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Abstract

This paper addresses the longstanding debate about whether institutional pressures enhance or
suppress corporate green innovation. Grounded in institutional and sustainable development theories,
this paper empirically tested the impact of institutional pressures on corporate green innovation by
applying a fixed effect negative binomial regression model to a research sample of listed Chinese
manufacturing companies from 2012 to 2017. It was found that regulatory, normative, and mimetic
pressures had significant positive effects on corporate green innovation, and that under external
environmental protection pressure, companies became involved in green innovation activities to
maintain their legitimacy and competitive advantage. The moderating effect of the pollution intensity
and marketization variables, both of which affect the green innovation resource efficiency, were only
found to play a role under regulatory and mimetic pressures. These research findings provide strategic
guidance for green innovation development in manufacturing enterprises and provide the basis for

future government environmental protection policies.

Keywords: institutional theory, green innovation, regulatory pressure, normative pressure, mimetic
pressure

Introduction

Environmental incidents such as corporate pollution
and smog have caused significant public concern in the
past decade, which has forced governments to focus
more on sustainable, clean green development [1]. In
China, specific energy consumption is much higher

*e-mail: lixiaoping@scu.edu.cn

than that of the United States, the European Union,
Japan and other developed countries. The total amount
of disposable energy consumption accounts for about
20% of the world’s total energy consumption, and the
total energy consumption of industries accounts for
63% of the country’s total energy consumption, and
the total amount of major pollutants basically exceeds
the environmental carrying capacity [2]. At the General
Debate of the 75" Session of the United Nations General
Assembly, President Xi announced China’s initiative
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to scale up its nationally determined contributions and
strive to peak carbon dioxide emissions by 2030 and
achieve carbon neutrality by 2060. To meet this pledge,
the Chinese government promulgated and implemented
a range of energy conservation and emissions
reductions policies, which resulted in many companies
being penalized for their environmentally unfriendly
behaviors, which in turn disappointed their respective
consumers causing them to lose market share [3].
Therefore, to cope with the increasing environmental
pressures from government, society and consumer,
enterprises need to develop innovative green strategies
to improve their products, manufacturing processes,
technologies, and systems [4].

Because of its high risk, high investment and long
return cycle characteristics, green innovation, which
is considered an active response to environmental
pressures, is different from passive response behaviors
that only seek to meet minimum policy standards [5].
Compared with other green practices, such as green
logistics, green purchasing and green marketing, green
innovation requires greater financial support and usually
only results in long term returns [6]. As green innovation
involves the development of new products and processes
to reduce or eliminate the use and generation of harmful
substances, it has certain spillover effects. Meanwhile
green innovation reduces  external environmental
production costs to produce external effects. That is,
green innovation has dual externalities [7]. It has been
argued that green innovation has become a key area of
competitive advantage as it can add value to the major
stakeholders and maintain and attract customers [8,
9]. In this study, green innovation is defined as green
products or processes, such as energy saving, pollution
prevention, waste recovery, green product design or
enterprise environmental management.

Institutional pressure has been recognized as one
of the key driving forces for green innovation [10-12].
As enterprises are in a social network, their behavior
and decision-making are often affected by the
stakeholders. Therefore, it is more appropriate to explain
the enterprises behavior from the perspective of social
atmosphere impact, not only from the economic and
rational perspective of the enterprise. More and more
researchers believe that enterprises can improve their
ability to survive and develop in the fierce competition
environment through meeting the needs of their
external stakeholders. Institutional pressures are mainly
divided into three types: regulatory pressure (from
the government), normative pressure (from non-
government organizations) and mimetic pressure
(from competitors) [13-14]. However, compared with
traditional innovation research, we found that most
frontier green innovation research had been conducted
in high-income developed countries, with very little
focused on developing countries [15]. To date, there
have been two different research foci, the first of which
takes a traditional economic view that institutional
pressures reduce enterprise motivation to invest in

green innovation [16], and the second of which believes
that environmental regulations can motivate enterprise
innovation, which is known as the Porter hypothesis
[17].

Institutional theory defines green innovation as the
environmental innovation organizational practices that
legitimize responses to institutional pressures. Under
the background of the contradiction between China’s
manufacturing resource constraints and environmental
pollution, the transformation of enterprises green
innovation is more significant. As many studies have
found that institutional pressure can have a driving
effect on green enterprise practice [18], based on
innovation focused literature and institutional theory,
this study surmised that the higher the regulatory,
normative, and mimetic pressures, the higher the
enterprise motivation to participate in green innovation,
which was tested using panel data from listed Chinese
manufacturing firms, from which it was found that
the empirical results were consistent with the study
hypotheses.

This study makes several contributions to current
theoretical research. First, it provides support for
the weak Porter hypothesis, deepens the empirical
research on corporate green innovation, examines the
situation in a typical developing country, and clarifies
the strong relationships between institutional pressures
and green innovation. Second, although the pollution
intensity and marketization degree in the area where an
enterprise is located were found to have an effect on the
resource efficiency required for corporate innovation,
the moderating effect of these two factors on enterprise
innovation has rarely been investigated; therefore, this
study enriches knowledge on the relationship between
institutional pressures and corporate green innovation.

Data and Methodology
Theoretical Framework and Hypotheses
Institutional Pressures and Green Innovation

Enterprises are inevitably bounded by the
institutional environment. The institutional environment
forces enterprises to comply with external rules, norms
and values. Institutional theory has been used for
several years to explain enterprise behavior [19-21].
Institutional theory holds that enterprises are committed
to the pursuit of legitimacy, namely, the acceptance and
approval of their institutional environment, which has a
significant impact and pressure on their organizational
behavior [22].

Three main institutional pressures have been
identified: regulatory pressure, normative pressure, and
mimetic pressure [6]. Although these three institutional
pressures have often been observed to operate at
the same time, they have different green innovation
moderating roles. It has been found that regulatory (e.g.,
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governmental agencies) and normative (e.g., professional
non-government organizations) and mimetic agents
are the main institutional actors in environmentally
sensitive industries [23].

Regulatory Pressures and Green Innovation

Regulatory pressure is related to the formal and
informal pressures on enterprises from government
and institutional regulations and policies [24]. To date,
the Chinese government has promulgated several laws
related to its sustainable development aims, such as the
Clean Production Promotion Law (2002), the Circular
Economy Promotion Law (2018), the Environmental
Information Disclosure Guide for Listed Companies
(2010), and the new Environmental Protection Law
of the People's Republic of China (2014), all of which
require enterprises to fulfill their environmental
responsibilities. Regulatory pressure is inviolable, that
is, if companies do not comply, they pay a high price,
such as economic fines, reduction in their social image
and relationships, and a possible negative effect on sales
and long-term business prospects [25,26].

Under increasing regulatory pressure, enterprises
would be more motivated to engage in environmental
innovation to avoid both political and economic costs.
Xie (2017) found that government environmental
standards and the fear of mandatory regulations such as
warnings, supervision, or punishments were the main
motivations for enterprise adoption of environmental
behaviors [27]. Rubashkina (2015) found that incentive
regulations such as market-based preferential policies
were instrumental in motivating green SME innovation
[28], and Li (2017) concluded that environmental
technology information, cooperative platforms, special
support funds, and other means provided green
innovation support for enterprises that needed multiple
cooperation and diversified upstream and downstream
industry knowledge [29]; therefore, the following
hypothesis is proposed.

Hypothesis 1: As environmental regulatory pressure
increases, green innovations accordingly increase.

Normative Pressure and Green Innovation

Normative  pressure  generally comes from
professional organizations and social groups, such as
industry associations and non-government organizations
(NGO). In China, the influence of industry associations
on enterprises is extremely weak [30]. It has been found
that although NGOs are external stakeholders and not
necessarily part of formal enterprise channels, they
have the power to influence organizational processes
[31]. However, different from regulatory pressure,
normative pressure exerts an influence on corporate
behavior through positive guidance. Different from
regulatory pressure, which is compulsory, normative
pressure is comprised of soft constraints on enterprises.

Environmental NGOs are nonprofit organizations
with rich environmental protection expertise, and
a commitment to environmental protection and
environmental solutions. Enterprises that implement
environmental governance are often strongly supported
through environmental NGO publicity and marketing,
which provides various tangible and intangible
resources. Compared with regulatory pressure,
as normative pressure is more likely to result in
reputational and competitive advantage, enterprises may
seek to willingly implement green innovation strategies.
Because environmental NGOs are also able to provide
the knowledge needed to generate unique and possibly
disruptive ideas [32], they can inspire novel solutions
and new value-creating enterprises strategies [33];
therefore, the following hypothesis is proposed.

Hypothesis 2: As the environmental normative
pressure arising from NGOs increases, green innovation
accordingly increases.

Mimetic Pressure and Green Inovation

Mimetic pressure comes from organizational
behavioral perceptions of competitors in the social
network. The influence of mimetic pressure on
environmental responsibility system theory has
identified imitation behavior as being a reflection
of uncertainty. Therefore, to cope with the market
competition and reduce uncertainty or reduce decision-
making errors, enterprises often perceive the decision-
making behavior of leading industry enterprises as a
benchmark, and then seek to emulate their behaviors
[34], with this desire to imitate being the root of the
mimetic pressure to generate green innovations. Zhu
(2016) concluded that enterprises were willing to take
environmental certification action to deal with the
competitive pressures from other industry enterprises
that had already been certified [35]. However, while
mimetic pressure is not necessarily conducive to
improvements in the internal performances of the
organization, it is seen as providing legitimate
recognition and reputation to the organization. Lin et
al. (2020) pointed out that effective green innovation
has become an important source of differentiation for
enterprises to establish competitive advantage [36]. Zhu
and Geng’s (2013) research on Chinese manufacturing
enterprise supply chains revealed that mimetic pressure
was also an important driving force for enterprises to
achieve energy conservation and emissions reduction
goals [37]. Therefore, mimetic pressure can impel
enterprises to voluntarily emulate competitors when
making environmental protection and green innovation
decisions to catch up with the “lead” enterprise in the
same industry; therefore, the following hypothesis is
proposed.

Hypothesis 3: As environmental mimetic pressure
increases, green innovation accordingly increases.
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Moderating Role of Pollution Intensity

Regional sustainable development theory states
that the basic development condition is ecological
environmental protection. As China‘s economy enters
a new normal, enterprises need to transition from an
“environmentally friendly strategy” to a “forward-
looking environmental strategy” that proactively and
voluntarily deals with environmental problems and
promotes source control environmental measures. While
most existing research has been focused on analyzing
the moderating role of industrial pollution intensity,
regional pollution intensity has rarely been examined.
However, this study surmised that the higher the
regional pollution level, the stronger the environmental
protection motivations of the local enterprises [38].
Enterprise  environmental protection and green
innovation motivation have also been confirmed in some
studies; for example, Cho (2018) found that there was
a significant positive correlation between the number
of green patent applications and the price of corporate
emissions reductions [39], and Ding (2015) found that
pollution reduction expenditure had a positive impact
on the number of environmental patents in China
[40]. Therefore, enterprise environmental strategic
behaviors are often linked to the enterprise
understanding of the objective external institutional
pressures, that is, an enterprise’s response to green
innovation is related to their understanding of the
institutional pressures, which means that regional
pollution intensity can act as a moderating factor for
the expansion or shrinking influence of the external
institutional environment; therefore, the following
hypotheses are proposed.

Hypothesis 4a: Pollution intensity moderates the
relationship between regulatory pressure and green
innovation.

Hypothesis 4b: Pollution intensity moderates the
relationship between normative pressure and green
innovation.

Hypothesis 4c: Pollution intensity moderates the
relationship between mimetic pressure and green
innovation.

Moderating Role of Marketization

The resource-based view is that a firm’s behavior is
determined by its resource base, with its commensurate
response to institutional pressures depending on
resource adequacy [41]. As enterprises in regions
that have high marketization are able to obtain the
innovation resources they need from the market, the
possibility of “market failure” is low because: (1) to
promote R&D capital accumulation, social funds can be
invested in enterprise R&D activities through financial
institutions [42]; (2) the competition mechanism is the
confidence commitment the market transmits to the
enterprise, which encourages the enterprise to pay

greater attention to R&D quality and efficiency [43];
and (3) in high marketization regions, improvements in
the legal system and the development of intermediary
market organizations both strengthens the protection
of the enterprise intellectual property rights, which
stimulates R&D innovations, and shortens the
enterprise innovation cycle due to unimpeded R&D
overflow channels [44]. Therefore, compared to regions
with low marketization, when enterprises are able
to obtain the innovation resources needed from the
market, the institutional pressure effect is enhanced.
Because the market has a stronger resource allocation
function in regions with high marketization, the
perceived institutional pressure on enterprises is more
likely to promote corporate green innovation; therefore,
the following hypotheses are proposed.

Hypothesis 5a: The degree of marketization
moderates the relationship between regulatory pressure
and green innovation.

Hypothesis 5b: The degree of marketization
moderates the relationship between normative pressure
and green innovation.

Hypothesis 5c:  The degree of marketization
moderates the relationship between mimetic pressure
and green innovation.

Research Methodology
Dependent Variable: Corporate Green Innovation

Previous research has generally measured green
innovation using various indicators, such as the rate
of adoption of green management systems [45], the
extent of green R&D [46], the ratio of R&D input to
energy consumption [47], the number of issued patents
[5], and whether or not the enterprise had an ISO14001
or similar eco-labeling product certification [48].
Therefore, this study chose to measure corporate green
innovation from the green patent authorization (green
invention patents and green utility model patents) data
in each of the listed companies.

In the United Nations Framework Convention on
climate change, the “IPC green inventory” of world
intellectual property organization (WIPO) classified
green patents into seven categories; transportation,
waste management, energy conservation and alternative
energy production, administrative regulation or
design aspects, agriculture or forestry, and nuclear
power generation; and covered about 200 topics that
were directly related to environmentally friendly
technologies. Therefore, as the core measurement
index for corporate green innovation, in accordance
with the above classification standards, this paper used
a comparison of the National Intellectual Property
Administration to identify and calculate the number of
green enterprise patents.
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Explanatory Variables and Moderators

(1) Regulatory pressure

Various measurement methods have been used to
measure regulatory pressures. For example, Berrone
et al. (2013) used the ratio of the total number of
inspections and the total number of regulated entities
(divided by one thousand) to obtain a measure of
the state level of regulatory pressure [5], and Luo
and Zhang used the environmental administrative
regulations issued by the local governments in each
province [49]. This study measured the regulatory
pressure based on the number of companies that
were being especially supervised by the ecological
environmental bureaus in the respective administrative
regions in which the enterprises were located because
of soil environment, heavy metal emission, wastewater
pollution, and exhaust gas pollution problems. Given
the non-normality of the distribution for this variable,
a logarithmic transformation was applied before it was
included in the model.
(2) Normative pressure

The normative pressure was proxied using
information regarding the number of Environmental
Non-Government Organizations (ENGOs) per year
as stated in the China development brief, which is the
Chinese national nonprofit sector data repository, with
the total ENGOs being divided by the total number of
regulated entities per year at the provincial level. Again,
because of the non-normality of the distribution for
this variable, a logarithmic transformation was applied
before it was included in the model.
(3) Mimetic pressure

As in Li (2016), the Herfindahl-Hirschman Index
(HHI) was employed to measure the degree of product
market competition [50], with the main business income
in each company being used to calculate its respective
market share in the industry, where Xi was the main
business income in a single company, X was the total
main business income of the industry to which the
company belongs, and Xi/X was the industry market
share occupied by the company, with the HHI being
the sum of the square of the ratio of the main business
income of each company in the industry to the total
main business income of the industry.

HHI = sum[(X /X)"2] (1)

(4) Pollution intensity

As in Cole & Elliott (2003), this study adopted a
linear standardization method to deal with the pollution
intensity index [51], construct an index system that
comprehensively reflected the pollution density in the
different regions, and measure the pollution intensity
in each region, with the emissions value per unit output
of pollutants in each province being calculated from
the waste water, gas, and solid and industrial output
pollution emissions in each province. The unit pollution
emissions in each region were then linearly standardized

and a weighted average calculated to finally determine
the pollution intensity, the specific steps for which are
detailed in the following.

First, the pollutant emissions values per unit output
values in each province were linearly standardized,
where UEij was the emissions value per unit output
value of j pollutant in province i, max (UEj) and min
(UEj) respectively represented the maximum and
minimum emissions values per unit output value of the
pollutants in different provinces, and UESij was the
standardized emissions value per unit output value of
the pollutant as shown in Equation (2).

UESij = [UEij - min(UEj)]/ [max(UEj) - min(UEj)]
(@)

Second, the adjustment coefficient for each index
(Wj) was calculated. As the provincial pollution
situations vary widely because of developmental,
geographical, and climatic differences, these pollution
intensity differences were catered for by approximately
adjusting the coefficient, where n means there were
n provinces, the method for which was as shown in
Formula (3).

UEl'j

W. P D e—
Yo XL UE &)

Finally, the normalized value and the average weight
of each individual index were used to calculate the
pollution intensity, where M referred to M pollutants.
The specific method for which is shown in Equation (4).

M W;i*UES;;
ps, = 2= WitVESy “

(5) Marketization

The marketization was operationalized using the
marketization index developed by Fan, Wang and
Zhang (2003 ), which has been widely used to measure
marketization in China as it is a comprehensive
composite index that uses twenty-six indicators to
evaluate the development of market-based mechanisms
in each of China‘s regions in five key areas: the role of
the market relative to the government; the development
of the private sector; the development of commodity
and factor markets; and the development of free market
institutions: with the higher the score, the higher the
regional marketization .

Control Variables

The variables were: (1) firm ownership, which was a
dummy variable that was 1 if the firm was state-owned
and 0 otherwise; (2) the listing age, which was the
number of years since the firm was listed; (3) firm size,
which was taken as the natural logarithm of its market
value; and (4) financial leverage, which captured the
firm’s financial risk and was measured as the ratio of
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Table 1. Variables used in this research.

Variables Symbols Measuring methods
Green innovation GI The number of green patents granted to .e.nterprlses, including green invention patents and green
utility model patents
The number of companies specially supervised by the ecological environment bureaus of the
Regulatory pressure RP .. . c R . .
administrative regions in which the enterprises were located
. The total number of ENGOs/ the total number of regulated entities per year at the provincial
Normative pressure NP
level
Mimetic pressure MP Herfindahl-Hirschman Index
Pollution intensity Pl The waste water, gas, and solid and industrial output pollution emissions in each province as

measured by the pollutant emissions values per unit output values

Marketization degree MI

Marketization Index

Firm ownership State Dummy, 1 if the firm was state-owned firm
List age Age The number of years since the firm was listed
Firm size Size Logarithm of the market value
Financial risk FL Financial Leverage, (net income + income tax expense + financial expense)/(net income +

income tax expense)

net income, income tax expense, and financial expenses
to net income and income tax expenses. Table 1 further
summarizes the variables and their measurements.

Sample and Data Collection

Chinese A-share listed manufacturing companies
between 2012 and 2017 were chosen as the sample,
with the specific exclusions being financial industry
companies, special treatment (ST) companies,
companies that had had losses for over 2 years,
environmental industries in which green innovation
was not important and had not issued any green patents,
companies that had been listed on the Chinese stock
market for less than one year, and those whose listing
had been terminated, and companies with incomplete
financial data. Therefore, after this comprehensive
screening, a final sample of 222 different companies
was extracted.

The initial RP data were taken from the municipal
ecology and environmental bureaus, the initial NP data
were taken from the China development brief (http:/
www. chinadevelopmentbrief.org.cn), the initial MP
and control variable data were from the China Stock
Market & Accounting Research (CSMAR) and Wind
Databases, the initial GI data were taken from WIPO
and the national intellectual property administration,
PRC, and the pollution intensity data were extracted
from the official website of the Chinese National Bureau
of Statistics and the official website of the Chinese
provincial environmental protection bureaus.

Empirical Model and Estimation Method

The dependent variable was measured by the
number of green patents, for which nonlinear estimators

were used rather than linear regression. A preliminary
exploratory analysis of the data using the Lagrange
Multiplier test rejected the pure Poisson model in favor
of a model in which the variance was proportional to
the mean. Using mixed negative binomial regression
and cluster robust standard error, it was found that
there was excessive dispersion in the data, indicating
that the negative binomial regression model was more
efficient. Finally, based on the Hausmann test results,
the Negative Binomial Regression Model with fixed
effects was selected.

Results and Discussion
Descriptive Statistics and Correlation Analysis

Table 2 shows the descriptive statistics for the
variables. The mean value for regulatory pressure was
strong at 7.197 (range from 0 to 10), for normative
pressure was weak at 0.659 (range from 0 to 3) and for
mimetic pressure was also weak at 0.096 (range from 0
to 0.5). The mean pollution intensity was 0.35, with a
0.327 standard deviation, which indicated that there was
a certain degree of difference in the sample enterprise
city pollution intensities. The minimum marketization
index value was negative, which was related to a
company in Tibet; however, to ensure comprehensive
results, the corresponding data was retained. The means
and standard deviations for state, age, size, and FL
revealed the characteristics for the sample observations.
All variables had good data difference performances,
with any large differences being due to the basic
enterprise properties, indicating that the sample
enterprises differed significantly which enhanced the
universality of the empirical conclusions.
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Table 2. Descriptive statistics.
Variable Mean Std. Dev. Min Max
GI 2.245027 2.777511 0 10
RP 7.197423 0.9026575 4.948946 8.72708
NP 0.6594191 0.4257252 0 2.5
MP 0.0962937 0.0612653 0.008547 0.377983
PI 0.3501732 0.3267767 0 1.914538
MI 7.763436 1.929379 -1.14 10.29
State 0.4963834 0.5002131 0 1
Age 17.21519 6.287011 3 27
Size 22.94728 1.038051 20.82894 25.77061
FL 2.087109 2.536716 0 16.58372
Table 3. Correlations.
GI RP NP MP MI State Age Size FL
GI 1
RP 0.185™ 1
NP 0.012° -0.232" 1
MP 0.028" | -0.129™" | -0.048 1
PI -0.091™ | -0.577"" 0.001 0.155™
MI 0.0544" 0.5569 -0.1672 -0.0321 -0.5516 1
State -0.067" -0.022 -0.017 | -0.101™ 0.0142 1
Age -0.103"" | -0.178" | -0.055 0.113"" | 0.141™ | -0.1871 | 0.395™ 1
Size -0.082"" | -0.162"" 0.027 -0.004 0.0013 0.247"" | 0.347™ 1
FL -0.008 0.065™ -0.047 -0.114™ | -0.073™ 0.0134 0.105™ | 0.137" | 0.126™ 1

Notes: *p<0.01, "p<0.05, 'p<0.1.

Table 3 shows the correlation coefficient matrix
between the variables. Generally, it is better to control
the correlation coefficients between independent
variables below 0.3, with more than 0.7 indicating
that there are serious collinearity problems and some
variables needed to be eliminated or replaced. As
shown, green innovation and the regulatory, normative
and mimetic pressures were all significantly positive,
which supported hypotheses 1, 2, and 3. Pollution
intensity, marketization, firm ownership, age, and size
were also found to be significantly correlated with
green innovation.

Hypothesis Testing
Main Effects

As shown in Table 4, the main effect of the
institutional pressures on green innovation was first

examined. Models 1, 2, and 3, which respectively
reflected the regulatory, normative, and mimetic
pressures, were observed to have a positive and
significant effect on a firm’s green innovation; therefore,
hypotheses 1, 2, and 3 were supported. In Model 4, as
the coefficients for RP, NP, and MP were significant,
and the coefficient symbol was consistent with that of
the univariate regression, support was again provided
for hypotheses 1, 2, and 3.

Moderating Effects

In Model 5, GI and RP were significantly positively
correlated at the 10% level, verifying hypothesis 1,
and GI was significantly positively correlated with
the multiplication term RP*PI at the 5% level, with
its coefficient being the same as the RP regression
coefficient, which indicated that pollution intensity
was playing an enhanced moderating role on the effect
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of regulatory pressure on corporate green innovation.
GI was also significantly positively correlated with
the multiplication term RP*MI at the 1% level, and
its coefficient was the same as the RP regression
coefficient, which indicated that marketization was
playing an enhanced moderating role on the effect of
regulatory pressure on corporate green innovation;
therefore hypotheses 4a and 5a were verified.

In Model 6, GI and NP were found to be significantly
positively correlated at the 10% level, further verifying
hypothesis 2. The GI coefficients and the multiplication
term NP*PI, and GI and the multiplication term NP*MI
were not significant, which indicated that pollution
intensity and marketization did not moderate the
normative pressure and corporate green innovation
relationship; therefore, hypotheses 4b and 5b were not
verified.

In Model 7, GI and MP were found to be significantly
positively correlated at the 1% level, further verifying
hypothesis 3, and GI and the multiplication term
MP*PI were significantly positively correlated at the
1% level, with the coefficient being the same as the
regression coefficient x3, which indicated that pollution
intensity was playing an enhanced moderating role
on the effect of mimetic pressure on corporate green
innovation. GI and the multiplication term MP*MI
were found to be significantly positively correlated
at the 5% level, with their coefficients being the same
as the GI regression coefficients, which indicated
that marketization was playing an enhanced moderating
role on the effect of mimetic pressure on green
innovation; therefore, hypotheses 4c and 5c were
verified.

Table 4. Negative binomial estimations for the green innovation determinants: moderator effects.

Dependent variable: green innovation
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
RP 0.2674™ 0.3379™ 0.6222"
(0.1072) (0.1079) (0.3597)
NP 0.6100"" 0.5464" 0.1702"
(0.2347) (0.2067) (0.6690)
MP 4.4876™" 4.6320™" 14.7771™"
(1.2501) (1.2345) (4.8018)
PI -1.7748 -0.6429" 0.9509"
(1.2756) (0.3488) (0.4367)
MI -0.7656™" 0.0211 0.0556
(0.2944) (0.0668) (0.0615)
0.2334™
%
RPPI (0.1985)
0.1062""
%
RPEMI (0.0411)
0.5091
%
NPZPI (0.5130)
-0.0198
%
NP*MI (0.0796)
15.2385™
*
MPZPI (4.0343)
0.8985"
*
MP*MI (0.5281)
State 0.8559"" 0.7653"" 1.1682" 1.1052" 0.1964 0.1783 0.2190
(0.2879) (0.2850) (0.3106) (0.3288) (0.1745) (0.1719) (0.1793)
Age -0.1245™ -0.1269™ -0.1306™" -0.1338"™ -0.0405™" -0.0419™ -0.0435™
& (0.0237) (0.0232) (0.0234) (0.0251) (0.0135) (0.0135) (0.0138)
Size 0.0951" 0.0519 0.0219 0.0675 0.0602 0.0251 0.0160
(0.0501) (0.0469) (0.0487) (0.0488) (0.0468) (0.0460) (0.0452)
FL 0.0055 0.0065 0.0154 0.0078 0.0084 0.0131
(0.0157) (0.0158) (0.0155) (0.0152) (0.0146) (0.0148) (0.0145)
Constant -1.5452 1.0615 -2.0221 4.6621 0.9350 0.3662
(1.5940) (1.1326) (1.1587) (1.5818) (2.8766) (1.1366) (1.0823)
Log likelihood -1169.2 -1169.13 -1165.90 -1158.35 -2032.8324 | -2039.3254 | -2027.8289

Notes: T value is in brackets.
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Robustness Test

To further test the reliability of the conclusion
that institutional pressure had an impact on green
innovation, to reflect the green innovation degree, the
core green innovation variable was replaced with the
logarithm of the R & D investment ratio to the listed
company operating incomes (Models 8, 9, and 10), and
the R & D personnel proportion (Models 11, 12, and
13), the results for which are shown in Table 5, all of
which confirmed the previous findings.

Discussion
In this study, negative binomial panel data
estimations were used to test the impact of three

different institutional pressures on the green technology
innovation in listed Chinese manufacturing enterprises.

Table 5. Robustness test results.

First, all three institutional pressure dimensions
were found to have a significant positive relationship on
green innovation, which provided support for the Porter
hypothesis, that is, institutional pressures facilitate
rather than inhibit corporate green innovation. This
conclusion was at odds with the conventional economic
view that because institutional pressures limit the use of
certain raw materials and enterprise pollution emissions,
enterprises experience increased production costs and
reduced business performances [52, 53]. However,
this conclusion was consistent with revisionist views
which believe that to maintain legality and competitive
advantage, companies are more willing to move to
green innovation practices when they are under external
environmental pressures [1, 54-56]. Therefore, this study
confirmed that the Porter hypothesis was also valid in
emerging economies such as China in which there are
strong institutional pressures. (1) The fear of punishment

Dependent variable: green innovation
Model 8 Model 9 Model 10 Model 11 Model 12 Model 13
RP 0.4420™" 0.4749™ 0.4685™ 0.0050"" 0.0076"" 0.0002"
(0.1268) (0.1505) (0.4648) (0.0019) (0.0024) (0.0073)
NP 1.6797" 2.2544™ 1.9944" 0.0416™" 0.0374"" 0.0479™
(0.8295) (0.8748) (1.8833) (0.0097) (0.0118) (0.0232)
MP 0.3942™ 3.0511° -7.5898™ 0.0197 0.0396™ 0.0885™"
(2.2006) (2.1471) (7.5644) (0.0218) (0.0266) (0.0759)
PI 1.6623 -0.0120"
(1.4691) (0.0202)
MI -0.0727 0.0049™
(0.4382) (0.0070)
-0.1776™ 0.0026"
*
RPZPI (0.3336) (0.0040)
0.0125° -0.0007"
£ -
RPEMI (0.0596) (0.0010)
-0.5030 -0.0138
%
NPZPL (0.8174) (0.0133)
0.0626 -0.0003
* -
NP*MI (0.1602) (0.0020)
-8.5496" -0.0521"
*
MPZPL (4.6018) (0.0424)
1.0007" 0.0148""
%
MP*MI (0.9293) (0.0101)
State 63.1657"" 63.0686""" 72.7814™" 1.2041™ 1.1403" 1.2733"
(6.9897) (9.3898) (9.9626) (0.0741) (0.1270) (0.1273)
Ace -2.6264™" -2.6217" -3.0411™ -0.0515™ -0.0488™ -0.0545™"
& (0.3059) (0.4096) (0.4345) (0.0032) (0.0055) (0.0056)
FL -0.0202 -0.0205 -0.0176 -0.0103 -0.0106 -0.0121
(0.0155) (0.0155) (0.0154) (0.0055) (0.0055) (0.0054)
Constant 23.9470"" 23.7788""" 25.5831™" 0.2296"" 0.2433"" 0.2060™"
(1.7968) (1.8946) (3.9895) (0.0200) (0.0212) (0.0599)
R-squared 0.8793 0.8810 0.8807 0.8762 0.8774 0.8772

Notes: "*p<0.01, “p<0.05, p<0.1.
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from the mandatory environmental regulatory pressure
was found to promote environmentally friendly
behaviors. The Chinese government has promulgated
a series of pollution prevention and pollution control
policies focused on specific industries that also involve
regular inspections, punishments and rewards. Because
violating these environmental protection regulations
can result in severe financial punishments and legal
sanctions, enterprises are more willing to implement
green innovation practices. (2) The environmental
non-governmental organizations also place significant
normative pressure on manufacturing enterprises,
which in turn promotes green innovation. As society
becomes more environmentally aware, public welfare
organizations, enterprise supply chain partners, and
consumers are seeking to purchase low emission, low
energy consumption, and low pollution environmentally
friendly products. In order to obtain the recognition
of environmental non-governmental organizations
and better environmental reputation in social media
and the public, manufacturing enterprises tend to
implement green innovation. (3) Mimetic pressure is
also being felt from the successful green innovation
practices of industry competitors and industry leaders.
With increasing market competition incentives, the
use of existing resources to develop differentiated
technologies and products has become an important
source of competitive advantage, especially in a global
sustainable development context. Therefore, Chinese
manufacturing enterprises are significantly affected
by mimetic pressure from both domestic enterprises
and international green product standards, which has
made it imperative to implement green innovation
development to maintain and improve market share.

Second, moderating normative pressure effects
from pollution intensity and marketization on corporate
green innovation were not found. Although these
hypotheses were not supported, the results provided
important and interesting insights. One possible reason
for these results is that green innovation is affected by
external institutional pressure and also the result of
internal organizational factors. Although the resource
allocation efficiency differs depending on the pollution
intensity and marketization, when enterprises are
faced with normative pressure, the driving behavior of
internal organizations will play a stronger role, such
as enterprise green cultural atmosphere, enterprise
executives’environmental awareness, enterprise green
human resource management, etc.

Third, both regulatory and mimetic pressure induce
more green innovation in firms with higher levels of
pollution intensity and marketization degree. In the
places where the enterprises are located with high
pollution intensity, the government needs to improve
the environmental protection laws and regulations, also
the supervision is strengthened, so the driving force of
enterprise green innovation is stronger. In addition, the
role of competitors and industry leaders of enterprises
will be more obvious, because the environmental

pressure perceived by enterprises will be greater than
that in other places. As enterprises in regions that have
high marketization are able to obtain the innovation
resources they need from the market, they are more
likely to succeed. On the contrary, with the low degree
of marketization, enterprises do not have enough
innovation resources to implement resource allocation.

Conclusions

Using A-share Chinese listed manufacturing
industry data from 2012 to 2017, this study sought to
assess the regulatory, normative, and mimetic pressure
effects on corporate green innovation and examine the
moderating role of pollution intensity and marketization.
The empirical analysis found that: the regulatory,
normative, and mimetic pressures all had a significant
positive impact on corporate green innovation;
pollution intensity and marketization played a positive
moderating role on green innovation through regulatory
and mimetic pressures; and pollution intensity and
marketization had no moderating effects on normative
pressure and green innovation.

Practical Implications

The synergistic effects of the regulatory, normative,
and mimetic pressures were found to positively
motivate corporate green technology innovation, which
indicated that regulatory pressure needs to be balanced
with the normative and mimetic pressures, and that
it was very important to enhance the environmental
protection awareness of the whole society to ensure a
good environment for green technology innovation.

First, the government should consider the effect of
industrial scale on green innovation, while providing
tax incentives and institutional guarantee for enterprises
to carry out R&D activities. Provide more financing
channels and financial subsidies for large-scale
manufacturing enterprises, and provide low mortgage
loans for small and medium-sized enterprises to help
them develop rapidly.

Second, form a supervision mechanism of mutual
restriction of “government-enterprises- public”. On the
one hand, government should standardize the green
product market, formulate green product certification
standards, strengthen the certification of green products
in terms of energy saving, emission reduction and low
carbon, provide consumers with identification standards
of green products, and maintain the stability of green
product market; On the other hand, government
should pay attention to the environmental demands of
consumers and supply chain partners, and regularly
publish the environmental protection information of
enterprises through the media, so that consumers and
various environmental interest groups can understand
and supervise the implementation of environmental
protection behaviors of enterprises.
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Third, local governments need to pay greater
attention to promoting environmental knowledge and
environmental protection information to the public, and
to increase the mimetic pressure, need to encourage
local business leaders to improve their environmental
commitments to motivate other industry enterprises to
adopt green innovation practices.

Faced with strict government and public welfare
environmental supervision and increases in public
environmental protection awareness, enterprises
need to see these environmental trends as offering
opportunities to promote green development and
improve their market share and competitiveness.
The institutional and sustainable development theories
both suggest that enterprise managers need to prioritize
their stakeholders’ future environmental protection
needs by including environmental and sustainable
development objectives in their enterprise strategies and
business practices. Therefore, balancing the relationship
between economic success and environmental protection
is the key to successful sustainable development
strategies.

Limitations and Future Research Opportunities

First, as this study was based on listed Chinese
manufacturing companies, there were few SMEs
included in the research sample; therefore, the
conclusions may only be applied to larger enterprises in
emerging economies. Second, as the primary focus was
on manufacturing enterprises, other industry sectors
need to be explored in future research to enrich the
findings related to institutional pressures and enterprise
green innovation.
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