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Abstract

This paper examined the influence of consumer environmental awareness (CEA) under pricing and
environmental effort competition between store brands (SB) and national brands (NB) products in a
two-stage supply chain that includes a manufacturer and a retailer. We developed a mathematical
model to evaluate the dynamic relationship between the manufacturer and the retailer, utilizing three
power structures (Manufacturer-Stackelberg (MS), Retailer-Stackelberg (RS), and Vertical Nash (VN))
under two cases: environmental investment in NB products only, and environmental investment in two
products. Our findings suggest that: 1) CEA has a favorable effect on the profits of the manufacturer
and the retailer when only NB products are environmentally invested in; 2) Both CEA and product
substitutability have a direct impact on the best channel power structure; 3) The high substitutability
of products encourages the retailer to set a high retail price for products; and 4) RS channel power
structure ensures that the retailer is always profitable.

Keywords: supply chain management; consumer environmental awareness; store brand; environmen-
tal effort

1. Introduction

In recent years, sustainable supply chain management has evolved rapidly, driven by rising CEA
and the growing need for businesses to integrate environmental considerations into product design,
sourcing, and marketing. Retailers have emerged as pivotal actors in this transition, leveraging SB,
also known as private labels, not only for price competitiveness but also for quality and sustainability
differentiation (Gielens et al., 2021). Recent figures underscore the market relevance of SB-NB competi-
tion: in 2024, U.S. store brand sales reached USD 271 billion, accounting for 20.7% of dollar share and
23.1% of unit share, with sales growth outpacing national brands (PLMA, 2025). Moreover, consumer
behavior shifts during the COVID-19 pandemic have had lasting effects; Mookherjee et al. (2024)
showed that greater availability and reliability of SBs during supply shortages increased perceived
brand helpfulness, fostering long-term loyalty and sustaining SB growth in the post-pandemic period.
These trends confirm the strategic importance of understanding competitive dynamics between SBs
and NBs in sustainable supply chains.

Extensive research has examined SB-NB competition from multiple perspectives, including
pricing, brand positioning, and channel management.

From the consumer perception and brand image perspective, Collins-Dodd and Lindley (2003)
found that store image and SB attitudes significantly influence consumer perceptions, while Diallo
(2012) highlighted the combined influence of retailer brand image and price positioning on purchase
intentions. Huang and Feng (2020) further demonstrated that a money-back guarantee can enhance SB
competitiveness by strengthening consumer trust.

From the pricing and channel management perspective, Kurata et al. (2007) investigated multi-
channel pricing, showing that balanced retail price changes can benefit both brands. Cheng et al.
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(2021) analyzed a three-tier SB supply chain, revealing mutual effects between SB and NB pricing. Li
and Chen (2018) examined the timing of pricing decisions and showed that early commitments can
reallocate bargaining power among retailers, suppliers, and the overall supply chain.

From the supply chain structure and coordination perspective, Wei and Zhao (2011) utilized game
theory to determine optimal internal pricing, retail prices, and remanufacturing proportions in both
centralized and decentralized closed-loop supply chains, highlighting how coordination mechanisms
can improve profitability. Wu et al. (2012) analyzed the impact of commodity substitutability on
equilibrium quantities under different power structures in a supply chain with two retailers and
one supplier, showing that higher substitutability intensifies competition and alters optimal pricing
strategies. Similarly, Huang et al. (2016) investigated pricing and cooperation in a two-level supply
chain with a common manufacturer and duopoly retailers, finding that cooperative arrangements
outperform purely competitive strategies in terms of profit.

From the policy and environmental sustainability perspective, Madani and Rasti-Barzoki (2017)
developed a mathematical model for energy price management under government tariffs, demon-
strating the influence of policy instruments on pricing and supply chain performance. Jamali and
Rasti-Barzoki (2018) examined green and non-green product pricing in chain-to-chain competitive
dual-channel supply chains, revealing that environmental positioning can shift market share and
profitability. Ranjan and Jha (2019) proposed pricing and coordination strategies for dual-channel
supply chains that integrate green quality and sales effort, highlighting trade-offs between environ-
mental investment and marketing incentives. Ranjbar et al. (2020) explored conflicting recycling
systems in competitive closed-loop supply chains, identifying how competition between recycling
channels impacts both pricing and collection performance. Looking ahead, Ndlovu (2024) examined
the evolving "battle fronts" between PLBs and NBs, identifying future areas of competitive focus such
as strategic collaborations, diversified product lines, and new pricing models in response to market
transitions.

Collectively, these studies provide valuable insights into pricing strategies under diverse competi-
tive and structural conditions. However, they predominantly emphasize price, channel configuration,
and in some cases product quality or remanufacturing, without explicitly incorporating environmental
differentiation, for example, asymmetries in environmental investment between competing products,
or the influence of CEA on optimal pricing and investment decisions. This omission limits their direct
applicability to contexts where sustainability considerations substantially shape consumer behavior
and supply chain strategy.

Parallel literature on CEA and green supply chains provides complementary insights. Liu et al.
(2012) developed a two-stage supply chain model to quantify how CEA influences optimal pricing
decisions and environmental improvement levels, finding that higher CEA incentivizes greater green
investment and supports higher selling prices. Zhang et al. (2015) examined the role of CEA in deter-
mining order volumes and channel realignment between competing products, showing that increased
CEA can shift demand toward greener offerings and prompt supply chain restructuring. Yang et al.
(2017) analyzed benefit-sharing contracts under carbon tax policies, demonstrating how first-mover
advantages can encourage emission abatement, while Yang and Chen (2018) evaluated cost-sharing
and revenue-sharing mechanisms to stimulate retailer-driven carbon reduction, revealing conditions
under which cooperative schemes outperform unilateral efforts. He and Deng (2020) incorporated CEA
into competitive pricing models, concluding that heightened environmental awareness intensifies price
competition but can also enhance market share for greener products. Heydari et al. (2020) compared
pricing of green products based on their environmental quality attributes, highlighting that premium
pricing is more sustainable when product greenness meets or exceeds consumer expectations.

More recent studies have expanded this integration of sustainability into supply chain strategies.
SAIDI et al. (2024) modelled the combined effects of sustainability and resilience on supply chain
pricing strategies, showing how investment efficiency and policy interventions shape profitability.
Hamdi (2024) reviewed sustainable packaging trends in the consumer-packaged goods sector, noting
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that innovations such as RFID, Al, and biodegradable materials can reduce environmental impact
while enhancing brand value. Li and Xiong (2025) integrated CEA and fairness concerns into green
supply chain decision-making, demonstrating how consumer environmental mindset and manufac-
turer fairness attitudes jointly affect greenness, pricing, and advertising strategies. Krishnan et al.
(2024) linked green marketing strategies to consumer loyalty through the mediating role of perceived
value, offering empirical evidence from the Malaysian retail sector. Kadam (2024) compared green mar-
keting approaches in developed and developing markets, identifying contextual factors that influence
effectiveness. Phonthanukitithaworn et al. (2024) empirically tested the relationship between green
supplier cooperation and waste management outcomes in emerging markets, finding that green distri-
bution practices significantly improve customer engagement in sustainable behaviors. Hayyat (2024)
discussed the integration of digital technologies such as IoT and blockchain into green operations,
showing how digitalization enhances environmental performance and operational efficiency. P23)
further analyzed the integration of corporate social responsibility (CSR) investments into dual-channel
closed-loop supply chains, revealing how channel structure and consumer sensitivity to CSR influence
optimal pricing, recycling rates, and profitability.

Although these studies collectively deepen our understanding of how CEA and sustainability
factors shape supply chain strategies, few explicitly connect CEA-driven environmental investment
to SB-NB competitive pricing models, particularly in scenarios involving varying channel leadership
structures and different levels of product substitutability. This gap limits the applicability of existing
findings to competitive retail environments where sustainability is a key differentiator. To address this
gap, this paper investigates three research questions:

RQ 1. How does CEA influence the retail prices of SB and/or NB products?

RQ 2. How does CEA impact the wholesale price of NB products?

RQ 3. What is the optimal level of environmental investment in SB and /or NB products?

Our approach develops a mathematical model for a two-stage supply chain comprising one NB
manufacturer and one retailer selling both SB and NB products. We analyze three channel power
structures: Manufacturer-Stackelberg (MS), Retailer-Stackelberg (RS), and Vertical Nash (VN), under
two environmental investment scenarios: NB-only investment and investment in both SB and NB
products. Game-theoretic methods yield equilibrium retail prices, wholesale prices, environmental
investment levels, and profits. Numerical simulations illustrate the effects of CEA and product
substitutability on these outcomes, identifying the conditions under which each power structure is
optimal.

The main findings are: when only NB products are environmentally invested in, CEA positively
affects both manufacturer and retailer profits by increasing NB demand and allowing upward price
adjustments for both brands; CEA and product substitutability jointly determine the optimal channel
power structure, with high CEA /low substitutability favoring manufacturer-led structures and high
substitutability favoring retailer-led structures; high substitutability leads retailers to set higher retail
prices for both SB and NB due to stronger cross-price effects; and RS structures ensure retailer
profitability across a wide range of CEA and substitutability levels due to control over both SB
and NB pricing.

The remainder of this paper is organized as follows. Section 2 presents the model structure,
variables, and assumptions.Section 3 analyses equilibrium outcomes under different power structures
and investment scenarios. Section 4 discusses managerial implications. Section 5 concludes with key
insights and suggestions for future research.

2. Model Description

This study examines the impact of consumer environmental awareness on the decision-making
processes of supply chain participants engaged in the provision of SB and NB products. The analysis
focuses on two distinct scenarios: the CO scenario, in which environmental efforts are implemented
exclusively for NB products, and the CC scenario, where such efforts are extended to both NB and
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SB products. To evaluate the channel power structure, we employ the framework established by
Choi (1996) and consider three game models: the Manufacturer-Stackelberg (MS) model, where the
manufacturer assumes a leadership role; the Retailer-Stackelberg (RS) model, where the retailer takes
the lead; and the Vertical Nash (VIN) model, characterized by simultaneous decision-making by both
parties. As Figure 1 illustrated, the manufacturer determines the unit wholesale price and the total
environmental level for the NB products. In addition, the retailer determines the unit retail prices for
NB and SB products, as well as the total environmental level for SB products. In particular, the SB
products are produced by the retailer’s contracted manufacturer in a unit fixed cost, represented by cs.

SB Manufacturer @

PR
Cs wh, eN’

y

Retailer

it i ij°
Ps . €5 Py

[ Consumer ]

Figure 1. Supply Chain Structure

Table 1. Decision Variables

Variable Description

eg , e;j‘_ The total environmental level for SB and NB products, i € {CO, CC},j € {MS, RS, VN}.
pd,p{  The retail price for SB and NB products, i € {CO, CC},j € {MS, RS, VN}.
w% The unit wholesale price for NB products, i € {CO, CC},j € {MS, RS, VN}.

Table 2. Model Parameters

Parameter Description

CN,Cs The unit fixed production cost for NB and SB products.

T The coefficient of consumer environmental sensitivity.

B The intensity of channel competition between two brands’ products.

I}, The profit function of NB manufacturer, i € {CO, CC},j € {MS, RS, VN}.
H% The profit function of the retailer, i € {CO, CC},j € {MS, RS, VN}.

D%, Di; The demand function of SB and NB products, i € {CO, CC}.

hs, hyn The coefficient of environmental investment cost of SB and NB products.
* The superscript that represents the optimal solution.

In our model, we firstly study the impact of CEA on the decision-making of supply chain players
and the profit of the players. We assume that the retailer is mighty, and there is no quality diversity
between two brands products. In this paper, we develop three game patterns to deliberate various
channel-leadership structures:

e  Manufacturer-Stackelberg (MS): the NB manufacturer determines the wholesale price and the
environmental level for NB products utilizing the response function from the retailer. Then, the
retailer determines the retail price of the SB and NB products, and the environmental level of SB
products to maximize its profit.
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e  Retailer-Stackelberg (RS): the NB manufacturer determines the wholesale price and the environ-
mental level of NB products conditional on the margin of themselves. The retailer sets up the
margin of the NB products utilizing the reaction functions of the NB manufacturer on the basic of
the respective wholesale price and the environmental level of NB products.

*  Vertical Nash (VN): the NB manufacturer determines the wholesale price and the environmental
level of NB products, the retailer determines the margin of NB products conditional on the
respective wholesale price and the environmental level of NB products, simultaneously.

Then, we define the environmental investment function of brand ! as follow (Liu et al. 2012):
Ki = Lny(el)? 1
1= 5 1(e)) 1)

K; is the environmental investment cost for two brand products, I € {S, N}. I is one coefficient that
represents the environmental investment cost of products. The higher h;, the lower the efficiency
of environmental production. That is to say, the environmental investment is a concave function
of the environmental level of products, K; increases as the environmental level increases. However,
the coefficient of environmental investment cost between two brands is different. Without loss of
generality, we suppose that iy > hg because it is a fact that the efficiency of NB production was higher
than that of SB production in real business. For instance, NB manufacturer normally has the better
production technology and equipment.

Next, We define the demand function of brand i rewritten by Choi (1996) from two cases: The
first case contains an environmental NB (0 < e%o < 1) and a traditional SB (ego = 0), which denoted
by (C, O). The second case contains an environmental SB (0 < egc < 1) and an environmental NB
0 < e%c < 1), which denoted by (C, C). The demand function is influenced by retail price and
environmental investment.

Case 1: (C, O)

DEOHPSC, pSOe§07) = 1 - p0+ Bp§ + 7o @
DS/, ) =1 O+ ®
Case 2: (C, Q)
DS (S0 8 S e6%) = 1= T+ B+ e @
DS (pSC, 5, 51, 1) 1~ p§CI + S + e ®)

In this setting, T is the coefficient of customer environmental sensitivity, which represents the
preference of customers regarding environment-friendly products. The higher 7, the more sensitive
consumers are to the environmental level of products. In the other words, the higher CEA, the
more the consumers willingly pay higher prices for the products which has the high environmental
quality (Chitra, 2007). B is intensity of competition between two brands. The higher B, the higher
substitutability between two brand products, where 0 < g < 1.

To simplify the model analysis, we suppose that the fixed cost (no environmental investment) of
two brands products is equal, where cyy = c¢g = 0. Besides, both the NB manufacturer and the retailer
are risk neutral. The decision function is the expected profit maximization.

3. Model Analysis

We discuss the competition between SB and NB by comparing six scenarios under different
channel leadership structures and production decisions (environmental investment or not), which
denoted by COMS, CORS, COVN, CCMS, CCRS, CCVN.
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3.1. One Traditional SB and One Environmental NB (C, O)

In (C, O), we evaluate performance of supply chain that there are two types of products, which
includes a traditional SB and an environmental NB. The profit maximization for the retailer and the
manufacturers are:

MAXH%/IOi(wIC\]Ol,e%OI) _ wCOi(l COl + ﬁPCOl + TE%OI) %hNeIC\]Oi2 (6)
MAXH%Ol(p%Ol pSOI) (P%OZ (IEIOZ) (1 COI + ,BPCOZ + TeI(E]Oi)
+ pCOl( COz + ﬁPC01> (7)

3.1.1. Manufacturer-Stackelberg (COMS)

In the scenario of COMS, the decision process follows:

Step 1: NB manufacturer decides the wholesale price and the environmental level of NB products.
Step 2: The Retailer decides the retail price for SB and NB products.

Based on backward induction, we obtain the first order condition with respect to py and ps:

COMS
ATIg

COMS COMS COMS COMS

gpiOMs — WNT T 2Bps T —2pn T 1 ®)

COMS
aHR M 2‘3 COMS -2 COMS ﬁwCOMS +1 (9)
9pCOMS PN Ps N

S

-2 2
The Hessian matrix of equation (7) satisfies that 28 ﬁz = 4(1 — B?) > 0. Hence, we obtained the

COMS

optimal solutions for pi~*> and pEOMS by solving the equations (8) and (9):

COMS + ‘B + TeCOMS ‘BZw%OMS +1

p%OMS* (w%OMS, e%[OMS) T (10)
B+ TeOMS +1
ngMS* (e%]OMS) — N (11)

2-2p2

Then, we substituted the equations (10) and (11) to equation (6), and solved the optimization problem

for equation (6) with respect to w%]OMS and eCOMS (|H| of equation (6) was also greater than 0):
2h
COMSx* N
=—— 12
“N 4]’lN — 12 ( )
COMSx T
= 13
N 4]’lN — T2 ( )

Next, substitute the equations (12) and (13) to the equations (10) and (11), we get the optimal solutions
of retail price for SB and NB.

. B 6lin — I

P = A= T T )y — ) o
*_ 1 2phy

Ty R iy eTere) 1)

Finally, the profit for NB manufacturer and retailer are:

h
COMS* __ N
1 - 2(4hy — 12) (16)

[TCOMS* _ 2hy n ™ B 3h3,
- (1—pB)(4hy —12)  4(1—p?)(4hy —T%)  (4hy —T2)2

(17)
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Theorem 1. There exists one unique solution in COMS for the retail price of SB and NB products, the
environmental level and the wholesale price of NB products.

In COMS, we can know that the optimal profit of the NB manufacturer, H%,IOMS*, is not related
to the intensity of competition between SB and NB, j, see the equation (16). It is also obvious that

9 p%]OMS 9 pEOM COMS
B >0, 9B >0and > 0.

Corollary 1. Under COMS when the intensity of competition between SB and NB, B, increase, the
optimal prices of NB and SB, pSPMS*, pSOMS* increases, the optimal profit of the NB manufacturer, IIOMS*,
remain unchanged, while the optimal profit of the retailer, I{OMS* | increases.

Corollary 1 shows that it’s more profitable for the retailer in the case of COMS, while there is no
effect on the profit of the NB manufacturer. When the intention of competition between two brands, or
the substitutability of two brands” products, increases, the retail prices of both brands” products also
increase. Moreover, the wholesale price and the environmental level of NB products are not influenced

by the competition intention.
pCOMS p<O
From the equations (10) and (11), we can get ~ COMS >0, aa Cows > 0. Hence, Corollary 2 can be

acquired.

Corollary 2. Under COMS, when the environmental level of NB products, €{OMS*, increases, the optimal
prices of NB and SB, pSOMS*, pSOMS* will increase.

Corollary 2 shows that when the NB manufacturer enhances the environmental investment of NB
products, the retail price of NB products will also increase. In such situation, the price pressure from
NB products for SB products goes down. The retailer will also increase the retail price for SB products
to maximize its profit.

L. . apCOMS apCOMS
Similarly, from the equations (12)-(17), we can get the results as follow: —4— > 0, =5
awCOMS aHCOM aHCOMS
0,—4+— >0,—5— >0,and > 0.

Corollary 3. Under COMS, wzth the coefficient of customer environmental sensitivity, T, increases,
the optimal prices of NB and SB, p{PMS*, pSOMS*  the optimal wholesale price of NB products, w°M*, the
optimal environmental level of NB products, e{°M5*, and the optimal profit of the NB manufacturer and the
retailer, TI{OMS*, TISOMS* increase.

Corollary 3 shows that if the environmental investment of NB products has a more significant
impact on the demand of NB products under COMS, the retail price of two brands products, the
wholesale price of NB products, and the environmental level of NB products will increase. In this
situation, the impact of environmental protection investment on the demand increases, improving the
brand awareness of NB products and increasing the demand of NB products. Meanwhile, the retailer
will also increase the retail price of SB products because of the retail price increasing of NB products.

As aresult, both the profit of the NB manufacturer and the retailer increase.

3.1.2. Retailer-Stackelberg (CORS)

Under the scenarios of CORS, the retailer has stronger market control than the NB manufacturer,
and more bargaining power in the channel of supply chain. In this situation, the wholesale price
of NB manufacturer depends on the retail price set by the retailer, and the retailer determines the
corresponding retail prices for products by the response function of NB manufacturer. Therefore, the
decision process in CORS follows:

Step 1: the retailer first decides the optimal retail prices for SB and NB products.

Step 2: NB manufacturer decides the optimal wholesale price and environmental level for NB
products.

In this circumstance, we set the retail price of NB products as follows (mg\:]ORS is the margin of SB
products for the retailer):

pZC\]ORS — m(IsIORS + w%[ORS (18)
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Then, we substitute equation (18) into equation (6). The first order function of the wholesale price and
the environmental level for NB products can be obtained:

JTTCORS
M CORS CORS CORS _ .. CORS CORS CORS _ . CORS _ . CORS

9wCORS — Brs A TeNy T 2wy —my o +1=Bps T ey —wy - —py - +1(19)
N

JTTCORS
M CORS CORS

5eCORS — TN — hney (20)
N

Solve the optimization problem for the equations of (20) and (21), the optimal wholesale price and
environmental level for NB products are:

oCORS+ (1 - pg°™ + Bp§o%®)
N

= 21
oCoRs _ In(1— PRO° + Bps %) @)
N hN — T2

Substitute the equations (22) and (23) to the equation (7), we acquired the optimal retail prices for SB

and NB products by solving the first order functions of p{°%° and ngRS.

cors. _ 61 — 2B, — 3BT + 4BIR, + prt — 2hn T
N (83, — 4hnT2) (1 — B2) — 212
COrs+ _ hin(4hn + 4hyB — pT —277)

T B, _diyt2)(1- f7) _ PP (24)

(23)

From the equation (22) and (23), 1 — g% > 0,8h3%, — 4hyT? > 0, and the limiration of g7 is equal to
0<pB<1,0<7t<1 Asaresult, (813 —4hNT?)(1 — B?) — B>T> > 0. Substitute the equation (24) and
(25) to the equation (22) and (23), w%ORS* and e%,ORS* can be obtained.

CorRss _ In(2hy + BT* + 272 — 2h\ B?)
w{ORS = —N (25)
(8h%, — 4hnT?) (1 — B?) — B?72

eCORS* _ T(th + ABTZ + AB2T2 7 2hNﬁ2) (26)
N8R — 4T (1 - ) — BT

Finally, the optimal profit for NB manufacturer and the retailer are (G = (8h%, — 4hn7?)(1 — B?) —

B
hn (2hy — T2) (2hy — 2hn B3 + BT2 + B272)?
CORS*+ __ "N N N N
TISORS* _ hn(1+ B) (3hn + hnp — 7°) (28)

G

Theorem 2. There exists one unique solution in CORS for the retail price of SB and NB products, the
environmental level and the wholesale price of NB products.

Corollary 4. Under CORS, when the intensity of competition between SB and NB increases, 3, the profit
of the NB manufacturer decreases.

In the scenario of CORS, except for the profit of the NB manufacturer, the impact of the coefficient
of customer environmental sensitivity and the intensity of competition between SB and NB on the
retail price of NB and SB products, the environmental level of NB products, and the profit of the retailer
are similar with the scenario of COMS, we will discuss in section 4 by numerical examples.
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3.1.3. Vertical Nash (COVN)

In the COVN scenario, there is no leader in the supply chain. The decision process is as follows:
the NB manufacturer decides the wholesale price and the environmental level for NB products, and
the retailer decides the retail prices for both SB and NB products.

For the optimization problem, the NB manufacturer and the retailer make their decision-making
by themselves, which maximizes their profit. In COVN, we obtained the optimal wholesale price and
the environmental level for NB products by solving equations (8), (9), (20), and (21).

\Ys hN
w%o N+ — 12 Iy 5 (29)
E%OVN* 3hN l - (30)

Likewise, the optimal retail price of SB and NB products, and the optimal environmental level of SB
products can be also acquired.

COVNs B 3hy — T2 + BT?

A = ) T 20— ) By =) 1)
COVNs __ 1 3hnp

PSS o) T2 ) (Bl — ) 2

Finally, the optimal profit for NB manufacturer and the retailer are:

h (2]’11\] — T2)
[TCOVNx _ IN(2AN = T7) 2
M 2(3hy — T2)2 (33)
[{COVN- _ OB + T+ 131, + 1813,p — 6l — 6l T’
R

- 2(1— B) (3hy — 722 s

Theorem 3. There exists one unique solution in COVN for the retail price of SB and NB products, the
environmental level and the wholesale price of NB products.

3.2. One Environmental SB and One Environmental NB (C, C)

In (C, C), we evaluate the competition between SB and NB that both two brand introduced
environmental investment to acquire more market share and then increase their own profit. There
are two differences between two brands’ products: retail price and environmental level. The profit
maximization for the retailer and the manufacturers is:

MAXIIGE (i, e7) = wfF (1 = p§7 + pp§ ™ + Tef) — Shnef™ (35)
MAXIIR (pR, p§) = (PR — k™) (1 = pR7 + Bps™ + 7ek™)
+ 5 (1= p§ 4 BpRT + TeE) — ShseS™ (36)

3.2.1. Manufacturer-Stackelberg (CCMS)

In the scenario of CCMS, the decision process follows:

Step 1: The NB manufacturer decides the wholesale price and the environmental level of NB
products.

Step 2: The Retailer decides the retail price of SB and NB products, and the environmental level of
SB products.
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The same as the scenario COMS, we obtained the first-order condition with respect to py, ps, and
es based on backward induction:

aHCCMS

apchs = w%}CMS _ ZP%CMS 42 'BPECMS + Te%,CMS 41 (37)
N

aH%CMS CCMS CCMS CCMS CCMS CCMS

apCCMs = ﬁPN - ZPS + Teg + ﬁ(pN —wWN ) +1 (38)
S

aHCCMS
R CCMS egCMShS (39)

9SS = TPs

Solve the equations (38), (39), and (40), pg, py and eg are:

pCOMS= (,CCMS) _ hs(1+ B+ prey™)
5 Zhsﬁz—FTZ—ZhS

2hg + 2Bhs + 2hsw{MS — 12e{MS — 20 {EMS — 12 — 282h g MS + 2

(40)

CCMSx* ¢, . CCMS ,CCMSy __
P (N ey ) = 2(2hsf? + T2 — 2h)
(41)
CCMS
egCMS* (E%CMS) _ T(ﬁ + :BTeN + 1) (42)

2]’15[32 + T2 — 2]’15

Substitute the equations (40), (41), and (42) to the equation (36). Then, we obtained the optimal

solutions for eé{MS* and w{MS*.
CCMSx T
‘ Ty -T2 43
N 4h N—T 2 ( )
2h
CCMSx N
@ N 44
N 4h N — T2 ( )

Finally, we acquired the optimal solutions for ps, py, and es.

pCCMSs _ _ hs(4hN + 4phn — %) (45)
s (4hy — 12)(2hs B2 + T2 — 2hg)

CCMS+ _ Zhshz\]ﬂz + hs,BT2 — 4hNhs‘B + 3”[1\]72 — 6hnhg (46)
PN (4hN*T2)(2h5‘32+T2 — 2hg)

CCMS+ T(4hy + 4Phn — %)
es = - (47)
(4hn — 72)(2hs 2 + T2 — 2h5)

Theorem 4. There exists one unique solution in CCMS for the retail price of SB and NB products, the
environmental level of SB products, the environmental level and the wholesale price of NB products.

3.2.2. Retailer-Stackelberg (CCRS)

Under the scenario of CCRS, the retailer holds stronger market control than the NB manufacturer,
thereby possessing greater bargaining power within the supply chain channel. In this setting, the
wholesale price determined by the NB manufacturer depends on the retail price set by the retailer, while
the retailer, in turn, sets the corresponding retail prices for products based on the NB manufacturer’s
response function. Accordingly, the decision process in the scenario CCRS unfolds as follows:

Step 1: The retailer first decides the optimal retail prices for SB and NB products, and the
environmental level of SB products.

Step 2: The NB manufacturer decides the optimal wholesale price and environmental level for NB
products.
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For the optimization problem, the same to CORS, we also set p%,CRS = m%,CRS + w%,CRS. Then, we
obtained the first-order condition of the wholesale price and the environmental level of NB products.

aH%/ICRS CCRS CCRS
N

aHCCRS CCRS CCRS CCRS CCRS

awévé:Rs = BpSRE — 20 — (pRE — wTR) + T + 1 (49)
N

Then, solve the equations (49) and (50).

CCRS) T(l _ p%]CRS + IBPECRS)

E%CRS* (p%]CRS, pS _ o s 50
wSCRS* (,CCRS |, CCRS) _ hing (1 — pSCRS 4 ppSCRS) .
No(pNT P ) = - 1)

Next, we substituted (49) and (50) to the equations (36) and (37). Solve the first order condition of
pECRS, PR, and egCRS. Finally, the optimal w${-%*, and e{R*%* can be also obtained (T = 8hgp?h3, —
472B%hshy + hs B2t + 4hX 12 — 8hshd; — 2hnT? + 4hshnT?).

ccrse _ hshn(4hy + 4Bhy — pT* — 27°)

cerse  2hsPPhE; 4 4hsPhR; — 3hsBhnT? + hgptt — 3hA T2 + 6hshd + hnT* — 2hg
PN == T (53)
_ 2 2
(SCRS+ _ _ hnT(4hy + 4,3hTN pt° +21°) (54)
corss I (hsB?T® = 2hhsB? + hspT* — hyT* + 2hyhs)
Wy = T (55)
CCRS+ T(hsp*T* — 2hnhsp® + hspT* — hnT* + 2hnhs)

Theorem 5. There exists one unique solution in CCRS for the retail price of SB and NB products, the
environmental level of SB products, the environmental level and the wholesale price of NB products.

3.2.3. Vertical Nash (CCVN)

In the CCVN scenario, there is no leader in the supply chain. The decision process is as follows:
the NB manufacturer decides the wholesale price and the environmental level for NB products, while
the retailer decides the retail prices for SB and NB products, as well as the environmental level for
SB products. For the optimization problem, the NB manufacturer and the retailer independently
make decisions to maximize their profits. In the CCVN case, the optimal wholesale price and the
environmental level for NB products are obtained by solving equations (38), (39), (49), and (50).

CCVNx _ T

N N 3hN — 12 (57)

h

CCVN# _ N

N N 3I’ZN — 12 (58)
CCVNs _ _ hNhSIBZ + ]’lsﬁTz —3hnhgB + Zl’lNTz — 4dhnhg (59)

PN (Bhn — 12)(2B%0s + T2 — 21s)

pCCVNs _ _ hs(=7* +3hy + 3phN) (60)
S (3hyn — T2)(2B%hs + T2 — 2hs)

oCCVNs _ ©(=7* + 3hy + 3BhN) 61)
S (3hy — T2)(2B%hs + T2 — 2hs)
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Theorem 6. There exists one unique solution in CCVN for the retail price of SB and NB products, the
environmental level of SB products, the environmental level, and the wholesale price of NB products.
Corollary 5. Under CCVN, with the consumer environmental sensitivity increases, the environmental

CCVNx ,CCVNx CCVNx« ,CCVN«
N 7N N 7N

level and the wholesale price of NB products, e , increases. Besides, e is not related

to the intensity of competition between SB and NB. See equations (58) and (59).

4. Numerical Analysis

To verify the correctness of the results in section 3, we assume that hy = 1,hs =1, € {0.1,0.6},
and 7 changes in the interval of (0.05,0.95). Then, we compared the optimal profit of the NB manufac-
turer and the retailer, and the optimal retail price of SB and NB products under different scenarios.

4.1. The Numerical Analysis of COMS, CORS, and COVN

Figures 2 and 3 illustrate the variations and comparisons of the NB manufacturer’s optimal profit.
Figures 4 and 5 depict the trends and comparisons of the retailer’s optimal profit. Figures 6 and 7
present the changes and comparisons in the optimal retail price of the NB product. Figures 8 and 9
show the differences and comparisons in the retail price of the SB product.

Specifically, Figures 2 and 3 show that the optimal profits of NB manufacturer in COMS, CORS,
and COVN in the case § = 0.6 are greater than the case § = 0.1. When the intensity of competition
between SB and NB products is high, the NB manufacturer is more profitable. From the viewpoint of
channel leadership, when the intensity of competition between two brands is low, the NB manufacturer
is more profitable under COMS, while the NB manufacturer is more profitable under CORS when
the intensity of competition between two brands. In addition, Figures 4 and 5 show that it is more
beneficial for the retailer in COMS, CORS, and COVN under the condition f = 0.6 than that of § = 0.1.
The retailer can obtain more profit in the channel-leadership of CORS regardless of the intensity of
competition between SB and NB when the NB manufacturer introduces environmental production for
NB products.

Observation 1. Under the situation that there are one traditional SB and one environmental NB, it
is favorable for the NB manufacturer to choose the channel-leadership of Manufacturer-Stackelberg
if the intensity of competition between SB and NB is not high. Otherwise, it is better to choose the
channel-leadership of Retailer-Stackelberg.

Observation 2. Under the situation that there are one traditional SB and one environmental
NB, the retailer always can achieve profit maximization under the channel-leadership of Retailer-
Stackelberg.

Observation 1 shows the optimal decision-making in the channel-leadership for the NB manufac-
turer who introduced the environmental production under the situation that there is a traditional SB
that competing with its products in supply chain. Observation 2 shows the best channel-leadership
strategy for the retailer who faces the competition between a traditional SB and an environmental
NB. In other words, the retailer who has the strong barging ability in supply chain can optimize their
operational management from the perspective of the channel-leadership.
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Figure 2. The Optimal Profit of NB manufacturer (8 = 0.1) in (C, O)
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Figure 3. The Optimal Profit of NB manufacturer (8 = 0.6) in (C, O)

Moreover, Figures 6-9 show how consumer environmental sensitivity influences the retail prices
of NB and SB products under varying intensities of competition between the two brands. Several
implications for practical pricing strategies can be drawn from these results.

Observation 3. Under the situation that there are one traditional SB and one environmental NB,
the optimal retail price of NB products always satisfies that p%OMS* > pORS > p%OVN*, whether the
intensity of competition between SB and NB is high or low.
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Figure 4. The Optimal Profit of The Retailer (8 = 0.1) in (C, O)

Observation 4. Under the situation that there are one traditional SB and one environmental NB,
the optimal retail price of SB products in the channel-leadership of Manufacturer-Stackelberg is lowest,
and satisfies that p§OR5* > pSOVN* when the intensity of competition between SB and NB is high,
otherwise.

Observation 3 indicates that the retailer is likely to set a high retail price for NB products when
acting as the follower in the supply chain, because the retailer does not have information about the
wholesale price and the environmental level of NB products. Under such circumstances, to achieve
profit maximization, it is safer for the retailer to set a high retail price for NB products (see Figures
6 and 7). Observation 4 shows that the optimal retail price of SB products is the lowest under the
Manufacturer-Stackelberg channel leadership. The reason is that the retailer lacks effective information
about NB products and thus tends to set a low retail price for SB products to capture more market
share. Furthermore, the optimal retail price of SB products in the CORS scenario is higher than that
in the COVN scenario when competition between SB and NB products is fierce. In other words, the
higher the intensity of competition between the two brands, the higher the retail price of SB products.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1685.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 August 2025 d0i:10.20944/preprints202508.1685.v1

15 0f 23

18

1.7

16

15 / /
14 s

13 -7

1.2 -~

I - - e
_—— - e

0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95
--------- COMS CORS = = =COVN

Figure 5. The Optimal Profit of The Retailer (8 = 0.6) in (C, O)

Observation 5. Under the situation that there is one traditional SB and one environmental NB,
the retail price of NB products is always higher than the retail price of SB products when the intensity
of competition between SB and NB is low. See Figures 6 and 8.

Observation 6. Under the situation that there is one traditional SB and one environmental NB, if
both the intensity of competition between SB and NB and the consumer environmental sensitivity are
high, it is beneficial for both the NB manufacturer and the retailer to choose the channel-leadership of
Retailer-Stackelberg.

11

1.05

0.95
0.9

0.85

08 |

0.05 0.15 0.25 035 0.45 055 0.65 075 0.85 095
--------- coMs - CORS = — —COWN

Figure 6. The Optimal Retail Price of NB Products (8 = 0.1) in (C, O)
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Figure 7. The Optimal Retail Price of NB Products (8 = 0.6) in (C, O)
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Figure 8. The Optimal Retail Price of SB Products (8 = 0.1) in (C, O)

Observation 7. Under the situation that there are one traditional SB and one environmental NB,
if both the intensity of competition between SB and NB and the consumer environmental sensitivity
are low, it is beneficial for the NB manufacturer to choose the channel-leadership of Manufacturer-
Stackelberg. (See Figures 4 and 5).
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Figure 9. The Optimal Retail Price of SB Products (8 = 0.6) in (C, O)

4.2. The Numerical Analysis of CCMS, CCRS, and CCVN

Figures 10 and 11 illustrate the changes and comparisons in the optimal retail price of SB products,
while Figures 12 and 13 present the differences and comparisons in the retail price of SB products.
In this paper, the optimal profits of the retailer and the NB manufacturer are not discussed in detail
because the corresponding results are overly complex and impractical for numerical illustration.

Observation 8. Under the situation that there is one environmental SB and one environmental
NB, when the intensity of competition between SB is low, there is nearly no difference among the retail
prices of SB products in the three types of channel-leadership structure. See Figure 10.

Observation 9. Under the situation that there is one environmental SB and one environmental NB,
as the consumer environmental sensitivity increases, the retail prices of SB and NB products increase.
See Figure 10-13.

Observation 10. Under the situation that there are one environmental SB and one environmental
NB, the retail price of NB products satisfy that p{-R* = p{EMS* > p{EVN* if both the intensity of
competition between SB and NB and the consumer environmental sensitivity are too low. the retail

CORS _ ,CCMS+ . jCCVN«

price of NB products satisfies that py; =p , if the intensity of competition between
SB and NB is high, and the consumer environmental sensitivity is low. See Figures 12 and 13.
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Figure 10. The Optimal Retail Price of SB Products (8 = 0.1) in (C, C)
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Figure 11. The Optimal Retail Price of SB Products (8 = 0.6) in (C, C)
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Figure 12. The Optimal Retail Price of NB Products (8 = 0.1) in (C, C)

5.35

485

435

3.85

3.35 / s
2.85 /e

2.35 7

passssss st
JUPT T YTy =
. —ar—

ettt bbbl

0.05 0.15 0.25 035 045 055 0.65 075 0.85 095
LCCRS  «eeeveee CCMS = = =CCVN

Figure 13. The Optimal Retail Price of NB Products (8 = 0.6) in (C, C)

5. Managerial Implication

In contemporary business practice, both consumers and enterprises are making increasing efforts
to protect the environment, leading to a steady expansion of the market for environmentally friendly
products. Empirical evidence indicates that environmentally conscious consumers are willing to pay a
premium for such products. For example, Conrad (2005) demonstrated that higher consumer environ-
mental awareness results in greater willingness to pay, a finding consistent with the conclusions of this
paper. Building on this evidence, our study examines consumer environmental sensitivity, defined as
the influence of consumer environmental awareness on the profits of supply chain participants and the
pricing of SB and NB products. The results show that, whether environmental production is adopted
only for NB products or for both NB and SB products, the retail prices of both increase as consumer
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environmental awareness rises. Furthermore, when the NB manufacturer introduces environmental
production for NB products, both the manufacturer’s and the retailer’s profits increase in response to
growing consumer environmental awareness.

These findings indicate that consumer environmental awareness is a key factor influencing
profitability in SB-NB supply chains. Firms can strategically incorporate consumer environmental
awareness into their supply chain management to enhance product competitiveness and market
positioning. Specifically, as our results show, when NB products are produced using environmentally
friendly methods, both the retailer and the NB manufacturer benefit. This dual gain creates opportuni-
ties for higher value-added product offerings while simultaneously improving operational efficiency
across the supply chain.

Furthermore, in a competitive environment where the retailer introduces an SB, the NB man-
ufacturer should not only target environmentally conscious consumers but also capture demand
from consumers with lower environmental awareness to remain competitive. For instance, if the
NB manufacturer implements green production, it can employ marketing strategies to highlight the
importance of environmental protection, thereby increasing product demand. In other words, by
converting consumers with low environmental awareness into those with higher awareness, the NB
manufacturer can stimulate additional demand and expand its market base.

Our study also provides managerial insights for NB manufacturers and SB-introducing retailers
on addressing environmental issues in SB-NB competition from the perspectives of channel-leadership
structure and competition intensity. When only NB products are produced using environmentally
friendly methods, and both the competition intensity between the two brands and consumer environ-
mental awareness are low, the Manufacturer-Stackelberg leadership structure consistently yields higher
profitability for the NB manufacturer. Conversely, when both competition intensity and consumer
environmental awareness are high, the Retailer-Stackelberg leadership structure benefits both the
NB manufacturer and the retailer. For both parties, selecting the most suitable channel-leadership
structure is therefore a critical operational management decision.

Although our results identify the optimal channel-leadership strategy under various scenarios, in
practice it is often challenging to accurately assess competition intensity and consumer environmental
awareness—particularly the former. Under such uncertainty, information sharing between the NB
manufacturer and the retailer becomes essential. By cooperating to exchange market intelligence, both
parties can more effectively determine the optimal channel-leadership structure for the entire supply
chain, thereby achieving mutually beneficial outcomes.

6. Conclusion and Discussion

This paper evaluates the impact of consumer environmental awareness (CEA) on competition
between store brands (SB) and national brands (NB) in a two-stage supply chain comprising one
NB manufacturer and one retailer. Prior studies have shown that higher consumer environmental
awareness increases consumers’ willingness to pay for environmentally friendly products (Chitra,
2007). In this study, we consider both price competition and product environmental levels. Two cases
are analyzed in the model: (1) a traditional SB competing with an environmentally friendly NB, and (2)
both SB and NB being environmentally friendly. Equilibrium outcomes are derived under three types
of channel-leadership structures for each case: (1) Manufacturer-Stackelberg, (2) Retailer-Stackelberg,
and (3) Vertical Nash. We further examine how different channel-leadership structures shape the
decisions of supply chain participants, and how interactions among CEA, competition intensity, and
leadership structure influence profits and strategic choices for both the NB manufacturer and the
retailer.

The main findings indicate that, in the case where only NB products are environmentally friendly,
CEA positively affects the profits of both the NB manufacturer and the retailer, as well as the retail
prices of SB and NB products, the environmental levels of both products, and the wholesale price
of NB products. CEA and competition intensity jointly determine the optimal channel-leadership
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structure. High competition intensity leads the retailer to set higher retail prices for both SB and
NB products. Under the NB-only environmental production case, the Retailer-Stackelberg structure
consistently ensures retailer profitability, whereas the Manufacturer-Stackelberg structure secures NB
manufacturer profitability when both competition intensity and CEA are high. Conversely, when
both competition intensity and CEA are low, both parties prefer the Retailer-Stackelberg structure. In
the case where both SB and NB are environmentally friendly, CEA and competition intensity exert a
positive influence on all key decision variables. Across all scenarios, our analysis provides optimal
retail prices, environmental levels, and wholesale prices for decision-makers under different cases and
leadership structures.

This study offers valuable insights into how CEA influences supply chain decision-making.
Nevertheless, the model has certain limitations, particularly due to the assumption of deterministic
demand. While such demand functions are common in analytical models, real-world demand is
often influenced by uncertainty—for example, sales of raincoats decline when there are fewer rainy
days. Addressing demand uncertainty is therefore a promising avenue for future research on SB-NB
competition under CEA considerations.
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