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Abstract

For the growing competition in the modern sophisticated business environment, there is
an increasing trend to launch new products or to improve the quality of the end products
in order to attract more consumers. But the rising costs or uncertainties for this innovation
require firms to collaborate with each other. In this paper, we study how a retailer and
each of two competing manufacturers can be benefited by collaborative product quality
improvement strategies in a supply chain. In our model, two competing manufacturers
invest in the quality improvement of their respective product and a common retailer sells
those higher quality substitutable products to the end consumers. To incentivize the
manufacturers in product quality improvement initiatives, we address cost-sharing
mechanisms between the retailer level and the manufacturer level. To focus on the
importance of collaborative product quality improvement, we study the quality
improvement initiatives both in collaborative and non-collaborative scenarios. Through
game-theoretic framework, we address mainly three different contract scenarios: (1) WP
contract in which both manufacturers accept wholesale price contract, (2) CSC contract in
which both manufacturers accept cost-sharing contract, and (3) WC contract in which only
one manufacturer accepts cost-sharing contract and the other accepts wholesale price
contract. Depending on the mechanism how the retailer decides its cost-sharing
proportion with the manufacturer, we further develop and analyze two models of cost-
sharing for each of CSC and WC contracts. Our results show that both cost-sharing
contracts result in higher quality improvement levels and higher profits in the supply
chain as compared to WP contract. In addition, the retailer can enhance his profit level by
reducing the differentiation between retail prices (intense price competition) of two
products. On the contrary, both manufacturers can sufficiently increase their profit levels
by raising the differentiation between two products with respect to quality (lower quality
competition). We further investigate those scenarios in which the retailer would be
interested in sharing more quality investment costs with the manufacturers.

Keywords: supply chain management; quality management; competition;
coordination; game theory
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Revision-1
Cost-sharing mechanism for product quality
improvement in a supply chain under competition

Abstract

For the growing competition in the modern sophisticated business environment, there is an
increasing trend to launch new products or to improve the quality of the end products in
order to attract more consumers. But the rising costs or uncertainties for this innovation
require firms to collaborate with each other. In this paper, we study how a retailer and each
of two competing manufacturers can be benefited by collaborative product quality improve-
ment strategies in a supply chain. In our model, two competing manufacturers invest in the
quality improvement of their respective product and a common retailer sells those higher
quality substitutable products to the end consumers. To incentivize the manufacturers in
product quality improvement initiatives, we address cost-sharing mechanisms between the
retailer level and the manufacturer level. To focus on the importance of collaborative product
quality improvement, we study the quality improvement initiatives both in collaborative and
non-collaborative scenarios. Through game-theoretic framework, we address mainly three
different contract scenarios: (1) WP contract in which both manufacturers accept wholesale
price contract, (2) CSC contract in which both manufacturers accept cost-sharing contract,
and (3) WC contract in which only one manufacturer accepts cost-sharing contract and
the other accepts wholesale price contract. Depending on the mechanism how the retailer
decides its cost-sharing proportion with the manufacturer, we further develop and analyze
two models of cost-sharing for each of CSC and WC contracts. Our results show that both
cost-sharing contracts result in higher quality improvement levels and higher profits in the
supply chain as compared to WP contract. In addition, the retailer can enhance his profit
level by reducing the differentiation between retail prices (intense price competition) of two
products. On the contrary, both manufacturers can sufficiently increase their profit levels

by raising the differentiation between two products with respect to quality (lower quality
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competition). We further investigate those scenarios in which the retailer would be inter-
ested in sharing more quality investment costs with the manufacturers.
Keywords: supply chain management; quality management; competition; coor-

dination; game theory

1. Introduction

In recent years, product quality is getting greater attention by the consumers. More-
over, in some industries, after the price of the product, the quality has become the second
most important factor influencing consumers’ purchasing decisions. Hence, many industries
are now adopting product quality improvement as a powerful competitive tool (He et al.,
2016) in fulfilling consumers’ expectation level. A failure to meet this expectation may be
a key reason behind the loss of goodwill toward a company. For instance, in 2011, the
brand’s ranking of Ford fell 10 places in Consumer Report’s annual auto reliability survey
due to deterioration of quality and subsequently, 'quality’ became ’job 1’ at Ford (Durbin
and Krisher, 2011). As a result of year-long fixation on quality, Ford ranked at 4th position
according to latest edition of J.D. Power’s Initial Quality Study beating BMW, Hyundai
even Toyota, also. This is the best position for Ford in the 31-year history of the report
(Rosevear, 2017).

However, there are two major dimensions through which quality of the product is measured:
quality dimensions of products and quality dimensions of services (Bergman and Klefsjo,
2010). In our present study, our interest is on the first type of the quality of products.
In practice, product quality concept includes many further sub-dimensions of products like
reliability, maintenance, maintainability, environmental impact, safety and durability of the
product etc. Hence, it is very important for an industry to design appropriate quality
improvement strategies and to address suitable coordinating mechanisms which result in
greater product quality and larger profits in the supply chain. From this perspective, the
retail giant Wal-Mart can be seen as a quality oriented company. Before purchasing the
products from its suppliers and before ensuring the compatibility of the products, Wal-Mart
always goes through the manuals of the suppliers providing detailed guidelines and standards

of the products in order to meet Wal-Mart’s quality standard and policies (Crosby, 1979).



In order to meet or even exceed their quality requirement applied to products, Wal-Mart
works in close partnership with their suppliers (Essays, 2013).

On the other hand, product quality is important to those consumers who are ready to pay
a high price to get a high-quality product in return. But the higher quality of the products
sometimes leads to extra cost burden to the manufacturers due to higher production costs,
this results in turn, high product price possibility. Hence, demand and profits are influ-
enced by these quality improvement practices (Banker et al., 1998; Baiman et al., 2000) in
competitive environment. Hence, it is very important to understand for the retailer, how to
motivate the manufacturers to product quality improvement initiatives. Moreover, how to
balance between quality improvement strategy and pricing strategy in presence of competi-
tion is a very interesting research topic.

Hence, our primary objective is to study different pricing and quality improvement strategies
of the channel members under both non-collaborative and collaborative quality improvement
scenarios in presence of competition. In our study, consumers are sensitive not only to the
price but also to the quality of the product. Similar to the definition of quality in Banker
et al. (1998), in this paper, by the term “quality” we mean both design and conformance
quality characteristics of interest to the consumers. Most of the existing literature on qual-
ity management has been focused either in the direction of coordinating the supply chain
(Reynier and Tapiero, 1995; Baiman et al., 2000; Chao et al., 2009; Wang et al., 2015; He
et al., 2016 etc.) or in the direction of competing market segment (Moorthy, 1988; Banker
et al., 1998; Chambers et al., 2006; Giri et al.,2015 etc.), but little attention has been paid
to the joint effect of these two research directions (Chen et al. 2015). Hence, in our present
study, our aim is to contribute the existing literature by integrating these two research
directions. Hence, the important research questions in our present study are: (1) how to de-
sign suitable coordinating mechanisms between each manufacturer and the retailer to make
spontaneous participation of the manufacturers into quality improvement initiatives?; (2)
what is the impact of these contracts on the equilibrium decisions of the supply chain?; (3)
is intense price competition or intense quality competition between two products beneficial
to the channel members? and (4) which supply chain strategy is best-off in producing the

highest quality product or earning the highest profit?



In this model, we consider product quality improvement initiatives among the manufactur-
ers. In order to light on how to diverse this quality improvement efforts among the channel
members, we analyze two-competing-manufacturers and one-retailer supply chain model un-
der game theoretic framework. We assume two products compete with respect to price and
quality, both. We capture these competitions by the product substitution in terms of both
price and quality. On the other hand, to focus the impact of the collaborative product qual-
ity improvement on the profits of the supply chain, we consider this quality improvement
in both non-collaborative and collaborative scenarios. We study the non-collaborative sce-
nario under well known wholesale price (WP) contract in which the manufacturers are only
responsible for the quality improvement of the products whereas there is no contribution
of the retailer. We then convert this non-collaborative quality improvement scenario to a
collaborative one by addressing cost-sharing (CS) mechanism (Chao et al., 2009; Yan et al.
2015; Ghosh et al., 2015; He et al., 2016 etc.) between the common retailer and each of the
manufacturers. Under this mechanism, the retailer shares the quality investment cost with
the manufacturers. Depending on whether both manufacturers accept the CS contract, we
study the CS contract under two scenarios: CSC contract (in which both manufacturers
accept the CS contract) and WC contract (in which only one manufacturer accepts the CS
contract. We further consider each of the above two CSC and WC contracts in two different
scenarios: Simple cost-sharing contract, in which the retailer determines his cost-sharing
fraction by optimizing his profit and Cost-sharing through bargaining contract, in which
both the retailer and each of the manufacturers bargain on the cost-sharing fraction.We
name simple cost-sharing contact as SCS and WCS in case of CSC contract and WC con-
tract, respectively. Similarly, Cost-sharing through bargaining contract is named as CSB
and WCB under CSC and WC contracts, respectively.

In terms of collaborative product quality improvement approach, our analysis shows that
both CS contracts (CSC and WC) can always coordinate the supply chain in the sense that
both CS contracts are able to improve product quality improvement levels, profits of all
channel members as well as total supply chain profit as compared to WP contract. More-
over, our results show that for higher quality improvement cost the retailer reduces his share

in quality investment cost with the manufacturers due to reduction in consumers demand



and hence to maintain his profitability. More interestingly we further find that CSB contract
is always the best choice to the manufacturers, consumers and the total supply chain but it
is not the best choice to the retailer. SCS is the best choice for the retailer as compared to
other contract scenarios from profitability’s viewpoint.

In terms of competition between two products, we find that price competition between two
substitutable products is always profitable to consider than that with respect to quality.
Moreover, the retailer would be interested to share more quality investment cost with the
manufacturers when price competition intensity is high and quality competition intensity is
low between two products. It reduces the quality improvement cost burden of the manufac-
turers and consequently, it increases the quality improvement levels of the products.

The rest of the paper is organized in the following way. The next section provides a review
of the related literature. In Section 3, we develop our model with appropriate descriptions.
In Section 4, we derive the equilibrium solutions of our supply chain model in different
coordinating contracts. In section 5, we discuss the impact of coordinating contracts and
competition on the equilibrium decisions. Moreover, in this section, a comparison study
is carried out under different scenarios. Finally, we conclude our paper with managerial
explanations and with further research directions in Section 6. All proofs are depicted in

the Appendix.

2. Literature Review

The contribution of this paper to the existing literature is that we identify how a retailer
collaborates with a manufacturer in product quality improvement initiatives in presence
of competition. Therefore, this paper contributes to several streams of research which are
broadly classified into two streams: (1) quality management with different coordinating
contracts, and (2) quality management in presence of competition. We address the contri-
butions and the limitations of the existing literature in the following way:

Since last two decades, there is a growing literature on quality management and coordinat-
ing contracts in the supply chain. Following are some researches in quality management
that investigate how to coordinate the supply chain to improve the performance of the en-

tire supply chain. The initial work was done by Reyniers and Tapiero (1995) who studied



the impact of coordinating contracts on the supplier’s quality level and a buyer’s inspec-
tion policy in both non-cooperative and cooperative settings. They further highlighted the
importance of strategic and contractual issues in quality management. Considering a "risk-
neutral settings”, Baiman et al. (2000) analyzed the relationship among product quality,
the cost of quality, and the information that can be contracted on. Lim (2001) extended
Reyniers and Tapiero (1995)’s work by considering a supply chain with incomplete infor-
mation. Then, Singer et al. (2003) intended to explain the strategic behavior regarding
quality within a supplier-retailer partnership in a disposable product industry. By address-
ing mutually beneficial transfer contract they were able to improve product quality as well
as profits within the supply chain. Balachandran and Radhakrishnan (2005) developed a
model by considering both single moral-hazard and double moral-hazard cases in quality
investment effort. By addressing warranty/penalty contracts they further investigated their
model under three different scenarios: whether penalty (i) is based on internal information,
(ii) is based on external failure , (iii) satisfies the fairness criterion. Zhu et al. (2007) consid-
ered a single-supplier-single-buyer supply chain in which the buyer designed the product and
owned the brand whereas the supplier produced the product for that buyer. They further
investigated how to coordinate the channel members regarding quality improvement efforts.
In make-to-order (MTO) environment, Xiao et al. (2011) developed a model to investigate
how to coordinate one-supplier-one-retailer supply chain with a quality assurance policy
via a revenue-sharing contract. El Ouardighi (2014) investigated the impact of revenue
sharing contract on the design quality of a particular finishes product by considering one-
manufacturer-one-supplier supply chain model. Wang et al. (2015) developed a supply chain
model in which an upstream supplier invests in innovation and a downstream manufacturer
sells those improved products to consumers. They addressed three widely used contracts
and concluded that the revenue-sharing contract coordinates the supply chain whereas the
other two contracts (the wholesale price contract and the quality-dependent wholesale price
contract) may or may not.

But all the references, mentioned above, did not consider the contract of sharing the cost
of quality management effort among the channel members. The initial work with a cost-

sharing contract in quality management literature was carried out by Chao et al. (2009).



Apart from this, they proposed two more (revenue-sharing, and effort-sharing) collaborative
arrangements between a manufacturer and a supplier to induce quality improvement efforts.
At the same time, Bhaskaran and Krishnan (2009) also considered cost-sharing contract
together with other two (revenue sharing and innovative effort sharing) contracts to collab-
orate in the development and launching a new product within a supply chain. However, the
type of innovation defined in their study is different from us in the sense that in our study
we focus on the improvement of the existing product quality within the supply chain. Yan
(2015) in his recent work, considered a joint pricing and product quality decision problem in a
one-manufacturer-one-retailer supply chain and compared the performance of three different
contract formats (two-part tariff contract, revenue-sharing contract, and effort cost-sharing
contract) for this decentralized system. Ghosh et al (2015) also considered cost-sharing
contract for a one-manufacturer-one-retailer supply chain model from greening level’s per-
spective. Recently, He et al. (2016) developed a single-manufacturer-single-supplier supply
chain model with reference effects in supplier quality management. By considering the to-
tal cost-sharing contract they were able to improve the performance of the supply chain in
the presence of transfer payment. However, in our present study, we add this stream by
identifying the impact of both non-cooperative (ie., WP, SCS, WCS contract scenarios) and
cooperative (SCB, WCB contract scenarios) behavior (games) among the channel members
on the pricing and quality decisions in the supply chain.

On the other hand, the second stream of literature captures the research on quality manage-
ment in a competitive environment. In all the above studies, the effect of quality mainte-
nance and coordination mechanisms are investigated for the single manufacturer and single
retailer supply chain. Neither of the above references includes the effect of price and quality
competition or cooperation. But depending on different choices of consumer, a retailer can
buy different-quality products at different prices. Since the last two decades, there has been
an increasing trend in many industries where competition is shifting from price and product
quantity to product quality and service in the specific market segment (He et al., 2016 etc).
Early research which included attributes like product quality and service can be found in
economics literature such as Spence (1975) and Dixit (1979). Moorthy (1988) considered

competition in a duopoly market through both price and quality. Banker et al. (1998) then



considered supply chain models of oligopolistic competition to investigate whether equilib-
rium levels of quality increased in competition intensity. In a similar way to Moorthy (1988),
Chambers et al. (2006) considered the impact of variable production costs on competitive
behavior in a duopoly where manufacturers compete on both quality and price in a two-
stage game. Xie et al. (2011) considered quality improvement in a given segment of the
market, shared by two supplier-manufacturer supply chains which offer a given product at
the same price but compete on quality. Giri et al. (2015) developed a supply chain model
where multiple oligopolistic manufacturers compete for both quality and selling price of a
product with a deterministic demand pattern.

All the above references on the quality management literature, researches had been car-
ried out either in the direction of coordinating the supply chain or in competing-market
scenarios. Very little attention has been paid to the joint effect of these two streams. In
our present study, our goal is to enrich this gap of the joint effects of both coordination
and competition in quality management literature. In this study, our aim is to investigate
the impact of demand variability of the two products on the optimal decisions as well as
to investigate how the channel members collaborate with each other in product quality
improvement initiatives. Recently, Chen et al. (2015) considered a cooperative quality im-
provement strategy with both price and quality competition. But, our model is different
from Chen et al. (2015)’s model in the sense that instead of downstream competition in our
model, we consider upstream competition at the horizontal level. Moreover, different from
them we have considered both non-cooperative as well as cooperative game frameworks at
the same study. Chen et al. (2015) focused on the cooperative quality investment issues
on the quality decisions of the supply chain. While in the present study, we aim to inves-
tigate the impact of price competition, quality competition as well as cooperative quality
improvement strategies on both pricing and quality decisions. Through our analysis, we find
whether immense quality differentiation (lower quality competition) between two products
is profitable to the manufacturers or huge price differentiation (lower price competition)
between those products is beneficial to the retailer.

Our modeling approach in studying the coordinating contracts leads to the use of the non-

cooperative game as well as cooperative bargaining (Nash, 1950; Nash, 1953) as modeling



tools. In recent years, there has been a wide variety of research papers that apply non-
cooperative game (Choi, 1991; Choi, 1996 etc) as well as cooperative bargaining (Kohli and
Park, 1989; Bhaskaran and Krishnan, 2009) framework to the field of supply chain manage-
ment. For a detailed survey of the existing literature on the applications of non-cooperative
games readers are referred to Cachon and Netessine (2004). On the other hand, for a detailed
review of operations management work which applies cooperative bargaining framework, we
would like readers to refer to Nagarajan and Sosic (2008).

The papers closest in spirit to ours are Choi (1991) and Chakraborty et al. (2015) with
substitutable products, where quality and cooperative bargaining issues are not considered,
Giri et al. (2015) with quality competition but coordination and cooperative bargaining are
not considered, Chen et al. (2015)’s model where downstream competition is considered
without considering bargaining issues and Ghosh et al. (2015) where cooperative bargain-
ing is considered for green products without considering any competition among the channel
members.

In brief, the main contribution of our work is that we shed light on how the retailer col-
laborates with the manufacturers to share their quality improvement efforts in presence of
upstream competition (rather than downstream competition). We achieve this by address-
ing a coordinating contract with both non-cooperative game and cooperative bargaining
framework (rather than non-cooperative only) in both scenarios: when both manufacturers
accept CS contract (CSC) and when only one manufacturer accepts that contract (WC);
and consider sequential decisions of the channel members with the assumption that quality

decisions always take place before pricing decisions.

3. The Model

In our study, we consider a supply chain consists of two competing manufacturers
M;, 1 = 1,2 (she) who sell the products through a common retailer R (he). The retailer sells
those two competing brands with varying degrees of product substitutability. In our study,
two manufacturers compete on both price and quality of the products. Due to technological
innovation, nowadays, it is quite easy for consumers to compare the prices as well as the

qualities of different brands of similar products. Hence, our primary interest is to investigate



quality investment and pricing decisions, simultaneously, in a supply chain which produces
goods against specific orders placed by the retailer.

Our basic model is developed under non-collaborative quality investment scenario in which
only manufacturers incur the cost of quality improvement of their respective product while
both the retailer and the manufacturer benefit from this quality improvement efforts. How-
ever, retailer’s involvement can have a significant positive impact on profits of both parties
(manufacturer and retailer) as well as the supply chain (Zhu et al., 2007). In our study, we
capture the competition between two products in terms of both price and quality by the
product substitution. Hence, market demand function must adequately reflect the substi-
tutability of those two products. Thus, our basic model uses the following demand function
that captures the product substitution in terms of price (Jeuland and Shugan, 1983; Choi,
1991; Choi, 1996; Ingene and Parry, 1995, Chakraborty et al., 2015 etc.) as well as in terms

of quality (Banker et al., 1998; Chen et al., 2015, Giri et al., 2015) in the following way

di = di(P;, P},0:,05) = a; — BiP; + Py + 60 — Nify, i =1,2and j =3 —i, (1)

where d; is demand function of the ith product with retail price P; and quality improvement
level (QIL) 6; given that the price and the QIL of the competitor brand are P; and 6;,
respectively. Here a;(> 0),7 = 1,2 is the initial market size of the ith product. We assume
that the initial market size «; of ith product is large enough so that the demand d; and
hence the order quantity Q; will be non-negative alwayd]

B; and ; measure one’s own price and quality sensitivity, respectively, whereas ~;(> 0 and
Ai(> 0) measure the cross price and quality sensitivity coefficients between two brands and
Bi, 0is i, i € RT. The parametric restriction 3; > 7; and §; > );) are necessary for the
demand function to be well behaved?] The differences (8; — 7;) and (J; — A;) are inversely
proportional to the degree of product substitutability (i.e., the competition) between the

two products (Choi, 1991).

1Since, in our model consumers demand is assumed to be deterministic, demand (d;)=order quality (Q;),
always in our model.

2This indicates that own price of a product (brand) has negative impact whereas own QIL of a product
(brand) has a positive impact on its demand function. This assumption is consistent with our notion that
lower price and higher quality product give higher demand

10



It is to be perceived that demand function (1) reflects a “quality” sensitive consumer market
where higher quality and lower price of own product give higher demand. Further, if one
manufacturer improves the quality level of her own brand then it certainly affects the demand
for the competing product with lower quality. This insists the competing manufacturer raise
the quality level of her product in order to maintain her market share. If retail prices are
set to be equal (i.e., P, = P;) (Xie et al., 2011), higher quality is always able to attract more
consumers in the same market.

All the channel members are assumed to be risk neutral in our study. Quality improvement
investment is an upfront investment and is a function of ; (QIL) of the form 7,67, where
7; is the quality improvement investment parameter for ith product. This cost structure
consistent with the existing literature (Banker et al.,; 1998) and increases quadratically with
QIL suggesting the diminishing returns on the quality investment (Tsay and Agrawal, 2000).
In our present study, we assume that this quality investment does not increase the marginal
cost of the product produced by each manufacturer which is a common assumption in the
literature (Kim & El ouardighi, 2007; Bhaskaran & Krishnan, 2009; He et al.,2016 etc.).

It is assumed that the manufacturers are always able to produce the required order quantity
Q;, © = 1,2 in time for the start of the selling season. The lead times of both products are
assumed to be zero (Chao et al., 2009; Bhaskaran and Krishnan, 2009; Chen et al., 2015; He
et al., 2016 etc.). In addition, the underlying assumption is that P, > w; > ¢;, where w; and
¢; are the wholesale price and production cost of ith product for i« = 1, 2. These inequalities
assure that the chain will not produce infinite quantities of the product and each firm has a
positive profit. Furthermore, if m; be the retail margin for the th product then P;, w; and
m,; are related as P, = w; + m;.

Thus, in our basic supply chain model with a typical wholesale price (WP) contract, two
competing manufacturers are the decision makers of the QILs (;, i = 1,2) and wholesale
prices of their own product (brand). On the other hand, the retailer is the decision maker
of the retail prices of both products. It is relatively easy to change the price of any product
quickly but in most of the cases, changes in the quality of a product are time-consuming
(Olbrich and Jansen 2014). Hence in our study, each manufacturer first decides the QIL of

her own product and then based on this QIL, she sets the wholesale price. Thus, QIL will

11



affect her wholesale pricd?]
Based on the above assumptions the profits of the retailer and the manufacturers of our

basic model under wholesale price (WP) contract are given as

2
Mg = » (P —w)d; for j =3—1, (2)

i=1
My, = (w;—c)d; —nib7, fori=1, 2, (3)

7

where d;(i = 1,2) are defined in (1). Under the common knowledge assumption, we consider
both vertical interaction between each manufacturer and the retailer as well as horizon-
tal interaction between two competing manufacturers. We consider a three-stage dynamic
game-theoretic framework to decide the decision entities of each channel members. Since
manufacturers are the decision makers of quality improvement levels, there is no loss of gen-
erality if manufacturers are assumed to have enough power to control the market. Hence,
in this study, we consider a Manufacturer-Stackelberg (MS) game to define the vertical in-
teraction between each manufacturer and the retailer (eg: ). We define MS game in the
following way:

Under MS game, both manufacturers have Stackelberg leadership on pricing decisions in
vertical level with manufacturers as the Stackelberg leader and the retailer as the follower.
On the other hand, having equal power both manufacturers play Nash game in horizontal
level. Hence, quality competition and price competition between two products under MS

game take place in the following sequence in time:

1. Both manufacturers first decide quality improvement level (QIL) of their respective

brand in simultaneous move.

2. By knowing each other’s QILs they decide per unit wholesale price of their respec-
tive product, simultaneously, taking into consideration the reaction functions of the

retailer.

3. Finally, the retailer chooses the retail margins of both products (mq,ms), which imme-

3This assumption is intuitive since higher quality improvement of any product means higher price invest-
ment and this subsequently compels the manufacturers to increase their unit wholesale price accordingly.

12



diately implies the retail prices P, = m; + w; and P, = mg + wy of those products
at stage 3. Then the actual market demand is realized and is fulfilled at the decided

retail prices and with chosen quality levels.

From the above game sequence, it is evident that both manufacturers first decides the QIL
of their own product and their pricing decisions (wholesale price) are based on these quality
improvement levels (QILs). The concept of the game sequence is commonly used in the

literature (for example, Choi, 1991; Choi, 1996; Lee and Staelin, 1997; Lu et al., 2011 etc.).

Before analyzing the various equilibrium solutions under different game scenarios we first
consider an integrated system as a bench mark, in which all the decisions are optimized to
maximize the performance of the entire supply chain. Then we characterize the equilibrium
solutions under a decentralized supply chain under wholesale price (WP) contract, where
the manufacturers incur the complete cost of quality improvement of the products. Then
we address a coordinating mechanism to enhance individual profits as well as total supply
chain efficiency. In order to encourage the manufacturers to engage in quality improvement
initiatives, in our present study, we consider a cost-sharing (CS) contract between each
manufacturer and the retailer in two different scenarios: one in which both manufacturers
accept cost-sharing contract and second in which only one manufacturer accepts cost-sharing
contract. Moreover, for each CS contract, we develop and analyze two models depending
on how the retailer determines its cost sharing proportion with the corresponding manufac-
turer: One where the retailer determines the cost-sharing parameter by optimizing his profit
(Simple cost-sharing contract), second where each manufacturer and the common retailer
bargain on the cost-sharing fraction (Cost-sharing contract through bargaining). Through-
out this article we use subscript to denote supply chain member and superscript to denote
coordinating contract. For example, by TI¥?(-) we denote the profit of the retailer under

the wholesale price (WP) contract.

3.1. Integrated system

We consider an integrated system where a single decision maker sets QILs and the re-

tail prices of two different brands by maximizing the total profit of the supply chain. If

13



[11(Py, Py, 01,0,) denotes the profit of the integrated system then the corresponding opti-

mization problem is

2

max HI(P1,P2,‘91702) = Z[(Pi—ci)di—mﬁf]

P1,P3,01,02 Py

for j =3 —1, (4)

For the rest of the paper we assume that

. 2 A9 2BiA34807) 55—
Al: 4/&5] - (,% + /Yj) >0y A2t > max{‘lﬁiﬁjj(%Jr’Yj)z’ (28—

. 5(6=N(B=—(2B—+B2(3-1)2. . . o -
A3: n> (6'_77)(25%)2 ; Ad: B < A <7d and A5: ¢; < g fori=1,2.

These conditions are sufficient for many subsequent analytical results and valid in a wide

))}forj:?)—i, i=1,2:

range of the parametric values. Later in Section 5, we derive such parametric range in which
all conditions valid simultaneously.

Proposition 1. The integrated system has unique optimal solutions for retail prices and
quality improvement levels under the parametric restrictions A1 and A2 and are given by
PI" and 07, i = 1,2 (see Appendiz).

2

The joint concavity of the objective function (4) is needed for the existence of the unique
optimal solutions. Assumptions A1l and A2 are the sufficient conditions for this con-
cavity. In order to brief the manuscript, those calculations are not included into the
manuscript. If both products are symmetric in production costs (i.e., ¢; = co = ¢) and
if the retailer is symmetric in initial market size of each product (a;), product’s own price
and own quality sensitivity parameter (f; and ¢;); product’s cross price and cross qual-
ity sensitivity parameter (7; and );) and quality improvement investment parameter (1;)
(ie, ap==a, hi=F=0 n=n=7 m=mn=7n 0 =0=0 \=X\=2]),
then the problem becomes symmetric and it becomes quite tractable. We summarize the

optimal solutions under symmetric assumption in the appendix.

4. Game analysis of decentralized system

In this section, we derive the equilibrium solutions under different contracts for MS game
scenario. The most important part of this derivation process is the sequence of decision

making and the informational assumptions, based on which our model is developed. In all
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possible scenarios, we derive the equilibrium solutions of our dynamic games using backward

induction approach.

4.1. WP contract

Our basic model is developed under wholesale price (WP) contract in which non-cooperative
quality improvement initiative is considered between the retailer and each of the manufac-
turers. Under this contract, the decisions of the manufacturers are their respective quality
improvement level (QIL) and wholesale price while the retailer is the decision maker of retail
prices of both products. In this contract, we first derive the retailer’s reaction functions that
represent optimal retail prices for both products (brands) by maximizing the profit function
as given by (2) subject to the equation (1)ff] Thus, we obtain the reaction functions as
functions of QILs and wholesale prices. For these given reactions of the retailer, we solve
for QILs and wholesale prices of the manufacturers in turn, by maximizing their profits in
simultaneous Nash game. To derive the decision variables of each manufacturer we solve
backward. Thus, we derive first the wholesale prices as functions of QILs in a simultaneous

move and then we derive QILs, simultaneously.

Lemma 1. (a) In WP contract, for given manufacturers’ wholesale prices and QILs deci-
sions, the optimal reaction function of the retailer can be expressed as

1
AP [aj(% + ;) + 208, + w; (%ﬁﬂj —%i(vi + %‘))
1

+w; <ﬁj(%’ +75) = 25]‘%‘) +0; (25]-(2 =N+ %‘))
+0; (500 + 1) = 280) | forisj =12 and j #1, (5)

-Pi*(917027w17w2> X

where AP = 48,85 — (71 + 72)? > 0, under assumptions A1,
(b) G- >0, 5= >0 fori=1,2.

Thus, under the WP contract, the retailer increases the retail price of a product whenever
the corresponding manufacturer increases the quality improvement level and the wholesale
price of its product. This also corroborate with our existing notion that higher quality

implies higher price. Substituting the reaction functions (5) into (3) we derive optimal

4Since, it is easily verified that the objective function of the retailer is concave with respect to his decision
variables. This ensures the existence of the optimal retail prices which maximize the retailer’s profit function.
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decisions about wholesale price of the ith manufacturer as

1
w; (61, 02) = W[Qi{H]‘(%Jr%)ﬂL‘lﬁjGi}+9j{Gj(%+%‘)+4/3jHi}
+{ B+ ) + 4B} for i, j = 1,2 and j £, (6)

where AV = (85 — 7172){16&& —(m+ 72)2} > 0, under assumptions A1 and since
Bi > ,; always for ¢ = 1, 2. Subsequently, we get the following lemma:

.
ow;

Lemma 2. 70,

>0 fori=1,2.

The above lemma implies that each manufacturer increases unit wholesale price of its
product whenever he increases the quality improvement level of the corresponding product.
This is consistent with our existing intuition that higher quality investment cost impels the
manufacturers to claim higher per unit wholesale price from the retailer. Using these above
expressions in (3) we derive the equilibrium QIL of ith product as
0 = @ [GiGj{Gj(% +5) + 4ﬁjHi}{Ei(%- +75) + 45, E; — ASVPCJ}

+Gi{Ej(% + ;) + 4B, E; — AgVPcZ} o AVPAWP G H (i + ;) + 4@@}}}

fori,j =1,2 and j #i. (7)

Expression for A} is provided in the appendix. Substituting this QILs in the expressions
(5) and (6), we obtain the equilibrium solutions in terms of wholesale prices and retail prices.
Finally, replacing these equilibrium prices and quality improvement levels in demand and
profits we can easily get the equilibrium quantities and profits in decentralized system.
The notations and full results including prices and profits under symmetric assumption are
presented in the appendix ﬂ

Lemma 3. Under symmetric assumptions and under assumptions A2 and A5
(a) equilibrium wholesale prices, retail prices and quality improvement levels are always

Choi (1991) established the similar results for the integrated system and decentralized channel and those
are derived further for the quality sensitive product to motivate our proposed coordination mechanism.
When §; = 92 =0 =0, and A\; = Ay = 0 i.e., if consumer sensitivity parameters to quality is assumed to be
zero then all the results for decentralized system under WP contract are converted to choi (1991)’s results
for Manufacturer-Stackelberg game.

16



positive,
(b) the contribution margin of each manufacturer is always non-negative.

This fact ensures that for non-negative quality improvement level, retailer’s and manu-

facturers’ profits will always be positive for Manufacturer-Stackelberg game.

4.2. Coordination mechanisms: Cost-sharing (CS) contract

In this section, we will consider a cost-sharing (CS) contract between each manufacturer
and the common retailer. Coordinating contracts always have a significant impact, as in our
basic model under WP contract, the manufacturers only incur the product quality improve-
ment efforts, while both the retailer and the manufacturer can be benefited from this quality
improvement initiatives. But due to the higher quality investment costs, manufacturers of-
ten struggle to take such initiatives. Hence, in order to incentivize the manufacturers to
participate in product quality improvement initiatives, CS contract can play an important
role. More importantly, we seek to find if the CS contract is beneficial from the retailer’s
point of view and why the retailer would be motivated to share the product quality improve-
ment cost with the manufacturers. Further, through this contract, a collaborative effort will

be reflected in product quality improvement initiatives.

The main focus is on how to design CS contract between each manufacturer and the re-
tailer so that both the retailer and the manufacturers will be benefited from this contract as
compared to WP contract. Under this CS contract, in order to encourage the manufacturers
in the quality improvement initiatives, the common retailer offers to the ¢th manufacturer
to share ¢; (0 < ¢; < 1) proportion of the total investment associated to quality improve-
ment of the ith product. Now, manufacturers can accept or reject that offer. If the ith
manufacturer accepts the offer then retailer shares a ¢; proportion of the total quality re-
lated investment with the corresponding manufacturer and the ¢th manufacturer incurs only
(1—¢;) proportion of that investment. Since, our main interest is to investigate the positive
impact of CS contract over WP contract, we consider only those scenarios where at least
one of the two manufacturers accepts such contract. We later analyze what motivates these
manufacturers to accept this contract. Therefore, depending on whether the manufacturers

accept or reject CS contract, two scenarios arise: (i) in which both manufacturers accept
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CS contract (CSC) and, (ii) where one manufacturer accepts CS contract while the other

continues with WP contract (WC).

4.2.1. CSC contract in which both manufacturers accept cost-sharing contract

Under this contract, the profits of the retailer and the ¢th manufacturer are given by

2

1G5C = 32 [(P = wi)d; — o6 (8)
=1
57 = (w; — ¢)di — ni(1 — ¢,)6;. (9)

Under this contract, decisions of the manufacturers are their respective wholesale price and
the QIL while the retailer decides the cost-sharing fraction (CSF)s together with retail
prices. Depending on the mechanisms how the retailer determines his CSFs ¢; for i = 1, 2,
we further develop and analyze two models of cost-sharing: (i) Simple cost-sharing (SCS)
contract where the retailer decides the CSFs by maximizing his profit, and (ii) Cost-sharing
through bargaining (CSB) contract where both the retailer and each manufacturer negotiate
over these CSFs. Hence, in order to describe the decision structures among the channel
members under the coordinated scenario, we consider four-stage game-theoretic structures

as shown in Figure 1.
Figure 1:Sequence of decisions under cost-sharing contracts

4.2.1 (a) Simple cost-sharing (SCS) contract
Under this SCS contract, the common retailer is the decision maker of the CSFs and he

sets CFSs by optimizing his own profit. The game sequence under this contract is given

below:

1. Before the start of the selling season, the retailer offers the SCS contract to ith manu-
facturer. If the ith manufacturer accepts the contract, then the retailer bears the ¢;
fraction of the total quality investment cost with that manufacturer and the remaining

(1 — ¢;) fraction of this investment is incurred by that manufacturer.

2. As Stackelberg leaders, the manufacturers move first by announcing their own QILs and

wholesale prices in turn. At this stage 1, they first decide the QIL of their own product,
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simultaneously. Then after knowing these QILs, at stage 2, they decide respective per
unit wholesale price in simultaneous move taking CSFs and the retailer’s reaction

functions into consideration.

3. For these given QILs and wholesale prices, the retailer then sets his retail prices taking

CSF's into consideration at stage 3.

4. Finally, at stage 4, the retailer decides the CSFs for the given retail prices, wholesale

prices and QILs by maximizing his profit functions.

Similar to WP contract, we derive all equilibrium solutions backward. All notations related
to SCS contract are presented in the appendix. Following the above game sequence, we
derive retailer’s reaction functions on retail prices and manufacturers’ decisions on their
respective wholesale prices which are same as given in (5) and (6). Substituting (5) and (6)

into profit function (9) we derive the equilibrium QIL of ith manufacturer (i = 1,2) as

1
chs(ﬁbla ¢2) = ASCS [GiGj{Gj(% + 'Yj) + 45jHi}{Ez'(%' + Vj) +4BE; — CjA‘Q/VP}
3
+G{ Bj(i + ) + 48, B — AT} [2n;(1 — ¢,) AVTAYT

—Gi{ iy +7) + 148G, }] |, =3 -1, (10)

99775 (6

Lemma 4. ad)_l’@) >0 fori=1,2.

Hence, quality improvement level (QIL) of each product increases when the retailer enhances
its cost-sharing fraction (CSF) with the corresponding manufacturer. This is very intuitive
since higher CSF reduces the cost burden due to quality improvement on the manufacturers.
Subsequently, the manufacturers increase their respective QIL since quality has positive
impact on the demand functions.

Derivation of expression (10) is given in the appendix. Substituting this 07°%(¢1, ¢o) in (5)
and (6), the actual values of wholesale prices and the retail prices can be realized for given
CSFs ¢;s. For the given CSFs, the equilibrium solutions under symmetric assumptions with
¢1 = ¢o = ¢ are given in the appendix. When ¢ = 0, then SCS contract converted into

WP contract. That is why, when ¢ = 0 all solutions corresponding to SCS contract coincide
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with those for WP contract under symmetric assumptions. Hence, under the symmetric

assumption, the retailer’s decision problem takes the form

max 13°%(¢) where

o 2fappa 02— oo}
IIz"(9) = (B=7) , with

¢ = [an(-9)(28-7)+0x— &, (11)

Proposition 2. Under the symmetric assumption, there exists a local optimal solution that
mazximizes the retailer’s profit (11) under SCS contract and the optimal value of ¢ is given

[477 26(v0—=BN)+73(B—) +62(6—7)(5—/\)}6

by ¢SCS* —
4n | 282(6—N)+3(8—7)(26—7)

Substituting the above optimal value of ¢ into the above results corresponding to SCS
contract (see Appendix), we get equilibrium solutions under SCS contract and those are
presented in the appendix. From this equilibrium solutions, it can be verified that under
assumptions A3 and A5 the equilibrium wholesale cost and retail price are always positive
under SCS contract. It is easy to verify that under symmetric assumption, the parametric

restriction A2 dominates restriction A3.

4.2.1 (b) Cost-sharing through bargaining (CSB) contract

In this section, let us consider a cost-sharing (CS) contract where the CSF is determined
through bargaining between each manufacturer and the retailer. Our proposed bargaining
game is based on the Nash bargaining process as proposed by John Nash (1950, 1953). The
first three stages of CSB contract are identical with those of SCS contract. The only dif-
ference between the two contracts lies at stage 4. In this contract, the CSF is determined
from the Nash bargaining optimization problem for given retail prices, wholesale prices and
QILs in the following way:
Let IT% " and H%P " be the optimal profits for the retailer and the ith manufacturer, respec-

tively, in Manufacturer-Stackelberg (MS) game under WP contract. Let HggB* and Hj\cff

SNumerically using Built-in software Mathematica 11.0 (1996) we verified that this local optimal solution
is actually the global optimal solution of ¢.
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be the Pareto improved profits of the retailer and the ¢th manufacturer, respectively, under
2

CSB contract. Under WP contract, IV =TIV + Z Iy
i=1

2
Now, let 58" = MG + ZH%‘?}? ", Then ITI'"" and 195" are the equilibrium chan-
nel profit under WP contrac‘é:zlmd under cost-sharing through bargaining (CSB) contract,
respectively. If I} denotes the optimal profit of the integrated system, then from the defi-
nition of the Pareto improvement, we have I3 > I, TIFPP" > ™ for i = 1,2. In
addition we have IT}”" < TIJ98" <Tj.

It is to be noted that Nash bargaining game is considered at the final step (i.e., at Stage 4).

Hence, we can define the decision set x of Pareto improvement as
K = {( 0SB, g‘SB> CIGSE > YT, TGRS I for i = 1,2}. (12)

This x is assumed to be compact and closed |Z| Then the optimization problem of the Nash

([1950], [1953]) bargaining game takes the form

max E IIp, where
<¢)1C'SB’7 ¢2C’SB> ck =1

My = (nggB* _ H;VP*) <H§4ff* - nmp*) . (13)

Due to the complicated form of the objective function, it is difficult to derive ‘closed-form an-

§98" under CSB contract. However, we can borrow numerical

alytical solutions’ of ¢{8"
methods in order to gain the insights of our proposed model into management implications

i.e., how well this CSB contract works in practice.

4.2.2. WC contract in which one manufacturer accepts cost-sharing contract and the other
manufacturer accepts wholesale price contract
Without loss of generality, suppose manufacturer M; accepts WP contract and manufac-

turer M, accepts CS contract offered by the retailer. In this contract scenario, the retailer

"Compactness of x ensures that  is bounded and closed. Boundedness property of x is the basic
requirement for a solution to exist. Closeness of xk implies that there exists a maximum in x. On the other
hand, convexity is required to ensure the uniqueness property of the maximum solution.
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shares, say ¢, proportion of quality improvement cost of Product 2 with M, whereas M;
alone incurs the quality improvement cost of Product 1. Under this contract, expressions

for the profits of the retailer and manufacturer M, are given by

Hg’cs — (Pl - wl)dl —+ (Pz — w2)d2 — ¢27729§ (14)
H%fs = (wl - Cl)dl - 7719% (15)
H%S = (wy — c2)dy — (1 — ¢2)m1265. (16)

Similar to CSC contract, depending on the mechanism how the retailer determines its pro-
portion (¢,) of cost sharing with M,, we consider two models of cost-haring: (i) simple
cost-sharing (WCS) and (ii) cost-sharing through bargaining (WCB) in which the retailer

and manufacturer M, negotiate over ¢s.

4.2.2 (a) Simple cost-sharing (WCS) contract

Under this contract, the sequence of the game is similar to SCS contract. Moreover,
the retailer’s reaction functions on retail prices and manufacturers’ pricing decisions are the
same as given by (5) and (6). It is to be noted that for given (5) and (6) both manufacturers
decide their respective QIL in simultaneous move. Hence, substituting those into profit
functions (15) and (16) we derive the equilibrium QIL of ith manufacturer as functions of

¢ and are given by

1
0,5 (o) = A0S [Gle{Gz(’h + %) + 48 Hi H{ E1(1 + 72) + 451 B> — 2 AY 7}
3

+Ci{ By (11 + 72) + 4B2Ey — AV Pey } [2m5(1 — o) AWP AP

~Gy{Hi(m1 + 72) +4ﬁ1G2}H7 (17)
05°%(¢2) = @ {G1G2{Gl(% +92) + 481 Ha }{ Ea(n + 2) + 462 B — i AY T}

+Go{ Er(n1 + 72) + 481 B> — AY Peo } [2m AV PAYF

—G1{Hy (1 +72) +4ﬁ2G1}Ha (18)

wcCs
A3

where is defined in the appendix.
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901 ($2)
02

902(p2)

965 > 0.

Lemma 5.

> 0,

The first part of the lemma implies that CSF ¢y has positive impact on the QILs of both
Product 1 and Product 2. In WCS contract, QIL of Product 1 of M, increases whenever
the retailer enhances its cost-sharing fraction ¢, with M. The underlying reason can be
explained in that way. Higher CSF ¢, implies higher quality improvement level (QIL) of
Product 2 (Lemma 4). Since demand function is positively affected by QIL of its own
product and negative influenced by that of its competitor’s product, M; set the QIL of
its product in such a way that it increases whenever the retailer increases ¢o. Thus, the
manufacturer M; tries to maintain consumer demand for its product. The explanation for

the second part of Lemma 5 is similar to that of ‘Lemma 4.

4.2.2 (b) Cost-sharing through bargaining (WCB) contract

Under this contract, the retailer and the manufacturer M, negotiate over the cost-sharing
fraction ¢. This bargaining game is similar as described in CSB. If IT}/°%" denotes the
equilibrium channel profit under WCB contract, then II}V“P" =TIy “P" 4- TTJj©F" + H%QCPB*,
where H%ICB* is the equilibrium profit of M; where as H%iB* is the pareto improved profit
of My under WCB contract. Similar to CSB contract, we can define the decision set " of

pareto improvement as
W= {olOR L IEOSE = T ICE > (19)
Hence, the optimization problem under Nash bargaining game takes the form

max Ilg where
d);/VCBGH/

My = (TS — 1y ™) (e — ). (20)

In the following through computational analysis we discuss the impact of WCB contract as

well as how well this contract works in practice.
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5. Discussion

In order to discuss the performance of above coordinating contracts on the equilibrium
solutions and the impact of price and quality competitions on quality improvement levels
as well as on pricing strategies, we carry out a comparison study among different scenar-
ios (Integrated, WP, SCS, CSB, WCS, WCB) through analytical as well as computational
investigations. Moreover, we carry out a sensitivity analysis to find the impact of quality
investment parameters and asymmetric demand functions on the equilibrium solutions. The
important results are depicted in propositions 3-6 and observations 1-7.

For computational approach, model parameters are drawn from: ¢; = 10, ¢ = 10;, a; =
1000, ay = 1000, §; € {45,47, 49,51,53,55}, o€ {30,32,34, 36,38,40}, 5 € {20,21,22,23,
24725}, A€ {5,6,7,8,9,10}, n; € {10,12, 14, 16,18,20} for i = 1, 2, though all results

are hold good under more general settings

5.1. Impact of coordinating contract

Is it beneficial to the retailer to offer cost-sharing contract to reduce the burden of the
manufacturers in quality improvement efforts? Which coordinating strategy is the best
choice to the retailer as well as to the manufacturers? We'll try to find the answers in the

subsequent results.

Proposition 3. Under symmetric assumption, the equilibrium wvalues of QILs and unit
wholesale prices in SCS contract are related with those in WP contract as: (i) 095" > W
(ii) w3 > w"WT" under assumptions A2, A4 and production cost restriction A5.

The above result suggests that in SCS contract the manufacturers are able to produce higher
quality product as compared to WP contract. Intuitively we can say that cost-sharing with
the retailer under SCS contract now reduces the quality improvement cost burden of the

manufacturers and consequently, it enables the manufacturers to produce higher-quality

products in SCS contract in comparison to WP contract. Consequently, this higher QIL

8Tt is to be noted that production costs always satisfy the parametric restriction ¢; < (5% (i=1,2)
as given by assumption A5. Through experiment we find a parametric region in which both cost-sharing
contracts can coordinate the supply chain as well as all assumptions A1l to A5 sustain and is given by:
Bi — v > 15, 6 — Xy > 12, ¢; < 66.67, n; > 10 for i = 1, 2. Although, the same results may still hold in

violation of some or all of these assumptions.
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forces the manufacturer to raise her wholesale price in SCS contract as compared to WP

contract.

Observation 1: The manufacturers’ equilibrium QILs, wholesale prices and the retailers’
retail prices have the following relationships under all scenarios
(a) 9[* > QCSB* > Qé/VCB* > QSCS* > HgVCS* > QWP* ~ @{/VCB* ~ Q}A/CS*

(b) wCSB* > w;/VCB* > wSC’S* > wgVCS* > wWP* ~ w}/VCB* ~ wYVCS*

(C) PCSB* > PSC’S* > PQVVCB* > pQVVCS* > Pli/VCB* > Pli/VCS* > PWP*.

Figure 2: Comparisons of the optimal QILs under different scenarios

From the above result, it is interesting to note that from the quality level’s perspective, nego-
tiation during cost-sharing (CSB) contract is more beneficial than non-cooperative scenario
under SCS contract (Figure 2). Moreover, as the contract shifts from both manufacturers
accept CS contract to both manufacturers accepts WP contract (CSC—WC—WP), the
quality improvement level (QIL) decreases. Furthermore, by accepting CS contract, a man-
ufacturer will always be able to enhance QIL of its product as compared to WP scenario.
Since, quality investment cost increases quadratically with QIL, higher QIL implies higher
quality investment cost. Hence, this higher QIL of the product subsequently forces the
respective manufacturer to charge higher wholesale price for that product (Figure 3-a,c.e).
On the other hand, under coordinating contract, due to sharing the quality investment costs
with the manufacturers and due to higher wholesale prices, the retailer sets higher retail
prices for those higher quality products in order to maintain his retail margins from those
products (Figure 3-b,d,f). The significant observation from the last part of (c¢) is that in
WC scenario in which only one of the two manufacturers accepts CS contract, the retailer
increases the retail price of the other manufacturer’s product, although there is no significant
change of QIL of the other product. The retailer does so to maintain the price competition
between the two products. In Observation 3, we discuss why the retailer does so.

Thus, from consumer’s point of view, higher QILs of the products result in the higher prices

to purchase the products. This may reduce consumer demand. Hence, the manufacturers
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and the retailer would be interested in participating in cost-sharing contract only when this
contract results in more profits than that of the WP contract. The impact of the cost-sharing

contract on profitability is depicted in the following results.

Figure 3: Comparisons of the optimal prices under different scenarios

Observation 2: Equilibrium profits of the two manufacturers, the retailer and the total chan-
nel under different possible scenarios relate respectively as follows:

(0) TIGFP" > TIS05° > TICP" = TINOS" = TIWOP" = TICS” > TP

(b) 35" > TIE5B" > TIYOE™ > TIYVOS™ > MW E,

I CSB* SCS* SCS* WCB* Wes* WP
(¢) I > 1ge” > ge” > g™ > g™ > 1ljge” >1lge

We can explain the underlying reasons of this result in the following ways: Previous result
indicates that retail prices are higher in coordinating scenarios. On the other hand, both
cost-sharing contracts (CSC and WC) are able to successfully increase consumer demand in
comparison to WP contract (Figure 4 (a,b,c)). This means, despite of higher retail prices,
consumer demand enhances in cost-sharing contracts due to the offering of higher-quality
products. Subsequently, by accepting the CS contract, the manufacturers get the chance to
keep higher profit-margins from those higher-quality products. On the other hand, in spite
of sharing the quality improvement costs with the manufacturers and taking the burden of
higher wholesale prices, the retailer earns higher profit in CS contracts because of increased
quality levels of the products, which subsequently increases the consumer demand and hence
there arise an opportunity for the retailer to keep higher profit-margins from those products.
This is the reason why the retailer should prefer to offer CS contracts over WP contract.

In addition, under CSC contract (in which both manufacturers accept CS contract), the
manufacturers are always better-off in CSB contract in which they possess the power to
bargain over cost-sharing fractions (CSFs). The underlying reasons follow from the pre-
vious result which states that in CSB contract, the manufacturers produce higher-quality

products for which they charge higher wholesale prices as compared to SCS and WP con-
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tracts. Subsequently, the manufacturers earn the highest profit in CSB contract (Figure
5-a,c,e). Similarly, in WC contract (in which only M, accepts CS contract) manufacturer
Ms is better-off in WCB contract as compared to WCS and WP contract. Furthermore,
considering both CS contracts (CSC and WC), both manufacturers are more profitable in

CSC contract as compared to WC contract.

Figure 4: Comparisons of consumer demands under different scenarios

On the other hand, from the retailer’s point of view, comparing two CS scenarios, under
CSC contract, the retailer earns a higher profit in SCS contract where he decides the cost-
sharing fraction (CSF)s by maximizing his profit (Figure 5-b,d,f). But under WC contract,
the retailer earns a higher profit in WCB contract in comparison to WCS contract. But
from the channel profit’s perspective, CSB and WCB contracts are always beneficial in
comparison to the other cost-sharing (SCS and WCS) contracts (Figure 6-a,b,c).

From the above results and discussion, we ultimately find that manufacturers (M) can
produce better quality products in CSB (WCB) contract as compared to other decentralizes
scenarios. Moreover, due to combined effect of retail price and quality level, consumers are
also always better-off in CSB contract and in WCB contract (for Product 2) in which both
manufacturers and manufacturer M, bargain on the CSFs, respectively. Interestingly, we
further find that while CSB contract is beneficial to the manufacturers, consumers and the
total supply chain, it is not the best choice for the retailer in CSC contract. Ideally, in CSC
contract, the retailer would like to participate in SCS contract where he would have the

control on the decision of the CSFs.

5.2. Impact of price and quality competition

How would the price competition (8 — ) and the quality competition (§ — ) affect the
quality improvement decisions and the other consequent strategies of the channel members?
Significant outcomes are depicted in the following results which are consistent under all

possible scenarios.

Observation 3: Price competition between two products has a positive influence on the quality
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improvement levels (QILs) of those products. Further, it has a positive impact on the unit

prices, profits of individual channel members as well as on the total channel profit.

Intuitively we can say that higher price competition (i.e., lower (8 — 7)) implies higher
product substitutability between two products. Hence, for fixed quality competition, if the
products are more competitive with respect to the price, then in order to differentiate their
respective product (brand), both manufacturers improve the QIL of their own product (Fig-
ure 2-a). These higher QILs force the manufacturers as well as the retailers to increase
their unit prices (Figure 3-a,b). On the other hand, Figure 4-a indicates that price compe-
tition also has a positive impact on the consumer demand functions. This higher consumer
demand enables the manufacturers and the retailer to set higher profit margins for those
products. Due to these higher profit margins, profits of all the channel members increase
with the increasing price competition, ( Figure 5-a,b). Consequently, the total profit of the

supply chain also enhances as well (Figure 6-a).

Observation 4: Quality competition between two products has a negative impact on the QILs
of both products. Moreover, this competition is negatively related to the unit prices as well

as profit functions of the retailer, the manufacturers and the total channel, as well.

Figure 5: Comparisons of retailer’s and manufacturers’ profits under different scenarios

Figure 4-b shows that quality competition has a negative effect on the consumer demand
functions of both products. This force the retailer to reduce his profit margins from both
products. On the other hand, due to the reduction in consumer demand, both manufacturers
also reduce their profit margin for their own product (Figure 3-¢,d). This lower profit margins
indirectly force the manufacturers to lower the QILs of their products (Figure 2-b). Hence,
more quality competition leads to lower profits for all the channel members (Figure 5-c,d).
Consequently, total channel profit also decreases with the increase of this quality competition

between two products (Figure 6-b). This claim is consistent with the Xie et al. ( 2011)’s
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results derived for two supply chains which offer products at the same price but compete on
quality.

Proposition 4. If condition A4 is satisfied, the optimal cost-sharing fraction (CSF) ¢3¢
under SCS contract increases with the increase of price competition level and decreases with
quality competition level between the two products.

This proposition implies that the CSFE' decision of the retailer is influenced by the intensity
of competition (price as well as quality competition) between the two products. We can
explain the underlying reasons as: price competition has a positive impact on the QILs of
the products (Observation 8) and consequently increases consumer demand of the products.
Hence, with the increase of this competition, the retailer would raise his CSFs to encourage
the manufacturers in the quality improvement initiatives. On the contrary, quality competi-
tion has a negative impact on QILs (Observation /) and hence on consumer demand. Thus,
quality competition between the products is not desirable to the manufacturers as well as to
the retailer. That is why with the increase of price competition level or with the decrease in
quality competition level the retailer would be interested in sharing more quality investment
cost with the manufacturers.

From the above discussion it is clear that while price competition between two products can
induce better quality products as well as better profitability in the supply chain, quality
competition between products is not profitable to consider from quality levels and profits’
viewpoints. Moreover, while price competition can successfully implement the CS contract

mechanisms, quality competition can not.

Figure 6: Comparisons of total channel profits under different scenarios

5.8. Sensitivity analysis of the equilibrium solutions

Since quality improvement level of a product depends generally on the quality improve-
ment cost, it is interesting to know what is the impact of quality investment parameters
(n;, @ = 1,2) on the optimal decisions of our supply chain. Moreover, how does this pa-
rameter affect the coordinating contracts addressed in this study? On the other hand, since
consumers are sensitive to both price and quality of the products, what would be the opti-

mal strategies of all the channel members if the retailer faces asymmetric demand functions
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for those competing products? We are thus interested to find the impact of the quality

investment parameters and asymmetric demand functions on the equilibrium decisions.

5.3.1. Impact of quality investment parameter

Proposition 5. Higher quality investment parameter always results in lower quality im-
provement levels (QILs) for both products.

In our study, quality improvement cost 7,07 increases linearly with the quality investment
parameter 7; and quadratically with QIL 6;. Hence, for a higher 7;, the manufacturers de-
crease the QIL of their own product in order to reduce the quality improvement cost burden.
This is the reason why manufacturers grapple with improving the quality of the products
for higher quality improvement cost (Figure 2-c¢). This result is also consistent with the

existing notion.

Observation 5: As the quality investment parameter n;, i € {1,2}7 increases, the equi-
librium unit prices as well as equilibrium profits of the supply chain decreases under all

possible scenarios.

The consequence of Proposition 5 leads to lower consumer demand functions of correspond-
ing products (Figure 4-c), which in turn force the manufacturers and the retailer to reduce
their profit margins by reducing their unit prices (Figure 3-e,f). Thus, these lower consumer
demand and lower profit margins jointly decrease the profitability of the supply chain (Fig-
ure 5-¢,f, and Figure 6-c).

The following result depicts the impact of this quality investment parameter on the coordi-
nating contracts.

Proposition 6. In SCS contract, the optimal cost-sharing fraction (CSF) ¢°°%" decreases
with the increase of quality investment parameter n under symmetric assumption

Since the previous results indicate that higher quality investment parameter has a negative
impact on both QILs and consumer demand functions of the products, it is very intuitive that

the retailer would hesitate to share more quality improvement cost with the manufacturers

90ur numerical experiment shows that this result is also true for the other cost-sharing scenarios (CSB,
WCS, WCB) and for asymmetric demand functions as well.
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Table 1: Equilibrium results in different scenarios with asymmetric own price sensitiveness: §; = 45, 82 = 50;
Y1 =72=30;61 =02=20; \y =Xy =5

Scenario 0" w* pP* o Demand I+ T« I

Integrated | 61" = 28.33 — P = 46.69 — dy = 647.61 — — 28979.6
01" = 24.28 - Pi" —43.45 — do = 572.01 - -

WP oW P" = 7.88 wlV P = 25.34 PWVP" — 45.68 — dy =345.22 | I{P" = 4675.08 13477.4 | 22292.6
oW P" = 6.92 wl¥P" = 23.59 PIVP" — 42,59 — dy =339.83 | IYP" =4140.13

scs 0505 —18.11 | wOST = 27.79 PFOST =120 | 55T 0524 | dy=40027 | METST =5560.08 | 14898.20 | 25362.9
055" =15.94 | w§9S" =25.62 PFCS" = 4753 | 98957 =0.530 | dp =390.50 | MECST = 4904.66

CSB 0FSE" = 2299 | w{SE" =2887 | POSE" =53.78 | ¢¥SE" =0.583 | di =424.60 | NGSET =5946.42 | 14880.20 | 25973.9
0$SB" =19.99 | w¢SB" =26.53 POSE" —49.74 | ¢§5ET = 0587 | dp =413.21 | NGSET = 514723

wces oWECS" — 740 | wWOS" 2534 | PVCS" = 46.63 d1=345.10 | TJOST =4745.34 | 13953.1 | 23403.3
oW = 1545 | WVOST =2532 | PYVOST 4532 | oS =0512 | dp =383.03 | mYCST = 4704.83

WCB OWCB" — 772 | wWCB" 2545 | PWOBT —47.19 dy =347.62 | TYOFT =4773.86 | 13986.7 | 23644.9
0 CE" =18.51 | WIVOET = 2595 | PYOBT =46.97 | o CF" =0.569 | dp =398.769 | MY CF" = 4884.34

for higher improvement cost. Thus, to maintain own profitability, the retailer would reduce
his share in quality improvement cost.

The above claim is also consistent with Ghosh et al. (2015)’s result for the green supply
chain. In addition, we find during this study that CSFs are also affected by the price and

quality competition levels between two products (Proposition 4).

5.3.2. Impact of asymmetric demand

Observation 6: (a) Higher own price sensitiveness and higher cross quality sensitiveness of
a product (brand) lead to lower quality improvement level (QIL), lower unit wholesale price
and lower retail price. Furthermore, it results in lower profit for the corresponding manu-
facturer.

(b) Higher cross price sensitiveness and higher own quality sensitiveness lead to higher QIL

and higher unit prices of the product. Moreover, the corresponding manufacturer earns more

than his competitor.

We can explain the underlying reasons of this result as follows: higher own price sensitivity
implies lower price competition (lower substitution) between two products, which leads to
lower QIL to the corresponding product (Section 4.2). This lower QIL leads directly to

lower consumer demand for that product (brand). Consequently, this lower demand forces
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Table 2: Equilibrium results in different scenarios with asymmetric cross price sensitiveness: v; = 30,77, =
32;/31:ﬁ2=45; 51:52220; /\1:/\2:5

0WCE" =282 | WIVOET =31.99 | PYOE" =63.23 | ¢V CF" =0.606 | dp =495.18 | MY 5" =7705.03

Scenario 0" w* pP* o Demand I+ T« I
I* P — I* S — — —
Integrated | 017 =38.40 Pl =61.26 dy = 611.08 44156.1
I* I*
0" =38.61 — PI" =61.43 - da = 776.36 — -
WP OWP" = 8.24 WWP" = 26.01 PP —53.10 — dy =360.46 | T} P" =5153.49 20357 31542.7
oW P" = 9.15 wiVP* —2753 | PVPT —54.36 — dy =394.74 | T{P" =6032.13
scs 07C5" = 2467 | WSOST =002 | PSOST =63.74 | ¢f95" =o0.623 | d1 =450.88 | IFSST =6730.76 | 24126 38821.1
05C5" =2a.80 | WFCST =3167 | PFOST =64.99 | #595T =0576 | dy=4s8.10 | mFCST = 7964.35
CSB 0FSE" =32.90 | WESE" =32.03 | POSE" =69.08 | ¢¥5E" =0.671 | dy =496.11 | nGSE" =7372.67 | 23955.5 | 40060.8
0FSE" =32.52 | WESET =331 | PYSET = 7024 | ¢F5FT =0.620 | dp =533.922 | NGSE" = 873254
wCs OWOS" — 739 | wV9ST —26.05 | PVCOST —55.40 dy =361.40 | TYOST =5254.19 | 21619.0 | 34181.2
0T =23.45 | WVOS" =301 | PYVOST =60.80 | ¢S =0.554 | dp =468.78 | N ST =7308.06
WCB OoWCB" — 798 | wWCB" —26.27 | PWOB" = 56.62 d1=366.34 | TOET =5321.81 | 21695.9 | 34722.7

the corresponding manufacturer and the retailer to reduce their profit margins from that
product. The joint effect of lower consumer demand and lower profit margin ultimately
result in lower profit to the manufacturer with the higher price sensitive product (Table 1
and Table 2).

On the other hand, higher cross price sensitivity leads to higher price competition (i.e.,
higher substitution) between the two products (brands). This results in higher QIL of that
product (Section 5.2). Consequently, higher QIL and higher cross price sensitivity leads to
more consumers to shift their choice to this product from the competing one. This higher
demand allows the manufacturer and the retailer to raise the unit prices of that product.
Hence, a manufacturer earns a higher profit with this higher cross price sensitiveness (Table
3 and Table 4).

Observation 7: Asymmetric own price sensitiveness and cross quality sensitiveness have a
negative impact on profits. However, asymmetric cross price sensitiveness and own quality

sensitiveness have a positive influence on the profits of the supply chain.

We can explain the underlying reasons in the following way: we observe that higher price
sensitivity of a product results in slightly lower QIL for the other product as compared to
the symmetrical scenario (Table 1 and Table 5). This leads to a reduction in demand for

the other product as well. Consequently, it reduces the unit wholesale price of the other
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Table 3: Equilibrium results in different scenarios with asymmetric own quality sensitiveness: §; = 20,y =
24; 1 =P2 =45 11 =72 =30; A1 = A2 =5

0O =31.64 | WIS =33.16 | PYVOST =64.30 | ol CS" =0.566 | dp =521.19 | H{CST =7730.6

Scenario 0" w* pP* o Demand I+ T« I

Integrated | 61" = 39.28 — P{" =63.82 — dy = 676.94 — — 47598.0
04" =56.35 — P{" =68.17 — ds = 1002.99 — —

WP oW P" = 8.52 WP = 26.53 PWVP" —51.84 — dy =371.92 | IPT =5421.2 19422.9 | 30458
oW P" = 10.93 wiVP* —2739 | PVPT —52.097 — dy =391.37 | I{P" =5613.93

scs 075" =23.66 | WCST =3084 | PSOST =63.96 | ¢7C5" =0.592 | di =468.83 | NFLST =7483.37 | 24099.7 | 39883.4
05C5" =33.28 | WFCS" =33.95 | PFOST =68.01 | ¢5°5" =0.584 | dp =538.87 | WSS =8300.32

CSB 0FSE" =32.47 | WESET =33.26 | POSE" =70.45 | ¢SE" =o0.642 | d1 =523.27 | n§SET =833 23928.8 | 41710.2
0FSE" =43.93 | WESE" =371 | PESET 7546 | ¢FSE" =0.630 | dp =609.94 | NGSE" =o9388.45

wces oWECS" — 784 | wWOS" 27145 | PVCST —56.48 dy =385.89 | T CST =6003.14 | 21877.1 | 35610.9

WCB oWCB" —g83 | wWCB" —2766 | PYWCOB" =58.75 dy =397.413 | OB =6239.51 | 21909.6

0B =39.26 | WIVCOE" =3531 | PYVOE" =68.69 | ¢V CF" =0.613 | dp =569.492 | MY CS" = 8451.98

36601.1

product. On the other hand, higher price sensitivity leads to the lower retail price of the
corresponding product (Observation 6). Since higher price competition (lower price differ-
ence) is beneficial to the retailer (Section 5.2), the retailer reduces slightly the retail price
of the other product to maintain the competition level. The combined effect of lower profit
margins and lower consumer demand results in lower profits of all the channel members and

the total profit, as well. The underlying reasons for the remaining result can be explained

similarly.

6. Conclusions

This paper analyzes the product quality improvement strategies in both cooperative and
non-cooperative scenarios. By considering a non-collaborative scenario with WP contract
and collaborative scenario with cost-sharing (SCS, CSB, WCS and WCB) contracts, we
investigate whether collaborative quality improvement initiative is beneficial to all channel
members. In addition, by considering both price and quality competition between the two
products (brands) we identify how the manufacturers set the quality levels of their own
product and how the retailer takes the pricing decisions (retail price) regarding those two

competitive products. The significant insights of our results can be summarized as follows:
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e Intense price competition always leads to higher quality product and higher profits to all

channel members.

e Quality competition is not desirable between the products as it has a negative impact on

the QILs as well as on the profits in the supply chainm

e For higher quality investment cost, the manufacturers decrease the QIL of their own

product in order to reduce quality improvement cost burden.

e The retailer would be interested in sharing more quality investment cost with the man-
ufacturers when they raise the differentiation between two products with respect to

quality (lower quality competition).

e The retailer would reduce his share (i.e., the cost-sharing fraction (CSF)) whenever the

quality improvement cost increases, as it decreases consumer demand.

e More quality sensitiveness of the consumers induces the manufacturers to produce a

higher quality product.
In addition, we observe the following results associated with the coordinating contracts:

e Both cost-sharing (CSC and WC) contracts result in higher QILs and higher profits in
the supply chain as compared to WP contract. But it is more profitable from QILs

and profits’ viewpoint if both manufacturers accept the cost-sharing contract (CSC).

e Highest quality product is always produced in the Integrated system. But considering
decentralized system, CSB contract produces better quality product as compared to

the other decentralized (SCS, WCS, WCB and WP) scenarios.

e Due to the combined effects of retail price and QIL, consumers are always better-off in
CSB contract in which the manufacturers bargain on the CSFs. This leads to highest
demand in CSB contract as compared to other contracts (SCS, WCS, WCB and WP).

e By accepting cost-sharing (CS) contract, a manufacturer will always be able to increase

more quality improvement level (QIL) of its product in comparison to WP contract.

10This result is coherent with the claim of Xie et al (2011) for two competing supply chains.
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Moreover, CSC contract (in which both manufacturers accept CS contract) scenario
is the best option for both manufacturers as compared to WC contract (in which only

one manufacturer accepts CS contract).

e The manufacturers are always best-off in CSB contract as compared to all other scenarios.

This contract is also profitable from total channel profit’s viewpoint.

e Comparing all scenarios, from the profit level’s perspective, the retailer would always like
to participate in SCS contract in which he would have control over the CSFs. But
in WC contract in which only one manufacturer accepts CS contract, the retailer is

profitable if the retailer bargains over CSF with the corresponding manufacturer.

The above findings are also important from the managerial point of view. From the man-
ufacturers’ viewpoint, both cost-sharing (CS) contracts (collaborative quality improvement
scenario) are always profitable to consider in comparing to WP contract (non-collaborative
quality improvement scenario). But negotiation over CSFs (CSB, WCB) always benefits
the manufacturers. Hence, as a Stackelberg leader, the manufacturers would always like to
go with CSB or WCB contract offered by the retailer. Again, if quality improvement cost is
high, the manufacturers would decrease the QIL of their own product and thus reduce their
quality investment cost burden. Moreover, since, intense price competition has a positive
impact on the QILs and hence on the consumer demand functions, it encourages the man-
ufacturers to set higher profit margins from those products.

On the other hand, both CS contracts are also beneficial to the retailer from a profitability
point of view in comparison to the WP contract. But the retailer is benefited more in SCS
contract than other CS contracts (CSB, WCS, WCB). Hence, the retailer would always
prefer to go with SCS contract under CSC contracts in which both manufacturers accepts
CS contract and with WCB contract in which the retailer does negotiation over CSF with
the corresponding manufacturer. Again, since, lower quality improvement cost can raise the
QILs of the products and therefore the consumer demand, the retailer would be interested
in sharing more quality investment cost with the manufacturers only when this investment
cost is low. Further, since the high price competition is profitable to the retailer, he would

like to set the retail prices for both products very close to each other.
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Table 4: Equilibrium results in different scenarios with asymmetric

T, B = B2 =45; y1 = 72 = 30; 0y = 52 = 20

cross quality sensitiveness: A\ = 5, Ao =

Scenario 0* w* P* " Demand I+ T« I
I* P I* 1@ P .
Integrated | 01" =27.13 — PI" =51.07 — di = 616.51 — — 35861.6
I* I*
01" =31.92 — PI" =52.41 — dg = 649.20 — —
WP oWP" — 501 WWP" — 9611 PWVFP" = 50.22 — dy =362.39 | TP =5196.22 17424.2 | 27717.1
oW P" = 8.26 WP = 26.03 PP = 50.11 - dy = 360.61 | TJI" =5096.62
sCs 075" =18.59 | WOST =871 | PSOST =56.01 | ¢f95" =o0.519 | di =421.01 | mECST =6217.56 | 19573.5 | 31934
05C5" =21.13 | wFOST =28.93 | PFOST =57.20 | #595T =0.570 | dp =425.95 | mFTST = 6142.01
CSB OFSE" =23.47 | WESET =29.91 | POSE =60.01 | ¢USE" =0.576 | di =448.09 | NFSE" = 6586.87 | 19490.3 | 32587.4
0§SE" = 2716 | WESET =3020 | PESET =60.57 | #FSET =0.626 | dy =456.62 | MFSE" =6510.21
wces oWCS™ — 775 | wWOS" 2631 | PVCOST =52.33 dy =366.98 | MY CS" = 538542 | 18552.1 | 30040.5
0O = 2078 | WVOST =28.89 | PIVOST =55.69 | ol C5T =0.553 | dp =425.15 | MY CST = 6182.04
WCB oWOB™ _ g6 wWCB" — 2652 | PVCB" —53.38 di = 371.76 HJVJICB* =5460.11 | 20117.8 | 30456.2
0 OB = 2553 | WIVOET =29.08 | PYOB" =57.87 | oV CF" =0.608 | dp =449.6 | MY TS =6433.57
From the above managerial implications, it is clear that to be more successful, the man-

ufacturers should raise the differentiation between the two products with respect to QILs
and coordinate with the retailer through CSB contract. On the other hand, the retailer
should increase price competition intensity by reducing the price differentiation between the
products and deal with strategically less powerful manufacturers so that the retailer would
be able to convince them to participate in SCS contract which is more profitable for the
retailer as compared to CSB contract.

Our present study can be extended in different ways. Consideration of power channel struc-
ture at a horizontal level between two competing manufacturers would be an interesting
extension of our study. Depending on the leadership on quality setting stage and price set-
ting stage, this power channel structure may create different scenarios in the supply chain.

It would be interesting to see how our present results be influenced by these power channel

structures.
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Table 5: Equilibrium results in different

20,\; =5 for i € {1,2}

scenarios for symmetrical demand with:

Bi = 45,7 = 30,0; =

Scenario 0" w* pP* o Demand I Mg« I

Integrated | 34.0 — 55.33 — 680 — - 38533.3

wp 8.39 26.26 50.66 — 365.92 5247.79 17852.9 | 28348.5

scs 21.93 29.65 59.13 0.571 442.13 6626.09 20565.5 | 33817.7

CSB 28.33 31.25 63.12 0.625 478.12 7149.67 20445.8 | 34745.2

wCs OWOS" — 779 | wVOST —26.38 | PVCOST —52.63 dy =368.76 | YOS =5437.63 | 18896.4 | 30603.2
o CST = 2105 | WHVOST =205 | PIVOST =56.22 | oS =0.552 | dy =430.92 | MTCST = 6269.22

WCB oWCB" —g30 | wWOB" =2660 | PVCB" =53.67 dy =373.57 | MYCP" =5513.13 | 18938.8 | 31053.8
oW CE" —25.62 | WiVOE" =30.21 | PIVOP" =58.36 | ¢l CP" =0.605 | dy =454.76 | TS = 6601.95
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APPENDIX

Notations and symbols

&

B>
"=
v

WP
A3

scs
Ay

wcs
AB

20885 — oy (v + v5) — @i Bi(yy — %) + 2Bici(BiBj — i)

B1B2 — 1172

2BiB;0i + Bixj (v — vi) — 767 + ;)

iy (i +v5) = Bidj (v — Vi) — 2NiBiB; for i, j = 1,2, j #i

481 — ()%, Y = F{16818 — (n +7)*}

{2771A‘1VPA§WS - Gl{H2(’71 +72) + 4ﬁ2G1H [2772A‘1/VPA§MS - G2{H1(71 +72) + 451G2}]
—[G{Gatn +72) + 48210 }] [Go{ Gr (1 + 92) + 451 1 }]

2 (1= o)A PAYT = G {Ha(n +72) + 4861 }| [2m(1 - 62) AT P AYT
—Go{Hy (1 +72) + 451G2}} - [Gl{G2(71 +y2) + 462H1}]

x [GQ{GM1 + ) + 4511{2}}

2 AVFAYT — Gy {Ha(n +12) + 48,61 }| [2m(1 — 6) AT PAYP
—Go{Hi(m +72) + 45102}} - [G1{G2(71 +72) + 452H1}]

X [GZ{Gl('}’l +72) + 431H2}}
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Equilibrium retail prices and QILs for Integrated system

P = rl{ir ) - BHos et B) ves (8- 40} + (25— 4)
><{aZ —¢j(yj — B) +Ci(ﬁi —A >}]
95* _ {5i (PiI* _ Ci) 2_77;\]' (PJ,I* — Cj) }7Where A{ — ﬁ(Qﬁi — A;) — {(71 +v) = 3}27

i=1

2
Ai:‘%+¥, B:Z(‘Z;ﬂ') fori,j =1,2, j #1i.

Equilibrium solutions under symmetric assumptions for Integrated system

6 =N{a—cB-}

"= 277{25—%(62—%)\2)4-%—27}
b {a—eB-7}
{25 — 5 (024 22) + 2 — 27}
P (5—7){@—6(ﬁ—7)}
{25—%(52+/\2)+%—27}
o {477(5—7)—(5—A)2}{a—6(6—7)}2

2
2n{2ﬁ — (024 22) + 2 27}
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Equilibrium solutions under symmetric assumptions for WP contract

gvr (5{04—0(5—7)}
- (8617 Ay + A — 52)
pwpe _ 20m(38 = 29) + (8 —7)(0A + 280 — &%)
(B—=") (8677 — Ay + 0N — 52)
— 4an+c{4ﬁn+(5}\—52}
T (380 — 417+ o1 - 52)
Cwee 2ﬁn{a—6(6—7)}
(8- (8577 —dny + A — 52)
e P09 —c(3 -]
- <8ﬁ77 —4ny 40X — 52)
qwer 8B 0){a— (8~ 7)}2
M — 2
(SBn —Any 4+ oA — 52)
2
- 8/32?72{a — (B~ 7)}
’ (ﬁ—v)(8ﬁn—4m+5>\—52)2
e {38088~ 2B} {a e}
SC -

B-=n) <8ﬁn — 4y 40X — 52>2
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For given CSF ¢ equilibrium solutions under symmetric assumptions for SCS

contract

05°5(9) =

PSC’S(¢)

wSC’S(¢)

mSC’S(¢)

dSC’S(¢)

I35 (0)

I ()

I3¢°(0)

ofa—cB-7}

[477(1 —$)(26 —v) — 0% + 5)\]
211(1 = §)(38 — 27) + e(8 — 7){280(1 — 6) — 6% + A}

(8—[4n(1 - 6)(28 —7) — 82 + 8]
dan(1 - ¢) + 6{4677(1 —¢) — 6% + 6/\}

[477(1 —$)(28—7) - 0%+ M]
28n(1 — ¢){0< —c(B - v)}

(8= |4n(1 - 6)(28 = 7) — 82 + 8]
26n(1 - ¢>){a —c(f - 7)}

[477(1 —$)(28—7) - 0%+ &]

n(1 =) (8801 6) = 8*) {a—c(B =)}

2

[477(1 — )28 —7) -0+ Mr

2{ 45221 — 62 — o5 =) }{a— (5 -7}

(8~ [4n(1 — )28 —7) — 52 + 8]
2
20{46n(1 ~ )36 ~ 29) = (8 — 1) o~ (5 - ) }

(B—n) [477(1 — )28 —7) -+ M}z
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Equilibrium solutions under symmetric assumptions for SCS contract

1n{28(:8 = BX) +98(8 = ) } +82(B =)0 - N)

$5CS" =
An[26°(5 = X) +6(8 = 7)(28 — )]

Jscs {a—eB-n}HeE- N+ -)E8-7}

2[4n(8 —7)(28 = 7)* = 8(8 = )8 = (28 — ) — B2(6 — A)?]
e a(38 - 27){8n(28 = 7) = 56— V) } + ery

A[49(8 = )(28 = 7)* = 6(8 = 7)(5 = A)(28 —7) = B2(3 — A?]

where k1 = {88n(8 —7)(28 — ) — (8 — 7)(6 — \)(58 — 27) — 48%(5 — A)Q}
s _ a(B = 7){81(28 =) = 8 = ) } + exs

2[4n(8 = 7)(28 = )2 = 8(8 = 7)(3 — N)(28 — ) — B 6= A)’]

where 5 = {881(8 — 7)(28 — 7) = 8(8 = 7)(6 = \)(38 — 7) — 2823 — N)?}

ses _ ﬁ{a—c B }{8n 26 =) =600 = A)}
4[4n(8 = )28 = 7)* = (8 = )5 — N@B =) — B2(0 - A7

sos _ B8 ] a — (6 1) } {8126 —2) ~ 66— 1)}

4[49(8 —7)(28 = )2 = 5(8 = ) = A)(28 — 7) — B3 — N)?]
oSt — (5—7)(2B—v){a—6(5—7)}2ﬁ3 2

16[49(8 — 7)(28 = 7)* = 8(8 = 7)(8 = (28 — 7) — B2(0 — A?]

where 3 = 128672(8 — 7)(28 — ) — 8775{25(5 —MN)(B8—27)+6(28—)(8 - 7)}

+ 626 — )\){,8(5— \) + (75—6)\)}
2

H%CS* _ {04—65—’7)} K4 2

8[41(8 = 7)(28 = 1) = 6(8 = 7)(5 = \)(28 — ) = B2(3 — A?]

where g = 64820%(8 — 7)(28 — )2 — 41 [4/32(5 - A){é(ﬂ — (28 =) + B2 — )\)}

+ %8 = 7)2(28 = 7)) = 02(B= )6 = V{8 =128 =) + BB -V}
2

s — {a—cﬁ—V)} K5

8[4n(8 )28 1) ~ 58— (3~ )28 ) — B2(6 ~ N2]
where k4 = 6481%(8 = ) (28 = )2(38 = 7) — 4n{488(8 = 7)(28 — ) (48 = 1) (5 = X
4843 — N2+ 82(B —1)2(28 = 7)? | + BB =)0~ (38— )

45



Proof of Proposition 1

To establish the existence and uniqueness of the optimal solutions of the integrated
system it is sufficient to show that the objective function is strictly concave with respect
to its decision variables. Since, profit functions are continuous and twice differentiable, to
establish the strictly concavity of the objective function as given by (4) with respect to its
decision variables Py, P, 01,0, it is sufficient to show that objective function is negative
definite. Thus, we have to show that principal minors of the hessian matrix H of the
objective function are alternatively, (-)ve, (+)ve and (-)ve, in order i.e., DI(Py, Py, 01, 05) <
0, DI(Py, Py,0,,05) > 0, DL(Py, Py, 0,,0,) <0 and DI(Py, Py, 0,,05) > 0, respectively where

DI(Py, P3,01,0,) denotes the principal minor of the hessian H of rth order, r = 1,2, 3, 4. Now

Df = —2B,<0,
DY = 48,8y — (71 +72)* > 0, under A1,

Dy = —2771{45152 —(n+ 72)2} - 2{)‘251(% +72) = (BiAs + B25%>}

< 0, under assumptions A1l and A2 and
2

Dy = ) 4771‘{%5;-(%- +5) = (BiX} + &5?)} + (6105 — M Ag)?

i=1,j—=3—i
+4771772{4ﬁ152 —(n+ V2)2} under A2

> 0.

This ensures that the objective function of the integrated system is strictly concave. This

completes the proof of the proposition. [ |

Proof of Lemma 1

(a) For given quality improvement level (QIL)s and wholesale prices, using equation (1)
and the retail margins m; = P, —w;, © € {1, 2}7 the first order optimality condition of profit

function (2) gives

ol

8PR = —261P + (71 +72) Py + 6101 — A0 + frwy — yowe + o =0, (B.1)
1

oIl R

9P = (71 +72) P — 202 P — Aab1 + 9202 — yywy + Paws + gy = 0. (B.2)
)
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Solving (B.1) and (B.2) simultaneously and after some simplification we get the expres-

sions for P/ (61,02, w1, ws) as given in equation (5).
(b) Differentiating the retailer’s reaction function (5) partially with respect to w; and
Pl (65,05, wi,w;) 2885 —vi(vit+;5) and 0P} (05,65,ws,w;) 28;0i—X; (vit+75)

: 0
0; we have respectively D = N o = e .
(3 1 7 1

Since, AIV¥ = 48,8, — (71 + 72)?> > 0 by assumption A1, to establish the positivity of

OP*(0;,0;,w;,w;) and 0P (0,0;,w;i,w;)
Ow; 00;

, we just have to prove the positivity of the expressions
Qﬁlﬁj — ’Yz(’)/l —+ ’Y]) and 25352 — )\](’72 + ’}/J) Since 5@’7 Bj > Y and 52’7 (Sj > >\z for Z,j = 1,2
and j # i always, we have 23;3; — v;(v; +7;) > 0 and 25,0, — \; (7 +75) > 0.

This completes the proof. [ |

Derivation of Equations (6) and (7)

Substituting the retailers’ reaction function (5) in equation (3) we get the ith manufac-
turer’s profit function as a function of QIL and wholesale price. Thus, the profit of the ith

manufacturer can be given as

s, (wiy wy, 05, 05) = (wi — ci)d; (wi, wj, 05, 0;) — 1,07, (B.3)
where d: (wi, wy, Hi, Hj) = — ﬁzP,L*('w“ wy, 91', GJ) -+ ’YZPJ*(’LUZ, wy, 02‘, GJ) -+ 57,91 - >\19J
fori,j =1,2 and j # 1.

Differentiating (B.3) with respect to w; and ws and equating to zero we get

aHMl (wla Wa, 917 62)

B = —4p1Fwy + (11 + 7o) Fws + 6,G1 + 0. H, + E; = 0, (B.4)
1
oIl , Wa, 01,0
Mo (wéwwz 1.62) = (71 +72)Fwy — 4B Fwy + 01 Hy + 0:Go + Ey = 0, (B.5)
2

where I, E;, G;, H;, i € {1, 2} are defined in Notations and Symbols of this appendix.
Solving (B.4) and (B.5) simultaneously we get the expressions for w;(6;,6>) as functions of
01, 05 as are given in equation (6).

In the next step, substituting (6) in (B.3) and differentiating with respect to 6,6, and
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equating to zero in turn we get a system of linear equations of #; and 6, as

01 [Gl{H2(% +72) + 452G1} - 2771A¥VPA¥VP} + 0> [Gl{%(% +72) + 452H1H
+G, [EQ(% + ) + 4B Ey — clAgVP] —0, (B.6)
01| Go{ Gi (1 +72) + 4B s || + 02 [ Go{ Hi (0 + 2) + 481G | — 2m A A
0, (B.7)

+Go |:E1 (71 + 72) + 451 Ey — CzAIz/VP]

Solving (B.6) and (B.7) simultaneously we get the expressions for equilibrium quality im-

provement level (QIL)s under WP contract as are given in (7). |

Proof of Lemma 2

Differentiating the expression (6) partially with respect to 6; we have
ow? (6,0,
Za(e- 4 — AVlVP Hj(vi + ;) + 45,G } fori.j =1,2 and j # 1.

We have AYY = (812 — 7172) [16,61B2 — (1 +72)2] > 0 by assumption A1. Hence, to prove
ow: (0:6;)
a0;

the positivity of it is sufficient to prove the positivity of H;(vy; + ;) + 45;G; for

1,7 = 1,2 and j # i. We have after some simplification

Hj(vi+5) +4B8,Gi = [4&%— %+%H2ﬁzﬁg Vi %+%)]
(=) |48 = 0.+ 7+ )|

> 0, since {62'7ﬁj} > ’yiand{éi,éj} >\ fori,j =1,2 and j # 1.
This completes the proof. [ |

Proof of Lemma 3

(a) Under symmetric assumption as defined in Section 3.1, from the expression (7), the

equilibrium quality improvement level of each manufacturer under WP contract can be given
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as

I e Gank) .
86n — 4ny + I\ — 62 '

> (0, always under assumptions A3 and AS5.

Substituting (B.8) in equation (6), the equilibrium wholesale price of each manufacturer

under symmetric assumption can be given as

dam + c{45n FON— 52}
80n — dny + I\ — 62
> 0, always under assumptions A2 and A3.

W P*

Finally, substituting (B.8) and (B.9) in (5) we get equilibrium retail price in WP contract

under symmetric assumption and is given by

pwre _ 2a0(36 = 27) + ¢(8 = 7) (200 + 0A — 8°)
(B —7)(86n = 4y + 6A — 62)
> 0, under assumption A3 and since § > v always.

(b) In WP contract the contribution margin of each manufacturer under symmetric assump-

tion is
Cwee_wee 2677{@ —c(f - 7)}
(8 =) (880 — 4y + 6A — 67)
> 0, under assumptions A3, A5 and since 5 > 7 always.
This completes the proof of the lemma. [ |

Derivation of Equation (10)

Since, cost-sharing fraction (CSF)s are decided at the last stage of the manufacturer-
Stackelberg game, the retailer’s reaction functions on retail prices and manufacturers’ pricing
decisions are same as WP contract and are given by expressions (5) and (6). Hence, substi-

tuting (5) and (6) into profit function (9), differentiating with respect to QILs {6,6} and
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equate it to zero we get

0 [Gl{HQ(% +72) + 452G1} —2m (1 — ¢1)A¥SA¥S} + 0, [Gl{Gz(% +72) + 452H1}]

G| Ba(1 + ) + 4B, By — 1 AYS] o, (B.10)

0 [Gz{Gl(% +72) + 451H2H + 02 { (71 +72) + 451G2} —2(1 — ¢2)AMSAMS}
0.

(B.11)

+Gs [E1(71 +72) + 461 Ey — CQAéWS

Solving (B.10) and (B.11) simultaneously we get the equilibrium QILs under SCS contract
as are given in (10), AJYS is the same as defined in Notations and Symbols of this

appendix. |

Proof of Lemma 4

Differentiating the equation (10) partially with respect to ¢; we have

o C;ff O Al AL (1 = AT AT — Gy Hiloi+ ) + 4565 )]
X [Gz‘Gj{Gj(% + ;) + 45jHi}{Ez‘(% +75) +4B8,E; — CjAgVP}
Gl B+ ) + 485 i — A {201 — g) AV AYT
6+ 145,

> 0, under assumptions A1, A2 and AS5.

This completes the proof of the lemma. [ |

Proof of Proposition 2

Under symmetric assumption and for given CSF ¢, the objective function of the retailer

under SCS contract is

z{a — (B — 7)}2{452772(1 —¢)? — ¢nd*(B — v)}

5% (¢) = M5 = !
(B=) [477(1 — )28 —7) =02+ (5)\]

(B.12)

This is a function of ¢ only. Hence, to establish the proposition,it is sufficient to prove that

1369 is strictly concave with respect to ¢. Now differentiating (B.12) with respect to ¢
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twice and putting ¢ = gbggts* we get

[dznls%cs] B _8n25{a — (B - 7)}2 [252(5 —A)+6(8—7)(28 - 7)]

ZE (B-") [477(1 — ¢20S) (2B — ) — 82+ 54 ’

This implies that at ¢ = ¢, TI379 is strictly concave.Hence, there exists an optimal
solution of T13°S, which is a local solution. Thus, ¢ = ¢°“%" is the required local optimal

solution. This completes the proof. |

Proof of Lemma 5

The second part of the proof is similar to Proof of Lemma 4. For the first part,

differentiating (17) partially with respect to ¢ and after some simplification we get

391@52) . 2772A‘1/VPA5VP
a¢2 - (AgVCS)Q
§ = [Gl{EQ('Vl +¥2) + 462 Fy — A¥VPC1H [G1{G2(71 +72) + 452H1H
X [Gz{Gl(Fl +72) + 451G2H + [Gz{El(% +72) + 4B £y — AgVPCQH
X [Gl{G2(% +72) + 452H1}] [QﬁlA‘fVPAgVP - Gl{HQ(% +72) + 452G1H

> (0, under assumptions A1, A2 and A5.

&, where

This completes the proof of the lemma. |

Proof of Proposition 3

To prove the results we use the expressions as given in Equilibrium solutions under
symmetric assumptions of this appendix under different contracts.
(i) 05957 > OWP": To establish this result it is sufficient to show that

Num_05¢5" > Num 0T and Den_ 60" > Den_0°“%" where Num_0°“°" and Num_0"V*"

are the numerators of the equilibrium #°¢%" and "'" respectively whereas Den_6°¢°" and

Den ™" are their respective denominators. The equilibrium QILs in WP and SCS con-
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tracts under symmetric assumption are

i)
<8617 —4ny + o0\ — 52>
o {a—cB-n 26206 -0 +68-1025-)}
2[4n(8 = 7)(28 = 7)? = 8(8 = 7)(3 = N)(28 = 7) = B2(6 — A?]
B Num_65¢%"
~ Den_g5¢5 "
We can rewrite 8" in the following way:

26(8 — )28 = 1){a - (8-}

gwPT
2186n(8 —7)(28 =) —4ny(B —7)(28 —7) =66 — A)(B —7)(28 —7)
B Num_Wr"
~ Den WP’
We get
Num_0°¢%" — Num """ = {a —c(B— 7)}{25(75 — BA) +70(B — ’Y)}

> 0, under assumption A4 and production cost restriction (8),

HSCS*

= Num_ > Num """, (B.13)

On the other hand,

Den V" — Den 6599 = An(B —7)(28 —7)* —4n(B —7)(28 —7)* + B*(6 — A)?
= B*(5—N)?%>0,

= Den 0" > Den 595", (B.14)

Combining (B.13) and (B.14) we have we have 59" > §"WF" under assumption A4 and

production cost restriction A5. This is the required result.

(ii) w99 > w"WF": To establish the result we follow the similar approach as discussed

in case of Proposition 3(i). In this case, to prove the result it is sufficient to show that
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SCS*

Num_w > Num_w"?" and Denw" '™ > Den_w®“S" where similar to previous proof,

SC WP SC

Num_w?“*" and Num_w are the numerators and Den_w5¢%" and Den_w"W" are the de-

SCS*

nominators of w and w"'F" | respectively. Under symmetric assumption, the expression

for w7 can be rewritten as
3(n _ _ Y
WP S(B—7)(28 7){4an+c(4ﬂn+5>\ ) )}
2B—=7)(26-7) (8577 —4dny + 0\ — 62)
B Num_w"Wr”
 Den_wWP
We have
s o =) {8026 =) = 56 = N } + oo

2[4n(8 = )(28 = 7)2 = 6(8 = 7)(6 = A)(28 = ) — B(6 = A)?

Num_w3¢s" L
= Den w505 where

pa = {881(8=7)(28 = 7) = 0(8=)(6 — N)(38 —7) — 286 — M)

Now,we have

Num w®*®" — Num w""" = a(f - 7){277(25 —7) =005 - A)} + C{%n(ﬁ —7)(28 =)
(B0~ N 25— )
> (8- ){2n8 - 7) - 8- N}

c 4570 = A28 + 1)
+5{(B=) = X348 ) + 5F =) } by A2
> 0, by A2,
= Num w®“®" > Numw""" by assumption A2. (B.15)

Further, we have

Den-w™® — DenawSS" = n(8—7)(28 ) + 38— )(28 ~ 1)(0 ~ ) +268°(5 — AP
> 0,

W P*

= Den_w > Den_w®°Y". (B.16)
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Combining (B.15) and (B.16) we get the required result w9 > w"F" under assumption

A2. This completes the proof of the proposition. ]

Proof of Proposition 4

In our study, we represent the price competition level and the quality competition level
between two products by the the parametric differences (6 — 7) and (6 — \), respectively.
Competition levels increase with the decrease of these values. Hence to establish the result
we have to just show that ¢°“" decreases with (3 — 7) and increases with (6 — \). Taking

partial differentiation with respect to (5 — ) we have

a¢SCS*

1 2 2
TG—) = e A2 78) = 80— N F[26°5 - N+ 85 — )25 =)
+470(28 — 7)[28(76 = BX) +70(8 )]
+0°(8 = 7)(6 = N)(28 )]

< 0, under assumption A4 and if assumption A2 holds under symmetric assumption,

where ¢ = 4[2,62(5 —AN)+(8=7)28 — 'y)]

Similarly, taking partial differentiation with respect to (6 — \)

9% (B-1)
N = o [0 8 =) +88n{25A 4965 - ) }] >0
This completes the proof of the proposition. |

Proof of Proposition 5

We prove the result for WP contract and SCS contract under symmetric assumptions.
Our numerical investigation assures that this result is also true for CSB contract and for

asymmetric demand assumptions. Taking partial differentiation of """ and 6°“%" with
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respect to n we get in turn

1628 =) {a - (8-}

aQWP*
O (8B —dny+ oA —02)2
gpscss 28 =8 {a—cB -y {2820 - N + 38 -E8 -7}
= _ .
% [4n(8 = )28 = )2 = 6(8 = )(6 = N)(28 = %) — B2(5 — A?]
From the above results we have 69;713* < 0 and % < 0 under condition A This
[ |

completes the proof of the proposition.

Proof of Proposition 6

The proof is similar to that of Proposition 4. To prove the result we have to just show

that decreases with the increase of 1. Taking partial differentiation of 5°" with respectn

we get
5C8* 2043 _ _
Lo ) L S
an UMY

( is the same as defined in Proof of Proposition 4.

This completes the proof.

HTt is to be noted that under symmetric assumptions, the condition A2 dominates the condition A3

always.
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(a) Wholesale Price

—— WP - B -SCS seeshe++ CSB
WCS(wl) === WCS(W2) —@— WCB(wl)
—t— WCB(W2)
32
30
g
5 28
=
s 26
=
£ 24
=
22
20
15 17 19 21
Price competition (B-y)
(¢c) Wholesale Price
—— WP - B- -SCS ceeshe-- CSB

WCS(Wl) —H— WCS(w2) —o&— WCB(wl)

—t— WCB(W2)
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(e) Wholesale Price
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ACCEPTED MANUSCRIPT

(a) Consumer Demand

—— WP - B- -SCS ceesk--- CSB == WCS(d1)
500 == WCS(d2) —&— WCB(dl) =—+— WCB(d2)
-g M.,
£450 e,
S e =
=
% 400
=
Z
= 350
(=]
Q
300
15 17 19 21
Price competition (B-y)
(b) Consumer Demand
—— WP - B -SCS ceesh--- CSB == WCS(d1)
== WCS(d2) —&— WCB(d1) =——+— WCB(d2)
S 850
]
E 750
<
5 650
§ 550
g
S 450
350
15 16 17 18 19 20
Quality competition (6-1)
(¢c) Consumer Demand
—— WP - B- -SCS ceeshes- CSB e WCS(d1)
= WCS(d2) =@— WCB(d1) =—t=— WCB(d2)
500
480
g 460
5440
<
u420
g 400
Z 380
g 360
Q
340
320

10 12 14 16 18 20
Quality investment (1)



(a) Manufacturer's Profit (b) Retailer's Profit
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(a) Channel Profit
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