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In recent years, green product issues have received increasing attention. Both government regulations and consumer behaviors have
a strong influence on the product green degree decisions of manufacturers’ products. In order to find how government regulations
and individual’s green product purchase behavior affect manufacturers’ green degree decisions and the market evolution
characteristics, this paper proposes a multiagent model that considers the interaction among government, consumers, and
manufacturers. The simulation results show that, firstly, the product green degree decision-making of manufacturers needs the
guidance and regulation of the government. Secondly, product price subsidies are the most effective way to affect the
manufacturers’ product green degree decisions. In contrast to giving green cost subsidies to manufacturers, the government
employs various publicity means to improve the environmental awareness of consumers is also an effective way to enhance the
green degree of manufacturers’ products. Thirdly, there is a “Crowding Out Effect” on the other qualities of manufacturers’
products when manufacturers focus on the green degree of their products.

1. Introduction

As the global economy develops and the population
increases, the consumption of natural resources around the
world is growing at a high-speed rate [1, 2]. In consequence,
air pollution, water pollution, and other environmental prob-
lems are becoming extremely serious [3]. The production
and consumption of green products are becoming the con-
sensus of all countries in the world [4]. Consequently, manu-
facturers are motivated and encouraged to produce green
products by government [1, 5, 6]. The concept of product
green degree, which indicates the environmental friendliness
of the product, was used to identify nongreen products and
competitive products [7]. Consumers in the market have dif-
ferent demands for the green degree of products [8]. In order
to better meet the requirements of government and con-
sumers, manufacturers have to consider an appropriate green
degree of products to enhance market competitiveness. So,

what level of green degree is both popular with consumers
and profitable for a manufacturer? It is a question worth
looking into.

There are three main stakeholders related to the green
degree decision-making of products, namely, manufacturers,
consumers, and government [9]. As the supplier of green
products, manufacturers need to weigh various factors when
making decisions on the green degree of products to adapt to
the fierce market competition. First of all, manufacturers
have to clearly understand their resources, such as the green
degree of products, market share, profits, and whether there
are extra resources and capabilities to enhance their prod-
ucts’ green degree [10]. Secondly, the profitability of a manu-
facturer is closely related to its competitors [11, 12].
Therefore, manufacturers often need to consider the situa-
tion of their competitors when deciding on the green degree
of products, with the aim of learning and surpassing them. As
the demander of green products, consumers’ preference for
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the green degree of products directly affects the decision-
making behavior of manufacturers [9]. Consumers’ purchas-
ing behaviors are influenced not only by the product’s char-
acteristics (such as price and quality) [5, 6] but also by the
people around them [13]. In recent years, with the develop-
ment of mobile Internet, the prosperity of social media repre-
sented by Twitter and microblog provides a more convenient
and efficient platform for the spread of word-of-mouth prod-
ucts. A growing number of people are willing to buy products
recommended by others on social media, which shows that
more and more people recognize the shopping information
and have trust in this information on social media [14]. Thus,
we put consumers’ mutual learning behavior in online social
network into the purchase decision model in this study.

Besides, the price of green products is usually higher than
that of ordinary products, which will reduce consumers’ pur-
chase desire to some degree [15]. Therefore, the government
needs to take corresponding measures to stimulate green
product consumption, and of course, it also needs the gov-
ernment to formulate related environmental standards and
punishment measures to restrain manufacturers [16], which
are all aimed at reducing carbon emissions and protecting
the environment. Therefore, the interactions of manufacture,
consumers, and the government make the decision-making
of product green degree very complicated. And the evolu-
tionary mechanism of manufacturers’ green decision-
making is unclear. Therefore, we find that the following
problems are worth to in depth study: How does the manu-
facturer make decisions of products’ green degree under gov-
ernment regulation? How does the manufacturer make
decisions of products’ green degree in the face of consumers’
demand, preference, and interaction? What are the evolu-
tionary tendencies of green products in the market for
manufacturer groups under different scenarios?

To solve these three problems, we use the agent-based
modeling approach to study the mechanism of manufac-
turers’ green degree decisions and analyze the trend of the
evolving choices of manufacturers with different green
degrees, which is rare in the study of manufacturers’ green
decision problems. These are very important for clarifying
the macro behavior mechanism of manufacturers’ green
degree decision and the market evolution characteristics of
green products in different situations. The originalities and
features of this work are described below. Firstly, this work
focuses on the influences and interactions among consumers,
manufacturers, and government on the micro green degree
decision of manufacture, which is different from the previous
studies concentrating on the relationship between manufac-
turers and government or manufacturers and consumers.
Secondly, apart from considering the impact of a product’s
multiple attributes (price, green degree, quality, etc.), this
work also considers the characteristics of agent purchasing
behavior, like the customers’ purchasing power, their envi-
ronmental preference differentiation, the influence of inter-
action on customers’ purchase decisions in online social
networks, the government’s subsidies and penalties, and the
competition and learning behaviors among manufacturers.
Consequently, the model we develop in this work is closer
to the real market. Thirdly, this study gives an observable

evolution of the product’s green degree in different scenarios
like different consumers’ environmental awareness and ana-
lyzes various market indicators such as the average product
green degree, average product green degree, and average
manufacturer profits.

2. Literature Review

2.1. Manufacture’s Decisions on Green Product. The studies
of manufacture’s decision on green products could be classi-
fied into two aspects: the influence of market and consumer
attributes and how to decide in the supply chain environ-
ment. On the subject of the market and consumer attributes,
Liu et al. [17] analyzed the impacts of competition and con-
sumers’ environmental awareness on the profiting ability of
manufacturers having various eco-friendly products. Swami
and Shah [18] indicated that manufacturers’ and retailers’
green efforts result in increased market demand, and their
optimal green efforts depend on their green sensitivity and
green costs. Nouira et al. [19] suggested that when a company
faces a market with both regular and green customers, offer-
ing different types of products to each market segment can
significantly increase the company’s profits. Moser [20] sug-
gested that companies need to maintain a specific pricing
strategy as well as conduct appropriate promotions to pro-
mote the benefits of green products to consumers. Chen
and Sheu [21] analyzed the impact of market uncertainty
and consumer rationality on firms’ green strategies and
found that it is not always advantageous to adopt a differen-
tiation strategy to produce products with different green
degrees; in some cases, it is more beneficial for firms to adopt
a follow strategy to produce products with the same green
degree as their competitors. Hong et al. [22] studied the green
product pricing problem by considering consumers’ environ-
mental awareness and the reference of non-green products
and found that firms should adopt different pricing strategies
based on their green production costs in an asymmetric
information scenario. Du et al. [5, 6] found that traditional
enterprises tend to reduce the price of products in order to
maintain market share, resulting in green products only sold
to some green consumers in the competitive environment. Li
et al. [11, 12] showed that the product green degree of man-
ufacturers shows a “convergence” effect if manufacturers
learn the benchmark manufacture that gets the best profits
in the market.

With reference to how to make decisions on green prod-
ucts in a supply chain environment, Ghosh and Shah [23]
studied that how greening levels, prices, and profits of green
apparels supply chain are influenced by channel structures,
greening costs, and consumer sensitivity. Xie [24] studied
the Chinese automobile supply chain and found the market
competition intensity has an impact on the energy-saving
level of green products. Li et al. [11, 12] revealed that the
revenue-sharing contract and cost-sharing contract between
manufacturers and retailers have different effects on emission
reduction efforts and corporate profitability. Yang and Xiao
[25] investigated the way in which prices, greenness, and
expected profits of green supply chains are influenced by
the channel leadership and government subsidies in an
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environment where production costs and consumer demand
are ambiguous. Shen et al. [26] discussed the product lines of
supply chain and product quality for green and nongreen
products. They found that improving product quality can
enhance consumer welfare and lessen environmental impact.
Saha et al. [27] discussed the important role of intermediaries
in coordinating green supply chains under price and green
level sensitive demand. Fang et al. [28] investigated price
and order strategies for innovative green products using
demand forecasting and sharing. Xin et al. [29] studied the
problem of coordinating two levels of green product supply
chains in the presence of uncertain demand from environ-
mentally conscious consumers and found that two-part tariff
contracts can always coordinate the supply chain. Zhang
et al. [30] found that if manufacturers distributed brown
and green products separately through different retailers,
they could achieve higher profits through strategic pricing
without changing their product portfolios.

2.2. Consumers’ Green Product Purchasing Behavior. Con-
sumers’ green product purchasing behaviors have mainly
been studied in consumer demands, preferences, purchasing
power, etc. Olson [31] found that because green products
usually have higher prices and lower quality, consumers tend
to buy products with lower green degrees. Zhao et al. [32]
found that consumer attitude is the most critical indicator
to predict consumers’ green purchasing behavior. When con-
sumers’ attitude is more positive, and they pay more atten-
tion to the environment, consumers are more likely to buy
green products. Du et al. [5, 6] suggested that consumers with
green preferences are willing to pay higher prices for prod-
ucts with low-carbon emissions. Yadav and Pathak [33]
found that the green purchasing behavior of young Indian
consumers can be predicted by their attitudes, subjective
norms, and environmental concerns. Suki [34] revealed that
consumers’ knowledge of green brands is the most critical
factor in the formation of their green purchase intention,
and green brand knowledge can effectively enhance con-
sumers’ green awareness and promote their purchase of
green products. Zhu et al. [35] found that the purchasing
power of consumers’ families often determines whether the
consumers’ purchase intention of green food can be trans-
formed into real green food purchasing behavior. Yang and
Zhao [36] analyzed 526 Chinese consumers about their pur-
chase behavior of household energy-saving and renewable
energy equipment. They found that consumer purchasing
power had a positive moderating effect on the relationship
between equipment purchase attitude and behavior inten-
tion. Jo and Shin [37] showed that age and purchasing power
would evidently influence consumers’ preference for green
product attributes. Kowalska-Pyzalska [38] revealed that
the willingness of Polish residents to pay for renewable
energy was positively correlated with their purchasing power
and education.

In addition, many studies have identified consumer inter-
action as an important factor in influencing consumer pur-
chases of green products. Lin et al. [39] built a consumer
choice model by adding social influence attributes. They took
hybrid electric vehicles as an instance to explore the impact

of consumer interaction networks on the promotion of
hybrid charged vehicles. McCoy and Lyons [40] found that
although the overall purchase rate of electric cars is low, the
slight peer effect brought by the network will promote con-
sumers to purchase actively and form a higher purchase rate
in some regions. Khare [41] found that peer influence, previ-
ous green purchasing behavior, and green self-identity
enhance Indian consumers’ purchase intention of green
products. Using green hotels as an example, Wang et al.
[13] showed that the green image of a green product strongly
influences consumers’ green satisfaction and green trust,
which in turn positively drives word-of-mouth interactions
in order to recommend the product to other consumers.
Chen et al. [42] used empirical research on the green pur-
chasing behavior of consumers in the “Belt and Road” coun-
try and showed that consumer interactions have a positive
influence on consumers’ green purchasing behavior.

2.3. The Influence of Government Regulation on Green
Product Decision. The Porter hypothesis first proposed that
environmental supervision can promote green innovation
in manufacturers under appropriate conditions [43]. In
recent years, many scholars have shown that government
environmental regulation can provide incentives for manu-
facturers to carry out green innovation when they do not
choose to do so themselves. Sheu and Chen [44] suggested
that the government should adopt taxation and subsidy pol-
icies to ensure that the green profits from the production of
green products by firms are nonnegative. van Leeuwen and
Mohnen [45] demonstrate the positive impact of environ-
mental regulation on corporate green innovation through
an empirical study of Dutch manufacturing firms. Wang
et al. [46] compared and analyzed the incentive effects of dif-
ferent subsidy policies, such as product subsidies and R&D
subsidies, in different stages of green efforts in the remanu-
facturing industry. Madani et al. [47] pointed out that an
increase in government subsidy rates will lead to increased
product green degree, supply chain profits, and government
revenues, which will be better than an increase in tax rates.
Yang et al. [25] found that in an ambiguous environment,
the green degree of products increases when government
subsidies rise, but government subsidies do not always favor
the green supply chains and can even lead to action disadvan-
tages for first movers. Huang et al. [48] analyzed the influ-
ence of green loan size and government’s green subsidies
on enterprise green innovation, and they confirmed the effec-
tiveness of government subsidies in facilitating green innova-
tion and environmental sustainability. Saha et al. [27]
discussed the impact of government subsidies to consumers
and subsidies to manufacturers on supply chain profits from
the perspective of supply chain cooperation contracts. Niel-
sen et al. [49, 50] studied the impacts of government’s per-
unit product cost subsidies and R&D investment subsidies
on supply chain members under different circumstances.
Xu et al. [51] found that government regulations can pro-
mote green decision-making behavior, and the regulations
on manufacturers are more effective than those on suppliers.

To sum up, the existing literature has conducted a lot of
studies on the manufacture’s decision on green products,
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which has laid a good foundation for this paper. However,
most of the studies focus on the decision problems in a single
enterprise or a single supply chain under the influence of dif-
ferent factors and less on the group behavior of green product
decisions. In fact, when manufacturers are competing in the
market, they are not only influenced by partners in the sup-
ply chain, but also by their competitors in the market. Fur-
thermore, consumers’ green purchasing behavior is not
only related to their characteristics but also influenced by
their interactions. In fact, consumers are in social networks,
and their purchasing behavior will be affected by other con-
sumers in the social network. So, the market demand of con-
sumers cannot be portrayed as a result of a linear function of
attributes such as product price and quality. Finally, facing
the interaction between manufacturers and consumers, the
influence of consumer interactions, imitation, and learning
among manufacturers, how the government implements
their regulatory measures to improve the green degree of
products in the market as a whole has not been well
explained.

3. Agent-Based Modeling

3.1. The System Design. Manufacturers, customers, and the
government make up the market system. And it is a complex
adaptive system with the characteristics of complex,
dynamic, and nonlinear. In this study, we used an agent-
based modeling method to build our model. ABM can clarify
the evolution law of the nonlinear behavior of the complex
system in the real world by setting interaction rules of agents
[52]. Agent-based models are widely used to model dynami-
cal behaviors of systems in a variety of fields, such as eco-
nomics, social science, organizational science, behavioral
ecology, and physics [53].

Our goal is to find how government regulation and indi-
viduals’ green product purchasing behavior affect manufac-
turers’ green degree decision and market evolution
characteristics. Therefore, we developed an ABM simulation
model of the green product market, which including govern-
ment, consumers, and manufacturers. The government, con-
sumers, and manufacturers are connected through products
in the market. A schematic illustration of agents’ decision-
making and interaction mechanism is shown in Figure 1.

As shown in Figure 1, in order to increase environmental
benefits and reduce pollution, the government will set green
standards for products and subsidize the manufacturers and
consumers who produce and purchase corresponding green
products and punish enterprises that are lower than the
related standards. The consumer agents in the model are
connected to each other through social links. The social links
connect one consumer to another works as a channel that can
transmit information and knowledge of products. In the pro-
cess of market transactions, consumers will make purchase
decisions that are affected by one’s purchasing power, the
expectation and sensitivity of the product’s price, quality,
etc. Besides, communications among consumers like recom-
mendations, criticism, and complaints, can influence con-
sumers’ purchase decisions, and it may create a herd effect
during the interaction. In the process of market transactions,

manufacturers will modify the product green degree and
other quality on the basis of competitors’ information nearby
and their own historical experience.

3.2. The Government Agent. The government implements
some interventions for social welfare [2, 54]. It is supposed
that the government sets a product green degree standard
gl for the manufacturers’ product to enter the market. The
government dynamically supervises the manufacturer by
the mean of random sampling according to the probability
θð0 ≤ θ ≤ 1Þ. Then, if the green degree gj of manufacturer j
’s product fails to meet the standard glðgj < glÞ, the govern-
ment will punish the manufacturer in the form of a fine,
which is related to the green degree of the products. The
lower the products’ green degree gj is, the greater the punish-
ment is. It is assumed that smj = 1 denotes the manufacturer j
is sampled; otherwise, smj = 0. The punishment function PFj

is defined as follows:

PFj =
ρ gl − gj

� �
if smj = 1 andgj < gl,

0 if smj = 1 andgj ≥ gl,
0 if smj = 0,

8>>><
>>>:

ð1Þ

where ρ is the penalty coefficient and ρ > 0.
Similarly, it is assumed that the government develops the

product green degree standard gh of product, and the manu-
facturer can apply for subsidies of product’s cost when its
product is higher than the standard gh. The subsidy function
is as follows:

SFj =
1
2 αuj gj − gh

� �2
if gj ≥ gh,

0 if gj ≤ gh,

8<
: ð2Þ

where uj represents the cost factor associating with the green
degree gj, and α (0 < α < 1) denotes the subsidy proportion of
the green production cost of manufacturer j.

Moreover, the price subsidy is an effective means for the
government to guide consumers to buy green products [55].
It is supposed that psj denotes the subsidy for green product
of manufacturer j whose green degree is higher than the
specified standard gh; and it can be expressed as follows:

psj =
pjγ gj − gh

� �
if gj ≥ gs,

0 if gj ≤ gs:

8<
: ð3Þ

3.3. Consumer Agents

3.3.1. Consumers’ Social Network. Consumers’ social net-
works in the real world are different from those formed by
Internet users [56]. Many empirical analyses show that social
networks in the real world are mainly represented by small-
world networks, and most of the social networks in the inter-
net world are scale-free networks [40, 57]. In recent years,
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with the popularity of online social platforms, more and
more consumers spontaneously share product purchase
experience and evaluation information on social media (like
Twitter, Weibo, and WeChat), so we use a scale-free network
to describe the network relationship of consumers. The scale-
free network refers to the network whose node degree sat-
isfies “power law distribution”, and it can describe both the
small-world property and large variations of node degrees
in a network [58]. In a scale-free network, most “ordinary”
nodes have few connections, while a few “hot” nodes have
extremely many connections. The scale-free network starts
from m0 nodes (m0 is a positive integer), which are con-
nected, and each evolution produces a new node. The proba-
bility of the new node connecting with the original nodes is
directly proportional to the degree of the original nodes
and finally evolves into the state that the degree distribution
does not change with the network size and obeys the
power-law distribution [58].

3.3.2. Consumer Choice Behavior. It is assumed that a con-
sumer only makes one purchase decision and only chooses
one product of a manufacturer in a simulation tick. The com-
prehensive utility function of consumers is developed on the
ground of the information collected on the product and the
interactions with his friends in the social network. According
to the researches of Zhang T. and Zhang D. [59] and Čavoški

and Marković [60], we can formulate the function as follows:

Uij = Cij × pj + βi ×Gij × gj +Qij × qj + FEij, ð4Þ

where Uij is the utility that consumer i (i = 1 toM) pur-
chases a product of manufacturer jðj = 1 toNÞ; Cij is a con-
sumer agent assessing the j-th manufacturer’s price, and Pj

is the price of manufacturer j’s product; Gij is the effect of j
-th manufacturer’s green degree on consumer agent i, gj is
j-th manufacturer’s green degree, and βið0 < βi < 1Þ denotes
the consumer agent’s green preference and environmental
awareness; Qij is other quality utility (like perform and life)
except green degree, and qj is the product other quality of
manufacturer j; FEij reflect the “WOM” effect of the con-
sumer agent following his friends’ opinion about manufac-
turer j’s products in the social network.

The coefficient Cij expresses the effect of manufacturer’s
price on consumer agent’s attitude to purchasing the product
of manufacturer j. In general, a higher price tends to reduce
the consumers’ purchasing motivation of the product. Kim
et al.’s research suggested that the lower price a product is,
the less sensitivity of the consumer towards the product is
[61]. So, sensitivity to price can be expressed as follows:

Cij = −εi
pj−psj−pe , ð5Þ

Consumer
agents

Manufacture
agents

Government agent

Products

Supply Purchase

(i) Price
(ii) Green degree

(iii) Other quality 

(i) Purchasing power
(ii) Price expectation and

sensitivity
(iii) Green quality expectation

and sensitivity
(iv) Other quality expectation

and sensitivity 

(i) Product
(ii) Green degree

(ii) The other quality
(iv) Cost
(v) Profit

(vi) Learning from own
information

(vii) Learn from others
information

(i) Product green degree
standard

(ii) Product price subsidies
(iii) Fine

(iv) Green product cost
(v) Subsidies

(i) Communication
(i) Learning and

imitation
(iii) Herd effect

(i) Competition in the
market

(ii) Learning each other 

Figure 1: Agents’ decision and interaction mechanism.
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where εi is a parameter εi > 1 and psj is the subsidy for the
green product of manufacturer jwhose green degree is higher
than the specified standard which is shown in Equation (3),
and pe is the consumer expected price of the product.

In the utility function, we assume that the quality of the
product consists of green quality and the other quality. The
green quality is defined as the overall impact of the multiple
green attributes of a manufacturer’s product, which is

Table 1: The parameters and variables’ initial value in the model.

Parameters Explanation Range Distribution

M Number of consumers 30,000 Constant

N Number of manufacturers 40 Constant

gj Green degree of manufacturer j’s product [0, 100]
The initial value follows a uniform

distribution

gl Standard for manufacturers’ product entering the market. 30 Constant

gh Green degree requirement for subsidy application 70 Constant

θ Government sampling rate 0.3 Constant

ρ Government’s penalty coefficient 2000 Constant

α Government’s cost subsidy coefficient 0.5 Constant

γ Government’s price subsidy coefficient 0.08 Constant

qj The other quality of manufacturer j’s product [20, 100]
The initial value follows a uniform

distribution

βi Environmental awareness [0.5, 2] Uniform distribution

εi Consumer’s price-sensitive parameters [1, 20] Uniform distribution

δi Consumer’s green degree sensitive parameters [0.4, 0.6] Uniform distribution

τi Consumer’s other quality sensitive parameters [0.4, 0.6] Uniform distribution

ki Consumer’s purchasing power
N (55,
15)

Normal distribution

a1, a2 Regression coefficient of purchasing power 0.75 Constant

a3, a4
Consumers’ cost coefficient of product green degree and the other

quality
1.5 Constant

b1, b2
Consumer’s fixed expectation of product green degree and the other

quality
-13.54 Constant

f i Consumer’s sensitivity parameter to his friends’ influence (0, 1.5) Uniform distribution

cj Regular unit cost of manufacture [3, 10] Uniform distribution

uj The cost coefficient associating with the green degree gj 0.03 Constant

zj The cost coefficient associating with the other quality 0.03 Constant

ej Manufacture’s profit margins [0.1, 0.3] Uniform distribution

v Random number [0, 1] Uniform distribution

lea1j Manufacture’s leaning ability of green degree [0.1, 0.5] Uniform distribution

lea2j Manufacture’s leaning ability of the other quality [0.1, 0.5] Uniform distribution

d Distance threshold 15 Constant

Table 2: The parameters’ change of different scenarios.

Scenarios Parameters change

Scenario 1 θ = 0:3, ρ = 2000,α = 0:5, γ = 0:08⟶ s = 0, ρ = 0,α = 0, γ = 0
Scenario 2 θ = 0:3, ρ = 2000,α = 0:5, γ = 0:08, βi ∈ [0.5, 2]⟶s = 0, ρ = 0, α = 0; γ = 0, βi ∈ 1:5, 3½ �
Scenario 3 γ = 0:08⟶ γ = 0
Scenario 4 θ = 0:3, ρ = 2000,α = 0:5⟶ s = 0, ρ = 0,α = 0
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supposed to represent by green degree gj. The other quality
refers to the qualities in other aspects except for green degree
which is denoted by qj. According to the outlier avoidance
consumer psychological theory [62], when a consumer
chooses a manufacturer’s product, the nearer the quality of
a manufacturer’s product is to the quality expected by the
consumer, the more sensitive the consumer is to the quality
of the product. Therefore, the consumer’s sensitivity to green
degree and the other quality can be, respectively, expressed as
follows:

Gij = δi
gj−gej j,

Qij = τi
qj−qej j,

ð6Þ

where δi is a parameter and 0 < δi<1, ge denotes the cos-
tumer agent i’s expected green degree to the j-th manufac-
turer’s product, δi is a parameter and 0 < τi < 1, and qe is
the customer agent i’s expected other quality for the j-th
manufacturer’s product. According to the studies of [11, 12,
63], ge and qe are positively correlated with consumers pur-
chasing power, that is, the higher the consumers’ purchasing
power status is, the more attention they attach to the quality
of products. Therefore, they can be defined as follows:

ge = a1 × ki + b1 + φ1i,
qe = a2 × ki + b2 + φ2i,

ð7Þ

where ki is the purchasing power of consumer i, a1ða1 > 0Þ is
the regression coefficient between the expected green degree
of the consumer and his/her purchasing power, b1 represents
the consumer’s fixed expectation of product green degree

when his/her purchasing power is 0, and φ1i is a random
number sampled from the uniform distribution, which indi-
cates the random influence of other factors on the expected
green degree of consumers. Similarly, a2ða1 > 0Þ denotes the
regression coefficient between the expected other quality of
the consumer and his/her purchasing power, b2 is the con-
sumer’s fixed expectation of the product when his/her pur-
chasing power is 0, and φ2i is a random number drawn
from the uniform distribution denoting the random influ-
ence of other factors on expected other quality of consumers.
In order to obtain the value of a1, a2, b1, b2, we have made an
investigation and got the value of them by two linear regres-
sions (R1 = 0:31 and R2 = 0:29).

Furthermore, we assume that consumers can estimate
their expected price based on their expectations of green
degrees and other qualities of products. Therefore, pe in
Equation (5) can be as shown in Equation (8), where a3 is
the cost coefficient of the expected green degree for
consumers, a4 denotes consumers’ cost coefficient of the
expected other quality, and φ3i is a random number sampled
from the uniform distribution that represents the variety of a
consumer’s expect price of a product.

pe = a3 × ge + a4 × qe + φ3i: ð8Þ

The next parameter of the utility function is about the
consumer agent sensitivity to the “WOM” effect and herd
effect [64]. When a consumer i keeps in touch with his/her
friend about the product in the social network, his/her utility
of the product will be modified correspondingly. The chang-
ing rules of utility FEij for consumer are defined as follows:

FEij = f i × sf ij, ð9Þ

Table 3: The definitions of indicators.

Indicators Definitions

Number of LGDM in the market
Number of manufacturers whose product green degree is lower than government enter

standard gl

Number of MGDM in the market Number of manufacturers whose product green degree is between gl and gh

Number of HGDM in the market Number of manufacturers whose product green degree is larger than gh

Average product green degree of all
manufacturers

1
N
〠
N

gj

Market share of LGDM 〠
LGDM

〠
N

i

sij

Market share of MGDM 〠
MGDM

〠
N

i
sij

Market share of HGDM 〠
HGDM

〠
N

i

sij

Average product other quality of
manufacturers

1
N
〠
N

qj

Average profit of manufacturers
1
N
〠
N

πj

7Wireless Communications and Mobile Computing



0

0 10 20 30
Ticks

40 50

5000

10000

N
um

be
r o

f m
an

uf
ac

tu
re

s

15000

20000

HGDM
MGDM
LGDM

(a) Scenario 1

0

0 10 20 30
Ticks

40 50

5000

10000

N
um

be
r o

f m
an

uf
ac

tu
re

s

15000

20000

25000

HGDM
MGDM
LGDM

(b) Scenario 2

Figure 2: Continued.

8 Wireless Communications and Mobile Computing



where f i is the sensitivity parameter of consumer i to his
friends’ influence, and we supposed that f i follows an uni-
form distribution on (0,1.5). The smaller the value of f i is,
the less possible consumer i is to be affected by others around
him/her and vice versa. sf j stands for the impact of other
consumers in the social network, which is got by consumer
i; it is measured as the average utility of manufacturer j’s
product for his/her neighbors who have purchased the prod-
uct j in the social network. We set parameter sll j = 1 denotes
that a consumer i’s neighbor l buys a product of manufac-
turer j and sll j = 0 stands for a neighbor who does not pur-
chase the product, and the number of consumer i’s friends
who have purchased manufacturer j’s product in the social
network can be calculated by ∑neighborssll j. The coefficient

sf ij is shown in Equation (10).

sf ij =
∑neighborsUlj × sll j

∑neighborsslj
, ð10Þ

where Ulj is the neighbor l’s utility of manufacturer j’s
products.

Furthermore, it is considered that consumers do not only
compare the total utility of the product to decide whether to
buy or not but to have irrational behavior. A common way to
describe consumers’ bounded rationality is to use a logit
model [65] in which the bigger utility value means that con-
sumers have a higher probability of purchasing the product,
while the less utility value indicates lower purchasing
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Figure 2: Evolutions of the three kinds of manufacturers’ numbers under four scenarios.
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probability. According to the research of Xuanming [66], the
probability of consumer i with bound irrationality buying a
product j is shown as follows:

Probij =
eUij

1 + eUij
, ð11Þ

where Uij is the utility that consumer i perceives a prod-
uct of manufacturer j.

According to Equations (10) and (11), the order in which
consumer i enters the market will affect the probability of
purchasing a product. We assume that the consumer with
the maximum degree, which means this consumer has the
most friends in the network, firstly makes the decision. The
rest of consumers randomly do the decision-making of pur-
chasing products.

3.4. The Manufacturer Agents. We suppose that there are N
manufacturers with different locations in a specific industry.
And the manufacturer processes raw materials and sells its
products to consumers. It is supposed that products from
manufacturers have differences in price, green degree, and
the other quality. And the rest attributes are all the same.
Consequently, manufacturers will compete on the price,
green degrees, and other quality of their products.

It is well known that when a manufacturer produces a
product that is greener or of higher other quality, the produc-
tion process should be more complex and more demanding
in terms of technology or materials, so the manufacturer will
inevitably have to invest additional costs for these. We divide
the cost of per unit product into three parts: the first part is
the fixed unit cost; the second part is the extra margin cost
caused by green degree, and the third is the additional margin

cost caused by the other quality. Then, the cost function of
manufacturer j is defined as follows:

Cj = cj +
1
2 ujg

2
j +

1
2 zjq

2
j , ð12Þ

where cj is the regular unit cost and follows a uniform
distribution for the manufacturer j’s product, uj represents
the cost coefficient associating with the green degree gj, and
zj stands for the cost factor related to the other quality qj.
According to previous studies of ( [3, 30]), 1/2ujg

2
j and 1/2

zjq
2
j are quadratic function of gjand qj, because it is well

known that environmental performance and quality
improvement have an increasing marginal cost.

We assume that the manufacturer employs the cost-plus
pricing method to decide the price of their products. Hence,
the product’s price of the j-th manufacturer is given as pj =
Cjð1 + ejÞ, where ej symbolizes the profit margins. As a result,
the expression of pj is shown as follows:

pj = Cj +
1
2 ujg

2
j +

1
2 zjq

2
j

� �
1 + ej
� �

: ð13Þ

In addition, if we set parameter sij = 1, it denotes that a
consumer i buys a product of manufacturer j, and sij = 0
stands for a consumer i who does not purchase the product.
Then, the sale amount of manufacturer j in a simulation cycle

can be calculated by ∑N
i=1sij. And the profit function of
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Figure 3: Evolutions of average products’ green degree of the three types of manufacturers.
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manufacturer j is shown as follows:

πj = pj − Cj

� �
〠
M

i=1
sij: ð14Þ

Moreover, if a manufacturer’s product green degree is
higher than the government’s stipulated standards gh, it will
apply for subsidies from the government. When a manufac-
ture’s product’s green degree is lower than the gl, it could
be punished by the government. Based on Equations (1)
and (2), the profit function of manufacturer j can be shown
as follows:

πj = pj − Cj

� �
〠
M

i=1
sij + SF j 〠

M

i=1
sij − PFj: ð15Þ

Each manufacturer in the market has intelligence and
adaptability, and they are learning from each other in the
process of competition, especially the manufacturer with
the highest profits in their neighborhood. It is supposed that
manufacturers do not have technical barriers and production
capacity constraints. So, the manufacturer can modify the
green degree and the other quality according to their profits
without additional costs of production adjustment.

The manufacturer j decides the successive green degree
(gjðt + 1Þ) and the other quality (qjðt + 1Þ) of its products
according to its current product green degree (gjðtÞ) and
the other quality (qjðtÞ), the historical product green degree
(gjbest) and the other quality (qjbest) which led to the best
profit in its history, and the current product green degree
and the other quality of its best neighbor who has the maxi-
mum profits among all its neighbors within a specific range.

0

20

40

60

80

0 10 20 30
Ticks

40 50

M
ar

ke
t s

ha
re

 (%
)

HGDM
MGDM
LGDM

(c) Scenario 3

0

10

20

30

40

50

60

70

0 10 20 30
Ticks

40 50

M
ar

ke
t s

ha
re

 (%
)

HGDM
MGDM
LGDM

(d) Scenario 4

Figure 4: Evolutions of the market share of three types of manufacturers in four scenarios.
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There are five steps for a manufacturers’ updating its
green degree and the other quality. The five steps are
described as follows:

Step 1. There are M manufacturers in a 2-D space. And gen-
erate their positions X and Y , the initial green degree gj, and
other quality qj at random.

Step 2. Calculating manufacturer j’s profit πjðtÞ according to
Equation (15).

Step 3.When the current manufacture’s profits πjðtÞ is higher
than its historical πjbest, then we replace the values of πjbest,
gjbest, and qjbest with the values of πjðtÞ, gjðtÞ. and qjðtÞ.
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Figure 5: Evolutions of average products’ other quality of the three types of manufacturers.
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Step 4. Setting a distance threshold d and finding out all the
neighbors within the distance d. The best neighbor who has
the maximum profit among all its neighbors is identified,
and its profit, green degree, and other quality are defined as
πbest, gbest, and qbest. If πbest > πjbest, then the manufacturer
will learn the best neighbor’s strategies in green degree and
other quality with a certain probability. In order to represent
the noise and irrational behavior of the learning process, we
use the Fermi function [67] to calculate the learning proba-
bility, which is expressed in Equation (16)

Prob j �����!learning best neighbor
� �

= 1
1 + exp πbest − πjbest

� �
/ω

	 
 :
ð16Þ

where ω denotes the noise in the updating process of
strategy and ω > 0. A random variable v(v ∈ ½0, 1�) is gener-
ated by computer to determine how the manufacturer ulti-
mately changes its green degree and other quality. The
update rules are shown in Equations (17) and (18).

gj t + 1ð Þ =

gj tð Þ + lea1 j gbest − gjbest

� �
if v < Prob, gbest > gjbest,

gj tð Þ − lea1 j gjbest − gbest

� �
if v < Prob, gbest < gjbest,

gj tð Þ if v > Prob,

8>>>><
>>>>:

ð17Þ

pj t + 1ð Þ =

pj tð Þ + lea2 j pbest − pjbest
� �

if v < Prob, pbest > pjbest,

pj tð Þ − lea2 j pjbest − pbest
� �

if v < Prob, pbest < pjbest,

pj tð Þ if v > Prob

8>>>><
>>>>:

ð18Þ
where lea1j(0 < lea1 j ≤ 1) and lea2jð0 < lea2j ≤ 1Þ are the

learning ability coefficient of manufacturer j.
If πjbest is larger than πjðtÞ, we update gjðt + 1Þ and qjðt

+ 1Þ as Equations (19) and (20).

gj t + 1ð Þ = gjbest, ð19Þ

qj t + 1ð Þ = qjbest, ð20Þ
Step 5. Return to step 2, when every manufacturer has been
updated.

4. Simulation Scenario Design

We suppose that there are 40 manufacturer agents and
30,000 consumer agents in a particular market. To obtain
the simulation results, we set the used parameters’ initial
values that are shown in Table 1.

On the basis of additional guidance and regulation strat-
egies of the government, four different scenarios are con-
structed. Scenario 1 assumes that the government does not
interfere with manufacturers’ production and consumer’s
purchasing price. Scenario 2 supposes that consumer envi-

ronmental awareness is increased. Scenario 3 supposes that
the government subsidizes the costs of manufacturers whose
products are greener than the subsidized standard and penal-
izes the manufacturers whose products are lower than the
market entry standard in the form of sampling. Scenario 4
assumes that the government subsidizes the price of products
above the specified standard. The four scenarios’ parameters’
changes are shown in Tables 2.

To facilitate the analysis, we classify manufacturers into
three categories: those whose products’ green degree is lower
than government enter standard gl (we call them low green
degree manufacturer (LGDM)), those whose product green
degree is between gl and gh (we call them medium green
degree manufacturer (MGDM)), and those whose products
are greener than subsidy standard gh (we call them high
green degree manufacturer (HGDM)). Several indicators
are designed to discover the relationships among govern-
ment regulation, consumers’ product choice and manufac-
turers’ production decisions, and the whole market
characteristics and evolutionary trend. The numbers of
LGDM, MGDM, and HGDM, the average green degree of
manufacture’s product, the market share, the average other
quality, and profits of three types of manufacturers are ana-
lyzed in the four scenarios. The details of the indicators are
present in Table 3.

We executed the ABMmodel in Python 3.7.1 and carried
out the experiments in four scenarios. Then, we compute the
value of the indicators and analyze them in the next section.

5. Result Analysis

5.1. Numbers of LGDM, MGDM, and HGDM. The quantity
change of three kinds of manufacturers’ numbers can directly
show the modifications of manufacturers’ production behav-
ior. The numbers of LGDM, MGDM, and HGDM in the four
scenarios are shown in Figure 2. The number of MGDM
manufacturers increases to a stable level, and the number of
LGDM and HGDM both gradually decrease to a specific
value in scenarios 1, 2, and 3, while in scenario 4, the number
of MGDM manufacturers first rises and then reduces to sta-
ble status, and the number of HGDM manufacturers gradu-
ally increases to the stable level, and the number of LGDM
manufacturers gradually decreases to a stable value. Compar-
ing the four scenarios, the number of HGDM manufacturers
in different scenarios follows the descending order of sce-
nario 4, scenario 2, scenario 3, and scenario 1; the number
of MGDM follows the order of scenario 2, scenario 3, sce-
nario 1, and scenario 4; the number of LGDM follows the
order of scenario 1, scenario 2, scenario 3, and scenario 4.

In analyzing the number of LGDM, MGDM, and
HGDM, we get two observations. Firstly, manufacturers’
green production behavior needs government guidance and
regulation, and appropriate policies and measures have effec-
tive impacts on the manufacturers’ decisions of green degree.
Secondly, the government’s green cost subsidy and low green
degree punishment and increasing consumer awareness of
the environment could increase the number of MGDN, but
they could not have a significant impact on HGDM
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manufacturer, while the government’s product price subsidy
has an essential impact on the number of HGDM
manufacturers.

In Figure 3, we describe the evolution of the average
green degree of all manufacturers in four scenarios. It can
be seen from Figure 3 that the average green degree of all
manufacturers is the highest in scenario 4, and there is no sig-
nificant difference between scenario 2 and scenario 3. Thus,
price subsidies are the most effective means to affect the
green degree of the products; compared to green cost subsi-
dies to manufacturers, the government takes various public-
ity means to improve the environmental awareness of
consumers are also an effective way to increase the green
degree of manufacturers’ products in the whole market.

5.2. Market Share of Three Kinds of Manufacturers. Con-
sumers are the focus of market competition. Consumers’
preferences are heterogeneous (this study shows the hetero-
geneity of consumer price preference, environmental aware-
ness, and quality preference). Some manufacturers win a
large number of consumers and occupy a high market share
by positioning their product appropriately on price, green
degree, and the other quality. Figure 4 shows the market
share of three types of manufacturers in four scenarios. In
scenario 1, the market share of MGDM manufacturers first
increases and then decreases and stabilizes at about 48%.
The market share of LGDM first falls and then rises and
remains stable at about 48%. Without intervention, the mar-
ket share is occupied by LGDM and MGDM manufacturers,
while HGDM manufacturers have a small market share
(about 3%). The market share distribution of scenario 2
and scenario 3 is similar. MGDM manufacturers occupy
about 80% of the market share, while LGDM manufacturers
have about 17% of the market share, and HGDM firms have
about 3% of the market share. In scenario 4, the market share
of HGDM manufacturer increases first and then decreases
and gradually stabilizes at about 54%. The market share of
MGDMmanufacturers decreases from 72% to 38%. The mar-
ket share of LGDMmanufacturers fall first, then increased and
then decreased, and finally stabilized at about 8%.

Through the above analysis, it can be concluded that the
distribution of the market share of the three types of manu-
facturers is different with different guidance and regulation
strategies of the government. When consumers’ environ-
mental awareness is enhanced, and the government punishes
LGDM enterprises, gives green cost subsidies to manufac-
turers with a high green degree, most of the market share is
obtained by MGDM manufacturers. When the government
subsidizes the price of products, the market share is occupied
by HGDM manufacture.

5.3. Average Other Quality of Manufacturers. In Figure 5, we
depict the evolutionary trend of the average other quality of
the manufacturer’s products in the four scenarios. As can
be seen in Figure 5, as competition in the market proceeds,
the average other quality of the products in the market shows
a tendency first to decline and then fluctuate within a small
range. On the whole, the average quality of the products in

scenario 4 and scenario 1 is highest, followed by scenario 3
and the lowest in scenario 2.

Therefore, it can be concluded that manufacturers would
learn to modify the other quality of their products to increase
the profits in a competitive market. Second, there may be a
“Crowding Out Effect” on the other qualities of manufac-
turers’ products when they focus on the green degree of its
products. This “Crowding Out Effect” is significant when
consumers are more environmentally conscious in the four
scenarios. When the government subsidizes the green cost
of a manufacturer whose green degree is larger than a stander
and punishes the manufacturer whose green degree is smaller
than the environmental access standards, it is less significant;
subsidizing the price of the product basically does not have
this effect.

5.4. Average Profit of Manufacturers. The three types of man-
ufacturers’ average profits of the four scenarios are presented
in Figure 6, and the evolution of it shows different character-
istics. In scenario 1, the average profits of the manufacturers
fluctuate in a small range. In scenario 2, the average profits of
the manufacturer are bigger than that of scenario 1, and it
rises initially and gradually stabilizes at a stable level. This
is due to the enhancement of consumers’ environmental
awareness, and consumers with high environmental prefer-
ences tend to buy high green products and pay higher prices
for them. In scenario 3, the average profit of the manufac-
turers fluctuates in a wide range and shows an upward trend.
The main reason for this phenomenon is when manufac-
turers with a low green degree are investigated and punished,
and they bear high fines, which affects the average profit of
manufacturers in the market. The punished manufacturers
improve the product green degrees to avoid the fine. Besides,
government subsidies also stimulate manufacturer to
enhance the green degree of products, and because the man-
ufacturer adopts the cost-plus pricing method to decide the
product’s price, the higher the green degree of the product,
the higher the cost, and the larger the profit of a product, so
the average profit of the manufacturers is gradually increas-
ing. In scenario 4, the average profits of the manufacturer
are always kept at a high level and progressively stabilized
after a wide fluctuation. This duo to the market is occupied
by the manufacturers of HGDM according to Figure 4, and
the manufacturers with the high green degree products have
gained decent profits.

The above analysis indicates that government green cost
subsidies and punishment of low green degree manufacturers
can produce good results, but they will affect the stability of
manufacturers’ profit and the market. The government’s
price subsidies and increasing consumers’ environmental
awareness can improve the average profit level of the manu-
facturers while maintaining market stability.

6. Conclusions

It is crucial to clear up the evolving trends of product green
degree in the market and its influence upon the manufac-
turers’ competitive performance in different scenarios. To
help the government and manufacturers make reasonable
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decisions, we construct an agent-based model to study the
green production behavior of manufacture, which considers
the interactions of government, consumer, and government.

The results of the simulations provide three conclusions,
which could be summarized as follows: firstly, the green
product production behavior of the manufacturer needs the
guidance and regulation of the government. Secondly, prod-
uct price subsidies are the most effective means to affect the
green degree of the products; comparing with giving green
cost subsidies to manufacturers, the government employs
various publicity means to improve the environmental
awareness of consumers is also an effective way to improve
the green degree of manufacturers’ products. Thirdly, there
is a “Crowding Out Effect” on the other qualities of manufac-
turers’ products when manufacturers focus on the green
degree of their products.

In light of the above findings, we suggest the as following
insights for the government when developing policies about
facilitating the production of green products. Firstly, the gov-
ernment can improve the environmental awareness of con-
sumers and cultivate their green consumption habits by
enhancing environmental protection publicity or subsidizing
green products. In this way, firms have an incentive to pro-
duce green products, because market demand preference will
stimulate manufacturers to make green production and
increase their market share. Secondly, when the government
subsidizes green products, it can choose to subsidize the price
of products to consumers as a more efficient way than
subsidizing the cost of manufacturers. In addition, the
government should also pay active attention to other qual-
ities of green products. When the government conducts
green product subsidies, it will cause “Crowding Out
Effect” on other qualities, which will cause a loss of con-
sumer welfare.

In addition, to facilitate the study, this work only con-
siders the government and consumers who have a more sig-
nificant effect on the manufacturers’ product green degree
decisions. In reality, investors and nongovernmental envi-
ronmental organizations will also affect the green product
production behavior of enterprises. In further research, we
can add the above subjects to the model, enrich, and improve
the model, so that it can reflect the complex reality.
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