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Abstract

Sustainability concerns and rising consumer environmental awareness (CEA) have funda-
mentally reshaped competitive dynamics in modern supply chains. This study examines
the influence of CEA on pricing and environmental effort competition between store brand
(SB) and national brand (NB) products in a two-stage supply chain with one manufac-
turer and one retailer. We develop a mathematical model to evaluate strategic interactions
under three power structures: Manufacturer Stackelberg (MS), Retailer Stackelberg (RS),
and Vertical Nash (VN), considering two environmental investment scenarios: NB-only
investment and bilateral SB-NB investment. Our findings indicate that (i) when only NB
products invest environmentally, CEA increases environmental effort levels, wholesale
prices, and retail prices for both brands, expanding total channel value rather than merely
redistributing profits; (ii) CEA and channel competition on jointly determine optimal chan-
nel power structure, with MS dominating in differentiated markets with low CEA while RS
yields superior outcomes under high competition and high CEA,; (iii) retailers consistently
achieve maximum profits under VN structure through balanced negotiation positions; and
(iv) bilateral environmental investment causes price convergence across structures, shifting
competitive focus from governance to operational excellence. By integrating environmental
investment, channel power structure, and channel competition into a unified framework,
this study offers managers practical decision tools for selecting optimal channel structures
based on observable market conditions. Furthermore, it demonstrates how grocery re-
tail chains and consumer goods manufacturers can transform environmental initiatives
from compliance costs into value creation mechanisms that enhance both profitability
and sustainability.

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

MSC: 90B06; 91A65; 90B50

1. Introduction

Sustainability has emerged as a defining force in modern supply chain management,
fundamentally reshaping how companies balance operational efficiency with environ-
mental responsibility. Today’s consumers increasingly demand that businesses deliver
affordable, high-quality products while simultaneously minimizing their ecological foot-
print. This dual pressure creates unprecedented challenges for supply chain participants
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who must navigate the tension between cost competitiveness and responsibility for the
environment. The transformation manifests particularly clearly in retail markets, where
traditional competitive dynamics now intersect with sustainability imperatives. For ex-
ample, U.S. store brands reached USD 271 billion in sales in 2024, captured more than
one-fifth of market share, and grew at rates exceeding national brands [1]. Moreover,
the COVID-19 pandemic accelerated this shift in fundamental ways. Supply shortages
heightened consumer awareness of product availability, prompting many to discover store
brands as reliable alternatives, and a substantial proportion maintained this preference even
after supply chains normalized [2]. These developments demonstrate that environmental
consciousness and supply chain resilience now jointly determine competitive advantage in
contemporary retail environments.

Within this evolving landscape, the competition between store brands (SBs) and na-
tional brands (NBs) takes on increasingly complex dimensions that extend far beyond
traditional price and quality considerations. A store brand represents a retailer-owned
private label, whereas a national brand denotes a manufacturer-owned brand [3]. However,
this ownership distinction only partially captures the strategic dynamics at play. Retailers
now actively position their store brands as credible, often sustainability-forward alterna-
tives that directly challenge the historical dominance of national brands. This positioning
reflects broader market trends where environmental considerations influence not only
consumer choice but also channel relationships and competitive strategies. In response
to these pressures, manufacturers invest heavily in environmental efforts, which involve
measurable improvements in ecological performance achieved through green technolo-
gies, sustainable materials, and transparent operations. Furthermore, practical initiatives
such as sustainable packaging innovations and blockchain-based supply chain traceability
make environmental commitments both visible to consumers and verifiable throughout
the distribution network [4,5].

This competitive reality raises critical strategic questions that demand systematic
investigation, particularly regarding how CEA shapes optimal pricing and environmental
investment decisions when both store brands and national brands compete for market
share. The answer depends on multiple interacting factors that create complex tradeoffs
for decision-makers. Product substitutability, defined as the degree to which consumers
perceive SBs and NBs as interchangeable alternatives, plays a crucial role by intensifying
cross-price effects when substitutability is high. Under high substitutability conditions,
even small changes in environmental positioning or pricing can trigger substantial market
share shifts between brands. Moreover, channel power structures fundamentally determine
how environmental investments translate into market outcomes and profit distributions. In
MS scenarios, manufacturers act as leaders, determining wholesale prices and environmen-
tal effort levels for NBs while anticipating retailer responses. Under RS structures, retailers
leverage their leadership position to influence pricing and positioning for both brand
types, extracting maximum value from their dual role as SB owner and NB distributor.
The VN structure, characterized by simultaneous decision-making, creates yet different
equilibrium outcomes where neither party enjoys first-mover advantages. In addition,
recent academic discussions of evolving private-label “battle fronts” and the systematic
integration of sustainability considerations into retail strategy confirm that environmental
factors now sit at the center of contemporary SB-NB competition [6-8].

Against this backdrop, this study investigates the following research questions:

1.  How does CEA influence the retail prices of SB and/or NB products?
How does CEA affect the wholesale price of NB products?
3. What is the optimal level of environmental effort in SB and/or NB products?
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To examine these questions systematically, this study develops a comprehensive game-
theoretic model of a two-stage supply chain comprising one NB manufacturer and one
retailer that offers both store-brand and national-brand products. The modeling approach
captures the strategic interactions between channel members under different environmental
investment scenarios and power structures. Specifically, the analysis considers two distinct
environmental investment regimes that reflect realistic market conditions. The first regime
allocates environmental effort exclusively to the national brand, representing scenarios
where manufacturers lead sustainability initiatives while retailers maintain traditional
store brands. The second regime extends environmental efforts to both store brands
and national brands, capturing markets where sustainability competition occurs across
all product offerings. Furthermore, the study compares three channel power structures:
Manufacturer-Stackelberg, Retailer-Stackelberg, and Vertical Nash, employing backward
induction and simultaneous optimization techniques to derive equilibrium retail prices,
wholesale prices, environmental effort levels, and profit distributions.

Our findings reveal several counterintuitive insights that challenge established chan-
nel competition theories. First, when only NBs invest environmentally, CEA simultaneously
increases environmental effort levels, wholesale prices, and retail prices for both brands,
thereby expanding total channel value rather than merely redistributing profits. Second,
the optimal channel power structure proves contingent on the interaction between CEA and
channel competition. Specifically, MS structures dominate in differentiated markets charac-
terized by low environmental awareness, and RS structures deliver superior outcomes for
both manufacturers and retailers under conditions of high competition and elevated CEA,
while VN structures consistently maximize retailer profits through balanced negotiation
positions. Third, bilateral environmental investment fundamentally alters these dynamics.
When both SB and NB products adopt environmental strategies, traditional structural ad-
vantages diminish and retail prices converge across power structures, indicating a strategic
shift from governance-based competition to operational excellence. These findings suggest
that environmental investment represents a paradigm shift in retail channel management,
transforming sustainability initiatives from operational constraints into strategic value
creation mechanisms.

The remainder of the paper is organized as follows. Section 2 reviews relevant litera-
ture streams to position our contribution within existing knowledge and identify research
gaps. Section 3 presents the model framework, decision variables, and underlying assump-
tions that structure the analysis. Section 4 develops the equilibrium analysis under each
environmental investment regime and power structure, deriving closed-form solutions
and comparative statics. Section 5 provides numerical illustrations that demonstrate key
relationships and discuss managerial implications for practitioners. Section 6 concludes
with a synthesis of key insights, acknowledges limitations of the current approach, and
suggests promising directions for future research.

2. Literature Reviews

Research on SB-NB competition under sustainability pressures can be grouped into
four interconnected dimensions: consumer perception and brand image, pricing and
channel management, supply chain structure and coordination, and CEA-centric green
supply chains. Organizing the literature along these dimensions highlights the mechanisms
that are essential for understanding how environmental effort, channel leadership, and
substitutability interact in contemporary retail markets.

Consumer perception research establishes critical demand-side foundations. Store
image and SB attitudes shape perceived quality and value, creating persistent heterogeneity
in private-label adoption across markets [9]. Moreover, retailer price-image strongly influ-
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ences purchase intentions, particularly in emerging economies where value perceptions
evolve rapidly [10]. Risk-mitigation instruments such as money-back guarantees strengthen
SB credibility by reducing the perceived risk of trial [11]. Evidence from the pandemic
period shows that reliability and availability enhance perceived brand helpfulness, leading
to durable loyalty shifts toward private labels that persist beyond the crisis [2]. Taken
together, these findings inform demand specifications in which SB and NB preferences
respond to non-price signals and interact with environmental investments.

Studies on pricing and channel management highlight the mechanisms of cross-brand
transmission. Multi-channel analyses demonstrate that balanced retail pricing benefits
both SB and NB when cross-brand externalities are internalized [12]. Furthermore, the
introduction of SBs into multi-echelon chains generates systematic feedback between
brand prices and margins, which requires joint modeling of retailer and manufacturer
responses [13]. The timing of price commitments is also crucial. Early commitments
reallocate bargaining power and alter surplus division, which motivates explicit leader-
follower structures in analytical frameworks [14]. These insights suggest that environmental
effort operates through reaction functions, potentially redistributing channel gains in ways
that traditional models fail to capture.

Research on supply chain structure and coordination explains how organizational
forms shape competitive intensity. Coordination mechanisms enhance profitability in both
centralized and decentralized systems, demonstrating that leadership position matters
as much as the instruments that are deployed [15]. In supply chains where common
manufacturers serve multiple retailers, cooperative arrangements often outperform pure
competition. However, higher substitutability consistently intensifies rivalry and reshapes
optimal pricing [16,17]. These findings justify the integration of MS, RS, and VN structures
with explicit substitutability parameters, while also indicating that the profitability of each
leadership form depends heavily on the level of substitutability.

Policy-oriented and CEA-focused green supply chain studies connect environmen-
tal instruments to operational decisions. Game-theoretic models incorporate tariffs and
greening into pricing, showing how policy interventions translate into price and profit
adjustments [18]. In addition, dual-channel competition research compares green and non-
green positioning, demonstrating how market shares are redistributed [19]. Coordination
research further highlights the tradeoffs between green quality and sales effort [20], while
competition between recycling channels explains collection and pricing outcomes under
different leadership settings [21]. Models that focus on CEA show that heightened aware-
ness supports green investment and justifies price premiums when perceived greenness
meets expectations [22,23]. Moreover, additional evidence confirms that rising CEA triggers
demand shifts and channel realignment [24]. Contract design studies under carbon taxation
also demonstrate when cooperative abatement is superior to unilateral action [25,26].

Recent contributions further enrich the analytical landscape. For example, studies
on sustainability-resilience interactions reveal how policy interventions and investment
efficiency affect profitability under disruption [8]. Reviews highlight packaging innovations
that reduce environmental impact and enhance brand value [4]. In addition, empirical work
links green marketing to loyalty through perceived value [6], while comparative analyses
emphasize contextual differences across markets [27]. Operational research identifies waste-
management levers in emerging economies [28], and digital technologies support greener
operations by improving transparency [5]. Furthermore, behavioral considerations such as
fairness concerns interact with environmental mindsets in purchase decisions [29]. Mean-
while, private-label competition continues to evolve toward new “battle fronts,” opening
fresh strategic opportunities for channel members [7]. Table 1 synthesizes recent 2024-2025
contributions and highlights a critical gap: although these studies examine issues ranging
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from PLB loyalty drivers to resilience-pricing interactions, none simultaneously incorpo-
rates SB-NB rivalry, CEA, environmental effort, channel leadership, and substitutability
within a unified framework. This fragmentation restricts a comprehensive understanding
of how these factors interact to shape equilibrium outcomes.

Despite these advances, the literature has not yet integrated environmental effort,
channel leadership, and substitutability into a single SB-NB model. Prior work tends to
analyze these elements separately. For instance, some studies focus on environmental
investment without considering leadership structures, others investigate power struc-
tures without addressing sustainability, and still others examine substitutability without
incorporating environmental dimensions. However, the absence of an integrated frame-
work leaves critical questions unanswered. This study addresses the gap by developing a
game-theoretic model that co-determines environmental effort levels, optimal leadership
structures, and pricing strategies under varying substitutability conditions. By analyzing
both NB-only and joint investment regimes across MS, RS, and VN, the study provides the
first systematic mapping from observable conditions, such as CEA and substitutability, to
implementable leadership and pricing recommendations. The results also uncover new
interactions, including how substitutability moderates the CEA-leadership relationship
and how environmental effort redistributes channel profits differently under alternative
structures. In this way, the study advances theoretical understanding and provides practical
guidance for sustainable retail competition.

Table 1. Comparative summary of 2024-2025 studies.

Store Brand Consumer Environmental Channel Product Substi-
Study vs. National Environmental Leadership 0 Pricing Result/Notes
Effort tutability
Brand Focus Awareness Structure
Mookherjee et al. v X X X X Loyalty toward PLBs due to reliability
(2024) [2] under shortages (empirical evidence)
Emerging “battle fronts” between PLBs and
Ndlovu (2024) [7] v X o X o NBs; pricing themes
Model of resilience-sustainability
Saidi et al. (2024) [8] X X 4 X X interactions; pricing outcomes shaped by
policy
. , Review of sustainable packaging
Hamdi (2024) [4] X X v X X innovations and brand value enhancement
Krishnan X X X X X Empirical link between green marketing,
etal. (2024) [6] perceived value, and loyalty
Kadam (2024) [27] X X X X X Comparison of green marketing strategies
across market contexts
Phonthanukitithaworn X X v X X Supfl_ler Cooperatl(t)n a?d . .
etal. (2024) [28] waste-management outcomes in emerging
markets
Hayyat (2024) [5] X v X X IoT an_d blockchain as enablers of green
operations and transparency
Li & Xiong (2025) Model integrating CEA with fairness; effects
X v 4 X X o, o
[29] on greenness, pricing, and advertising
v v Integrated model of SB-NB competition
sy ’ ! (NB-orly (M5, K, ’ cnvironmental levels, and profie
& joint) VN) g

3. Model Description

This study investigates how CEA shapes the strategic decisions of supply chain
participants that offer both SB and NB products. We consider two environmental investment
scenarios: CO, where environmental efforts apply only to NB products, and CC, where
both NB and SB products adopt environmental efforts. Moreover, to evaluate channel
power structures, we follow [30] and study three game models: Manufacturer-Stackelberg
(MS), Retailer-Stackelberg (RS), and Vertical Nash (VIN).

Figure 1 illustrates the supply chain structure. The NB manufacturer sets the unit
wholesale price and the total environmental level for NB products; the retailer sets retail
prices for both NB and SB products and, when applicable, the environmental level for SB
products. SB products are produced by the retailer’s contracted manufacturer at a fixed unit
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cost of cg (NB products’ unit cost is cy). Tables 2 and 3 summarize decision variables and
parameters used throughout the analysis. In addition, apart from environmental attributes,
we assume no exogenous quality diversity between the two brands so that environmental
decisions, prices, and power structures drive all differences observed in equilibrium.

SB Manufacturer NB Manufacturer

e
Cs wi' e

y

Retailer

ij* i ij*
Ps . € 19%

[ Consumer ]

Figure 1. Supply Chain Structure.

Table 2. Decision Variables.

Variable Description

I The total environmental level for SB and NB products,

SN i€ {CO,CC},]j € {MS, RS, VN}.

pd,ri The retail price for SB and NB products, i € {CO, CC},j € {MS, RS, VN}.
wKI The unit wholesale price for NB products, i € {CO, CC},j € {MS, RS, VN}.

Table 3. 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.

HZJ,{A The profit function of NB manufacturer, i € {CO, CC},j € {MS, RS, VN}.
Hlé . The profit function of the retailer, i € {CO, CC},j € {MS, RS, VN}.

D]S, Dﬁ\] The demand function of SB and NB products, j € {CO, CC}.

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

We analyze the following channel power structures, each with an explicit two-stage
timing that clarifies who moves first and how the follower responds:

*  Manufacturer-Stackelberg (MS). Stage 1: the NB manufacturer (leader) chooses NB's
wholesale price and environmental level. Stage 2: the retailer (follower) chooses retail
prices for NB and SB and, in CC, the SB environmental level.

*  Retailer-Stackelberg (RS). Stage 1: the retailer (leader) chooses retail prices for NB
and SB and, in CC, the SB environmental level. Stage 2: the NB manufacturer (follower)
responds with NB’s wholesale price and environmental level. Moreover, choosing a
retail price for NB is equivalent to choosing a margin given the wholesale price (e.g.,
pN = my + wy used later in analysis).

*  Vertical Nash (VN). The manufacturer and retailer make decisions simultaneously,
yielding a Nash equilibrium outcome.
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We define the environmental investment function of brand [ as follows [23]:
K = 1/2m(e)))? (1)

where K;j denotes the environmental investment cost for brand I € {S, N}. The variable
e;] represents the environmental level of the product. This level can be understood as a

normalized index (0 < 67 < 1) that reflects how environmentally friendly the product
is. For example, it may capture improvements such as cleaner production technologies,
the use of recyclable materials, or higher energy efficiency. A higher e;] indicates a greater
degree of environmental performance.

The parameter /; is the cost coefficient of environmental investment. A larger
indicates lower efficiency, since the marginal cost of achieving an additional unit of environ-
mental level becomes higher. In other words, the investment cost function is convex in the

environmental level, and K] increases as el]

rises. However, the efficiency of environmental
investment differs between SB and NB products. Without loss of generality, we assume
hyn < hg, since NB manufacturers usually possess more advanced production technology
and equipment and therefore can reach a given environmental standard at a lower cost.

Next, we define the demand functions of brand /, adapted from [30], under two
cases. The first case (C, O) cons1ders an environmental NB product (0 < eCO] < 1)and
a conventional SB product (eS = 0). The second case (C, C) considers both NB and SB
products as environmental (0 < egcj <1,0< el(ilcj < 1). In both cases, demand is affected
by retail prices and environmental investment levels:

Case 1: (C, O)

COj, COj COj cCOj COj COj COj
Dy ](PN ]rPs ! N]) 1_PN]+5P5 ]+TeN] )
CO COj COj COj
D (ps7 ) = 1= ps” + By 3)

Case 2: (C, Q)

CCj CCj CCj  CCj CCj cCj cCj CCj

DN](pN ]'eN ]/Ps ! €s Ty = 1—PN]+:3P5 ]+TeN] (4)
CCj, CCj CCj CCj CCj cCj cCj CCj

Dg ]<P5 ],es ]/PN ],eN ]> =1-pg ]+:BPN]+TBS ! (5)

Here, T (0 < T < 1) is the coefficient of consumer environmental sensitivity, repre-
senting how strongly consumers value environmental attributes. The larger 7, the more
likely consumers are to pay a premium for environment friendly products [31]. Moreover,
B is the intensity of inter-brand competition. A higher B implies greater substitutability
between SB and NB products and thus stronger price competition (0 < g < 1).

To ensure well-posed optimization, we impose the following conditions:

e  Environmental levels eSO] =0;e g:C] ,eg,c] N O ¢ (0,1].

¢ Non-negativity: ps, pN,wN > 0.
To simplify the model, we assume that the baseline fixed cost (without environmental

investment) is equal for both brands (cy = cs = 0). Moreover, both the NB manufacturer
and the retailer are risk-neutral, and their objective is to maximize expected profits.

4. Model Analysis

We analyze the competition between SB and NB by examining six scenarios under
different channel power structures and environmental investment decisions, denoted as
COMS, CORS, COVN, CCMS, CCRS, and CCVN.
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4.1. One Traditional SB and One Environmental NB (C, O)

In scenario (C, O), we evaluate supply chain performance with two product types: a
traditional SB and an environmentally conscious NB. The profit maximization problems for
the retailer and manufacturer are

1 .
MAXH%/IOI(ZU%]OI, e%}Ol) — w%01(1 C01 + ‘BPCOl + Te%Ol) theCOIZ (6)

MAXH%OI(p%]OI, PEOI) — (P%Ol _ CO])(l C01 + IBPCOI + TECO1>
+ P51 - P57+ ﬂpcol) 7)

4.1.1. Manufacturer-Stackelberg (COMS)

In the COMS scenario, the decision sequence follows:

Step 1: The NB manufacturer determines the wholesale prices and environmental
investment level for NB products.

Step 2: The retailer sets retail prices for both SB and NB products.

Using backward induction, we derive the first-order conditions with respect to py

and pg:
ITZOMS COMS COMS COMS COMS
apCOMS =wy T +Tey T +2pps Y = 2py T +1 8)
ATTROMS COMS COMS COMS
9pCOMS =2ppy T —2ps T — pwy T+ 1 )
3
2p

-2
The Hessian matrix of Equation (7) satisfies that 5 =4(1— %) > 0. Hence,

-2
and pEOMS by solving Equations (8) and (9):

we obtain the optimal solutions for pCOMS

COMS + ;B + TeCOMS 'BZw%OMS +1

p%[OMS* (w%]OMS’ e%OMS) S 2'82 (10)
N B+ 1e{OMS 11
pove (o) = BT an
Substituting Equations (10) and (11) into Equation (6) and solving the optimization
problem yields
2h
COMS* __ N
“N 41/11\] — T2 (12)
COMS* _ T
eN o (13)
The optimal retail prices become
COMS: B 6hn — hnp?
= 14
PN S o T -y - ) (9
1 2BhN
COMSx

- 15
T R Ry T ) -

Finally, the equilibrium profits are
HCOMS* _ hN (16)

M 2(4]/11\[ - T2)

HCOMS* _ 2hN T4 3h%\] (17)

Ty ) T p)hy - ) (hy )



Mathematics 2025, 13, 3141

9 of 24

Theorem 1. There exists a unique equilibrium in COMS for retail prices of SB and NB products,
environmental level, and wholesale price of NB products.

From Equation (16), the NB manufacturer’s optimal profit is independent of the

. . X . . apCOMS ap OMS JTTCOMS
competition intensity . Additionally, we find that '55 >0, Saﬁ > 0,and 5/5 > 0.

Corollary 1. Under COMS, as competition intensity  increases:

o Optimal prices pOMS* and pSOMS* increase.

o NBmanufacturer’s profit TISOMS* remains unchanged.
o  Retailer’s profit TI{OMS* increases.

Corollary 1 indicates that increased product substitutability benefits the retailer while
leaving the NB manufacturer’s profit unaffected. Higher competition intensity leads
to increased retail prices for both products, while wholesale price and environmental
investment remain unchanged.

. apCOMS apCOMS
From Equations (10) and (11), we observe that aegw > 0, and aeéw > 0.

Corollary 2. Under COMS, higher environmental level eSPMS leads to increased optimal prices
for both NB and SB products p{OMS*, pSOMS,

Corollary 2 demonstrates that enhanced environmental investment in NB products
increases NB retail prices, reducing price pressure on SB products and allowing the retailer
to raise SB prices for profit maximization.

_ . apComs apcoms 9 COMS ATICOMS
From Equations (12)-(17), we derive —3— >0, —5— >0, —§-— >0, —4t— >0,

JIICOMS
and gT > 0.

Corollary 3. Under COMS, as consumer environmental sensitivity T increases, all equilibrium

values increase: retail prices (pSOMS*, pSOMS*) wholesale price (wMS*), environmental level

(E%OMS* )/ and p?’Oﬁi‘S (H%AOMS*, H%OMS*).

Corollary 3 shows that higher environmental sensitivity amplifies the demand impact
of environmental investment, enhancing NB brand awareness and demand. The retailer
responds by increasing SB prices alongside NB price increases, resulting in higher profits
for both parties.

4.1.2. Retailer-Stackelberg (CORS)

In CORS, the retailer possesses stronger bargaining power within the supply chain.
The wholesale price set by the NB manufacturer depends on retail prices determined by
the retailer. The decision sequence is:

Step 1: The retailer determines optimal retail prices for SB and NB products.

Step 2: The NB manufacturer sets the wholesale price and environmental invest-
ment level.

We define the NB retail price as:

CORS CORS CORS
PN D =my s wy (18)
where m{PRS represents the retailer’s margin on NB products.

Substituting Equation (18) into Equation (6), the first order conditions for the wholesale
price and the environmental level of NB products can be expressed as
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aHCORS
awé/IORS _ ’BP(S?ORS + Te%]ORS _ Zw%]ORS _ m%}ORS +1= ’BPEORS + Te%]ORS _ w%ORS _ p%]ORS +1 (19)
N
aHCORS
SoCoRs = TR — e (20)
N
Solving Equations (20) and (21) yields the optimal wholesale price and environmental
level for NB products:
JCorss _ T(1— PRO° + Bps %) @1
N hN — T2
CORS CORS
CORS+ __ hn(1— Py + Brs ™) (22)
N h N—T 2
Substituting Equations (22) and (23) into Equation (7), the optimal retail prices of SB
and NB products are obtained by solving the first-order functions with respect to p§°O%°
and ngRS:
coRs: _ 6l — 282 h3, — 3BhnT? + 4Bhy, + BT* — 2hyT? )

(812, — 4T (1 — B2) — P02

Corss _ hn(4hy + 4hyp — B* — 272)
Ps (812 2 2 2.2 (24)
(8hy, —4hnT?) (1 — B2) — BT

From Equations (22) and (23), the following conditions hold: 1 — g% > 0, 8h%\, —
4hnT? > 0,and 0 < B < 1,0 < T < 1. Consequently, (843, — 4hyT?)(1 — p%) — B2 > 0.
By substituting Equations (24) and (25) into Equations (22) and (23), we further obtain:

CORS« _ i (2hy + BT2 + B272 — 2hy B?)
N (83, — 4hnT?) (1 — B2) — B?72
corss _ T(2hy + BT* + p*1* — 2hn )

N R — ah ) (1— ) — (26)

(25)

Finally, the optimal profit for the NB manufacturer and the retailer are given as follows
(G = (8h%, — 4hyT?)(1 — B2) — B*72):

[qCoRss _ hn(2hy —7%) (2 — 20’ + BT + BPT2)?
M 2G2
TTSORS* hn(1+ B)(3hn + hnp — T°)

= C (28)

(27)

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

Corollary 4. Under CORS, as the intensity of competition between SB and NB (captured by p)
increases, the profit of the NB manufacturer decreases.

The mechanism underlying Corollary 4 reflects fundamental competitive dynamics.
When substitutability between SB and NB products rises, intensified price competition
forces the NB manufacturer to reduce wholesale prices to maintain market position, directly
compressing profit margins. The retailer, controlling both brands, strategically manages this
competitive pressure through portfolio optimization. Under CORS, other key relationships,
including how consumer environmental sensitivity affects retail prices, environmental



Mathematics 2025, 13, 3141

11 of 24

levels, and retailer profit, parallel those found in COMS. These similarities and differences
across scenarios will be examined through numerical analysis in Section 5.

4.1.3. Vertical Nash (COVN)

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

For the optimization problem, the NB manufacturer and retailer independently maxi-
mize their profits. In COVN, we obtain the optimal wholesale price and environmental
level for NB products by solving Equations (8), (9), (20) and (21):

h

COVN N

N = 3hN — T2 (29)
COVN T

Similarly, the optimal retail prices for SB and NB products are

COVN* ,B ShN — 72 + ‘BTZ
- 1
PN 2(1-p%) " 2(1—p?)(Bhn — T2) (31)
1 3hnp
B 2
Ps 21— B?) + 2(1— p2)(3hy — T2) (32)
Finally, the optimal profits for the NB manufacturer and retailer are

hn(2hy — T2)

[IGOVNx _ NN 7 )
M 2(3hy — 12)2 (33)
[gCOVNs _ SHP? + T + 13y + 18I}p — 6y pT? — 6hy T (34)

< -

2(1 - p?)(Bhy — 12)?

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

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

In (C, C), we evaluate competition between SB and NB when both brands introduce
environmental investment to acquire market share and increase profits. The two brands
differ in retail price and environmental level. The profit maximization functions for the
manufacturer and retailer are

MAXIT§ (WS, o) = wi™ (1 — p§ + Bps< + e{) — EIaNe§,<?12 (35)
MAXIIEE (%, p§) = (5~ 0f) (1 - p§E + S + )
+ S = p§T + BT + e ) — Shse§ (36)

4.2.1. Manufacturer-Stackelberg (CCMS)

In CCMS, the decision process follows:

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

Step 2: The retailer decides retail prices for SB and NB products and the environmental
level of SB products.
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Using backward induction, we obtain the first-order conditions with respect to py, ps,

and eg:
ccMS
ol WSEMS _ 9, CCMS | 9 g, COMS |7, CCMS g 37)
ap%,CMS N PN Ps N
CCMS
ol BpSCMS _ 5, COMS | 1, COMS | g(,CCMS _,CCMS) | (38)
angMs PN Ps S PN N
ccMS
oIl CCMS _ egCMSh s (39)

cems — TPs
de§M
Solving Equations (38)-(40), py,, p¢ and e¢ are

ccMs
pCCMS(,COMS) _ hs(1+ B+ prex™®) (40)
S N 2hsp? + T2 — 2hg
(2hs + 2Bhs + 2hswGMS — 3e{EMS
2 CCMS _ 2 p2;  CCMS
CCMS (7,CCMS [ COMS) _ _ Twy =T = 2pThswy T +2) 1)
N NN 2(2hgB? + 12 — 2hg)

p

(CCMS (,CCMS) _ (B + pre™ + 1) 42)
§ 2hsB2 + T2 — 2hg

Substitute Equations (41)-(43) into Equation (36). Then, we obtain the optimal solu-

tions for e%CMS* and w%,CMS*:

CCMS+ T
= — 43
N 4hN — 12 ( )

2h

CCMSx N

= — 44
“N 4hN — 12 ( )

Finally, we acquire the optimal solutions for pg, pn, and es:

pCCMSs _ hs(4hy +4hy — %) (45)
S (4hy — 72)(2hsB2 + T2 — 2hs)

comsr _ 2hshnp? + hspt® — 4hhsp + 3hnT> — 6hnhs (46)
PN (4hy — 12) (2hsB? + T2 — 2hg)

JComss _ T(4hy +4phy — T%) (47)
5 (4hy — 12)(2hs B2 + T2 — 2h3)

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

4.2.2. Retailer-Stackelberg (CCRS)

Under CCRS, the retailer holds stronger market control than the NB manufacturer,
possessing greater bargaining power within the supply chain. The wholesale price deter-
mined by the NB manufacturer depends on retail prices set by the retailer, while the retailer
sets prices based on the manufacturer’s response function. The decision process unfolds
as follows:

Step 1: The retailer first decides 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, similar to CORS, we set p§{R° = m§RS + w{RS.

Then, we derive the first-order conditions with respect to the wholesale price and the
environmental level of NB products.

aH%/ICRS CCRS CCRS

aeCW = Twy — hNeN (48)
N

aHCCRS

e = S 20 (S ) e 41 @)
N

Solving Equations (49) and (50),

CCRS+ (,CCRS CCRS) _ T(1— p§ + Bps ) (50)

N PN~/ Ps Iy — T2

ccrsy  In(1— PR + Bp§eRS)
S ) - h 2 (51)
N—T

CCRSx* /,.,CCRS
wy (PP

Next, we substitute (49) and (50) to Equations (36) and (37). Solving the first order
condition of ngRS, PSS, and e?CRS. Finally, the optimal w{“®*, and ¢{“R* can be

obtained (T = 8hsf?h3; — 4T2B*hshy + hsp?7* + 4h3 1% — 8hsh?, — 2hnT* + 4hshyT2):

cerRs« _ hshn(4hy + 4phy — BT* — 27°)

Ps = T (52)
CCRSx Zhsﬁzl’l%\] + 4}15/3]’1%\] — 3}15[3}1]\]1‘2 + hsﬁ”LA — 3h%\]T2 + 6h5h%\] + hNT4 — 2hg
PN = - T (53)
a2 2
(SRS _ _ hnT(4hy + 4ﬁ};N pt* +217) (54)
ccrse I (hsp?T? — 2hnhsB? + hspt> — hnT? 4 2hnhs)
CCRSx T(hgp?? — 2hyhsp? + hspt? — hyT* + 2hnhg)

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

4.2.3. Vertical Nash (CCVN)

In CCVN, there is no leader in the supply chain. The NB manufacturer decides
the wholesale price and environmental level for NB products, while the retailer decides
retail prices for both products and the environmental level for SB products. Both par-
ties independently maximize profits. The optimal solutions are obtained by solving
Equations (38), (39), (49) and (50):

CCVNx* __ T
eN - 3hN _ T2 (57)
h
ccvnx _ BN
“N N 3hN — 12 (58)
covns _ _ whsp? + hspr* — Bhyhsp + 2hnT? — dhnhs (59)
PN (3hN - T2)<2ﬁ2h5 + 72— Zhs)
covns _ _ hs(=7%+ 3hy + 3Bhy) (60)
Ps (3l — 12)(2f%hs + T2 — 2hs)
(COVNx _ 7(—7* + 3hy +3Bhn) 61)

(3]’[1\] — Tz)(Zﬁth + 12— 2]’15)
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Theorem 6. There exists a unique solution in CCVN for the retail prices of SB and NB products, the
environmental level of SB products, and the environmental level and wholesale price of NB products.

Corollary 5. Under CCVN, as consumer environmental sensitivity increases, the environ-
mental level and the wholesale price of NB products (E%CVN*,ZUIC\]CVN*) increase. Moreover,
eSEVN* and wiCYN* are independent of competition intensity between SB and NB, as shown

in Equations (58) and (59).

Corollary 5 reveals a distinctive feature of the VN structure when both brands invest
in the environment. The independence of NB environmental decisions from competition
intensity occurs because simultaneous decision-making eliminates strategic commitment
effects present in sequential games. Under CCVN, the NB manufacturer optimizes environ-
mental investment based solely on consumer willingness to pay for greenness, unaffected
by cross-price elasticities between brands. This contrasts sharply with leader-follower
structures, where competition intensity shapes environmental strategies through antici-
pated competitive responses. The positive relationship between consumer environmental
sensitivity and both wholesale price and environmental effort confirms that green invest-
ment remains profitable even without first-mover advantages, provided consumers value
environmental attributes sufficiently.

5. Numerical Analysis

To verify the analytical results from Section 4 and explore the complex interactions
between CEA competition intensity and channel power structures, we conduct compre-
hensive numerical simulations with parameter values calibrated to reflect realistic mar-
ket conditions. We set hy = 1 and hs = 1, assuming equal production efficiency be-
tween brands as a baseline. This normalization is widely adopted in channel competition
models, ensuring that profitability differences arise from strategic choices rather than ex-
ogenous cost asymmetry [23,30]. For competition intensity, we examine two scenarios:
B € {0.1,0.6}, representing low and high substitutability between SB and NB products.
Similar ranges have been used to capture markets spanning from differentiated products to
near-substitutes [16,17]. Consumer environmental sensitivity T varies continuously in the
interval (0.05, 0.95), spanning from minimal environmental awareness to near-complete
purchase decisions based on environmental attributes. This specification follows prior
green supply chain studies [18,19,23], which avoid extreme boundary values while covering
the full spectrum of consumer preferences.

The following analysis presents six key observations derived from Figures 2-7, each
examining how equilibrium outcomes, including manufacturer profits, retailer profits, and
retail prices for both SB and NB products, respond to variations in consumer environmental
sensitivity across different channel structures (MS, RS, and VN) and competition intensities.
These observations reveal nuanced patterns that extend beyond the theoretical predic-
tions, demonstrating how market conditions fundamentally alter the strategic value of
channel leadership and environmental investment. Table 4 subsequently synthesizes these
findings to provide integrated strategic guidance for supply chain participants navigating
increasingly sustainability-focused retail markets.

Figure 2 illustrates the NB manufacturer’s optimal profit under COMS, CORS, and
COVN scenarios across different competition intensities. Manufacturer profits are higher
under high competition (3 = 0.6) than under low competition (8 = 0.1). Under low
competition, the MS structure dominates, whereas under high competition, the RS struc-
ture yields the highest profits, with the profit gap widening as consumer environmental
sensitivity increases.
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Figure 2. The Optimal Profit of the NB Manufacturer (C, O).

Observation 1. When only NBs invest environmentally, the NB manufacturer’s profit is max-
imized under the MS structure in low-competition settings, whereas the RS structure yields the
highest profit under high-competition conditions, particularly when consumer environmental sensi-

tivity is high.

Observation 1 shows that the NB manufacturer’s profitability is critically shaped by
market competition intensity and CEA. Under low competition, profit is maximized in
the MS structure, where the wholesale price mechanism allows the manufacturer to retain
stable margins even as CEA increases. By contrast, under high competition, the RS structure
yields the highest profit, particularly when CEA is high, since retailers’ pricing strategies
become more responsive to consumer preferences for environmental attributes.

Figure 3 illustrates the retailer’s optimal profit under different scenarios (COMS,
CORS, and COVN) across varying competition intensities. The analysis reveals how retailer
profitability responds to changes in consumer environmental sensitivity under different

channel power structures.
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Figure 3. The optimal profit of the retailer (C, O).

Observation 2. When only NBs invest environmentally, retailers consistently achieve maximum
profits under the VN structure regardless of competition intensity (B = 0.1 or B = 0.6). The VN
structure dominates both MS and RS structures across all CEA levels, with the profit gap widening
as T increases. Under high competition, retailer profits increase more steeply with environmental
sensitivity, particularly in the VN scenario, where profits reach approximately 3.5 at T = 0.95.

This observation has significant managerial implications for retailer strategy. The
superiority of VN suggests that retailers benefit from balanced negotiation positions rather
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than clear leadership hierarchies when environmental differentiation is asymmetric. Re-
tailers should resist both excessive manufacturer dominance and the responsibilities of
channel leadership, instead advocating for simultaneous decision-making processes that
allow flexible responses to market conditions without first-mover disadvantages.

Figure 4 presents the optimal retail prices for NB products under the three chan-
nel structures. The price trajectories reveal how information asymmetries and decision
sequences affect NB pricing strategies across different market conditions.

Observation 3. When only NBs invest environmentally, the optimal retail price of NB products
consistently satisfies pOMS* > p{ORS* > pCOVN* aeross all parameter values. This hierarchy
persists regardless of competition intensity, with the price differential expanding as consumer
environmental sensitivity increases. Under high competition ( = 0.6), NB retail prices range from

approximately 1.2 to 3.5 as T increases, maintaining the structural ordering throughout.

The consistent price hierarchy provides clear guidance for channel strategy. Manufac-
turers facing MS structures should anticipate higher retail prices that may limit volume
but protect margins. Conversely, under VN structures, lower prices may enhance market
penetration but compress channel margins. This suggests manufacturers should carefully
evaluate volume-margin tradeoffs when negotiating channel arrangements, particularly in
environmentally conscious markets where price premiums are sustainable.

The Optimal Retail Price of the NB Product (8 =0.1) The Optimal Retail Price of the NB Product (B = 0.6)
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Figure 4. The optimal retail price of the NB product (C, O).

Figure 5 displays SB retail price patterns across the three power structures. The
analysis reveals how competition intensity fundamentally alters the relationship between
channel structure and SB pricing.

Observation 4. When only NBs invest environmentally, the optimal retail price of SB products
in the MS structure is lowest under low competition (B = 0.1), while under high competition

(B = 0.6), the relationship reverses with p§OR* > pSOVN* > jCOMS«

. The reversal occurs because
intense competition enables retailers to leverage cross-brand coordination more effectively under RS

leadership, extracting margins from portfolio optimization rather than individual brand positioning.

This competition-dependent reversal has important strategic implications. In differen-
tiated markets, retailers should maintain competitive SB prices under MS to compensate
for NB uncertainty. However, in competitive markets, RS structures enable premium SB
pricing through coordinated portfolio management. Retailers must therefore assess market
competitiveness before determining optimal pricing strategies, recognizing that channel
structure effects on SB pricing are contingent rather than universal.
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Figure 5. The optimal retail price of the SB product (C, O).

Figure 6 shows SB retail prices when both brands invest in environmental quality.
The patterns reveal how bilateral environmental investment transforms pricing dynamics
across different competitive conditions.

Observation 5. When both SB and NB products invest environmentally, SB retail prices exhibit
minimal differentiation across channel structures under low competition (g = 0.1), with prices
nearly identical for MS, RS, and VN. However, under high competition (§ = 0.6), structural
differences emerge, with all prices increasing sharply as consumer environmental sensitivity rises
from approximately 1.2 at T = 0.05 to over 7.0 at T = 0.95.

The convergence under low competition suggests that bilateral environmental invest-
ment neutralizes structural advantages when markets are differentiated. Managers should
recognize that environmental parity shifts competitive focus from channel governance
to execution capabilities. Under high competition, however, structural choices remain
relevant as environmental sensitivity increases, indicating that channel leadership becomes
more important as green markets mature and competition intensifies.
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Figure 6. The optimal retail price of the SB product (C, C).

Figure 7 illustrates NB retail pricing when both brands pursue environmental strate-
gies. The analysis reveals complex interactions between competition, environmental sensi-
tivity, and channel structure.

Observation 6. When both brands invest environmentally, NB retail prices satisfy p
CCMS* CCVN*
PN 2 PN

intensity or consumer environmental sensitivity increases, these structural differences diminish.

CCRS* ~
N =~

under low competition with low environmental sensitivity. As competition
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Under high competition (B = 0.6), prices converge across all structures when T is low but diverge
slightly as environmental sensitivity rises, with all prices reaching approximately 4.5 at T = 0.95.

The conditional nature of structural effects on NB pricing under bilateral investment
provides nuanced managerial guidance. In nascent green markets with limited compe-
tition, sequential decision-making (MS or RS) creates commitment value that supports
premium pricing. However, as markets mature through either increased competition or
environmental awareness, structural advantages erode. Manufacturers should therefore
prioritize operational excellence and product quality over channel positioning in mature
green markets, while leveraging structural advantages primarily in emerging environmen-
tal segments.

The Optimal Retail Price of the NB Product (8 =0.1) The Optimal Retail Price of the NB Product (8 =0.6)
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Figure 7. The optimal retail price of the NB product (C, C).

Table 4 synthesizes the key observations from our numerical analysis, revealing how
CEA, competition intensity, and channel power structures jointly determine equilibrium
outcomes in SB and NB competition. The analysis demonstrates that optimal channel
leadership is fundamentally contingent on market conditions: manufacturer-led struc-
tures excel in differentiated markets with low environmental awareness, while retailer-led
structures generate superior outcomes when both competition and CEA are high. Retailer
profits consistently maximize under vertical Nash structures regardless of market condi-
tions, reflecting the value of balanced negotiation positions. Price hierarchies remain stable
for NBs (MS > RS > VN) but exhibit competition-dependent reversals for SBs, indicating
asymmetric structural effects across product categories.

The impact of CEA on retail pricing emerges as a universal driver of price increases,
though the magnitude and pattern vary significantly by environmental investment con-
figuration. Under unilateral NB investment, CEA amplifies existing structural differences,
creating persistent price premiums that benefit environmentally differentiated products.
This effect enables sustained value extraction throughout the channel, with both man-
ufacturers and retailers capturing portions of the environmental premium. However,
bilateral environmental investment fundamentally transforms these dynamics: structural
advantages that dominate under asymmetric investment erode when both brands pur-
sue environmental strategies, particularly in differentiated markets where competition
is limited.

Competition intensity acts as a critical moderating variable that determines when
channel structure matters. In low-competition environments with unilateral NB investment,
manufacturer leadership through MS structures enables effective value capture and coordi-
nated pricing. As competition intensifies, this advantage shifts to retailer-led structures,
where portfolio coordination across both brands creates mutual benefits. The finding that
RS structures can simultaneously enhance manufacturer and retailer profits under high
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competition and high CEA challenges traditional zero-sum perspectives on channel power,
suggesting that environmental differentiation can expand total channel value rather than
merely redistributing existing profits.

Table 4. Summary of key observations from numerical analysis.

Observation Key Finding Market Conditions Strategic Implication

NB manufacturer profit shifts

1 from MS to RS dominance as Competition intensity transition ~Channel leadership optimal

e from low to high structure is market-contingent
competition increases
. . . Bal tiati iti
Retailer profits consistently Holds across all a anfzed NeGOAton postons
2 .. rs benefit retailers more
maximize under VN structure competition levels .
than leadership
o . . . Inf i i
3 NB retail prices maintain Consistent across all scenarios Srel fg?;;?n:;}é??;:;zsm
hierarchy: MS > RS > VN with unilateral investment 9 &

sustainable price premiums

SB pricing inverts from
4 MS-lowest to RS-highest as
competition intensifies

Retailer portfolio coordination
value increases
with competition

Competition-dependent
reversal pattern

NB prices consistently exceed Low competition with only NB Environmental differentiation

5 SB prices under ; ; enables sustained premium
. . environmental investment e .
unilateral investment positioning
Bilateral investment causes . Environmental pari
. Both brands invest, low ) parity
6 price convergence neutralizes structural

competition scenarios

across structures advantages

The transition from unilateral to bilateral environmental investment represents a
fundamental shift in competitive dynamics. When both brands invest in environmental
initiatives, traditional structural advantages based on sequential decision-making diminish,
especially under low competition, where prices converge across MS, RS, and VN structures.
This convergence indicates that environmental parity shifts competitive focus from channel
governance to operational capabilities and execution excellence. Firms operating in markets
approaching environmental saturation should therefore prioritize efficiency and quality
over structural positioning.

These findings provide actionable guidance for channel strategy in environmentally
conscious markets. Early-stage green markets with asymmetric investment reward first-
mover advantages and structural positioning, justifying investments in channel leadership.
As markets mature and bilateral investment becomes standard, success depends increas-
ingly on operational excellence rather than governance arrangements. The observation
that environmental investment can create shared value rather than triggering destructive
competition suggests opportunities for collaborative sustainability initiatives that benefit
all channel members. Managers should therefore view environmental strategy not as a
cost burden but as a value creation mechanism that, when properly structured, enhances
profitability across the supply chain.

6. Conclusions and Discussions

This study investigates how CEA influences store brand-national brand competition
within a two-stage supply chain comprising one NB manufacturer and one retailer. Through
game-theoretic analysis of two environmental investment scenarios under three channel
power structures (MS, RS, and VN), we reveal fundamental insights into sustainable retail
competition dynamics.



Mathematics 2025, 13, 3141

20 of 24

Our primary findings demonstrate that when only NBs invest in environmental
efforts, higher CEA simultaneously increases environmental effort levels, wholesale prices,
and retail prices for both brands, generating profit improvements across the channel.
This dual benefit challenges conventional wisdom that environmental investment merely
redistributes value; instead, it expands total channel value. While previous studies have
examined SB-NB competition primarily through price-quality schemas [7] or focused on
store image and price perceptions [10], our research integrates environmental investment
as a strategic dimension that fundamentally alters competitive dynamics. Specifically,
our analysis reveals that retailers consistently achieve maximum profits under the VN
structure regardless of competition intensity, reflecting the strategic value of balanced
negotiation positions where neither party exercises first-mover advantages. Meanwhile,
manufacturers’ optimal structure depends critically on market conditions: the MS structure
dominates in differentiated markets with low CEA, whereas the RS structure yields superior
manufacturer profits under high competition, particularly when environmental sensitivity
is elevated.

Furthermore, the interaction between CEA and product substitutability emerges as
the critical determinant of optimal channel structures. Consider a practical example: in
the organic food segment, where products are highly differentiated (low substitutability)
and consumers exhibit moderate environmental awareness, a manufacturer like Unilever
would benefit from maintaining MS leadership for its eco-friendly brands. This allows
them to set wholesale prices that capture the environmental premium. Conversely, in
commodity categories like recycled paper products, where substitutability is high, retailers
like Walmart would achieve better outcomes through RS structures, coordinating prices
across their Great Value store brand and national brands to maximize category profits.
This finding extends beyond traditional dual-channel analyses by [19], who examine green
versus non-green competition in separate channels, demonstrating how environmental
investment reshapes power dynamics within integrated retail channels where both brands
compete directly.

The transition from unilateral to bilateral environmental investment fundamentally
transforms these competitive dynamics. When both brands pursue environmental strate-
gies, traditional structural advantages diminish significantly. For instance, when Target
introduces eco-friendly store brands to compete with established green national brands, the
previously clear pricing hierarchies blur. Under low competition with bilateral investment,
retail prices converge across MS, RS, and VN structures, indicating that environmental
parity shifts competitive focus from channel governance to operational excellence. This
convergence suggests that mature green markets reward execution over structure—a re-
tailer’s ability to communicate environmental benefits or a manufacturer’s efficiency in
sustainable production matters more than who leads pricing decisions.

These findings yield concrete managerial implications readily applicable to current
market conditions. Environmental investment should be reconceptualized as a strategic
profit driver rather than a compliance cost. For example, P&G’s investment in concentrated
detergents not only reduced environmental impact but also decreased shipping costs and
shelf space requirements, creating value throughout the supply chain. Manufacturers
should expand beyond targeting only environmentally conscious consumers: Patagonia’s
“Don’t Buy This Jacket” campaign paradoxically enlarged their market by converting
previously indifferent consumers into environmental advocates, justifying premium pricing
across their entire product line. This conversion strategy justifies higher environmental
investment levels while maintaining competitive advantage against SBs.

Channel power structure decisions prove equally critical and should reflect observable
market conditions. Unlike [19], who examine green versus non-green competition in dual-



Mathematics 2025, 13, 3141

21 of 24

channel settings with centralized and decentralized structures, our analysis reveals that
optimal power structures depend on the interaction between environmental investment
patterns and market characteristics within traditional retail channels. When competition
intensity and CEA are both low, MS structure consistently yields higher manufacturer
profitability. However, when both factors are high, the RS structure benefits both parties
through better coordination of environmental efforts and pricing strategies. Retailers can
leverage their SB positioning strategically by pursuing environmental differentiation when
CEA is high, while placing greater emphasis on price competition when substitutability
is the dominant force. Given the practical difficulty of accurately assessing competition
intensity and CEA, information sharing between manufacturers and retailers becomes
essential. Through a collaborative market intelligence exchange, both parties can determine
optimal channel structures and achieve mutually beneficial outcomes despite measure-
ment uncertainty.

However, our study faces several limitations that suggest promising research di-
rections. The deterministic demand assumption, while enabling clear identification of
fundamental relationships, cannot capture market uncertainty that characterizes real retail
environments. Future research could incorporate stochastic demand to examine how un-
certainty moderates the relationships between CEA, channel structure, and performance
outcomes. Moreover, our static analysis cannot capture the dynamic nature of environmen-
tal investment decisions. As [8] demonstrates, sustainability-resilience interactions evolve
through feedback loops that could fundamentally alter optimal power structures over
time. Dynamic models where environmental effort levels adjust based on market feedback
and competitive learning could reveal path dependencies and lock-in effects not visible
in our equilibrium analysis. Additionally, behavioral factors likely moderate our findings
in important ways. While we assume rational decision-making, [29] shows that fairness
concerns significantly influence green supply chain outcomes. Extending our framework
to incorporate bounded rationality and fairness preferences could explain why some firms
maintain suboptimal power structures despite clear CEA signals, potentially revealing
when behavioral considerations override economic incentives. The simplified two-stage
structure, though analytically tractable, also abstracts from multi-tier networks where
environmental efforts cascade through multiple supply chain levels, creating amplification
or dampening effects that could alter our core insights.

Despite these limitations, this study makes several important contributions. Unlike
existing literature that primarily focuses on price-image relationships [10] or separates en-
vironmental from traditional competition, we provide an integrated framework capturing
how environmental investment reshapes established SB-NB power dynamics. While [7]
identifies emerging battlefronts, including online—offline integration and strategic collabora-
tion between brands, our findings suggest that environmental investment creates an entirely
new competitive dimension transcending traditional channel boundaries. The framework
provides actionable guidance on when to invest environmentally, who should lead pricing
decisions, and how to leverage consumer awareness for competitive advantage.

In conclusion, CEA fundamentally transforms SB-NB competition from traditional
price-based rivalry to multidimensional competition involving environmental effort levels,
channel power structures, and strategic positioning. This contribution advances beyond
existing literature that primarily focuses on price-image relationships [10] or separate green
and non-green product competition [19] by providing an integrated framework that cap-
tures how environmental investment reshapes power dynamics within established SB-NB
relationships. As sustainability becomes increasingly central to retail strategy, understand-
ing these dynamics proves essential for achieving both profitability and environmental
objectives in modern supply chains. The evidence that environmental investment can
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create shared value rather than trigger destructive competition suggests opportunities for
collaborative sustainability initiatives benefiting all channel members, pointing toward a
future where environmental excellence and commercial success are mutually reinforcing
rather than conflicting objectives.
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Abbreviations

The following abbreviations are used in this manuscript:

CEA Consumer environmental awareness
SB Store brand

NB National brand

MS Manufacturer Stackelberg

RS Retailer Stackelberg

VN Vertical Nash

SBs Store brands

NBs National brands

PLB Private Label Brand

IoT Internet of Things

co An environmental investment scenario in which environmental efforts
apply only to NB products

cc An environmental investment scenario in which both NB and SB
products adopt environmental efforts
A scenario in which only NB products engage in environmental

COMS  investment under the Manufacturer Stackelberg
leadership structure

A scenario in which only NB products engage in environmental

CORS
investment under the Retailer Stackelberg leadership structure
A scenario in which only NB products engage in environmental
investment under the Vertical Nash structure, with no

COVN

leader in the supply chain and both parties making decisions
simultaneously
A scenario in which both NB and SB products engage in
CCMS  environmental investment under the Manufacturer Stackelberg
leadership structure
A scenario in which both NB and SB products engage in
CCRS  environmental investment under the Retailer Stackelberg
leadership structure
A scenario in which both NB and SB products engage in
CCVN environmental investment under the Vertical Nash leadership
structure, in which no leader exists and both parties make
decisions simultaneously
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