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Abstract
We study the pricing strategies of supply chains of green products under behaviour-based pricing. Considering consumer
preferences for green product functional attributes and environmental attributes, we construct a two-stage supply chain. The
optimal behaviour pricing of green products is solved, and the effects of green sensitivity and the cost coefficient on the optimal
price are analysed. We find that when consumers are less sensitive to the greenness, with the increase in the market share of green
products, green product retailers will increase the loyalty price. An increase in greenness sensitivity and a decrease in the
greenness cost coefficient will increase the wholesale prices and retail prices of green products. Consumer attention to the
greenness and a decrease in the initial market share of green products will be conducive to promoting the greenness and
improving the environment. Consumers’ emphasis on the greenness of their products will lead to higher profits for the manu-
facturers and retailers of green products.

Keywords Behaviour-based pricing (BBP) . Green product supply chain (GPSC) . Green degree

Introduction

Green products are generally regarded as environmentally
friendly, resource-saving, healthy and harmless. In both de-
veloped and developing countries, the concept of green prod-
uct consumption has become increasingly popular, the supply
of green products has been expanding and the scale of green
consumption has continued to grow (Giri et al. 2019).

According to the 2019 Tmall double 11 green consumption
reports, the number of green consumers in Tmall in 2018–
2019 exceeded 380 million, 5.8 times the year-on-year growth
in 2015. However, there is still a large gap compared with the
monthly active users (more than 600 million) on the platform.
Therefore, we can foresee that in the future, green and non-
green products will coexist in the market with increasingly
strong competition between them.

Therefore, it is particularly important to explore the pricing
strategy of green products and the impact of the pricing strat-
egy on the supply chain of green products. Currently, the most
widely used pricing method in the green product supply chain
(GPSC) is unified pricing. In the big data era, enterprises can
have both online and offline sales channels such as mobile
devices, mobile applications, cookies, information systems
and a series of information technologies to obtain and record
a substantial amount of customer information and use it to
implement differential pricing for loyal and new customers
(Rhee and Thomadsen 2017). For example, when consumers
log on to the shopping website or app of Amazon or JD, they
may be surprised to find that such Internet sellers show them
commodities preferred by consumers according to their pur-
chase information and web-browsing records and that these
sellers can identify whether consumers have ever purchased
such commodities before (Wang and Ng 2018). Currently,
behaviour-based pricing (BBP) and customer identification
are used in many fields, such as commodity sales,
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telecommunications services, and travel and housekeeping
services. Additionally, past evidence has proven that BBP
can dynamically price consumers’ characteristics and pur-
chase history based on big data. Thus, BBP can achieve the
purpose of increasing profits (Shiller 2014).

Therefore, when green and nongreen products compete in
the market, especially when selling products through the
Internet, an increasing number of enterprises adopt BBP for
new and old customers. Table 1 presents some actual cases of
BBPwith respect to green products on the Alibaba platform in
2020. As presented in Table 1, the Alibaba platform imple-
mented BBP for formaldehyde-resistant cleaning of 5-in-1
interior wall paint by Nippon (green building materials
through the GREENGUARD Gold air quality certification)
and Zeqiu brand natural straws (green household products
without the addition of harmful calcium carbonate, talcum
powder). Among them, the price of formaldehyde-resistant
cleaning of 5-in-1 interior wall paint by Nippon sold to old
customers was 46.4 CNY/L, and that charged to new cus-
tomers was 45.4 CNY/L. Zeqiu brand natural strawswere sold
to old customers at 17.9 CNY/100 straws and new customers
at 15.4 CNY/100 straws. These cases led us to think about the
application of BBP in green product pricing. In this article, we
answer the following questions:

(1) Given the different initial market shares of green prod-
ucts, how does sensitivity to greenness affect the choice
of BBP for GPSCs?

(2) What are the effects of the initial market shares of green
products, sensitivity coefficients of greenness and cost
coefficients of greenness on wholesale and retail pricing,
greenness, the environment and profits of enterprises in
the GPSCs?

Differing from previous studies, most of the previous liter-
ature concerning GPSC pricing seldom applied behavioural
pricing (Jamali and Rasti-Barzoki 2018; Sana 2020), and the
advantages of BBP and its successful practices in other fields
provide new ideas for the study in this paper. Some previous
research focused on the combination of BBP and organic
product pricing strategies (Liu et al. 2019, 2020), but the mod-
el is designed to include only the retailers of the products
without considering the decision of the supply chain.
Therefore, this paper analyses the influence of the green

product initial market share and green degree sensitivity coef-
ficient on green product manufacturers’ wholesale pricing,
green degree decision and profit after the implementation of
BBP in the retail segment and provides scientific support for
decision-making research concerning the GPSC.

The rest of the paper proceeds as follows. After the intro-
duction, we give a literature review. In the ‘Problem definition
and hypothesis’ section, we discuss the assumptions and the
problem description of this paper. In the ‘Model and equilib-
rium results’ section, solutions to the problem are shown, and
the applicable conditions for using BBP are analysed. The
‘Equalisation results analysis’, section conducts parametric
sensitivity analysis. The ‘Numerical analysis’ section is the
numerical simulation analysis. In the ‘Conclusions’ section,
conclusions and future research suggestions are offered.

Literature review

This report discusses the pricing strategy of green products in
the context of behavioural pricing using game theory.
Therefore, we briefly introduce the latest literature concerning
the pricing of green products based on game theory and prod-
uct behaviour pricing.

Considering environmental protection, an increasing num-
ber of green products are being produced and marketed.
Scholars have researched how these green products compete
with nongreen products (Agi et al. 2020). The discussion
mainly covers the optimal pricing of green products (Agi
and Yan 2020), decision making at the level of greenness of
green products (Karaer et al. 2017), optimal production and
inventory decisions regarding green products (Chung et al.
2013; Yang et al. 2017), the green product sales effort level
and advertising decisions (Shen et al. 2019), the optimal gov-
ernment tax rate or optimal subsidy strategy (Huang et al.
2020), channel selection and other related topics (Jian et al.
2019). Scholars have also studied fairness (Chen et al. 2020),
vehicle loading (Kellner and Schneiderbauer 2019), the loca-
tion of retailers (Dilek et al. 2018), consumer sensitivity and
social responsibility (Ghosh et al. 2020; Lin et al. 2021; Liu
and Xiao 2019) and the optimal pricing of green products. For
example, Agi and Yan (2020) discussed the positioning of and
optimal pricing strategy for green products and brown
products when the manufacturer and retailer are supply
chain leaders in a market segment in which consumers are

Table 1 Examples of BBP for
green products Formaldehyde-resistant cleaning 5–n-1 interior wall paint by

Nippon
Zeqiu-brand natural
straws

Loyalty price 46.4 CNY/L 17.9CNY/100 straws

Poaching
price

45.4 CNY/L 15.4CNY/100 straws
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willing to pay a premium for green products. Li et al. (2021)
focused on different pricing strategies from the perspective of
profit improvement. These authors found that the pricing strat-
egies affect the profit level of green supply chain members but
do not affect decisions at the level of greenness. Different
market potentials lead to different wholesale pricing strate-
gies. Huang et al. (2020) performed a comparative analysis
of three subsidy modes for green manufacturers under capital
constraints and attempted to find a win-win subsidy mode.
Ghosh et al. (2020) simultaneously considered the impact of
the cost of greenness and government intervention on the
pricing, profit and level of greenness of green products.
Assuming that both manufacturers and consumers are
environmentally aware and responsible, Liu and Xiao (2019)
discussed the optimal price, the reverse channel structure strat-
egy and collection rate decision making in a closed-loop sup-
ply chain. Chen et al. (2020) extended the discussion of green
product pricing strategies to the context of cross-border supply
chains and considered the coordination mechanism of green
supply chains based on the concept of fairness under different
regulatory policies of trans-regional governments.

However, the above research focused on the pricing of
green products without BBP implementation, ignoring the fact
that when an increasing number of enterprises can identify
their loyal customers, they may use and are willing to use
information about consumers’ purchase history to provide
consumers with different prices or products (Li and Jain
2016). In recent years, scholars have conducted a considerable
amount of research on BBP (references to Fudenberg and
Villas-Boas 2006, 2012). These studies have involved ques-
tions such as whether the model is dynamic or static
(Fudenberg and Tirole 2000; Shaffer and Zhang 1995),
whether competition is the third degree of price discrimination
or personalised pricing (Jing 2017; Rhee and Thomadsen
2017; Zhang 2011),and whether BBP harms or improves
company profitability (Jing 2017; Li and Jain 2016). For ex-
ample, Li and Jain (2016) analyse the influence of consumer
concerns on the enterprise behaviour pricing strategy, finding
that the profit obtained by enterprises from BBP increased
with consumer concerns for fairness but reduced consumer
surplus and improved social welfare. Rhee and Thomadsen
(2017) studied BBP in a vertical differentiation model. Choe
et al. (2017) proposed a dynamic competition model between
two companies to study the impact of differentiated prices on
prices and profits throughout the sales cycle. Jing (2017) stud-
ied how behaviour-based price discrimination (BBPD) affects
the endogenous quality differences and profits of enterprises
in a two-stage vertical duopoly. The BBP model constructed
by Colombo (2018) considers the personality characteristics
of consumers. Liu et al. (2019) discussed the impact of gov-
ernment subsidies on the production cost of organic agricul-
tural products on the behavioural pricing and profits of
enterprises when conducting BBP on organic and ordinary

agricultural product producers. Furthermore, Xu et al. (2020)
added consumptive habits data based on BBP to distinguish
old and new consumers and high-cost and low-cost con-
sumers, and they studied how BBP and consumer cost-based
pricing (CCP) affect the price, market share and profit of
channel members.

In contrast to the above studies, this study considers a two-
stage supply chain consisting of two manufacturers (a local
nongreen product manufacturer and a nonlocal green product
manufacturer) and a green product retailer selling the two
products of different greenness. This paper combines BBP
with the pricing strategy of GPSC. It analyses the applicable
conditions to realise BBP equilibrium of GPSC as well as the
influence of market share and various parameters on the pric-
ing, greenness, environment and profit of green products after
using BBP. Therefore, the main contributions of this paper are
as follows.

& Extending the single attribute utility function in the previ-
ous BBP model. The utility function of green products
bought by consumers is considered based on two
aspects—product functional and environmental quality
attributes.

& We discuss the pricing and green degree decisions of
green product manufacturers in the implementation of
BBP and explore the change in BBP of green product
retail with related parameters by adding green product
manufacturers into the BBP model.

& The influence of market share, the sensitivity coefficient
of product greenness and the cost coefficient of greenness
on BBP, as well as greenness, the impact of the environ-
ment and the profits of the GPSC, are analysed.

Problem definition and hypothesis

Parameters and variables

In this section, we will first define the symbols used in the
paper, as shown in Table 2.

Problem definition and assumptions

In recent years, the increase in the categories and quantity of
green products and the change in consumers’ preference for
green products have intensified the competition between
green and nongreen products. To win the competition, enter-
prises evaluate customers’ affect, preferences, locations, his-
torical purchase records and other characteristics through big
data and other information means to determine the optimal
behavioural pricing strategy and maximise their profits and
market. This paper considers behavioural pricing in supply
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chain competition for green and nongreen products. To sim-
plify the study, it is assumed that the supply chain for non-
green products consists of only a manufacturer of nongreen
products that is locally located that produces and sells. The
GPSC consists of green product manufacturers and retailers,
and the green product retailers order from the green product
manufacturers. To make the model more realistic, we consider
the effects of transportation costs, consumers’ sensitivity to
greenness and customers’ purchasing history. The main
framework of the supply chain is shown in Fig. 1.

Considering that there are multiple periods throughout the
sales cycle, consumers’ preferences and purchasing behav-
iours will change in different periods due to price, environ-
mental preferences (Dhir et al. 2021), consumer trust (Leggett
2020), age, geographical location, education level, diversified
needs (Sun et al. 2019) and novelty seeking. For convenience
of analysis, the whole sales cycle is standardised into two
periods (t = 0, 1). As greenmanufacturers dominate the supply
chain, before period t (t = 0, 1), green product manufacturers
first determine green products’wholesale price and greenness.
Since the manufacturers themselves produce and sell

nongreen products, there is no wholesale price. We assume
that consumers in each period will not choose either green or
nongreen products of the same category.

The order of the two-period game is as follows: In period
t = 0, the two types of products are in competition to obtain the
corresponding market share, and the green product market
share is x0. Purchase histories are public information. Let h-
(x) : [0, 1]→ {g, b} describe the purchase history of each con-
sumer , x ∈ (0, 1); h(x) = g imply that consumer x purchased
green products in period t = 0, while h(x)=b denotes that con-
sumer x purchased nongreen products in period t = 0. In period
t = 1, consumers seek a diversification of purchases, and green
product retailers and nongreen product manufacturers price
the two products differently according to purchase histories.
Meanwhile, green product retailers purchase products from
their manufacturers according to market demand qg and
wholesale price wg.

Assumption 1. Product attributes

Following Wang and Hazen (2016) and Bansal and
Gangopadhyay (2003), we assume that green products and
nongreen products have two attributes. The first is the func-
tional attribute of the product, denoted byU. The second is the
environmental quality attribute of the product. It is assumed
that the initial environmental impact of the product is D.
Green product manufacturers will take certain measures to
make their green products environmentally friendly. The
greenness of green products is represented by θ, where
θ ∈ [0,D], and the environmental pollution caused by the pro-
duction and consumption of green products is reduced to D
− θ.

Assumption 2. Consumer utility

Considering that there are multiple periods in the sales cycle
and that the purchase behaviour of consumers in period t = 1
will be affected by the price, the environment and other fac-
tors, following Rhee and Thomadsen (2017), Jamali and

Table 2 Parameters and variables

Notation Description

μ Cost coefficient of the green degree

U Basic consumer satisfaction

τ Transportation cost

γ Sensitivity coefficient of the greenness of unit product

θ Greenness of a green product

i Customer type: loyal customer (i=o), new customer (i=n)

gi Retail price of green products in period 2 with BBP

bi Retail price of nongreen products in period 2 with BBP

x0 Market share of green products in period 1

qj Market share of product j in period 2 (j=g, b)

wg Wholesale price of green products

D Initial environmental impact of the product

Fig. 1 Supply chain structure
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Rasti-Barzoki (2018) and their research on consumer utilities,
it is assumed that in period t = 1, the utility of green product
consumers will be influenced by retail price, greenness and
transportation cost. Therefore, in period t = 1, the utility func-
tion for consumers who purchase green products is U(x) =U
− gi − τx + γθ, while the utility function for consumers who
purchase nongreen products is U(x) =U − bi − τ(1 − x).

Assumption 3. Cg θð Þ ¼ μ θ2

2

Compared with the production of nongreen products, green
product manufacturers will invest more in the greenness of
their products. For convenience of research, this paper mainly
considers the cost of green product manufacturers in terms of
greenness. Therefore, suppose that the cost of green products

isCg θð Þ ¼ μ θ2

2 and that the production cost of nongreen prod-
ucts is 0 (Jamali and Rasti-Barzoki 2018; Li and Jain 2016).

Assumption 4. gi >wg, wgqg > Cgbi > 0

In period t = 1, green retailers must price (loyalty price and
poaching price) higher than the wholesale price of green prod-
ucts because the profit of green product retailers must be pos-
itive. Meanwhile, the revenue of wholesale sales of green
products should be greater than the production cost of green
products to ensure that the profit of wholesalers of green prod-
ucts is positive. In addition, to ensure that nongreen product
manufacturers do not lose money, the retail price of nongreen
products (loyalty price and poaching price) must be greater
than 0 (Jamali and Rasti-Barzoki 2018; Li and Jain 2016).

The demand functions

Based on the above hypotheses, the utility of consumer x in
period t = 1 can be defined as follows:

U xð Þ

¼
U−go−τxþ γθ; if h xð Þ ¼ g and continues to purchase product g
U−bn−τ 1−xð Þ; if h xð Þ ¼ g and now switches to product b
U−bo−τ 1−xð Þ; if h xð Þ ¼ b and continues to purchase product b

U−gn−τxþ γθ; if h xð Þ ¼ b and now switches to product g

8>><
>>:

For consumers who purchase green productg in period t =
0, in period t = 1, due to the influence of price and other fac-
tors, they may turn to buying nongreen products. Let xg1 be
given. Consumers indexed by x≤xg1 still consume green prod-
ucts in period t = 1 and enjoy loyalty prices. Consumers
indexed by x > xg1, who have bought green products before,
switch to product b in period t = 1. Therefore, xg1 must satisfy
U − go − τx + γθ = U − bn − τ(1 − x), as shown in Fig. 2.
Similarly, xb1 must satisfy U − bo − τ(1 − x) =U − gn − τx + γθ.

xg1 ¼
1

2
þþ γθ

2τ
þ bn−go

2τ
ð1Þ

xb1 ¼
1

2
þþ γθ

2τ
þ bo−gn

2τ
ð2Þ

Model and equilibrium results

The decision variables of nongreen product manufacturers are
the loyalty price and poaching price of nongreen products; the
decision variables of green product manufacturers are the
greenness and wholesale price of green products; and the de-
cision variables of green product retailers are the loyalty price
and poaching price of green products. According to the supply
chain structure in Fig. 1, the following is the profit function of
each member in the supply chain:

The profit of the nongreen product manufacturer (Mb) is as
follows:

πMb bn; boð Þ ¼ bn x0−xg1
� �

þ bo 1−xb1
� � ð3Þ

The profit of the green product manufacturer (Mg) is as
follows:

πMg wg; θ
� � ¼ wg xg1 þ xb1−x0

� �
−μ

θ2

2
ð4Þ

The profit of the green product retailer (Rg) is as follows:

πRg gn; goð Þ ¼ go−wg
� �

xg1 þ gn−wg
� �

xb1−x0
� � ð5Þ

Green product manufacturers are dominant, and eachmem-
ber of the supply chain makes decisions to maximise its profit.
The decision order is as follows. First, the green product man-
ufacturer determines the wholesale price and greenness of the
green product; then, the green product retailer determines the
retail price of the green product (loyalty price and poaching
price), while the nongreen product manufacturer determines
the loyalty price and poaching price of the nongreen product.
Based on the above decision-making process, by using the
reverse solution method to solve the problem, the equilibrium
results under enterprise profit maximisation are obtained and
are presented in Table 3. The relevant solution process is
shown in the Appendix.

The total environmental impact of two types of products:

E* ¼ Eg þ Eb ¼ D−θð Þ xg1 þ xb1−x0
� �þ D 1−xb1 þ x0−xg1

� �

¼ D−θ xg1 þ xb1−x0
� �

¼ 64Dμ2τ2−16Dμγ2τ−μγτ2x20 þ 4μγτ2x0−4μγτ2 þ Dγ4

8μτ−γ2ð Þ2
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Lemma 1 Only when the sensitivity coefficient of greenness
meets the following conditions can the GPSC implement
BBP:

1) When x0∈ 0;ð 4
7

�
,0 < γ <

ffiffiffiffiffiffiffiffiffiffiffiffi
44μτx0
5x0þ1ð Þ

q
;

2) When x0∈ 4
7 ;
�

3
5

�
,

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4μτ 4−7x0ð Þ

1−3x0ð Þ
q

< γ <
ffiffiffiffiffiffiffiffiffiffiffiffi
44μτx0
5x0þ1ð Þ

q
;

3) When x0∈ 3
5

�
; 1
�
,

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4μτ 4−7x0ð Þ

1−3x0ð Þ
q

< γ <
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
12μτ 4−3x0ð Þ

7−5x0ð Þ
q

Proof See Appendix.
The relevant conditions in Lemma 1 are obtained based

on the condition that enterprises in the green and non-
green supply chains will not lose money and that the retail
price is higher than the wholesale price after the imple-
mentation of BBP. Lemma 1 indicates that for different
initial market shares of green products, the consumers’
greenness sensitivity will have an impact on whether en-
terprises in the GPSC choose BBP. The balance of BBP

in GPSC exists only when the consumer’s green sensitiv-
ity is in a reasonable range.

Equalisation results analysis

In this section, the influence of some parameters on the price,
profit, environment and greenness of green products in the
supply chain in the case of BBP is investigated.

The effect of the initial market share of green
products on pricing, greenness and environment

Theorem 1 As the initial market share of green products in-
creases, when consumers’ green sensitivity is relatively low
(γ < 2

ffiffiffiffiffiffi
μτ

p
), green product retailers will increase the loyalty

price of green products. When consumers’ green sensitivity is
relatively high (2

ffiffiffiffiffiffi
μτ

p
< γ <

ffiffiffiffiffiffiffiffi
8μτ

p
), green retailers will

lower the loyalty price of green products.

Fig. 2 Consumption patterns and
regions of consumers x

Table 3 Equilibrium results
Variables Value

b*n −5γ2τx0−γ2τþ44μτ2x0
−4γ2þ32μτ

b*o 48μτ2þ5γ2τx0−7γ2τ−36μτ2x0
−4γ2þ32μτ

g*o
g*n

16μτ2−3γ2τx0þγ2τþ12μτ2x0
−2γ2þ16μτ

32μτ2þ3γ2τx0−γ2τ−36μτ2x0
−2γ2þ16μτ

w*
g

8μτ2−4μτ2x0
−γ2þ8μτ

θ∗ 2γτ−γτx0
−γ2þ8μτ

q*g
2μτ−μτx0
−γ2þ8μτ

q*b −γ2þ6μτþμτx0
−γ2þ8μτ

π*
Mb

τ

1616μ2τ2x20−1728μ
2τ2x0 þ 1152μ2τ2

−400μγ2τx20 þ 448μγ2τx0−336μγ2τ
þ25γ4x20−30γ

4x0 þ 25γ4

0
@

1
A

16 8μτ−γ2ð Þ
2

π*
Mg μ 2τ−τx0ð Þ 2

−2γ2þ16μτ

π*
Rg

τ

592μ2τ2x20−448μ
2τ2x0 þ 128μ2τ2

−144μγ2τx20 þ 96μγ2τx0−16μγ2τ
þ9γ4x20−6γ

4x0 þ γ4

0
@

1
A

8 8μτ−γ2ð Þ
2

65928 Environ Sci Pollut Res (2021) 28:65923–65934



Proof Take the first derivative of the green product with re-
spect to parameter x0:

dg*o
dx0

¼ τ −3γ2þ12μτð Þ
−2γ2þ16μτ , such that 8μτ > γ2; thus, when 4μτ > γ2,

dg*o
dx0

> 0; additionally, when 4μτ < γ2 < 8μτ, dg
*
o

dx0
< 0. Theorem

1 is proved.
Theorem 1 shows that when the green sensitivity of con-

sumers in the market is relatively low, with the increase in the
proportion of consumers who buy green products in the pre-
vious stage, green product retailers will have stronger confi-
dence in the future market. However, when consumers are
more concerned about the greenness of products, retailers of
green products will reduce the loyalty pricing of green prod-
ucts with the strengthening of the dominant position of green
products in the initial market.

In previous practical studies on BBP (Wang et al. 2020),
companies in different industries also offered repurchasing
customer discounts or increased loyalty prices but did not
discuss the behavioural pricing of green products in the con-
text of different green sensitivities. However, consumers differ
in their green sensitivity to different products (Jamali and
Rasti-Barzoki 2018). According to the different consumers’
green degrees of sensitivity, Theorem 1 corresponds to differ-
ent initial market share changes and green product retailers’
pricing strategies for loyal customers.

Theorem 2 Increasing the initial market share of green prod-
ucts will reduce the greenness of green products and have a
negative impact on environmental improvement.

Proof The first derivative of the greenness of green products
and the total impact of the two types of products on the envi-
ronment with respect to parameter x0 is derived.

dθ*

dx0
¼ −τγ

−γ2 þ 8μτ
< 0;

dE*

dx0
¼ 2μγτ2 2−x0ð Þ

−γ2 þ 8μτð Þ
2 > 0We find that the initial market share of green products is not
only negatively correlated with the greenness of green products
but also has a negative impact on environmental improvement.
As the initial market share of green products increases, the
market share and wholesale price of green products in the sec-

ond period decrease (
dqg
dx0

¼ −μτ
−γ2þ8μτ < 0,

dw*
g

dx0
¼ −4μτ2

−γ2þ8μτ < 0 ).

Thus, green product manufacturers generate less revenue. To
reduce the impact of the decreased revenue from green products
on their profits, green product manufacturers will reduce the
greenness of their products to reduce their costs. This decision
will mitigate the negative impact of the increase in the initial
market share of green products on the profits of green product
manufacturers.

On the other hand, the market share of green products in the
second period q*g will decrease with the increase in x0; when

the greenness of green products and the market share in the

second period are reduced, because E* ¼ D−θ*q*g, the total

impact of the two types of products on the environment in-
creases. Hence, theorem 2 is proven. Theorem 2 shows that
the implementation of BBP is not conducive to improvement
in the product quality and overall environment in the green
supply chain in the market with continuously enriched green
products.

The effect of the sensitivity coefficient of greenness
on pricing, greenness, environment and profit

Theorem 3 The prices of green products (wholesale price,
loyalty price and poaching price) are positively correlated
with the sensitivity coefficient of greenness.

Proof The first derivative of the prices of green and nongreen
products (loyalty price and poaching price) with respect to
parameter γ is derived.

dg*o
dγ

¼ dg*n
dγ

¼ 12γμτ2 2−x0ð Þ
−γ2 þ 8μτð Þ2 > 0;

dw*
g

dγ
¼ 8μτ2γ 2−x0ð Þ

−γ2 þ 8μτð Þ2

> 0;
db*o
dγ

¼ db*n
dγ

¼ −2γμτ2 2−x0ð Þ
−γ2 þ 8μτð Þ

2 < 0;This result means that with the increase in consumer sen-
sitivity to product greenness, green product manufacturers and
retailers increase both their wholesale price and their sales
price (loyalty price and poaching price). At this point, non-
green product manufacturers will reduce their sale price to
reduce the loss caused by the increase in the consumer green
sensitivity coefficient.

Theorem 4 In the context of BBP, consumer attention to the
greenness of products not only promotes the greenness of
green products but also improves the environmental effects
on society.

Proof The first derivative of greenness and the environment
with respect to parameter γ is derived and is as follows:

dθ*
dγ ¼ τ γ2þ8μτð Þ 2−x0ð Þ

−γ2þ8μτð Þ2 > 0; dE
*

dγ ¼ − μτ2 3γ2þ8μτð Þ 2−x0ð Þ2
−γ2þ8μτð Þ3 < 0.

Thus, theorem 4 is proven. It is noted that the sensitivity of
consumers to greenness under the BBP model will influence
the decision-making of green product manufacturers. The
more sensitive consumers are to greenness, the more motivat-
ed manufacturers of green products are to improve the green-
ness of their products, thus promoting the overall green level
of society.
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Theorem 5 In the context of BBP, consumers’ attention to the
greenness of products will help to improve the profits of en-
terprises in the GPSC.

Proof The first derivative of the profits of green product man-
ufacturers and retailers with respect to parameter γ is derived
and is as follows:

dπ*
Mg

dγ
¼ 4μγτ2 x0−2ð Þ2

−2γ2 þ 16μτð Þ2 > 0;
dπ*

Rg

dγ
¼ 8μ2γτ3 x0−2ð Þ2

−γ2 þ 8μτð Þ3 > 0

Therefore, when consumer sensitivity to product greenness
increases, the profits of manufacturers and retailers of green
products also increase. As consumer preference for greenness
increases, manufacturers and retailers of green products in-
crease the wholesale price and retail price, respectively, of
green products. Hence, the market share of green products in
the second period does decrease due to the increase in price,

but rather, they occupy a larger market (
dq*g
r ¼ 2μγτ 2−x0ð Þ

−γ2þ8μτð Þ2 > 0 ).

Therefore, although the increase in the degree of greenness
increases the cost for green product manufacturers, the sales
revenue of green products increases even more, meaning that
the profits of green product manufacturers will also ultimately
increase.

The growth rate of the green product retail price with the
green sensitivity coefficient γ is faster than that of the whole-
sale price with the green sensitivity coefficient γ. From theo-

rem 3, we know dg*o
dγ ¼ dg*n

dγ >
dw*

g

dγ > 0 ). Thus, the profits of

green product retailers also increase with the increase in the
green sensitivity coefficient γ.

Theorems 3–5 show that under the behavioural pricing
strategy, improvement in consumers’ green sensitivity will
be conducive to improvement in enterprises’ profits, the
greenness of green products and the overall environment in
the supply chain of green products. Meanwhile, the wholesale
and retail pricing of green products will also increase.
Therefore, enterprises in the GPSC should increase publicity
and advertising efforts to improve consumers’ green
sensitivity.

The effect of the green degree cost coefficient on
pricing

Theorem 6 In the context of BBP, the prices of green products
(wholesale price, loyalty price and poaching price) are nega-
tively correlated with the green degree cost coefficient.

Proof The first derivative of the prices of green and nongreen
products (wholesale price, loyalty price and poaching price)
with respect to parameter μ is derived.

dg*o
dμ

¼ dg*n
dμ

¼ −6γ2τ2 2−x0ð Þ
−γ2 þ 8μτð Þ2 < 0;

dw*
g

dμ
¼ −4γ2τ2 2−x0ð Þ

−γ2 þ 8μτð Þ2

< 0;
db*o
dμ

¼ db*n
dμ

¼ γ2τ2 2−x0ð Þ
−γ2 þ 8μτð Þ2 > 0:

This means that the higher the unit cost is to improve the
greenness of green products, the lower the optimal greenness

will be (dθ
*

dμ ¼ −8γτ2 2−x0ð Þ
−γ2þ8μτð Þ2 < 0 ). Accordingly, manufacturers

and retailers of green products will reduce the wholesale price
and the sale price (loyalty price, poaching price) to increase
their sales volume and maximise profits. As nongreen prod-
ucts narrow the gap between green and nongreen products,
their manufacturers have the confidence to raise their selling
prices to obtain more unit product profits.

Numerical analysis

We use a numerical example to analyse the influence of the
initial market share of green products on the profits of enter-
prises in the supply chain of green and nongreen products. All
parameter values are set according to the problem hypothesis
and satisfy the conditions in lemma 1. Suppose τ = 0.3, μ =
1.2. Then, when 0 < x0 < 4

7 , γ = 0.38, and when 4
7 ≤x0 <

1, γ = 1.47. Figures 3 and 4 describe the changes in the profits
of enterprises in the supply chain of green and nongreen prod-
ucts, respectively, corresponding to different initial market
shares of green products.

As evidenced from Figs. 3 and 4, the increase in the initial
market share of green products results in a decrease in profits
for green product manufacturers in the second period

(
dπ*Mg

dx0
¼ μτ2 x0−2ð Þ

−γ2þ8μτ < 0 ). This indicates that when the initial

market share of green products is higher, the wholesale price
of green products will be lower and the market share will be

Fig. 3 The impact of x0 on profits (x0 < 4
7 ;γ ¼ 0:38 )
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reduced even though the production cost of green products is
lower as the production cost is affected by greenness. Thus,
the profits of green product manufacturers will be lower

(
dw*

g

dx0
¼ −4μτ2

−γ2þ8μτ < 0;
dq*g
dx0

¼ −μτ
−γ2þ8μτ < 0Þ. Therefore, for manu-

facturers of green products, a lower initial share of green prod-
ucts can actually be more beneficial.

With the increase in the initial market share of green prod-
ucts, the profits of manufacturers of nongreen products in the
second period exhibit a trend of first declining and then increas-
ing. In other words, the more intense the market competition is
in the first period, the lower the profits of nongreen product
manufacturers will be in the second period. This is because
the profits of the manufacturers of nongreen products in the
second period depend on the sum of the profits under the sales
prices (loyalty price and poaching price) of nongreen products.
Accordingly, the larger the initial market share of green prod-
ucts is, the lower the loyalty price and the correspondingmarket
capacity of nongreen products will be in the second period

( db*bo
dx0

¼ −τ −5γ2þ36μτð Þ
−4γ2þ32μτ < 0,

d 1−xb1ð Þ
dx0

¼ − −5γ2þ36μτð Þ
8 −γ2þ8μτð Þ < 0 ) .

Similarly, the higher the poaching price of nongreen products
is in the second period, the higher its corresponding market

share will be (db
*
n

dx0
¼ τ −5γ2þ44μτð Þ

−4γ2þ32μτ > 0,
d x0−xg1ð Þ

dx0
¼ −5γ2þ44μτð Þ

8 −γ2þ8μτð Þ >

0 ). Therefore, the increased revenue from a nongreen product’s
poaching price is less than the decreased revenue from its loy-
alty price. Hence, the profits of nongreen product manufac-
turers also decrease.

In the second period, the profits of green retailers in the two
intervals where 0< x0 < 4

7 and
4
7 < x0 < 1 exhibit a trend of

first decreasing and then increasing. This is because several
factors affecting green product retailers’ profits reveal the fol-
lowing trends: as the initial market share of green products
increases, the wholesale price and poaching price of green

products decrease (dg
*
n

dx0
¼ −τ −3γ2þ36μτð Þ

−2γ2þ16μτ < 0 ), and the market

share corresponding to the poaching price decreases first and

then increases (
d xb1−x0ð Þ

dx0
¼ − −7γ2þ28μτð Þ

8 −γ2þ8μτð Þ . When γ < 2
ffiffiffiffiffiffi
μτ

p
, the

market share corresponding to the poaching price decreases;
when 2

ffiffiffiffiffiffi
μτ

p
< γ, the market share corresponding to the

poaching price increases and the loyalty price increases and

then decreases (dg
*
o

dx0
¼ τ −3γ2þ12μτð Þ

−2γ2þ16μτ . Furthermore, when

γ < 2
ffiffiffiffiffiffi
μτ

p
, loyalty prices increase, and when 2

ffiffiffiffiffiffi
μτ

p
< γ,

loyalty prices decrease, while the market share corresponding

to the loyalty price increases (
dxg1
dx0

¼ γ2þ20μτð Þ
8 −γ2þ8μτð Þ > 0 ). As a re-

sult, the profits of green retailers fluctuate within different
ranges.

Conclusions

Considering that an increasing number of enterprises have
been trying to increase profits by implementing BBP in recent
years, this paper studies the pricing strategy of the GPSC
when applying BBP. The main differences between our paper
and the existing studies are as follows. First, when discussing
the pricing strategy of the GPSC, the existing literature mostly
adopts the unified pricing model. Additionally, the literature
concerning the behavioural pricing of green products fails to
consider the supply chain processes involved in moving prod-
ucts from raw materials to customers. However, this paper
constructs a two-stage behavioural pricing model of the
GPSC based on the dual preferences of consumers for product
functional attributes and environmental attributes and analy-
ses the conditions for the existence of a BBP balance in the
GPSC. One contribution of this paper is combining GPSC
with behavioural pricing. Second, after the implementation
of BBP, this paper clarifies the impact of various factors re-
lated to the GPSC (initial market share of green products,
sensitivity coefficient of greenness, cost coefficient of green
degree) on the pricing strategy, green degree strategy, profit
and environment of each enterprise in the GPSC. Therefore,
another contribution of this paper is comprehensively consid-
ering the impact of green product related factors on the eco-
nomic and environmental benefits of the supply chain under
BBP.

The main conclusions of the study are as follows. (1) Under
the BBP, as the initial market share of green products in-
creases, when consumers’ green sensitivity is relatively low
(γ < 2

ffiffiffiffiffiffi
μτ

p
), green product retailers will increase the loyalty

price of green products. When consumers' green sensitivity is
relatively high (2

ffiffiffiffiffiffi
μτ

p
< γ <

ffiffiffiffiffiffiffiffi
8μτ

p
), green retailers will

lower the loyalty price of green products. (2) The wholesale
price and sales price of green products (loyalty price and
poaching price) are positively correlated with the sensitivity
coefficient of greenness and negatively correlated with the
cost coefficient of the green degree. (3) Consumers’

Fig. 4 The impact of x0 on profits (x0≥4
7;γ ¼ 1:47 )
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increasing attention to the greenness of products is conducive
to improving the greenness of products, improving the envi-
ronment, and bringing higher profits to green product manu-
facturers and retailers. (4) With the continuous expansion of
the initial market of green products, the implementation of
BBP will have a negative impact on the improvement in the
product quality and the overall environment in the GPSC.

Through numerical experiments, we find that with the in-
crease in the initial market shares of green products, the profits
of nongreen product manufacturers’ first decrease and then
increase, while the profits of green product manufacturers de-
crease and the profits of green product retailers present a trend
of first decreasing, then increasing, then decreasing and then
increasing again.

There are some limitations in our work. Our model con-
siders only a supply chain composed of two manufacturers
and one retailer. In the real world, however, supply chains
may contain multiple enterprises. Therefore, one future re-
search direction involves a supply chain of green or nongreen
products that is composed ofmultiple enterprises. On the other
hand, we can also consider a situation in which green and
nongreen products are sold in multiple channels at the same
time. In addition, given the increased government support for
environmental protection, it would be interesting to discuss
the pricing of green and nongreen products under government
intervention. Additional factors include environmental bar-
riers, green barriers, tariff barriers, etc., and the pricing and
related decisions of supply chains of green and nongreen
products, all of which can be considered in our future research.

Appendix

Proof of equilibrium results in Table 3: First, Eqs. (1) and (2)
are substituted into the profit function of nongreen product
manufacturer πMb, the poaching price and loyalty price at
maximum πMb are solved, and simultaneous equations are

established

dπMb

dbn
¼ 0

dπMb

dbo
¼ 0

8><
>:

. Solving the equations, you get

bn ¼ go
2
−
τ
2
−
γθ
2
þ τx0

bo ¼ gn
2
þ τ

2
−
γθ
2

8><
>:

. The expressions of bn and bo re-

garding go and gn are substituted into the profit functions of
Eqs. (1) and (2) and green product retailer πRg, and the
poaching price and loyalty price when πRg is maximum are

solved to obtain
gn ¼

3τ
2
þ wg

2
þ γθ

2
−2τx0

go ¼
τ
2
þ wg

2
þ γθ

2
þ τx0

8><
>:

. Then, go and

gn are substituted into bn and bo and Eqs. (1) and (2). Then, the

wholesale price and greenness of green product manufacturer
πMg at the maximum can be obtained to obtain

w*
g ¼

8μτ2−4μτ2x0
−γ2 þ 8μτ

θ* ¼ 2γτ−γτx0
−γ2 þ 8μτ

8>><
>>:

. Further, other equilibrium results in

Table 3 can be obtained.

Proof of Lemma 1 According to assumption 4, to ensure the
validity of the solution, that is,

g*i > w*
g > 0; b*i > 0;w*

gq
*
g > Cg,

16μτ2−3γ2τx0 þ γ2τ þ 12μτ2x0
−2γ2 þ 16μτ

>
8μτ2−4μτ2x0
−γ2 þ 8μτ

> 0 ðA:1Þ
32μτ2 þ 3γ2τx0−γ2τ−36μτ2x0

−2γ2 þ 16μτ
>

8μτ2−4μτ2x0
−γ2 þ 8μτ

> 0 ðA:2Þ

−5γ2τx0−γ2τ þ 44μτ2x0
−4γ2 þ 32μτ

> 0 ðA:3Þ

48μτ2 þ 5γ2τx0−7γ2τ−36μτ2x0
−4γ2 þ 32μτ

> 0 ðA:4Þ

μ 2τ−τx0ð Þ2
−2γ2 þ 16μτ

> 0 ðA:5Þ

If Eq. (A.5) is true, then −γ2 + 8μτ > 0 must be satisfied.

Eq. (A.1) can be simplified to
τ −3γ2x0þγ2þ20μτx0ð Þ

−2γ2þ16μτ > 0, and this

formula is always true when x0 ∈ (0, 1).
According to Eq. (A.2), (1 − 3x0)γ

2 < 4μτ(4 − 7x0). At this

time, if x0 < 1
3, then γ2 < 4μτ 4−7x0ð Þ

1−3x0ð Þ ; if x0 > 1
3, then

γ2 > 4μτ 4−7x0ð Þ
1−3x0ð Þ . Otherwise, the wholesale price of green prod-

ucts will be higher than the retail price (poaching price), and
green retailers will lose money.

According to Eq. (A.3), γ2 < 44μτ
5x0þ1ð Þ. According to Eq.

(A.4), γ2 < 12μτ 4−3x0ð Þ
7−5x0ð Þ , and when x0 ∈ (0, 1), 44μτ

5x0þ1ð Þ > 0,
12μτ 4−3x0ð Þ

7−5x0ð Þ > 0 are always true.

So when x0 < 1
3, γ

2 < min 44μτx0
5x0þ1ð Þ ;

4μτ 4−7x0ð Þ
1−3x0ð Þ ; 12μτ 4−3x0ð Þ

7−5x0ð Þ
� �

.

By comparison, it can be seen that when 44μτx0
5x0þ1ð Þ is the least in

the interval, then γ <
ffiffiffiffiffiffiffiffiffiffiffiffi
44μτx0
5x0þ1ð Þ

q
; when x0 > 1

3, γ
2 > 4μτ 4−7x0ð Þ

1−3x0ð Þ ,

but 4μτ 4−7x0ð Þ
1−3x0ð Þ is less than 0 in x0∈ 1

3 ;
�

4
7

�
, and by comparison, we

know that when x0∈ 1
3 ;

3
5

��
, 44μτ

5x0þ1ð Þ <
12μτ 4−3x0ð Þ

7−5x0ð Þ . Thus, when

x0∈ 0;ð 4
7

�
, 0 < γ <

ffiffiffiffiffiffiffiffiffiffiffiffi
44μτx0
5x0þ1ð Þ

q
. When x0 > 4

7,
4μτ 4−7x0ð Þ

1−3x0ð Þ > 0,

and when x0∈ 4
7 ;

3
5

��
, 44μτ

5x0þ1ð Þ <
12μτ 4−3x0ð Þ

7−5x0ð Þ , then x0∈ 3
5

�
; 1Þ,

12μτ 4−3x0ð Þ
7−5x0ð Þ < 44μτ

5x0þ1ð Þ. Thus, when 4
7 < x0 < 3

5,
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4μτ 4−7x0ð Þ
1−3x0ð Þ < γ2 < 44μτ

5x0þ1ð Þ; when 3
5 < x0 < 1,

4μτ 4−7x0ð Þ
1−3x0ð Þ < γ2 < 12μτ 4−3x0ð Þ

7−5x0ð Þ , lemma 1 is proven.
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