
Citation: Zhong, J.; Huo, J. Impacts

of Power Structure on Introduction of

Green Store Brand. Sustainability

2022, 14, 11995. https://doi.org/

10.3390/su141911995

Academic Editors: Lu Zhen,

Junliang He and Lufei Huang

Received: 7 August 2022

Accepted: 15 September 2022

Published: 22 September 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Impacts of Power Structure on Introduction of Green
Store Brand
Junyi Zhong * and Jiazhen Huo

School of Economics and Management, Tongji University, Shanghai 201804, China
* Correspondence: zhongjy_suly@163.com

Abstract: Over the past decades, the store brand has undergone a key change and achieved a
remarkable improvement. Based on the industry observations, there is a wide belief that the retailers
are more and more inclining to add values that cater to the consumers into their store brands. The
green store brand, one kind of the burgeoning store brands, has been introduced by many retailers
recently. In this paper, we investigate the conditions for retailer to introduce a green store brand and
the impacts of supply chain power structure on the retailer’s product strategy. We built and solved
six game models with respect to three supply chain power structures with and without the green
store brand. The results show that: (i) the threshold to introduce the green store brand is lowest in RS
power structure while highest in VN power structure, and the thresholds to only sell the green store
brand under different power structures are the same; (ii) the green store brand may be introduced
as a profitable product that has the real sale or just a threatening tool to compel the manufacturer
to make a concession in wholesale price; (iii) once the green store brand is introduced, it is always
detrimental to the manufacturer regardless of power structure; (iv) the green store brand can alleviate
the double marginalization effect with respect to the national brand in most cases but aggravate it if
the power structure is RS, and the ratio of potential margin is relatively low.

Keywords: green store brand; game theory; supply chain power structure; green supply chain
management

1. Introduction

A store brand, also called private label, refers to the brand that set and controlled by
retailers. The Private Label Manufactures Association (PLMA) has defined store brand
products as all merchandise sold under a retail store’s private label designed, produced,
and sold on the retailer’s own. Over the past years, the store brand has developed rapidly
all over the world. In 2014, the global average market share of store brands was 16.5%,
and the first echelon were the countries in Europe, among which Switzerland, Britain,
Germany, and Spain had the market shares of store brands: about 40% (Nielsen report,
2014). According to the report released in 2016 by PLMA, these data increased in varying
degrees, and especially, the market shares of store brands in Switzerland and Spain came
in at nearly 50%. Other countries also achieved improvement in store brands. For example,
the dollar share of store brands in the U.S. market was 17.7% in 2017 (Nielsen report, 2018),
while these data increased to 19.2% in 2019 (PLMA report, 2020).

On the other hand, the position of store brands has developed from the inferior substi-
tution of national brands to the unique product whose value and price are equivalent or
even higher than those of national brands. Many retailers are inclining to add extra value
into their store brand, which not only caters to the consumers but also forms differentiation
against other retailers. With the rapid development of concern about sustainability (Agri-
culture and Agri-Food Canada report, 2010), consumers are more and more willing to buy
the products that are healthy and environmentally friendly [1–3]. Conforming to this trend,
many retailers, particularly those in Europe and North America, have developed their store
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brands with green and organic attributes [4,5]. During the development of a green store
brand, retailers themselves are active in setting food safety, quality, and environmentally
friendly standards for their store brand [6,7]. For example, Walmart launched a new label,
“for planet”, for some of her store brands to declare that the product is made from recyclable
raw materials and is more environmentally friendly. Similarly, Sam’s Club also introduced
a new label, “Made with Our Member & Planet in Mind”, stressing that this series of store
brand has higher quality and is more consistent with sustainability standards. Furthermore,
many retail giants have begun offering their green store brand products in categories with
focus on consumer preferences of green and sustainable products [8,9]. For instance, Kroger
provides consumers with some organic and healthy food through the green store brand
named “Simple Truth”, and Cole has the same type of store brand product, one example of
which is Cole’s carbon-neutral beef. Moreover, Tesco developed a store brand product of
concentrated foam cleaner, which can reduce the use of plastic packing. However, some
empirical research, such as Sayman et al. (2002) [10] and Braak et al. (2014) [11], pointed out
that not all categories are suitable for the introduction of premium store brand. Though a
great deal of literature has studied the introduction of traditional store brand, the conditions
of the introduction of the green store brand, which is extremely differentiated from the
traditional one, remain unclear. This motivates us to investigate which category is the most
profitable for retailers to introduce a green store brand.

Another motivation for our research is that, as the retail industry has been changing
in the past decades, the ability of the retailer to negotiate with the manufacturer has been
improved. Especially for those retailer giants such as Tesco, Sainsbury, and Walmart, they
usually have the power to issue take-it-or-leave-it terms to manufacturers [12]. However,
there still exist some super manufacturers, such as Apple and Estee Lauder, who have
often been considered to be more powerful against the downstream retailers. In addition,
the supply chain members may have the equal power. The well-known example is about
the cooperative relationship between Walmart and P&G. As a result, the power structures
between manufacturers and retailers vary across different cases. Therefore, we want
to know whether the power structure has an impact on the introduction of green store
brands and how the power structure and green store brands affect the interaction between
manufacturer and retailer. Unfortunately, to the best of our knowledge, there is a lack of
research focusing on this question. Most of literature studied on the introduction of store
brands was based on the perspective of either the manufacturer leadership [13–16] or the
retailer leadership [12]. This paper fills the gap of literature on how power structure affects
the retailer’s introduction strategy of green store brands.

In addition, although the impacts of the power structure (e.g., Luo et al. (2017) [17])
and the introduction of store brands (e.g., Ru et al. (2015) [12]; Raju et al. (1995) [14]) on the
supply chain performance have been studied, respectively, how the introduction of green
store brand effects the interaction between supply chain members under different power
structures is still unknown.

Therefore, our paper considers a supply chain consisting of one manufacturer and
one retailer and a category in which the retailer has the ability to develop her green store
brand. We built and solved six game models with respect to three supply chain power
structures with and without the green store brand. Here, our research aims to fulfill the
gap in previous literature through addressing the following key questions:

i. What are the conditions for the retailer to introduce the green store brand?
ii. How will the manufacturer and retailer develop their pricing decisions to maximize

their own profits before and after the introduction of a green store brand under
different power structures?

iii. What are the impacts of the power structure on the retailer’s decision on the intro-
duction of a green store brand and how the power structure and green store brand
affect the interaction between supply chain members?

Our outcomes reveal that the potential margin ratio of both brands is a key criterion
to derive the retailer’s introduction strategy and product strategy. That is, the retailer will
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not introduce the green store brand if the ratio is low and sell the green store brand only if
the ratio is high; otherwise, she will sell the both brands. Especially, these thresholds vary
between different power structures. We also found the different roles that the green store
brand plays in that it will be introduced as a profitable product that has real sales or a just
threatening tool to make the manufacturer take a concession in the wholesale price of a
national brand. In addition, the results show that, once the green store brand is introduced,
the introduction of a green store brand is always detrimental to the manufacturer regard-
less of power structure. Most importantly, a green store brand can alleviate the double
marginalization effect of a national brand in most cases. However, what is unexpected is
that if the retailer has the leadership, and the potential margin of green store brand is low,
the green store brand will aggravate the double marginalization effect, which needs to be
handled properly.

The rest of this paper is organized as follows: In Section 2, we provide a review of
the relevant literature. Then, we formulate our models in Section 3. We solve the models
under the three power structures with and without green store brand and obtain the
equilibrium results in Section 4. In Section 5, we explore the impacts of power structure on
the introduction of a green store brand and the impacts of power structure and green store
brand on the interaction between the manufacturer and retailer. Finally, in Section 6, we
conclude our findings and limitations and list the directions for future research.

2. Literature Review

Our paper is closely related to the stream of literature that focuses on the conditions to
introduce a store brand and the impacts of its introduction on the supply chain performance.
Raju et al. (1995) [14] built a game model using an aggregate demand formulation to explore
the effects of price substitution elasticity, amount of on-sale national brands, and potential
basic demand of a store brand on the introduction of a store brand. Morton and Zettelmeyer
(2004) [18] found that a retailer is more likely to introduce the store brand in the categories
with large revenues by an empirical investigation. Jin et al. (2017) [19] considered a supply
chain consisting of one manufacturer and two retailers and found that the retailers are less
likely to introduce store brands when the manufacturer chooses a single-channel (dual-
channel) strategy under the flexible (uniform) wholesale price scheme. Mills (1995) [13]
took the first step to apply the utility theory into the demand model and found the retailer
will introduce a store brand only if the substitutability between both brands is not too
small. They also found that the introduction of a store brand could alleviate the double
marginalization problem of a national brand that is inherent in the distribution supply
chain. Since then, many researchers obtained the similar results [10,15,16,20,21]. Chen et al.
(2011) [15] characterized the conditions under which the retailer will introduce a store brand
and discovered that the impact of introducing a store brand on the overall performance
of supply chain may be beneficial or detrimental. Xiang Fang et al. (2013) [16] presented
the retailer’s decision on the introduction of a green store brand is dependent on the both
brands’ cost per unit quality. They found that the introduction of a store brand can improve
the supply chain efficiency. These papers also implied that the introduction of a store band
always hurts the manufacturer, while Ru et al. (2015) [12] showed that a store brand may
benefit the manufacturer when the interaction between the manufacturer and retailer is
modeled as a retailer-led Stackelberg game. However, the above literature all focused on
the standard store brand, whose price and quality are lower than the national brand’s. Only
a few papers discussed the introduction of a green store brand or a premium store brand,
and most of them studied the issue by empirical research. Braak et al. (2014) [11] performed
an empirical study to find out which factors may affect the introduction of premium store
brand by the data from 150 categories for six retailers from two countries. They found
that new variables need to be considered although the earlier empirical generalizations
on factors conducive to a standard store brand entry still hold for a premium store brand
entry. Schnittka (2015) [22] identified the conditions under which premium brands are more
attractive, and the results revealed that a premium store brand is more suitably introduced
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by a high-priced retailer and in the categories with high brand relevance. Masuda and
Kushiro (2018) [23] took a private-label vegetable grown with reduced use of synthetic
pesticides and chemical fertilizers, which can be seen under the green store brand, as the
object of study and identified the brand equity factors using payment card data. The results
can help the retailer choose the proper category for introducing her green store brand.
From the perspective of theoretical research, Hara and Matsubayashi (2017) [24] used game
theory to study the strategic introduction of a premium store brand that was horizontally
differentiated to the national brand. Li et al. (2021) [25] identified the conditions for
a retailer to introduce a higher-quality private label or lower-quality private label and
found that the introduction of the higher-quality private label can improve channel profit.
Different from the above papers, our work provides a new insight into the impacts of power
structure on the introduction of the store brand as well as the supply chain performance.

Another stream of literature that this paper related to is that concentrated on the
impacts of power structure on the supply chain performance. Choi (1991) [26] initially used
three different nonoperative games (i.e., two Stackelberg and one Nash games) to model
different power structures in a supply chain and concludes that all channel members as
well as consumers are better off when the market is non-dominated. Shi et al. (2013) [27]
use a game-theory-based framework to model power in a supply chain with random
and price dependent demand and examine how power structure and demand models
affect supply chain members’ performance. Chung and Lee (2017) [28] proposed a game-
theoretic model composed of two manufacturers and one retailer and found that the
power structure does have the impacts on the pricing decisions. The surprising result
in this paper was the retailer does not always benefit from the more power. Luo et al.
(2017) [17] considered the horizontal and vertical competitions simultaneously between two
manufacturers and one retailer and modeled seven different power structures. They found
the non-dominated power structure leads to the most profit for the entire supply chain.
Ghosh and Shan (2012) [29] built several game theoretical models involving manufacturer
Stackelberg, retailer Stackelberg and vertical Nash and explored how the power structure
effects the greening levels, prices, and profits of the supply chain. Moreover, very few
studies investigated the impacts of power structure on the supply chain with a store
brand. Choi and Fredj (2013) [30] modeled all three power structures to study the strategic
interaction between one manufacture and two retailers who have their own store brand.
The results showed that a dominant manufacturer may result in the highest prices for both
brands. While they focused on the effects of power structure on the pricing strategies of
both national brand and store brands, we explored how the power structure affects the
introduction of a green store brand. The most relative literature to ours is the work done
by Ma et al. (2018) [31]. They modeled six non-cooperative games (two Stackelberg and
one Nash games both with and without a store brand) between one manufacturer and one
retailer and showed the retailer with lower power is more inclined to introduce a store
brand. Our work differs from theirs by taking the unit production cost of both brands into
the consideration and complements the extant literature by focusing on the green store
brand whose value, position, and influence on the interaction between members are totally
distinguished from the standard one.

Our paper is also related to the literature about green supply chain. Wu et al. (2020) [32]
considered a supply chain with a green store brand and proposed three modes according
to the difference of the initial one-off environmental investment of the green store brand.
They found that the green supply chain achieves the best coordination effect when the
retailer and manufacturer jointly undertake the initial one-off environmental investment.
Huang et al. (2022) [33] incorporated the methods of analytical hierarchy process (AHP)
and decision-making trial and evaluation laboratory (DEMATEL) to evaluate the critical
success factors of blockchain implementation for circular supply chain management. Ghosh
and Shah (2015) [34] explored the impact of a cost-sharing contract on the green supply
chain coordination and found that cost-sharing contracts result in higher greening levels
and higher profits for supply chain members as well as the whole supply chain. While
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these studies provided deeper insight into the coordination of the green supply chain, our
work focuses on the introduction of a green product developed by the retailer.

3. The Model

We consider a supply chain that consists of one manufacturer of a national brand and
one retailer and a product category in which the retailer has the opportunity to develop the
green store brand product. The manufacturer produces the national brand product that
is not a green product and distributes it to the retailer. The retailer considers whether to
introduce the green store band product and chooses the best product strategy from three
scenarios, i.e., only national brand product, only store brand product, and both brand
products. We take the number of consumers who are exposed to the product category
(i.e., market size) to be exogenous, and each consumer purchases at most one unit of the
product. Without loss of generality, we normalize the market size to be one. In addition,
we assume that both manufacturer and retailer have the complete information about the
national brand and the store brand. Table 1 summarizes the notations in our models.

Table 1. List of the notations in models.

Notation Definition

i Subscript, index of brand; i = n for national brand, and i = s for store brand

j Subscript, index of supply chain member; j = M for manufacturer, and j = R for retailer

G Superscript, index of supply chain power structure; G = MS, RS, VN

θ Consumers’ willingness to pay for the unit perceived value

λ Consumers’ green preference

ci Unit cost of product i

w Wholesale price of national brand product

m Retailer’s margin on national brand product

pi Retail price of product i

Di Demand quantity of product i

πj Profit of supply chain member j

3.1. Demand and Profit Models

Without loss of generality, we assume that the perceived value of the national brand is
equal to one, and the perceived value of the green store brand is equal to λ(λ > 1). The
value of parameter λ reflects the consumes’ green preference, and a higher λ means the
stronger preference of consumers for the green product compared to the normal one. Let θ
represent the consumers’ willingness to pay for the unit perceived value of product. We
follow Chiang et al. (2003) [35] and assume that consumers are heterogeneous in their
willingness to pay; that is, θ is uniformly distributed over [0, 1] with density of 1. In
addition, the retailer determines the retail prices, denoted by pn and ps, for national brand
and store brand, respectively. Thus, the consumer utilities derived from the two brand
products are Un(θ) = θ − pn and Us(θ) = λθ − ps. A consumer with the willingness to
pay of θ will purchase a national brand product (a store brand product) only if Un(θ) > 0
(Us(θ) > 0). That is, the consumer who is indifferent between buying and not buying
national brand product is located at pn, and the consumer who is indifferent between
buying and not buying store brand product is located at ps

λ . While both utilities are positive,
the consumer will choose the national brand product only if Un(θ) ≥ Us(θ); otherwise, the
green store brand will be chosen. The consumer who is indifferent between buying the
national brand product and buying the store brand product is located at ps−pn

λ−1 . Thus, the
demand functions before and after the introduction of green store brand can be modeled.

i. The demand functions for national brand product before the introduction of the green
store brand are as follows:
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Dn =

{
1− pn pn < 1
0 otherwise

(1)

ii. The demand functions for both brand products after the introduction of the green
store brand are as follows:

Dn =


1− pn 1− ps + pn ≤ λ < 1
pn−ps
λ−1 − pn

Pn
Ps

< λ < 1− Ps + Pn

0 λ ≥ Pn
Ps

Ds =


0 Pn

Ps
< λ < 1− Ps + Pn

1− pn−ps
λ−1 1− ps + pn ≤ λ < 1

1− ps λ ≥ Pn
Ps

(2)

Our demand functions are based on the fact that the green product gives the consumers
more value and yields more utility. Meanwhile, the linear demand functions offer superior
mathematical tractability. This setting has been widely adopted in the previous literature,
such as in Chiang et al. (2003) [35], Fang et al. (2013) [16], Ru et al. (2015) [12], and Ma et al.
(2018) [31].

We assume that manufacturer distributes his national brand product to the retailer
with the wholesale price w, and the retailer sells it to the consumers at the price pn, so
the margin of retailer on national brand is m (m = pn − w). In addition, the retailer
sells her green store brand to the consumers at the price ps if green store brand has been
introduced. In addition, the unit production cost of the national brand and green store
brand are, respectively, cn and cs. As a matter of fact, a green product must accord with
green product standards, such as using sustainable packaging materials, while the average
product just accords with international common standards. There is a popular belief
that the unit production cost of green store brand is higher than that of national brand.
Therefore, we assume that cs > cn. Further, we assume that cn < 1 and cs < λ to exclude
uninteresting cases where no consumer will purchase any product. Furthermore, our
analysis shows that the key criterion is the ratio of the green store brand’s potential margin
to the national brand’s, which was defined by Chen et al. (2011) [15]. Let α represent this
ratio; i.e., α = λ−cs

1−cn
. Although other investigations of store brand products (e.g., Raju et al.

(1995) [14]) normalize the production costs of both the national brand and the store brand
to zero, we explicitly consider positive production costs to explore how the unit production
costs affect the introduction of the store brand. The profit functions of the manufacturer
and retailer are:

πM = (w− cn)Dn (3)

πR = mDn + (ps − cs)Ds (4)

3.2. Supply Chain Power Structure

We assume that the introduction decision of a green store brand is a long-term strategy
that cannot change as easily as the pricing [12]. Further, the store brand can be a credible
threat, which may force the manufacturer to reduce the wholesale price of national brand
only when it has been introduced [18]. Therefore, in our model, the introduction decision
is made prior to the pricing decisions no matter what the supply chain power structure
is. Then, in the next pricing game stage, we follow the previous literature [18,31,36,37],
modelling the supply chain power structure as the different sequence of pricing decisions
made by the manufacturer and the retailer. Therefore, the decision sequences can be
translated into the following three games:

The Manufacturer Stackelberg (MS): refers to the power structure with the manu-
facturer as a leader and the retailer as a follower. Correspondingly, the pricing decision
sequence is as following: first, the manufacturer, anticipating the retailer’s reaction function,
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decides the wholesale price of the national brand. Then, the retailer sets the margin of the
national brand and retail price of the green store brand, respectively.

The Retailer Stackelberg (RS): refers to the power structure with the retailer as a leader
and the manufacturer as a follower. Correspondingly, the pricing decision sequence is as
following: first, the retailer, anticipating the manufacturer’s reaction function, decides the
margin of the national brand and retail price of the green store brand, respectively. Then,
the manufacturer sets the wholesale price of the national brand.

The Vertical Stackelberg (VN): refers to the power structure in which neither the
manufacturer nor the retailer has the leadership. Hence, they, anticipating each other’s
reaction function, decide simultaneously the wholesale price and the margin of the national
brand as well as the retail price of the green store brand.

In sum, the sequences of decisions under different supply chain power structures can
be summarized in Figure 1.
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Figure 1. Sequence of Decisions.

4. Equilibrium

In this section, we will derive the pricing decisions of the manufacturer and retailer as
well as retailer’s introduction decision under three power structures. Under each power
structure, we first solve the base model containing only national brand and then solve the
model containing both brands. On the basis of solutions of the two models, the introduction
decision of green store brand can be derived. To distinguish the solutions of the two models,
we use the subscript 0 to represent the solutions of the former model.
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4.1. Equilibrium in the MS Power Structure
4.1.1. Pricing Decision before the Introduction of Green Store Brand

In this scenario, the retailer only sells the national brand to consumers, and so the
consumers only make the decision whether to buy the national brand product or not. The
demand function of national brand is as Equation (1). This game is solved backwards.

For a given wholesale price wMS
0 , the retailer’s reaction function is derived as first-order

condition of maximizing Equation (4) subject to Equation (1): mMS
0 =

1−wMS
0

2 . Substituting
this reaction function into the manufacturer’s profit function Equation (3) and maximizing
it with respect to the wholesale price, we can obtain the manufacturer’s optimal pricing:
wMS

0 = 1+cn
2 . Replacing this value into the retailer’s reaction function and the demand

function of national brand as well as the profit functions, we can obtain that: mMS
0 = 1−cn

4 ,

pMS
n0 = 3+cn

4 , DMS
n0 = 1−cn

4 , πMS
M0 = (1−cn)

2

8 , and πMS
R0 = (1−cn)

2

16 .

4.1.2. Pricing Decision after the Introduction of Green Store Brand

In this model, the retailer introduces the green store brand and sells both brands to
consumers. Therefore, the consumers not only make the decision whether to buy but
also decide which brand product to buy. The demand functions of both brands are as
in Equation (2). To obtain equilibrium, we start by resolving the last-stage game and
move back to the first-stage game. In the last stage, the retailer sets the margin mMS

and pMS
s considering wholesale price of national brand wMS decided by manufacturer.

If the retail margin mMS is sufficiently low, i.e., mMS ≤ pMS
s − λ + 1− wMS, then only

national brand has sales because consumers’ utility from buying a national brand product
is always greater than the green store brand. If the wholesale price mMS is medium, i.e.,

pMS
s − λ + 1 − wMS < mMS < pMS

s
λ − wMS, then two products both have sales. If the

wholesale price mMS is high, i.e., mMS ≥ pMS
s
λ − wMS, then the demand of national brand

will be zero. Given the value of wMS, the retailer sets the optimal wholesale price, which be
summarized in Lemma 1. (All proofs are presented in Appendix A).

Lemma 1. Given the value of wMS, there exists a unique pair of mRS and pRS
s that makes the

maximum profit for the retailer:

(
mMS, pMS

s

)
=


(

1+wMS

2 , N/A
)

if wMS ≤ 1+cs − λ(
1+wMS

2 , λ+cs
2

)
if 1+cs − λ < wMS < cs

λ(
N/A, λ+cs

2

)
if wMS ≥ cs

λ

. (5)

Anticipating the above reaction function of retailer, the manufacturer sets the optimal
wholesale price wMS. Substituting the

(
mMS, pMS

s

)
into the manufacturer’s profit function

Equation (3) and maximizing it subject to corresponding restrictive condition, within each
restrictive condition, there exists a unique optimal solution. We compare the four optimal
solutions with each other and obtain the overall optimal solution. Lemma 2 characterizes
the optimal wholesale price of the national brand. Applying Lemma 2 to Lemma 1, we can
obtain the equilibrium retail margin mMS and retail price pMS

s . Further, we can compute
the other equilibrium results, which are presented in Table 2.



Sustainability 2022, 14, 11995 9 of 33

Table 2. The optimal solution under different cases.

PS α wG mG pn
G pG

s DG
n DG

s πG
m πG

r

MS

(
0, 1

2

]
1+cn

2
1−cn

4
3+cn

4 N/A 1−cn
4 0 (1−cn)

2

8
(1−cn)

2

16(
1
2 , λ

2λ−1

)
1 + cs − λ λ−cs

2
2−λ+cs

2
λ+cs

2
λ−cs

2 0 (1+cs−λ−cn)(λ−cs)
2

(λ−cs)
2

4(
λ

2λ−1 , λ
)

cs+λcn
2λ

2λ−cs−λcn
4λ

2λ+λcn+cs
4λ

λ+cs
2

cs−λcn
4(λ−1)

1
2 + λcn−(2λ−1)cs

4λ(λ−1)
(cs−λcn)

2

8λ(λ−1)
(cs−λcn)

2+4(λ−1)(λ−cs)
2

16λ(λ−1)

[λ,+∞) N/A N/A N/A λ+cs
2 0 λ−cs

2λ
0 (λ−cs)

2

4λ

RS

(
0,

√
2λ

4(
√

2λ+1)

]
1+3cn

4
1−cn

2
3+cn

4 N/A 1−cn
4 0 (1−cn)

2

16
(1−cn)

2

8 √
2λ

4(
√

2λ+1)
,

λ
2(2λ−1)

 cn +
(λ−1)(λ−cs)

λ
2− 2λ− cn

+
(

2− 1
λ

)
cs

1 + cs − λ cs λ− cs 0 (λ−1)(λ−cs)
2

λ
(λ− cs)·[
2(1 + cs − λ)− cn − cs

λ

]
(

λ
2(2λ−1) ,

λ
2λ−1

]
λ−1+(3λ−1)cn

2(2λ−1)
1−cn

2
−2+3λ+λcn

2(2λ−1)
λ(4λ−3+cn)

2(2λ−1)
λ−λcn

2(2λ−1)
0 (λ−1)λ(1−cn)

2

4(1−2λ)2
λ(1−cn)

2

4(2λ−1)(
λ

2λ−1 , λ
)

cs+3λcn
4λ

1−cn
2

2λ+λcn+cs
4λ

λ+cs
2

cs−λcn
4(λ−1)

1
2 + λcn−(2λ−1)cs

4λ(λ−1)
(cs−λcn)

2

16λ(λ−1)
(cs−λcn)

2+2(λ−1)(λ−cs)
2

8λ(λ−1)

[λ,+∞) N/A N/A N/A λ+cs
2 0 λ−cs

2λ
0 (λ−cs)

2

4λ

VN

(
0, 2

3

] 1+2cn
3

1−cn
3

2+cn
3 N/A 1−cn

3 0 (1−cn)
2

9
(1−cn)

2

9(
2
3 , 2λ

3λ−1

)
1 + cs − λ λ−cs

2
2−λ+cs

2
λ+cs

2
λ−cs

2 0 (1+cs−λ−cn)(λ−cs)
2

(λ−cs)
2

4(
2λ

3λ−1 , λ
)

cs+2λcn
3λ

3λ−cs−2λcn
6λ

3λ+2λcn+cs
6λ

λ+cs
2

cs−λcn
3(λ−1)

1
2 + 2λcn−(3λ−1)cs

6λ(λ−1)
(cs−λcn)

2

9λ(λ−1)
4(cs−λcn)

2+9(λ−1)(λ−cs)
2

36λ(λ−1)

[λ,+∞) N/A N/A N/A λ+cs
2 0 λ−cs

2λ
0 (λ−cs)

2

4λ



Sustainability 2022, 14, 11995 10 of 33

Lemma 2. Given the different values of α and λ, there exists the corresponding unique optimal
solution:

wMS =


cn+1

2 if α ≤ 1
2

1 + cs − λ if λ
2λ−1 ≤ α < 1

2
λcn+cs

2λ if λ < α < λ
2λ−1

N/A if α ≥ λ

. (6)

4.1.3. Retailer’s Introduction Decision

Comparing the retailer’s optimal profits derived from the two scenarios, i.e., only
national brand and both brands, we can derive the introduction strategy of the green store
brand of retailer. We define ∆πMS

R = πMS
R − πMS

R0 ; if ∆πMS
R > 0, then the retailer will

introduce the green store brand. Otherwise, the retailer obtains more profit from only
selling the national brand.

Theorem 1. Let αMS = 1
2 , α̃MS = λ

2λ−1 , αMS = λ ; then,

(i) if α ≤ αMS, the retailer sells national brand only;
(ii) if αMS ≤ α < α̃MS, the retailer sells both brands, but only the national brand has sales;
(iii) if α̃MS < α < αMS, the retailer sells both brands, and both have sales;
(iv) if α ≥ αMS, the retailer introduces the green store brand and sells the store brand only.

Theorem 1 implies that the retailer’s decision to introduce the green store brand
depends on the α. For a given green degree λ, there exists a pair of thresholds of α, i.e.,
αMS and αMS. Only when α is higher than the lower threshold does the retailer have the
motivation to introduce the green store brand. In the extreme case where the α is higher
than the upper threshold, the retailer not only introduces the green store brand but also
does not sell the national brand any more. This is because the profitability of green store
brand is so excellent that the retailer could set an optimal retail price for the green store
brand to attract consumers from the national brand, and no one will buy the national brand.
While the α is medium, the retailer introduces the green store brand and sells both brands
simultaneously. Surprisingly, we find an interesting case that the demand of the green store
brand may be zero even though both brands are displayed on shelves. That is to say, in
this situation, the retailer benefits from the entry of a green store brand by using it as a
threatening tool instead of a profitable product.

4.2. Equilibrium in the RS Power Structure
4.2.1. Pricing Decision before the Introduction of Green Store Brand

In this scenario, the retailer only sells the national brand to consumers, and so the
consumers only make the decision whether to buy the national brand product or not. The
demand function of the national brand is as in Equation (1). This game is solved backwards.

For a given retail margin mRS
0 , the manufacturer’s reaction function is derived as

first-order condition of maximizing Equation (3) subject to Equation (1): wRS
0 =

1−mRS
0 +cn
2 .

Substituting this reaction function into the retailer’s profit function Equation (4) and
maximizing it with respect to the margin, we can obtain the retailer’s optimal pricing:
mRS

0 = 1−cn
2 . Replacing this value into the manufacturer’s reaction function and the

demand function of the national brand as well as the profit functions, we can obtain that:

wRS
0 = 1+3cn

4 , pRS
n0 = 3+cn

4 , DRS
n0 = 1−cn

4 , πRS
M0 = (1−cn)

2

16 , and πRS
R0 = (1−cn)

2

8 .

4.2.2. Pricing Decision after the Introduction of Green Store Brand

In this model, the retailer will introduce the green store brand and sells both brands
to consumers. Therefore, the consumers not only make the decision whether to buy but
also decide which brand product to buy. The demand functions of both brands are as in
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Equation (2). To obtain an equilibrium, we start by resolving the last-stage game and move
back to the first-stage game. In the last stage, the manufacturer sets the wholesale price
wRS considering the margin mRS and pRS

s . If the wholesale price wRS is sufficiently low, i.e.,
wRS ≤ pRS

s − λ + 1−mRS, then only national brand has sales because consumers’ utility
from buying a national brand product is always greater than the green store brand. If the

wholesale price wRS is medium, i.e., pRS
s − λ + 1− mRS < wRS < pRS

s
λ − mRS, then two

products both have sales. If the wholesale price wRS is high, i.e., wRS ≥ pRS
s
λ −mRS, then the

demand of national brand will be zero. Given the values of mRS and PRS
s , the manufacturer

sets the optimal wholesale price, which is summarized in Lemma 3.

Lemma 3. Given the values of mRS and pRS
s , there exists a unique optimal solution to the

manufacturer’s wholesale price:

wRS
(

mRS, pRS
s

)
=


1−mRS+cn

2 if 0 <cn ≤ 1−mRS − 2
(
λ− pRS

s
)

1− λ−mRS + pRS
s if 1−mRS − 2

(
λ− PRS

s
)
< cn ≤ 2

(
1− λ + pRS

s
)
−mRS − pRS

s
λ

λ(cn−mRS)+pRS
s

2λ if 2
(
1− λ + pRS

s
)
−mRS − pRS

s
λ < cn < pRS

s
λ −mRS

N/A if cn ≥ pRS
s
λ −mRS

. (7)

Anticipating the above reaction function of manufacturer, the retailer sets the optimal
strategy on margin mRS and retail price pRS

s
(

pRS
s ≥ cs

)
. Substituting the wRS(mRS, pRS

s

)
into

the retailer’s profit function Equation (4) and maximizing it subject to the corresponding
restrictive condition, within each restrictive condition, there exists a unique optimal solution.
We compare the four optimal solutions with each other and obtain the overall optimal
solution. Lemma 4 characterizes the optimal retailer margin of the national brand and
retail price of the green store brand. Applying Lemma 4 to Lemma 3, we can obtain the
equilibrium wholesale price. Further, we can compute the other equilibrium results, which
are presented in Table 2.

Lemma 4. Given the different values of α and λ, there exists the corresponding unique optimal
solution:

(
mRS, pRS

s

)
=



(
1−cn

2 , N/A
)

if α ≤
√

2λ
4(
√

2λ+1)(
2(1 + cs − λ)− λcn+cs

λ , cs

)
if

√
2λ

4(
√

2λ+1)
< α ≤ λ

2(2λ−1)(
1−cn

2 , λ(−3+4λ+cn)
2(2λ−1)

)
if λ

2(2λ−1) < α ≤ λ
2λ−1(

1−cn
2 , λ+cs

2

)
if λ

2λ−1 < α < λ(
N/A, λ+cs

2

)
if α ≥ λ

. (8)

4.2.3. Retailer’s Introduction Decision

Comparing the retailer’s optimal profits under the two scenarios, i.e., only the national
brand and both brands, we can derive the introduction strategy of the green store brand of
the retailer. We define ∆πRS

R = πRS
R − πRS

R0 ; if ∆πRS
R > 0, then the retailer will introduce the

green store brand. Otherwise, the retailer obtains more profit from only selling the national
brand.

Theorem 2. Let αRS =
√

2λ
4(
√

2λ+1)
, α̃RS = λ

2λ−1 , αRS = λ ; then,

(i) if α ≤ αRS , the retailer sells national brand only;
(ii) if αRS ≤ α < α̃RS , the retailer sells both brands, but only national brand has sales;
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(iii) if α̃RS < α < αRS , the retailer sells both brands, and both have sales;
(iv) if α ≥ αRS , the retailer introduces the green store brand and sells the store brand only.

Similar to the analysis in Section 4.1.3, the retailer may sell the national brand only
or the green store brand only or both brands, which depends on the values of α and λ. In
addition, within a certain range of α, the green store brand will be introduced, but it has no
sales.

4.3. Equilibrium in the VN Power Structure
4.3.1. Pricing Decision before the Introduction of Green Store Brand

In this scenario, the retailer only sells the national brand to consumers, and so the
consumers only make the decision whether to buy the national brand product or not.
The demand function of the national brand is as in Equation (1). All players maximize
their respective profits simultaneously, which results in the following reaction functions:

mVN
0 =

1−wVN
0

2 and wVN
0 =

1−mVN
0 +cn
2 . By solving the two equations, we can obtain the

optimal prices, i.e., mVN
0 = 1+2cn

3 and mMS
0 = 1−cn

3 . Replacing them into the demand
function of national brand and the profit functions, we can obtain that: DVN

n0 = 1−cn
3 ,

πVN
R0 = (1−cn)

2

9 , and πVN
M0 = (1−cn)

2

9 .

4.3.2. Pricing Decision after the Introduction of Green Store Brand

In this model, the retailer introduces the green store brand and sells both brands to
consumers. Therefore, the consumers not only make the decision whether to buy but
also decide which brand product to buy. The demand functions of both brands are as
in Equation (2). That is, if the retail price of national brand pVN

n is sufficiently low, i.e.,
mVN + wVN ≤ pVN

s − λ + 1, then only the national brand has sales because consumers’
utility from buying a national brand product is always greater than the green store brand.

If the retail price of national brand pVN
n is medium, i.e., pVN

s − λ + 1 < mVN + wVN < pVN
s
λ ,

then the two products both have sales. If the retail price of national brand pVN
n is high,

i.e., mVN + wVN ≥ pVN
s
λ , then the demand of the national brand will be zero. All players

maximize their own profits simultaneously, and the reaction functions of the retailer and
manufacturer are, respectively, the same as Lemma 1 and Lemma 3. Anticipating the
reaction function of each other, the manufacturer and retailer set the optimal pricing
strategy to maximize their profits. Theorem 3 characterizes the optimal prices of both
brands. Then, we can compute the other equilibrium results, which are presented in
Table 2.

Lemma 5. Given the different values of α and λ, there exists the corresponding unique optimal
solution:

(
wVN , mVN , pVN

s

)
=



(
1+2cn

3 , 1−cn
3 , N/A

)
if α ≤ 2

3(
1 + cs − λ , λ−cs

2 , λ+cs
2

)
if 2

3 < α ≤ 2λ
3λ−1(

2λcn+cs
3λ , λ(3−2cn)−cs

6λ , λ+cs
2

)
if 2λ

3λ−1 < α < λ(
N/A, N/A, λ+cs

2

)
if α ≥ λ

. (9)

4.3.3. Retailer’s Introduction Decision

Comparing the retailer’s optimal profits under the two scenarios, i.e., only the national
brand and both brands, we can derive the introduction strategy of the green store brand of
the retailer. We define ∆πVN

R = πVN
R − πVN

R0 ; if ∆πVN
R > 0, then the retailer will introduce
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the green store brand. Otherwise, the retailer obtains more profit from only selling national
brand.

Theorem 3. Let αVN = 2
3 , α̃VN = 2λ

3λ−1 , αVN = λ ; then,

(i) if α ≤ αVN , the retailer sells national brand only;
(ii) if αVN ≤ α < α̃VN , the retailer sells both brands, but only the national brand has sales;
(iii) if α̃VN < α < αVN , the retailer sells both brands, and both have sales;
(iv) if α ≥ αVN , the retailer introduces the green store brand and sells the store brand only.

Similar to the analysis in Sections 4.1.3 and 4.2.3, the retailer may sell the national
brand only or the green store brand only or both brands, which depends on the values of α
and λ. Additionally, within a certain range of α, the green store brand will be introduced,
but it has no sales.

5. Model Analysis

In this section, we first study how the supply chain power structure affects the retailer’s
decision on the introduction strategy of a green store brand and the further product strategy.
Then, we study the impacts of the power structure and green store brand on the supply
chain performance.

5.1. Impact of Power Structure on the Introduction of Green Store Brand

We first compare the critical thresholds for α derived from different power structures
with each other to reveal how power structure affects the product strategy of the retailer.
To be more intuitive, we present the product strategies under different power structures in
Figure 2.
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Proposition 1. For given λ , we can obtain:

(i) αRS < αMS < αVN ;
(ii) α̃RS = α̃MS < α̃VN ;
(iii) αRS = αMS = αVN ;

(iv)
∂(α−αG)

∂λ > 0,
∂(α−αG)

∂cs
< 0,

∂(α−αG)
∂cn

> 0

Proposition 1 implies three main outcomes. First, the power structure does have the
impact on the retailer’s introduction strategy of a green store brand in some cases while
not in the other cases. More specifically, if the ratio of potential margins is too low or too
high, the retailer will decide either not to sell or to sell the green store brand no matter
what power structure it is. In the other cases, while α is medium (i.e., αRS < α < αVN), the
retailer does have reversal strategies under a different power structure.

Secondly, power structures also have impact on the critical threshold values with
respect to different product strategies if α < λ and have no effect if α ≥ λ. In the latter
case, the green store brand is good enough to attract all the consumers, and the retailer will
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abandon the national brand regardless of supply chain power structure. In the former case,
the retailer has the highest threshold to sell both brands and the highest threshold for both
brands to have sales under the VN power structure. The mechanism behind this is that the
retailer needs to more focus on the balance between both brands under the non-dominated
power structure. In addition, it is of interest to note that the retailer is most likely to conduct
the both-brands product strategy under the RS power structure. This is because, compared
to the MS or VN power structure, the retailer has the absolute priority on pricing under the
RS power structure, which assists her in strategic pricing for both brands and benefits from
the introduction even if the α is relatively low.

Finally, the higher the consumer green preference and the smaller the unit production
cost of the green store brand or the larger the unit production cost of the national brand, the
more likely it is for the retailer to introduce the green store brand. That is to say, the category
with high consumer green preference and low potential margin of the national brand
product enhances the probability for the retailer to cause a profit increase by introducing a
green store brand.

5.2. Impacts of Power Structure and Green Store Brand on the Supply Chain Performance

According to the conclusions in Section 5.1, if the α is sufficiently high (α ≥ λ), the
retailer will always sell the green store brand only, and the national brand will exit the
market no matter what the power structure it is. As a result, it is intuitive to conclude
that the power structure has no effect on the retailer’s pricing decision, and the entry of
the green store brand totally changes the supply chain from the manufacturer–retailer
with the national brand to only retailer with the green store brand in this case. In another
extreme case where the α is sufficiently low (α ≤ αRS), the green store brand will not
be introduced, and more power means more preemptive pricing and more profit for the
supply chain member, which is consistent with the conclusions in the previous literature
(e.g., Choi and Fredj et al., 2013; Ma et al., 2018). Therefore, we next focus our comparisons
on the case where the unit production cost of the green store brand is not too low or
too high (αRS < α < λ). By comparing the equilibrium prices, demands, and profits of
three supply chain power structures, we can obtain the impacts of power structure on
equilibrium results. Furthermore, under each supply chain power structure, we compare
the equilibrium results with and without the green store brand to study the impacts
of the green store brand on supply chain performance. Let ∆ denote the discrepancy
in equilibrium resulting from the entry of the green store brand. For example, ∆wRS

represents the difference between wholesale prices with and without the green store brand
under RS power structure, and ∆wRS = wRS − wRS

0 . To identify the difference between
equilibrium results under different power structures, various numerical examples are given.

Let λ = 4
3 , cn = 1

2 , and cs ∈
(

2
3 , 48+29

√
6

12(3+2
√

6)

)
; the interval of cs is derived from the inequality

αRS < α < λ, which case we focus on. Similarly, let λ = 4
3 , cs =

6
5 , and cn ∈

(
7−2
√

6
15 , 9

10

)
;

cs =
6
5 , cn = 1

2 , and λ ∈
(

1.2769, 12
5

)
. These numerical examples also illustrate the effects

of parameters on the equilibrium results. Finally, we can obtain the following propositions.

Proposition 2.

(i) The equilibrium wholesale prices under different power structures are compared as follows:

wMS
0 > wVN

0 > wRS
0 , wMS ≥ wVN > wRS;

(ii) The difference values in wholesale price under different power structures are compared as
follows:
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
∆wRS < ∆wMS ≤ ∆wVN ≤ 0 if

√
2λ

4(
√

2λ+1)
< α ≤ 4λ−1

4(2λ−1) < α < λ

∆wMS < ∆wRS < ∆wVN ≤ 0 if 4λ−1
4(2λ−1) < α < max

(
16λ−5

12(2λ−1) , 8λ
3(4λ−1)

)
∆wMS < ∆wVN < ∆wRS < 0 if max

(
16λ−5

12(2λ−1) , 8λ
3(4λ−1)

) .

Proposition 2 implies that the manufacturer can always charge a higher wholesale
price if he has more power regardless of whether the retailer introduces the green store
brand. On the other hand, the manufacturer has to decrease the wholesale price facing the
entry of green store brand. However, the degree that the wholesale price declines varies
from power structures and depends on the values of α and λ. By comparing the three
difference values in wholesale price with each other, we can obtain that the wholesale price
always declines more under the MS power structure than VN power structure, while it
may be more or less under the RS power structure compared to that under the MS/VN
power structure. The main implication of this result is that the manufacturer can receive a
bigger share of the national brand profit when he has more power in the channel, so he
prefers to reduce the wholesale price more to try to keep the consumers from switching to
the green store brand.

As shown in Figure 3, in most cases, the wholesale price under the MS/VN power
structure is increasing in cs an cn and decreasing in λ. It is intuitive that the manufacturer
will charge a higher wholesale price if the unit production cost of his own product becomes
larger or if the potential margin of the competitor’s product becomes smaller, which implies
the stronger advantage in price for the manufacturer’s national brand. However, when
power structure is RS, and the α is relatively low, the retailer will introduce the green store
brand as a threatening tool, meanwhile utilizing her priority in pricing decision to extract
extra profit from the national brand, which results in the fact that the manufacturer has to
further cut down the wholesale price of the national brand.
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Figure 3. Effects of parameters on wholesale prices.

Proposition 3.

(i) The equilibrium retail margins of the national brand under different power structures are
compared as follows:

mMS
0 < mVN

0 < mRS
0 , mMS ≤ mVN < mRS;
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(ii) The equilibrium retail prices of green store brand (if introduced) under different power struc-
tures are compared as follows: pRS

s < pMS
s = pVN

s = λ+cs
2 if

√
2λ

4(
√

2λ+1)
< α < max

(
2
3 , λ

2λ−1

)
pRS

s = pMS
s = pVN

s = λ+cs
2 if max

(
2
3 , λ

2λ−1

)
≤ α < λ

;

(iii) The difference values in retail margins of national brand under different power structures are
compared as follows: ∆mRS > ∆mMS = ∆mVN = 0 if

√
2λ

4(
√

2λ+1)
< α ≤ λ

2(2λ−1)

∆mMS ≥ ∆mVN ≥ ∆mRS = 0 if λ
2(2λ−1) < α < λ

.

It is not surprising that the retailer can charge a larger retail margin of the national
brand for her more power in the supply chain, i.e., the lowest under the MS power structure
and highest under the RS power structure, as shown in the upper three pictures of Figure 4.
However, it is not the same case with respect to the green store brand. Figure 5 illustrates
that the retailer adopts the same pricing strategy for her store brand under different power
structures excluding the case in which the power structure is RS, and the α is relatively
low. In the latter case, the retailer will set a lower retail price for the green store brand
compared to the MS/VN power structure. As a result, according to the equilibrium prices
of wG, mG, and pG

s under different power structures, we found an unexpected outcome
from the retailer’s advantage in decision sequence and the disadvantage in unit production
cost of her store brand. That is, the dominant retailer will adopt the price-cutting strategy
for the green store brand to compel the manufacturer to further reduce the wholesale
price, and then, the retailer can achieve more margin on the national brand. However, this
price-cutting strategy is not useful when the retailer does not have the priority on pricing,
which leads to the price strategy for the green store brand (if it is introduced) in these cases
remaining unchanged with the decrease of α.
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Figure 4. Effects of parameters on retail margins of the national brand.



Sustainability 2022, 14, 11995 17 of 33

Sustainability 2022, 14, x FOR PEER REVIEW 18 of 39 
 

brand. However, this price-cutting strategy is not useful when the retailer does not have 

the priority on pricing, which leads to the price strategy for the green store brand (if it is 

introduced) in these cases remaining unchanged with the decrease of  . 

By comparing the equilibrium retail margins on the national brand before and after 

the entry of the green store brand, we can obtain that the retailer will always set a higher 

margin on the national brand after the entry of the green store brand, as shown in the 

three pictures at the bottom of Figure 4. The motivation behind this is not only to cause 

more sharing of the sale of the national brand but also to make room for the sale of the 

green store brand. 

Moreover, Figure 4 illustrates that the impacts of three parameters on the retail mar-

gin of national brand vary between different intervals and different power structures. In 

sum, only when the power structure is RS, and the   is relatively low does the retail 

margin 
RSm  increase in sc  and decrease in  ; furthermore, the retail margin 

RSm  is 

non-inclined with increasing nc  and sc  and non-declined with increasing  . Figure 5 

illustrates that when the retailer does not adopt the price-cutting strategy for the green 

store brand, the retail price only depends on the value of   and sc  and is increasing in 

  and sc . However, when the retailer adopts the price-cutting strategy, she also should 

take the unit production cost nc  into consideration, and all three parameters may in-

crease the retail price 
RS
sp  in some cases but have no impact on it in the other cases. 

   

   

Figure 4. Effects of parameters on retail margins of the national brand. 

   

Figure 5. Effects of parameters on retail prices of the store brand. 

  

mRS mVN mMS

0.7 0.8 0.9 1.0 1.1 1.2
0.0

0.1

0.2

0.3

0.4

0.5

cs

m
G

mRS mVN mMS

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

cn

m
G

mRS mVN mMS

1.4 1.6 1.8 2.0 2.2 2.4
0.0

0.1

0.2

0.3

0.4

0.5

m
G

mRS mVN mMS

0.7 0.8 0.9 1.0 1.1 1.2
0.00

0.05

0.10

0.15

0.20

cs
m
G

mRS mVN mMS

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.00

0.05

0.10

0.15

0.20

0.25

0.30

cn

m
G

mRS mVN mMS

1.4 1.6 1.8 2.0 2.2 2.4
0.00

0.05

0.10

0.15

0.20

m
G

ps
RS ps

VN ps
MS

0.7 0.8 0.9 1.0 1.1 1.2
0.9

1.0

1.1

1.2

1.3

1.4

cs

p
sG

ps
RS ps

VN ps
MS

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1.10

1.15

1.20

1.25

1.30

cn

p
sG

ps
RS ps

VN ps
MS

1.4 1.6 1.8 2.0 2.2 2.4

1.2

1.3

1.4

1.5

1.6

1.7

1.8

p
sG

Figure 5. Effects of parameters on retail prices of the store brand.

By comparing the equilibrium retail margins on the national brand before and after
the entry of the green store brand, we can obtain that the retailer will always set a higher
margin on the national brand after the entry of the green store brand, as shown in the three
pictures at the bottom of Figure 4. The motivation behind this is not only to cause more
sharing of the sale of the national brand but also to make room for the sale of the green
store brand.

Moreover, Figure 4 illustrates that the impacts of three parameters on the retail margin
of national brand vary between different intervals and different power structures. In sum,
only when the power structure is RS, and the α is relatively low does the retail margin mRS

increase in cs and decrease in λ; furthermore, the retail margin mRS is non-inclined with
increasing cn and cs and non-declined with increasing λ. Figure 5 illustrates that when the
retailer does not adopt the price-cutting strategy for the green store brand, the retail price
only depends on the value of λ and cs and is increasing in λ and cs. However, when the
retailer adopts the price-cutting strategy, she also should take the unit production cost cn
into consideration, and all three parameters may increase the retail price pRS

s in some cases
but have no impact on it in the other cases.

Proposition 4.

(i) The equilibrium retail prices of national brand under different power structures are compared
as follows:

pMS
n0 = pRS

n0 > pVN
n0 ,

and 
pRS

n ≥ pMS
n > pVN

n if
√

2λ
4(
√

2λ+1)
< α ≤ 1

4

pMS
n > pRS

n ≥ pVN
n if 1

4 < α ≤ 1
3

pMS
n ≥ pVN

n ≥ pRS
n if 1

3 < α < 1
2λ−1

pMS
n = pRS

n > pVN
n if 1

2λ−1 ≤ α < λ

;

(ii) The difference values in retail margins of national brand under different power structures are
compared as follows:{

∆pRS
n > ∆pMS

n = ∆pVN
n = 0 if

√
2λ

4(
√

2λ+1)
< α ≤ 1

4

∆pRS
n ≤ ∆pMS

n ≤ ∆pVN
n ≤ 0 if 1

4 < α < λ
.

Before the introduction of the green store brand, the retail price of the national brand is
lowest under VN power structure, and this remains after the entry of the green store brand
except in the situation where the retailer is a leader, and the α is medium-high, as shown
in the upper three pictures in Figure 6. This indicates that the non-dominated supply
chain power structure alleviates the double-marginalization problem for the national
brand, which is consistent with Choi (1991) [26], Chung and Lee (2017) [28], and Luo
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et al. (2017) [17]. For the special result that pMS
n ≥ pVN

n ≥ pRS
n , it can be explained by the

comprehensive effect of power structure and green store brand; that is, the mitigation effect
of the latter on double-marginalization problem (implied by Proposition 4(ii)) is greater
than the former.
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Figure 6. Effects of parameters on retail prices of national brand.

Proposition 4 (ii) states that the green store brand also can alleviate the double-
mitigation effect of the national brand in most cases, which is in accordance with the
conclusions in Sayman and Raju (2004) [10], Choi, (2006) [21], Chen et al. (2011) [15], and
Xiang Fang et al. (2013) [16]. However, different from the previous literature, we find the
unexpected result that the green store brand may deteriorate the double-mitigation effect
of national brand when the power structure is RS, and the α is relatively low, as shown
in the lower three pictures in Figure 6. The mechanisms for the two opposite effects on
the double-mitigation effect can be derived by the conclusions in the above propositions
relative to the wholesale price and retail margin of the national brand. That is, the reduction
in double-mitigation effect comes from a lower wholesale price, and the deterioration
comes from a higher retail margin.

Proposition 5.

(i) The equilibrium profits of the retailer under different power structures are compared as follows:

πMS
R0 < πVN

R0 < πRS
R0 , πMS

R ≤ πVN
R < πRS

R ,

and

∆πRS
R ≥ ∆πMS

R ≥ ∆πVN
R ≥ 0 if

√
2λ

4(
√

2λ+1)
< α ≤

√
1+2λ

4
√

2λ−1

∆πMS
R > ∆πRS

R > ∆πVN
R ≥ 0 if λ < 1

14

(
7 + 3

√
7
)

and
√

1+2λ
4
√

2λ−1
< α <

√
λ(λ−1)(16λ2−14λ−1)−3λ

3(2λ2−4λ+1)

or λ ≥ 1
14

(
7 + 3

√
7
)

and
√

1+2λ
4
√

2λ−1
< α <

√
1+16λ

3
√

2(2λ−1)

∆πMS
R > ∆πVN

R ≥ ∆πRS
R > 0 if λ < 1

14

(
7 + 3

√
7
)

and
√

λ(λ−1)(16λ2−14λ−1)−3λ

3(2λ2−4λ+1) ≤ α < λ

orλ ≥ 1
14

(
7 + 3

√
7
)

and
√

1+16λ

3
√

2(2λ−1)
≤ α < λ

;

(ii) The equilibrium profits of the manufacturer under different power structures are compared as
follows:
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πMS
M0 > πVN

M0 > πRS
M0, πMS

M ≥ πVN
M > πRS

M ,

and


∆πRS

M < ∆πMS
M ≤ ∆πVN

M ≤ 0 if
√

2λ
4(
√

2λ+1)
< α ≤ 2+

√
2

4(2λ−1)

∆πMS
M < ∆πRS

M < ∆πVN
M < 0 if 2+

√
2

4(2λ−1) < α < 1
2 +

√
2(8λ2−8λ+11)

12(2λ−1)

∆πMS
M < ∆πVN

M ≤ ∆πRS
M < 0 if 1

2 +

√
2(8λ2−8λ+11)

12(2λ−1) ≤ α < λ

.

By comparing the profits of retailer or manufacturer derives from three power struc-
tures, respectively, before and after the introduction of the green store brand, we can obtain
that, regardless of the green store brand introduction, the supply chain member always
gains more profit with bigger power, as shown in the upper pictures in Figures 7 and 8.
Figures 7 and 8 also illustrate the impacts of three parameters on the profits of the retailer
and manufacturer. When the green store brand is introduced as a profitable product, the
profit of retailer increases in λ and decreases in cs and cn, while the profit of the man-
ufacturer increases in cs and decreases in λ and cn. This finding may remain when the
green store brand is introduced as a threatening tool except for the case where the power
structure is RS, and the α is relatively low. In the latter case, we were surprised to find
that the manufacturer benefits from the improvement of the green store brand’s potential
margin, and this may result from the declining threat of the green store brand with higher
potential margin. Further, the manufacturer’s profit is unchanged in cn within a certain
interval, which means the manufacturer may fail to improve his profit by attempting to
lower the unit production cost. It is also interesting to find that, in this case, the retailer’s
profit decreases in λ within a certain interval and is unchanged in cs within a certain inter-
val, which means the retailer does not always benefit from the higher consumers’ green
preference and does not always suffer from the incline of unit production cost.
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Figure 7. Effects of parameters on the profits of retailer.
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Figure 8. Effects of parameters on the profits of manufacturer.

On the other hand, regardless of power structure, once the conditions for the intro-
duction of the green store brand are satisfied, the retailer will benefit from the entry of
the green store brand, while the manufacturer will suffer from it. However, the degree of
profit increase or decrease varies between different power structures. More specifically,
while the ratio is sufficiently high, meaning the green store brand is competitive and has
positive demand, then the power structure plays the “Curse of God” for both supply chain
members. However, with the decreasing of ratio, the retailer will introduce the green store
brand as a threatening tool instead of a profitable product, and the “Curse of God” may
disappear. As a result, compared to the other two power structures, the retailer under the
RS power structure may gain more profits due to the entry of the green store brand, and
simultaneously, the manufacturer may lose more in this situation. This gives an interesting
insight into the problem of the green store brand’s introduction for the retailer. That is, for
the category in which the potential margin of national brand is too high for green store
brand to achieve the relatively competitive potential margin, the retailer should position the
green store brand against the weak manufacturer. On the contrary, the strong manufacturer
will be against for the category in which the green store brand has enough advantage on
the potential margin.

6. Conclusions
6.1. Theoretical Implications

With the rapid development of the retail industry, both store brands and supply chain
power structure have undergone the key changes. For the store brand, it is not just an
inferior substitute for national brands anymore but a product with its own special value.
The green store brand, one kind of burgeoning store brand, has a very different market
positioning compared to the traditional store brand. While the traditional one targets the
price-oriented consumers, the green store brand targets value-oriented consumers. In other
words, the product attributes between the two kinds of store brand are totally different.
However, previous studies have mainly focused on the traditional store brand, and the
issues of when and where to introduce a green store brand remain unclear. In this paper, we
investigate the conditions for a retailer to introduce a green store brand and the impacts of
the introduction of a green store brand on the supply chain equilibrium. On the other hand,
for the supply chain power structure, there exists different power structures according to
the ability of the retailer to negotiate with the manufacturer. The previous literature with
respect to the power structure and store brand mainly focused on the coordination of the
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supply chain with a store brand. Our work, different from these literatures, studies how
the power structure affects the introduction of store brand.

In sum, the main contributions of this paper are in recognizing the conditions associate
with introducing a green store brand and investigating the impacts of power structure
on the introduction of a green store brand as well as the impacts of a green store brand
on supply chain performance under different power structures. Our main findings are as
follows:

Firstly, the retailer has the lowest threshold to introduce the green store brand when
she is a leader in the supply chain and the highest threshold in the non-dominant supply
chain. Further, under each power structure, the possibility of introduction becomes larger
with the increasing consumer green preference, the decreasing unit production cost of the
green store brand, and the increasing unit production cost of the national brand.

Secondly, if the green store brand is introduced, it may be used as a profitable product
or a just threatening tool, which depends on the potential margin ratio of the green store
brand to the national brand. If this critical ratio is lower than the corresponding threshold
(α̃G), the green store brand will be introduced but have no sales, meaning that it could be an
effective tool to force the manufacturer to make concessions in wholesale price. Otherwise,
the green store brand will have positive demand and even may kick the national brand out
of the market. Furthermore, the green store brand is most likely introduced as a profitable
product instead of a threatening tool under the VN power structure, while it has the same
functional position under the MS and RS power structures.

Thirdly, regardless of power structure, as long as the critical ratio is higher than the
certain lower threshold, the retailer will always benefit, while the manufacturer will always
suffer from the introduction of green store brand, which is different from the conclusions in
Ru et al. (2015) [12] and Ma et al. (2018) [31]. They stated that the manufacturer may benefit
from the store brand. Furthermore, if the green store brand is introduced as a profitable
product, the supply chain member will benefit or suffer most under the MS power structure
and least under RS power structure. However, it is not necessary when the green store
brand is used as a threatening tool. Moreover, even though the increase or decrease of
profits of supply chain members varies under different power structures, the supply chain
members still can gain more profits with stronger power.

Finally, we found the conclusion in previous literature that the non-dominant supply
chain power structure can alleviate the double-marginalization problem for the national
brand and still satisfy the supply chain with a green store brand. Besides this, we also find
that the entry of green store brand could alleviate the double-marginalization problem in
most cases, which is consistent with Sayman and Raju (2004) [10], Ru et al. (2015) [12], Mills
(1995) [13], and Chen et al. (2011) [15]. However, what is different from these previous
studies is our finding that the green store brand may aggravate the double-mitigation effect
of the national brand if the power structure is RS, and the α is relatively low.

6.2. Managerial Implications

Our results offer some meaningful managerial insights to the supply chain members
as well as the government. Firstly, for the retailer, the optimal introduction and product
strategies depend on the power structures and the relevant parameters, which means that
for a given green product the retailer can offer, she may make different choices under
different relationships between her and the manufacturer. In addition, according to the
potential margin ratio, she can introduce the green store brand under different roles, i.e.,
either as just a threatening tool or as a profitable product. In turn, the retailer should
choose the best pricing strategies for the green store brand on the basis of its role and
power structures. More specifically, when the power structure is RS, and the potential
margin ratio is low but still higher than the introduction threshold, the retailer should take
a pricing-cutting strategy for her green store brand. Furthermore, the retailer can always
benefit from the stronger negotiation strength, and she should try her best to improve
consumer loyalty.
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Secondly, for the manufacturer, enhancing the negotiation strength and cutting down
the unit production cost of national brand are the main two approaches to improve his
profit. In the supply chain with a green store brand, the former one is always useful,
while the latter one is ineffective if the manufacturer is the follower, and the green store
brand is positioned as a threatening tool. Therefore, the manufacturer should take a careful
consideration about whether to take actions to cut the cost. However, he could always
make measures such as advertising to enhance the negotiation strength and realize the
profit increase.

Finally, for the government, he could take some measures to encourage the retailer
to introduce the green store brand. For example, the government can conduct green
propaganda to enhance the consumers’ green preference; he also can instate a tax remission
or offer a technical guidance to lower the unit production cost of the green store brand.
However, what is most important is that the government should ensure that the green
store brand has real sales to make potential policies or actions meaningful in the aspect of
environmental protection (by promoting the green product) and in the aspect of supply
chain management (by eliminating the possible aggravation effect brought by the green
store brand on the double-marginalization problem for national brand).

6.3. Limitation and Future Research

There are some limitations of our research that can be extended in the following ways.
First, we assume all consumers have the same green product preference; however, it may
not always be the truth. In fact, the difference in personal characteristics, such as age,
education, and experience, may lead to different green preferences. It will be interesting
to take this heterogeneity into consideration. Furthermore, we only consider the supply
chain of a single manufacturer and a single retailer. However, a supply chain with multiple
manufacturers and multiple retailers is more common in reality. Therefore, one can extend
our work by considering multiple retailers who are all interested in introducing their own
store brands. Additionally, to allow the manufacturer to sell the national brand through his
own direct channel and study the interaction under the dual-channel supply chain will be
another direction to extent our study. Finally, it is important to validate our results through
an empirical study with real data.
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Appendix A

Proof of Lemma 1. In the MS game, the manufacturer first sets the wholesale price wMS,
and then the retailer, given the value of wMS, sets mMS and pMS

s to maximize her profit.
First, we derive the optimal mMS and pMS

s for either of the following three cases. �

(1) mMS ≤ pMS
s − λ + 1− wMS

In this case, only national brand has sales. Thus, the optimal prices are determined by
solving the following problem:

maxπMS
R1
(
mMS) = mMS(1−mMS − wMS)

s.t. mMS ≤ pMS
s − λ + 1− wMS
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According to ∂2πMS
R1

∂mMS2 = −2 < 0, we can obtain that πMS
R1
(
mMS) is a concave func-

tion. By letting ∂πMS
R1

∂mMS = 0, we can obtain the optimal retail margin mMS∗
1 = 1−wMS

2 ,
and the retail price of the green store brand pMS∗

s1 should satisfy the constraint pMS∗
s1 ≥

max
{

cs, λ− 1−wMS∗
2

}
. Replacing it into the retailer’s profit function yields πMS∗

R1 =
(1−wMS)

2

4 .

(2) pMS
s − λ + 1− wMS < mMS < pMS

s
λ − wMS

In this case, both brands have sales. Hence, the optimal prices are determined by
solving the following problem:

maxπMS
R2
(
mMS, pMS

s
)
= mMS

(
pMS

s −mMS−wMS

λ−1 −mMS − wMS
)
+
(

pMS
s − cs

)(
1− pMS

s −mMS−wMS

λ−1

)
s.t. pMS

s − λ + 1− wMS < mMS < pMS
s
λ − wMS

Taking the partial derivative of πMS
R2 with respect to mMS and pMS

s , we can obtain the
Hessian matrix:

H1 =

 ∂2πMS
R

∂mMS2
∂2πMS

R
∂mMS∂pMS

s
∂2πMS

R
∂pMS

s ∂mMS
∂2πMS

R
∂pMS

s
2

 =

[
− 2λ

λ−1
2

λ−1
2

λ−1 −
2

λ−1

]

where the first-order principal minor is − 2λ
λ−1 < 0, and the second-order principal minor is

4λ

(λ−1)2 − 4
(λ−1)2 = 4

λ−1 > 0, the H1 is thus a negative definite matrix. By letting ∂πMS
R2

∂mMS = 0

and ∂πMS
R2

∂pMS
s

= 0, we can obtain the optimal retail margin mMS∗
2 = 1−wMS

2 and pMS∗
s2 = λ+cs

2 .

The constraint should be satisfied, and simplifying pMS∗
s2 − λ + 1−wMS < mMS∗

2 <
pMS∗

s2
λ −

wMS yields 1+ cs− λ < wMS < cs
λ . In addition, replacing mMS∗

2 = 1−wMS

2 and pMS∗
s2 = λ+cs

2

into the retailer’s profit function yields πMS∗
R2 =

(1−wMS)
2

4 +
(λ−cs−1+wMS)

2

4(λ−1) .

(3) mMS ≥ pMS
s
λ − wMS

In this case, only green store brand has sales. Therefore, the optimal prices are
determined by solving the following problem:

maxπMS
R3
(

pMS
s
)
=
(

pMS
s − cs

)(
1− pMS

s
λ

)
s.t. mMS ≥ pMS

s
λ − wMS

According to ∂2πMS
R3

∂pMS2
s

= − 2
λ < 0, we can obtain that πMS

R3
(

pMS
s
)

is a concave function.

By letting ∂πMS
R3

∂pMS
s

= 0, we can obtain the optimal retail price of the green store brand

pMS∗
s3 = λ+cs

2λ , and the retail margin mMS
3 should satisfy the constraint condition of mMS∗

3 ≥
λ+cs

2λ − wMS. Replacing it into the retailer’s profit function yields πMS∗
R3 = (λ−cs)

2

4λ .
Next, we compared the three optimal profits of retailer derived from the above cases.

Note that if 1 + cs − λ < wMS < cs
λ , then ∂πMS∗

R2
∂wMS = λwMS−cs

2(λ−1) . It is easy to obtain that

∂πMS∗
R2

∂wMS = λwMS−cs
2(λ−1) ≤

∂πMS∗
R2

∂wMS

∣∣∣∣(wMS = cs
λ

)
= 0. Therefore, πMS∗

R2 is decreasing in wMS when

1 + cs − λ < wMS < cs
λ . Based on this, we have the following comparisons:

For wMS ≤ 1 + cs − λ, πMS∗
R2 < πMS∗

R2
(
wMS = 1 + cs − λ

)
=

(1−wMS)
2

4 = πMS∗
R1 ,

and πMS∗
R1 − πMS∗

R3 =
(1−wMS)

2

4 − (λ−cs)
2

4λ ≥ (λ−cs)
2

4 − (λ−cs)
2

4λ > 0. Therefore, if wMS ≤

min{0, 1 + cs − λ}, the optimal prices of both brands are mMS∗ =
(1−wMS)

2

4 and pMS∗
s =

N/A.
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For 1 + cs − λ < wMS < cs
λ , then πMS∗

R2 > πMS∗
R2

(
wMS = cs

λ

)
= (λ−cs)

2

4λ = πMS∗
R3 , and

πMS∗
R2 − πMS∗

R1 =
(λ−cs−1+wMS)

2

4(λ−1) > 0. Therefore, if {0, 1 + cs − λ} < wMS < cs
λ , the optimal

prices of both brands are mMS∗ = 1−wMS

2 and pMS∗
s = λ+cs

2 .

For wMS ≥ cs
λ , then πMS∗

R2 < πMS∗
R2

(
wMS = cs

λ

)
= (λ−cs)

2

4λ = πMS∗
R3 , and πMS∗

R3 −
πMS∗

R1 > πMS∗
R3 − πMS∗

R1
(
wMS = cs

λ

)
= (λ−1)(λ−cs)

2

4λ2 > 0. Therefore, if wMS ≥ cs
λ , the optimal

prices of both brands are mMS∗ = N/A and pMS∗
s = λ+cs

2 .
In summary, for a given wMS, the optimal retail margins of both brands are as follows:

(
mMS∗, pMS∗

s

)
=


(

1−wMS

2 , N/A
)

if wMS ≤ 1+cs − λ(
1−wMS

2 , λ+cs
2

)
if 1+cs − λ < wMS < cs

λ(
N/A, λ+cs

2

)
if wMS ≥ cs

λ

.

Proof of Lemma 2. The manufacturer’s optimal wholesale price wMS∗ is derived using a
two-step analysis: First, we obtained the optimal wMS for each of the three cases. Then, by
comparing the three optimal profits of manufacturer derived from the above cases, we can
obtain the overall optimal wholesale price wMS∗. �

(1) wMS ≤ 1 + cs − λ

In this case, the optimal wMS
1 is determined by solving the following problem:

maxπMS
M1
(
wMS) = (wMS−cn)(1−wMS)

2
s.t. wMS ≤ 1 + λ− cs

According to ∂πMS
M1

∂wMS = −1 < 0 and letting ∂πMS
M1

∂wMS = 0, we can obtain the optimal
wholesale price wMS∗

1 = 1+cn
2 , and simplifying 1+cn

2 ≤ 1 + cs − λ yields α < 1
2 . That is to

say, if α ≥ 1
2 , the πMS

M1 is increasing in wMS when wMS ≤ 1 + cs − λ. Furthermore, note that
the wMS > cn should be satisfied for the positive profit of manufacturer, and simplifying
cn < 1 + cs − λ yields α < 1. Therefore, if 1

2 ≤ α < 1, then wMS∗
1 = 1 + cs − λ, and

otherwise, wMS∗
1 = N/A.

As a result, the manufacturer’s optimal wholesale price wMS
1 in this case can be

presented as follows:

wMS∗
1 =


1+cn

2 if α ≤ 1
2

1 + cs − λ if 1
2 < α < 1

N/A if α ≥ 1

(2) 1 + cs − λ < wMS < cs
λ

In this case, the optimal wMS
2 is determined by solving the following problem:

maxπMS
M2
(
wMS) = (wMS−cn)(cs−λwMS)

2λ−1
s.t. 1 + cs − λ < wMS < cs

λ

According to ∂2πMS
M2

∂wMS2 = − 2λ
2λ−1 < 0 and letting ∂πMS

M2
∂wMS = 0, we can obtain the optimal

wholesale price wMS∗
2 = cs+λcn

2λ , and simplifying 1 + cs − λ < cs+λcn
2λ < cs

λ yields λ
2λ−1 <

α < λ. Similar to the above case, the manufacturer’s optimal wholesale price wMS∗
2 in this

case can be presented as follows:
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wMS∗
2 =


1 + cs − λ + ε if α ≤ λ

2λ−1
cs+λcn

2λ if λ
2λ−1 < α < λ

N/A if α ≥ λ

(3) wMS ≥ cs
λ

In this case, the national brand will never have sales and the manufacturer’s profit
always equals to zero.

Next, by comparing πMS∗
M1

(
wMS∗

1
)
, πMS∗

M2
(
wMS∗

2
)
, and πMS∗

M3 (= 0) with each other, we
can obtain the overall optimal wMS∗. Note that 1

2 < λ
2λ−1 < 1 < λ, and the manufacturer’s

optimal wholesale price can be fully characterized based on which of the intervals α falls
into.

For α ≤ 1
2 , πMS∗

M1

(
1−cn

2

)
≥ πMS∗

M1 (1− λ + cs) > πMS∗
M2 (1− λ + cs + ε) > πMS∗

M3 = 0;

For 1
2 < α ≤ λ

2λ−1 , πMS∗
M1 (1− λ + cs) > πMS∗

M2 (1− λ + cs + ε) > πMS∗
M3 = 0;

For λ
2λ−1 < α < 1, πMS∗

M1 (1− λ + cs) < πMS∗
M2

(
cs+λcn

2λ

)
, and πMS∗

M2

(
cs+λcn

2λ

)
> πMS∗

M3 = 0;

For 1 ≤ α < λ, πMS∗
M2

(
cs+λcn

2λ

)
> πMS∗

M1 = πMS∗
M3 = 0;

For α ≥ λ, πMS∗
M1 = πMS∗

M2 = πMS∗
M3 = 0.

In summary, we can obtain the optimal wMS∗ as follows:

wMS∗ =


1+cn

2 if α ≤ 1
2

1 + cs − λ if 1
2 < α ≤ λ

2λ−1
cs+λcn

2λ if λ
2λ−1 < α < λ

N/A if α ≥ λ

Proof of Theorem 1. If the retailer does not introduce the green store brand, then we have
the equilibrium results, which are shown in Section 4.1.1. Denote the corresponding profit

of retailer by πMS
R0 and πMS

R0 = (1−cn)
2

16 . On the contrary, if the retailer introduces the green
store brand, then her optimal profit for a given pair of α and λ is presented as follows:

πMS∗
R =



(1−cn)
2

16 if α ≤ 1
2

(λ−cs)
2

4 if 1
2 < α ≤ λ

2λ−1
(cs−λcn)

2+4(λ−1)(λ−cs)
2

16λ(λ−1) if λ
2λ−1 < α < λ

(λ−cs)
2

4λ if α ≥ λ

.

�

Obviously, (1) if α ≤ 1
2 , then πMS∗

R = πMS∗
R0 . (2) If 1

2 < α ≤ λ
2λ−1 , then πMS∗

R − πMS∗
R0 =

(λ−cs)
2

4 − (1−cn)
2

16 = (1−cn)
2(2α+1)(2α−1)

16 > 0. (3) If λ
2λ−1 < α < λ, then πMS∗

R − πMS
R0 =

(cs−λcn)
2+4(λ−1)(λ−cs)

2

16λ(λ−1) − (1−cn)
2

16 =
(1−cn)

2[(λ−α)2+4(λ−1)α2−λ(λ−1)]
16λ(λ−1) . Let F(α) = (λ− α)2 +

4(λ− 1)α2 − λ(λ− 1); we can have F
′
(α) = −2(λ− α) + 8(λ− 1)α = 2[(4λ− 3)α− λ]

and F′′(α) = 2(4λ− 3) > 0. Thus, F
′
(α) is increasing in α. As a result, F

′
(α) > F

′
( λ

2λ−1 ) =

λ
(

4λ−3
2λ−1 − 1

)
= 2λ(λ−1)

2λ−1 > 0. Therefore, F(α) is increasing in α, and F(α) > F( λ
2λ−1 ) =

λ(λ−1)(4λ−1)
(2λ−1)2 > 0, which implies that πMS∗

R − πMS
R0 > 0. (4) If α ≥ λ, then πMS∗

R − πMS
R0 =

(λ−cs)
2

4λ − (1−cn)
2

16 =
(1−cn)

2(2α+
√

λ)(2α−
√

λ)
16λ > 0.

Therefore, we summarize the retailer’s optimal product strategy as follows. The
retailer will sell the only national brand if α ≤ 1

2 and only the green store brand if α ≥ λ;
otherwise, she will sell both brands. More specifically, replacing the optimal prices into
the demand functions of both brands while the retailer sells both brands, we find that both



Sustainability 2022, 14, 11995 26 of 33

brands have sales only when λ
2λ−1 < α < λ; otherwise, the demand of the green store

brand will be zero.

Proof of Lemma 3. In the RS game, the retailer first sets the mRS and pRS
s to maximize

her profit, and then, the manufacturer, given the values of mRS and pRS
s , sets wholesale

price wRS to maximize his profit. We derive the optimal wholesale price for either of the
following three cases. �

(1) wRS ≤ 1 + pRS
s − λ−mRS

In this case, the optimal wRS∗
1 is determined by solving the following problem:

maxπRS
M1
(
wRS) = (wRS − cn

)(
1− wRS −mRS)

s.t. wRS ≤ 1 + pRS
s − λ−mRS

According to ∂πRS
M1

∂wRS = −2 < 0, we can obtain that πRS
M1
(
wRS) is a concave function.

Letting ∂πRS
M1

∂wRS = 0 and ∂πRS
M1

∂wRS = 1− 2wRS −mRS + cn, we can obtain the optimal wholesale

price wRS∗
1 = 1−mRS+cn

2 , and simplifying 1−mRS+cn
2 ≤ 1 + pRS

s − λ−mRS yields mRS ≤ 1−
cn − 2

(
λ− pRS

s
)
. That is to say, the optimal wholesale price wRS∗

1 = 1−mRS+cn
2 if mRS ≤ 1−

cn − 2
(
λ− pRS

s
)
; otherwise, the πRS

M1 is increasing in wRS when wRS ≤ 1 + pRS
s − λ−mRS.

Therefore, if mRS > 1− cn − 2
(
λ− pRS

s
)
, then the optimal wRS∗

1 = 1 + pRS
s − λ−mRS.

(2) 1 + pRS
s − λ−mRS < wRS < pRS

s
λ −mRS

In this case, the optimal wRS∗
2 is determined by solving the following problem:

maxπRS
M2
(
wRS) = (wRS − cn

)( pRS
s −mRS−wRS

λ−1 −mRS − wRS
)

s.t. 1 + pRS
s − λ−mRS < wRS < pRS

s
λ −mRS

According to ∂2πRS
M2

∂wRS2 = − 2λ
λ−1 < 0, we can obtain that πRS

M2
(
wRS) is a concave function.

Letting ∂πRS
M2

∂wRS = 0 and ∂πRS
M2

∂wRS =
λ(cn−2wRS−mRS)+pRS

s
λ−1 , we can obtain wRS∗

2 =
λ(cn−mRS)+pRS

s
2λ ,

and simplifying 1+ pRS
s − λ−mRS <

λ(cn−mRS)+pRS
s

2λ < pRS
s
λ −mRS yields 2

(
1− λ + pRS

s
)
−

cn − pRS
s
λ < mRS < pRS

s
λ − cn. Similar to the above case, if mRS ≤ 2

(
1− λ + pRS

s
)
− cn − pRS

s
λ

or mRS ≥ pRS
s
λ − cn, then πRS

M2 is decreasing or increasing in wRS when 1+ pRS
s − λ−mRS <

wRS < pRS
s
λ −mRS. As a result, the optimal wholesale price wRS∗

2 = 1 + pRS
s − λ−mRS + ε

in the former case and wRS∗
2 = N/A in the latter case.

(3) wRS ≥ pRS
s
λ −mRS

In this case, the national brand will never have sales, and the manufacturer’s profit
always equals to zero.

Next, we compared the three optimal profits of manufacturer derived from the above
cases. Note that for any pRS

s < λ, we have 1− cn − 2
(
λ− pRS

s
)
< 2

(
1− λ + pRS

s
)
− cn −

pRS
s
λ < pRS

s
λ − cn. Hence, we derived the optimal wholesale price wRS∗ under different

regions with respect to mRS and pRS
s as follows.

If mRS ≤ 1− cn − 2
(
λ− pRS

s
)
, then

πRS∗
M1

(
wRS∗

1 =
1−mRS + cn

2

)
> πRS

M1

(
wRS

1 = 1 + pRS
s − λ−mRS

)
> πRS∗

M2

(
wRS

2 = 1 + pRS
s − λ−mRS + ε

)
> πRS∗

M3 ;
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If 1− cn − 2
(
λ− pRS

s
)
< mRS ≤ 2

(
1− λ + pRS

s
)
− cn − pRS

s
λ , then

πRS∗
M1

(
wRS∗

1 = 1 + pRS
s − λ−mRS

)
> πRS∗

M2

(
wRS∗

2 = 1 + pRS
s − λ−mRS + ε

)
> πRS∗

M3 ;

If 2
(
1− λ + pRS

s
)
− cn − pRS

s
λ < mRS < pRS

s
λ − cn, then

πRS∗
M2

(
wRS∗

2 =
λ
(
cn −mRS)+ pRS

s
2λ

)
> πRS

M2

(
wRS∗

2 = 1 + pRS
s − λ−mRS + ε

)
> πRS∗

M1

(
wRS∗

1 = 1 + pRS
s − λ−mRS

)
> πRS∗

M3 ;

If mRS ≥ pRS
s
λ − cn, then for any wRS > cn, there always is mRS + wRS ≥ pRS

s
λ , which

implies Dn ≤ 0. Hence, πRS
M1 = πRS

M2 = πRS
M3 = 0.

In summary, we can obtain the optimal wRS∗ as follows:

wRS∗ =


1−mRS+cn

2 if mRS ≤ 1− cn − 2
(
λ− pRS

s
)

1 + pRS
s − λ−mRS if 1− cn − 2

(
λ− pRS

s
)
< mRS ≤ 2

(
1− λ + pRS

s
)
− cn − pRS

s
λ

λ(cn−mRS)+pRS
s

2λ if 2
(
1− λ + pRS

s
)
− cn − pRS

s
λ < mRS < pRS

s
λ − cn

N/A if mRS ≥ pRS
s
λ − cn

Proof of Lemma 4. The retailer, anticipating the manufacturer’s optimal wholesale price
wRS∗, sets mRS and pRS

s to maximize her profit. We derive the optimal mRS and pRS
s for

either of the following four cases. �

(1) mRS ≤ 1− cn − 2
(
λ− pRS

s
)

In this case, only national brand has sales. Thus, the optimal prices are determined by
solving the following problem:

maxπRS
R1
(
mRS) = mRS(1−mRS−cn)

2
s.t. mRS ≤ 1− cn − 2

(
λ− pRS

s
)

According to ∂2πRS
R1

∂mRS2 = −1 < 0, we can obtain that πRS
R1
(
mRS) is a concave function. By

letting ∂πRS
R1

∂mRS = 0, we can obtain the optimal retail margin mRS∗
1 = 1−cn

2 and πMS∗
R1 = (1−cn)

2

8 .
Further, the retail price of the green store brand pRS

s1 should satisfy the constraint condition
that pRS

s1 ≥
1−cn

4 − λ.

(2) 1− cn − 2
(
λ− pRS

s
)
< mRS ≤ 2

(
1− λ + pRS

s
)
− cn − pRS

s
λ

In this case, the optimal prices are determined by solving the following problem:

maxπRS
R2
(
mRS, pRS

s
)
= mRS(λ− pRS

s
)

s.t. 1− cn − 2
(
λ− pRS

s
)
< mRS ≤ 2

(
1− λ + pRS

s
)
− cn − pRS

s
λ

Obviously, πRS
R2 is increasing mRS. Thus, the problem transfers into maxπRS

R2
(

pRS
s
)
=[

2
(
1− λ + pRS

s
)
− cn − pRS

s
λ

](
λ− pRS

s
)
. According to ∂2πRS

R2

∂pRS2
s

= −
(
4− 2

λ

)
< 0, we can ob-

tain that πRS
R2
(

pRS
s
)

is a concave function. By letting ∂πRS
R2

∂pRS
s

= 0, we can obtain the optimal

retail margin pRS∗
s2 = λ(4λ−3+cn)

2(2λ−1) . Additionally, the retail price of the green store brand pRS∗
s2

should satisfy the constraint condition that pRS∗
s2 ≥ cs. Simplifying λ(4λ−3+cn)

2(2λ−1) ≥ cs yields

α > λ
2(2λ−1) . That is to say, in this case, pRS∗

s2 = λ(4λ−3+cn)
2(2λ−1) if α > λ

2(2λ−1) and pRS∗
s2 = cs if

α ≤ λ
2(2λ−1) . Replacing the pRS∗

s2 into the function of mRS = 2
(
1− λ + pRS

s
)
− cn − pRS

s
λ , we
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can obtain the corresponding optimal retail margin of the national brand, and the optimal
prices as well as the optimal profit are as follows:

(
m2

RS∗, pRS∗
s2 , πRS∗

R2

)
=


(

2− 2λ− cn +
(

2− 1
λ

)
cs, cs, (λ− cs)

(
2(1 + cs − λ)− cn − cs

λ

))
if α ≤ λ

2(2λ−1)(
1−cn

2 , λ(4λ−3+cn)
2(2λ−1) , λ(1−cn)

2

4(2λ−1)

)
if α > λ

2(2λ−1)

(3) 2
(
1− λ + pRS

s
)
− cn − pRS

s
λ < mRS < pRS

s
λ − cn

In this case, the optimal prices are determined by solving the following problem:

maxπRS
R3
(
mRS, pRS

s
)
=

(pRS
s −cs)[λ(mRS+2λ−2)+λcn−(2λ−1)pRS

s ]
2λ(λ−1) − mRS(λmRS+λcn−pRS

s )
2(λ−1)

s.t. 2
(
1− λ + pRS

s
)
− cn − pRS

s
λ < mRS < pRS

s
λ − cn

Taking the partial derivative of πRS
R3 with respect to mRS and pRS

s , we can obtain the
Hessian matrix:

H2 =

 ∂2πRS
R

∂mRS2
∂2πRS

R
∂mRS∂pRS

s
∂2πRS

R
∂pRS

s ∂mRS
∂2πRS

R
∂pRS

s
2

 =

[
− λ

λ−1
1

λ−1
1

λ−1 −
2λ−1

λ(λ−1)

]

where the first-order principal minor is ∂2πRS
R

∂mRS2 = − 2λ
λ−1 < 0, and the second-order principal

minor is 2λ−1
(λ−1)2 − 1

(λ−1)2 = 2
λ−1 > 0, the H2 is a thus negative definite matrix. By solving

equations of ∂πRS
R3

∂mRS = 0 and ∂πRS
R3

∂pRS
s

= 0, we can obtain the optimal retail margin mRS∗
3 = 1−cn

2

and pRS∗
s3 = λ+cs

2 . Replacing them into the constraint condition and simplifying it yields
λ

2λ−1 < α < λ. That is to say, if α ≤ λ
2λ−1 or α ≥ λ, the optimal prices of mRS and pRS

s are

located in the boundaries of 2
(
1− λ + pRS

s
)
− cn − pRS

s
λ < mRS < pRS

s
λ − cn. As a result, the

optimal prices of mRS and pRS
s as well as the optimal profit in this case, for a given pair of α

and λ, are as follows:

(
m3

RS∗, pRS∗
s3 , πRS∗

R3

)
=



(
2− 2λ− cn +

(
2− 1

λ

)
cs + ε, cs, (λ− cs)

(
2(1 + cs − λ)− cn − cs

λ

)
− ε
)

if α ≤ λ
2(2λ−1)(

1−cn
2 + ε, λ(4λ−3+cn)

2(2λ−1) , λ(1−cn)
2

4(2λ−1) − ε

)
if λ

2(2λ−1) < α ≤ λ
2λ−1(

1−cn
2 , λ+cs

2 , (cs−λcn)
2+2(λ−1)(λ−cs)

2

8λ(λ−1)

)
if λ

2λ−1 < α < λ(
N/A, λ+cs

2 − ε, (λ−cs)
2

4λ − ε

)
if α ≥ λ

(4) mRS ≥ pRS
s
λ − cn

In this case, only the green store brand has sales. Thus, the optimal prices are deter-
mined by solving the following problem:

maxπRS
R4
(

pRS
s
)
=
(

pRS
s − cs

)(
1− pRS

s
λ

)
s.t. mRS ≥ pRS

s
λ − cn

According to ∂2πRS
R4

∂pRS2
s

= − 2
λ < 0, we can obtain that πRS

R4
(

pRS
s
)

is a concave function. By

letting ∂πRS
R4

∂pRS
s

= 0, we can obtain the optimal retail margin pRS∗
s4 = λ+cs

2 and πRS∗
s4 = (λ−cs)

2

4λ .

Furthermore, the retail margin of the national brand mRS should satisfy the constraint
condition that mRS ≥ λ+cs

2λ − cn.
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Next, we compare the four optimal profits of the retailer derived from the above cases.
Note that λ

2(2λ−1) < λ
2λ−1 < λ. The retailer’s optimal prices can be fully characterized

based on which of the intervals α falls into.
If α ≤ λ

2(2λ−1) , then it is easy to obtain that πRS∗
R2 > πRS∗

R3 > πRS∗
R4 . Therefore, we only need

to compare the πRS∗
R2 with πRS∗

R1 . Let ∆πRS
R = πRS

R2 − πRS
R1 = (λ− cs)

(
2(1 + cs − λ)− cn − cs

λ

)
− (1−cn)

2

8 = (1− cn)
2
[(

1
λ − 2

)
α2 + α− 1

8

]
, and the sign of ∆πRS

R depends on the sign of(
1
λ − 2

)
α2 + α − 1

8 . Let f (α) =
(

1
λ − 2

)
α2 + α − 1

8 and f
′
(α) = 1− 2

(
2− 1

λ

)
α ≥ 1−

λ
(2λ−1)

(
2− 1

λ

)
= 0. Hence, f (α) is increasing in α, and we can obtain that f (0) = − 1

8 < 0

and f
(

λ
2(2λ−1)

)
= 1

8(2λ−1) > 0. Therefore, there is ∀α ∈
(

0, λ
2(2λ−1)

]
to make f (α) = 0, and

solving it yields α =
√

2λ
4(
√

2λ+1)
. As a result, if α ≤

√
2λ

4(
√

2λ+1)
, then πRS∗

R2 ≤ πRS∗
R1 ; otherwise,

πRS∗
R2 > πRS∗

R1 .
If λ

2(2λ−1) < α ≤ λ
2λ−1 and λ

2λ−1 < α < λ, then it is easy to obtain that πRS∗
R2 > πRS∗

R3 >

πRS∗
R4 and πRS∗

R2 > πRS∗
R1 .

If α ≥ λ, then πRS∗
R1 < πRS∗

R2 < πRS∗
R3 < πRS∗

R4 .
In summary, for a given pair of α and λ, the optimal retail margins of both brands are

as follows:

(
mRS∗, pRS∗

s

)
=



(
1−cn

2 , N/A
)

if α ≤
√

2λ
4(
√

2λ+1)(
2− 2λ− cn +

(
2− 1

λ

)
cs, cs

)
if

√
2λ

4(
√

2λ+1)
< α ≤ λ

2(2λ−1)(
1−cn

2 , λ(4λ−3+cn)
2(2λ−1)

)
if λ

2(2λ−1) < α ≤ λ
2λ−1(

1−cn
2 , λ+cs

2

)
if λ

2λ−1 < α < λ(
N/A, λ+cs

2

)
if α ≥ λ

Proof of Theorem 2. It can be directly derived from Lemma 4, and we summarize the
retailer’s optimal product strategy as follows. The retailer will sell only the national brand
if α ≤

√
2λ

4(
√

2λ+1)
and only the green store brand if α ≥ λ; otherwise, she will sell both

brands. More specifically, replacing the optimal prices into the demand functions of both
brands while the retailer sells both brands, we found that the both brands have sales only
when λ

2λ−1 < α < λ; otherwise, the demand of the green store brand will be zero. �

Proof of Lemma 5. In the VN game, the manufacturer and retailer, anticipating the coun-
terpart’s reaction function with each other, set their own optimal price to maximize their
profits. The reaction functions of the manufacturer and retailer are showed as follows, and
the proofs are just same as Lemma 1 and Lemma 3. �

wVN =


1−mVN+cn

2 if mVN ≤ 1− cn − 2
(
λ− pVN

s
)

1 + pVN
s − λ−mVN if 1− cn − 2

(
λ− pVN

s
)
< mVN ≤ 2

(
1− λ + pVN

s
)
− cn − pVN

s
λ

λ(cn−mVN)+pVN
s

2λ if 2
(
1− λ + pVN

s
)
− cn − pVN

s
λ < mVN < pVN

s
λ − cn

N/A if mVN ≥ pVN
s
λ − cn

(
mVN , pVN

s

)
=


(

1−wVN

2 , N/A
)

if wVN ≤ 1+cs − λ(
1−wVN

2 , λ+cs
2

)
if 1+cs − λ < wVN < cs

λ(
N/A, λ+cs

2

)
if wVN ≥ cs

λ
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According to the above-mentioned information, the manufacturer may set the whole-
sale price of the national brand as N/A or not, and the retailer may set the retail margins as
N/A or not. Note that the manufacturer never has the motion to set the wVN = N/A on
his own initiative because of the zero-profit resulting from this, and he will do this only
when the retailer sets mVN = N/A. In addition, the manufacturer will not take the green
store brand into consideration during his pricing decision if the retailer sets pVN

s = N/A.
Therefore, we derive the equilibrium prices of wVN , mVN , and pVN

s for the following cases.
If the retailer sets pVN

s = N/A, then the unique strategy combination and the equilib-
rium prices of wVN and mVN are as follows:

wVN = 1−mVN+cn
2

mVN = 1−wVN

2
pVN

s = N/A
⇒


wVN

1 = 1+2cn
3

mVN
1 = 1−cn

3
pVN

s1 = N/A

Replacing the solution into the corresponding constraint conditions, we can obtain
that it is the unique equilibrium solution for this strategy combination when α ≤ 2

3 .
If the retailer sets mVN = N/A, then the unique strategy combination and the equilib-

rium price of pVN
s is as follows: 

wVN = N/A
mVN = N/A
pVN

s2 = λ+cs
2

In this case, the retailer can always achieve her maximum profit by setting the retail
price of the green store brand as λ+cs

2 no matter which interval the α falls into.
If the retailer sets mVN 6= N/A and pVN

s 6= N/A, then there may be three different
strategy combinations as follows:

wVN = 1−mVN+cn
2

mVN = 1−wVN

2
pVN

s = λ+cs
2

⇒


wVN

3 = 1+2cn
3

mVN
3 = 1−cn

3
pVN

s3 = λ+cs
2

Replacing the solution into the corresponding constraint conditions, we can obtain
that it is the unique equilibrium solution for this strategy combination when α ≤ 2

3 .
wVN = 1− λ−mVN + pVN

s

mVN = 1−wVN

2
pVN

s = λ+cs
2

⇒


wVN

4 = 1− λ + cs

mVN
4 = λ−cs

2
pVN

s4 = λ+cs
2

Replacing the solution into the corresponding constraint conditions, we can obtain
that it is the unique equilibrium solution for this strategy combination when 2

3 < α ≤ 2λ
3λ−1 .

wVN =
λ(cn−mVN)+pVN

s
2λ

mVN = 1−wVN

2
pVN

s = λ+cs
2

⇒


wVN

5 = 2λcn+cs
3λ

mVN
5 = 3λ−2λcn−cs

6λ

pVN
s5 = λ+cs

2

Replacing the solution into the corresponding constraint conditions, we can obtain
that it is the unique equilibrium solution for this strategy combination when 2λ

3λ−1 < α < λ.
Next, we derive the equilibrium strategy combination by comparing the retailer’s

optimal profits under the above cases, and replacing the solutions into the retailer’s profit
function, we can obtain that:

πVN∗
R1 =

(1− cn)
2

9
,

πVN∗
R2 =

(λ− cs)
2

4λ
,
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πVN∗
R3 =

(1− cn)
2

9
,

πVN∗
R4 =

(λ− cs)
2

4
,

πVN∗
R5 =

4(cs − λcn)
2 + 9(λ− 1)(λ− cs)

2

36λ(λ− 1)
.

If α ≤ 2
3 , then we compare πVN∗

R2 and πVN∗
R3 . It is easy to obtain that πVN∗

R1 = πVN∗
R3

and πVN∗
R2 − πVN∗

R1 = (λ−cs)
2

4λ − (1−cn)
2

9 = (1− cn)
2
(

α2

4λ −
1
9

)
≤ (1− cn)

2
(

1
9λ −

1
9

)
< 0.

Hence, the equilibrium pricing strategy in this case is wVN∗ = 1+2cn
3 ,mVN∗ = 1−cn

3 , and
pVN∗

s = N/A.

If 2
3 < α ≤ 2λ

3λ−1 , then we compare πVN∗
R2 and πVN∗

R4 . πVN∗
R2 − πVN∗

R4 = (λ−cs)
2

4λ −
(λ−cs)

2

4 < 0. Hence, the equilibrium pricing strategy in this case is wVN∗ = 1 − λ +

cs,mVN∗ = λ−cs
2 , and pVN∗

s = λ+cs
2 .

If 2λ
3λ−1 < α < λ, then we compare πVN∗

R2 and πVN∗
R5 . πVN∗

R2 − πVN∗
R5 = (λ−cs)

2

4λ −
4(cs−λcn)

2+9(λ−1)(λ−cs)
2

36λ(λ−1) = − (cs−λcn)
2

9λ(λ−1) < 0. Hence, the equilibrium pricing strategy in this

case is wVN∗ = 2λcn+cs
3λ ,mVN∗ = 3λ−2λcn−cs

6λ , and pVN∗
s = λ+cs

2 .
If α ≥ λ, then it is obvious that the only equilibrium pricing strategy in this case is

wVN∗ = N/A,mVN∗ = N/A, and pVN∗
s = λ+cs

2 .
In summary, for a given pair of α and λ, the optimal prices of both brands are as

follows:

(
wVN∗, mVN∗, pVN∗

s

)
=



(
1+2cn

3 , 1−cn
2 , N/A

)
if α ≤ 2

3(
1− λ + cs, λ−cs

2 , λ+cs
2

)
if 2

3 < α ≤ 2λ
3λ−1(

2λcn+cs
3λ , 3λ−2λcn−cs

6λ , λ+cs
2

)
if 2λ

3λ−1 < α < λ(
N/A, N/A, λ+cs

2

)
if α ≥ λ

(10)

Proof of Theorem 3. It can be directly derived from Lemma 5, and we summarize the
retailer’s optimal product strategy as follows. The retailer will sell only the national brand
if α ≤ 2

3 and only the green store brand if α ≥ λ; otherwise, she will sell both brands.
More specifically, replacing the optimal prices in the demand functions of both brands
while the retailer sells both brands, we found that the both brands have sales only when

λ
2λ−1 < α < λ; otherwise, the demand of green store brand will be zero. �

Proof of Proposition 1. (i) For
√

2λ
2(4
√

2λ+1)
− 1

2 = −1−2
√

2λ
2(4
√

2λ+1)
< 0 and 2

3 > 1
2 >

√
2λ

2(4
√

2λ+1)

follows; therefore, αRS < αMS < αVN ; (ii) For 2λ
3λ−1 −

λ
2λ−1 = λ2

(3λ−1)(2λ−1) > 0; therefore,

α̃RS = α̃MS < α̃VN ; (iii) It is straightforward to see. �

Now, we prove
∂(α−αG)

∂λ > 0,
∂(α−αG)

∂cs
< 0,

∂(α−αG)
∂cn

> 0.

∂
(
α− αRS)

∂λ
=

1
1− cn

+
1

4 + 8λ + 8
√

2λ
− 1

8λ + 4
√

2λ
>

3
√

2λ− 1 + 24λ
(

1 +
√

2λ
)
+ 16λ2

4
√

λ
(√

2 + 2
√

λ
)(

1 + 2
√

2λ + 2λ
) ,
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Let f (λ) = 3
√

2λ− 1 + 24λ
(

1 +
√

2λ
)
+ 16λ2 and f

′
(λ) = 24 + 3√

2λ
+ 36
√

2λ + 32λ.

Thus, f (λ) is increasing in λ, and we can obtain that f (λ) > f (1) = 12−3
√

2
8 > 0. Therefore,

∂(α−αRS)
∂λ > 0;

∂(α−αRS)
∂cn

= λ−cs
(1−cn)

2 > 0;
∂(α−αRS)

∂cs
= −1

1−cn
< 0.
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