L of

Cleaner
ction

Accepted Manuscript

Designing supply contracts for the sustainable supply chain using game theory

Alok Raj, Indranil Biswas, Samir K. Srivastava

PII: S0959-6526(18)30697-8
DOI: 10.1016/j.jclepro.2018.03.046
Reference: JCLP 12304

To appearin:  Journal of Cleaner Production

Received Date: 14 October 2017
Revised Date: 24 January 2018
Accepted Date: 5 March 2018

Please cite this article as: Raj A, Biswas |, Srivastava SK, Designing supply contracts for the
sustainable supply chain using game theory, Journal of Cleaner Production (2018), doi: 10.1016/
j-jclepro.2018.03.046.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jclepro.2018.03.046

Designing supply contractsfor the sustainable supply chain using game theory
Alok Raj, Indranil Biswas, Samir K. Srivastava
Indian Institute of Management Lucknow, Prabandh Nagar, IIM Road, Lucknow, 226 013, India
Abstract

The importance of sustainable operations in supply chains has been widely recognised in practice and the
extant literature. In this paper, we study coordination issues of a sustainable supply chain that arise due to
simultaneous consideration of greening and corporate social responsibility (CSR) initiatives undertaken
by supply chain agents. We specifically consider the scenario where the supplier is responsible for
greening and the buyer is accountable for social responsibility. We analyse our model using two-stage
Stackelberg game-theoretic approach where the supplier acts as a Stackelberg leader. In this context, we
analyse the decentralised supply chain setting using five different contract types, namely wholesale price,
linear two-part tariff (LTT), greening-cost sharing, revenue sharing, and revenue and greening-cost
sharing contracts. We demonstrate how optimal greening level, CSR level, retail price and profits of
supply chain agents are influenced by different contract types. Our analytical results show that greening
and social efforts undertaken by supply chain agents are beneficial for the overall supply chain as long as
consumer awareness towards greening and CSR exists. Our results show that channel coordinating
mechanisms between supplier and buyer is conducive to improve greening and CSR level. LTT perfectly
coordinates the supply chain. Through a numerical example with several key parameters we present the
effectiveness of different contracts. The results reveal that as a profit maximising agent the supplier
prefers LTT contract and the buyer prefers RGCS contract. This paper extends the understanding of
supply chain coordination in the context of sustainability.

Keywords: sustainable supply chain; Stackelberg game; coordination; greening-cost sharing; revenue and
greening-cost sharing
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1. Introduction

Sustainable supply chain management (SSCM) seeks to integrate economic, environmental, and social
aspects in a supply chain (SC) (The Economist, 2009; Elkington, 1998). In recent times, SSCM is gaining
attention among scholars and practitioners alike (Babbar et al., 2017; Lee and Tang, 2017). A
practitioner’s inclination towards SSCM is primarily due to regulatory pressures, increasing customer
awareness, and mounting pressure from various stakeholders. A recent study conducted jointly by the
World Economic Forurhand Accenture reveals that simultaneous adoption of socio-environmental and
economic aspects in an organisation increases her revenue by 5-20%, brand value by 15-30% while at the
same time greenhouse emissions can be reduced by 13-22 %. Many global firms such as Alcoa, PepsiCo,
General Electric, Ford Motor Company, Nike, Exelon, PG&E, Starbuck's, Johnson & Johnson and
Walmart are implementing sustainable practices in their supply éh&ifs-Mart has partnered with
Patagonia for developing eco-friendly products in order to turn her bustBesssi' (Burke, 2010). It is

also putting corporate social responsibility (CSR) efforts to make its business more socially responsible
Similarly, world’s largest retail chain of natural and organic fodimle Foods Market (WFM3 putting

effort in CSR while insisting on its suppliers for putting effort in greening (Ma X, 2017). In another
example, the beverages giant PepsiCo announced 2025 Sustainability Agenda designed to focus on the
environment, health, and social issues across her supply chain. PepsiCo mandates her suppliers to
implement green technology to reduce the carbon footprint India many NGOs, trade organisations,

and local population have accused PepsiCo of wasting groundwater, leading to its depletion. In order to
address this concern of local stakeholders, PepsiCo has initiated several projects on water conservation
and waste management under her CSR activities (Das, 2016). In this particular case, we observe that a
firm allocates greening responsibilities to her upstream partners and she takes up the downstream

responsibilities of CSR.

Our problem is specifically motivated by above examples where an upstream firm (either a
supplier or a manufacturer) undertakes greening effort while a downstream firm (either a buyer or a

'How to create sustainable supply chains | World Economic Forum [WWW Document], 2015. URL
https://www.weforum.org/agenda/2015/03/how-to-create-sustainable-supply-chains (accessed 9.15.17).
“Best practices in sustainability: Ford, Starbucks and more | Guardian Sustainable Business | The
Guardian [WWW Document], 2014. URL https://www.theguardian.com/sustainable-business/blog/best-
practices-sustainability-us-corporations-ceres (accessed 9.10.17)

*Makower, J. (2015, November 17). Walmart sustainability at 10: An assessment. Retrieved from:
https://www.greenbiz.com/article/walmart-sustainability-10-assessment, accessed on 11/01/2017.
*PepsiCo Launches 2025 Sustainability Agenda Designed to Meet Changing Consumer and Societal
Needs | PepsiCo.com [WWW Document], 2016. URL http://www.pepsico.com/live/pressrelease/pepsico-
launches-2025-sustainability-agenda-designed-to-meet-changing-consumer-a10172016 (accessed
8.20.17).



retailer) put efforts in CSR. Both players (supplier buyer) may put these sustainable efforts
simultaneously. However, the cases of suppliergraking greening effort and buyer putting CSR rffo
are more prevalent in practice (Ghosh and Shah5,20012; Ma P et al., 2017). We can intuitively
understand that as most of the manufacturing #etviare carried out by upstream firms, the
supplier/manufacturer is more suited for exertingeging effort in order to reduce environmental actp

of production. On the other hand, the downstreamdfi(buyer/retailer) are more likely to face thdljm
directly. Therefore, the buyer tends to put morforef on CSR to position herself as a socially
responsible agent. Recent studies have indicatgdgtieen technology related investment is one ef th
major barriers in the implementation of sustairigbi{lEsfahbodi et al., 2016; Jayaram and Avittathur
2015). Moreover, manufacturing firms are only widlito adopt green technology or CSR activities if
they enhance their profitability. This could be gibke only if firms benefit from their sustainabieage
(Yang et al., 2017). Fortunately, customer awaremegarding sustainability has increased manifold i
recent times and consumers are now willing to payenfor sustainable products. A recent survey
conducted by NielsGn across 60 countries reveals that 55% of the refgyds are willing to pay a

premium for products and services which are coneghitbwards positive greening and social efforts.

The above discussions on sustainable businessgasactise the following research questions: (i)
How an analytical model can be framed by simultasemnsideration of greening, social and economic
aspects? (i) Is it possible to design a channefrdination mechanism? (iii) Do supply chain agents
benefit from these mechanism? In order to answesetlquestions, we apply two-stage game theoretic
approach by investigating a dyadic SC consistingraf supplier (he) and one buyer (she). We consider
both firms to be risk neutral in nature. In thisuge the supplier puts greening efforts and theebyyts
CSR efforts. The supplier and the buyer incur cag@inst greening and CSR efforts respectively. We
consider that demand faced by the buyer is detéstinrand positively influenced by greening and CSR
efforts. We discuss five types of contracts: whalegprice (WP), linear two-part tariff (LTT), reves
sharing (RS), greening-cost sharing (GCS), andmeveand greening cost sharing (RGCS). We first
consider the simplest possible contract form, ihathe WP contract. Though WP contract alwaysdead
to a suboptimal solution for the overall supplyichatill it remains one of the most prevalent caaots in
practice (Corbett etal., 2004; Biswas et al., 3J0Bubsequently, we have considered four different
contracts. First, we have considered classical ridaroordinating contracts, namely LTT and RS, and
have investigated their effectiveness in the cdntéXSSCM. In recent literature many scholars have
considered sustainability specific contracts fosush as GCS and RS (Dong et al., 2016; Ghosh and

® The Sustainability Imperative [WWW Document], 20183L:
http://www.nielsen.com/in/en/insights/reports/2athé{sustainability-imperative.html (accessed 9.2D.1



Shah 2015; Yang & Chen, 2017). We have designegbachcontract RGCS and have compared the
same with GCS and RS. Thus, our analysis covemsstigation into classical as well as sustainability
specific contracts by simultaneous consideratiogreening and CSR efforts. Other contracts such as
buyback contract and sales rebate are more pofalatochastic demand setting and markdown money
is generally used for modelling risk averse supgigin agents (Dong et al., 2016; Shen et al., 2013)

Hence, we have not considered these contractsifaralysis.

Our work contributes to the extant literature ivesal ways. First, we develop an analytical
model by simultaneous consideration of economigirenmental, and social dimensions which so far has
not been studied (Ansari & Kant, 2017; Reefke & @&nmam, 2017). Secondly, we investigate five
different contracts and propose a coordination meidm. Finally, we investigate one sustainability

specific contract, RGCS, and comment upon its tffecess.

The remainder of the paper is organised as follanvSection 2, we review the related literature.
We describe the problem setting and benchmarkisolint Section 3. In Section 4, we discuss theltesu
and their managerial implications for five diffetesupply contracts for a decentralized sustaingkleln
Section 5, we present the results of a numericaingie to illustrate the behaviour of optimal ohjext

functions of different SC agents. Finally, we prassonclusion in Section 6.
2. Related literature

In this section, we review related literature. Fine review the related literature of sustainahlppby
chain. Subsequently, we review the extant litemtm different channel coordination mechanisms for
SSCM.

2.1. Sustainable supply chains

Taxonomical classification and detailed literatuesiews of SSCM have been carried out by various
scholars (Ansari & Kant, 2017; Ashby et al., 20B2andenburg et al., 2014&Rajeev et al., 2017 ).
Majority of these reviews suggest that analyticablelling has been given less attention. As per j&tb

al. (2012), less than 25% surveys papers used itatargt techniques in SSCM. Reefke & Sundaram
(2017) argue that simultaneous consideration oftalthree dimensions in the analytical models is a
challenge and is required to be investigated.

Majority of papers consider only economic aspednalytical models while a few studies have
additionally considered only environmental or giegraspect in their analytical models. Ghosh & Shah
(2012, 2015) have analysed a dyadic green supm@inalsing game theoretic approach. Authors have
shown how SC agents decide their decision varialleen only the supplier puts greening effort in the
supply chain. Swami & Shah (2013) examine firmgf@enances when both of them can exert greening
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effort. Recently, a few scholars have analysed aygdien supply chain by considering carbon emission
sensitive demand (Chen et al., 2017; Ma X et al., 2017; Xu et al., 2017). They have explored the impact
of cap-and-trade regulations on SC. Zhu and He (2017) have extended the green supply chain model to a
green supply chain network consisting of one manufacturer and two suppliers and have explored the

impact on greenness due to competition between suppliers.

None of the aforementioned studies considers social impact in their analytical models and its
influence on SC coordination. In recent past, some scholars (Bian et al., 2016; Hsueh, 2014 & 2015 ;
Modak et al., 2014 ; Modak et al., 2016; Panda, 2014; Panda et al., 2015; Panda et al., 2017; Ni et al.,
2010; Ni and Li, 2012) have analysed analytical models of socially responsible SC. Two different
approaches have been adopted to incorporate social aspect in the SC models in extant literature. Few
scholars (Bian et al., 2016; Modak et al., 2014; Modak et al., 2016; Panda, 2014; Panda et al., 2015;
Panda et al., 2017) have examined social dimension in the form of consumer surplus. Others (Ma, P et al.,
2017; Ni et al., 2010; Ni and Li, 2012; Hsueh, 2014 & 2015) have incorporated the social dimension as
efforts put by SC agents. Ni and Li (2012) have analysed a dyadic supply chain under CSR aspect using
simultaneous and sequential move games. Hsueh (2015) and Panda et al. (2015) have extended these
models to three tier SC and have examined the optimal choices of SC agents. More recently, Panda et al.
(2017) have explored the impact of CSR on closed-loop supply chain in a manufacturer-retailer setup. All
these studies have considered only the social aspect in their model and its influence on SC coordination.

They have not incorporated the influence of greening in their work.

In this paper we have considered greening and CSR along with economic dimension. Thus, we
have incorporated all the three dimensions of sustainability in our analytical model. Our study is closely
related to Ghosh & Shah (2012, 2015) and Panda et al. (2017) who have respectively examined the
impact of greening and CSR on SC coordination. Our study differs from these scholars as we consider
simultaneous treatment of greening and CSR in our model and the same is so far unreported in the extant
literature.

2.2. Channel coordination mechanisms

Our work is closely related to the extant literature on SC coordination through supply contracts. Supply
contract is one of the important tools to coordinate the supply chain (Tirole, 1988). Several contracts have
been extensively studied in the traditional profit maximising SC literature such as WP contract (Corbett et
al., 2004), LTT contract (Biswas et al., 2016), RS contract (Cachon and Lariviere, 2005), CS contract
(Bhaskaran and Krishnan, 2009), buyback contract (Xiao et al., 2010), channel rebate contract (Taylor,
2002), and markdown money contract (Shen et al., 2013). In practice, WP contract is prevalent due to its

simplistic structure, though it does not coordinate the SC. However, it serves as the lower bound for
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comparison with other coordinating contracts. L§ne of the most efficient contracts from a sugsjdi
perspective in order to extract the entire prafbiti the buyer (Tirole, 1988; Corbett et al., 200R%. is a
more flexible contract than LTT since as it digtitids the revenue earned between the supplier &nd th
buyer (Cachon and Lariviere, 2005). Some authov® saiggested that CS contract is preferable over
other contract types as high investment is requicedtart greening projects (Bhaskaran & Krishnan,
2009; Xu et al., 2017). For instance, in 2012, ¥&pou, founder and chairman of Foxconn, announced

that Foxconn and Apple will share the initial cobtleveloping sustainable practices.

Discussion on coordination mechanism in SSCM cdritegcarce. A mechanism is said to be a
channel coordinating one if it allows the decismamameters of a decentralised SC to be at partiuthe
of a centralised SC (Biswas et al., 2016; Corlied.e2004). Therefore, a decentralised sustanakl is
said to be coordinated if the equilibrium valuesgodening level, CSR level, and order quantity tmatc
with those of a centralised sustainable SC. Fetlvaes have analysed application of classical channe
coordination mechanism such as LTT (Chen et ally2Ghosh & Shah, 2012; Swami & Shah, 2013; Xu
et al., 2017), RS (Song and Gao, 2018), CS (GhoSh&h, 2015; Yenipazarli, A, 2017; Xu et al., 2017)
in the context of green SC. Similarly, other saslhave explored similar coordination mechanisms,
namely LTT (Ma, P et al., 2017) and RS (Hsueh, 204ddak et al., 2016; Panda, 2014; Panda et al.,
2017), in the context of socially responsible SQe Taforementioned studies have considered one
dimension of sustainability (either greening origbesponsiveness) in their model along with ecoico
incentive. Simultaneous treatment of consideratidbneconomic, environmental and social aspects
through a common analytical model is absent inetttant literature. In this paper, we attempt torads
this gap in the literature and develop optimal 8ofumechanism for a sustainable SC by considdiieg
different types of contracts namely, WP, LTT, RES and RGCS. In Table 1, we provide a summary

of the reviewed literature in the context of SSGidrhture which clearly indicates our contribution.

Table 1 : Summary of the Literature Review

Papers Supply contracts Agent(s) put Objective Demandisa
effortin Function function of
Bianet al., (201¢ - 71+CSR RP+ PL
Chenetal., (201 WP+LTT G n+G RP + CE
Ghosh & Shal WP+LTT4CS G n+G RP+ C
(2012,2015)
Hsueh (201« RS CSR 71+CSR RP 4CSR
Hsueh (201¢ - CSR 71+CSR RP 4GCS
Ma,F et al.(2017 WP+LTT CSR n+CSR RP +C<R +ME
Modak et al. (201« QD CSR n+CSR RF
Modak et al. (201¢; RS CSR 71+CSR RF

Panda (2014)




Panda et al. (201 CB CSR 71+CSR RF

Panda et al. (201 RS CSR 71+CSR RF
Ni et al.(2010 WP CSR n+CSR RP 4CSR
Ni and Li (2012 - CSR n+CSR RP 4CSR
Swami & Shah (201 WP+LTT G n+G RP + C
Song and Gao (201 RS G n+G RP + C
Xu et al.(2017 WP+LTT+CS G n+G RP + CE
Zhu and He, 201 - G 7n+G RP + C
Yenipazarli,2017 WP+CS+RE G 7n+G RP +C
Our Paper WP+LTT+GCS+RS G+CSR nN+G+CSR RP+CSR+G
+RGCS

Note: CB: Contract Bargaining CS: Cost sharing,CE: Carbon EmissionCSR: Corporate Social
Responsibility; G:Greening; RP: Retail Price;RGCS : Revenue and greening-cost sharidgE:
Marketing Effort; 71: Profit; PD: Product DifferentiationQD: Quantity Discount

3. Model formulation

We consider a two-echelon SC consisting of two-nisktral agents: a supplier (he) and a buyer (she).
The buyer procures either raw material or semsfied product from the supplier. Subsequently, she
produces a finished product and sells it in thalfiproduct market. We assume that the consumers are
sensitive towards environment friendly characterisf a product as well as CSR efforts put by SC
agents. We consider a deterministic linear demandtion faced by a buyer in the market as follows:
g=a-bp+a,f+agy(ab,as,as>0) where, a is overall market potentialp is own-price
sensitivity, p is retail price,q is order quantityd is greening levely is corporate social responsibility
(CSR) level,a; and a4 are consumer sensitivity to greening and CSR $enedpectively. Assumption

of linear demand function allows us to formalize tharket reaction with expositional simplicity (Ean
et al., 1998; Chen et al., 2017; Choi, 1991; Canbteal., 2004) and also provides us with tractabseilts
to enable analytical comparisons across differases (Corbett et al., 2004; Ji et al., 2017; Jaaradi
Rasti-Barzoki, 2018)From the demand function, we can observe that étedeses in retail price and

increases in both greening and CSR levels.

The marginal costs of production for supplier anglds are represented 8/and C respectively.
We assume that the supplier puts greening effqutaduce green products and the buyer puts CSR effo
in a decentralised supply chain. We further asstirae (i) cost of greening is nonlinearly increasin

6 and it is represented bh/Gé?2 where IG(> 0) is greening investment parameter, (ii) cost of GSR



also nonlinearly increasing ity and it is represented by.,y* where IS(> O) is CSR investment

parameter. Assumption of cost nonlinearity represents the diminishing rate of returns for greening and
CSR related activities.

At the beginning of the period, the supplier moves first, chooses her contract type and
corresponding parameter(s), and greening leéél for the product. Subsequently, the buyer announces

her order quantityq) and chooses her CSR level ). The buyer pays the supplier through the relevant
transfer payment function. In WP contract, transfer payment functioﬂ'(iwa) =W(, wherew is the
per-unit wholesale price. In LTT contract, transfer payment functioﬂ'(is\z L, q) =wqg+ L.l[q>0], where
1;450) is @ characteristic function and it is defined &g, = [1if q> 0; 0 otherwise], wis the per-unit
price, and L is franchise fee. Transfer payment function for RS contract is:

-(-W K d = (1— @( pC)+Wq, where K represents the fraction of revenue retained by buyer. In GCS

contract, the buyer share§/ proportion of greening cost and transfer payment function is:
1(W¢/,Q):Wq+l//|G92. Similarly, the transfer payment function for RGCS contract is given by:

-(-Wkél/, d:(l— k)( pd +Wq+l//|G(92. The generalised optimisation problem for the supplier can be

formulated as follows:

maxz, 0= max(L~ B par (w-s)a-(1-¢)1 6" + L] ®
st Q= argrl?ms(i)k{krr(W%)}q —L-ly’ -yl F 2T @
q,Y¥ K,
7= (1~ § par(w-shg~(1-¢)1 & +L= T, 3)
q= a_bp"'aog"'asy 4)

In (1) — (3), 715 and 7T; are profits of supplier and buyer respectively; their reservation profits are given

by 715 and 7z; . Incentive compatibility constraint of the buyer is represented by equality condition of (2).

Individual rationality constraint of the supplier is given by (3) and that of the buyer is represented by the
inequality condition of (2). All five contract types are represented by these special cases of the

aforementioned generalized optimization problem: Kag 1,L =0, and ¢/ =0 give WP contract; (b)

k=1L #0, andy =0 represent LTT contract; (< k <1,L =0, andy =0 give RS contract; (d)



k=LL=0, and 0<¢ <1 represent GCS contract; and @< k<1L =0, and 0<y <1 give

RGCS contract. All relevant notations used in gd@per are presented in Table 2.

Table 2: Notations Used

Notations Meaning/ Explanation
p Unit selling price of the buyer
Order quantity
G Product greening improvement level
0 y CSR improvement level
g w Per unit pric
B L Franchise fee
g k Revenue sharing ratio
‘D 41/ Greening-cost sharing ratio
E 7lg Supplier's profit
T, Buyer’s profit
7l Supply chain profit in centralised case
Tl Total supply chain profit in decentralised case
n a Market potentie
-cSE g b Consumer sensitivity to price
5 g a; Consumer sensitivity to greening
D S
8 as Consumer sensitivity to CSR
n C Buyer’s marginal co
. g S Supplier's marginal co
S & ls Supplier's greening investment cost
8 |S Buyer's CSR investment cost
WP Wholesale price contract
)= LTT  Linear two-part tariff contract
g GCS  Greening-cost sharing contract
@

RS Revenue Sharing contract

RGCS Revenue and greening-cost sharing contract

The optimal price, order quantity, greening lev@SR level, contract parameter(s) calculations are
presented in the supplementary Appendix, which afgpas an online companion of the paper. In thé nex
section, we analyse the case of centralised SCstraes the purpose of benchmark solution for our

subsequent analysis.



31 Centralized supply chain

In this section, we review the case of centraliS€d In a centralised system, the supplier and therb
are vertically integrated. In this setup, all relet/decisions are taken by a central planner wissgsses
all the relevant information. The central plannecides the optimal retail price, order quantityeeging
level, and CSR level for the entire SC. A centedi$C is devoid of double marginalisation problemd a
allows both SC agents to align their objectivesfqmly. As a result, all equilibrium decisions of a
centralised SC are globally optimised and they eseihe purpose of benchmark solution for our
subsequent analyses (Biswas et al., 2016; Nemaitaitaal., 2017; Panda et al., 2017). The optinusat

problem of the central planner is given by (5).

max (={p- (s+ a1 ~1sy° ©

From the Hessian matrix of (5), we can derive ttveddtion for joint concavity of%([)]in (D,H, y) and

the same is presented in Proposition 1. Under ¢maliton of joint concavity, we also calculate the
optimal retail price, order quantity, greening V@SR level, and total profit. These optimal résare

presented below.

Proposition 1. The central planner’s profit function%(p,e, Y) is jointly concave in(p,H, y) when
0<a?/lg+a?/l4<4b, her optimal retail price is:p; = (s+¢)+ 2l ;| N /D, , order quantity is:
e = 2blgIsN. /D, greening level is:d. = agl ;N. /D, CSR level isty, = aglsN./D. , and
total profitis: 77, = | ;| JNZ/D, , whereN, =a-b(s+c) and D, = 4bl | —(I A&+ Gaé)

From Proposition 1 we obtain the joint concavitydition for the profit function. The same is

presented by:0<al/l,+aZ/ls<4b. In this condition, the expressioay /I, +aZ/l signifies
overall sustainability effort exerted by the SCtHé SC tends to focus only on greening tleen— 0

and a; # 0. Under such circumstances the sustainability effbould satisfy the following condition so
that the profit function remain concave in retail rice and greening effort:

0< lim (a2/14 +a?/1 )<4b=0<a?/l4 <4b. This particular case is reported in the extant
as -0

literature of greening SC (Ghosh and Shah 2012)thenother hand, if the SC tends to focus only on

CSR thena; — 0 and ag # 0. Under such circumstances the sustainability ebould satisfy the
following condition so that the profit function ramn concave in retail price and CSR effort:

0<lim a2/l +a2/ls)<4b=0<a?/I, <4b. Thus, when a SC focuses on both greening and
ag -0

10



CSR activities, then the aforementioned conditioovigles a generalized case for sustainability effor
also provides the feasibility condition for the seuent analysis of supply contradthis generalized
concavity condition signifies that though the omtlrorder quantity increses in both greening level a
CSR level, but high investment on both of them wonbt lead to better firm performance; and the
overall upper limit of investment is designatedtbg given condition. From the expression, we cano al
observe that this optimal investment is simultasgoudependent on consumer sensitivities and
investment parameters. We can observe that cesattladiystem orders more, earns more profit, setehig

greening level and CSR level with a highdd; and Og which is consistent with our intuition and

corroborates with the literature (Ghosh and Shal2p0n the other hand, higher investment in gregni
and CSR negatively impacts the profitability ofiranf This is precisely the reason why many firmewh
resistance to implement greening and CSR in peachitoreover, the profit of a sustainable centrdlise

SC is higher than that of its profit-only countetpd | JNZ/D, > Iimo(l ol sNZ/D¢)= N2 /4b. From
ag -

as -0
this observation, we can state that if the consarasz willing to pay higher for sustainable produatd
socially responsible operations, then manufactugirgner products and putting CSR effort is berafic
for the SC.

The generalizability of Proposition 1 can be untterd from the following: If market demand is

not influenced by CSR, then we hawe; — 0 and a, # 0, and the SC turns into amly green SC.

Under such circumstances, from Proposition 1, we gaculate optimal values for a centralised green
supply  chain as follows: 0] CSR level: (!-rlsrpoyc =0, (i) retail price:
lim p; =(s+¢)+ 21N /{4bl ~ag), (i order quaniy: lim o =2bIoNc/(4bl ~ag). v
greening level: J’isrpoﬁé =a, NC/(4b|G —aé), and (v) centralised supply chain profit:
clriSrPOﬂ; = IGNé/(4bIG —aé). If market demand is not influenced by greeninipref then we have:

a, - 0 and a4 #0, and the SC turns into aonly CSR SC. Under such circumstances, from

Proposition 1 we can calculate optimal values faeatralised CSR supply chain as follows: (i) green

level: lim € =0, (i) retail price: lim p; =(s+¢)+2INg/(4bl —a?2), iy order quantity:
G~ G~

Iimoq; :2bISNC/(4bIS —aﬁ), (iv) CSR level: Iim0 Ve :a'SNC/(4bIS —aé), and (v) centralised

ag - ag -

supply chain profit: Iimon:: = ISNé/(4bIS —aé). If market demand is not influenced by either

11



greening effort or CSR effort, then we hawg;, - 0 andag - 0, and the SC turns into amly profit
SC. Under such circumstances, from Proposition tavecalculate optimal values for a centraliseditpro

only supply chain as follows: (i) green Ievdimoé’é =0, (ii) CSR level: Iim0 Yo =0, (iii) retail price:
ag - ag -

ag -0 as -0

l!/imo Pe = (S+C)+ N./2b, (iv) order quantity: [Iyimoq; =N./2, and (v) centralised supply chain

as -0 ag -0

profit: lim 77 = N¢ /4b.
ag -
ag-0

4, Results and Discussions

In this section, we discuss the optimal results thiedt implications for five different supply coatits in
decentralised SC setting using generalised opttioisgoroblem as presented by (1) — (4). In this
scenario, supplier and buyer make their decisicggamtely. The equilibrium retail prices, order
quantities, greening level, CSR level, profits, aatract forms for these five contracts are comgar
The comparison of results helps us to understand gr@en investment parameter, CSR investment
parameter, consumer sensitivity towards greenird) @8R affect various optimal SC parameters. To

facilitate this discussion, we also present a nizakanalysis at the end of the section.
4.1 Wholesale price (WP) contract

In a WP contract, the supplier first sets the whalle price and the greening level. Subsequertéy, t
buyer announces her order quantity or retail paiceé her CSR level. The supplier acts as a Staakglbe
leader. We use backward induction method to sdiliedequential move game. The optimal results for

WP contract are presented in Proposition 2.

Proposition 2. When the supplier trades with the buyer through WéRtract, the optimal decision
parameters are as follows: (i) retail price ispyp = IG(D+2ISb)NC/b(2DIG —Isaé)+c+s, (if)
order  quantity is: Qe =2DIgINg /2Dl —1¢al), (i)  greening level is:
Bin = 1 saNg /(2D = 15a2), (iv) CSR level is:yyp = 14acNg /(2DI ~1.a2), (v) wholesale
price is ‘Wyp = DI N¢ /b(2DI o~ | Scz'§)+ s, (vi) supplier's profit is:
|75, =1 1 NE /(2D1 —1.a2) . (vii) buyer's profit is:[75],,» = D121 NZ /(2D1, ~1a2) , and
(viii) total supply chain profit is :[ﬂgclNPﬂGlC(SlGD—lCa’é)Né /(2DIG —Ica'é)z, where (a)

N. =a-b(s+c) and () D=4l b-a%.
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By simple algebraic calculations, we obtai€; / 8,, >2and y /Y, >2. These results

indicate that in a WP contract, optimal greenind &8R levels are less than half of the correspgndin
values for a centralised SC. This finding suggésts SC agents need to puts higher efforts in gngen
and CSR in a decentralised SC if they trade thraAfghcontract.

In sustainable SC, we further observe tinECJWP/nJC] >3/4= (nJC] - [nﬁcjwp)/ng <14,

Therefore, the loss in SC profit due to double nimaigzation problem of WP contract is less than 25%
In the case of profit only SC this loss is exaettyual to 25%. This result corroborates with optiié
contract calculated for traditional SC (BhaskaraKiéshnan, 2009, Swami & Shah, 2013). Though WP
contract is widely used in practice, this resuttigates that through suitable design of supply remtds
overall efficiency of a decentralized SC can bestartitially improved. In the following subsectiomg
analyse four other supply contracts to investighéeoptimal performance of a decentralised sudtééna

SC and compare them with the WP contract.
4.2 Linear two-part tariff contract (LTT)

Several scholars have analysed LTT contract ircdimeext of profit only SC (Corbett et al., 2004s®as
et al., 2016) and green SC (Ma, P et al., 2017;sBlend Shah 2012). Calculation of optimal LTT
contract has not been discussed in the extaratiter of sustainable SC. LTT contract is charaszerby
(a) a lump-sum paymenLt) and (b) a per unit pricevj. We calculate an optimal LTT contract in the

context of sustainable SC and it is presented girdRroposition 3.
Proposition 3. When the supplier trades with the buyer through IcBhtract, the optimal decision
parameters are as follows: (i) per unit price isw,; =s, (i) lump-sum payment is:
L= D|S(|GNC/DC)2—7_@, (iii) retail price is: p;r; = (s+¢)+2l ;| N¢ /D, (iv) order quantity
is: Oy =2blglsN. /D, (v) greening level is: 6y =aglsN./Ds, (v CSR level is:
Yirr =@l oNg/De , (vi)) suppliers profit is: |722) ., =75 -7, and (vii) buyer's profit is:
[HSJLTT =7, where (a) D=4dblg-aZ () N.=a-bs+c), and (c)
De = 4bl gl - (102 +15a2).

From Proposition 3, we observe that classical Loftiact can perfectly coordinate a sustainable
SC that focuses on both greening and CSR. It ideenifrom the following: p.+r = Pc, Girr = Je»

6+ =6., and y,.; = y.. From these equations, we can observe that thdibequm values of

decentralised SC decision parameters (greenind, I&8R improvement level, and order quantity)
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exactly match with those of centralised SC whenghpplier uses LTT contract. In this contract, the
supplier charges a unit price from the buyer thatqual to her own marginal cost. Therefore, helavou
not gain any profit by selling through the per ymiice. He would gain his entire profit by the lwum
amount paid by the buyer. The buyer would be otlle d0 retain her own reservation profit. From
Proposition 3, we can further observe that, if femgl) the supplier can allow the buyer to keep éigh

profit level and in that case, her Ilump-sum paymetrm follows the inequality:
<L < D|S(|GNC/DC)2 — 7. Such a situation arises when both SC agents gossenparable
bargaining power.

4.3 Revenue sharing contract (RS)

A revenue-sharing contract plays an important mleoordinating the supply chain and improves olvera
performance (Cachon and Lariviere, 2005). HoweR& ,contract has not been studied in the context of
sustainable SC. The basic concept of RS contra fsllows: the buyer shares a fracti(fln— k) of her
revenue [pd) with the supplier. The supplier moves first ahdases his wholesale prios)(and greening
level (). Thereafter, the buyer decides her retail pnperevenue sharé), and the CSR level). We

calculate an optimal RS contract in the contexsustainable SC and it is presented through Proposit
4.

Proposition 4. When the supplier trades with the buyer througlc&8&ract, the optimal decision

parameters are as follows: (i) revenue sharingcre(k) is:

Kns =1-0a2 (ZISb—aé)/(SI ol b’ —aszaé) , (ii) retail price is:

Pl ={81gbX, (21ob— 1502 —1502) +321512ab? + (s+c)aal} (4Dl b - aZa? )X , (iii) order
quantity is: 455 = 2N 1 cb(8l &1 sb? — aZa? )/(4D1 Jb - aZa? )X , (i) greening level is:

BLs = Noars (81 o1 b? —a2a? ) (4DI sb-aZal )X , (v) CSR level is:

Yrs = 21bNcag /(4DI ob- a’szaé), (vi) wholesale price is :

Wi ={161 o1 ob?(1 4 X,D = 15a2bX, )+ 4l (I bX,aé + X ,a2al} (4Dl b - a2a? )X , (vii)
supplier’s profit is: [n?JRS =1 N¢Z (8I slgb? - aéaé)/(4DI Jb-aiai )X , (viii) buyer’s profit is
[77,].c = 415120°NZ (4D1 .b—a2a2 )X, and (ix) total SC profit s :

|7 ) = 1sNZ(121 (1 ob? — aZa2 ) /(4DI b~ a2a2 )X, where (AN =a - b(s+c), (b)
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D=4lb-a?, () X =4l b-ai, (d) X, =a+bs-bc, () X, =a+bs+bc, (f)
X, =a+3c-bs, and (g) X, =2Ibs+21bs-ca?.

From Proposition 4, we can observe that under @itiyncondition the buyer has to share a
higher proportion of revenue with the supplier &g ttonsumer sensitivity to greening increases.
Compared to WP contract, the buyer orders highantfy in RS contractqgS > q\flp and earns higher

revenue as well. It is interesting to observe thatoptimal greening and CSR levels improve with RS

contract compared to WP contraék, > 6, and yo. > Y- In RS contract, the supplier and the buyer

also earn higher profits compared to WP contrtmizjRS > [ﬂ;JWP and [H*BJRS > [H*BJWP. Therefore, RS
contract is conducive to improve overall SC perfance compared to the WP contract. If the final
product’s demand is not influenced by exerted C8Rrts, then we havea, — 0 anda, # 0, and
under such circumstances the SC turns into a ¢gé€enin that cases € (1/2,1). It implies that in a
green SC the buyer will retain more than 50% ohedrrevenue; both SC agents continue to generate
more profit than WP contract. This result corrobesawith the empirical findings those suggest that

green SC the buyer pays her supplier 30-45% ofedamevenue and retains more than 50% for herself
(Bhaskaran and Krishnan, 2009) Hence, supplietandr would like to participate in RS contract.

4.4 Greening-cost sharing contract(GCS)

In GCS contract, the supplier invests in produeeging (I GHé) and the buyer offers to share a fraction

(¥) of the supplier's upfront cost of greening inveeht (Yenipazarli, 2017). In this contract, the &uy
decides greening cost-sharing fractigh) (irst. Thereafter, the supplier decides whetleeat¢cept this
offer. If the supplier accepts buyer’'s cost-shariggeement, then the supplier announces her contrac
term. Subsequently, the buyer announces her ordattity, CSR level, and shargsproportion of the
greening cost. We calculate an optimal GCS contrattie context of sustainable SC and it is presgbnt

through Proposition 5.

Proposition 5. When the supplier trades with the buyer through @Q8ract, the optimal decision
parameters are as follows: (i) greening cost shguiatio is: (/o = | sa4 /4Dl O (O, 1/5), (ii) retail
price is:

Pacs = 4DI ¢ (2A 1 b+ DA +Dbs)- 1 ,aZ (5Dbs+2A 1 b+ DA - 21 k%s)/2Db(4DI; 31 ;a2 )+c
, (iii) wholesale price isw2.s = 4Dl (A +bs)—14(A +5bs)a? /2b(4DI s =3l Saé), (iv) greening

level is: G5 = 21 @ N /4Dl =31 .02, (v) CSR level is:
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Yoes = asNg (4Dl —1,a2)/2D(4DI - 31 a2) , (vi) supplier's profit is:

anS]JGCS = ISN§(4DI .~ Isaé)/ZD(4DI c —3l Saé), and (vii) buyer’s profit is:

|75 ) s = 1sN2(4DI g +1.a2)/4D(4DI -31,02), where, (2)D =4l b—aZ and (b) A, = a-bc
(c) No =a- b(s+ C), and (d) X, =a+bs-bc.

From Proposition 5, we can make the following obagons: The buyer’s profit maximizes in
cost-sharing fractiony() only if 1.a3 /4Dl <001/5. This condition clearly indicates that though a
buyer can support the supplier in putting produeeging effort but such a scenario would be a wim-w
for both SC agents only when the buyer shares upOfb of the greening cost with supplier. This
maximum limit for cost-sharing can be attributedthe fact that cost shared between the buyer aad th
supplier as well as the consumer sensitivity tegiey benefits the supplier; however, the buyereben
only from the latter. We can further observe fromog®sition 5 that greening cost-sharing ratjg (

increases in both consumer sensitivil(e%_as) and it decreases in investment cost paramét@_ﬂg).

From the perspective of sustainability, GCS comtmezforms better than WP contract @ > 8,
and Ygcs > Ywe- Both SC agents also earn higher profit in GCStraoh compared to WP contract:

lﬂ;](scs > [ﬂ;lNP and ln;]GCS > lﬂ;jwp. In GCS contract, the increase in buyer’s prafihigher than

the additional cost that she shares with the seppliherefore, GCS contact clearly provides a wim-w

situation for both SC agents.
45 Revenue and greening-cost sharing contract (RGCS)

In this section, we propose a new type of contnaatnely RGCS. In this contract, the buyer pays the
supplier a wholesale pricev) for each unit purchased, a fractioh) (of earned revenug), and a
fraction @) supplier's greening cost. Thus, the buyer sinmgtaisly agrees to RS as well as GCS
payment structure and it leads to two pronged adgas for the supplier. In RGCS contract, the buyer
first announces her choice for revenue sharingila@nd greening cost-sharing fraction. Subsedyent
the supplier chooses his optimal wholesale pngeand greening leveld ). Based on these decisions,
the buyer declares her order quantity and CSR.I&Velanalyse optimal RGCS contract in the contéxt o
sustainable SC and the same is presented throogldtion 6.

Proposition 6. When the supplier trades with the buyer throughGCB contract, the optimal decision

parameters are as follows: (i) revenue sharingaats :

Knoes =1— 202 (2 I b - aé)/(lGI olb® - aéaé) , (i) greening cost sharing ratio is :
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Waoses = @45 1161 ;1 b?, (iii) greening level is:

Becs = 32121 b°a Nea {4DIsb(41,bX —aZa?)-(21b-a2)a2al} . (iv) CSR level is:

Yoscs = Ac X (1614107 - aZa? N 12{4D1 b(41bX - aZa2)- (21— a2 )aal} . ) suppliers
profitis: |77 ] ocs = 21 o1 5b(L61 51 b% — a2a? N2 {4D1 (bl41oX - a2a?)- (210~ a?)aat}, and

(vi) buyer’s profit is:

7] e = 1 X (161 g1 b? — 2202 N2 (4D1 b - aZa?) 1441 b4 1 bX - a2a?) - (21 b - a2 )azalf
, where (@)D =4lb—a? (b) X =4I ;b—-ag, and ()N, =a - b(s+c).

Proposition 6 implies that there exists a Paretiin@ solution under RGCS contract through

which SC agents can maximise their profits. We alao observe that in RGCS contract, revenue sharing

fraction improves compared to RS contrdct, . > kg

rs» and greening cost-sharing fraction deteriorates

compared to GCS contragl.. < Yo.s- We can further observe from Proposition 6 thathé final

product demand is not influenced by CSR lewel, — 0, then Kgoes = Krg and ¢pges =0. This

indicates that in absence of demand expansion @@&SR effort, then there is no difference between

optimal RS and RGCS contracts. This result is aaimtuitive in nature.
5. Numerical Analysis

In the preceding section, we have obtained thenwmbtivalues of different decision variables for
centralised sustainable SC and those for decesddhlsustainable SC using five different supply
contracts. In this section, we numerically comptrese supply contracts to gain further insights. We

choose the following parametric values for our ntica analysisia = 100,b = 1,¢ = 5,s = 10,1; =

3,Is = 2,tg = 1557, w5 = 528. In this setup, we vary the value of consumer itigitg to CSR (as)
from 0.11 to 0.92 and the value of consumer seitsitio greening(aG) from 0.67 to 2.77. For the
chosen range ofls and g, overall sustainability effort always satisfy thiellowing condition:
0<al/lg+al/ls <4b. Therefore, the objectives functions of both S@rag are always concave

over dg and Oz within the chosen range. Thus, model parametegschosen without any loss in

generality for our numerical analysis.

In Fig.1, we have compared optimal greening levetsdifferent supply contracts against the
overall sustainability effort. We can see that wmati greening level is increasing in sustainabiiffort

for all contract types. Product greening level ighlst and equal to that of centralised SC for LTT
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contract and it is worst for WP contract. Comparisaf greening level for all supply contracts is:
HC = HLTT > HRGCS> 5RS > HCGS > QNP'
[INSERT FIG. 1 HERE]

In Fig. 2, we have compared optimal CSR levels dtir supply contracts against overall
sustainability effort. Similar to optimal greeningvel, CSR level is also increasing in sustaingpbili
effort. CSR level is highest for LTT contract andrat for WP. Comparison of CSR levels yields:

Ye = Yirr > Yoes > Yas > Yrocs > Ywe- AN interesting observation is that the optimalRCigvel for

GCS contract is more than that of RGCS contradkeithe optimal greening level. This can be atteiou
to the fact that in case of RGCS contract, the biiges to share both revenue and greening cost. As a
result, her own effort for CSR reduces compare@®85 contract, where she shares only greening cost

with the supplier.
[INSERT FIG. 2 HERE]

In Fig. 3, we compare the optimal per unit pricemss five supply contracts. The per unit price
is minimum for LTT contract. In case of RS and RGE&#itracts, the per unit price is also relatively
lower, as the buyer shares a fraction of her earaeenue with the supplier. These results corrdbora
with the extant literature on profit only SC (Canlend Lariviere, 2005; Ghosh and Shah 2012). We can
observe that in RGCS contract, the supplier s@tsfger unit price compared to GCS and WP contracts
This can be attributed to the fact that in RGCStreat the buyer is required to share both her negen
and supplier's greening cost. Interestingly, we e#o observe that per unit price decreases with th

sustainability effort in case of RS and RGCS. Télationship between all per unit prices is as fefio

\NETT < VVIES < VVIEGCS< V\&IP < VVEGS

. [INSERT FIG. 3 HERE]

In Fig. 4, we compare the optimal supplier’'s prédit all supply contracts. Comparison between
all these supplier’s profit yields the following l@donship:
[H;JLTT > lﬂ;JRGCS > |_7TS s > [”;JGCS > lﬂ;LVP. Supplier’s profit is highest under LTT contracidait is
lowest under WP contract. Among RGCS, RS, and G&facts the supplier earns maximum in RGCS
contract. This result is intuitive in nature as thupplier earns a share of revenue and his greeoisigs
shared with the buyer in RGCS contract. Among thtesee contracts the supplier earns minimum in
GCS contract in spite of his cost sharing agreemétht the buyer. Therefore, the supplier would pref

RGCS contract to all other contract types in casistunable to implement LTT contract.
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[INSERT FIG. 4 HERE]

In Fig. 5, we compare the optimal profits of theyéufor all five supply contracts. Comparison
between all these buyer’s profit yieIdLs;T*B]RGCS > l”;Jces > lnB rs > lr[*B]LTT > [ﬂ*BlNP, if 77, > l”;lwp
. From the perspective of the buyer, she would gdwaefer RGCS contract over all other contracesyp

as RGCS allows her to earn maximum profit.
[INSERT FIG. 5 HERE]

From Fig. 4 and 5, an interesting observation epwrgmong all the five supply contracts discusses,
supplier prefers LTT contract and the buyer preR&GCS contract. This result is counterintuitive in
nature as in RGCS agreement the buyer needs te Bb#r her revenue and the greening cost with the

supplier.
0. Conclusion

In this paper, we have designed a sustainable Stelnby simultaneously considering greening and CSR
efforts of SC agents. Subsequently we have analjgegupply contracts in this setup. To the bésiur
knowledge, such analytical model is hitherto unriggbin the extant literature. Specifically, we dav
considered a two stage SC, where the upstream isugpl accountable for product greening, a
downstream buyer is responsible for CSR activities] the demand is dependent on both greening and
CSR levels. In this context, we have first analyaemkntralised SC setup for establishing the beadkim
solution. Subsequently, we have analysed thresickdscontracts: WP, LTT, and RS. Then, we have
further analysed two sustainability specific coatsaGCS and RGCS. We have presented the analytical
results for all these contracts. We obtained thérab contract parameter(s), order quantity, repaite,
greening level, CSR level, supplier's profit, andyér’'s profit. We have also numerically comparee th

optimal decisions for these supply contracts.

The generalizability of our model can be understfsonh the following: If market demand is not

influenced by CSR effort, we haver; — 0 and a, # 0, and the SC turns into a greening only SC.

Under such circumstances, from Propositions 2—6care calculate optimal values for a green supply

chain using the limitag — 0. Similarly if market demand is not influenced bgening effort, we have:
a, - 0 andag # 0, and the SC turns into a socially responsible &@ler such circumstances, from
Proposition 2—6 we can calculate optimal valuesafsocially responsible SC using the limit; - 0.

If market demand is neither greening nor CSR, weeha; -~ 0 andag - 0, and the SC turns into a
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profit only SC. Under such circumstances, from Bsijion 2-6 we can calculate optimal values for a

profit only SC using limitsa, - 0 andag - O.

Apart from the mathematical generalizability, ouvdel reveals several interesting takeaways for
the practitioners. We provide a unified framewoxk foractitioners to simultaneously incorporate
greening and CSR related activities in their decighaking in an objective way. Our study indicatest
product greening and CSR activities are beneftoid@C agents, lead to higher order quantity anditpro
levels for SC agents if customers are sensitiveatdss them. SC managers would put effort for both
greening and CSR, only if it leads to higher padfitity. Through our analytical model, we have
guantified the change in profits of SC agents dusustainable effort for different supply contradts
WP contract, we observe that optimal greening aB& @Gvels are almost half of their corresponding
optimal values from centralised SC. In LTT, RS, G@8d RGCS contracts these levels along with
profits of SC agents improve. LTT contract perfeatbordinates a sustainable SC. In GCS contract,
buyer at most shares 20% of greening investmeft thi2 supplier. Thus, we have obtained a threshold
value of greening-cost sharing ratio for GCS cattr@ihis would guide practitioners to decidgriori
the extent of cost-sharing arrangement so thattdféeproduct greening decisions could be takeneiVh
both RS and GCS contracts are available, the bpsefers sharing her revenue with the supplier to
sharing greening cost since the buyer is bettewitff RS contract. If consumer sensitivity towafSR
tends to zero, then a buyer’'s preference betweeBIR@nhd RS becomes indifferent and GCS contract
become superfluous. The supplier always prefers ¢diftract followed by RGCS; on the other hand, the

buyer prefers RGCS contract followed by RS.

In the end, we would like to enlist a few limitai® of our model and possible future research
opportunities. We have analysed our model by assyiamidemand function that is linearly dependent on
retail price, greening and CSR levels. In reatitys relationship can also be nonlinear. Our medel be
extended with nonlinear demand functions such that relationship between order quantity and
sustainability effort is nonlinear. We assume that supplier acts as a Stackelberg leader in outeino
setting. However, in the real life, the buyer coléda leader or both could have equal power. Itldvba
interesting to analyse how supply chain agent'dsiat will change in a different power structureeW
have analysed the supply contracts using a singiieg Stackelberg game. In future extension, this
assumption can be relaxed and the model can bgsadalising multi-period game. In this paper, weehav
considered a two stage SC though most of the ifeaBICs are multi-stage. So, another interesting
extension of our work can be the analysis of snatde SC and supply contracts in a multi-echelon

setting.
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Highlights:
e A generalised analytical model for sustainable supply chainis proposed
» Five cases of decentralized setup for five different types of contracts are compared
* A new type of hybrid contract RGCSis proposed
» Analysis showed that implementation of sustainability in supply chain is profitable for the firms



