? On the other hand, the manufacturer also

needs to decide its optimal order quantities from both the suppliers. In this contract,

the manufacturer and both the suppliers are incentivized by the retailer to decrease

their wholesale prices so that the retailer can increase its order quantity to satisfy more

customer demand such that the expected profit of the entire supply chain increases.

Our work is closely related to the work of Li et al. (2017) who developed a model

in which the deterministic demand is met up by two unreliable suppliers: one supplier

is subject to random yield and the other one is unreliable due to disruption risk. They

investigated three models depending on procurement strategies without any reliable

supplier but they didn’t consider channel coordination. Our article is also related to

the work of Dada et al. (2007) in terms of supplier utilization. In the event of supplier

selection for optimal order allocation, we consider a cheaper supplier having the risk of

supply disruption and an expensive supplier having random yield in production, and

find their relative uses. Our chapter expands on the acumen of Dada et al. (2007) by

individually considering whether the risk of supply uncertainty occurs from random

yield or supply disruption.

The rest of the chapter is organized as follows: Section 5.2 introduces basic settings

of the problem under consideration including model description, assumptions and no-

tation. Section 5.3 presents two benchmarks models: centralized model in subsection

5.3.1 and decentralized model in subsection 5.3.2 and their equilibrium solutions. In

Section 5.4, the spanning revenue sharing contract is developed. A win-win situation

that ensures chain coordination is also proposed in this section. Numerical results are

analyzed in Section 5.5 for best practices in guiding supply disruption and demand

uncertainty. We conclude the chapter in Section 5.6, stating conditions for implemen-

tation of the proposed model and scopes of future research.
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5.2 Problem description and assumptions

We consider a supply chain where a single manufacturer sources raw materials from

two unreliable suppliers (main supplier and backup supplier) to respond the order of a

retailer who sells a short life-cycle product with uncertain demand over a single period

of time. The main supplier who delivers order quantity at a cheaper wholesale price

is subject to random disruption and may deliver all or nothing of the manufacturer’s

order, while the backup supplier who provides similar quality attributes at a compar-

atively higher wholesale price is subject to random yield i.e., the backup supplier can

fulfil only a random fraction of the manufacturer’s order. From now onwards, we will

term ‘main supplier’ as the ‘cheaper supplier’, and ‘backup supplier’ as the ‘expensive

supplier’. For mathematical tractability, we consider the following assumptions:

Cheaper 

Supplier

Expensive 

Supplier

RetailerManufacturer

Q

Q1

Q2

Q1 or 0

zQ 2

Supply Disruption 1-P

Random Yield z

Demand X

min{Q,Q1+zQ2}

min{Q,zQ2}

Fig. 5.1: Graphical representation of the proposed supply chain model with two unreliable suppliers.

• Only one order can be placed by a supply chain entity during a single selling

season.

• All four entities (manufacturer, retailer, and two unreliable suppliers) involved in

the supply chain are risk-neutral and pursue their individual profit maximization.

• All the entities start with zero on-hand inventory i.e., there is no stock from

previous period.
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• There is a symmetric information flow under which all costs and profit parameters

are known to each supply chain entity.

• All costs and profit parameters can be taken as exogenous parameters as all

entities determine selling price/wholesale price and salvage value in advance and

after that negotiate their order quantities.

The retailer faces a stochastic market demand x which is a positive continuous random

variable having a general distribution over interval [l, u] with cumulative distribution

function F (·) and probability density function f(·) with mean x̄ and variance σ2
x. The

manufacturer submits orderQ1 to the cheaper supplier andQ2 to the expensive supplier

simultaneously before the realization of the supply state of the cheaper supplier and

actual demand (Li, 2017). The cheaper supplier can deliver full order quantity Q1

with a wholesale price ws1 if not disrupted, but it delivers nothing, if disrupted. The

probability that the cheaper supplier is not disrupted is α ∈ [0, 1]. On the other hand,

the expensive supplier can only delivers a random fraction z (having pdf h(·), cdf H(·)
and range [c, d], 0 ≤ c < d ≤ 1) of order quantity Q2 with a relatively higher wholesale

price ws2 than that of the cheaper supplier ( i.e., ws2 > ws1 ).

Two contract mechanisms are considered in this model viz. price-only contract and

spanning revenue sharing contract. In price-only contract, the retailer and the man-

ufacturer decide their order quantities based on their newsvendor problems without

considering system wide profit. In this situation, the retailer takes the full risk of de-

mand and supply uncertainty. Meanwhile the cheaper supplier takes the responsibility

of its undelivered raw material, if its supply is disrupted. Under spanning revenue

sharing mechanism, the supplier and the manufacturer decrease their wholesale prices

to provide incentive to the manufacturer and the retailer, respectively. As a conse-

quence, the retailer decides to increase its order quantity so that the availability of

the final product to the end customer is increased. In this case, both the supplier and

the manufacturer share the risks of demand and supply uncertainty with the retailer.

In contrast, the retailer also shares the risk of random yield or disruption with the

suppliers and the manufacturer by sharing its revenue with them as a compensation

for their decreased wholesale prices.
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Notation

Notations used in developing the proposed model are listed below:

x : stochastic market demand with mean x̄ and standard deviation σx

z : random yield with mean z̄ and standard deviation σz

α : probability that the cheaper supplier supplies normally

cs1 : procurement cost of the cheaper supplier for each unit of raw material

cs2 : production cost of the expensive supplier for each unit of raw material

cm : value-added cost of the manufacturer for unit product

cr : treating cost of the retailer for unit product

p : fixed retail price of unit final product

br : goodwill loss of the retailer for unit unsatisfied demand

hr : salvage value of the unit residual product at the retailer

hm : salvage value of unit raw material leftover at the manufacturer

hs1 : salvage value of unit undelivered raw material at the cheaper supplier

Q : order quantity of the retailer to the manufacturer

Q1 : order quantity at the cheaper supplier placed by the manufacturer

Q2 : order quantity at the expensive supplier placed by the manufacturer

ws1 : unit wholesale price of the raw material offered by the cheaper supplier

to the manufacturer

ws2 : unit wholesale price of the raw material offered by the expensive supplier

to the manufacturer

wm : unit wholesale price of the finished product charged by the manufacturer

to the retailer.
More symbols will be defined whenever needed. To avoid trivial cases, the following

assumptions are made: hs1 < cs1 < ws1; hm < ws1; ws2 + cm < wm; hr < wm + cr < p;

cs2/z̄ < ws2. These inequalities prevent the supply chain from infinite production and

assure that each chain member makes positive profit.
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5.3 Benchmark models

In this section, two benchmark models are considered viz. centralized model and de-

centralized model with price-only contract to measure the performance of the contract

mechanism in terms of generating profit and allocation of profit.

5.3.1 Centralized model

In reality, although all the supply chain members act independently and take decisions

that optimize their respective objective functions, the centralized model is useful to

establish a performance benchmark. Conceptually here is only one central decision

maker who maximizes the system-wide profit. The expected profit of the entire supply

chain is given by

Πc(Q,Q1, Q2) = α(p+ br − hr)E[min{x,Q,Q1 + zQ2}]− α(cm + cr + hm − hr)

×E[min{Q,Q1 + zQ2}]− α(cs1 − hm)Q1 + (1− α)(p+ br − hr)

×E[min{x,Q, zQ2}]− (1− α)(cm + cr + hm − hr)

×E[min{Q, zQ2}]− (1− α)(cs1 − hs1)Q1

−(cs2 − hmz̄)Q2 − brx̄ (5.1)

where the first three terms represent normal working state (with probability α) of

the cheaper supplier and the next three terms refer to the scenario where the cheaper

supplier is disrupted with probability (1−α) and the final two terms are independent of

probability of disruption. We obtain an equivalent representation of the entire system’s

profit function as follows:

Πc(Q,Q1, Q2) = α(p+ br − hr)×
{

∫
Q−Q1

Q2

c

(

∫ Q1+zQ2

l

xf(x)dx+

∫ u

Q1+zQ2

(Q1 + zQ2)

×f(x)dx
)

h(z)dz +

∫ d

Q−Q1

Q2

(

∫ Q

l

xf(x)dx+

∫ u

Q

Qf(x)dx
)

h(z)dz
}

+(1− α)(p+ br − hr)
{

∫ Q

Q2

c

(

∫ zQ2

l

xf(x)dx+

∫ u

zQ2

zQ2f(x)dx
)

h(z)dz
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+

∫ d

Q

Q2

(

∫ Q

l

xf(x)dx+

∫ u

Q

Qf(x)dx
)

h(z)dz
}

− α(cm + cr + hm − hr)

×
{

∫
Q−Q1

Q2

c

(Q1 + zQ2)h(z)dz +

∫ d

Q−Q1

Q2

Qh(z)dz
}

− (1− α)(cm + cr

+hm − hr)
{

∫ Q

Q2

c

zQ2h(z)dz +

∫ d

Q

Q2

Qh(z)dz
}

− α(cs1 − hm)Q1

−(1 − α)(cs1 − hs1)Q1 − (cs2 − hmz̄)Q2 − brx̄ (5.2)

Due to complexity of the profit function Πc(Q,Q1, Q2) in (5.2), it is difficult to

show directly that Πc(Q,Q1, Q2) is jointly concave in Q, Q1 and Q2. We derive the

following results to characterize the optimal decisions of the centralized model.

Theorem 5.1 The expected profit function Πc(Q,Q1, Q2) is concave in Q and the

optimal order quantity Qc is given by

Qc = F−1
(p+ br − cm − cr − hm

p+ br − hr

)

. (5.3)

Proof: We have

∂Πc(Q,Q1, Q2)

∂Q
= α(p + br − hr)

∫ d

Q−Q1

Q2

(

∫ u

Q
f(x)dx

)

h(z)dz + (1− α)(p + br − hr)

×
∫ d

Q

Q2

(

∫ u

Q
f(x)dx

)

h(z)dz − α(cm + cr + hm − hr)

∫ d

Q−Q1

Q2

h(z)dz

−(1− α)(cm + cr + hm − hr)

∫ d

Q

Q2

h(z)dz (5.4)

and
∂2Πc(Q,Q1, Q2)

∂Q2
= α

1

Q2
h
(Q−Q1

Q2

)

{(cm + cr + hm − hr)− (p + br − hr)F̄ (Q)}

+(1− α)
1

Q2
h
( Q

Q2

)

{(cm + cr + hm − hr)− (p + br − hr)F̄ (Q)}

−α(p + br − hr)f(Q)H̄
(Q−Q1

Q2

)

− (1− α)(p + br − hr)

×f(Q)H̄
( Q

Q2

)

(5.5)

From the first order optimality condition ∂Πc(Q,Q1,Q2)
∂Q

= 0, we obtain the optimal order
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quantity Qc in the centralized benchmark setting as

Qc = F−1
(p+ br − cm − cr − hm

p+ br − hr

)

(5.3)

Putting optimal order quantity Qc into the equation (5.5) we get,

∂2Πc(Q,Q1, Q2)

∂Q2
= −α(p + br − hr)f(Q

c)H̄
(Qc −Q1

Q2

)

−(1− α)(p + br − hr)f(Q
c)H̄

(Qc

Q2

)

≤ 0. � (5.6)

Putting optimal order quantity Qc in equation (5.3) into equation (5.2), we get

Πc(Q1, Q2) = α(p+ br − hr)
{

∫
Qc

−Q1

Q2

c

(

∫ Q1+zQ2

l

xf(x)dx+

∫ u

Q1+zQ2

(Q1 + zQ2)

×f(x)dx
)

h(z)dz +

∫ d

Qc
−Q1

Q2

(

∫ Qc

l

xf(x)dx+

∫ u

Qc

Qcf(x)dx
)

h(z)dz
}

+(1− α)(p+ br − hr)
{

∫ Qc

Q2

c

(

∫ zQ2

l

xf(x)dx+

∫ u

zQ2

zQ2f(x)dx
)

h(z)dz

+

∫ d

Qc

Q2

(

∫ Qc

l

xf(x)dx+

∫ u

Qc

Qcf(x)dx
)

h(z)dz
}

− α(cm + cr + hm − hr)

×
{

∫
Q−Q1

Q2

c

(Q1 + zQ2)h(z)dz +

∫ d

Q−Q1

Q2

Qh(z)dz
}

− (1− α)(cm + cr

+hm − hr)
{

∫
Qc

Q2

c

zQ2h(z)dz +

∫ d

Qc

Q2

Qch(z)dz
}

− α(cs1 − hm)Q1

−(1 − α)(cs1 − hs1)Q1 − (cs2 − hmz̄)Q2 − brx̄ (5.7)

Proposition 5.1 The optimal order quantities of the raw materials from the cheaper

and expensive suppliers i.e., Qc
1 and Qc

2 satisfy the following equations:

∫

Qc
−Qc

1

Qc
2

c

F̄ (Qc
1 + zQc

2)h(z)dz =
α(cs1 − hm)− (1− α)(hs1 − cs1)

α(p+ br − hr)

+
(cm + cr + hm − hr)

(p+ br − hr)
H(

Qc −Qc
1

Qc
2

) (5.8)
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and α

∫

Qc
−Qc

1

Qc
2

c

zF̄ (Qc
1 + zQc

2)h(z)dz + (1− α)

∫ Qc

Qc
2

c

zF̄ zQc
2h(z)dz

=
(cm + cr + hm − hr)

(p+ br − hr)

[

α

∫

Qc
−Qc

1

Qc
2

c

zh(z)dz + (1− α)

∫ Qc

Qc
2

c

zh(z)dz
]

+
cs2 − hmz̄

(p+ br − hr)
(5.9)

Proof: From equation (5.7), we get

∂Πc(Q1, Q2)

∂Q1
= α(p+ br − hr)

∫
Qc

−Q1

Q2

c

(

∫ u

Q1+zQ2

f(x)dx
)

h(z)dz

−α× (cm + cr + hm − hr)

∫
Qc

−Q1

Q2

c

h(z)dz − α(cs1 − hm)

−(1− α)(hs1 − cs1) (5.10)

∂Πc(Q1, Q2)

∂Q2
= α(p + br − hr)

∫
Qc

−Q1

Q2

c
z
(

∫ u

Q1+zQ2

f(x)dx
)

h(z)dz + (1− α)(p + br − hr)

×
∫ Qc

Q2

c
z
(

∫ u

zQ2

f(x)dx
)

h(z)dz − α(cm + cr + hm − hr)

∫
Qc

−Q1

Q2

c
zh(z)dz

−(1− α)(cm + cr + hm − hr)

∫ Qc

Q2

c
zh(z)dz + (cs2 − hmz̄) (5.11)

From the first order optimality conditions ∂Πc(Q1,Q2)
∂Q1

= 0 and ∂Πc(Q1,Q2)
∂Q2

= 0, we see

that the order quantities Qc
1 and Qc

2 satisfy the equations (5.8) and (5.9). �

Where F−1(v) = inf{u : F (u) = v} and F̄ (v) = 1−F (v), be the survival function.

In this model, our main objective is to control the inventory at each stage keeping

the other parameters constant, so the entire channel profit depends only on the order

quantities of the raw materials and final product. Therefore, by ordering Qc, Qc
1 and

Qc
2, the expected total profit is maximized and the maximum value is Πc(Q

c, Qc
1, Q

c
2).

Due to model complexity we can not express the explicit form of Πc(Q
c, Qc

1, Q
c
2). From

equation (5.3), we find that the optimal order quantity Qc is only affected by the

exogenous parameters related to the final product, not by parameters (except hm)

related to the raw material, which is quite natural.
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5.3.2 Decentralized model with price-only contract

In reality, all supply chain members are independent decision makers and they choose

best decisions to maximize their individual profits. We now consider a decentralized

system where there is price-only contract among the supply chain entities. The process

flow in this decentralized setting is as follows:

First, both the raw material suppliers determine their wholesale prices ws1 and

ws2. Consequently the manufacturer determines its wholesale price wm. Then, with

the knowledge of disruption probability, demand and yield distributions, the retailer

decides to order Q units from the manufacturer. The manufacturer orders Q1 units

of raw material from the cheaper supplier with a disruption risk (1− α) and Q2 units

from the expensive supplier with a production yield risk z. Subsequently, the amount

min{Q,Q1 + zQ2} or min{Q, zQ2} is shipped by the manufacturer according to the

cheaper supplier’s supply state up or down, respectively. Finally, the market demand x

occurs and the retailer sells the amount min{x,Q,Q1 + zQ2} or min{x,Q, zQ2} to the

end-customer depending on whether there is no disruption or disruption, respectively,

at the cheaper supplier.

We consider a Nash sequence where both the suppliers act as the first decision

maker and the system is solved through backward induction. Therefore, the retailer

first determines its optimal decisions. For given Q1, Q2, the retailer’s profit function

Πr(Q) can be derived as follows:

Πr(Q) = α(p+ br − hr)E[min{x,Q,Q1 + zQ2}]− α(wm + cr − hr)

×E[min{Q,Q1 + zQ2}] + (1− α)(p+ br − hr)E[min{x,Q, zQ2}]

−(1− α)(wm + cr − hr)E[min{Q, zQ2}]− brx̄ (5.12)

We can rewrite the above profit function as follows:

Πr(Q) = α(p + br − hr)
{

∫
Q−Q1

Q2

c

(

∫ Q1+zQ2

l
xf(x)dx+

∫ u

Q1+zQ2

(Q1 + zQ2)f(x)dx
)

h(z)dz

+

∫ d

Q−Q1

Q2

(

∫ Q

l
xf(x)dx+

∫ u

Q
Qf(x)dx

)

h(z)dz
}

+ (1− α)(p + br − hr)
{

∫ Q

Q2

c

(

∫ zQ2

l
x
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×f(x)dx+

∫ u

zQ2

zQ2f(x)dx
)

h(z)dz +

∫ d

Q

Q2

(

∫ Q

l
xf(x)dx+

∫ u

Q
Qf(x)dx

)

h(z)dz
}

−α(wm + cr − hr)
{

∫
Q−Q1

Q2

c
(Q1 + zQ2)h(z)dz +

∫ d

Q−Q1

Q2

Qh(z)dz
}

− (1− α)

×(wm + cr − hr)
{

∫ Q

Q2

c
zQ2h(z)dz +

∫ d

Q

Q2

Qh(z)dz
}

− brx̄ (5.13)

The optimal decision of the retailer is given in the following theorem.

Theorem 5.2 The profit function Πr(Q) is concave in Q and the optimal order quan-

tity Qd is given by

Qd = F−1
(p+ br − wm − cr

p+ br − hr

)

(5.14)

Also Qd increases as the wholesale price (wm) of the manufacturer and the value-added

cost (cr) of the retailer decrease.

Proof: We have

∂Πr(Q)

∂Q
= α(p + br − hr)

∫ d

Q−Q1

Q2

(

∫ u

Q
f(x)dx

)

h(z)dz + (1− α)(p + br − hr)

×
∫ d

Q

Q2

(

∫ u

Q
f(x)dx

)

h(z)dz − α(wm + cr − hr)

∫ d

Q−Q1

Q2

h(z)dz

−(1− α)(wm + cr − hr)

∫ d

Q

Q2

h(z)dz (5.15)

and
∂2Πr(Q)

∂Q2
= α

1

Q2
h
(Q−Q1

Q2

){

(wm + cr − hr)− (p+ br − hr)F̄ (Q)
}

+(1− α)
1

Q2
h
( Q

Q2

){

(wm + cr − hr)− (p+ br − hr)F̄ (Q)
}

−α(p + br − hr)f(Q)H̄
(Q−Q1

Q2

)

− (1− α)(p + br − hr)

×f(Q)H̄
( Q

Q2

)

(5.16)

From the first order optimality condition ∂Πr(Q)
∂Q

= 0, we obtain the retailer’s optimal
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order quantity Qd as

Qd = F−1
(p+ br − wm − cr

p+ br − hr

)

(5.14)

Putting Qd in equation (5.14) into equation (5.16) we get,

∂2Πr(Q)

∂Q2
= −α(p+ br − hr)f(Q

d)H̄
(Qd −Q1

Q2

)

− (1− α)(p+ br − hr)f(Q
d)H̄

(Qd

Q2

)

≤ 0

To show that Qd is a decreasing function of wm, we have to show that ∂Qd

∂wm
≤ 0. We

have, F (Qd) =
(

p+br−wm−cr
p+br−hr

)

. Then ∂Qd

∂wm
= −f(Qd)(p + br − hr) ≤ 0. By similar

argument it can be shown that Qd is a decreasing function of cr. �

Comparing Qd in equation (5.14) with the order quantity of the centralized sys-

tem given in equation (5.3), we find that the retailer orders less in the decentralized

benchmark model. This indicates that the decentralized system does not run as effi-

ciently as the centralized system. After analyzing the retailer’s problem and obtaining

the optimal order quantity Qd, we derive the manufacturer’s expected profit function

Πm(Q1, Q2) as follows:

Πm(Q1, Q2) = α(wm − cm − hm)E[min{Q,Q1 + zQ2}]− α(ws1 − hm)Q1

+(1− α)(wm − cm − hm)E[min{Q, zQ2}]

−(ws2 − hm)z̄Q2 (5.17)

which can be written as

Πm(Q1, Q2) = α(wm − cm − hm)
{

∫
Q−Q1

Q2

c

(Q1 + zQ2)h(z)dz +

∫ d

Q−Q1

Q2

Qh(z)dz
}

+(1− α)(wm − cm − hm)
{

∫
Q

Q2

c

zQ2h(z)dz +

∫ d

Q

Q2

Qh(z)dz
}

−α(ws1 − hm)Q1 − (ws2 − hmz̄)Q2 (5.18)

We characterize the optimal decisions for the manufacturer under the wholesale price

only contract, in the following theorem.
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Theorem 5.3 The manufacturer’s profit function Πm(Q1, Q2) is jointly concave in Q1

and Q2, and the optimal order quantities Qd
1 and Qd

2 satisfy the following equations:

Qd
1 = Q−Qd

2 H−1
( ws1 − hm

wm − cm − hm

)

(5.19)

α

∫

Q−Qd
1

Qd
2

c

zh(z)dz + (1− α)

∫ Q

Qd
2

c

zh(z)dz =
(ws2 − hm)z̄

(wm − cm − hm)
(5.20)

Proof: To prove that the manufacturer’s profit function is jointly concave in Q1 and

Q2 in the decentralized benchmark model, we have

∂Πm(Q1Q2)

∂Q1

= α(wm − cm − hm)

∫
Q−Q1

Q2

c

h(z)dz − α(ws1 − hm) (5.21)

∂2Πm(Q1Q2)

∂Q2
1

= −α(wm + cm − hm)
1

Q2
h
(Q−Q1

Q2

)

(5.22)

∂Πm(Q1Q2)

∂Q2
= (wm − cm − hm)

∫
Q−Q1

Q2

c

zh(z)dz − (ws2 − hm)z̄

+(1− α)(wm − cm − hm)

∫
Q

Q2

c

zh(z)dz (5.23)

∂2Πm(Q1Q2)

∂Q2
2

= −α(wm − cm − hm)
(Q−Q1)

2

Q3
2

h
(Q−Q1

Q2

)

−(1 − α)(wm − cm − hm)
Q2

Q3
2

h
( Q

Q2

)

(5.24)

and
∂2Πm(Q1Q2)

∂Q2∂Q1

= −α(wm − cm − hm)
(Q−Q1

Q2
2

)

h
(Q−Q1

Q2

)

(5.25)

The Hessian matrix is

H =





∂2Πm(Q1,Q2)
∂Q2

1

∂2Πm(Q1,Q2)
∂Q2∂Q1

∂2Πm(Q1,Q2)
∂Q2∂Q1

∂2Πm(Q1,Q2)
∂Q2

2





Let Hi, ( i=1,2 ) be the principal minors of the hessian matrix H . Clearly we have the

principal minors |H1| = −α(wm+ cm−hm)
1
Q2

h
(

Q−Q1

Q2

)

< 0 and |H2| = α(1−α)(wm−

cm − hm)
2Q2

Q4

2

h
(

Q−Q1

Q2

)

> 0. This shows that the hessian matrix is negative definite.
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Then, from the first order optimality conditions ∂Πm(Q1Q2)
∂Q1

= 0 and ∂Πm(Q1Q2)
∂Q2

= 0, we

obtain the optimal solution. Therefore, the manufacturer’s order quantities Qd
1 and Qd

2

satisfy the following equations:

Qd
1 = Q−Qd

2 ×H−1
( ws1 − hm

wm − cm − hm

)

(5.19)

α

∫

Q−Qd
1

Qd
2

c

zh(z)dz + (1− α)

∫ Q

Qd
2

c

zh(z)dz =
(ws2 − hm)z̄

(wm − cm − hm)
� (5.20)

Based on Theorem 5.3, we notice that the cheaper supplier’s expected profit function

is increasing in Q and decreasing in Q2. Also, Qd
1 is increasing in ws2 and decreasing

in ws1, whereas Q
d
2 is increasing in ws1 and decreasing in ws2. The expected profit Πs2

of the expensive supplier is given by

Πs2 = (ws2z̄ − cs2)Q2 (5.26)

and the expected profit Πs1 of the cheaper supplier is given by

Πs1 = α(ws1 − cs1)Q1 + (1− α)(hs1 − cs1)Q1 (5.27)

Under the price-only contract, the manufacturer has to face disruption risk and yield

uncertainty of the suppliers. Hence it takes decisions without any promise to anyone.

In this scenario, we assume that the wholesale prices are negotiated based on firm’s

bargaining power, keeping a positive profit margin above a desired level of acceptance

(Asian and Nie, 2014). In this setting, to gain a positive expected profit for both the

suppliers and the manufacturer, the only way is to set a wholesale price above their

relative costs. We compare the above benchmark models in the following theorem:

Theorem 5.4 All the order quantities in the decentralized model are strictly less than

their counterparts in the centralized model. Moreover, a lower order quantity leads to

a lower expected profit for the supply chain.

Proof. We have wm > cm + ws2 and ws2 > ws1 which imply wm > cm + ws1. Since

hm < ws1, therefore we have wm > cm + hm. Now, comparing equation (5.14) with
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equation (5.3) and using the fact that wm > cm+hm, we find that, in the decentralized

benchmark model, the retailer’s optimal order quantity is strictly less than that in

the centralized benchmark model. As the retailer orders less amount for the final

product, therefore, the order quantity of the manufacturer for raw materials in the

decentralized benchmark model is also less than that in the centralized benchmark

model, which can be realized by comparing equations (5.19) and (5.20) with equations

(5.8) and (5.9), respectively. Adding the supply chain members’ expected profits, we

get Πr+Πm+Πs2+Πs1 = Πd. It is easy to verify that Πc(Q
c, Qc

1, Q
c
2) > Πd(Q

d, Qd
1, Q

d
2).

Both the supplier’s and the manufacturer’s individual pricing policies are the reason

behind the supply chain’s inefficiency in the decentralized benchmark setting. �

Theorem 5.4 is a generalization of the result for the two-echelon supply chain that

can be footstep back Spengler (1950) regarding marginalization, showing that the max-

imum system efficiency is not achieved in the decentralized model with price-only

contract even if all chain members maximize their own profits i.e., Πc(Q
c, Qc

1, Q
c
2) >

Πd(Q
d, Qd

1, Q
d
2) where Πd denotes the total system profit in the decentralized bench-

mark model. In the decentralized scenario where the decision power is distributed over

the various chain members, there is a possible deviation from the optimal decisions

obtained in the centralized model. To align each member’s decision with the entire

channel, contract mechanisms come into play.

5.4 Spanning revenue sharing contract

A contract or agreement prevents sub-optimization by removing the rivalry among

the members without affecting the supply chain structure and its members’ decision

powers. Available popular contract agreements are limited within only two levels and

extended in a multi-level by installing them between any two adjacent pairs of supply

chain entities. As pointed out by Van Der Rhee et al. (2010) that a pair-wise contract

in a multi-level supply chain has a drawback from the perspective of simultaneous

implementation They proposed a new revenue sharing contract mechanism in which

one supply chain member takes the lead in making a single contract with all other

entities in the supply chain.
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In this section, we focus on the decentralized scenario with spanning revenue sharing

(SRS) contract where the retailer gives the guidance in negotiating revenue share among

the chain members. This arrangement incentivies each supplier to decrease its wholesale

price, which influences the manufacturer to reduce its price too at the beginning of the

selling season. The compensation for their reduced wholesale prices is given in terms

of revenue shares of the retailer with all other entities, as a lower wholesale price gives

an opportunity to the retailer to earn more revenue by satisfying more customer. We

also examine whether the supply chain is coordinated under SRS contract i.e., the

decentralized supply chain achieves the same profit under the SRS contract as in the

centralized benchmark model earns. Moreover, we characterize the chain members’

participation problem for a win-win outcome. The time-line of events has the following

sequence.

First, the retailer forecasts the customer demand, negotiates SRS contract with

all upstream entities, decides its optimal order quantity Q, and places its order to the

manufacturer before the selling season. Based on the retailer’s order quantity, the man-

ufacturer orders Q1 and Q2 units of raw materials to cheaper and expensive suppliers,

respectively. After realization of the supply uncertainty, the manufacturer receives 0 or

Q1 units from the cheaper supplier depending on whether or not the cheaper supplier

is disrupted, and securely receives zQ2 (a random fraction of its order Q2) units from

the expensive supplier. After receiving raw materials from the suppliers, the manu-

facturer starts production and delivers to the retailer at once. At the retailer, if the

demand is less than the on-hand inventory, the excess amount is salvaged; otherwise,

the shortage incurs a goodwill cost. At the end of the selling season, the retailer shares

its revenue to all upstream entities according to the rule of pricing under SRS contract.

The SRS mechanism is administrated by three wholesale prices ws1, ws2 and wm and

three revenue sharing ratios φs1, φs2 and φm(0 ≤ φs1 + φs2 + φm = φ ≤ 1) of the re-

tailer’s revenues that are shared with the cheaper supplier, expensive supplier and the

manufacturer, respectively.

We first concentrate on the retailer’s decision problem to determine the optimal

order quantity Q∗ subject to any decision (Q1, Q2) of the manufacturer. Then, we

focus on the manufacturer’s decision problem to obtain the optimal order quantities Q∗
1
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and Q∗
2 to anticipate the retailer’s optimal repercussion. The retailer’s profit function

Πrc(Q) under the spanning revenue sharing contract is derived as

Πrc(Q) = α((1− φ)(p− hr) + br)E[min{x,Q,Q1 + zQ2}]− α(wm + cr

−(1− φ)hr)E[min{Q,Q1 + zQ2}] + (1− α)((1− φ)(p− hr) + br)

×E[min{x,Q, zQ2}]− (1− α)(wm + cr − (1− φ)hr)E[min{Q, zQ2}]

−brx̄ (5.28)

The first two terms represent the normal working state of the cheaper supplier and

the next two terms refer to the situation where the cheaper supplier is disrupted. The

final term is independent of the risk of supply uncertainty. We derive an alternative

representation of the retailer’s profit function as follows:

Πrc(Q) = α((1 − φ)(p − hr) + br)
{

∫
Q−Q1

Q2

c

(

∫ Q1+zQ2

l
xf(x)dx+

∫ u

Q1+zQ2

(Q1 + zQ2)f(x)dx
)

×h(z)dz +

∫ d

Q−Q1

Q2

(

∫ Q

l
xf(x)dx+

∫ u

Q
Qf(x)dx

)

h(z)dz
}

+ (1− α)((1 − φ)(p− hr) + br)

×
{

∫ Q

Q2

c

(

∫ zQ2

l
xf(x)dx+

∫ u

zQ2

zQ2f(x)dx
)

h(z)dz +

∫ d

Q

Q2

(

∫ Q

l
xf(x)dx+

∫ u

Q
Qf(x)dx

)

×h(z)dz
}

− α(wm + cr − (1− φ)hr)
{

∫
Q−Q1

Q2

c
(Q1 + zQ2)h(z)dz +

∫ d

Q−Q1

Q2

Qh(z)dz
}

−(1− α)(wm + cr − (1− φ)hr)
{

∫ Q

Q2

c
zQ2h(z)dz +

∫ d

Q

Q2

Qh(z)dz
}

− brx̄ (5.29)

The retailer’s optimal order quantity Q∗ under the spanning revenue sharing contract

is characterized in the following theorem.

Theorem 5.5 The retailer’s expected profit function Πrc(Q) under the spanning rev-

enue sharing contract is concave in Q and the unique optimal order quantity Q∗ satisfy

the following equation

Q∗ = F−1
((1− φ)p+ br − wm − cr

(1− φ)(p− hr) + br

)

(5.30)
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Proof: To prove the concavity of the retailer’s profit function in the decentralized

benchmark model under spanning revenue sharing contract, we have

∂Πrc(Q)

∂Q
= α((1 − φ)(p − hr) + br)

∫ d

Q−Q1

Q2

(

∫ u

Q
f(x)dx

)

h(z)dz + (1− α)

×((1− φ)(p − hr) + br)

∫ d

Q

Q2

(

∫ u

Q
f(x)dx

)

h(z)dz − α(wm + cr

−(1− φ)hr)

∫ d

Q−Q1

Q2

h(z)dz − (1− α)(wm + cr − (1− φ)hr)

∫ d

Q

Q2

h(z)dz

(5.31)

∂2Πrc(Q)

∂Q2
= α

1

Q2
h
(Q−Q1

Q2

){

(wm + cr − (1− φ)hr)− ((1− φ)(p − hr) + br)F̄ (Q)
}

+(1− α)
1

Q2
h
( Q

Q2

){

(wm + cr − (1− φ)hr)− ((1− φ)(p − hr) + br)F̄ (Q)
}

−α((1− φ)(p − hr) + br)f(Q)H̄
(Q−Q1

Q2

)

− (1− α)((1 − φ)(p − hr) + br)

×f(Q)H̄
( Q

Q2

)

(5.32)

From the first order optimality condition ∂Πrc(Q)
∂Q

= 0, we obtain the retailer’s optimal

order quantity Q∗ as

Q∗ = F−1
((1− φ)p+ br − wm − cr

(1− φ)(p− hr) + br

)

(5.30)

Putting Q∗ in equation (5.32) we get,

∂2Πrc(Q)

∂Q2
≤ 0. �

To show that Q∗ is an increasing function of p, it is sufficient to show that ∂2Πrc(Q)
∂Q∂p

≥ 0.

Now, we have

∂2Πrc(Q)

∂Q∂p
= α(1− φ)F̄ (Q)H̄

(Q−Q1

Q2

)

+ (1− α)(1− φ)F̄ (Q)H̄
( Q

Q2

)

≥ 0.

To show that Q∗ is a decreasing function of cr, it is sufficient to show that ∂2Πrc(Q)
∂Q∂cr

≤ 0.
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Now, differentiating Πrc(Q) twice with respect to Q and cr we get,

∂2Πrc(Q)

∂Q∂cr
= −α

∫ d

Q−Q1

Q2

h(z)dz − (1− α)

∫ d

Q

Q2

h(z)dz ≤ 0 (5.33)

By similar argument it can be shown that Q∗ is a decreasing function of wm. From

equation (5.30) we find that the retailer’s optimal order quantity is an increasing func-

tion of the retail price p and a decreasing function of its purchasing cost wm and treating

cost cr. Also, the order quantity Q∗ does not depend directly on the cheaper supplier’s

disruption probability.

The manufacturer’s expected profit function Πmc(Q1, Q2) under the spanning rev-

enue sharing contract is given by

Πmc(Q1, Q2) = αφm(p− hr)E[min{x,Q,Q1 + zQ2}] + α(wm − cm + φmhr − hm)

×E[min{Q,Q1 + zQ2}] + (1− α)φm(p− hr)E[min{x,Q, zQ2}]

+(1− α)(wm − cm + φmhr − hm)E[min{Q, zQ2}]− α(ws1 − hm)

×Q1 − (ws2 − hm)z̄Q2 (5.34)

An equivalent representation of the manufacturer’s expected profit function under the

proposed contract is given by

Πmc(Q1, Q2) = αφm(p− hr)
{

∫
Q−Q1

Q2

c

(

∫ Q1+zQ2

l
xf(x)dx+

∫ u

Q1+zQ2

(Q1 + zQ2)f(x)dx
)

×h(z)dz +

∫ d

Qc
−Q1

Q2

(

∫ Qc

l
xf(x)dx+

∫ u

Qc

Qcf(x)dx
)

h(z)dz
}

+ (1− α)φm(p− hr)

×
{

∫
Q

Q2

c

(

∫ zQ2

l
xf(x)dx+

∫ u

zQ2

zQ2f(x)dx
)

h(z)dz +

∫ d

Q

Q2

(

∫ Q

l
xf(x)dx+

∫ u

Q
Qf(x)dx

)

×h(z)dz
}

+ α(wm − cm + φmhr − hm)
{

∫
Q−Q1

Q2

c
(Q1 + zQ2)h(z)dz +

∫ d

Q−Q1

Q2

Qh(z)dz
}

+(1− α)(wm − cm + φmhr − hm)
{

∫
Q

Q2

c
zQ2h(z)dz +

∫ d

Q

Q2

Qh(z)dz
}

− α(ws1 − hm)Q1

−(ws2 − hmz̄)Q2 (5.35)
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Due to complexity, the concavity of Πmc(Q1, Q2) with respect to Q1 and Q2 can not

be proved analytically. The following proposition explores the manufacturer’s optimal

order quantities assuming that Πmc is concave.

Proposition 5.2 Under the SRS contract, the manufacturer’s optimal order quantities

Q∗
1 and Q∗

2 satisfy the equations:

∫

Q−Q∗

1

Q∗

2

c
F̄ (Q∗

1 + zQ∗
2)h(z)dz =

( ws1 − hm
φm(p − hr)

)

− (wm − cm + φmhr − hm)

φm(p− hr)

×H
(Q−Q∗

1

Q∗
2

)

(5.36)

and α

∫

Q−Q∗

1

Q∗

2

c
zF̄ (Q∗

1 + zQ∗
2)h(z)dz + (1− α)

∫
Q

Q∗

2

c
zF̄ zQ∗

2h(z)dz =
(ws2 − hm)z̄

φm(p− hr)

−(wm − cm + φmhr − hm)

φm(p− hr)

[

α

∫

Q−Q∗

1

Q∗

2

c
zh(z)dz + (1− α)

∫
Q

Q∗

2

c
zh(z)dz

]

(5.37)

Proof: From equation (5.35), we have

∂Πmc(Q1, Q2)

∂Q1
= αφm(p− hr)

∫
Q−Q1

Q2

c

(

∫ u

Q1+zQ2

f(x)dx
)

h(z)dz − α(ws1 − hm)

+α(wm − cm + φmhr − hm)

∫
Q−Q1

Q2

c
h(z)dz (5.38)

∂Πmc(Q1, Q2)

∂Q2
= αφm(p− hr)

∫
Q−Q1

Q2

c
z
(

∫ u

Q1+zQ2

f(x)dx
)

h(z)dz

+α(wm − cm + φmhr − hm)

∫
Q−Q1

Q2

c
zh(z)dz

+(1− α)φm(p− hr)

∫
Q

Q2

c
z
(

∫ u

zQ2

f(x)dx
)

h(z)dz + (1− α)

×(wm − cm + φmhr − hm)

∫
Q

Q2

c
zh(z)dz + (ws2 − hm)z̄ (5.39)

From the first order optimality conditions ∂Πmc(Q1,Q2)
∂Q1

= 0 and ∂Πmc(Q1,Q2)
∂Q2

= 0, we

obtain the optimal solution. Therefore, the manufacturer’s order quantities Q∗
1 and Q∗

2

satisfy the equations (5.36) and (5.37), respectively. �
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The expected profit Πs2c of the expensive supplier is given by

Πs2c = αφs2(p− hr)E[min{x,Q,Q1 + zQ2}] + αφs2hrE[min{Q,Q1 + zQ2}]

+(1− α)φs2(p− hr)× E[min{x,Q, zQ2}] + (1− α)φs2hrE[min{Q, zQ2}]

+(ws2z̄ − cs2)Q2 (5.40)

The expected profit Πs1c of the cheaper supplier is given by

Πs1c = αφs1(p− hr)E[min{x,Q,Q1 + zQ2}] + αφs1hrE[min{Q,Q1 + zQ2}]
+(1− α)φs1(p− hr)× E[min{x,Q, zQ2}] + (1− α)φs1hrE[min{Q, zQ2}]

+α(ws1 − cs1)Q1 + (1− α)(hs1 − cs1)Q1 (5.41)

We now obtain the conditions under which the supply chain is coordinated with the

spanning revenue sharing contract.

Theorem 5.6 Under the voluntary compliance, the SRS contract with the wholesale

prices

wm = cm + hm − φmhr −
cm + cr + hm − hr

p+ br − hr
× φm(p− hr) (5.42)

ws2 = hm +
cs2 − hmz̄

z̄(p+ br − hr)
× φm(p− hr) (5.43)

ws1 = hm +
α(cs1 − hm)− (1− α)(hs1 − cs1)

α(p+ br − hr)
× φm(p− hr) (5.44)

achieves channel coordination.

Proof. Using the supply chain members’ optimal decisions of the decentralized model

under spanning revenue sharing contract given in Theorem 5.5 and Proposition 5.2,

we obtain the conditions such that the supply chain is coordinated. Comparing equa-

tion (5.3) with equation (5.30) we get wm = ((1−φ)(p−hr)+br)(cm+hm)−φm(brhr+(p−hr)cr)
(1−φs2−φs1)(p−hr)+br

.

As a result, the retailer orders the same amount of the final product that in the

centralized model. Also, comparing Proposition 5.2 with Proposition 5.1, we get

ws2 = hm+ cs2−hmz̄
p+br−hr

× φm(p−hr)
z̄

and ws1 = hm+ α(cs1−hm)−(1−α)(hs1−cs1)
α(p+br−hr)

. Under these two
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conditions, the manufacturer takes the ordering decisions for raw material same as in

the centralized model. Further, using conditions in equations (5.42) - (5.44) the total

expected profit of the decentralized system under spanning revenue sharing contract is

Πrc(Q
∗) + Πmc(Q

∗
1, Q

∗
2) + Πs2c +Πs1c = Πc(Q

c, Qc
1, Q

c
2). �

Although the retailer and the manufacturer are free to make their individual deci-

sions under the SRS contract, if the parameters (wi, φi) of the SRS conform to equations

(5.42)-(5.44), then the chosen optimal orders Q∗, Q∗
1, and Q∗

2 will correspond to Qc,

Qc
1, and Qc

2, respectively, that achieves the objective of the centralized SC as studied

in section 5.3.1. From equations (5.42)-(5.44), we can observe that the wholesale price

wi are function of the retailer’s revenue sharing ratio φi. So, we concentrate on how

to calculate φi in the SRS contract. Once φi’s are calculated, the wholesale prices wi

can be estimated immediately from Eqs. (5.42)-(5.44) and with these values of wi,

the SRS contact coordinates the supply chain irrespective of the adopted values of φi

i.e., Πdc(Q
∗, Q∗

1, Q
∗
2) = Πc(Q

c, Qc
1, Q

c
2) where Πdc denotes total system profit in the

decentralized model under the SRS contract. These observations are used to solve the

problem of individual participation in the next paragraph.

However, the maximum profit of the SC can be assured by adopting the SRS con-

tract with appropriate parameters, this contract is desirable only when the individual

profit of all the supply chain entities are higher than those under the decentralized

scenario without the SRS contract, as discussed in section 5.3.2. In other words, to

participate in the contract agreement, achieving win-win outcomes for all the supply

chain entities is a key requirement. Hence under the assumption that the SRS coordi-

nates the SC i.e., equations (5.42)-(5.44) are fulfilled, to achieve a win win outcome,

the contract make sure that the following conditions hold:

Πrc > Πrd i.e., φs1 + φs2 + φm = φ <
(

1−
Πrd+brx̄
S1−S2S3

− br

p− hr

)

; (5.45)

Πmc > Πmd i.e., φm >
Πmd

(p− hr)(S1 − S2S3 − αQ1S4 − cs2−hmz̄
p+br−hr

Q2)
; (5.46)

Πs2c > Πs2d i.e., φs2 >
Πs2d − (ws2z̄ − cs2)Q2

(p− hr)S1 + hrS2
; and (5.47)
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Πs1c > Πs1d i.e., φs1 >
Πs1d − α(ws1 − cs1)Q1 − (1− α)(hs1 − cs1)Q1

(p− hr)S1 + hrS2
; (5.48)

where S1 = αE[min{x,Q,Q1+zQ2}]+(1−α)E[min{x,Q, zQ2}] be the total expected
sales, S2 = αE[min{Q,Q1 + zQ2}] + (1− α)E[min{Q, zQ2}] be the total expected on

hand inventory, S3 =
(cm+cr+hm−hr)

(p+br−hr)
and S4 =

α(cs1−hm)+(1−α)(cs1−hs1

α(p+br−hr)
.

To sum up, if we adopt the proposed spanning revenue-sharing contract (wi, φi) for

i ∈ {m, s1, s2}, where the revenue sharing ratios φi’s satisfy equations (5.45)-(5.48)

and the wholesale prices wi are calculated by using equations (5.42)-(5.44), then the

contract is acceptable to all supply chain entities and the maximum profit of the SC is

attained. Because any values of φi that satisfy Eqs. (5.45)-(5.48) are acceptable, the

adaptation of φi depends on the relative bargaining strength of the SC entities. We find

that if the supply chain is coordinated, then for values φm = 0.45, φs2 = 0.25, φs1 = 0.10

all the supply chain members earn the same amount of percentage of additional profits

compared to the decentralized benchmark setting.

5.5 Numerical example

A numerical study is conducted in this section to illustrate the developed model. The

random demand x is assumed to be uniformly distributed over [l, u], l ≤ x ≤ u, with

mean x̄ = 500 and standard deviation σx = 500/
√
3. The production yield of the

expensive raw material supplier is assumed to follow uniform distribution with mean

z̄ = 0.77 and standard deviation σz = 0.06. The exogenous parameter-values are set

as follows: p = 130, br = 5, hr = 15, cr = 5, cm = 15, hm = 5, cs1 = 20, cs2 = 40,

hs1 = 10 in appropriate units and probability of disruption 1− α = 0.2.

For the above set of values, the concavity of the expected profit function Πc(Q1, Q2)

with respect to Q1 and Q2 is checked graphically as shown in Fig. 5.2. Also we have,

from Theorem 5.1, Πc(Q,Q1, Q2) is concave in Q. Therefore, we can conclude that

Πc(Q,Q1, Q2) is jointly concave in Q, Q1 and Q2 in the centralized model. Now, for

the same data set, under spanning revenue sharing contract, the manufacturer’s profit

function Πmc(Q1, Q2) is jointly concave in Q1 and Q2, which can be checked graphically

as shown in Fig. 5.3.
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Fig. 5.2: Concavity of Πc(Q1, Q2). Fig. 5.3: Concavity of Πmc(Q1, Q2).

Table 5.1: Optimal decisions and expected profits under different scenarios.

Model Q Q1 Q2 Πs1 Πs2 Πm Πr Π ws1 ws2 wm

Centralized 669 259 528 - - - 17234 - - -
Decentralized 333 89 317 1247 1573 5362 4047 12230 40 60 90
Coordinated 669 259 528 2498 2824 6613 5299 17234 10.86 20.73 11.40

Optimal decisions and expected profits for the benchmark models and the spanning

revenue sharing model are shown in Table 5.1. Here Π stands for the expected total

profit of the supply chain irrespective of different kinds of scenario. Table 5.1 shows

that the optimal order quantities in the decentralized benchmark model are less than

their counterparts in the centralized benchmark model which supports Theorem 5.4.

Once the optimal order quantities of the retailer and the manufacturer are derived then

we can obtain the minimum values of φi after calculating equations (5.46)-(5.48) and

the maximum value of their sum i.e.,φs1 + φs2 + φm = φ from equation (5.45). After

the retailers revenue sharing ratios φi are obtained, the consequent wholesale prices wi

can be derived from Eqs. (5.42)-(5.44).

Theorem 5.6 and related discussion show that the total profit of the SC under SRS

contract is same as the centralized model irrespective of the values of φi. But how to

allocate the increased profit among the supply chain entities depends on the values of

φi. From the test results we find that if the conditions in Theorem 5.6 are satisfied i.e.,

the supply chain is coordinated, then for φm = 0.3497, φs2 = 0.2844, φs1 = 0.0899, all
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the supply chain members earn the same amount of additional profits due to spanning

revenue sharing contract, compared to the decentralized benchmarks scenario. From

Table 5.1, we find that the optimal order quantities of the retailer and the manufac-

turer in the spanning revenue sharing contract are equal to the centralized order level.

Moreover, we find that the wholesale prices of the suppliers and the manufacturer un-

der the spanning revenue sharing contract are less than their counterparts in price-only

contract.

If φm is specified at its lower bound (0.2835), then the manufacturer’s expected

profit is the same as that of the decentralized benchmark scenario. Similarly, if φs1and

φs2 are specified at its lower bounds (0.2836, 0.0712), the expected profits of both

the suppliers are the same as that of the decentralized benchmark scenario. On the

contrary, if φ i.e., the total revenue sharing ratio of the retailer is specified at its upper

bound (0.8826), the retailer’s expected profit is the same as that of the decentralized

benchmark scenario and all of the additional benefit goes to the manufacturer and the

two suppliers depending on the values of φi. Any values below the lower limits of values

of φi are not acceptable, since there may be a situation where a chain member is worse

off by taking part into the proposed contract. Clearly, if the upstream members do

not receive appropriate compensation from the retailer, they may not be interested to

reduce their wholesale prices. Also the retailer may not propose the revenue sharing

contract if the total revenue sharing ratio crosses its upper bound.

Table 5.2: Optimal decisions and expected profits under contract when demand variance varies.

σx Q∗ Q∗
1 Q∗

2 Πs1c Πs2c Πmc Πrc Πdc
425√
3

653 248 520 2349 3282 7594 6128 19354
450√
3

659 252 523 2257 3118 7287 5986 18650
475√
3

664 255 525 2168 2952 6980 5845 17946
500√
3

669 259 528 2079 2783 6669 5702 17234
525√
3

674 262 531 1993 2613 6357 5660 16523
550√
3

679 265 534 1907 2441 6044 5417 15811
575√
3

684 268 537 1823 2268 5730 5274 15097

As expected, profits of all members including the whole supply chain decrease as

the demand randomness increases (Asian and Nie, 2014). This is because bad demand
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forecasting results in the whole system becoming worse off. Due to increase of uncer-

tainty (σx) in market demand, the retailer should increase the on-hand inventory level

so that the risk of stock-out of the final product decreases. So, the order quantity at

all the stages (retailer and manufacturer) will increase if σx increases (Asian and Nie,

2014). This may increase the risk of over-stocking and decrease the system profit. The

results are summarized in Table 5.2.

Table 5.3: Optimal decisions and total expected profits under both SRS and price-only contract
when yield variance σz and probability of disruption (1− α) vary.

Risk term SRS Contract Price-only contract
1− α σz Q∗ Q∗

1 Q∗
2 Πdc Qd Qd

1 Qd
2 Πd

0.4 0.01 545 30 669 14291 333 10 419 10783
0.04 594 104 633 14826 333 38 383 10767
0.07 633 161 601 15202 333 62 352 10717
0.10 664 207 572 15468 333 82 325 10647
0.13 691 244 546 15655 333 100 302 10566

0.5 0.01 541 21 673 14178 333 8 421 10469
0.04 583 75 649 14440 333 31 391 10333
0.07 618 119 626 14608 333 52 364 10178
0.10 648 157 604 14704 333 71 340 10013
0.13 675 189 583 14745 333 87 319 9846

0.6 0.01 538 13 677 14108 333 7 423 10170
0.04 575 50 662 14192 333 27 397 9948
0.07 608 80 646 14212 333 45 373 9714
0.10 637 108 630 14181 333 62 351 9475
0.13 664 132 613 14105 333 77 332 9236

0.7 0.01 537 6 680 14069 333 6 425 9879
0.04 571 22 673 14049 333 23 402 9593
0.07 603 37 664 13979 333 40 380 9298
0.10 632 51 654 13864 333 55 360 8999
0.13 658 65 642 13707 333 69 342 8701

In order to examine how the channel members’ decisions are affected by supply dis-

ruption and yield uncertainty, we change the cheaper supplier’s disruption probability

(1 − α) in the range of [0.4, 0.7]. As the production yield of the expensive raw ma-

terial supplier is assumed to follow uniform distribution with mean z̄ = 0.77 then the
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standard deviation σz can vary within the range of [0, 0.1328] and we assume that the

standard deviation σz takes five different values from its range. The retailer’s and the

manufacturer’s optimal decisions in the decentralized model under both revenue shar-

ing contract and price-only contract are shown in Table 5.3. As mentioned by Chopra

et al. (2007), if the growth in supply risk comes from increased yield uncertainty of

the expensive supplier then the best mitigation strategy is to increase the use of the

cheaper supplier. From Table 5.3 we find that when the growth in supply risk occurs

due to increase in yield risk at the expensive supplier, the manufacturer increases the

use of the cheaper supplier and decreases the use of the expensive supplier whether

the disruption risk (1 − α) of the cheaper supplier is low or high under SRS contract

scenario. The manufacturer increases its order quantity at the cheaper supplier more

rapidly than it decreases its order quantity at the expensive supplier. As yield risk of

one supplier increases, the manufacturer increases utilization of the other supplier. By

doing so, the manufacturer is able to mitigate the yield risk of the expensive supplier

with the help of the cheaper supplier, which helps the manufacturer to recover from

worse off. Similar arguments hold, if the growth in supply risk comes from increased

disruption probability of the cheaper supplier.

In the decentralized model with price-only contract too, the manufacturer increases

the use of the cheaper supplier and decreases the use of the expensive supplier as the

production yield’s standard deviation σz of the expensive supplier increases. It states

that, as the production yield’s uncertainty increases, the manufacturer orders extra

units from the cheaper supplier and cuts order of the expensive supplier for avoiding

risk increase. Since the retailer takes its decision individually in this scenario, it has no

incentive to help the manufacturer to mitigate the expensive supplier’s yield uncertainty

through increasing the order quantity. Therefore, the retailer places unchanged order

to the manufacturer to optimize its own objective function. However, the manufacturer

realizes this fact and increases its order quantity at the cheaper supplier more slowly

than it decreases its order quantity at the expensive supplier. As a result, the expected

sales of the final product decreases and it will directly reduce the entire supply chain’s

profit as shown in Table 5.3

Our general intuition is that the channel performance should increase as the produc-
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tion yield randomness decreases, which has happened for the decentralized benchmark

scenario. However, in the decentralized model under SRS contract, we notice a differ-

ent result. Table 5.3 shows that, for a lower disruption risk of the cheaper supplier

((1−α)=0.5, or less), as the yield randomness increases, the entire supply chain’s profit

also increases. For (1 − α)=0.6, the expected profit of the system first increases and

then decreases as σz increases. This result is consistent with the result given in He

and Zhang (2008). For a higher disruption risk of the cheaper supplier ((1 − α)=0.7

or more), as the yield randomness increases, the channel profit decreases. This result

begs proper explanation to answer the question: why and how does the increased pro-

duction yield of an upstream supplier enhance the whole system’s efficiency in terms of

profit for a lower disruption risk ((1−α)=0.5 or less) but follows our general intuition

for a higher disruption risk ((1 − α)=0.7 or more)? From our computational results,

we find that, when the disruption risk is lower ((1− α)=0.5 or 0.4), the SRS contract

can hedge the increased yield uncertainty by decreasing the multiple marginalization

effects and incentivizing the retailer to order more to satisfy more customer demand.

However, if the disruption risk is too high ((1−α)=0.7 or more) then the SRS contract

is unable to hedge other risk that comes from increased yield uncertainty. So, as the

yield randomness increases, the entire supply chain’s profit decreases. For (1 − α)=

0.6, the SRS contract can hedge the increased yield uncertainty up to a threshold value

(σz=0.07)). When the yield uncertainty exceeds the threshold value, the SRS contract

can’t hedge the yield uncertainty any more.

In the decentralized model under both spanning revenue sharing contract and price-

only contract, both the retailer’s and the manufacturer’s optimal ordering policies are

shown in Table 5.3 for different values of the cheaper supplier’s disruption probability

(1− α). For a fixed value of σz, we explore that, as the disruption probability (1− α)

increases, the retailer orders less from the manufacturer to hedge the associated risk

(as the chance of selling a product becomes lesser with higher uncertainty) under

spanning revenue sharing contract. Table 5.3 illustrates that an increase in the cheaper

supplier’s disruption probability (1 − α) encourages the manufacturer to increase the

use of the expensive supplier to mitigate disruption risk, which is consistent with the

results given in Chopra et al. (2007). We also examine the effect of (1 − α) on the
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supply chain’s optimal expected profits as shown in Table 5.3. As expected, the entire

system’s expected profit decreases if probability of disruption (1 − α) increases under

both revenue sharing contract and price-only contract.
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(a) Effect of σx on increase in profit under coordi-
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nation.

Fig. 5.4: Performance of coordinated chain w.r.t. demand and supply uncertainties

We now plot ‘% profit gain’ of the retailer, the manufacturer, the cheaper supplier,

the expensive supplier and the total supply chain, along vertical axis, by Πi% which

is calculated as Πi% = 100 × (Πic − Πi)/Πi for i ∈ (r,m, s1, s2, d) to show the per-

centage increase in profit under spanning revenue sharing contract compared to the

corresponding profit with wholesale price-only contract as described in He and Zhao

(2012). From Figs. 5.4(a) and 5.4(b) we find that the SRS contract is always beneficial

to enhance the expected profit of the entire supply chain, whether growth in risk comes

from increased demand uncertainty or increased production yield uncertainty. Figure

5.4(a) depicts that, with higher demand uncertainty, the profit gain of the retailer be-

comes more but for the manufacturer and both the suppliers, it becomes less. This

is because a higher demand variance motivates the retailer to increase the on-hand

inventory to mitigate demand uncertainty but the other entities have no such incentive

as their revenue shares and wholesale prices are independent of demand variance under

the proposed contract. Fig. 5.4(b) depicts the effect of production uncertainty of the

expensive supplier on the efficiency of coordination. From Fig. 5.4(b), we observe that,

with an increase in production uncertainty, the profit gain of all the entities becomes

more except the cheaper supplier.
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5.6 Conclusion

Supply uncertainty is very common in many companies having global supply networks.

Managers are trying to innovate procurement process to mitigate the existing risk in

supply chain. They rely on reliable backup resources having sufficient capacity. So far,

access of unreliable backup supplier is not used as a mitigation strategy, what we have

considered in this study.

In this study, we have analyzed the integrated model as the centralized benchmark

case and the decentralized model with wholesale price only contract as decentralized

benchmark case. Then aiming at how the risk of uncertainties in both supply and

demand can be distributed among the supply chain entities, we have introduced a

spanning revenue sharing contract into the decentralized system.

We have explored coordination conditions and elaborated the circumstance under

which the contract is desirable to each of the individual members as well as the entire

supply chain. Dada et al. (2007) have shown that cost dominates reliability when

selecting suppliers. In this chapter, we have expanded their insights by focusing on

the relative use of the two unreliable suppliers. Some managerial implications of our

model are as follows:

• If the enhancement in supply uncertainty is mainly due to increase in random

yield in production, it is optimal to increase the use of the cheaper supplier. In

contrast, if the enhancement in supply uncertainty comes mainly from supply

disruption, it is beneficial to over-utilize the expensive supplier.

• It is natural that all the supply chain members sign the proposed contract for

its successful implementation. Although this does not mean that, for successful

implementation, all the members have to sign the agreement simultaneously.

As a future research direction, one can study a multi-echelon supply chain model

where more than one member can dominate the chain to control business policies. One

can also consider the difference in quality between the raw materials produced by the

cheaper supplier and the expensive supplier, and develop a model where the yield of

the manufacturer depends on the quality of the raw material.
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Chapter 6

Coordination of a supply chain with
customer returns and quality impr-
ovement through customer feed-
backs under demand and
supply uncertainties∗

6.1 Introduction

In many instances, customers feel confused when they have to choose from a vast

product variety as they feel insecure whether specific products fulfill their needs or

match their interests. To attract customers in an extremely competitive market and to

reduce their hunt for competing alternatives, companies typically provide money-back

assurance. That is, they provide assurance that a product can be returned if it does

not satisfy customers needs. A return policy is especially good for those stores (e.g.,

online stores), where the customers don’t get to see the physical product before they

buy it. Because a large part of the customer population seeks money-back assurance,

a retail return policy can help boost sales. Therefore, having a clear well thought out

∗This chapter is based on the paper communicated in European Journal of Operational Research,
(2021).
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return policy of store is key to attracting and keeping customers.

Returns management is never as straight forward as putting products back on

a shelf and shipping them to another consumer. Returns are subject to a quality

check procedure. Once an item has been returned, the cause for its return should be

determined. By correctly implementing this process, management is able to not only

efficiently manage the reverse product flow, but also discover possibilities to reduce

undesired returns and manage the reason why the item was unsatisfactory or did not

reach consumers’ expectations by enhancing product quality.

Customers’ feedback is being used by smart companies like Amazon, Lego, DHL,

and others to improve their products. Customer feedback is a useful and vast source of

ideas for improving products and ensuring that they are aligned with their present and

future demands. Feedback from customers assists in identifying the features and func-

tions that customers are concerned about, as well as provide useful product improve-

ment ideas that will help companies to make modifications to current products/services

to fulfill consumers’ needs. The world’s largest postal and logistics service company

DHL is an excellent example of product innovation driven by customer feedback. They

collect consumer feedback to design solutions that enhance the delivery experience in

order to improve their supply chain.

From this perspective, the manufacturer may see the necessity to collect customer

feedback in addition to a return in order to improve the product. As a result, many

businesses are now using product quality enhancement as an effective tool to meet

consumers’ expectations (He et al., 2016). There are two key factors by which quality

of product is evaluated-product quality factors and service quality factors (Bergman

and Klefsjö, 2010). The first type product quality is the focus of our current research.

In reality, the product quality idea involves many more sub-dimensions of products,

such as product safety, product reliability, environmental effect, maintenance, product

longevity and maintainability. As a result, it is essential for a manufacturer to know

customer likes and preferences in order to make design adjustments based on this in-

formation. However, improved product quality might result in more expenditures for

manufacturers due to increased production costs, which can lead to higher product

prices. As a result, quality improvement practices (Banker et al., 1998; Baiman et al.,
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2000) influence demand and profitability of a supply chain in the customer returns

environment. Hence, it’s crucial for retailers to understand how to encourage manu-

facturers to invest in improving product quality.

The majority of the existing works in the relevant coordination literature has fo-

cused on either customer returns (Wang et al., 2020; Ruiz-Benitez and Muriel, 2014;

Su, 2009) or product quality improvement (Baiman et al., 2000; He et al., 2016;

Chakraborty et al., 2019). However, no attention has been given to the joint im-

pact of these two research directions. The goal of our current study is to contribute

to the existing literature by combining these two research directions with the help of

customer feedback. We consider a supply chain in which a manufacturer produces a

product with yield uncertainty and sells it to a retailer who faces investment dependent

stochastic demand. The retailer serves the market with the product under the impact

of customer returns. We investigate supply chain coordination issues in order to shed

light on how to spread the two uncertainties (demand and yield) as well as quality

improvement cost across chain members in the presence of customer returns. The key

research questions in our current study are as follows: (1) How can the retailer incentive

the manufacturer to invest in quality improvement? Would it be beneficial to all the

channel members? (2) How to design appropriate coordinating mechanisms between

the manufacturer and the retailer to encourage spontaneous participation? (3) What

impact should coordinating contracts have on supply chain equilibrium decisions and

profitability? (4) Can manufacturer convert some negative impact of customer returns

into a possibility to enhance market demand?

The purpose in this study is to fill in a gap in the literature on supply chain coor-

dination by looking at the combined impact of customer returns and quality improve-

ment. It is also intended to investigate the effect of demand and supply uncertainties

on the optimal decisions as well as how channel partners collaborate on product qual-

ity improvement investments. Wang et al. (2020) proposed a manufacturer-led game

theoretic approach for coordinating a supply chain with consumer returns. However,

our model differs from Wang et al. (2020)’s in the sense that instead of just consid-

ering a manufacturer-led scenario, we investigate a manufacturer-retailer-led scenario

under the circumstance of consumer returns and improvement of product quality in our
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model. Furthermore, unlike them, we study both demand and production uncertainties

simultaneously. Wang et al. (2020) concentrated on the impact of customer returns on

supply chain ordering and pricing decisions, while in the present study, we aim to inves-

tigate the impact of customer returns, customer feedback for returns, as well as quality

improvement investment on both production and ordering decisions. We investigate

how the manufacturer incentives the retailer to collect and send customer feedbacks re-

garding their’s product expectations and tastes. Our research determines whether the

retailer can convince the manufacturer to invest in product quality improvement, and

whether a composite contract can coordinate the supply chain. This study contributes

to the literature on supply chain coordination by examining how customer feedbacks

should be used to coordinate a supply chain in the context of customer returns and

quality improvement.

The rest of this chapter is laid out as follows. In Section 6.2, we provide the

description and notation of the proposed model. In Section 6.3, we derive the equi-

librium solution of the integrated supply chain model. In Section 6.4, we develop the

non-collaborative model under the well known wholesale price contract and investigate

the individual decisions of the corresponding supply chain members. In Section 6.5,

we consider the decentralized model under two different contracts viz. buy-back with

revenue-sharing contract in section 6.5.1, and differentiated buy-back with revenue-

sharing-cost-sharing contract in section 6.5.2, and discuss about how these coordinating

contracts and customer returns affect equilibrium decisions. We conduct a sensitivity

analysis in Section 6.6 to study the effect of a few key-parameters on the optimal de-

cisions and profitability of the supply chain. In Section 6.7, the article concludes with

a summary of managerial implications and future research goals.

6.2 Model design and notation

We study a supply chain which consists of a retailer and a manufacturer in the cir-

cumstance of product returns and improvement. The supply chain trades a seasonal

product in a single period of time. The product quality improvement concept includes

many factors of the product like environmental impact, maintenance, reliability, main-
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tainability, safety and durability of the product etc. Hence, it is very important for

a manufacturer to design appropriate quality improvement strategies. Among many

of the earlier studies, Carter and Jennings (2002) showed that quality improvement

strategies in the form of environmental sustainibility has a positive effect on supply

chain performance by growing customer demand. We consider a strictly non-decreasing

concave function k
√
η of the manufacturer’s investment η as a reward consumer de-

mand where k is the quality improvement awareness coefficient of the customer for a

given investment η. Many empirical studies support this assumption e.g., Zhao and

Yin (2018).

To ensure consumers’ satisfaction, retailers may offer a full refund return policy

in which the consumers can return the purchased products if the products do not fit

their individual needs or tastes. This is essentially a 100% money back guarantee

offered to consumers. Chen and Bell (2009) and Wang et al. (2020) considered full

refund policy in their studies. We also adopt the same assumption in this article.

Following Wang, Chen and Chen (2019), in this chapter, we assume that the amount

of consumer returns is a fixed proportion (γ) of sold products. The rate of customer

return (γ) depends primarily on whether the products will satisfy consumer preferences

or tastes rather than functioning defectiveness. In this case, the retailer can predict

the rate of consumer returns based on historical data from previous sales or industry

reports on related products, prior to the selling season (Yang et al., 2017). A large

manufacturer mostly passes all of the expenses associated with the returned products

to the retailer. In this situation, all handling expenses (S) relating to the return of the

customer, for example, the charges of the workers, processing the returned goods and

updating the records, are accompanied only by the retailer and assumed to be fixed.

The stochastic customer demand (D) depends on quality improvement investment.

We take D = α + k
√
η + X (Raza, 2014), where α is the potential market share

and k
√
η is the deterministic reward demand based on investment and X is a random

factor of demand, considered as independent of quality improvement investment η.

Over the region [l, u], X follows a continuous twice differentiable cumulative distribu-

tion function F (·) and probability density function f(·). The system mechanism of a

decentralized supply chain is illustrated in the following:
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The retailer places an order of Q units of the final product to the manufacturer.

Because of random yield in production, the manufacturer sets a higher production

size than Q. Suppose that the production quantity of raw material is Qm. Then

the produced quantity can be expressed as yQm (Giri et al., 2016). The production

uncertainty rate y is a random variable having cdf G(·) and pdf g(·) over the region

[a, b] 0 ≤ a ≤ b ≤ 1 with mean ȳ and standard deviation σy. If the produced amount is

less than the amount ordered, then there is no emergency resource to fulfil the order.

However, if the produced amount is more, then the excess amount after satisfying

the retailer’s demand can be salvaged in a secondary market at a lower wholesale

price. Therefore, the manufacturer must be very careful when he sets his production

lot size Qm. The manufacturer hands over the produced units to the retailer before

the start of the selling period. Based on a contract agreement, the transfer payment

is made between them. During the selling period, the retailer satisfies consumers’

demand at retail price p. Any unsatisfied demand creates a unit goodwill lose gr and

excess inventory can be salvaged at a unit salvage price v. We concentrate on products

that are returned as a poor match to customer needs, rather than quality problems as

in Chen and Bell (2009). Hence products returned to the retailer by the customer has

a savage value vr < v due to unbox or somehow second hand products.

To better manage a trade off between the customer returns and the product im-

provement under demand and supply uncertainties, we propose a composite contract,

where the manufacturer provides a differentiated buy-back contract to the retailer and

the retailer offers a new revenue-sharing-cost-sharing contract to the manufacturer.

The composite contract is of the take-it-or-leave-it type.

The distinguishing feature of our study is that we combine consumer returns in

a supply chain coordination with product improvement. The existing coordination

literature restricts focus to addressing these two areas separately. We also consider the

demand uncertainty and the supply uncertainty simultaneously. We presume that the

retail price is decided by the marketing team of the manufacturer and is therefore an

exogenous parameter as adopted by Wang et al. (2020).

In pursuit of practical design and to prevent trivial cases, the attention is given to

the following assumptions:
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(i) We consider that one unit of raw material is required to produce one unit of

final product.

(ii) We assume symmetric information i.e., at the start of the selling season, both

the players have the full information.

(iii) All the members involved in the supply chain are neutral and take rationale

decisions to maximize their expected profits. Also reordering is not possible.

(iv) v < cm < w; v < w + cr < p; cm/ȳ < w. These restrictions prevent the supply

chain from infinite production, and assure that each chain member makes positive

profit.

The notations used throughout the chapter are listed bellow:

x : stochastic part of customer demand with mean x̄ and variance σ2
x

y : random yield with mean ȳ and variance σ2
y

cm : unit production cost of the manufacturer

cr : unit handle cost of the retailer

gr : unit goodwill lost of the retailer for unmet customer demand

vr : unit salvage price of returned product from customer

v : unit salvage price of leftover at the manufacturer or retailer

η : product improvement expenditure of the manufacturer

p : retail price of the unit final product at the retailer

Q : order amount of the retailer placed at the manufacturer

Qm : aimed production lot size of the manufacturer

w : unit wholesale price charged by the manufacturer to the retailer.

6.3 Centralized supply chain

We first consider the centralized system. Conceptually here only one decision-maker is

involved to maximise the system profit. Profit allocation among the members can be

viewed as a transfer of internal revenue. The expected profit function of the centralized

139



Chapter 6. Coordination of a supply chain with customer returns through customer feedbacks

supply chain can be expressed as

Πc(Q,Qm, η) = p(1− γ)E[min{D,Q, yQm}] + vrγE[min{D,Q, yQm}]

+vE[(min{Q, yQm} −D)+] + vE[(yQm −Q)+]

−grE[(D −min{Q, yQm})+]− crE[min{Q, yQm}]

−cmQm − S − η (6.1)

The first four terms reflect the total revenue from the products that are purchased and

retained by customers, purchased products that are returned by consumers, unsold

goods selling at salvage price and excessive stock for over-production which are salvaged

by the supply chain, respectively. The last five terms cover the total cost of the supply

chain. The total cost includes production costs associated with raw material, handling

cost of product at the retailing store, goodwill lost when items are out of stock, the

cost of exhibiting demand influences activities and the cost of employees who handle

returned products. The following is a different representation of the above expression:

Πc(Q,Qm, η) = (p + gr − v − (p − vr)γ)
{

∫ Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx

+

∫ u

yQm−(α+k
√
η)
(yQm)f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx

+

∫ u

Q−(α+k
√
η)
Qf(x)dx

)

g(y)dy
}

− cr

{

∫
Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−(cm − vȳ)Qm − η − grx̄− S (6.2)

The following theorem characterizes the centralized benchmark model’s optimal decisions.

Theorem 6.1 The expected profit function Πc(Q,Qm, η) is jointly concave in Q,Qm and η.

The optimal order quantity Qc, production decision Qc
m and quality improvement investment

ηc can be determined from the following equations:

Qc = (α+ k
√
η) + F−1

( (1− γ)p+ vrγ + gr − cr − v

(1− γ)p+ vrγ + gr − v

)

(6.3)
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(p + gr − v − (p− vr)γ)

∫ Q

Qc
m

a

∫ u

yQc
m−(α+k

√
η)
yf(x)dxg(y)dy − cr

∫ Q

Qc
m

a
yg(y)dy = (cm − vȳ)

(6.4)

and
k

2
√
ηc

(p + gr − v − (p− vr)γ)
{

∫ Q

Qm

a

(

∫ yQm−(α+k
√
ηc)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+k
√
ηc)

l
f(x)dx

)

g(y)dy
}

= 1 (6.5)

Proof. We have

∂Πc(Q,Qm, η)

∂Q
= (p+ gr − v − (p− vr)γ)

∫ b

Q

Qm

(

∫ u

Q−(α+k
√
η)
f(x)dx

)

g(y)dy − cr

∫ b

Q

Qm

g(y)dy

∂Πc(Q,Qm, η)

∂Qm
= (p+ gr − v − (p− vr)γ)

∫
Q

Qm

a

∫ u

yQm−(α+k
√
η)
yf(x)dxg(y)dy

−cr

∫
Q

Qm

a
yg(y)dy − (cm − vȳ)

∂Πc(Q,Qm, η)

∂η
=

k

2
√
η
(p+ gr − v − (p − vr)γ)

{

∫
Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
f(x)dx

)

g(y)dy
}

− 1

Solving the first order optimality conditions, we can obtain the optimal order quantity Qc,

production decision Qc
m and product quality investment ηc from the following equations:

Q = (α+ k
√
η) + F−1

((1 − γ)p + vrγ + gr − cr − v

(1− γ)p+ vrγ + gr − v

)

(6.3)

(p+gr−v−(p−vr)γ)

∫
Q

Qc
m

a

∫ u

yQc
m−(α+k

√
η)
yf(x)dxg(y)dy−cr

∫
Q

Qc
m

a
yg(y)dy = (cm−vȳ) (6.4)

and
k

2
√
ηc

(p+ gr − v − (p− vr)γ)
{

∫ Q

Qm

a

(

∫ yQm−(α+k
√
ηc)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+k
√
ηc)

l
f(x)dx

)

g(y)dy
}

= 1

(6.5)
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Second order derivatives of Πc(Q,Qm, η) with respect to its decision variables are

∂2Πc(Q,Qm, η)

∂Q2
= −{p+ gr − v − (p− vr)γ}

{

F̄
(

Q− (α+ k
√
η)
)( 1

Qm

)

g
( Q

Qm

)

+f
(

Q− (α+ k
√
η)
)

Ḡ
( Q

Qm

)}

+ cr

( 1

Qm

)

g
( Q

Qm

)

∂2Πc(Q,Qm, η)

∂Q2
m

= −{p+ gr − v − (p− vr)γ}
{

F̄
(

Q− (α+ k
√
η)
)( Q2

Q3
m

)

g
( Q

Qm

)

+

∫
Q

Qm

a
y2f

(

yQm − (α+ k
√
η)
)

g(y)dy
}

+ cr

( Q2

Q3
m

)

g
( Q

Qm

)

∂2Πc(Q,Qm, η)

∂η2
= − k

4η3/2
(p+ gr − v − (p− vr)γ)

{

∫ Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
f(x)dx

)

g(y)dy
}

− k2

4η
(p+ gr − v − (p− vr)γ)

×
{

∫ Q

Qm

a
f
(

yQm − (α+ k
√
η)
)

g(y)dy +

∫ b

Q

Qm

f
(

Q− (α+ k
√
η)
)

g(y)dy
}

∂2Πc(Q,Qm, η)

∂Qm∂Q
=

∂2Πc(Q,Qm, η)

∂Q∂Qm
= (p+ gr − v − (p− vr)γ)F̄

(

Q− (α+ k
√
η)
)( Q

Q2
m

)

g
( Q

Qm

)

−cr

( Q

Q2
m

)

g
( Q

Qm

)

∂2Πc(Q,Qm, η)

∂η∂Q
=

∂2Πc(Q,Qm, η)

∂Q∂η
= (p+ gr − v − (p− vr)γ)f

(

Q− (α+ k
√
η)
)( k

2
√
η

)

×Ḡ
( Q

Qm

)

∂2Πc(Q,Qm, η)

∂η∂Qm
=

∂2Πc(Q,Qm, η)

∂Qm∂η
= (p+ gr − v − (p − vr)γ)

∫
Q

Qm

a

k

2
√
η
y

×f
(

yQm − (α+ k
√
η)
)

g(y)dy
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Now putting Qc, Qc
m and ηc in the above second order derivatives, we get

[

∂2Πc(Q,Qm, η)

∂Q2

]

Q=Qc

= −{p + gr − v − (p − vr)γ}f
(

Qc − (α+ k
√
η)
)

Ḡ
( Qc

Qm

)

[

∂2Πc(Q,Qm, η)

∂Q2
m

]

Qm=Qc
m

= −{p + gr − v − (p − vr)γ}
∫ Qc

Qc
m

a
y2f

(

yQc
m − (α+ k

√
η)
)

g(y)dy

[

∂2Πc(Q,Qm, η)

∂η2

]

η=ηc

= − k2

4ηc
(p + gr − v − (p − vr)γ)

{

∫ Q

Qm

a
f
(

yQm − (α+ k
√
ηc)

)

g(y)dy

+

∫ b

Q

Qm

f
(

Q− (α+ k
√
ηc)

)

g(y)dy
}

− 1

2ηc

[

∂2Πc(Q,Qm, η)

∂Qm∂Q

]

( Q=Qc

Qm=Qc
m
)

=

[

∂2Πc(Q,Qm, η)

∂Q∂Qm

]

( Q=Qc

Qm=Qc
m
)

= 0

If Hi denotes the principal minor of the associated Hessian H of ith order, i = 1,2,3. Then

H1 = −{p+ gr − v − (p − vr)γ}f
(

Qc − (α+ k
√
η)
)

Ḡ
( Qc

Qm

)

< 0

H2 = {p + gr − v − (p− vr)γ}2f
(

Qc − (α+ k
√
η)
)

Ḡ
( Qc

Qc
m

)

×
∫

Qc

Qc
m

a
y2f

(

yQc
m − (α+ k

√
η)
)

g(y)dy > 0

H3 = −{p+ gr − v − (p− vr)γ}2
1

2ηc
f
(

Q− (α+ k
√
ηc)

)

Ḡ
( Q

Qm

)

×
∫

Q

Qm

a
y2f

(

yQm − (α+ k
√
ηc)

)

g(y)dy < 0

This proves that the expected profit function of the centralized model is strictly concave. �

The maximum channel profit Πc(Q
c, Qc

m, ηc) is obtained by substituting the optimal val-

ues of the decision variables in equation (6.2). We are unable to find a closed form solution
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due to the model complexity. Theorem 1 reveals that demand and supply uncertainties are

both important factors in determining the optimal decisions of the system. When production

uncertainty rises, production amount must be increased. Due to rising production uncer-

tainty, the system increases the planned raw material production quantity in order to avoid

under-production. On the other hand, the order quantity of the finished product reduces as

the system’s efficiency drops down in response to increased production uncertainty.

6.4 Decentralized supply chain

Here we consider a decentralized supply chain with a wholesale price-only contract between

the retailer and the manufacturer. In this agreement, the manufacturer offers its product to

the retailer at a unit wholesale price w and wants to invest a total amount η into its product

quality improvement activity to enhance customer demand. We assume the unit wholesale

price w is predetermined in order to focus on studying the implications of demand and supply

uncertainties on the supply chain coordination (Wang et al., 2020). Getting the approval of

the agreement, the sequence of event follows the procedure as defined earlier in section 6.3.

We study a Nash sequence in which the manufacturer makes the first decision and the system

is solved through backward substitution. As a result, the retailer must first figure out what

his optimal decisions would be. For given Qm and η, the retailer’s profit function Πr(Q) can

be derived as follows:

Πr(Q) = p(1− γ)E[min{D,Q, yQm}] + wγE[min{D,Q, yQm}] + vE[(min{Q, yQm} −D)+]

−grE[(D −min{Q, yQm})+]− (w + cr)E[min{Q, yQm}]− S (6.6)

The first three terms indicate the retailer’s total revenue from products that are purchased

and retained by consumers, products that are returned to the manufacturer for refund, and

unsold products sold at salvage price, respectively. The last three terms are the cost of

goodwill lost due to unfulfilled demand, total cost of acquiring and handling the order quan-

tity, and cost of employees who handle returned items and manage returns information data,
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respectively. A alternate formulation of the above expression is as follows:

Πr(Q) = (p+ gr − v − (p− w)γ)E[min{D,Q, yQm}]− (w + cr − v)E[min{Q, yQm}]

−gx̄− S

= (p+ gr − v − (p− w)γ)
{

∫
Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx

+

∫ u

yQm−(α+k
√
η)
(yQm)f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx

+

∫ u

Q−(α+k
√
η)
Qf(x)dx

)

g(y)dy
}

− (w + cr − v)
{

∫
Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−gx̄− S (6.7)

Theorem 6.2 Under wholesale price-only contract, for given production decision and im-

provement investment of the manufacturer, the retailer’s objective function is concave in Q

and the optimal order quantity is given by

Qd = (α+ k
√
η) + F−1

( (1− γ)(p− w) + gr − cr
(1− γ)p+ wγ + gr − v

)

(6.8)

Proof. We have

∂Πr(Q)

∂Q
= {p+ gr − v − (p− vr)γ}F̄ (Q− (α+ k

√
η))Ḡ

( Q

Qm

)

− (w + cr − v)Ḡ
( Q

Qm

)

(6.9)

∂2Πr(Q)

∂Q2
= −{p+ gr − v − (p− vr)γ}

(

F̄ (Q− (α+ k
√
η))

1

Qm
g
( Q

Qm

)

+f(Q− (α+ k
√
η))Ḡ

( Q

Qm

))

+ (w + cr − v)
1

Qm
g
( Q

Qm

)

(6.10)

From the first order optimality condition ∂Πr(Q)
∂Q = 0, we find the retailer’s optimal order

quantity Qd as

Qd = (α + k
√
η) + F−1

((1− γ)(p −w) + gr − cr
(1− γ)p +wγ + gr − v

)

(6.8)

Putting Qd presented in equation (6.8) into equation (6.10) we get,

∂2Πr(Q)

∂Q2
= −{p+ gr − v − (p − vr)γ}f(Qd − (α + k

√
η))Ḡ

( Qd

Qm

))

≤ 0. �

145



Chapter 6. Coordination of a supply chain with customer returns through customer feedbacks

It can be shown that the optimal order quantities Qd is decreasing with respect to handling

cost, while it is increasing with respect to customer satisfaction improvement investment.

Also, ∂Q
∂γ < 0.

It is evident from Theorem 6.2 that the retailer increases his order quantity whenever the

manufacturer increases the investment on customer satisfaction level for its product. This

corroborates with our existing intuition that a higher quality investment cost impels higher

demand that motivates the retailer to order more from the manufacturer. It is clear from

equation (6.8) that a higher handling cost and a salvage value have respectively negative and

positive effects on the order quantity of the retailer.

Comparing the order quantity in equation (6.8) with that of the centralized system in

equation (6.3), we find that the retailer orders less in the decentralized system, resulting in a

reduction in profit. Therefore, we see that, in a wholesale price contract, the supply chain is

distorted from the retailer’s action by ordering less than the optimal order in the centralized

system. After investigating the retailer’s problem and getting the optimum decision
(

Qd
)

,

we now derive the manufacturer’s expected profit function Πm(Qm, η) in the following:

Πm(Qm, η) = wE[min{Q, yQm}] + vE[(yQm −Q)+]− cmQm

−(w − vr)γE[min{D,Q, yQm}]− η (6.11)

The first two terms in (6.11) are sales revenue from the wholesale price and salvage value,

respectively; the last three terms are the costs of production, loss due to customers returns

and investment on product quality improvement. The above equation can be written as

Πm(Qm, η) = (w − v)E[min{Q, yQm}]− (w − vr)γE[min{D,Q, yQm}]− (cm − vȳ)Qm − η

= (w − v)
{

∫ Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

− (w − vr)γ

×
{

∫
Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx

+

∫ u

yQm−(α+k
√
η)
(yQm)f(x)dx

)

g(y)dy
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+

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx

+

∫ u

Q−(α+k
√
η)
Qf(x)dx

)

g(y)dy
}

− (cm − vȳ)Qm − η (6.12)

The following theorem characterizes the manufacturer’s optimal production amount and prod-

uct quality improvement investment in the decentralized system under wholesale price-only

contract.

Theorem 6.3 The expected profit function Πm(Qm, η) is concave in both Qm and η and the

optimal input amount Qd
m and improvement investment ηd satisfy the following equations

(w − v)

∫
Q

Qd
m

a
yg(y)dy − (w − vr)γ

∫
Q

Qd
m

a

∫ u

yQd
m−(α+k

√
η)
yf(x)dxg(y)dy = (cm − vȳ) (6.13)

and
k

2
√

ηd
(w − vr)γ

{

∫
Q

Qm

a

(

∫ yQm−(α+k
√

ηd)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+k
√

ηd)

l
f(x)dx

)

g(y)dy
}

= 1 (6.14)

Proof. Due to complexity, the concavity of Πm(Qm, η) with respect to Qm and η can not

be proved analytically. The manufacturer’s profit function Πmc(Q1, Q2) is jointly concave in

Q1 and Q2, which can be checked graphically as shown in Fig. 6.1. To prove the theorem,

we have

∂Πm(Qm, η)

∂Qm
= −(w − vr)γ

∫ Q

Qm

a

∫ u

yQm−(α+k
√
η)
yf(x)dxg(y)dy

+(w − v)

∫ Q

Qm

a
yg(y)dy − (cm − vȳ)

∂Πm(Qm, η)

∂η
=

k

2
√
η
(w − vr)γ

{

∫ Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
f(x)dx

)

g(y)dy
}

+ 1
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Solving the first order conditions for optimality of Πm(Qm, η), we get the required optimal

production quantity Qd
m and product quality investment ηd as given in equations (6.13) and

(6.14). �

Theorem 6.3 demonstrates that, as the customer returns rate γ increases, the manufac-

turer decreases both the optimal production quantity (Qd
m) and the optimal investment (ηd)

under the wholesale price contract. As the rate of customer returns increases, both the man-

ufacturer’s and the retailer’s revenues decrease. Since the manufacturer carries the risk of

producing more than the order requires, he produces less and invests less on product devel-

opment as he alone has to bear all costs related to this activities, although the entire system

is benefited from this investment.

In the decentralized scenario, the manufacturer’s self-interest brings the double marginal-

ization effect by raising the wholesale price higher than the production cost. This is the

only way he can make a positive expected profit. On the other hand, the retailer’s ignorance

to the fact that an additional unit ordered will make the manufacturer an additional profit

leads to the double marginalization effect. This occurs because, although the firms are free

to make their own decisions under the wholesale price-only contract, the manufacturer bears

the risk of his own production uncertainty while the retailer bears the risk of his own demand

uncertainty. This self-interested strategy has no flexibility to manage over-production and

under-production difficulties associated with the manufacturer as well as the risk of demand

uncertainty of the retailer.

Theorem 6.4 Both the order and the production quantities in the decentralised model are

strictly less than their counterparts in the centralized model. A lower order results in a lower

expected supply chain profit in the decentralised setting.

Proof. Since vr < v and v < cm < w, we have w > vr. Now, comparing equation (6.3) with

(6.8) and using the fact that w > vr, we find that, in the decentralized model, the retailer’s

optimal order quantity is strictly less than that in the centralized benchmark model. As the

retailer orders less amount for the final product, the order quantity of the manufacturer for

raw materials in the decentralized model is also less than that in the centralized benchmark
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model, which can be realized by comparing equations (6.13) and (6.14) with (6.4) and (6.5),

respectively. Adding the supply chain members’ expected profits, we get Πr +Πm = Πd. It

is easy to verify that Πc(Q
c, Qc

m, ηc) > Πd(Q
d, Qd

m, ηd). Both the supplier’s and the manu-

facturer’s individual pricing policies are the reason behind the supply chain’s inefficiency in

the decentralized setting. �

The above Theorem indicates that, in a decentralized environment, even if all the chain

participants maximize their own profits, the total channel performance is not attained to its

maximum level. Since the decision control is shared among the different chain members in

a decentralized situation, there is a possibility of deviating from the optimal decisions made

in the centralized model. Contract mechanisms are used to align each member’s decisions

with the centralized strategy to prevent double-marginalization by reducing competitiveness

among the chain members without affecting the supply chain’s structure or decision-making

power.

6.5 Coordination mechanism for a decentralized

supply chain

In the wholesale price contract, both the retailer and the manufacturer have to bear the

risk of uncertainties on their own. That’s why the ‘double marginalization’ problem occurs,

which decreases profits of individual members as well as the whole supply chain. Therefore,

a suitable contract mechanism needs to be developed so that both the retailer and the man-

ufacturer are motivated to share the risk of other members. A decentralized supply chain is

said to be coordinated under some contract if it generates the same profit potential as the

centralized supply chain does. Both traditional manufacturer-led and growing manufacturer-

retailer-led scenarios are taken into account in this article. To coordinate the supply chain

in both circumstances, we consider the buy-back contract and the sharing contract. We use

appropriate protocols to coordinate the supply chain under specific framework, the selection

of which is based on existing business plan as well as context-specific characteristics.
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6.5.1 Buy-back with revenue-sharing contract in the

manufacturer-led scenario

Distortion in terms of double marginalization in the supply chain under decentralized model

occurs in two ways. First, in case of uncertain demand, it is the retailer who deviates from

the system’s optimal action by ordering less product. Second, in case of random yield, it is

the manufacturer who deviates from the system’s optimal action by producing less product.

A buy-back policy is a well-known strategy for correcting the retailer’s under-ordering prob-

lem caused by demand uncertainty (Pasternack, 1985; Emmos and Gilbert, 1998). On the

other hand, a revenue-sharing agreement may solve the problem of manufacturer’s under-

production by asking the retailer to share with the manufacturer a portion of his revenue

generated from the expected sales. Considering consumer returns, Ruiz-Benitez and Muriel

(2014) demonstrated that a buy-back policy can indeed encourage the retailer to raise his

order quantity. Zhao and Yin (2018) showed that a supply chain in which the manufac-

turer only incurs the product quality improvement cost, is coordinated with revenue-sharing

mechanism.

This section focuses on how to create a contract agreement by integrating these two

contract mechanisms between the manufacturer and the retailer so that both the retailer and

the manufacturer are motivated to share the risk of the other member. We consider a buy-

back contract with revenue-sharing offered by the manufacturer to the retailer. The retailer

has the option to accept or reject the offer. If the retailer accepts the offer, the manufacturer

will purchase the remanning inventory of the retailer at a predetermined buy-back price b

per unit at the end of the selling season. In addition, the retailer shares a proportion (1− φ)

of his total revenue in exchange for the manufacturer’s lower wholesale price, while keeping

a fraction φ for himself. We will investigate whether the proposed contract is beneficial to

each member and whether the retailer would be willing to accept it. Under this contract,

for given production size and product quality improvement cost, the expected profit of the

retailer can be obtained as

Πrbr(Q) = pE[min{D,Q, yQm}] + bE[(min{Q, yQm} −D)+]− grE[(D −min{Q, yQm})+]
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−(p− w)γE[min{D,Q, yQm}]− S − (w + cr)E[min{Q, yQm}]

= (p+ gr − b− (p− w)γ)E[min{D,Q, yQm}]− (w + cr − b)E[min{Q, yQm}]

−gx̄− S (6.15)

We can rewrite the profit function (6.15) as follows:

Πrbr(Q) = (p+ gr − b− (p − w)γ)
{

∫
Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx

+

∫ u

yQm−(α+k
√
η)
(yQm)f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx

+

∫ u

Q−(α+k
√
η)
Qf(x)dx

)

g(y)dy
}

− (w + cr − b)
{

∫ Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−gx̄− S (6.16)

From the above, the optimal order quantity Qbr can be obtained as

Qbr = (α+ k
√
η) + F−1

( (p− w)(1 − γ) + gr − cr
(p+ gr − b− (p −w)γ)

)

(6.17)

This gives the global maximum since the second derivative of Πrc(Q) with respect to Q is

non-positive. The manufacturer’s expected profit function under this contract is given by

Πmbr(Qm, η) = wE[min{Q, yQm}] + vE[(yQm −Q)+]− (b− v)E[(min{Q, yQm} −D)+]
}

−cmQm − (w − vr)γE[min{D,Q, yQm}]− η

= (b− v)− (w − vr)γ)E[min{D,Q, yQm}] + (w − b+)E[min{Q, yQm}]

−(cm − vȳ)Qm − η (6.18)

The above can be rewritten as

Πmbr(Qm, η) = (b− v)− (w − vr)γ)
{

∫
Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx

+

∫ u

yQm−(α+k
√
η)
(yQm)f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
(α+ k

√
η + x)f(x)dx
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+

∫ u

Q−(α+k
√
η)
Qf(x)dx

)

g(y)dy
}

− (w − b)×
{

∫ Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−(cm − vȳ)Qm − η (6.19)

Taking derivatives of Πmbr(Qm, η) with respect to Qm and η and setting them equal to zero,

we obtain the optimal production amount Qbr
m and CSR investment ηbr of the manufacturer

satisfying the following equations:

(b− v)− (w − vr)γ)

∫ Q

Qm

a

∫ u

yQm−(α+k
√
η)
yf(x)dxg(y)dy

+(w − b)

∫ Q

Qm

a
yg(y)dy = (cm − vȳ) (6.20)

k

2
√
η
(w − b)

{

∫ Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
f(x)dx

)

g(y)dy
}

= 1

(6.21)

If the supply chain is coordinated by a buy-back policy with revenue-sharing, the optimal

choices for the integrated supply chain should maximise both the retailer’s and the manu-

facturer’s expected profits in (6.16) and (6.19) simultaneously. Comparing (6.3) with (6.17),

(6.4) with (6.20) and (6.5) with (6.21), we find that there exist a wholesale price w = b and

buy-back price b = (φ − γ)p + g + wγ so that Qbr = Qc, Qbr
m = Qc

m and ηbr = ηc; i.e.,

the optimal decisions of both the retailer and manufacturer are aligned with the centralized

system, when cr = 0. We, therefore, conclude in general that the manufacturer cannot offer

such contract to coordinate the supply chain. This leads to the following theorem.

Theorem 6.5 A decentralized supply chain with customer returns that are proportional to

sales cannot be coordinated by a buy-back agreement along with revenue-sharing contract.�

Since the buy-back contract mechanism does not address returned products from cus-

tomers, it is unable to fix the retailer’s under-ordering problem in the case of customer returns.

Similarly, while the revenue sharing arrangement incentives the manufacturer to enhance his
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production capacity, the manufacturer is still responsible for all product development costs.

Therefore, we must modify the contract mechanism described above to coordinate the supply

chain.

6.5.2 Differentiated buy-back with a modified revenue shar-

ing contract

Differentiating between unsold and returned items is one feasible way to modify buy-back

contract to align retailer’s objective with the centralized one. We term this as differentiated

buy-back contract in which the manufacturer trades with the retailer at the wholesale price

w but offers to purchase all remaining products at the end of the selling season. For each

unit of unsold (new) product, the retailer gets a credit of b. However, for returned items,

the credit is enhanced by b
′

per unit to share the expenditure of returns processing with the

retailer. In other sense, the manufacturer purchases unsold units at the rate b and return

units at the rate br = b+ b
′

.

Although the revenue-sharing contract can encourage the manufacturer to raise the re-

tailer’s on-hand inventory by managing the manufacturer’s under-production problem, some

other barriers may not allow raising the expected sales due to lower customer demand. This

implies that, in order to enhance the expected sales, the contract mechanism should attempt

to increase the customer demand too by aligning the manufacturer’s investment decision for

product quality improvement with the centralized system. The retailer’s cost-sharing con-

tract is a technique that can correct the manufacturer’s reduced investment decision by asking

the retailer to share the manufacturer’s investment costs in order to raise customer demand.

In this approach, the retailer encourages the manufacturer to raise his investment in product

development so that the rewarded customer demand boosts the market resulting in increased

expected sales. As the revenue-sharing contract can’t give right incentive to the manufacturer

to align his production and investment decisions with the centralized system, we merge the

above two contracts to define revenue-sharing-cost-sharing contract offered by the retailer

under which the retailer not only shares with the manufacturer a portion (1− φ) of revenue
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made from the expected sales but also shares a portion (φ) of the manufacturer’s investment

on product quality development activities. It’s worth noting that the manufacturer’s profit

now depends not only on the retailer’s order but also on the market demand. Such a contract

can only be arranged if the demand information is available to the manufacturer. In this

case, the retailer’s profit is given by

Πrc(Q) = φ
{

pE[min{D,Q, yQm}]− η
}

+ bE[(min{Q, yQm} −D)+]− grE[(D −min{Q, yQm})+]

−(p− br)γE[min{D,Q, yQm}]− S − (w + cr)E[min{Q, yQm}]

= (φp+ gr − b− (p − br)γ)E[min{D,Q, yQm}]− (w + cr − b)E[min{Q, yQm}]

−gx̄− S − φη (6.22)

The above can be rewritten as

Πrc(Q) = (φp + gr − b− (p− br)γ)
{

∫
Q
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√
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+
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√
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Qf(x)dx

)
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}

− (w + cr − b)
{

∫ Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−gx̄− S − φη (6.23)

Theorem 6.6 For the decentralized model under differentiated buy-back with revenue-

sharing-cost-sharing contract, the expected profit function Πrc(Q) is concave in Q and the

optimal order quantity Q∗ is obtained from the following equation:

Q∗ = (α+ k
√
η) + F−1

(φp+ gr − (p− br)γ −w − cr
φp+ gr − b− (p − br)γ

)

(6.24)

Proof. We have

∂Πrc(Q)

∂Q
= (φp + gr − b− (p− br)γ)

∫ b

Q

Qm

(

∫ u

Q−(α+k
√
η)
f(x)dx

)

g(y)dy
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−(w + cr − b)

∫ b

Q

Qm

g(y)dy

∂2Πrc(Q,Qm, η)

∂Q2
= −(φp + gr − b− (p− br)γ)

{

F̄
(

Q− (α+ k
√
η)
)( 1

Qm

)

g
( Q

Qm

)

+f
(

Q− (α+ k
√
η)
)

Ḡ
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)

g
( Q
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)

From the first order optimality condition ∂Πrc(Q)
∂Q = 0, we get the retailer’s optimal order

quantity Q∗ as

Q∗ = (α+ k
√
η) + F̄−1

( w + cr − b

φp+ gr − b− (p− br)γ

)

(6.24)

Using Q∗ as presented in (6.24), we get

∂2Πrc

∂Q2
= −(φp + gr − b− (p− br)γ)f(Q− (α+ k

√
η))Ḡ

( Q

Qm

))

≤ 0.�

Equation (6.24) shows that the retailer’s optimal order quantity is an increasing function

of the investment η and a decreasing function of its purchasing cost w and treating cost cr,

as expected. Taking into account the retailer’s optimum responses, we now determine the

manufacturer’s optimal decisions. The manufacturer’s expected profit function is given by

Πmc(Qm, η) = (1− φ){pE[min{D,Q, yQm}]− η}+ wE[min{Q, yQm}] + vE[(yQm −Q)+]

−cmQm − (br − vr)γE[min{D,Q, yQm}]− (b− v)E[(min{Q, yQm} −D)+]

= {(1− φ)p− (br − vr)γ + (b− v)}E[min{D,Q, yQm}]− (w − b)E[min{Q, yQm}]

−(cm − vmȳ)Qm − (1− φ)η (6.25)

An alternative representation of the manufacturer’s profit function is given below:

Πmc(Qm, η) = {(1− φ)p − (br − vr)γ + (b− v)}
{

∫

Q

Qm
a

(
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a yQmg(y)dy +
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Q
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}

−(cm − vmȳ)Qm − (1− φ)η (6.26)
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Theorem 6.7 The profit function Πmc(Qm, η) is concave in both Qm and η and the optimal

input amount Q∗
m and product improvement expenditure η∗ satisfy the following equations:

{(1 − φ)p− (br − vr)γ + (b− v)}γ)
∫

Q

Qm

a

∫ u

yQm−(α+k
√
η)
yf(x)dxg(y)dy

+(w − b)

∫
Q

Qm

a
yg(y)dy = (cm − vȳ) (6.27)
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(
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g(y)dy
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= 1 (6.28)

Proof. Due to complexity, the concavity of Πmc(Qm, η) with respect to Qm and η cannot

be proved analytically. The manufacturer’s profit function Πmc(Q1, Q2) is jointly concave in

Qm and η, which can be checked graphically as shown in Fig. 6.2. To prove the theorem, we

have

∂Πm(Qm, η)

∂Qm
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∂Πm(Qm, η)

∂η
=

k

2
√
η
{(1− φ)p − (br − vr)γ + (b− v)}γ

{

∫ Q

Qm

a

(

∫ yQm−(α+k
√
η)

l
f(x)dx

)

×g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+k
√
η)

l
f(x)dx

)

g(y)dy
}
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Solving the first order optimality conditions for the manufacturer’s expected profit func-

tion Πm(Qm, η), we get the required optimal production quantity Qd
m and product quality

investment ηd as given in equations (6.27) and (6.28). �

Considering the optimal decisions of the centralized system and the corresponding ones

of the manufacturer and the retailer in the decentralized system under the proposed differ-
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entiated buy-back with a modified revenue sharing contract, we see that when

b = (1− φ)× cr + w (6.29)

br =
1

γ
[(1− φ)(γp + cr − gr)− φ(v − vrγ) + w] (6.30)

hold simultaneously, the proposed contract scheme achieves perfect coordination of the supply

chain.

Theorem 6.8 Under the voluntary compliance, in a decentralized supply chain where the

retailer decides order quantity while facing uncertain demand and the manufacturer simulta-

neously decides the production quantity and product improvement investment in the presence

the production uncertainty and the customer returns are proportional to sales, the proposed

differentiated buy-back contract with revenue-sharing-cost-sharing contract that satisfy equa-

tions (6.29) and (6.30), ensures the channel coordination. Furthermore, the supply chain’s

profit can be arbitrarily allocated between the two parties by varying φ.

Proof. Using the supply chain members’ optimal decisions of the decentralized model under

differentiated buy-back with revenue-sharing-cost-sharing contract given in Theorems 6.6

and 6.7, we obtain the conditions such that the supply chain is coordinated. Comparing

(6.3) with (6.24), (6.4) with (6.27) and (6.5) with (6.28) we get b = (1 − φ) × cr + w and

br =
1
γ [(1− φ)(γp+ cr − gr)− φ(v− vrγ) +w]. As a result, the retailer orders the amount of

final product which is same as that of the centralized model and also, the manufacturer takes

the production decision and investment decision for product improvement, which are same

as in the centralized model. Further, using conditions in equations (6.29) and (6.30), the

total expected profit of the decentralized system under differentiated buy-back with revenue-

sharing-cost-sharing contract is Πrc(Q
∗) + Πmc(Q

∗
m, η∗) = Πc(Q

c, Qc
m, ηc). �

Equations (6.29) and (6.30) show that, for the growing consumer returns rate (γ), the

manufacturer should increase the buy-back price (b) of unsold inventory under coordination

contract at a given return premium (l). Since the manufacturer’s loss increases as more

customers return products, he is compelled to cut his production quantity. Thus, for efficient
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collaboration, the contract mechanism should allow the manufacturer to raise the buy-back

price b in order to mitigate its profit loss and also encourage the manufacturer to produce

more. Equation (6.29) reveals that b = w + cr − φrr i.e., b < w + cr, the retailer’s total cost

for each unit of unsold item, implying that our proposed contract arrangement prohibits the

retailer to earn from over-ordering for return purpose.

The retailer earns an amount b for each unit of unsold items but, for returned items,

the amount is raised by b
′

per unit as a return premium for maintaining charge paid by the

manufacturer to the retailer for processing a customer return. Therefore, there persists an in-

centive for the retailer to cheat by declaring unsold product as customer returns leading to

coordination failure. Thus, maintaining accurate data on both returns and unsold inventory

is essential to the manufacturer for successful supply chain coordination.

We are concerned about whether our proposed differentiated buy-back with revenue-

sharing-cost-sharing contract is capable to maintain authentic data on returns and unsold

products. The contract mechanism is accomplished by requiring the retailer to fill out a return

form with the customer’s contact details, and the cause why the product was disappointing

or didn’t meet the customer’s expectations when returning the product (as is the common

practice at major retailers such as Wal-Mart). To receive the extra return premium (b
′

), the

retailer must provide the filled-out review documentation of the returning consumer to the

manufacturer.

There are some other economic reasons why the manufacturer would benefit from collect-

ing accurate customer returns data and why the retailer is incentivised to do so. In specific,

the consumer returns data on why the product was disappointing or didn’t fulfill customer’s

expectations, facilitates the manufacturer to learn about customer’s tastes and preferences,

which leads her to take investment decision for product improvement in a correct direction.

The retailer, on the other hand, deals directly with the customer and handles all returns with

no apparent interest to collect extensive information about the reason for the return. The

additional return premium b
′

for returned products from consumers could be used by the

manufacturer to encourage the retailer to submit more detailed documentation on the basis

for customer returns and customer reactions to the product.
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Since the manufacturer is concerned about the customer’s better experience with the

product, she prefers that the retailer should sell the new products first. This is because the

quality of returned products is lesser than the new ones which may increase the probability

of consumer disappointment. Now we’ll see whether contract mechanism gives the retailer

the right incentive to sell new products first. If a retailer has new products in stock and sells

a return product at price p instead of a new unit, the retailer will lose the return premium

b
′

. In the developed scheme, the retailer has the right to claim b+ l for each returned item

from customer but she may also be able to trade the returned item at pr < p. Reselling is

profitable for pr > b+ b
′

when the store has run out of new product. If the retailer had the

option of selling a new unit for p or a returned unit for pr < p, then the preference for the

resale requires p + b + b
′

< pr + b i.e., pr − p = b
′

> 0, which is not feasible. Therefore, the

contract mechanism can encourage the retailer to trade new products first.

Equation (6.30) demonstrates that the manufacturer would assign a higher return pre-

mium (b
′

) for returned products from customers if the customer returns rate (γ) becomes

smaller. Therefore, in order to obtain a higher return premium for returned products, the

retailer can make an attempt to decrease consumer returns. The retailer is capable to do

so because the rate of returns is influenced by the retailer’s business practices. Thus the

contract mechanism could indeed encourage the retailer to minimize customer returns. This

encouragement is aligned with the manufacturer’s desire for the retailer to improve system

efficiency, as lower consumer returns rate leads to a higher system probability. We’ll illustrate

later how the contract mechanism also encourages the manufacturer to reduce consumer re-

turns. Hence we reach at the conclusion that the coordinated framework can enhance system

performance through decreasing expected return rate by the activities of both the retailer

and the manufacturer.

6.5.3 Implementation of the contract

A differentiated buy-back with revenue-sharing-cost-sharing contract has three parame-

ters b, b
′

, and φ where b represents the buy-back price for products returned to the manufac-

turer, b
′

represents the handling fee paid by the manufacturer to the retailer for executing
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customer returns, and φ is defined as sharing parameter for both the revenue-sharing and

cost-sharing contracts. For revenue-sharing, the fraction φ is described as the portion of the

revenue the retailer keeps for himself and shares a fraction (1−φ) with the manufacturer, and

for cost-sharing, φ is described as the ratio of investments on generating rewarded customer

demand, that the retailer shares with the manufacturer. When bargaining and agreeing with

the contract, the retailer and the manufacturer must be very careful about the sharing param-

eter φ. If the retailer wants to keep a large portion φ of the revenue generated from expected

sales, he must also share a large portion φ of the manufacturer’s product development costs.

The same thing will happen on the manufacturer’s side. Therefore, φ will be bargained in

such a way that both parties are benefited from the deal.

Theorem 6.8 indicates that by adjusting the contract parameter φ, even for a fixed whole-

sale price w, buy-back price b and returns premium l, the supply chain profit can be dis-

tributed between the two parties in different ways. It also means that, according to contract

design, the manufacturer will benefit from a higher share of the retailer’s sales revenue. On

the other hand, a lower buy-back price even hurts the manufacturer because the contract

mechanism leads to a lower percentage of revenue-share for the manufacturer and a lower

order quantity Q from the retailer. With a falling buy-back price, the retailer’s cost-sharing

percentage grows. Despite a bigger cost-sharing percentage from the retailer and a lower

buy-back price (b) for unsold inventory, the revenue loss cannot be mitigated, and the manu-

facturer finds herself in a worse position. This is because the wholesale and retail prices are

fixed; the manufacturer earns a lesser profit on both the regular delivery and shared revenue.

When the sharing parameter is negotiated and fixed, according to the coordination con-

ditions in equations (6.29) and (6.30), the other two contract parameters b and l are also

fixed. Since both the wholesale and retail prices are predetermined in our case, therefore, the

profit allocation between the manufacturer and the retailer is also settled for a agreed value

of φ. If more customers return products (i.e., γ rises), the retailer’s profit declines. Equa-

tion (6.30) demonstrates that when γ rises, the manufacturer should increase the returns

premium (l) for customer returns to minimize the retailer’s profit loss. The greater return

premium encourages the retailer to exert an effort to reduce consumer returns. It may be
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concluded that the differentiated buy-back with revenue-sharing-cost sharing contract is suc-

cessful in incentivizing chain members to find ways to reduce consumer returns when it tends

to increase.

6.5.4 A comparison of the designed contracts with other

contracts

According to Cachon (2003), though a buy-back agreement with two components (such as

wholesale price w and buy-back price b) is sufficient for coordinating a supply chain along

with a single dimension (order quantity Q), extra free parameters are required if more ac-

tions are taken into consideration. In our model, the retailer has to think about consumer

return policy in addition to his ordering decisions that introduce one additional dimension

to the traditional supply chain conception. In this circumstance, we add an additional free

parameter to the buy-back contract mechanism to tackle the returned products, and the new

mechanism may reasonably include one buy-back price for unsold (new) items and an another

buy-back price for returned items from consumers. Similarly, a revenue-sharing arrangement

is sufficient for the manufacturer to deal with production uncertainty (Giri et al., 2021),

but the manufacturer’s investment in product development is a separate dimension for the

traditional supply chain. To tackle the additional action, in this scenario, we introduce a

cost-sharing contract along with revenue-sharing contract.

Hence, to address both the retailer and the manufacturer’s additional actions (customer

returns and product development investment), we introduce a composite contract with three

parameters (b, b
′

, φ) by combining the above described modified contracts. This mechanism is

different from put option contract discussed in the literature (Wang et al., 2020) or buy-back

agreement (Chen and Bell, 2011) in which they have to accompany a side arrangement to

allocate the supply chain profit among its members. A contract with an excessive number

of parameters may be difficult to implement in real business scenario. Since the supply

chain profits can be arbitrarily allocated between the two parties by varying φ, the (b, b
′

, φ)

coordination policy does not require any additional side arrangement to share the channel

profit among the members.
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The differentiated buy-back contract is fundamentally similar to Pasternack (1985)’s buy-

back contract for a stochastic demand scenario. In a buy-back agreement, the retailer has the

option of returning unsold products to the manufacturer. While the differentiated buy-back

contract allows the retailer to return both unsold and returned products to the manufac-

turer for two different buy-back prices. Analogous to the buy-back policy, there are various

combinations of contract parameters (b, b
′

, φ) which can coordinate the supply chain, and

the combination of a triplet controls how the supply chain’s wide profit could be distributed

between the manufacturer and the retailer. This shows that, as long as we design our con-

tract parameters to satisfy conditions in equations (6.29) and (6.30) in our proposed contract

mechanism, the active incentive mechanisms of the buy-back contract will basically remain

unchanged.

The revenue-sharing mechanism discussed in subsection 6.5.1 operates similarly to the one

that has been extensively studied in the literature (Cachon and Lariviere, 2005). However,

the sharing mechanism considered in subsection 6.5.2 is different, because the traditional

revenue-sharing contract is offered by the upstream member (manufacturer) to correct the

downstream member’s (retailer) under-ordering problem. Here, our revenue-sharing mech-

anism is offered by the downstream member (retailer) to correct the upstream member’s

(manufacturer) under-producing problem. In fact, the traditional revenue-sharing agreement

with stochastic demand, enables the manufacturer to swap some of the retailer’s demand un-

certainty by allowing the retailer to pay a smaller wholesale price at first and the compensate

the manufacturer with a fraction of the retailer’s sales revenue afterwards. However, in our

model with stochastic demand and production uncertainties, the retailer’s revenue-sharing

mechanism is used to reallocate the manufacturer’s production risk rather than the demand

risk of the retailer, to incentivize the manufacturer to produce more.

6.6 Numerical analysis

In this section, we take a numerical example to explain the optimal decisions of different

supply chain models developed in the chapter, investigate the impact of demand and produc-

tion uncertainties on coordination, and the influence of customer returns on the profitability
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of the individual members as well as the entire system. Customer demand (X) is assumed

to be uniformly distributed with a mean (x̄) of 50 units and a standard deviation (σx) of

50/
√
3 units. The production yield rate (Y ) is also assumed to be uniformly distributed in

the interval [a, b], 0 ≤ a < b ≤ 1 with a mean (ȳ) of 0.8 unit and a standard deviation

(σy) of 0.05 units. Other parameter-values are α = 500; k = 1.5;S = 200; cm = 5; cr =

2.5; gr = 1.5; v = 5; vr = 4.5; γ = 0.25; φ = .37;w = 20; p = 32.58 in their appropriate units.

The parameter-values used in our analysis are reasonable match with the values from a few

secondary sources such as Giri et al. (2016) and Chen and Bell (2011).

For the above set of values, the concavity of the manufacturer’s objective function

Πm(Qm, η) under wholesale price contract, and Πmc(Qm, η) under differentiated buy-back

with revenue-sharing-cost-sharing contract with respect to Qm and η are checked graphically

as shown in Figs. 6.1 and 6.2, respectively.
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Fig. 6.1: Concavity of the profit function
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Fig. 6.2: Concavity of the profit function
Πmc(Qm, η).

Table 6.1 shows the optimal results for the centralized model and models under wholesale

price contract and differentiated buy-back with revenue-sharing-cost-sharing contract. We

find that the coordinating contract generates higher profits for both the manufacturer and the

retailer than those under wholesale price contract. In addition, under the differentiated buy-

back with revenue-sharing-cost-sharing contract, the manufacturer and the retailer together

achieve the highest profit level. Under coordinating contract, the optimal order quantity,
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Table 6.1: A comparison of results of different models

Model Q Qm η Πr Πm Π
Centralized 609 795 186 - - 9771
Decentralized 531 598 0 4755 3599 8355
Coordinated 609 795 186 5709 4061 9771

production amount and investment for product development rise compared to wholesale price

contract resulting in larger expected sales. This is the reason for higher profitability for chain

members under coordinating contract. It reflects the insights obtained from Theorems 6.4

and 6.8.

Table 6.2: Impact of customer returns on optimal decisions and profits for coordinated supply chain

γ Q∗ Qd
m η∗ b∗ l∗ Πmc Πrc Πc

0.1 612.152 802.194 226.805 21.575 208.365 4137.28 6710.62 10847.9
0.15 610.131 797.983 198.937 21.575 145.765 3866.89 6254.42 10121.3
0.2 608.041 793.557 172.897 21.575 114.465 3597.19 5799.62 9396.81
0.25 605.868 788.881 148.684 21.575 95.685 3328.18 5346.27 8674.45
0.3 603.595 783.911 126.299 21.575 83.165 3059.89 4894.41 7954.3
0.35 601.2 778.589 105.741 21.575 74.2221 2792.3 4444.12 7236.42

As shown in Table 6.2, when the customer returns rate (γ) grows up, the retailer should

decrease order quantity to reduce the returned products from customers, resulting in lower

production requirement for the manufacturer and thus provides a negative impact on both

members’ profits (as Chen and Bell (2009) predicted). Table 6.2 also shows that, as the

customer return rate rises, the value of the coordinating parameter l decreases. It denotes that

supply chain coordination is a proper loss sharing mechanism among the channel members.

Whenever the customer return rises, its negative effect gets transmitted to the manufacturer

and the retailer.

Fig. 6.3 shows that the manufacturer’s investment decisions on product improvement

are independent of both demand uncertainty (σx) and production uncertainty (σy). This

finding is interesting and important as it means that the manufacturer’s investment decision

can ignore both demand and supply uncertainty information. However, as the demand un-

certainty (σx) increases, the retailer orders more products and accordingly the manufacturer

adjusts its scheduled production amount of raw material. For a given demand uncertainty
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Fig. 6.3: Performance of coordinated chain w.r.t. demand and supply uncertainties

(σx), as the yield uncertainty (σy) increases, the retailer’s order remains unchanged while

the manufacturer increases production lot size. This is because, as the demand uncertainty

(σx) increases, the retailer increases the order quantity to avoid the stock-out situation. But,

when the yield uncertainty (σy) increases, it cannot affect the market demand i.e., retailer’s

ordering decision, though the manufacturer increases its production size compared to the

retailer’s order.

6.6.1 Discussion

One of the primary findings of our research is coordinating a supply chain in the presence

of consumer return policy. The majority of previous research works (Wang et al., 2020;

Ruiz-Benitez and Muriel, 2014; Su, 2009) deal with the complicacy of consumer returns

by assuming that the manufacturer can discriminate between unsold (new) and returned

products. Our proposed coordination policy (b, b
′

, φ) does not require any such specific

skill of the manufacturer because the retailer must submit the documentation of unsold and

returned products in order to collect the buy-back credits at the end of the selling season.

It is clear from relevant existing literature (Wang et al., 2020; Chen and Bell, 2011; Ruiz-

Benitez and Muriel, 2014) that researchers are mainly concerned on how to respond when a

customer returns a product. In our work, incorporating investment in product development

depending on the customer preference and taste information helps to not only efficiently
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manage the reverse product flow, but also facilitate the discussion on the difficulties related

to what move would be taken by channel members to reduce the customer returns.

Previous researches that provide analytical findings on coordinating contracts for a supply

chain with consumer returns usually focus on the manufacturer-led scenario. The influence

of a manufacturer’s production uncertainty on the issue of supply chain coordination under

customer returns has not been taken into account. Here, we exhibit the impact of both

demand and production uncertainties on the coordination in the context of customer returns

and product quality improvement. Sointu (2018) illustrated the influence of changes in a

supply chain due to retailer-led structure on coordination. It inspires us to develop a contract

mechanism for coordinating a supply chain in a manufacturer-retailer-led scenario with both

demand and production uncertainties.

Finally, in the context of customer returns, previous researches restrict the retailer to

deal with the selling product and handling returns from customers without gathering any

specific information for the returns. Here, we introduce a holistic perspective of gathering

and updating such documents at the time of return on the supply chain performance by

exploring how the manufacturer can encourage the retailer to acquire and send information

on the customers’ product expectations and taste by providing different credits for unsold

inventory and returned products to reduce customer returns rate.

6.7 Conclusion

In the business world today, a high variation of customer preferences is observed while pur-

chasing a product. Product return policies allow customers to choose whether to keep or

return a product once they have purchased it. Motivated by this dilemma, we study a

two-level supply chain model with customer returns under simultaneous demand and supply

uncertainties. We demonstrate how uncertainty influences ordering, production as well as

investment decisions.

In the context of consumer returns, we present two contract mechanisms to coordinate

the supply chain. For a manufacturer-led scenario, we combine a buy-back contract in which
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retailer credits only for unsold products with a revenue-sharing contract where manufacturer

shares the retailer’s revenue for her reduced wholesale price. For a manufacturer-retailer-led

scenario, we combine a differentiated buy-back policy with two buy-back prices - one for

unsold product and another for product returned by the customer with a revenue-sharing-

cost-sharing scheme where the manufacturer is shared with both the retailer’s revenue and

the cost of investment for product improvement. We find that the buy-back with revenue

sharing contract is unable to coordinate the supply chain, whereas the differentiated buy-back

policy with revenue-sharing-cost-sharing scheme is able to do so. Apart from coordinating

the supply chain, we demonstrate how the manufacturer might entice the retailer to gather

data on the basis of return at the time when a customer returns a product and submit it

to the manufacturer. We also look into how a manufacturer may learn about a customer’s

tastes and preferences by using customer review data, which leads to an investment decision

for product improvement.

Our model is limited to one entity at each stage of the supply chain. Multiple entities at

each level under competition or collaboration among them can be an exciting research topic.

Moreover, the proposed model is based on the assumption of complete information symmetry

throughout the supply chain. Incorporating information asymmetry at various levels of this

supply chain can produce interesting results. Many retailers offer a wide range of products,

and customers who return one may choose to purchase another. In reality, several stores

only offer store credit when customers return a product. A multi-product model is needed to

analyze consumer purchase and exchange decisions, which can lead to new insights.

167





Chapter 7

Coordinating a socially responsible
closed-loop supply chain with
product improvement and
recycling under demand
supply uncertainties∗

7.1 Introduction

It is now universally noted that human activities have imposed a massive environmental

burden on the planet in the form of industrial and residential wastes. Every year almost

two billion tones of waste are produced around the world (United Nations Environment Pro-

gramme, 2009). These wastes contain harmful compounds which have inflicted environment

as well as human health. However, several of these waste products’ elements (metals) are

recyclable and thereby can reduce the need for natural resources (Huisman, 2003). In 2016,

the World Bank calculated that 2.01 billion tones of municipal solid wastes were generated,

and forecast that this figure will rise to 3.40 billion tones by 2050. As a result, several coun-

tries have enacted laws and regulations aimed at reducing wastes through reuse, recycle, and

∗This chapter is based on the paper communicated to International Journal of Production Research

(2022).
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product recovery.

An important form of product recovery is remanufacturing which restores a used product

to as-new condition, meaning that the standard of quality for a remanufactured product is

the same as for a new product. Remanufacturing is common in several industries and for a

wide range of products including ink cartridges (Kittell and Page, 2008), disposable cameras

(Kodak, 2008), medical devices (Hosseini-Motlagh et al., 2020), motor vehicle components

(Bosch, 2016a; Ferrer and Whybark, 2001), aerospace equipment (Treat, 2012), consumer

products (Apple, 2016; Bosch, 2016b), and retreaded tires (Debo et al., 2006), to mention a

few. Remanufacturing is an opportunity for the manufacturer because it incurs relatively low

cost of remanufacturing used products compared to producing new ones. As a result, closed-

loop supply chains (CLSCs) have steadily become the target of industries and academics in

order to successfully study the utilisation of waste products and establish a resource-saving

society while increasing profits via waste recycling. Waste product remanufacturing reduces

the demand for natural resources as well as waste generation (Qiang, 2015). As a result, the

CLSC’s implementation has economical, social and environmental aspects (Chaudhary et al.,

2017).

The implementation of a CLSC is mainly influenced by the amount of used items collected

and delivered to the manufacturer’s warehouse, which is mostly determined by consumers’

willingness and environmental consciousness to return their waste products. A few forward-

thinking consumers (Japanese consumers) are highly environmentally conscious and eager

to return unwanted things on their own (Geyer and Blass, 2010). However, in less environ-

mentally sensitive countries, some efforts are required to raise consumer awareness about the

environment; however, this is a more common practice. CSR effort such as raising customer

awareness about environmental issues can be effective incentive strategy to encourage cus-

tomers to return unwanted items and increase the collection amount (Sarkis et al., 2010).

CSR can be defined as a company’s voluntary initiatives that demonstrate the linkages be-

tween day-to-day business with social and environmental concerns (Van Marrewijk, 2003).

Furthermore, CSR boosts the company’s reputation and it has a major impact on customer

goodwill (Komodromos and Melanthiou, 2014), which increases the market demand (Hsueh,
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2014). There are numerous examples of well-known companies who are using CSR to gain

a competitive advantage, and produce sustainable products. For example, technology giant

Hewlett-Packard has made a significant effort to encourage the recycling of its used laptops

and printers.

Apart from CSR and recycling, a free-repair warranty for repairable products that mal-

function prematurely is another competitive strategy to increase customer demand. Due to

the competitive nature of the market, it is usual for manufacturers to include a free-repair

warranty (FRW) with their sales activities in order to safeguard consumers from prema-

ture failures and signify product quality and reliability, especially for complicated and/or

expensive items (Murthy and Djamaludin, 2002; Xie, Shen and Zhong, 2017). A free-repair

warranty is a promise made by a manufacturer or other third party that their product will

fulfil specific quality and performance standards for a reasonable period of time. This is com-

monly known as a manufacturer’s warranty. For example, Apple provides one-year warranty

against faults in materials and workmanship from the date of actual product purchase. If a

problem occurs during the warranty coverage, Apple will repair the product at no cost using

new or equivalent-to-new parts in reliability and performance.

Since the product’s premature failures are intimately linked to the firm’s processing tech-

nologies, design, and raw material procurement, so defects can be minimized by the manufac-

turer’s appropriate practices. This necessitates additional quality improvement investments

in the form of improved product design, updated equipment, higher-quality raw materials,

and improved quality control processes (Xiao and Yang, 2009). Quality enhancement efforts,

on the other hand, are another competitive instrument for increasing customer desire to ac-

quire products. As a result, for the CLSC system, enterprise quality improvement efforts not

only effect customer demand, but also have a beneficial impact on the reduction of products’

premature failures in the reverse supply chain. According to an annual auto reliability report,

Ford, as one of the most well-known automobile companies, slipped 10 places in 2011 due to

poor quality of its own vehicles (Durbin and Krisher, 2011). After that, it managed to stay

in the fourth place, beating Hyundai, BMW, and Toyota, due to a long-term investment in

quality development (Rosevear, 2017).
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In this chapter, we study a supply chain that considers remanufacturing, return policy,

CSR initiative, and quality improvement effort to improve its performance under demand

and supply uncertainties. The supply chain consists of two members - a manufacturer and a

retailer. The retailer is responsible for collecting waste products from customers and increas-

ing the return amount by participating in CSR activities. This is because retailers are at the

end of the supply chain, directly addressing the market, and so have a unique perspective on

the influence of CSR investment behaviour on customers. As a result, studying retailer CSR

investment behaviour is extremely practical. The retailer also returns the collected waste

products to the manufacturer for recycling. Because premature product failure is intimately

tied to the manufacturer’s production error, the manufacturer should employ a maintenance

service to restore the product to functioning condition. Even though premature failures can

be fixed through a repairing process, but for reducing the defect products in the reverse flow,

the manufacturers may invest in new production technologies, design and procurement to

improve the product quality. In this study, we attempt to incorporate product quality and

quality-related returns into the design of a single-channel CLSC coordination mechanism.

In the decentralized setting, a combination of buy-back contract and pay-back contract is

considered. Then the contract is modified to a buy-back with pay-back-cost sharing contract

in which the retailer promises not only to buy the manufacturer’s excessive output above his

order but also to share a portion of the quality improvement expenditure with the manufac-

turer. It is shown that the former contract cannot coordinate the supply chain but the later

one can achieve coordination if an additional incentive is provided to the manufacturer in

the form of cost-sharing in the context of demand supply uncertainties in the forward flow,

and two types of returned products viz. defective products for repair and waste products for

remanufacturing in the reverse flow.

The aim of this chapter is to address a research gap in the literature on supply chain

coordination by examining the influence of CSR efforts on waste product returns and reman-

ufacturing for waste recycling in a linear supply chain under supply and demand uncertainties.

It is also aimed to explore the impact of defect products return for fixing and quality improve-

ment to reduce defects on optimal decisions of SC as well as how channel partners participate
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on product quality improvement investment.

The conflicts of creating two types of uncertainty (demand and supply uncertainties) in

the forward flow and the return of two types of product (defective and waste products) in the

reverse flow dictate value of the research objective. The attempt to improve quality has a

significant impact to reduce defect return rate and increase product demand but rising costs

of the SC. As a result, selecting the finest quality improvement option can help SCs to solve

their financial issues. CSR efforts, on the other hand, play a positive influence in raising

waste product collection rates, which in turn promotes demand. Because product quality

and CSR activities are distinguishing features in attracting client happiness, they are created

and implemented at the same time in a SC. Finding their optimal settings and understanding

their effects on one another can help SC to achieve its social and economical goals.

The remaining chapter is structured as follows: Section 7.2 provides model description,

notations and assumptions for developing the proposed model. In Section 7.2.2, we derive

the equilibrium solution of the integrated supply chain model. In Section 7.4, we develop the

non-collaborative model under the well known wholesale price contract and investigate the

individual decisions of the corresponding supply chain members. Section 7.5 illustrates the

collaborative decentralized model, and discusses two contracts- buy-back-pay-back contract in

subsection 7.5.1 and buy-back along with pay-back-cost-sharing contract in subsection 7.5.2.

We conduct a sensitivity analysis in Section 7.6 to study the effect of a few key-parameters

on the optimal decisions and profitability of the supply chain. In Section 7.7, the chapter is

concluded.

7.2 Design of a socially responsible CLSC

7.2.1 Model description

We consider a single-manufacturer (she) single-retailer (he) closed-loop supply chain (CLSC)

model where the manufacturer recycles the waste products and invests in product develop-

ment to maintain the quality of the product. The retailer contributes to the environment by
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participating in CSR programmes that encourage customers to return their used products.

Incorporating CSR activity, customer return, remanufacturing, and quality improvement,

this study examines the CLSC under demand and supply uncertainties.

In forward logistics, the manufacturer produces a product at unit cost cm and sells it to

the retailer with wholesale price wm. Consumers can purchase this item from the retailer at

price p. In reverse logistics, we consider two types of product return from consumers. The first

one is the return of defective products due to quality issues, which is negatively related to the

product quality improvement level. The manufacturer is obligated to accept such products

and perform maintenance services during the warranty period under the free repair warranty.

After being repaired when the damaged products are returned to their owners, they will be

in working order. For example, if your iPhone battery shrinks due to a non-artificial cause,

you can request a free component replacement from Apple to ensure that the phone continues

to function properly. The other type is the return waste products that have reached the end

of their useful life (EOL), and consumers return their used products as part of their social

responsibilities (Geyer and Blass, 2010). Because retailers are the nearest to customers, they

could collect those products from customers and send them to the manufacturer to be utilised

as raw materials for remanufacturing (Savaskan et al., 2004). In Korea, Samsung Electronics

has formed a “take-back network” with significant local retailers to recycle unwanted home

appliances and electronic goods.

The following assumptions are made for developing the proposed model:

(i) We deal with a production-sale-return-remanufacture/repair cycle, similar to prior re-

search (Galbreth and Blackburn, 2006; Xie, Shen and Zhong, 2017; Inderfurth et al.,

2005; Jamal et al., 2004). According to Xie, Liang, Liu and Ieromonachou (2017), we

set unit remanufacturing cost c′m to be lower than production cost cm to define the

effectiveness of remanufacturing on manufacturer profit in the same cycle.

(ii) The defective products and waste products are returned with rates r1 and r2, respectively.

(iii) When a product fails prematurely, customers can return it, and the manufacturer is

supposed to provide free maintenance and cover all repair costs. The retailer is not
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responsible for any product quality issues. Furthermore, because the restored products

are faultless, a product is only returned once.

(iv) The manufacturer, in contrast to defect product returns, has the advantage of knowing

why a product is returned. As a result, the return rate of defective items can clearly

represent the quality level, allowing the manufacturer to make necessary changes by

investing in quality improvement in order to reduce defect returns.

(v) The unit repair cost of a defective product crm is less than the unit manufacturing cost

of a new product cm (i.e., crm < cm); else, the manufacturer would always choose

reproduction over repair.

(vi) Early test production or a second production run is not achievable due to production

and assembly lead time and tight consumer response windows.

(vii) Both the manufacturer and the retailer are risk-neutral and they want to maximise

their own expected profits with a zero reservation profit.

7.2.2 Mathematical model formulation

Similar to the study of Swami and Shah (2013), Dong et al. (2016), and Wang et al. (2016),

the stochastic market demand is defined as: D = α + βe + γ
√
η + x, where α represents

the market demand’s capability, which is independent of CSR investment (η) and quality

improvement effort (e). β represents the positive coefficient value of the demand’s quality

effort, γ represents the positive coefficient value of the demand’s CSR investment, and X is

a random variable supposed to be distributed on [l, u] with probability density function f(·),

cumulative distribution function F (·), and mean x̄. The manufacturer’s supply uncertainty

is treated as a production process with a stochastic proportional yield (see Yano and Lee,

1995). The output of finished product for input of raw material of size Qm is yQm, where

the random yield rate Y is distributed on [a, b], 0 ≤ a < b ≤ 1 and has continuous pdf g(·),

cdf G(·), and mean ȳ, all are independent of lot size Qm.
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According to Atasu et al. (2008), the money saved by remanufacturing each unit of waste

product is cm − c
′

m > 0. The cost of investing in enhancing product quality by applying

innovative technology to reduce faulty product return as well as CSR investment for collecting

waste products may raise product price as well as demand. While it may be against the

customer’s affordability and may prevent them from purchasing, we assume that the supply

chain specifies a fixed retail price for their items to avoid losing market share (similar to

Wang et al., 2016; He et al., 2015). In this situation, the benefit of increased market demand

can balance the cost of implementing the above strategies and the use of a fixed retail price.

Furthermore, cr represents the cost of value-added or handling activity conducted at the

retail shop, v represents the salvage value for an unsold unit, and gr represents the shortage

penalty.

We consider the return rate r1 of defect products as r1 = q1 − δ1e (identical to Li et al.,

2013), where q1 is the fixed amount of returned faulty products that are independent to the

quality effort and δ1 is the quality effort’s negative impact coefficient on the return rate. The

investment cost function for quality improvement to reduce the number of defect products is

1
2µe

2, where µ is the investment coefficient of the quality improvement effort, which is same

as the one used by Liu et al. (2012), Dong et al. (2016), Ji et al. (2017) and Chakraborty

et al. (2019). We suppose that the retailer is responsible for collecting waste products and

sending them to the manufacturer at a wholesale price wr per unit, and the manufacturer is

not involved in the return process directly. To obtain more remanufacturing resources, the

retailer conducts a CSR effort to increase waste product return rate.

According to Hosseini-Motlagh et al. (2020), the amount of returned waste products is

as follows: r2 = q2 + δ2
√
η, where δ2 is the sensitivity of the return rate r2 to the retailer’s

CSR action and q2 is the minimum amount of wastes returned by environmentally concerned

customers. Thus, the retailer can benefit by collecting and sending waste products to the

manufacturer, while the manufacturer can reduce production cost and enhance revenue by

remanufacturing waste products (Wei and Choi, 2010). Furthermore, the investment η in

CSR activities to raise environmental awareness among consumers to return their used items

improves customer interest and brand image related to the product, similar to the one used
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by Chao et al. (2009) and Li et al. (2013), which generates γ
√
η rewarded demand at the

CSR investment η, where γ is the coefficient of customer eagerness to purchase the product

under CSR activities. Order quantity Q and CSR investment η are the decision variables on

the retailer edge whereas quality improvement level e and production amount Qm are the

decision variables planned by the manufacturer. The notations used throughout the chapter

are listed bellow:

x : stochastic part of customer demand with mean x̄ and variance σ2
x

y : random yield with mean ȳ and variance σ2
y

cm : unit production cost for each new product of the manufacturer

c
′

m : unit remanufacturing cost for returned EOL product of the manufacturer

crm : unit repair cost for returned defect products of the manufacturer

cr : unit handling cost of the retailer

gr : unit goodwill lost of the retailer for unmet customer demand

S : handling expenses relating to the waste return from customers

v : unit salvage price of leftover at the manufacturer or retailer

r1 : return rate of defective products, 0 ≤ r1 ≤ 1

r2 : return rate of waste products, 0 ≤ r2 ≤ 1

q1 : fixed portion of the quantity of returned defect products

q2 : fixed portion of the quantity of the returned waste products

δ1 : sensitivity coefficient effect of the quality on the return rate of defect products

δ2 : sensitivity coefficient of the CSR activities on the return rate of waste products

wr : collection fee paid by the manufacturer to the retailer for each EOL returned item.

η : CSR investment level of the retailer

e : product improvement effort of the manufacturer

p : retail price of the unit final product at the retailer

Q : order amount of the retailer placed at the manufacturer

Qm : aimed production lot size of the manufacturer

wm : unit wholesale price charged by the manufacturer to the retailer.
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7.3 Centralized supply chain

In this case, conceptually only one decision-maker is consulted in order to optimize the profit

of the whole system. Profit distribution among supply chain members can be considered as

an internal money transfer. The centralized supply chain’s expected profit function can be

written as

Πc(Q,Qm, e, η) = pE[min{D,Q, yQm}] + vE[(min{Q, yQm} −D)+] + vE[(yQm −Q)+]

+(cm − c
′

m)(q2 + δ2
√
η)E[min{D,Q, yQm}]− crE[min{Q, yQm}]

−grE[(D −min{Q, yQm})+]− crm(q1 − δ1e)E[min{D,Q, yQm}]

−cmQm − S − η − 1

2
µe2 (7.1)

The first four terms capture the full revenue of SC from the products that are sold, unsold

goods at retail store and excessive stock for over-production which are salvaged after selling

season and the revenue from remanufacturing, respectively. The supply chain’s overall cost is

covered by the last eight terms. Production costs associated with fresh raw material, product

handling costs at the retailing store, goodwill lost when items are out of stock, the cost of

exhibiting CSR activities, the investment of product improvement, defect products’ repairing

costs, and the cost of employees who handle returned products are all included in the total

cost. A alternate presentation of the above expression is shown below.

Πc(Q,Qm, e, η) =
{

p+ gr − v + (cm − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e)

}

×
{

∫ Q

Qm

a

(

∫ yQm−(α+βe+γ
√
η)

l
(α + βe+ γ

√
η + x)f(x)dx

+

∫ u

yQm−(α+βe+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√
η)
Qf(x)dx

)

g(y)dy
}

− cr

{

∫ Q

Qm

a
yQmg(y)dy

+

∫ b

Q

Qm

Qg(y)dy
}

− (cm − vȳ)Qm − η − gx̄− S − 1

2
µe2 (7.2)
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According to Petruzzi and Dada (1999), it is typically difficult to show the joint con-

cavity of the objective function in all the decision variables for a newsvendor problem with

many decision variables in its objective function. The employment of a repeating method to

demonstrate the objective function’s concavity is a popular strategy in the literature (for ex-

ample Wang, Wang, Li, Liu, Zhu and Wang, 2019). The objective function of the centralised

system in this article is comprised of four decision variables, and exact methods cannot be

used to get the optimal solution. As such we implement a repetitive method. Assume that

for the centralised model, there exists a finite but not necessarily unique optimal decision

set (Qc, Qc
m, pc, ηc). First, we consider that, for given e and η, the whole supply chain profit

function Πc in equation (7.2) is a function of Q and Qm only. But due to complexity, the

concavity of Πc with respect to Q and Qm can not be proved analytically. The following

proposition explores the whole system’s optimal order and production quantities assuming

that Πc is concave, which can be checked graphically as shown in Fig. 7.1.

Proposition 7.1 For given quality improvement effort e and CSR investment η in the entire

system’s objective function Πc(Q,Qm, e, η), the optimal order quantity Qc and the optimal

production decision Qc
m satisfy the following equations:

Qc = (α+ βe+ γ
√
η) + F−1

(p+ gr − v + (cm − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e)− cr

p+ gr − v + (cm − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e)

)

(7.3)

(p+ gr − v + (cm − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e))

∫

Q

Qc
m

a

∫ u
yQc

m−(α+βe+γ
√
η) yf(x)dxg(y)dy

−cr
∫

Q

Qc
m

a yg(y)dy = (cm − vȳ) (7.4)

Proof. We have

∂Πc(Q,Qm, e, η)

∂Q
=

{

p+ gr − v + (cm − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e)

}

×
∫ b

Q

Qm

(

∫ u

Q−(α+βe+γ
√
η)
f(x)dx

)

g(y)dy − cr

∫ b

Q

Qm

g(y)dy
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∂Πc(Q,Qm, e, η)

∂Qm
=

{

p+ gr − v + (cm − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e)

}

×
∫

Q

Qm

a

∫ u

yQm−(α+βe+γ
√
η)
yf(x)dxg(y)dy

−cr

∫
Q

Qm

a
yg(y)dy − (cm − vȳ)

Solving the first order conditions for optimality of Πc(Q,Qm, e, η) i.e., ∂Πc(Q,Qm,e,η)
∂Q = 0 and

∂Πc(Q,Qm,e,η)
∂Qm

= 0, we get the required optimal order quantity Qc and production quantity

Qc
m as given in equations (7.3) and (7.4). �

Again, for given Q and Qm, the whole supply chain’s profit function Πc(Q,Qm, e, η)

in equation (7.2) is a function of e and η only. But due to complexity, the concavity of

Πc(Q,Qm, e, η) with respect to e and η can not be proved analytically. The following propo-

sition explores the whole system’s optimal quality improvement effort ec and CSR investment

ηc assuming that Πc(Q,Qm, e, η) is jointly concave with respect to e and η, which can be

checked graphically as shown in Fig. 7.1b.

Proposition 7.2 For given order quantity Q and production size Qm in the entire system’s

objective function Πc(Q,Qm, e, η), the optimal quality improvement effort ec and CSR invest-

ment ηc, satisfy the following equations:

β(p+ gr − v + (cm − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e

c))

×
{

∫
Q

Qm

a

(

∫ yQm−(α+βec+γ
√
η)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βec+γ
√
η)

l
f(x)dx

)

g(y)dy
}

+
{

∫ Q

Qm

a

(

∫ yQm−(α+βec+γ
√
η)

l
(α+ βec + γ

√
η + x)f(x)dx

+

∫ u

yQm−(α+βec+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βec+γ
√
η)

l
(α+ βec + γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βec+γ
√
η)
Qf(x)dx

)

g(y)dy
}

δ1c
r
m = µec (7.5)
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and
γ

2
√
ηc

(p+ gr − v + (cm − c
′

m)(q2 + δ2
√
ηc)− crm(q1 − δ1e))

×
{

∫
Q

Qm

a

(

∫ yQm−(α+βe+γ
√
ηc)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
ηc)

l
f(x)dx

)

g(y)dy
}

+
{

∫
Q

Qm

a

(

∫ yQm−(α+βe+γ
√
ηc)

l
(α+ βe+ γ

√
ηc + x)f(x)dx

+

∫ u

yQm−(α+βe+γ
√
ηc)

(yQm)f(x)dx
)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
ηc)

l
(α+ βe+ γ

√
ηc + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√
ηc)

Qf(x)dx
)

g(y)dy
} δ2
2
√
ηc

(cm − c
′

m) = 1 (7.6)

Proof. We have

∂Πc(Q,Qm, e, η)

∂e
= β(p+ gr − v + (cm − c

′

m)(q2 + δ2
√
η)− crm(q1 − δ1e

c))

×
{

∫ Q

Qm

a

(

∫ yQm−(α+βec+γ
√
η)

l
f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+βec+γ
√
η)

l
f(x)dx

)

g(y)dy
}

+
{

∫
Q

Qm

a

(

∫ yQm−(α+βec+γ
√
η)

l
(α+ βec + γ

√
η + x)f(x)dx

+

∫ u

yQm−(α+βec+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βec+γ
√
η)

l
(α+ βec + γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βec+γ
√
η)
Qf(x)dx

)

g(y)dy
}

δ1c
r
m − µec

and

∂Πc(Q,Qm, e, η)

∂η
=

γ

2
√
ηc

(p+ gr − v + (cm − c
′

m)(q2 + δ2
√
ηc)− crm(q1 − δ1e))

×
{

∫ Q

Qm

a

(

∫ yQm−(α+βe+γ
√
ηc)

l
f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
ηc)

l
f(x)dx

)

g(y)dy
}

+
{

∫ Q

Qm

a

(

∫ yQm−(α+βe+γ
√
ηc)

l
(α+ βe+ γ

√
ηc + x)f(x)dx
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+

∫ u

yQm−(α+βe+γ
√
ηc)

(yQm)f(x)dx
)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
ηc)

l
(α+ βe+ γ

√
ηc + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√
ηc)

Qf(x)dx
)

g(y)dy
} δ2
2
√
ηc

(cm − c
′

m)− 1

Solving the first order optimality conditions for the entire system’s expected profit function

Πc(Q,Qm, e, η), we get the required optimal quality improvement effort ec and CSR invest-

ment ηc, as given in equations (7.5) and (7.6).�

Using the optimal values of the decision variables in (7.2), the maximum channel profit

is obtained. Due to the model’s complexity, we are unable to derive a closed form solution.

According to Propositions 7.1 and 7.2, the demand and supply uncertainties are both key

elements in determining the system’s optimal decisions. When there is a growth in production

uncertainty, the ordering and production decisions must be affected. In order to avoid under-

production, the system increases the anticipated raw material production quantity due to

increased production uncertainty. In contrast, when the system’s efficiency decreases in

response to rising production uncertainty, the order quantity of the finished product decreases.

7.4 Decentralized supply chain with wholesale

price contract

Here we’ll look at the decentralised supply chain where the retailer and the manufacturer have

a wholesale price-only contract between them. In this contract, the manufacturer provides

its goods to the retailer at a unit wholesale price of wm and wishes to invest a total of e in

product quality enhancement activities in order to increase customer demand. To focus on

examining the impacts of demand and supply uncertainties on supply chain coordination, we

suppose that the unit wholesale price wm is fixed (similar to Wang et al., 2020). Obtaining

agreement approval, the sequence of events follows the approach outlined in Section 7.2.2.

We look at a Nash sequence under which the manufacturer chooses the initial decision and

the system is solved by backward substitution. As a result, the retailer must first determine

his best course of action regarding order quantity Q and CSR investment η. The retailer’s
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profit function Πr(Q, η) can be calculated for any given Qm and e as:

Πr(Q, η) = pE[min{D,Q, yQm}] + wr(q2 + δ2
√
η)E[min{D,Q, yQm}]

+vE[(min{Q, yQm} −D)+]− grE[(D −min{Q, yQm})+]

−(wm + cr)E[min{Q, yQm}]− η − S (7.7)

The first three terms represent the total revenue generated by the retailer from products sold

to consumers, waste products sent to the manufacturer for remanufacturing, and unsold items

sold at salvage price, respectively. The last four terms are, in order, the amount of goodwill

lost due to unfulfilled demand, overall cost of acquiring and handling the order quantity, CSR

investment to increase customer demand as well as waste product return rate, and cost of

staff who handle returned items. The following is an alternative form of the above expression:

Πr(Q, η) = (p+ gr − v + wr(q2 + δ2
√
η))

{

∫ Q

Qm

a

(

∫ yQm−(α+βe+γ
√
η)

l
Df(x)dx

+

∫ u

yQm−(α+βe+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√
η)
Qf(x)dx

)

g(y)dy
}

− (wm + cr − v)

×
{

∫ Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

− gx̄− η − S (7.8)

The following theorem characterizes the optimal decisions of the retailer in decentralized

model under wholesale price-only contract.

Theorem 7.1 Under wholesale price-only contract, for given production decision and im-

provement investment of the manufacturer, the retailer’s objective function is jointly concave

in Q and η, the optimal order quantity Qdand CSR investment ηd satisfy the following equa-

tions:

Qd = (α+ βe+ γ
√
η) + F−1

(p+ gr + wr(q2 + δ2
√
η)− wm − cr

p+ gr − v + wr(q2 + δ2
√
η)

)

(7.9)
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and
γ

2
√

ηd
(p+ gr − v + wr(q2 + δ2

√

ηd))

×
{

∫
Q

Qm

a

(

∫ yQm−(α+βe+γ
√

ηd)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√

ηd)

l
f(x)dx

)

g(y)dy
}

+
{

∫
Q

Qm

a

(

∫ yQm−(α+βe+γ
√

ηd)

l
(α+ βe+ γ

√

ηd + x)f(x)dx

+

∫ u

yQm−(α+βe+γ
√

ηd)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√

ηd)

l
(α+ βe+ γ

√

ηd + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√

ηd)
Qf(x)dx

)

g(y)dy
} δ2

2
√

ηd
wr = 1 (7.10)

Proof. Due to complexity, the concavity of Πr(Q, η) with respect to Q and η can not be

proved analytically. The retailer’s profit function Πr(Q, η) is jointly concave in Q and η,

which can be checked graphically as shown in Fig. 7.2. To prove the theorem, we have

∂Πr(Q, η)

∂Q
= (p+ gr − v + wr(q2 + δ2

√
η))

∫ b

Q

Qm

(

∫ u

Q−(α+βe+γ
√
η)
f(x)dx

)

g(y)dy

−(wm + cr − v)

∫ b

Q

Qm

g(y)dy

∂Πr(Q, η)

∂η
=

γ

2
√

ηd
(p+ gr − v + wr(q2 + δ2

√
η))

×
{

∫
Q

Qm

a

(

∫ yQm−(α+βe+γ
√

ηd)

l
f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√

ηd)

l
f(x)dx

)

g(y)dy
}

+
{

∫
Q

Qm

a

(

∫ yQm−(α+βe+γ
√

ηd)

l
(α+ βe+ γ

√

ηd + x)f(x)dx

+

∫ u

yQm−(α+βe+γ
√

ηd)
(yQm)f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√

ηd)

l
(α+ βe+ γ

√

ηd + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√

ηd)
Qf(x)dx

)

g(y)dy
} δ2

2
√

ηd
wr − 1

Solving the first order conditions for optimality of Πr(Q, η), we get the required optimal
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production quantity Qd and product quality investment ηd as given in equations (7.9) and

(7.10). �

It can be shown that the optimal order quantity Qd is decreasing with respect to handling

cost, while it is increasing with respect to customer satisfaction improvement investment.

Also, ∂Q
∂wm

< 0.

Theorem 7.1 shows that when the manufacturer raises its investment in product quality

enhancement, the retailer increases his order quantity. This supports our hypothesis that

a greater quality investment generates more demand, encourages the retailer to place more

orders to the manufacturer. According to equation (7.9), an increased handling cost and a

salvage value have bad and good impacts, respectively on the retailer’s order quantity.

Comparing the order quantity in equation (7.9) with that in equation (7.3) of the cen-

tralised system, we see that the retailer orders less in the decentralised system, which results

in a lower expected sales. As a result, we can observe that in a wholesale price contract, the

supply chain is distorted by the retailer’s action by ordering less than the optimal order quan-

tity of the centralized system. After examining the retailer’s issue and obtaining the optimal

decisions
(

Qd, ηd
)

, we now obtain the manufacturer’s expected profit function Πm(Qm, e) as

follows:

Πm(Qm, e) = wmE[min{Q, yQm}] + vE[(yQm −Q)+] + (cm − wr − c
′

m)(q2 + δ2
√
η)

×E[min{D,Q, yQm}]− cmQm − crm(q1 − δ1e)E[min{D,Q, yQm}]

−1

2
µe2 (7.11)

The first three terms in (7.11) indicate that the manufacturer’s total revenue includes revenue

from wholesale price, salvage price for excess output and remanufacturing revenue, respec-

tively; the last three terms are the production cost of finished product, loss due to repairing

defect products returned by customers and investment on product quality improvement. The

above equation can be written as

Πm(Qm, η) = (cm − wr − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e)
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×
{

∫ Q

Qm

a

(

∫ yQm−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

yQm−(α+βe+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√
η)
Qf(x)dx

)

g(y)dy
}

+ (wm − v)

×
{

∫ Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

− (cm − vȳ)Qm − 1

2
µe2 (7.12)

The following theorem characterizes the manufacturer’s optimal production amount and

product quality improvement investment in the decentralized system under wholesale price-

only contract.

Theorem 7.2 The expected profit function Πm(Qm, e) is concave in both Qm and e and the

optimal input amount Qd
m and improvement investment ed satisfy the following equations

{(cm − wr − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e)} ×

∫

Q

Qd
m

a

∫ u
yQd

m−(α+βe+γ
√
η) yf(x)dxg(y)dy

+(wm − v)
∫

Q

Qd
m

a yg(y)dy = (cm − vȳ) (7.13)
and

β{(cm −wr − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e

d)}

×
{

∫
Q

Qm

a

(

∫ yQm−(α+βed+γ
√
η)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βed+γ
√
η)

l
f(x)dx

)

g(y)dy
}

+
{

∫ Q

Qm

a

(

∫ yQm−(α+βed+γ
√
η)

l
(α+ βed + γ

√
η + x)f(x)dx

+

∫ u

yQm−(α+βed+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βed+γ
√
η)

l
(α+ βed + γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βed+γ
√
η)
Qf(x)dx

)

g(y)dy
}

δ1c
r
m = µed (7.14)
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Proof. Due to complexity, the concavity of Πm(Qm, e) with respect to Qm and e can not be

proved analytically. The manufacturer’s profit function Πm(Qm, e) is jointly concave in Qm

and e, which can be checked graphically as shown in Fig. 7.3. We have

∂Πm(Qm, e)

∂Qm
= ((cm − wr − c

′

m)(q2 + δ2
√
η)− crm(q1 − δ1e))

×
∫ Q

Qm

a

∫ u

yQm−(α+βe+γ
√
η)
yf(x)dxg(y)dy − (wm − v)

∫ Q

Qm

a
yg(y)dy − (cm − vȳ)

∂Πm(Qm, e)

∂e
= β((cm − wr − c

′

m)(q2 + δ2
√
η)− crm(q1 − δ1e))

×
{

∫
Q

Qm

a

(

∫ yQm−(α+βec+γ
√
η)

l
f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+βec+γ
√
η)

l
f(x)dx

)

g(y)dy
}

+
{

∫ Q

Qm

a

(

∫ yQm−(α+βec+γ
√
η)

l
(α+ βec + γ

√
η + x)f(x)dx

+

∫ u

yQm−(α+βec+γ
√
η)
(yQm)f(x)dx

)

g(y)dy +

∫ b

Q

Qm

(

∫ Q−(α+βec+γ
√
η)

l
(α+ βec + γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βec+γ
√
η)
Qf(x)dx

)

g(y)dy
}

δ1c
r
m − µec

Solving the first order optimality conditions for the manufacturer’s expected profit func-

tion Πm(Qm, η), we get the required optimal production quantity Qd
m and product quality

investment ηd as given in equations (7.13) and (7.14). �

Theorem 7.2 shows that under a wholesale pricing contract, the manufacturer reduces

both the optimal production quantity (Qd
m) and the optimal investment (ηd) in comparison

to the centralised system. Because the manufacturer bears the risk of producing more than

the order requires, she produces less and invests less in product development because she bears

the costs associated with these activities, despite the fact that the entire system benefits from

this investment.

Even though the firms are able to make their own choices under the wholesale price-only

contract in the decentralised scenario, the manufacturer is responsible for his own production

uncertainty, while the retailer is responsible for his own demand uncertainty. This self-serving
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strategy misses the flexibility to deal with the manufacturer’s over-production issue as well

as the retailer’s risk of demand unpredictability.

Theorem 7.3 Both the order and the production quantities in the decentralised model are

strictly less than their counterparts in the centralized model. A lower order results in a lower

expected supply chain profit in the decentralised setting.

Proof. Since cr > 0 and v < wm, we have w + cr − v > cr. Now, by comparing (7.3) with

(7.9) and using the fact that w + cr − v > cr, we can see that the retailer’s optimal order

quantity in the decentralised model is strictly less than in the centralised benchmark model.

Because the retailer orders a smaller quantity of the finished product, the manufacturer’s

raw material production size in the decentralised model is also smaller than in the centralised

benchmark model, as can be seen by comparing equation (7.13) with equation (7.4). Adding

the supply chain members’ expected profits, we get Πr + Πm = Πd. It is easy to verify that

Πc(Q
c, Qc

m, ec, ηc) > Πd(Q
d, Qd

m, ed, ηd). Individual pricing decisions of both retailers and

manufacturers are to blame for the SC’s inefficiencies in a decentralised scenario. �

According to the above Theorem, even if all chain members optimize their own earnings,

the total channel performance does not reach its maximum level in a decentralized system.

In a decentralized environment, because decision control is shared among the various chain

members, it is possible to deviate from the best decisions made in the centralized model.

Contract strategies are used to match each member’s decisions with the centralized objective

in order to avoid double-marginalization effect by reducing competitiveness among chain

members without changing the supply chain’s design or decision-making power.

7.5 Coordination mechanism for the supply chain

Both the retailer and the manufacturer carry the risk of their own uncertainties in the whole-

sale price contract. As a result, the ‘double marginalization’ problem arises, reducing prof-

itability for both the individual members and the entire supply chain. Hence, a proper
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contract mechanism need to be designed to encourage both the retailer and the manufacturer

to bear the risk of the other member. If a decentralized supply chain under some contract

generates the same profit potential as the centralized supply chain, it is said to be coordinated

under that contract. In this chapter, we suggest a composite contract that constructively in-

corporates three well-known coordination mechanisms in order to coordinate the supply chain,

encompassing both classic manufacturer-led and increasing retailer-led contract approaches.

We coordinate the supply chain using appropriate protocols within a specific framework that

is chosen based on the available business plan as well as context-specific characteristics.

7.5.1 Buy-back pay-back contract

In the decentralized supply chain model with wholesale price contract, distortion in the con-

text of double marginalization occurs in two ways. First, in uncertain demand situation, it

is the retailer who deviates from achieving the system’s optimal performance by ordering

less product. Second, in random yield situation, the manufacturer deviates from achieving

the system’s optimal performance by manufacturing less product. To coordinate the supply

chain, the participants must be given the appropriate incentive levels via various contract

mechanisms, which will help the supply chain to perform optimally. A buy-back contract is a

well-known technique for rectifying the retailer’s under-ordering issues faced by demand un-

certainty (Pasternack, 1985; Emmos and Gilbert, 1998), in which the manufacturer buys back

the retailer’s excess stock at a discount price (a price below the wholesale price). A pay-back

arrangement, on the other hand, solves the problem of the manufacturer’s under-production

in the presence of random yield by allowing the retailer to purchase the manufacturer’s ex-

cess output beyond his order at a discount price (Tang and Kouvelis, 2014). We discuss how

to build a composite contract by merging these two contract mechanisms so that both the

retailer and the manufacturer are encouraged to share the risk of the other party.

We consider a buy-back contract offered by the manufacturer to the retailer as well as

a pay back contract offered by the retailer to the manufacturer. If the retailer adopts the

manufacturer’s offer, the manufacturer will pay for the retailer’s leftover inventory at the end
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of the selling season at a predetermined buy-back price v
′

per unit. On the other hand, if the

manufacturer adopts the retailer’s offer, the retailer will compensate for the manufacturer’s

excess output beyond his order at a predetermined pay-back price v
′′

per unit at the end of the

selling season. Under this contract, for given production size Qm and quality improvement

level e, the expected profit of the retailer can be obtained as

Πrbp(Q, η) = pE[min{D,Q, yQm}] + wr(q2 + δ2
√
η)E[min{D,Q, yQm}]

+vE[(min{Q, yQm} −D)+]− grE[(D −min{Q, yQm})+]

−(wm + cr)E[min{Q, yQm}] + v
′

E[(min{Q, yQm} −D)+]

−v
′′

E[(yQm −Q)+]− η − S (7.15)

where the sixth term is the payment of the manufacturer for the retailer’s unsold inventory

and the seventh term is the payment of the retailer for the manufacturer’s excess production

output over his order. We can rewrite the above profit function as

Πrbp(Q, η) = (p + gr − v + wr(q2 + δ2
√
η)− v

′

)
{

∫ Q

Qm

a

(

∫ yQm−(α+βe+γ
√
η)

l
Df(x)dx

+

∫ u

yQm−(α+βe+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√
η)
Qf(x)dx

)

g(y)dy
}

− (wm + cr − v − v
′ − v

′′

)

×
{

∫ Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

− gx̄− η − S − v
′′

ȳQm (7.16)

Theorem 7.4 For the decentralized model under buy-back pay-back contract, the expected

profit function Πrbp(Q, η) is jointly concave in Q and η. The optimal order quantity Qbp and

CSR investment ηbp are obtained from the following equations:

Qbp = (α+ βe+ γ
√
η) + F−1

(p+ gr + wr(q2 + δ2
√
η)− wm − cr + v

′′

p+ gr − v + wr(q2 + δ2
√
η)− v′

)

(7.17)
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and
γ

2
√
η
(p+ gr − v + wr(q2 + δ2

√
η)− v

′

)

×
{

∫
Q

Qm

a

(

∫ yQm−(α+βe+γ
√
η)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
η)

l
f(x)dx

)

g(y)dy
}

+
{

∫ Q

Qm

a

(

∫ yQm−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

yQm−(α+βe+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√
η)
Qf(x)dx

)

g(y)dy
} δ2
2
√
η
wr = 1 (7.18)

Proof. The proof is similar to the Theorem 7.1. �

Eq.(7.17) shows that the retailer’s optimal order quantity is an increasing function of

the CSR investment η and a decreasing function of its purchasing cost wm and treating cost

cr, as expected. Also we find that retailer’s optimal order quantity increases with customer

eagerness to purchase the product under CSR activities.

Taking into account the retailer’s optimum responses, we now determine the manufac-

turer’s optimal decisions. The expected profit function of the manufacturer is given by

Πmbp(Qm, e) = wmE[min{Q, yQm}] + vE[(yQm −Q)+]− cm(Qm − (q2 + δ2
√
η)

×E[min{D,Q, yQm}])− (wr + c
′

m)(q2 + δ2
√
η)E[min{D,Q, yQm}]

−crm(q1 − δ1e)E[min{D,Q, yQm}]− v
′

E[(min{Q, yQm} −D)+]

+v
′′

E[(yQm −Q)+]− 1

2
µe2 (7.19)

An alternative representation of the manufacturer’s profit function as given below:

Πmbp(Qm, e) = ((cm − wr − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e) + v

′

)

×
{

∫ Q

Qm

a

(

∫ yQm−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx
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+

∫ u

yQm−(α+βe+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√
η)
Qf(x)dx

)

g(y)dy
}

+ (wm − v − v
′ − v

′′

)

×
{

∫
Q

Qm

a
yQmg(y)dy +

∫ b

Q

Qm

Qg(y)dy
}

−(cm − vȳ − v
′′

ȳ)Qm − 1

2
µe2 (7.20)

Theorem 7.5 The profit function Πmbp(Qm, e) is concave in both Qm and e and the optimal

input amount Qbp
m and product improvement expenditure ebp satisfy the following equations:

((cm − wr − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e) + v

′

)
∫

Q

Q
bp
m

a

∫ u
yQbp

m−(α+βe+γ
√
η)
yf(x)dxg(y)dy

+(wm − v − v
′ − v

′′

)
∫

Q

Q
bp
m

a yg(y)dy = (cm − vȳ − v
′′

ȳ) (7.21)

and β((cm − wr − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e) + v

′

)

×
{

∫ Q

Qm

a

(

∫ yQm−(α+βe+γ
√
η)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
η)

l
f(x)dx

)

g(y)dy
}

+
{

∫
Q

Qm

a

(

∫ yQm−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

yQm−(α+βe+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe+γ
√
η)

l
(α+ βe+ γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βe+γ
√
η)
Qf(x)dx

)

g(y)dy
}

δ1c
r
m = µe (7.22)

Proof. The proof is similar to the Theorem 7.2. �

If a buy-back with pay-back contract is used to coordinate the supply chain, the optimum

decisions for the integrated supply chain should maximise both the retailer’s and the manu-
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facturer’s expected profits given in equations (7.16) and (7.20) at the same time. Comparing

(7.22) with (7.5), we find that ebr = ec, i.e., the optimal quality effort of the manufacturer is

aligned with the centralized system, when p + gr − v + wr(q2 + δ2
√
η) − v

′

= 0. But under

this condition, the order quantity of the retailer Qbp will be undefined. So we can conclude

that neither the manufacturer nor the retailer could offer such a contract to coordinate the

supply chain.

7.5.2 Buy-back pay-back cost-sharing contract

It can be shown that even when simply a pay-back mechanism is employed to rectify the

manufacturer’s under-production problem, her production quantity remains below the opti-

mum level because the retailer doesn’t really place a large enough order, and that’s why the

manufacturer does not spend sufficiently in quality improvement. This occurs because, un-

der the buy-back pay-back contract, the manufacturer is only responsible for product quality

improvement efforts, although both the retailer and the manufacturer might benefit from

these efforts. However, because of the increased quality investment costs, the manufacturer

struggles to implement such initiative from the system’s standpoint. This implies that the

manufacturer should be given incentives to improve the quality of her products.

The retailer’s cost-sharing contract is a method of correcting the manufacturer’s low-

investment decision by requiring the retailer to share the manufacturer’s investment expen-

ditures in order to improve product quality. In this strategy, the retailer motivates the

manufacturer to enhance his quality improvement investment so that rewarding customer

demand raises the market, resulting in higher expected sales. Because the pay-back contract

alone cannot provide the necessary incentive to the manufacturer to align his production and

investment decisions with the centralised system, we combine the two contracts to establish

a pay-back cost-sharing contract offered by the retailer, in which the retailer not only shares

the manufacturer’s production uncertainty by purchasing the excess output of the manu-

facturer at a predetermined pay-back price v
′′

per unit, but also shares a proportion (φ)

of the manufacturer’s investment on quality improvement. It’s worth emphasising that the
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manufacturer’s profit now depends on market demand as well as the retailer’s order. Such a

contract can only be executed if the manufacturer has access to demand information. More

significantly, we want to know whether the cost-sharing agreement benefits the retailer and

why the retailer would be encouraged to split the cost of improving product quality with the

manufacturers.

We propose a composite contract that combines two mechanisms to align the decentralised

model with centralised system: a pay back-cost sharing mechanism to align manufacturer’s

production and investment decisions with the centralised system, and a buy-back mecha-

nism to align retailer’s ordering and CSR decisions with the centralised system. The profit

functions of the retailer and the manufacturer are given in this situation by

Πrc(Q, η) = pE[min{D,Q, yQm}] + wr(q2 + δ2
√
η)E[min{D,Q, yQm}]

+vE[(min{Q, yQm} −D)+]− grE[(D −min{Q, yQm})+]

−(wm + cr)E[min{Q, yQm}] + v
′

E[(min{Q, yQm} −D)+]

−v
′′

E[(yQm −Q)+]− η − S − φ
1

2
µe2 (7.23)

Πmc(Qm, e) = wmE[min{Q, yQm}] + vE[(yQm −Q)+]− cm(Qm − (q2 + δ2
√
η)

E[min{D,Q, yQm}])− (wr + c
′

m)(q2 + δ2
√
η)E[min{D,Q, yQm}]

−crm(q1 − δ1e)E[min{D,Q, yQm}]− v
′

E[(min{Q, yQm} −D)+]

+v
′′

E[(yQm −Q)+]− (1− φ)
1

2
µe2 (7.24)

The profit function Πrc(Q, η) and Πmc(Qm, e) can be shown concave in their respective deci-

sions variables in a way similar to that used for the previous contract mechanism scenario and

the optimal order quantity Q∗, production size Q∗
m and CSR expenditure η∗ satisfy the equa-

tions (7.17), (7.18) and (7.21), the optimal solutions for the previous contract mechanism.

The manufacturer’s optimal product improvement effort e∗ satisfies

β((cm − wr − c
′

m)(q2 + δ2
√
η)− crm(q1 − δ1e

∗) + v
′

)
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×
{

∫ Q

Qm

a

(

∫ yQm−(α+βe∗+γ
√
η)

l
f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe∗+γ
√
η)

l
f(x)dx

)

g(y)dy
}

+
{

∫
Q

Qm

a

(

∫ yQm−(α+βe∗+γ
√
η)

l
(α+ βe∗ + γ

√
η + x)f(x)dx

+

∫ u

yQm−(α+βe∗+γ
√
η)
(yQm)f(x)dx

)

g(y)dy

+

∫ b

Q

Qm

(

∫ Q−(α+βe∗+γ
√
η)

l
(α+ βe∗ + γ

√
η + x)f(x)dx

+

∫ u

Q−(α+βe∗+γ
√
η)
Qf(x)dx

)

g(y)dy
}

δ1c
r
m = (1− φ)µe∗ (7.25)

By comparing the manufacturer’s quality level e∗ with ebp under pay-back contract in

Equation (7.22), we can see that the manufacturer is willing to set a relatively high quality

level under the pay-back-cost-sharing contract. Besides the retailer’s contribution to the

quality improvement expenditure, since the manufacturer expects potential revenue from

additional demand due to product quality improvement and lower repairing cost for defect

product, she is willing to set product quality level as the centralised system does.

Under the proposed contract, we must align the optimal decisions of the centralised system

with the equivalent decisions of the manufacturer and the retailer in the decentralised system

in order to coordinate the supply chain. Comparing the optimal decisions for the centralised

system in equations (7.3) (7.4), (7.5), and (7.6) with the corresponding ones for the retailer

in equations (7.17) and (7.18) and manufacture in equations ,(7.21) and (7.25), respectively,

we see that when

wr = p+ gr − crφ(p+ gr − v + (
cm
ȳ

− v)− crm(q1 − δ1e))

+crφ×
( p+ gr − v + (cm − c

′

m)− crm(q1 − δ1e)

p+ gr − v + (cm − c′m)(q2 + δ2
√
η)− crm(q1 − δ1e)

)

(7.26)

v
′

= (1− φ)(p + g − v) + φcmr (q1 − δ1e) (7.27)

wm = v + v
′

+ v
′′

(7.28)

and v
′′

= (
cm
ȳ

− v)φ (7.29)
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hold simultaneously, then the optimal decisions of the manufacturer and the retailer under

this contract maximizes the centralized model’s objective function i.e., the proposed contract

scheme achieves perfect coordination of the supply chain.

Theorem 7.6 Under the voluntary compliance, in a decentralized supply chain where the

retailer simultaneously decides order quantity and CSR investment while facing uncertain

demand and the manufacturer simultaneously decides the production quantity and quality

improvement in the presence the production uncertainty; additionally the customer return

rate of used product is influenced by the CSR activities of the retailer and the return rate

of defected product from customer is influenced by the manufacturer’s quality improvement

effort, a buy-back contract with pay-back-cost-sharing contract that satisfy equations (7.26)

- (7.29), ensures the channel coordination. Furthermore, the chain profit can be arbitrarily

split between the two parties.

Proof. We obtain the criteria for supply chain coordination by using the optimal decisions

of supply chain members in the decentralised model under the buy-back with pay-back-cost-

sharing contract. We find the conditions stated in equations (7.26)- (7.29) by comparing

(7.3) with (7.17) and (7.4) with (7.21), (7.5) with (7.25) and (7.6) with (7.18). As a re-

sult, the retailer makes the same final product ordering decisions and CSR investments as

the centralised model, and the manufacturer makes the same manufacturing decisions and

product enhancement investments as the centralised model. Using criteria (7.26) - (7.29),

the decentralised system’s total expected profit under a buy-back with pay-back-cost-sharing

contract is Πrc(Q
∗, e∗) + Πmc(Q

∗
m, η∗) = Πc(Q

c, Qc
m, ec, ηc). �

7.6 Numerical analysis

In this part, we conduct computational investigations to discuss the performance of the above

mentioned coordinating contract on equilibrium solution as well as the impact of waste prod-

ucts remanufacturing and defect products repairing on quality improvement levels and CSR

activities. We also perform a sensitivity analysis to see how demand and supply uncertainties
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as well as quality and CSR investment sensitive coefficient parameters influence the equi-

librium solution. We compare coordinating contracts with simple wholesale price contract

to measure the efficiency gain of coordination. The basic parameter-values are taken as

α = 250;β = 0.7; γ = 0.9; q1 = 0.1; q2 = 0.5; δ1 = 0.0001; δ2 = 0.001;S = 200; cm = 20; c
′

m =

10; crm = 8; cr = 2; gr = 1.5; v = 10;w = 100; p = 140; φ = 0.4; and µ = 0.9 in there ap-

propriate units. The demand follows a uniform distribution with mean x̄ = 50 and standard

deviation σx = 50/
√
3, and supply follows a uniform distribution having mean ȳ = 0.8 and

standard deviation σy = 0.05. The parameter-values considered in our analysis are closely

matched with those found in a few secondary sources including Giri et al. (2016), Chen and

Bell (2011), Taleizadeh et al. (2019), and Zhang et al. (2020).

For the above set of values, the concavity of the intreageted system’s objective function

Πc for given e and η with respect to Q and Qm and Πc for given Q and Qm with respect to

e and η are checked graphically as shown in Figs. 7.1a and 7.1b, respectively. Also, for the

same data set, the concavity of the retailer’s expected profit function Πr(Q, η) with respect

to Q and η and the manufacturer’s expected profit function Πm(Qm, e) with respect to Qm

and e under the wholesale price contract are checked graphically as shown in Figs. 7.2 and

7.3, respectively.
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Fig. 7.1: Concavity of the profit function Πc(Q,Qm, e, η) w.r.t. its decision variables
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Table 7.1: A comparison of results of different models

Model Q Qm η e Πr Πm Π
Centralized 462 580 3049 92.25 - - 41168
Decentralized 296 398 306 1.13 10685 22956 8355
Coordinated 462 580 3049 92.25 14460 26707 41168

Table 7.1 illustrates the optimized results for the centralized model and also decentral-

ized models with wholesale price contract and buy-back with pay-back cost-sharing contract.

We find that the coordinated contract provides higher profit for both the manufacturer and

the retailer over wholesale price contract. Furthermore, under the buy-back with pay-back-

cost-sharing contract, the manufacturer and the retailer obtain the highest profit level to-

gether. Under coordinating contract, the optimal order quantity, production amount, quality

improvement level and investment for CSR activities increase compared to wholesale price

contract, leading to larger expected sales. As a result, supply chain members gain higher

profit under coordinating contract. It also supports our theoretical results given in Theorems

7.3 and 7.6.

Fig. 7.4 depicts the impact of supply and demand uncertainties on supply chain members’

optimal ordering and production decisions. An increased uncertainty, whether it is from the

the manufacturer’s production or from the retailer’s customer demand, forces to an increased
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Fig. 7.4: Effect on ordering and production decisions w.r.t. demand and supply uncertainties
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Fig. 7.5: Performance of CSR investment w.r.t. demand and supply uncertainties

backlog in manufacturer’s production. Although the retailer’s stock level rises in response to

customer demand uncertainty, it falls in response to the manufacturer’s production risk. This

is because, as demand becomes more unpredictable, more inventory must be kept on-hand to

hedge against demand risk and, as a result, the production amount must be increased. On the

other hand, when production becomes pretty fluctuating, the manufacturer prefers to design

bigger production size in order to achieve large output, which compensates for the shortage

in the event of lower yield realization. Although the supply of the manufacturer is equal to

the retailer’s order in the context of large yield realization, the supply usually experiences

shortage due to the uncertainties, resulting in low yield realization. As a result, when supply

yield fluctuation worsens, the manufacturer decides to increase production. Thus we find

199



Chapter 7. Coordinating a CLSC with product recycling under demand and supply uncertainties

20 30 40 50 60 70 80
92.15

92.2

92.25

92.3

92.35

92.4

92.45

92.5

σ
x

Q
ua

lit
y 

im
pr

ov
em

en
t l

ev
el

 

(a) Effect of σx on the optimum e.

0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11
90.5

91

91.5

92

92.5

93

σ
y

Q
ua

lit
y 

im
pr

ov
em

en
t l

ev
el

 

(b) Effect of σy on the optimum e.

Fig. 7.6: Performance of quality improvement w.r.t. demand and supply uncertainties

that, with a rising demand uncertainty, more inventories are preserved at the retailer’s hand.

However, a high demand is needed to escape from salvage. As seen in Figs. 7.5a and 7.6a,

a higher demand uncertainty leads to an increased effort level in both the retailer’s CSR

investment and the manufacturer’s quality improvement, leading to increased demand. Also

Figs. 7.5b and 7.6b indicate that, a higher production uncertainty leads to an decreased effort

level in both the retailer’s CSR investment and the manufacturer’s quality improvement.

Table 7.2: Effects of consumers’ sensitivity to manufacturer’s quality investment level e on the
optimal decisions and profits of the coordinated supply chain.

β Q∗ Q∗
m η∗ e∗ Πrc Πmc Πc

0.5 431.079 538.347 3032.32 65.9727 13724.4 25574.9 39299.3
0.6 445.626 557.553 3040.33 79.1128 14062 26094.4 40156.4
0.7 462.813 580.269 3049.76 92.2544 14460.8 26707.8 41168.7
0.8 482.641 606.507 3060.61 105.397 14920.8 27415.4 42336.2
0.9 505.111 636.278 3072.9 118.542 15442 28217 43659

The effects of the parameter β on the chain members’ decision variables as well as indi-

vidual profits are shown in Table 7.2. As seen in the table, an increasing β in the interval

[.5, .9] improves the product’s quality level (e). The improvement in quality persuades con-

sumers to buy more products, i.e. increases market demand. Although the cost of improving

quality must be paid by the chain members, the higher demand generates enough money to

cover the quality investment expenditure. As a result, the retailer’s and the manufacturer’s
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profits increase with β [see the trends of Πrc & Πmc]. Furthermore, because of the product’s

high quality (e), the return rate of defect products is reduced, which is favourable to the

manufacturer, although the increment of the retailer’s CSR investment is lower than the one

of the manufacturer’s quality investment. These findings show that the quality coefficient β

has a beneficial impact on the SC’s performance.

Table 7.3: Effects of consumers’ sensitivity to retailer’s CSR activity level η on the optimal decisions
and profits of the coordinated supply chain.

γ Q∗ Q∗
m η∗ e∗ Πrc Πmc Πc

0.7 443.334 554.502 1872.84 92.1551 14701.9 25303.6 40005.5
0.8 452.471 566.586 2425.06 92.2044 14589 25962.7 40551.7
0.9 462.813 580.269 3049.76 92.2544 14460.8 26707.8 41168.7
1 474.362 595.561 3747.31 92.3051 14317.4 27539.3 41856.6
1.1 487.123 612.467 4518.14 92.3566 14158.4 28457.4 42615.8

From Table 7.3, we see that as CSR coefficient γ increases, the retailer tends to set

higher CSR investment, which in turn increases the quantity of returned waste products

from customers. A higher CSR coefficient indicates higher remanufacturing, which is good

for the environment. Remanufacturing reduces manufacturing cost and increases income for

the manufacturer. This cost savings may inspire the manufacturer to spend more in quality

development in order to attain a higher market demand [see the trend of e]. More specifically,

the manufacturer uses the money obtained from remanufacturing to improve the product’s

quality, which benefits the SC. Table 7.3 shows that the profits of the manufacturer and

the entire system are increased, but the profit of the retailer is declined due to the large

investment in CSR. This finding demonstrates the effects of CSR on the decision variables

and profits; a larger CSR investment means a higher return amount of waste products, which

leads to rise in remanufacturing profit and improvement level of the product.

7.6.1 Discussion

The insights gained from our study are given in the following. Existing scholarly studies

such as Taleizadeh et al. (2019), Hosseini-Motlagh et al. (2020), and Ghosh et al. (2021)
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mostly concentrated on waste products return and remanufacturing in CLSC. In our study,

the inclusion of defect products return due to premature failure is also considered. Product

quality improvement can reduce the number of defect products returned but raises the cost

of production. To compensate the manufacturer’s expenditure due to quality improvement,

the suggested cost-sharing contract might be adjusted in the coordinated model.

Secondly, although remanufacturing raises both enterprises’ profits but it is constricted

by the retailer’s recycling efforts. As a result, the retailer should better fulfil his social

responsibilities by participating in CSR initiatives to collect more waste products and pursue

corporate profit. Also, when the retailer executes its social responsibilities, it could win huge

attention from the society and, thereby result in more customer demand and achieve more

profit.

Third, we consider that there is no secondary resource for the manufacturer at low yield

realization, i.e., the manufacturer hardly provides up to the quantity ordered by the retailer

with yield uncertainty, putting the retailer in a more uncertain position than a supply chain

with stochastic demand because the retailer’s order decision now depends on both yield and

demand uncertainties. This makes the study more innovative, which assists in gaining insights

into several supply uncertainty problems such as production, transportation, and assembly

systems.

Finally, from consumers’ stand point, the community must raise environmental conscious-

ness, study and learn scientific methods and ways of dealing with waste home appliances, and

expand recycling channels, all of which may be accomplished successfully through retailers’

improved CSR efforts.

7.7 Conclusion

The most popular waste recycling policy is product take-back and remanufacturing, which has

spread fast over the world in the last decade (Atasu and Subramanian, 2012). In our proposed

model, we have included two types of return - defect products return and waste products

return. Most of the existing studies have given importance to the later one even though
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the former one is directly connected to the firm’s production technologies, and consumers

are generally willing to continue utilizing these products after the manufacturer provides

maintenance services. Today’s growing environmental and social concerns have forced firms

to consider sustainability initiatives in their business decisions (Safarzadeh et al., 2020). In

this article, we have supposed that the retailer performs CSR to increase customer trust in

the product and raise environmental awareness, which influences the market demand and

the amount of waste products returned to the manufacturer at the same time. Furthermore,

the manufacturer invests in quality enhancement operations in order to reduce the defect

products return rate, which also increases the market demand.

Due to coordination challenge and different uncertainties, the globe has recently seen a lot

of fluctuations in supply chain performance. Motivated by this issue, we have modeled a two-

tiered close-loop supply chain with a retailer and a manufacturer under demand and supply

uncertainties. Although considering two sources of uncertainty brings the problem closer to

the real-world business environment, interaction between the two sources of uncertainty com-

plicates the challenge. Although earlier researches (e.g., Govindan and Popiuc, 2014; Heydari

and Ghasemi, 2018; Heydari, Govindan and Jafari, 2017) provide many important insights

into maximising the returned waste amount in RSC, they do not provide adequate guidance

to decision makers where demand and supply are both uncertain. We have demonstrated

how uncertainty affects ordering, manufacturing, quality improvement, and CSR investment

decisions. Because of the interrelation and uncertainties in the decisions of the members, the

cooperation of the members’ decisions must be coordinated in order to establish an efficient

system.

We have shown that, under the wholesale price contract, the double marginalisation”

effect is induced in the decisions of the the firms which deviate its response from the system’s

optimal one, while the retailer orders less from the manufacturer than the centralised system

does. The manufacturer sets a production quantity lower than that of the centralised system.

A coordinating contract mechanism aims at creating larger production and order quantities.

We have first proposed a buy-back pay-back contract in which buy-back contract provides the

retailer incentives to order more while the pay-back contract allows the retailer to pay a dis-
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count for the manufacturer’s excess output and thus providing the necessary incentives to the

manufacturer. The buy-back pay-back contract alone cannot coordinate in this configuration,

since the manufacturer still tends to reduce the product quality and, as a result, the demand

drops down. In this case, we have proposed a buy-back pay-back cost-sharing arrangement,

in which the retailer, in addition to the prior incentive, also contributes a fraction of the

manufacturer’s cost of quality improvement investment. We have demonstrated that this

contract can accomplish coordination and allocate supply chain profit to the manufacturer

and retailer in a number of different ways.

We have found that the CLSC’s sustainability performance improves as a result of the

coordination plan, which allows CLSC members to invest more in their sustainability efforts

such as CSR investment level and product quality improvement effort, while also increasing

the recycling rate of waste products, reducing pollution and resource wastes. On the one

hand, investing in CSR and improving product quality enhance consumer faith in products,

resulting in increased market demand and business profitability. As a result, CSR investment

behaviour and product quality improvement effort in CLSC are always economically beneficial

to members and the entire CLSC system.
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Conclusion and future span

The supply chain is the most significant organ of all the businesses engaged in the design,

manufacture, and delivery of product to customers. In today’s globalised business, with con-

tinuous advancements in technology, fluctuating demand, unpredictable supply, and unstable

customer behaviour, companies are currently experiencing high complexity and competition.

As a result, supply chain managers must consider all parameters that are relevant to the

decisions they will undertake. The complicated business environment, competitive market

scenario, and growing uncertainties in a supply chain force strategy makers to collaborate

among chain members in order to survive in the most unfavorable scenarios. Thus, supply

chain coordination is the most critical operation for increasing operational efficiency, respond-

ing to customer requests, and decreasing inventory costs. This is the process of coordinating

production, inventory, distribution, and transportation among supply chain actors to obtain

the highest mix of efficiency and responsiveness for the market addressed.

A supply chain often consists of numerous participants who are primarily concerned

with optimizing their individual objectives instead of thinking about the entire chain. The

optimal decisions of specific individuals may not meet with that of the supply chain resulting

in poor system efficiency. To improve channel efficiency and responsiveness, the supply

chain system must be flexible enough to response to unexpected changes in demand and

supply, must communicate information vertically and horizontally among the chain members

to simplify necessary functions, and align the interests of all channel members to distribute

205



Chapter 8. Conclusion and future span

risks, expenditures, and rewards effectively across the network. This requires the evolution

of supply chain coordination pushed by the need of business in world markets.

Supply chain coordination is a regular phenomenon in global marketplaces using various

contract mechanisms, and it brings economic benefits to both the supplier and the buyer. It

reduces the system’s operating costs and increases its efficiency. To survive in global market-

places, it is critical to adjust to market changes, and in this regard, the importance of supply

chain coordination can no longer be neglected. As a result, in order to receive the potential

advantages of supply chain coordination through various contract mechanisms, in this thesis,

we aim to model some of the more complex market situations by considering various demand

patterns, and collaborate the chain through various contracts, as well as to investigate their

role and impact in real business practice. In Chapters 3-7, supply chain models under various

uncertainties and influences are built, solved, and evaluated, and significant managerial im-

plications of the decisions achieved in each model are discussed. In each scenario, coordinated

contracts are provided to assure the maximum profit from a specific marketplace while also

demonstrating the contract’s applicability.

Let us now look at some of the limitations or restrictions of the models mentioned in this

thesis. To mention a few of these limitations, the first is that the various models presented

here have all been explored strictly for demand types that are continuous in nature, and no

discrete demand forms have been considered. So, in future research work, it is of priority to

be executed discrete types of demand in several aspects. Next, in most situations, we have

only considered a single objective at a time; nevertheless, these works may be extended to

include multiple objects at once. We’ve simply discussed regarding single items so far in our

model, but we can also use them for multi items. Furthermore, the majority of the cost or

profit variables in our models have been treated as constants. Extending the same models

to include variable cost or variable profit is achievable. Finally, information asymmetry may

be considered at many levels of the supply chain, and utilizing individual and composite

contracts with the goal of exchanging information will provide novel situations for future

research.
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Abstract 

Corporate social responsibility plays an important role in associating customers with socially responsible firms. Faithful 

consumers are willing to give extra money for commodities or services that incentive the firms to take corporate social 

responsibility (CSR). This article studies the coordination issue in a two-stage supply chain which is composed of a 

manufacturer and a retailer who sells a short shelf-life product in a single period. The manufacturer exhibits CSR and 

simultaneously determines its CSR investment and production quantity, as his production process is subject to random 

yield. On the other hand, the retailer decides the selling price and order quantity simultaneously while facing price and 

CSR sensitive stochastic demand. We construct an agreement between the retailer and the manufacturer which 

comprises a revenue-sharing along with cost-sharing contract. We show that the supply chain can perfectly coordinate 

under this composite contract and allow arbitrary allocation of total channel profit to ensure that both the retailer and the 

manufacturer are benefited. We further analyze the impact of randomness in production as well as the effect of CSR 

investment on the performance of the entire supply chain. A numerical example is provided to explain the developed 

model and gain more insights. 

Keywords: Random yield; Demand uncertainty; Corporate social responsibility; Channel coordination; Pricing. 

 

1. Introduction  

One of the most essential concerns of today’s supply chain management is to prevent the ‘double marginalization’ 

phenomenon (Spengler, 1950) because all the players want to take advantage of both competitive and cooperative 

relationships. Therefore, they individually seek to optimize their profits that usually lead to a situation where the players 

have different and sometimes conflicting objectives. For this reason, a supply chain needs collaboration of the members 

to remove the conflicting objectives among them. One of the interesting collaboration instruments to remove the 

conflictive objectives is a contract mechanism among the channel members. Contract mechanism induces the members 

in a decentralized supply chain to work as a centralized supply chain to improve the whole supply chain-wide profit. A 

contract with this efficiency has been called a ‘perfect coordination contract’ (Bernstein and Federgruen, 2005). A great 

amount of literature has discussed contract-based coordination with the help of popular contracts such as quantity 

discounts (Jeuland and Shugan, 1983; Mandal and Giri, 2019), quantity flexibility (Tsay, 1999; Xiong et al., 2011), buy-

back policy (Pasternack, 1985; Ding and Chen, 2008), and so on. For a detailed survey on the contract mechanism, we 

refer readers to Cachon (2003) and Tsay et al. (1999).  

A revenue sharing contract is commonly used in the video renting industries such as Hollywood Entertainment and 

Blockbuster Inc. (Giannoccaro and Pontrandolfo, 2009). It offers a buyer the right to buy a certain quantity of products 

at a comparatively lower wholesale price before the information on demand is settled, and gives a certain portion of his 

revenue to the supplier after selling season is over (Nezhad et al., 2015). Thus, by offering  
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Abstract
One of the major objectives of modern supply chain management is dealing with the negative
impact of decentralization among the involved entities and minimizing double marginaliza-
tion effect within the chain, especially when the end-customers’ demand is not deterministic.
This paper investigates coordination issue in a three-level supply chain with one raw-material
supplier, one manufacturer, and one retailer. The retailer determines the retail price, sales
effort, and order quantity simultaneously before the selling season starts. Both the supplier
and the manufacturer face random yield in production. A composite contract having two
components—a contingent buyback with target sales rebate and penalty between the retailer
and the manufacturer, and a revenue sharing contract between the manufacturer and the
supplier is proposed. The proposed composite contract is shown to achieve supply chain coor-
dination and allows arbitrary allocation of total channel profit among all the chain members.
The impact of randomness in both demand and production, and the impact of non-existence
of emergency resource for the final product on the performance of the entire supply chain
are analyzed. A numerical example is provided to illustrate the developed model and draw
some important managerial insights.

Keywords Random yield · Demand uncertainty · Three-echelon supply chain · Channel
coordination · Secondary market · Sales effort and pricing

Notations

cs : Unit production cost at the raw material supplier
c′
s : Unit procurement cost of raw material from the secondary market
cm : Unit manufacturing cost at the manufacturer
v: Unit salvage value of the final product
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COORDINATION MECHANISMS OF A THREE-LAYER SUPPLY CHAIN
UNDER DEMAND AND SUPPLY RISK UNCERTAINTIES

Bibhas C. Giri∗, Joyanta Kumar Majhi and Kripasindhu Chaudhuri

Abstract. This paper considers a newsvendor model for a single product to focus on the importance
of coordination under demand and supply uncertainties where the raw materials are procured from two
unreliable suppliers without any emergency resource; the main supplier (which is cheaper but more
unreliable) is prone to random supply disruption and, therefore, it can satisfy all or nothing of the
buyer’s order, while the backup supplier (which is expensive but less unreliable) is prone to random
yield and, therefore, can satisfy only a random fraction of the buyer’s order. From the numerical
results, we observe that it would be optimal to over-utilize the backup supplier and under-utilize the
main supplier if the maximum growth in supply risk results from supply disruption. On the other
hand, when the growth in supply risk occurs mainly due to increase in yield risk, the optimal risk
mitigation strategy would be to increase the use of the backup supplier and decrease the use of the
main supplier. We propose the price only contract and a new revenue sharing contract to mitigate
demand and supply uncertainties in the decentralized model, and observe that the revenue sharing
contract can fully coordinate the supply chain with win–win outcome for all entities involved in the
supply chain.

Mathematics Subject Classification. 90B05, 90B06.
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1. Introduction

From the World Trade Center terrorist attack on 11 September, 2001 and blackout on 14 August, 2003 in the
U.S. to recent political instability, natural disasters and destructive competitive acts increase the complexity,
uncertainty and ambiguity of globalized supply chain. There are mainly two kinds of risk of uncertainty that
affect supply chain management and network design. The first risk of uncertainty grows from the matter of
demand and supply coordination and the second one grows from supply uncertainty which is emblematically
modelled as complete supply disruption where supply halts completely, or yield uncertainty where the supplied
quantity can fulfil a random fraction of the placed order size. We incorporate such supply uncertainties with
normal demand-supply coordination risks. This paper builds on the literature regarding the management of the
risk of uncertainty, and on the framework of supply chain coordination.

Keywords. Demand uncertainty, random yield, supply disruption, dual sourcing, three-echelon supply chain, channel
coordination.
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