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Green innovation is an important approach for achieving sustainable development. Most research on
determinants of corporate green innovation has focused on either external or internal drivers. Combining
institutional theory and resource-based view, the scientific value of this study lies in simultaneously
exploring the influence of external legitimacy pressure and internal corporate profitability, and their
interaction on green innovation. Samples of the top 100 listed companies in China, from 2008 to 2012,
were used and the results demonstrated that legitimacy pressure from stakeholders has a significantly
positive influence on both corporate green product innovation and process innovation. The results also
revealed that corporate profitability positively affects green product innovation, while there was found to
be no significant influence on green process innovation. Moreover, corporate profitability positively
moderates the relationship between legitimacy pressure and green product innovation. The results show
that not only the single factor of external legitimacy pressure and internal profitability, but also their
interaction, affects corporate green innovation practices. This offers an integrating perspective on how
corporations can be more innovative in sustainability.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The world has witnessed extreme environmental deterioration
over the last few decades and in China, the extensive-growth mode
has resulted in severe environmental pollution and ecological
devastation, which has overwhelmingly affected people's normal
lives. Firms are widely regarded as the main cause of environmental
problems and are facing tremendous pressure of environmental
legitimacy from various stakeholders (Bansal and Clelland, 2004).
Pressure from the media, consumers and other stakeholders pushes
corporations to adopt innovative measures to improve their envi-
ronmental performance. Green innovation lays a foundation for a
firm to balance profitability and environmental responsibility
whilst at the same time achieving an economic-social-
environmentally harmonious development model, which has
been extensively advocated by researchers and practitioners.
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Green innovation refers to the generation of new ideas, goods,
services, processes, or management systems that can be used to
cope with environmental problems (Rennings, 2000). Green inno-
vation can effectively reduce environmental pollution and the
negative impacts of resource (and energy) use processes, and thus
can create sustainable development (Kemp and Pearson, 2007). Lai
et al. (2003) found that green innovation can contribute to envi-
ronmental performance by meeting stakeholders' environmental
requirements. In this way, green innovation is not only an impor-
tant way for enterprises to gain a competitive advantage in the
future, but also it will become the basic requirement to obtain
legitimacy.

Research of corporate green innovation is mainly concentrated
in two specific aspects. The first is that research focuses on the
driving factors of green innovation, including stakeholder pres-
sures, government regulations, redundant resources, expected
economic benefits and environmental consciousness of managers
and employees (Caputo, 2014; Delgado - Ceballos et al., 2012;
Murillo - Luna, 2008). The other aspect of the research focuses on
the consequences of green innovation; i.e., the relationship or
mechanism between green innovation and corporate performance
(Amores-Salvado et al., 2014; Eiadat et al., 2008). Even though there
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is no unanimous conclusion at present, existing empirical studies
show the positive role of corporate green innovation on business
performance calls for configurable conditions (Horvathova, 2012;
Sarkis and Cordeiro, 2001). The academic interest in green inno-
vation is increasing but few studies have explored its driving forces
by integrating external and internal factors (Lozano, 2015), and
seldom any combine a legitimacy perspective with a resource-
based view (Berrone et al., 2013; De Marchi, 2012).

Legitimacy, a core concept of institutional theory, is defined
from various perspectives, among which Suchman (1995)’s defi-
nition is widely accepted: legitimacy refers to the state where “the
actions of an entity are appropriate within some socially con-
structed system of norms, values, beliefs, and definitions” (p. 574).
Such systems can be explicit or implicit, so it is not enough for firms
to just obtain the legal requirements or market demands, but they
should also be consistent with the prevailing norms and values of
the society (Alrazi et al., 2015). Stakeholders often assess an entity's
legitimacy level according to their own perceptions, and these
stakeholders usually include investors, customers, the community,
the public and regulators (Bansal and Clelland, 2004). Lack of
legitimacy will result in negative cognitions and actions of various
stakeholders. When a company engages in environmental viola-
tions such as water contamination, investors may sell off its stocks,
creditors may impose higher interest rates, consumers may refuse
to purchase its products or services, the government may increase
sewage charges or even compel it to stop operation, and the public
may engage in the media to create legitimacy pressure on the firm
(Alrazi et al., 2015), which will put the firm at great risk (Bansal and
Clelland, 2004; Sass, 2008), and even impact its survival, especially
for those environmentally-sensitive firms (Pellegrino and Lodhia,
2012). For example, Harbin Pharmaceutical Group, a large drug
producer in northeast China, was involved in a pollution scandal for
exceeding legal waste gases and water release in 2011, which drew
severe criticism from the public and the company was eventually
fined 1.23 million yuan ($191,626) by the government and was
forced to build a new cleaner production plant. As a result, its
revenue and profit dropped by 47.15% and 46.62%, respectively, and
it was expelled out of the Top 100 list in 2012.

From a resource-based view, pursuing green innovation requires
substantial financial resources, and a corporation's response to
external legitimacy pressures depends on its internal resources,
among which profitability is of vital importance to green innova-
tion (Li and Tang, 2010). Higher profitability would enable a firm to
invest in more eco-friendly technologies and management systems
(Dean and Brown, 1995).

Legitimacy pressure and corporate profitability are significant
external and internal drivers of green innovation (Jennings and
Zandbergen, 1995), but few studies have researched their roles
simultaneously. Therefore, drawing on insights from institutional
theory, resource-based view and innovation literature, this study
intends to explore in what ways and how legitimacy pressure and
corporate profitability could promote green innovation. Specif-
ically, we argue that green innovation is driven by both external
legitimacy pressure and internal corporate profitability, and that
profitability positively moderates the relationship between legiti-
macy pressure and green innovation.

The main contributions of this paper are as follows. Firstly, we
bridge institutional theory and resource-based view to explore the
driving mechanism of green innovation, which is currently under-
researched (Berrone et al, 2013). Secondly, we apply a novel
method to measure corporate green innovation through a green
patent and ISO14001. We measure green patents with Chinese
characters containing “environmental”, “green”, “sustainable”,
“ecology”, “clean”, “cycling”, “saving”, “low carbon”, “emission
reduction”, “energy saving”, “environmental protection”, and

“environmental pollution” (Cormier and Magnan, 2015). Lastly, we
focus on the Chinese context, which is different from most of the
research that has come before our study which has been based on
the more developed Western countries, and this in turn adds value
to theoretical completeness since there are huge differences be-
tween developed countries and emerging economies (Li and Liu,
2014).

The remainder of the paper is organized as follows. The next
section is the literature review and hypotheses development, fol-
lowed by sections that outline the research design, methodology,
and empirical results. The last section provides a discussion and
final conclusion.

2. Literature review and research hypothesis
2.1. Legitimacy pressure and green innovation

Legitimacy, first introduced by Weber in 1978, refers to whether
an organization's behavior is appropriate within certain social
systems (Meyer and Rowan, 1977; Ruef and Scott, 1998; Suchman,
1995). If stakeholders do not approve the activities of an organi-
zation, then the organization faces legitimacy pressure. Legitimacy
pressure is generally divided into regulatory pressure, normative
pressure, and cognitive pressure (DiMaggio and Powell, 2000). For
firms, regulatory pressure mainly stems from governmental
agencies, while normative pressure is generally from customers
and non-governmental organizations, and cognitive pressure is
mostly from competitors (Berrone et al., 2013; Li and Ding, 2013).

The choice for opting for cleaner production and green inno-
vation has, at its heart, always been a public goods game' (Perc
et al., 2013). There are short-term gains to be made in profit by
neglecting the environment, but in the long term, looking specif-
ically at public goods, most notably the environment and natural
resources are likely to be lost due to selfish incentives. Such a social
dilemma is very common in an agent-based setting where infor-
mation asymmetry and the selfish incentives of agents lead to the
tragedy of the commons (Perc and Szolnoki, 2010). Evolutionary
game theory proposes that coevolution with other agents (stake-
holders) and the context could help to solve social dilemmas such
as climate change (Perc and Szolnoki, 2010). Previous research
concluded that an important motivation for corporations adopting
green innovative behavior is to get recognized by various stake-
holders (Berrone et al., 2013). Delgado-Ceballos et al. (2012) found
that stakeholders can affect a company's environmental practices
through a variety of channels, including environmental regulations,
NGOs' environmental reports, social media supervision, and cus-
tomers' and suppliers' boycott of non-environmental products.
Generally, green innovation becomes an important way for enter-
prises to cope with external pressures (Berrone et al., 2013). Huang
et al. (2016) demonstrated regulatory and customer pressure pro-
motes organizational green innovation performance. The more
legitimacy pressure companies receive from stakeholders, the more
likely it is they will adopt a green innovation strategy (Murillo-Luna
et al., 2008).

Green innovation can be divided into different dimensions or
types, among which green process innovation and green product
innovation are widely accepted (Chang, 2011; Lin et al., 2014;
Rennings and Rammer, 2011; Schiederig et al., 2012).

Green process innovation refers to improvement in the
manufacturing processes and systems to reduce the adverse impact
on the environment, such as energy saving, pollution prevention,
waste recycling, etc. (Qi et al, 2012). With the elevation of

1 Thanks for the anonymous reviewer of this insightful suggestion.
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environmental consciousness, consumers and environmental pro-
tectors start to impose pressure on corporations, who are peti-
tioned to be greener by switching their production and
management processes (Bortree, 2009). Delmas and Toffel (2004)
and Johnstone and Labonne (2009) also found that pressure from
stakeholders will urge corporations to go through the ISO 14,001
certification.

Green product innovation involves modifications made to
product design, quality and safety, to reduce the impact of the
entire product life cycle on the environment, such as the reduction
of toxins at production stage, efficient use of energy, and utilizing
biodegradable packaging (Kammerer, 2009). The impact of pro-
duction on the environment can be mainly attributed to the use
phase (like fuel consumption and carbon dioxide emissions of cars)
and the disposal phase (such as the use of and eventual discarding
of heavy metal batteries). In short, green product innovation puts
emphasis on the reduction of the impact of manufacturing, use, and
disposal on the environment (Dangelico and Pontrandolfo, 2010).
Chen et al. (2012) found that green product innovation is a strategic
response to increasingly stringent environmental requirements
raised by multiple stakeholders to ease legitimacy pressure and
gain competitive advantage. Thus, we propose:

H1la. Legitimacy pressure is positively correlated with green
product innovation.

H1b. Legitimacy pressure is positively correlated with green
process innovation.

2.2. Corporate profitability and green innovation

Profitability is an essential resource for firms' future develop-
ment and an important indicator of managers' autonomy, since a
higher level of profitability is a premise for managers to control
business operations effectively (Li and Tang, 2010). Corporations
with higher profitability would have more funding for green
innovation. For example, capital resources enable companies to
have the ability to install advanced equipment for pollution pre-
vention, meeting eco-friendly environmental requirements (Dean
and Brown, 1995).

According to the resource-based view, internal features like
profitability are important determinants of green innovation
(Fagerberg et al., 2005). Green innovation requires abundant re-
sources, including funds, labor, material and technology, etc. (Lin
et al,, 2014). Dangelico and Pujari (2010) posited that investment
in green technology is fairly risky due to its resource-consuming
nature while exhibiting return-uncertainty. However, companies
with higher profitability and sufficient assets are able to afford such
expensive investments and pursue it as a differentiation strategy
for competitive advantage when competing firms are short of
money (Cainelli et al., 2015). In addition, firms with higher profit-
ability could accumulate more liquid assets in direct support of
green innovation and commercialization, while lower profitability
limits the decision-making power of managers, which may inter-
rupt the continuity of green innovation investments. Thus, we
propose:

H2a. Corporate profitability is positively correlated with green
product innovation.

H2b. Corporate profitability is positively correlated with green
process innovation.

For companies under legitimacy pressure, higher profitability
leads to enough resources to adopt green R&D activities, to search
for new environmental technologies, to employ more eco-friendly

production processes, and to produce and promote greener prod-
ucts. When a firm faces higher legitimacy pressure, the contribu-
tion of profitability to corporate green innovation is especially
important, not only to relieve pressure but also to capture oppor-
tunities created by pressure, by tapping into a firm's available re-
sources. However, companies with lower profitability have fewer
profits and resources to tap. Even though faced with strong legiti-
macy pressure, those companies are still unable to make in-
vestments in green products development or process improvement
in view of limited resources and profits. This is especially true for
the “double externality problem” of green innovation; i.e., knowl-
edge spill-over externalities and positive environmental impacts
(Rennings, 2000). Thus, we propose:

H3a. Profitability positively moderates the relationship between
legitimacy pressure and green product innovation.

H3b. Profitability positively moderates the relationship between
legitimacy pressure and green process innovation.

Fig. 1 below depicts the research model and the hypotheses,
showing the influence of legitimacy pressure and corporate prof-
itability on green product innovation and green process innovation.

3. Research design
3.1. Samples

This study selected as its sample an initial 500 observations
from the top 100 listed companies of China between 2008 and
2012, as these data are highly continuative, authoritative, and easy
to access. The sample selection was conducted as follows: We
eliminated two observations that lacked annual reports, and eight
observations that were listed in the Chinese stock market for less
than one year (or their listing was terminated due to excessive
earnings management following IPOs), then eliminated three spe-
cial treatment (ST) observations due to their continuous loss-
making over two years. We also eliminated 36 observations with
extreme value using the conservative criterion of three standard
deviations, 31 observations for companies that issued B-shares and/
or H-shares and whose financial characteristics and regulatory
environments were different, and another 32 observations whose
legitimacy value were zero. As a result, 112 observations were
excluded in total, leaving a sample of 388 observations corre-
sponding to 172 different companies.

The research data required were collected primarily from the
RESSET database, Baiteng patent network (http://so.5ipatent.com/),
and annual reports of all listed companies. Fig. 2 shows the sample
distribution by industry. It indicates that Finance and Metals and
Mining account for the highest proportion, with 71 and 50 obser-
vations, respectively. Leisure and Hospitality is the least repre-
sented industry, which only has 8 sampling observations in a five-
year range.

Green innovation

Hia(+) HIb(+)

Legitimacy Green product innovation

v

pressure

Green process innovation

H3a (+) | H3b (+)

oy
!
Corporate i H2a(+) H2b(+)
i
!
i
i
i

profitability

Fig. 1. Research model.


http://so.5ipatent.com/

44 D. Li et al. / Journal of Cleaner Production 141 (2017) 41—49

-, 2%

Teleoemmxg&sﬁm &IT 1

3%

Trade & Retail _
3%

Chemical (industry &
fins) & Phammacy -
3%

Oil & Namral Gas
4%

Auto Manufactrs §
Auto Components
5% -

Food & Beverags
5%

Construction & Matarisl
%

Power

Raal Estate
T%

Leimre & Hospitality  Otherindustries
4%

Finance
18%

Metals & Mining
13%

Transport & Transport
~ Infrastructure
%

Machinery & Elactric
Appliancs
8%

Note: “Other industries” include paper and forestry products, public utilities, and durable

consumer goods; N=388.

Fig. 2. Sample distribution of total observations by industry.

3.2. Measurements of variables

The variables involved in this study are: green innovation,
legitimacy pressure, corporate profitability and relevant control
variables, such as firm size, ownership and so on. The operational
definitions and measuring methods of these variables are described
as follows.

3.2.1. Green innovation

As discussed above, most research decomposes green innova-
tion into green product innovation and process innovation
(Rennings, 2000; Cuerva et al.,, 2014; Lin et al., 2014). As to green
product innovation, there are indicators such as eco-labeling
product certification (Lin et al., 2014), green R&D (Lee and Min,
2015), green patent (Brunnermeier and Cohen, 2003) and so on.
Since it is difficult to get the former two indicators for Chinese
public firms, we employed the last indicator, the green patent, as
our indicator of green product innovation (Brunnermeier and
Cohen, 2003). We first searched all three kinds of application pat-
ents (including patent for invention, patent of utility model and
patent of appearance). Then proceeding from the reality of China's
economic conditions, green patents of sample observations were
selected using the following Chinese keywords: “environmental”,
“green”, “sustainable”, “ecology”, “clean”, “cycling”, “saving”, “low
carbon”, “emission reduction”, “energy saving”, “environmental
protection”, and “environmental pollution” (Bansal and Clelland,
2004; Cormier and Magnan, 2015; Li et al.,, 2016). In this study

there were 239 observations (about 62% of the samples) which had
no green patents. Therefore, the samples were divided into two
categories: 1 for firms with one or more green patents, 0 for no
green patent.

As to green process innovation, most research adopts ISO 14,001
as its indicator (Chen et al., 2006; Lin et al., 2014), so it was also
measured according to whether the corporation passed 1SO014001
certification in our study.

3.2.2. Legitimacy pressure

Scholars take public media coverage as an important approach
for evaluating environmental legitimacy, which is the most salient
and prominent source (Cormier and Magnan, 2015). For instance,
Kuo and Chen (2013) analyzed media coverage about corporate
environmental issues by searching and classifying the related ar-
ticles reported (positive, negative, and neutral). Accordingly, this
study applied the extent of media coverage to measure the level of
environmental legitimacy, and then took the reciprocal of envi-
ronmental legitimacy to test legitimacy pressure.

The China Core Newspapers Full-text Database (CCND) is a
relatively authoritative database in China, which covers more than
500 national and local newspapers. In this study, 29,794 articles,
related to the sample observations, were selected and encoded
(positive, neutral, and negative) according to their content. A piece
of news is coded as positive when it conveys good stories of an
enterprise's environmental activities or impacts, such as a reduc-
tion in greenhouse gas emissions, investment in facilities which
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will reduce energy consumption; while negative reports are about
firms' environmental misconducts or bad consequences, and
neutral ones reflect an activity without assessing any detrimental
or beneficial environmental impacts (Aerts and Cormier, 2009; Kuo
and Chen, 2013). For example, the report on “BYD Company Limited
won an international energy certification” is positive, while the
news on “water inrush accident in camel mountain coal mine of
China Shenhua” is negative, and “Baotou Steel Rare-earth Group
brought 12 enterprises into its overall environmental development
plan” is neutral. In order to ensure inter-coder reliability, the
evaluation and judgment of articles was performed firstly by one of
the authors, then by another evaluator. The two coders agreed on
82% positive news, 88% negative news and 93% neutral news. A
third party resolved any differences in the evaluation. Finally, the
positive, neutral, and negative judgments of sampled companies,
from 2008 to 2012, were found to be 17,188, 10,695, and 1,911,
respectively.

Imbalance in the extent of media coverage was examined by
calculation with the Janis-Fadner coefficients (Aerts and Cormier,
2009). The value of J-F coefficient ranges from —1 to 1; if the
value is closer to 1, the articles are more favorable, and if the value is
closer to —1, the articles are less favorable. It is calculated by the
following equation:

2

e“—ec .
— if e>c
t
] — F Coefficient =< ec — 2 .
— if e<c
t
0, if e=c

where e represents the number of positive reports, ¢ represents the
number of negative reports, and t = e + c.

3.2.3. Corporate profitability

The higher a company's profitability is, the more inclined the
company is to participate in green practices with the support of a
large number of resources (Li and Tang, 2010). It is measured ac-
cording to the net profit/total assets (NPTA) ratio.

3.2.4. Control variables

The corporate properties, internal structure, and development
level would affect its investment behavior. Accordingly, this study
has controlled these seven variables (firm size, ownership, industry
type, growth, leverage, leadership structure, and board indepen-
dence), and their measuring methods are concluded in Table 1.

Table 1
Measurements of control variables used in this research.

4. Results
4.1. Descriptive statistics and correlation analysis

Table 2 presents the descriptive statistics and correlations be-
tween the variables. It shows that all the correlation coefficients of
the matrix are lower than 0.626, reflecting an acceptable level of
multicollinearity. However, it is interesting that firm growth is not
correlated with any other variables. Although a precise reason is
unknown, it is possible that fast growing firms may attract greater
positive as well as negative scrutiny than their slower counterparts,
showing no clear association with legitimacy. Also, fast growing
firms may attach both importance on short-term profitability and
long-term green innovation, thus offsetting any association be-
tween growth and profitability/green innovation. As to the re-
lationships with other control variables, since growth is about the
dynamic development of firms, while others are about the current
characteristics, they are not correlated. It is also interesting to note
that board independence is only correlated with leadership struc-
ture. This may be because that these two variables are both about
corporate governance, while the rest are about other aspects of the
firm.

Table 3 provides the statistics of legitimacy pressure. The posi-
tive, neutral, and negative judgments of sampled companies from
2008 to 2012 are 17,188, 10,695, and 1,911, respectively. For
example, Suning Commerce Group received high legitimacy on the
positive report of “over one hundred billion yuan's green procure-
ment platform emerged in Suning”, while Zhongjin Lingnan Non-
femet Company faced high legitimacy pressure on the negative
news of “Zhongjin Lingnan was trapped in a pollution scandal”.

4.2. The common method bias

Common method bias, the magnitude of the discrepancies be-
tween the observed and the true relationships between constructs,
results from common methods variance due to same data sources,
measurement of the environment, context of item or characteristics
of items themselves (Chang et al., 2010; Podsakoff et al., 2012). If
there is a common methods variance, a non rotational factor would
be released in the exploratory factor analysis of all the items and
the common factor explains most of the variation. One of the most
widely used techniques to address the issue of common method
bias is Harman's single factor test (Doty and Glick, 1998), with
which researchers load all the variables into an exploratory factor
analysis to see whether one single factor does emerge. This method
also shows that common method bias is not a pervasive issue if one
general factor accounts for a majority of the covariance (Podsakoff
et al., 2003; Chang et al., 2010). Because the number of green pat-
ents, ISO certification information, and media coverage were all

Variables Symbols Measuring methods

Firm size size The logarithm of total assets was employed to measure firm size.

Ownership Own A dummy variable was thus introduced here, 1 for state-owned enterprises (SOEs), O for others.

Industry Type Ind According to the “Company Environmental Information Disclosure Guide”, a zero-one dummy
variable was used: 1 for heavily polluting industries, O otherwise.

Growth Gro It is measured by the ratio of (current POR- previous POR)/previous POR (“POR” refers to prime
operating revenue).

Leverage Lev The ratio EBIT/(EBIT - Interest expense) was used for measurement (where “EBIT” refers to earnings
before interest).

Leadership Structure LS A dummy variable was introduced: 1 refers to a company whose chief executive officer (CEO) is not

the chairperson of the board (COB), O otherwise.

Board independence Indep

The independent directors/board size ratio was used for measurement




46 D. Li et al. / Journal of Cleaner Production 141 (2017) 41—49

Table 2
Descriptive statistics and correlation matrix: dependent and explanatory variables.
Min Max GPDI GPCI LP Pro Size Own Ind Gro Lev LS
GPDI 0.000 1.000
GPCI 0.000 1.000 —0.054
LP —64.058 56.067 0.251*** 0.110**
Pro -0.199 0.581 0.129** 0.100 0.052
Size 9.361 13.244 0.000 —0.202*** 0.031 —0.390***
Oown 0.000 1.000 0.021 —0.094* -0.014 —0.168"** 0.156***
Ind 0.000 1.000 0.335*** 0.041 —-0.092* 0.052 —0.144*** 0.123**
Gro -0.877 3.688 —0.046 —-0.007 0.049 0.049 -0.017 —-0.039 -0.014
Lev —16.062 28.810 —0.193*** —0.044 -0.022 —0.314*** 0.626*** -0.025 —0.256"** 0.033
LS 0.000 1.000 —0.041 0.103** 0.036 —0.175"** 0.169*** 0.062 0.046 0.000 0.118**
Indep 0.714 3.363 0.001 —0.008 0.017 —0.021 —0.037 0.042 0.056 0.024 —0.064 —0.205***

Notes: ***p<1%, **p<5%, *p<10%. Two-tailed. N=388.

Table 3

The environmental legitimacy scores of sampled companies from 2008 to 2012.
Judgment  Year Total Percentage

2008 2009 2010 2011 2012

Positive 4011 4321 3518 2779 2559 17,188  0.5769
Neutral 1166 1763 2358 2561 2847 10,695  0.3590
Negative 454 304 408 379 366 1911 0.0641
Total 5631 6388 6284 5719 5772 29,794 1

collected manually by the authors, the Harman's single factor test
was applied to measure the common method bias. Five factors with
eigenvalues greater than 1 were extracted with non-rotating
analysis and the cumulative total explanatory variables were
66.155%. The first factor had an eigenvalue of 2.414 and the cu-
mulative total explanatory variables were 20.118%, indicating that
the common method bias in this study was not severe.

4.3. Hypothesis testing

The method of generalized estimating equations (GEE) is often
used to analyze longitudinal and other correlated response data,
particularly if responses are binary, which derive maximum like-
lihood estimates and accommodate non-independent observations
(Liang and Zeger, 1986; Pan, 2001). Since green product innovation
and green process innovation are binary variables, it was suitable to
apply the generalized estimating equations (GEE) approach to test
the hypotheses.

4.3.1. The role of legitimacy pressure

This part tested the effect of legitimacy pressure on green
innovation. As shown in Table 4, Model 1 and Model 5 are the re-
lationships among control variables and the dependent variable.
Model 2 and Model 6 introduce the independent variables. Model 2
demonstrates that legitimacy pressure is significantly positively
correlated with green product innovation (f = 0.250, p < 0.05), and
Model 6 shows that legitimacy pressure is significantly positively
correlated with green process innovation (f = 0.364, p < 0.01).
Therefore, both H1a and H1b were supported. This suggested that
the higher a company's legitimacy pressure is, the higher its level of
green innovation will be. For example, Baotou Steel Rare-earth
Group was accused of “failing to complete the environmental
impact assessment” in 2012. As a result, under the high legitimacy
pressure, the green patent number of the firm rose from 0 in 2011 to
3in 2012.

4.3.2. The role of corporate profitability
This section tested the effect of corporate profitability on green
innovation. As shown in Table 4, Model 3 shows that profitability is

significantly positively correlated with green product innovation
(B =0.513, p < 0.1), and Model 7 indicates the effect of profitability
on green process innovation is not evident (f = 0.022, p > 0.1).
Therefore, H2a was supported, while H2b was not supported. This
suggested that companies with nice profitability are more likely to
invest in green product innovation.

This section also tested the moderating effect of profitability on
the relationship of legitimacy pressure and green innovation.
Model 3 indicated that legitimacy pressure was still significantly
positively correlated with green product innovation (f = 0.238,
p < 0.05), as corporate profitability is introduced. Model 4 was
generated based on Model 3 by introducing the interactive item of
legitimacy pressure and corporate profitability. The results indi-
cated that profitability has a moderating effect on the relationship
between legitimacy pressure and green product innovation
(B = 1.411, p < 0.05). Moreover, Model 7 showed that legitimacy
pressure was still significantly positively correlated with green
process innovation (f§ = 0.284, p < 0.01) as corporate profitability is
introduced. Model 8 was generated based on Model 7 by intro-
ducing the interactive item of legitimacy pressure and corporate
profitability. The results indicated that profitability has no moder-
ating effect on the relationship between legitimacy pressure and
green process innovation ( = 0.058, p > 0.1). Therefore, H3a was
supported, while H3b was not supported, showing that profitability
has a moderating effect on the relationship between legitimacy
pressure and green product innovation.

5. Discussion and conclusions

This study analyzed the impact of both external legitimacy
pressure and internal corporate profitability, on green innovation,
by considering the moderating role of profitability. Using a sample
of 388 observations, obtained from the top 100 listed companies of
China from 2008 to 2012, we found that legitimacy pressure was
significantly positively correlated with both green product inno-
vation and green process innovation, and that profitability had a
significantly positive impact on green product innovation, while its
effect on green process innovation was not significant. Moreover,
corporate profitability positively moderated the relationship be-
tween legitimacy pressure and green product innovation, while its
moderating effect on the relationship between legitimacy pressure
and green process innovation was not evident. The scientific value
added is, that a novel framework integrating not only is the single
driving factor of external legitimacy pressure and internal corpo-
rate profitability, but also their interaction has a strong effect on
green innovation. The main findings of this study are as follows:

First, legitimacy pressure is positively correlated with both
green product innovation and green process innovation. This result
is in line with the findings of Amores-Salvadé et al. (2014) instead



D. Li et al. / Journal of Cleaner Production 141 (2017) 41—49 47
Table 4
Results of generalized estimating equations on green product innovation and green process innovation.
Generalized estimating equations
Dependent variables Green product innovation
Model 1 Model 2 Model 3 Model 4
1.Control variables
Size —0.068(0.081) —0.004(0.000) 0.130(0.640) 0.149(0.833)
Ownership —0.516(2.708) —0.482(1.294) —0.431(0.894) —0.437(0.763)
Industry —0.795%(3.316) —0.792%(3.210) —0.725**(4.280) —0.694*(3.759)
Growth 0.001(0.000) 0.011(0.004) 0.065(0.141) 0.069(0.150)
Leverage —0.120(0.231) —0.196(0.337) —0.454(1.673) —0.472(1.832)
Leadership structure —0.085(0.019) —0.043(0.006) 0.222(0.097) 0.228(0.104)
Independence —0.127*%(4.033) —0.139%(3.029) —0.175%(3.520) —0.183* (3.352)
2.Independent variable & moderating variable
Legitimacy Pressure 0.250*%(4.079) 0.238*%(3.779) 0.191**%(4.015)
Profitability 0.513%(3.066) 0.522%(3.352)
3. Moderating effect
LP*Pro 1.411%%(4.292)
Dependent variables Green process innovation
Model 5 Model 6 Model 7 Model 8
1.Control variables
Size 0.039(0.014) 0.054(0.025) 0.083(0.053) 0.163(0.205)
Ownership —0.003(0.000) —0.241(0.113) 0.291(0.328) 0.348(0.750)
Industry 0.610%(2.625) 0.567 (1.972) —0.581(1.642) —0.603 (1.588)
Growth —0.008 (0.004) 0.008(0.003) 0.065(0.185) 0.100(0.400)
Leverage 0.871%(3.176) 0.718(2.155) —1.005%(3.511) —1.140"(4.263)
Leadership Structure 0.272(0.558) 0.227 (0.329) —0.380(0.887) —0.414(1.035)
Independence 0.355(1.044) 0.435(1.036) —0.565(1.632) —0.570(1.733)

2.Independent variable & moderating variable

Legitimacy Pressure 0.364**%(6.224) 0.284***(6.676) 0.060 (0.112)
Profitability 0.022(0.015) 0.056(0.102)
3. Moderating effect

LP*Pro 0.058 (0.048)

Notes: ***p<1%, **p<5%, *p<10%. Two-tailed. N =388.

of those of Dangelico and Pujari (2010, 2010) found that green
product innovation is not driven by external legitimacy pressure,
but by internal factors such as green market expectations,
increasing profits, improving corporate image, environmental
orientation of firms or executives and so on. Amores-Salvado et al.
(2014) suggested that legitimacy pressure will encourage enter-
prises to increase green product innovation to cope with legitimacy
pressure and satisfy public expectations. The latter findings, which
are in accordance with the findings of Sezen and Cankaya (2013),
showed that companies will increase green process innovation
under legitimacy pressure. The reason for this may be that, since
environmental legitimacy is becoming increasingly important in
the pollution era, corporations have to find effective ways to cope
with stakeholders' pressure, among which green patent application
and environmental management systems are regarded as sub-
stantive methods not only to deal with short-time external pres-
sures, but also to gain competitive advantage in the long run. For
instance, Zijin Mining, the largest gold producer in China, was
accused by the public of leaking acidic wastewater, infused with
copper, into local water sources, which caused severe pollution to
the local river in 2010. The pressure forced the corporation to adopt
an environmental management system and they finally received
the certification in 2012. Moreover, the green patent of the firm
nearly doubled, increasing from six in 2009 to eleven in 2010.
Second, to our surprise, profitability is significantly positively
related to green product innovation (B = 0.513, p < 0.1) while not
significant related to green process innovation (f = 0.022, p > 0.1).
The reasons may be that, on the one hand, green product innova-
tion does not need as much investment as green process innova-
tion, which requires systematic improvement of the whole
operational and managerial process. On the other hand, the
outcome of green product innovation and green patents, can be

directly adopted into the production of new products or be sold in
the market, and thus be easily translated into technological
advantage and revenue, while the implementation of green process
innovation is time consuming and the effects are not so direct and
evident. So, Chinese firms tend to invest their profitability in green
product innovation rather than process innovation. For example,
China State Construction Engineering Corporation witnessed a
28.29% increase of profit in 2012. Consequently, its green patent
rose from 28 in 2011 to 32 in 2012, but without implementing an
environmental management system.

Thirdly, profitability plays a significantly positive moderating
role between legitimacy pressure and green product innovation,
while no moderating effect is found between the relationship of
legitimacy pressure and green process innovation. The former
result means that, faced with legitimacy pressure, companies with
higher profitability maintain sufficient liquid resources to support
green product innovation to promote sustainable development
through developing environmentally friendly patents and prod-
ucts. The latter results indicate that when facing legitimacy pres-
sure, firms will adopt a certain amount of green process innovation
regardless of the level of corporate profitability.

The findings above have several practical implications. Firstly,
since legitimacy pressure directly affects corporate green innova-
tion, companies should meet the environmental requirements of
stakeholders to enhance external legitimacy. Secondly, companies
should improve profitability to obtain more resources to support
the research and development of clean energy and to invest in
cleaner cycling production methods, and environmental manage-
ment systems to facilitate green innovation, and sustainable
development. Thirdly, as to the current low levels of green product
innovation (62% of the samples with no green patents), the in-
tensity of green product innovation should be enhanced. Last, but
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not least, the role of green process innovation is widely acknowl-
edged by current literature (King et al., 2005). Firms should not only
invest in green product innovation but also green process innova-
tion, which is largely ignored by many firms (54% of the samples
with no ISO 14,001 certification).

However, there are also some limitations. Firstly, though we
tried to conduct research into the drivers of green innovation from
both external and internal perspectives, we only investigated
legitimacy pressure and corporate profitability, with many other
variables which may affect the relationship omitted, such as in-
dustrial competition, firms' intellectual capital and so on. Secondly,
we only focused on the Chinese top 100 listed companies, so the
findings may be applicable to large corporations in emerging
economies, but may not be applicable to smaller firms or developed
countries’ firms. Future studies should focus on other firms, within
different scales and different countries, and establish a comparison
with the findings of this study.
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