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(e development of information technology has changed the pricing strategy of retailers, and consumers have also made strategic
consumption behaviours accordingly. At the same time, changes in the environment have caused changes in the retailer’s products
and raised consumers’ environmental awareness. (is paper uses a two-stage pricing model to study the low-carbon product
pricing decisions of retailers based on strategic consumers with low-carbon preferences in two situations. (rough the analysis of
low-carbon and ordinary products in two situations, the following conclusions can be drawn: (1) In a market where retailers only
sell low-carbon products, product prices and profits increase as consumers’ green preference θ increases. (2) In the low-carbon
product and ordinary product markets, the price and profit of low-carbon products increase with regard to consumers’ green
preference θ. (3) In the second stage, when consumers’ intertemporal discount factor β for ordinary products is larger than that of
low-carbon products, the retailer’s total profit is smaller. (e research conclusion comprehensively analyses the impact of
customer strategic behaviour on the two-stage pricing decision of green differentiated products, which provides a very important
reference for retailers to make pricing optimization decisions.

1. Introduction

With global warming and various environmental problems
emerging in an endless stream [1, 2], the country has issued
various related laws and policies to guide consumers and
enterprises to conduct low-carbon environmental protec-
tion behaviours. In response to the national call for energy
conservation and emission reduction, enterprises have de-
veloped energy-saving products. For consumers with low-
carbon awareness, they are more inclined to buy low-carbon
products [3]. Studies by Laroche et al. show that more
consumers are willing to support higher prices for green
products [4]. According to the report of the current situation
of China’s public green consumption (2019 Edition), 83.34%
of the respondents expressed support for green consumption
behaviour [5]. But for ordinary consumers, the functions of
low-carbon products are the same as those of ordinary
products [6], but the price is higher, so some consumers may
not choose low-carbon products because of the slightly
higher prices.

On the other hand, the construction and improvement
of various information platforms enable consumers to learn
about product attributes and price changes through various
channels. (erefore, consumers choose to purchase prod-
ucts based on their own utility maximization, which reflects
the nature of consumers’ strategies [7, 8]. However, this
behaviour will make retailers face the pressure of inventory
and product updates. In order to alleviate the pressure,
retailers will adopt measures such as price cuts and pro-
motions, and customers will make strategic decisions based
on the behaviour of the business. (erefore, retailers must
take into account the strategic behaviour of consumers when
making decisions to achieve their own maximum profits.

Previous research mainly focused on the coordinated
pricing of a single low-carbon product supply chain. It did not
consider the pricing of a single retailer in the case of product
differences, and did not consider the impact of consumers’
strategic behaviour on pricing. In the previous literature on the
pricing of differentiated products, they generally focused on
manufacturing and remanufacturing products and did not
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discuss the differential pricing of low-carbon and ordinary
products. In addition, consumers’ low-carbon preferences will
also have an important impact on retailers’ pricing. When
retailers set prices for low-carbon and ordinary products, they
will be affected by consumer strategic behaviour and con-
sumers’ low-carbon preferences. (e result will affect the re-
tailer’s profit and sales, and its pricing cannot well guide
consumers to choose the products the retailer wants to sell.

(erefore, based on the green differentiated products,
this paper analyses the retailer’s pricing decisions under the
low-carbon preference and strategic behaviour of customers.
Retailers make different price decisions according to the
different needs of customers, in order to reduce the backlog
of inventory or make the best order quantity.

2. Literature Review

2.1. Product Pricing Decisions in Low-Carbon Supply Chain.
(ere are many literature studies on low-carbon products at
home and abroad; most of them analyse the pricing of en-
terprises or supply chain from the aspects of low-carbon policy
and carbon emission reduction. Guo et al. analysed the impact
of the carbon tax rate and consumer carbon sensitivity factor
on product pricing and designed a coordinated supply chain of
carbon emission reduction cost-benefit sharing contract [9].
And mostly from a supply chain perspective, Su et al. have
constructed a green supply chain pricing decision-making
model with different power structures and different forms of
subsidies under the context of consumer green preferences
[10]. (e existing literatures only make pricing decisions from
the perspective of low-carbon product supply chains. However,
there are not only low-carbon products but also ordinary
products in the market. (ere are no literatures to analyze
pricing decisions for green differentiated products [11, 12].
Consumers’ strategic behaviour also has an important impact
on product pricing. Hu and Dai studied consumer behaviour
under different low-carbon product pricing strategies. It is
found that incumbent manufacturers choose to produce low-
carbon products and retailers choose to sell low-carbon
products at high prices are the equilibrium strategy of the game
between all parties [13]. Zhang et al. focus on the impacts of
consumer environmental awareness (CEA) and retailer’s
fairness concerns on environmental quality, wholesale price,
and retail price of the green product in one manufacturer and
one-retailer supply chain [14, 15]. Xu et al. analyse the re-
newable energy from the political, technical, economic, and
social perspectives [16, 17]. In order to improve the utilization
rate of resources, a fuzzy resource optimal allocation model for
multistage stochastic logistics tasks was proposed [18].

2.2. Pricing Decisions of Differentiated Products. (ere are
also many literature studies on the pricing of differentiated
products. Because low-carbon products have the same functions
as ordinary products [19]. But low-carbon products are priced
much higher than ordinary products [20]. Yang et al. studied
the differential pricing decision of remanufacturing closed-loop
supply chains [21]. Zhou et al. explored the influence of network
externalities on the pricing strategy of quality differentiated

products [22]. Kalnins studied price changes in the dual-
channel supply chain and found that price-based brand ex-
ternalities have a significant impact on the choice of different
quality brand sales channels [23]. Liu and Liu in an environ-
ment where low-carbon products and ordinary products co-
exist, they consider that consumers have differences. Qualitative
willingness to pay and consumption utility, research the supply
chain’s ability to price products and supply chain coordination
issues [24]. When one manufacturer produces the two kinds of
products, its profit will increase with the increase incarbon
trading price through alliance strategy [25]. Luo et al. have
studied the location and pricing of products with the same but
different sales functions based on the Hotelling model [26]. Li
et al. established a secondary supply chain Stackelberg game
model consisting of two manufacturers (ordinary product
manufacturers and low-carbon product manufacturers) and
one retailer to make supply chain decisions [27].

2.3. Pricing Decisions Based on Strategic Consumers.
(ere are also many literature studies that examine corporate
pricing decisions based on strategic consumers. Both Nair
[28] and Li et al. [29] provided empirical evidence for strategic
consumers and their purchasing behaviour. Whether in re-
ality or in academia, the impact of consumers’ strategic
waiting and buying behaviour on business operations cannot
be underestimated and ignoring consumers’ tactics will bring
huge economic losses to the business [30, 31]. Du et al. found
that the behaviour of strategic consumers would have adverse
effects on enterprises [32]. Wu et al. considered a retailer’s
markdown pricing and inventory decisions in multiple sea-
sons where consumers can learn from reference prices to
decide when to purchase [33]. Dong and Wu discussed the
two-period pricing problem and concluded that when market
demand is evenly distributed, strategic consumers may bring
more benefits to manufacturers [34, 35]. But the above re-
search ignores the low-carbon preference factors of strategic
consumers. Xinmin Liu et al. distinguished three types of
strategic customers according to their different preferences to
analyse the optimal pricing and greenness strategies in the
sustainable supply chain in strategic customer scenarios [36].
Feng et al. analysed consumer buying habits and constructed a
two-stage game model between strategic consumers and
retailers [37, 38]. Peng established a retailer optimization
model facing homogeneous strategic consumers and used the
stochastic optimal response equilibriummodel to describe the
limited rational behaviour of strategic consumers [39].

(e above-mentioned literature analyses the pricing
decisions of enterprises and retailers from the aspects of
supply chain coordination, differentiated products, con-
sumer strategy, and consumer low-carbon preference.
However, there is no specific analysis on the pricing deci-
sions of retailers selling green differentiated products under
the low-carbon preference of strategic consumers.(erefore,
this article takes into account the practical significance and
provides decision support for retailers to determine the
optimal product sales price and obtain the maximum sales
profit when facing strategic consumers with low-carbon
preferences. Based on the above-mentioned literature, this
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article analyses the impact of retailer pricing under the
consumer’s low-carbon preference strategy behaviour in
several aspects. One is the cost. (e cost of low-carbon
products is much higher than that of ordinary products; the
other is consumer demand. Strategic consumers will take
into account product cost, patience, and preference for low-
carbon products, which will affect consumers’ purchasing
behaviour, which in turn affects retailers’ pricing decisions.

3. Model Symbols and Assumptions

(is article considers two situations. In the first model, the
retailer only sells low-carbon products. After a certain period
of time, some products will not be sold.(e retailer will carry
out certain price discount activities according to the market
to stimulate consumers to consume. (is will reduce the
overall utility of consumers, and some consumers will wait
for the timing of this price adjustment to make a purchase,
which is the degree of customer strategy β.

In the second model, retailers will sell low-carbon
products and ordinary products at the same time. In the
second stage of the sales period, retailers will adjust the prices
of different products, thereby forming a price discount co-
efficient, which is the degree of consumer strategy. Consumer
utility is affected by the price discount coefficient, and con-
sumers' utility for ordinary products is lower than that of low-
carbon products. At the same time, which product the
consumers choose is also based on consumers’ green
preferences.

Figure 1 shows the game sequence of retailers in different
markets. Faced with two situations, the retailer pursues how
to adjust prices reasonably under the influence of the above
factors, and better cater to consumers’ expectations, so as to
maximize profits. So, this article will use the method of
rational expectation equilibrium. Construct consumers’
purchasing decision and retailer’s pricing decision model so
that retailers and customers form a game equilibrium.

In order to facilitate the analysis of the model, without loss
of generality, this article is based on the following assumptions:

Assumption 1. A monopolistic retailer sells two alternative
products L (low-carbon products) and N (ordinary products)
with different configurations. One order is placed at the
beginning of the period.(e goods are sold in two stages. (e
first stage is full price sales, and the second stage is discount
promotion. Assuming that the total number of consumers in
the market is a certain value N, they are all strategic con-
sumers, and each person can only purchase 1 product at most.

Assumption 2. pij (i � 1, 2, respectively, indicates the first and
second sales period and j � L, N indicates low-carbon products
and ordinary products, respectively) is the price of the products.
cL and cNrepresent the unit generation costs of low-carbon and
ordinary products, respectively. qij indicates product sales.

Assumption 3. (e consumer’s willingness to pay is v. It
obeys the uniform distribution on the interval [0, 1], low-

carbon preference attributes θ, θ ∈ (0, 1), and(1 + θ)v rep-
resents consumers’ preference for low-carbon products,
which means that consumers with low-carbon preference
are more inclined to choose low-carbon products.

Assumption 4. Similar to the consumer strategy degree of
Zhang [40] and Ma et al. [41] in the literature is β, β ∈ [0, 1].
β can represent the consumer’s degree of strategy; the larger
the β, the greater the consumer’s degree of strategy, and β �

0 means the consumer will buy the product immediately. It
can also be expressed as an inter-period discount factor. In
the model where low-carbon products are sold at the same
time as ordinary products, consumers’ psychological strat-
egies for ordinary products in the second stage are lower
than those of low-carbon products. Assuming that the de-
gree of strategy is kβ, satisfying0< k< 1.

(e symbols and meanings of the parameter variables
involved in the article are shown in Table 1.

4. Model

4.1. 1e Situation Where Retailers Only Sell Low-Carbon
Products (Model I). Considering that there is only one low-
carbon product in the market, the price of the product
changes over time, and the utility of consumers will also
change as the price changes. (e following uses reverse
induction to analyse.

(e consumer’s utility function is

U1L � (1 + θ)v − p1L,

U2L � β(1 + θ)v − βp2L.
(1)

In the case where the market only sells low-carbon
products, consumers’ purchasing decisions will be affected
by their own wishes, product green preference, and strategy.
When U1L > 0 and U1L >U2L, that is(p1L − βp2L/(1 − β)

(1 + θ)) < v< 1, consumers will choose to purchase the
product in the first stage. When U2L > 0 and U2L >U1L, that
is(p2L/1 + θ)< v< (p1L − βp2L/(1 − β) (1 + θ)), consumers
will wait and see for a period of time and choose to buy in the
second stage product.

(erefore, the demand function of low-carbon products
in the first and second stages is

q1L � N 
1

p1L− βp2L/(1− β)(1+θ)( )
dv � N 1 −

p1L − βp2L

(1 − β)(1 + θ)
 ,

q2L � N 
p1L− βp2L/(1− β)(1+θ)( )

p2L/1+θ( )
dv � N

p1L − βp2L

(1 − β)(1 + θ)
−

p2L

1 + θ
 .

(2)

(erefore, the total sales profit of the first and second
stages is

Π � p1L − cL( q1L + p2L − cN( q2L. (3)

Find the first-order partial derivative with respect to p1L

and p2L from equation (3) as follows:
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zΠL

zp1L

� N +
Np2L(1 + β) − 2Np1L

(1 − β)(1 + θ)
� 0,

(4)

zΠL

zp2L

�
Np1L(1 + β) − 2Np2L

(1 − β)(1 + θ)
+

NcL − 2Np2L

1 + θ
� 0. (5)

Find the second-order partial derivative of ΠL with
respect to p1L andp2L as follows:

z
2ΠL

zp
2
1L

� −
2N

(1 − β)(1 + θ)
,

z
2ΠL

zp1Lp2L

�
Nβ + N

(1 − β)(1 + θ)
,

z
2ΠL

zp
2
2L

� −
2N

(1 − β)(1 + θ)
,

z
2ΠL

zp2Lp2L

�
Nβ + N

(1 − β)(1 + θ)
.

(6)

(rough the above formula, the Hessel matrix of the
second-order partial derivatives of p1L and p2L can be ob-
tained as follows:

H p1L, p2L(  �

−
2N

(1 − β)(1 + θ)

Nβ + N

(1 − β)(1 + θ)

Nβ + N

(1 − β)(1 + θ)
−

2N

(1 − β)(1 + θ)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

H1 p1L, p2L( 


 � −
2N

(1 − β)(1 + θ)
,

H2 p1L, p2L( 


 �
N

2
(3 + β)

(1 − β)(1 + θ)
2.

(7)

From formula (7), it can be seen thatH1 < 0 and H2 > 0. (e
Hesse matrix is negative definite, which proves that this
point is a maximum point.

Let formulas (4) and (5) are equal to 0; the two-stage
retail prices of low-carbon products are

Retailer

Consumers

The first stage The second stage 

Model I: p1L
Model II: p1L, p1n

Model I: p2L
Model II: p2L, p2n

First stage purchase
or wait for decision

Second stage purchase
decision

Time

Low-carbon 
products or all 

products

Figure 1: Game sequence diagram.

Table 1: Main parameters and parameter description.

Parameters Definition
v Consumer willingness to pay
θ Consumer low-carbon preference attributes
β Consumer strategy
N Number of consumers
cL Cost of low-carbon products
p1L First stage’s price of low-carbon products
p2L Second stage’s price of low-carbon products
q1L First stage’s demand of low-carbon products
q2L Second stage’s demand of low-carbon products
c (e proportion of products purchased by consumers in the first stage
cN Cost of ordinary products
p1N First stage’s price of ordinary products
p2N Second stage’s price of ordinary products
q1N First stage’s demand of ordinary products
q2N Second stage’s demand of ordinary products
Π Total profit
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p
∗
1L �

2(1 + θ) +(1 + β)cL

3 + β
, (8)

p
∗
2L �

(1 + θ)(1 + β) − 2cL

3 + β
. (9)

According to formulas (8) and (9), the two-stage optimal
sales volume of low-carbon products are

q
∗
1L � N

1 + θ − cL

(1 + θ)(3 + β)
 ,

q
∗
2L � N

1 + θ − cL

(1 + θ)(3 + β)
 .

(10)

According to formulas (8) and (9), the optimal profit of
low-carbon products in a single product market is

MAXΠ � N
1 + θ − cL

(1 + θ)(3 + β)
 

(1 + θ)(3 + β) − (7 + β)cL

(3 + β)
 .

(11)

Proposition 1

(1) In the first stage, the retail price p∗1L of low-carbon
products decreases with the increase of consumer
strategy β, and the retail price p∗2L of low-carbon
products in the second stage decreases with the in-
crease in consumer strategy β.

(2) 1e retail price of low-carbon products in the first
stage p∗1L increases with consumers’ green preferenceθ,
and the retail price of low-carbon products in the
second stage p∗2L increases with consumers’ green
preference.

(3) 1e optimal sales of low-carbon products in the two
stages are all about β diminishing.

Proof

(1) Calculate the derivative of p1L with respect to β from
formula (8), and obtain (dp∗1L/dβ) � (2cL − 2θ−

2/(3 + β)2)< 0, so low-carbon products are in (e
retail price p∗1L in the first stage decreases with the
increase of consumer strategy β. Calculate the de-
rivative of p2L with respect to β in formula (9), and
obtain(dp∗2L/dβ) � (2cL − 2θ + 2/(3 + β)2)> 0, low-
carbon products in the second stage. (e retail price
p∗2L increases with the increase inconsumer strategy
β.

(2) Calculate the derivative of p1L with respect to θ in
formula (8), and obtain (dp∗1L/dθ) � (2/3 + β)> 0,
and calculate the derivative of p2L with respect to θ in
formula (9), and obtain (dp∗2L/dθ) � (1 + β/3
+β)> 0, so the prices of low-carbon products in both
stages will increase with the increase inconsumers’
low-carbon preference θ.

(3) Sinceq∗1L � q∗2L, (dq∗1L/dβ) � (dq∗2L/dβ) � − (N(1 +θ)

(1 + θ − cL)/(β + θβ + 3 + 3θ)2)< 0, so the optimal

sales of low-carbon products in the two stages are all
about β decreasing. □

4.2.1e SituationWhere a Retailer Sells Low-CarbonProducts
and Ordinary Products at the Same Time (Model II). In the
case of low-carbon preference consumers, considering that
there are both low-carbon products and ordinary products
on the market, the two have formed a situation of mutual
competition and substitution. Assuming that consumers
have a preference for low-carbon products θ, (0< θ< 1), and
consumers’ preference for ordinary products is less than
their preference for low-carbon products; the utility function
of the first stage of consumers is:

U1L � (1 + θ)v − p1L,

U1N � v − p1N.
(12)

In the first stage, when the market sells both low-carbon
products and ordinary products, consumers’ purchasing
decisions will be affected by their own wishes and preference
for green products. (rough graph analysis, when con-
sumers’ preference for low-carbon products is within the
range of θ ∈ (0, 1), when U1L > 0 and U1L >U1N, consumers’
willingness to pay for low-carbon products is max
(p1L/1 + θ)< v< (p1L − p1N/θ }< v< 1, when(p1L/1 + θ)

< (p1L − p1N/θ), that is (p1L − p1N/θ)< v< 1, consumers
will choose to buy low-carbon products. When U1N > 0 and
U1N >U1L, that is p1N < v< (p1L − p1N/θ), consumers will
choose to buy ordinary products. Figure 2 is an analysis
using the consumer utility function graph.

According to the consumer utility function, the market
demand function is

q1L � cN 
1

p1L− p1N/θ( )
f(v)dv � cN 1 −

p1L − p1N

θ
 ,

(13)

q1N � cN 
p1L − p1N/θ( )

p1N

f(v)dv � cN
p1L − p1N

θ
− p1N ,

(14)

c represents the proportion of consumers who bought the
product in the first stage. (e profit functions of retailers
selling low-carbon products and ordinary products in the
first stage are

Π1L � p1L − cL( q1L � cN p1L − cL(  1 −
p1L − p1N

θ
 ,

(15)

Π1N � p1L − cN( q1N � cN p1L − cN( 
p1L − p1N

θ
− p1N .

(16)

If (p1L/1 + θ)> (p1L − p1N/θ), that is, (p1L/1 + θ)

< v< 1, in this case, the consumer utility of low-carbon
products is always higher than that of ordinary products.
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Effectiveness: consumers will definitely choose to buy low-
carbon products, but this kind of situation does not match
the actual sales situation, so we will not discuss it.

In the second stage, after a certain period of time sales,
consumers will reduce their enthusiasm for the product and
make more rational decisions. Strategic consumers will
make strategic purchases. At the same time, strategic con-
sumers will be affected by their patience, and their low-
carbon levels are different for different products. (us, the
utility function expression

U2L � β(1 + θ)v − βp2L,

U2N � k βv − βp2N( .
(17)

When consumers’ preference for low-carbon products is
within the range of θ ∈ (0, 1), when U2L > 0 andU2L >U2N,
max (p2L/1 + θ), (p2L − kp2N/1 + θ − k) < v< 1; similar to
the first stage, we do not consider the case of
(p2L/1 + θ)> (p2L − kp2N/1 + θ − k). When (p2L/1 + θ)<
(p2L − kp2N/1 + θ − k), that is (p2L − kp2N/1 + θ − k)<
v< 1, consumers will choose to buy low-carbon products;
when U2N > 0 and U2N >U2L that is p2N < v< (p2L − kp2N

/1 + θ − k), consumers will choose to buy ordinary products
in the second stage.

(erefore, the consumer demand function is

q2L � (1 − c)N 
1

p2L− kp2N/1+θ− k( )
f(v)dv � (1 − c)N 1 −

p2L − kp2N

1 + θ − k
 ,

(18)

q2N � (1 − c)N 
1

p2L − kp2N/1+θ− k( )
f(v)dv �(1 − c)N

p2L − kp2N

1 + θ − k
− p2N .

(19)
(e retailer profit function is

Π2L � p2L − cL( q2L � (1 − c)N p2L − cL(  1 −
p2L − kp2N

1 + θ − k
 ,

(20)

Π2N � p2N − cN( q2N � (1 − c)N p2N − cN( 
p2L − kp2N

1 + θ − k
− p2N .

(21)

Combining formulas (15), (16), (20), and (21), the total
sales profit of low-carbon products and ordinary products in
the first and second stages is

Π � Π1L + Π1N + Π2L + Π2N. (22)

In order to maximize the profit, find the first-order
partial derivatives of p1L, p1N, p2L, and p2N for equation (22)
as follows:

p1N0

U

v

Low-carbon 
products

Ordinary
products

1
1 + θ
p1L

p1L – p1N
θ

U1L
p1L – p1N

θ
p1N <

U1L
p1L – p1N

θ
p1N >

U1N

Figure 2: Relationship between consumer willingness and utility.

6 Complexity



zΠL

zp1L

�
cN θ − 2p1L + cL + 2p1N( 

θ
,

zΠL

zp1N

�
cN 2p1L − cL − 2p1N − 2θp1N + θcN + cN( 

θ
,

zΠL

zp2L

�
(1 − c)N 1 + θ − k − 2p2L + cL + kp2N + p2N − cN( 

1 + θ − k
,

zΠL

zp2N

�
(1 − c)N kp2L − kcL + p2L − 2p2N − 2θp2N + cN + θcN( 

1 + θ − k
.

(23)

(e two-stage optimal retail prices of the two products
obtained by the first-order partial derivative are

p
∗
1L �

1 + θ + cL

2
, (24)

p
∗
1N �

1 + cN

2
, (25)

p
∗
2L �

− k
2

− k + 2 + 2θ cL +(k + kθ − 1 − θ)cN − 2k + 2θ2 − 2θk + 2 + 4θ

3 + 4θ − k
2

− 2k
, (26)

p
∗
2N �

(1 − k)cL +(1 + 2θ − k)cN − k
2

+ θk + 1 + θ
3 + 4θ − k

2
− 2k

. (27)

Take the above formula into (13), (14), (18), and (19) to
get the optimal sales volume as follows:

q
∗
1L � cN 1 −

θ + cL − cN

2θ
 , (28)

q
∗
1N � cN

cL − cN − θcN

2θ
 , (29)

q
∗
2L � (1 − c)N( 1 −

(2 + 2θ − 2k)cL + k
2

− θk − 1 − θ cN

3 + 4θ − k
2

− 2k (1 + θ − k)

−
− 3k + 2θ2 − 3θk + 2 + 4θ + k

3
− θk

2

3 + 4θ − k
2

− 2k (1 + θ − k)
),

(30)

q
∗
2N �(1 − c)N⎛⎝

(2 + 2θ − 2k)cL + k
2

− θk − 1 − θ cN

3 + 4θ − k
2

− 2k (1 + θ − k)

+
− 3k + 2θ2 − 3θk + 2 + 4θ + k

3
− θk

2

3 + 4θ − k
2

− 2k (1 + θ − k)

−
(1 − k)cL +(1 + 2θ − k)cN − k

2
+ θk + 1 + θ

3 + 4θ − k
2

− 2k
⎞⎠ .

(31)
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Substituting equations (24)–(31) into equation (22), the
total profit of low-carbon products and ordinary products in
the two stages is

Π∗ � c N 1 −
θ + cL − cN

2θ
 

1 + θ + cL

2
− cL  + cN

cL − cN − θcN

2θ
 

1 + cN

2
− cN 

+(1 − c)N
− k

2
− k + 2 + 2θ cL +(k + kθ − 1 − θ)cN − 2k + 2θ2 − 2θk + 2 + 4θ

3 + 4θ − k
2

− 2k
− cL

⎛⎝ ⎞⎠

· 1 −
(2 + 2θ − 2k)cL + k

2
− θk − 1 − θ cN

3 + 4θ − k
2

− 2k (1 + θ − k)
−

− 3k + 2θ2 − 3θk + 2 + 4θ + k
3

− θk
2

3 + 4θ − k
2

− 2k (1 + θ − k)
⎛⎝ ⎞⎠

+(1 − c)N
(2 + 2θ − 2k)cL + k

2
− θk − 1 − θ cN

3 + 4θ − k
2

− 2k (1 + θ − k)
+

− 3k + 2θ2 − 3θk + 2 + 4θ + k
3

− θk
2

3 + 4θ − k
2

− 2k (1 + θ − k)

−
(1 − k)cL +(1 + 2θ − k)cN − k

2
+ θk + 1 + θ

3 + 4θ − k
2

− 2k

(1 − k)cL +(1 + 2θ − k)cN − k
2

+ θk + 1 + θ
3 + 4θ − k

2
− 2k

− cN .

(32)

Analysing the optimal solution in this situation, we can
get

Proposition 2

(1) In the first stage, the retail price p1N of ordinary
products has nothing to do with the customer’s
greenness θ of low-carbon products, while the retail
price p1L of low-carbon products increases with the
increase in θ. In the second stage, p2L increases with
the increase in θ. p2N decreases as θ increases.

(2) In the first stage, the sales volume of low-carbon
products q∗1L increases as θ increases. 1e sales volume
of ordinary products q∗1N decreases with the increase
in θ. In the second stage, the sales volume of low-
carbon products increases with the increase in θ, and
the sales volume of ordinary products decreases with
the increase in θ.

Proof

(1) From equation (25), p1N has nothing to do with θ.
Calculating the derivative of p∗1L with respect to θ in
equation (24) is(dp1L/dθ) � (1/2)> 0, so p1L in-
creases as θ increases. Calculating the derivative of
p∗2L with respect to θ in equation (26) is (dp2L/dθ) �

− ((cN − 2)k3 + (4θ + cN − 2cL)k2 + (8θ2 + 4)k − 8θ2
− 8θ − 2cN + 4cL/k4 + 4k3 − 8θk2 + (− 16θ2 − 8) k +

16θ2 + 16θ + 4)> 0; find p∗2L for equation (27). (e
derivative of θ is (dp2N/dθ)< 0; so in the second
stage, p2L p2L increases with the increase in θ. p2N

decreases as θ increases.
(2) Calculating the derivative of q∗1L with respect to θ

from equation (28) is (dq∗1L/dθ) � (cN

(cL − cN)/2θ2)> 0. (erefore, the sales volume of
low-carbon products in the first stage increases with
the increase in customers’ green preference.

(dq∗1N/dθ) � (cN(cN − cL)/2θ2)< 0, so, the sales
volume of ordinary products in the first stage de-
creases with the increase in customers’ green pref-
erence. In the second stage, the sales volume of low-
carbon products decreases with the increase in θ, and
the proposition that the sales volume of ordinary
products increases with the increase in θ will be
verified in the numerical analysis in Chapter 5. □

5. Numerical Analysis

5.1. Model I

5.1.1. 1e Influence of Parameter β on Product Price.
Assuming cL � 0.3, β ∈ (0, 1), θ ∈ (0, 1), N � 1000, and
cN � 0.2, study the influence of parameter β on the price of
low-carbon products. From Figure 3, it is found that given a
value of θ, the price of low-carbon products decreases with
the increase in β in the first stage, and increases with the
increase in β in the second stage. It shows that in the first
stage, the greater the degree of customer strategy, the lower
the price. In the second stage, the greater the degree of
customer strategy, the greater the price. And the second
stage is more affected by θ than the first stage.

5.1.2. 1e Influence of Parameters β and θ on Total Profit.
In the Figure 4, given the value of β, study the effect of θ on total
profit. It is found that the influence of customers’ low-carbon
preference on profit is positive, and the total profit will increase
with the increase in θ. Given the value of θ, study the effect of β
on total profit and found that the impact of customer strategy
on total profit is negative.(e greater the customer strategy, the
lower the total profit.(is is because customers choose the time
to purchase based on their own utility maximization. For
retailers at this time, the price is lower and may cause a certain
inventory cost.
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5.2. Model II. Assuming cL � 0.3, β ∈ (0, 1), θ ∈ (0, 1),
N � 1000, and cN � 0.2, c � 0.4. As the Figure 5 shows that
given a β value and a k value to studies the influence of the
price of each stage of parameter θ. It was found that con-
sumers’ low-carbon preference has a positive effect on low-
carbon products’ demand and has a slight negative effect on
ordinary products’ demand. In the first stage, consumers’
low-carbon preferences have a more significant impact on
demand, while the second stage is relatively flat.

Consider θ � 0.2, 0.4, 0.6, and 0.8 to study the influence
of parameter k on the total profit of the two stages. As the
Figure 6 shows that given the values of β and θ, the total
profits of the two stages will increase as the difference in
discount strength between the two products increases.
When the value of k is larger, the retailer’s total profit is

smaller, and the two products are negatively correlated.
(at is, when the intertemporal discount coefficient of
consumers in the second stage of ordinary products is
larger, the retailer’s total profit is smaller. (erefore, for
retailers, only two products with similar discount strength
can increase total profit. When we give the value of k, we
find that the retailer’s total profit increases as consumers’
low-carbon preference increases. In other words, the
greater the customer’s green preference, the more bene-
ficial to the retailer. Consumers’ green preference means
that consumers are more willing to buy low-carbon
products. In the first stage, the price of ordinary products
has nothing to do with green preference, while the price of
low-carbon products increases with the increase in θ, which
leads to increased profits for retailers.
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Figure 3: (e influence of parameter β on product price.
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Figure 4: (e influence of parameters β and θ on total profit.
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6. Conclusions and Discussion

(is paper studies the two-stage pricing model of green
differentiated products based on customer strategic be-
haviour. First, it analyses the two-stage sales market where
there is only one low-carbon product and finds the optimal
pricing decision and the optimal sales volume at each stage.
(e study found

(1) (e price of low-carbon products in the first stage
decreases as the customer’s strategy degree increases,
and the price of low-carbon products in the second
stage increases as the customer’s strategy degree
increases.

(2) (e sales volume of low-carbon products in the two
phases is the same and decreases with the increase in
customer strategy.

(3) (e total profit of two-stage sales of low-carbon
products also decreases with the increase in cus-
tomer strategy.

Secondly, the two-stage pricing model with low-carbon
and ordinary products is studied. (e study found

(1) (e retail price of ordinary products in the first stage
has nothing to do with customers’ green preference
θ, while the retail price of low-carbon products in-
creases with respect to θ. In the second stage, the
retail prices of low-carbon and ordinary products are
all θ increasing.

(2) (e demand for low-carbon products in both stages
increases with the increase in consumers’ low-carbon
preference, while the demand for ordinary products
is the opposite.
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(3) (e total profit of the two stages increases with the
increase in θ, and the greater the intertemporal
discount factor β of consumers for ordinary products
in the second stage compared with low-carbon
products, the smaller the retailer’s total profit.

(erefore, there are the following inspirations for
retailers:

In Model 1, consumers’ low-carbon preference is pos-
itively correlated with retailers’ prices and profits, and the
degree of consumer strategy has a greater impact on retailers.
(e higher the degree of consumer strategy, that is to say, the
greater the retailer’s discount, the more consumers prefer to
buy in the second stage. In order to maintain the retailer’s
overall profit, the retailer’s price should be maintained at an
appropriate level, and consumers should be encouraged to
buy products in the first stage through advertising and other
means. Secondly, do not discount or make the discount too
large; because if the discount is too strong, the consumer’s
strategy level will increase, which will reduce the retailer’s
profit.

In Model II, consumers’ green preference has a huge
impact on retailers’ profits. Retailers can improve con-
sumers’ low-carbon preference through the following points.
First, increase publicity and promote low-carbon knowledge
through posters, advertisements, and publicity boards.
Second, mark the carbon footprint of a product for con-
sumers to understand and choose. (ird, implement green
packaging for products. Fourth, promote a low-carbon
economic model.

(e greater the difference in discount strength between
the two products, the smaller the retailer’s profit. (erefore,
retailers should reduce the discount difference between low-
carbon and ordinary products, and the greater the green
preference of consumers, the greater the total profit. When
retailers are selling two products, they can promote con-
sumers’ green preferences through advertising and so on, so
as to encourage consumers to buy more low-carbon products.

(e research of this article can be expanded from the
following aspects. (is article studies the retailer’s pricing
decision under the low-carbon preference consumer strat-
egy, but does not involve the perspective of the supply chain.
(e subsequent research can start from the coordination of
the entire supply chain.
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