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Abstract While a growing body of literature has exam-
ined the link between green activities and firm innovation,
little attention has been paid to the underlying mechanisms
through which green activities take effect. This paper lever-
ages the context of ISO 14001 certification among Chinese
listed firms to investigate how the certification of environ-
mental management system (EMS) to ISO 14001 shapes cor-
porate technological innovation. Drawing from the resource-
based view and the resource management perspective, we
argue that EMS certification to ISO 14001 facilitates corpo-
rate technological innovation through the mediating effects
of firms’ internal resource management practices, namely
resource utilization, resource accumulation, and resource
allocation. A difference-in-differences research design,
together with the propensity score matching approach and
the instrumental variable technique, provides corroborating
evidence for our predictions. The current research not only
makes substantial contributions to the literature, but also
provides important ethical implications for both policymak-
ers and firm managers.
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Abbreviations

CMV  Common method variance

CSR Corporate social responsibility
DID Difference-in-differences

EMS  Environmental management system
HHI Herfindahl-Hirschman index

ISO International Standardization Organization

PDCA Plan-Do-Check-Act

PSM  Propensity score matching

RBV  Resource-based view

SIPO  State Intellectual Property Office
SOE State-owned enterprises

VIF Variance inflation factor
2SLS  Two-stage least square

Introduction

China has a dire need of a new paradigm that shifts
away from the model of high input, high resource con-
sumption, and high pollution, to sustainable growth to
ease the conflict between economic & social develop-
ment and the environmental damage it has caused in
the past three decades.

—BBC, February 28, 2011

Along with the rapid industrialization, China has long
been plagued by major environmental problems. Recently,
the successive waves of thick smog in northern China have
aroused worldwide concerns. For instance, the Guardian
newspaper reports that 150,000 travelers headed abroad in
last December in a bid to outrun the smog (The Guardian
2016). And CNN covers that acrid air incurred at least
one million deaths a year in China and contributed to a
third of all fatalities in major cities, on par with smoking
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(CNN 2017). China Daily in the USA has criticized that
the local government in China was reluctant to impose
sweeping change, for fear of increase in production costs
and possible loss of jobs (China Daily USA 2016). Given
the severity of pollution in today’s China, green activi-
ties, like ISO 14001 certification, seem an urgent need for
Chinese firms to meet both the regulatory requirements
and social expectations.

With the quick expansion of EMS certification all over
the world, like ISO 14001 standard, many economists and
management scholars have investigated its impact on firm
performance (for a review, see Castka and Corbett 2015).
Among the large body of literature, a growing number of
studies in recent years have focused on the linkage between
green management and firm innovation, given the impor-
tance of innovation to firms’ long-term competitiveness
(Porter and van der Linde 1995) and a country’s economic
growth (Aghion et al. 2013; Solow 1957). Nevertheless,
extant studies do not seem to reach a unanimous conclu-
sion. Some of the literature claims positive effects on firm
innovation (see, for instance, Chang and Sam 2015; Chen
and Chang 2013; Shu et al. 2016), whereas some other
studies report mixed or even negative findings (see, for
instance, Carrién-Flores et al. 2013; Wagner 2008, 2007,
Brunnermeier and Cohen 2003). Such inconsistent findings
in the literature are largely due to the paucity of theoretical
frameworks, different research settings, and different meas-
urements of firm innovation. Moreover, while few excep-
tions exist (see, for instance, Shu et al. 2016), most of the
extant studies have not explored the underlying mechanisms
through which green management takes effect. Therefore,
new and rigorous research is still needed to provide broader-
based empirical facts about how green management, like
ISO 14001 certification, affects corporate technological
innovation performance.

Given that R&D and innovation activities are resource-
consuming and investment-intensive (Holmstrom 1989)
and that firm’s resources are limited in supply at a certain
time point (Barney 1991; Penrose 1959), internal resource
management hereby affects firm’s innovation performance.
On the other hand, prior studies have revealed that green
management, like ISO 14001 certification, influences firm’s
resource management practice (see, for instance, de Jong
et al. 2014; Djupdal and Westhead 2015). Therefore, based
on the resource-based view and the resource management
perspective, the current research aims to investigate how ISO
14001 certification affects corporate technological innova-
tion through the mediating effects of internal resource man-
agement practices. We argue that ISO 14001 certification
improves the focal firm’s efficiency of resource utilization,
facilitates its accumulation of R&D-related resources and
capabilities, and encourages its allocation of resources for
long-term goals, thus enhancing its innovation performance.
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To empirically test our predictions, we leverage ISO
14001 certification among Chinese firms as the research
context, because China has become the largest country for
ISO 14001 certification, with 114,303 certificates issued
as of 2015 (ISO 2015). Our sample includes 770 Chinese
listed firms with 7670 firm-year observations. The observ-
ing time window is from 2005 to 2014. To capture corporate
technological innovation, we utilize the patent data obtained
from China’s State Intellectual Property Office (SIPO) and
develop a computer program to match them with Chinese
listed firms, as well as their subsidiaries. Using a difference-
in-differences (DID) research design, we find corroborating
evidence for our hypotheses. As robustness tests, we deploy
various empirical techniques, which provide additional sup-
port to our arguments.

The current research seeks to make the following contri-
butions. First, while extant studies have offered some valu-
able insights into the relationship between green activities
and firm innovation, the current research contributes to the
literature by providing a plausible theoretical framework
based on the perspective of resource management. Second,
the current research probes into the underlying mechanisms
of how EMS certification takes effect, which largely remain
unexplored in prior research, and thus, it complements the
literature. Third, the current research also extends the theo-
retical perspective of resource management by providing
empirical applications. Last but not the least, the current
research makes significant empirical contributions as well.
Unlike extant studies which mainly relied on cross-sectional
survey data, the current research leverages panel data of a
large sample and consolidates a variety of empirical tech-
niques that deal with the endogeneity problems, thus effec-
tively overcoming the empirical limitations in prior research.

Apart from the above-mentioned theoretical and empiri-
cal contributions, the current research also aims to come
up with important ethical implications for both policymak-
ers and firm managers. Distinct from much of the existing
business ethics literature that recommends the government
to play a more coercive role and formulate command-and-
control policies, like deploying more stringent regulations
to pressure organizations to take more green management
initiatives (see, for instance, Li et al. 2016; Shu et al. 2016),
the current research suggests policymakers play a more
supportive role and take some market-oriented approaches,
such as subsidies, tax deduction, and preferential policies, to
motivate firms to voluntarily carry out green activities. Our
findings may also deepen managers’ understanding of how
green management synergizes innovation activities, which
ultimately enhances corporate competitiveness. Accord-
ingly, firm managers are advised to take a more strategic
tack on EMS certification. We will talk about the ethical
implications in more detail later in Discussion and Conclu-
sion section.
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Literature Review

The widespread and rapid expansion of EMS certifica-
tion has garnered a substantial amount of interest from
both economists and management scholars. Extant studies
have primarily focused on the antecedents and outcomes
of firms’ EMS certification (e.g., Ambec and Lanoie 2008;
Baek 2015; Bansal and Hunter 2003; He et al. 2015, 2016;
Iatridis and Kesidou 2016; for a review, see Castka and Cor-
bett 2015). In recent years, a growing number of scholars in
different fields, such as economics, management, and envi-
ronmental science, have shifted their research focus to the
impact of green activities on firm innovation. A majority of
these studies reveal a positive relationship. Typically, Shu
et al. (2016) find that green management facilitates corporate
product innovation through the mediating effects of institu-
tional benefits and that such positive effects are larger for
radical product innovation than for incremental product
innovation. Jakobsen and Clausen (2016) deploy the survey
data of Norwegian firms and find that the adoption of envi-
ronmental objectives has positive effects on firms’ innova-
tion process. In addition, Rennings et al. (2006) use a survey
of German firms and report that the implementation of EMS
facilitates environmental product and process innovation.

A few other studies, however, find mixed or even negative
effects of green activities on firm innovation. For instance,
Wagner (2007, 2008) examines the impact of EMS imple-
mentation on different types of innovation and reveals that
EMS implementation positively affects environmental and
process innovation, rather than general and product inno-
vation. Carridn-Flores et al. (2013) find that voluntary
participation in pollution reduction activities may lead to
an increase in environmental patents in the short run but a
decrease in the long run. Accordingly, the following Table 1
provides a comprehensive review of the related literature in
the past two decades.

Based on the literature review, most of the extant stud-
ies lack the theoretical framework, the absence of which
weakens their arguments and leads to arbitrary results.
Besides, while few exceptions exist (see, for instance, Chen
and Chang 2013; Shu et al. 2016), extant studies have not
paid enough attention to the underlying mechanisms through
which green activities can take effect. With regard to their
empirical analyses, extant studies have mainly relied on
survey data. Such a cross-sectional data structure often
incurs endogeneity problems and thus constrains the extent
to which consistent conclusions can be drawn. Moreover,
extant studies have primarily used survey items or estab-
lished scales to capture firm innovation subjectively, which
may result in common method bias. Instead, objective
indicators like patents are of limited use in this literature,
although they have been widely used in other technology
and innovation research (Cohen et al. 2000; Griliches 1990;

Trajtenberg 1990). In addition, most of the extant studies
on the linkage between green activities and firm innova-
tion are conducted in the context of developed economies.
Nevertheless, due to the difference in institutional infrastruc-
ture, conclusions in prior research cannot be simply applied
to emerging economies. Taken together, new and rigorous
research, which aims to explore the latent channels and over-
comes endogeneity bias, will contribute to the literature both
theoretically and empirically.

Theory and Hypothesis

Founded on the idea that firm is a bundle of resources and
resources determine firm performance (Penrose 1959), the
resource-based view (RBV) suggests that firms’ sustain-
able competitive advantages are derived from valuable,
rare, non-imitable and non-substitutable resources (Barney
1991; Wernerfelt 1984). Although the connection between
resources and firms’ competitive advantages has been widely
recognized, the RBV has long been criticized for its inabil-
ity to uncover the process of resource management within
firms, which undermines its explanatory power (Priem and
Butler 2001). To make up for this deficiency, Sirmon et al.
(2007) integrate the resource management perspective into
the traditional RBV arguments and depict the comprehen-
sive process through which firms effectively manage their
resources to create and maintain competitive advantages.

Extant studies have examined how green activities
reshape firms’ resources and capabilities, which in turn
affect firm performance (see, for instance, de Jong et al.
2014; Djupdal and Westhead 2015). Following the litera-
ture, we ground our arguments on the RBV and the resource
management perspective in the current research, given that
innovation is characterized by resource-consuming and
investment-intensiveness (Holmstrom 1989). In what fol-
lows, we investigate how green efforts via EMS certifica-
tion affect corporate technological innovation through the
mediating role of resource management process, including
resource utilization, resource accumulation, and resource
allocation.

Mediating Role of Resource Utilization

EMS certification improves firms’ efficiency of resource
utilization (Darnall and Edwards 2006). In this regard, with
specific requirements and documented standard, EMS certi-
fication drives firms to set environmental goals and to stand-
ardize environmental protection process during their daily
operations. Such standardized process not only enables firms
to better comply with environmental regulations, but also
helps them to more efficiently handle environmental-related
problems (de Jong et al. 2014; Porter and van der Linde
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1995). Moreover, EMS certification requires firms to carry
out cleaner production, which significantly lowers down
firms’ pollution amounts and discharge capacity. Given that
pollution is generally associated with an incomplete utiliza-
tion of resources, the reduction in pollution incurred by EMS
certification indicates the improved efficiency of resource
utilization.

On the other side, the improved efficiency of resource
utilization in turn facilitates corporate technological innova-
tion. Specifically, the optimized process of resource utiliza-
tion enables firms to refine the operational process, update
the manufacturing technology, and adopt new materials, thus
leading to product or process renewal (Park 2014; Porter and
van der Linde 1995). Besides, the improvement of efficiency
in resource utilization also saves resources, like capital and
human resources, and managerial cognitive resources, for
firms’ innovation activities. Given that firms’ resources are
limited in supply at a certain time point and that innova-
tion needs a significant amount of resource investments, the
saved resources can be invested in R&D activities, thus pro-
moting corporate technological innovation.

Based on the arguments above, we propose that:

Hypothesis 1 The certification of EMS with ISO 14001
facilitates corporate technological innovation through the
mediating effect of resource utilization.

Mediating Role of Resource Accumulation

In addition, the effect of EMS certification on corporate
technological innovation can be also channeled by the
accumulation of R&D-related resources. Based on the
RBYV, resources are heterogeneously distributed and imper-
fectly mobile across firms. Such idiosyncratic and immo-
bile resources contribute to firms’ competitive advantages
(Barney 1991). Internal development and accumulation of
resources increase causal ambiguity and thus enhance isola-
tion mechanisms for firms that hold heterogeneous resources
to sustain advantages. Hereby, we propose that the accumu-
lation of resources, especially those related to R&D activi-
ties, mediates the positive relationship between EMS certi-
fication and corporate technological innovation.

On the one hand, EMS certification with ISO 14001 ena-
bles firms to accumulate R&D-related resources and build
technological capabilities. To be specific, ISO 14001 stand-
ard follows the procedure of Plan-Do-Check-Act (PDCA),
which is designed as an iterative process starting from the
establishment of environmental objectives, then the imple-
mentation and the monitoring of process, and finally the
actions for continuous improvement (ISO 2015). Follow-
ing the PDCA model, firms with ISO 14001 certification
can learn through the trail-feedback—evaluation process
and develop tacit knowledge to better identify technological

@ Springer

opportunities (Russo 2009). Besides, ISO 14001 certifica-
tion requires firms to make continuous improvements to
existing technologies and redesign the production or service
delivery process. In such a scenario, firm managers have the
incentives to increase investment in technology upgrading
activities, thus accumulating R&D-related resources and
technological capabilities.

On the other hand, the accumulation of R&D-related
resources and technological capabilities in turn enhances
corporate technological innovation. Specifically, based on
the RBYV, resources and capabilities contribute to firms’
competitive advantages. Accordingly, with the internal
accumulation of R&D-related resources and technologi-
cal know-how, firms become more capable of capturing
the opportunities induced by the changing environment
(Sirmon et al. 2007). Besides, the accumulation of R&D-
related resources and technological capabilities facilitates
firms to adopt cleaner production, resulting in more product
or process innovation (Carrién-Flores and Innes 2010). In
addition, the accumulation of R&D-related resources and
technological capabilities enhances firms’ overall R&D
capability, thus improving corporate technological innova-
tion substantially (Jakobsen and Clausen 2016).

Taken together, we come up with the following
hypothesis:

Hypothesis 2 The certification of EMS with ISO 14001
facilitates corporate technological innovation through the
mediating effect of resource accumulation.

Mediating Role of Resource Allocation

Besides the two above-mentioned mediations, we propose
the third underlying mechanism of the temporal orientation
in resource allocation. Resource allocation is a core strategy
for firms to manage innovation activities and predicts firm
innovation performance (Klingebiel and Rammer 2014).
Focusing on “time,” a common element of resource alloca-
tion decisions (Reilly et al. 2016), we argue that the long-
term orientated allocation of resources mediates the posi-
tive relationship between EMS certification and corporate
technological innovation.

First, EMS certification with ISO 14001 may lead to
a long-term oriented resource allocation strategy. To be
specific, ISO 14001 certification assists with firms’ overall
management throughout the planning, organizing, imple-
menting and monitoring process and is closely related to
resource allocation decisions. In particular, ISO 14001
standard requires certified firms to incorporate values of
sustainable development into their culture and routines
(ISO 2015). Top managers are required to be actively
involved in the goal-setting process for long-term devel-
opment, whereas employees are encouraged to behave in
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Resource Management

Fig. 1 Theoretical framework

conformity with firms’ long-term oriented routines (Ara-
vind 2012). Following such routines, firm managers may
invest heavily in employee training for both the concept
and skills of sustainability, such as pollution prevention,
energy saving, and resource recycling, and employees may
extensively participate in such trainings and regard sus-
tainability as a basic criterion when dealing with all kinds
of issues. In sum, the certification of EMS with ISO 14001
helps to develop a company-wide long-term orientation
in corporate culture, which directs managerial attention
and firm resources to support long-term oriented activities.

Second, a long-term oriented allocation of resources
in turn facilitates corporate technologic innovation. As
Holmstrom (1989) points out, innovation activities are
unpredictable, idiosyncratic and of long-term payoffs.
Long-term resource commitment and company-wide sup-
port are needed to deliver innovation outcomes. With a
long-term oriented resource allocation strategy, firms’
investment becomes more favorable to activities that
benefit the future, such as innovation. In addition to the
financial support, a long-term orientation in organizational
culture provides a fertile environment for employees to
develop creative solutions to daily operations and gives
firms an impetus to establish an internal climate of never-
ending innovativeness. With higher tolerances for early
failures and greater rewards for long-term success, both
the managers and employees are supposed to be actively
engaged in promoting innovation activities (Manso 2011).

Taken together, we predict that:

Hypothesis 3 The certification of EMS with ISO 14001
facilitates corporate technological innovation through the
mediating effect of resource allocation.

Resource

: Utilization

Corporate
ISO 14001 : Resource bnolosical
Certification Accumulation Technologica

Innovation

Resource

Allocation

Based on the above arguments, the following Fig. 1 pre-
sents the theoretical framework of the current research.

Research Design and Methods
Research Setting

ISO 14001 standard is a worldwide certifiable environmental
management system. It provides organizations with guid-
ance to protect the environment and respond to the chang-
ing environment in balance with socioeconomic needs (ISO
2015). By certifying with ISO 14001 standard, organiza-
tions can develop environmental strategy that enables them
to achieve the intended environmental outcomes. Since its
release in 1996, ISO 14001 standard has been adopted by a
growing number of organizations around the world. A total
of 319,324 certificates were issued world-widely in 2015,
with an annual growth of 8% (ISO 2015).

The current research leverages ISO 14001 certification
among Chinese listed firms as the research context, because
China has become the largest country for ISO 14001 certifi-
cation as of 2015 (ISO 2015). Research findings and conclu-
sions about ISO 14001 certification in China thus have great
generality in other contexts. Although ISO 14001 certifica-
tion occurs at the facility level (Aravind and Christmann
2011; King et al. 2005), the current research is conducted at
the firm level, because such facility-level certification of ISO
14001 standard inevitably incurs company-wide influences.

Since the Chinese listed firms certify with ISO 14001
standard for reasons other than innovation, such proactive
environmental strategy can be considered plausibly exog-
enous for their technological innovation outcome. This is

@ Springer
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attractive for our purpose by enabling us to use a difference-
in-differences (DID) design to identify the causal effect of
ISO 14001 certification on corporate technological inno-
vation performance, using the uncertified firms and yet-
to-certify firms as a control group. Such a DID research
design has some key advantages. First, it rules out omit-
ted trends that are correlated with ISO 14001 certification
and technological innovation performance in both certified
firms (the treatment group) and uncertified/yet-to-certify
firms (the control group). Second, it also controls for con-
stant unobserved differences between the treatment and the
control groups. Third, the Chinese listed firms certify with
ISO 14001 standard at different times. Therefore, compared
with studies with a single “shock” that is applied to all sam-
ple firms at a single point of time, our research has stronger
identification because the identified causal effect is less
likely to be contaminated by a coinciding event that could
have driven a similar outcome. Last but not the least, as the
control group includes not only uncertified firms but also
those firms that have not certified the ISO 14001 standard
up to the time of treatment, it enables us to more precisely
estimate the treatment effect, because yet-to-certify firms are
a good approximation of the counterfactual of how already-
certified firms would have performed if they had not certified
with the ISO 14001 standard.

Sample and Data

To implement this study, we constructed a unique database
by matching Chinese patents obtained from China’s State
Intellectual Property Office (SIPO) to Chinese listed firms
and their subsidiaries, in a similar way to Hall et al.’s (2001)
pioneering work of matching USPTO patents to listed firms
in Compustat.! In brief, we first retrieved firm and subsidiary
information from the WIND Info database (www.wind.com.
cn) that collects and codes such data based on listed firms’
annual reports. In the next step, we followed the NBER pat-
ent data project (Bessen 2009) and developed a computer
program, which is based on the Levenshtein edit distance
(Levenshtein 1966), to match patents in the SIPO database,
which contains over several million published patent appli-
cations, to Chinese listed firms and their subsidiaries. In the
final step, we conducted three independent sets of manual
check to make sure those computers outputted name pairs
were truly matched.

For the purpose of the DID design in the current
research, we limited the sample to the period from 2005,

! This was part of a larger patent database construction project for all
Chinese listed firms. An extended report on this project is available
upon request.
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when Chinese listed firms began to publicize their Corpo-
rate Social Responsibility (CSR) report, to 2014, when the
truncation problem of patent filings could be minimized.”
The sample firms are all listed firms on the main boards
of the Shanghai and Shenzhen Stock Exchanges in China
and have filed at least ONE single patent in both pre- and
post-certification periods.® Besides, we excluded firms in
finance and insurance industries, because they were heavily
regulated by the government. The final sample contained
770 listed firms with 7670 firm-year observations.

Variables and Measures
Dependent Variable

We deploy patent data to capture corporate technological
innovation performance, which have been widely used in
other technology and innovation research (Cohen et al.
2000; Griliches 1990; Trajtenberg 1990). Using patents as
the proxy of technological innovation performance has some
obvious virtues. Compared with self-reported survey data,
patent data are objective and publicly available. Besides,
they are useful for large samples and are readily replicable
for follow-up research (Arora et al. 2014). In addition, patent
data mainly indicate innovations that are significant enough
to be patentable and thus focus on a narrower set of more
radical innovations, while exclude incremental innovations
which only represent very minor inventive steps (Wagner
2007).

Following prior research (see, for instance, Carrién-Flo-
res et al. 2013; Chang and Sam 2015; Wagner 2007), we cre-
ate the variable Total patent flow as the dependent variable in
the main analyses, which counts the number of patent filings
by the focal firm in a certain year. In robustness test, we
break down Total patent flow into different types of patents.

Independent Variable

To identify the effect of ISO 14001 certification, we create
a dummy variable ISO 14001 certification, which equals 1
in years after the focal firm certified with the ISO 14001
standard, and O otherwise.* We obtain the information of

2 According to China’s Patent Law, it takes 18 months from the pat-
ent filing date to its disclosure date. Therefore, by the time of the cur-
rent research, patents that were filed in 2015 or 2016 might not be
disclosed, which leads to a serious truncation problem.

3 Firms that have not filed any patents during the sample period are
automatically dropped out in the regression process.

4 We aggregate the facility-level ISO 14001 certification up to the
firm level, meaning that when (any) one of the focal listed firms’
facilities certified with the ISO 14001 standard, our independent vari-
able takes the value of 1, and O otherwise.
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Chinese listed firms’ ISO 14001 certification in their annual
CSR reports, which disclose information like whether or not
to certify with ISO 14001 standard, the year of certification,
subsequent improvements, and so on. And the annual CSR
reports of Chinese listed firms are available in the CSMAR
database.

Mediating Variables

Based on our theoretical framework of resource manage-
ment, we propose that Resource utilization efficiency,
Resource accumulation, and Resource allocation for the
long-term orientation mediate the effect of ISO 14001 certi-
fication on corporate technological innovation performance.
To measure Resource utilization efficiency, we deploy the
information of pollution cost of the focal firm in a given
year, because pollution generally reflects an incomplete
utilization of resources (Porter and van der Linde 1995).
According to the 369th Decree of China’s State Council,
which came into force on July 1, 2003, firms that discharge
pollutants to the environment, including waste water, gas
emission, solid waste, and noise, should pay the pollution
discharge fees based on their amount of pollutants. There-
fore, a certain firm’s pollution level can be measured by its
pollution discharge fees. For instance, firms with heavier
pollution are supposed to pay a larger amount of fees. Such
pollution discharge fees are recorded as a cost item in the
financial statement of Chinese listed firms. Thus, we calcu-
late the variable Resource utilization efficiency as 1 minus
the ratio of pollution cost to total sales of the focal firm in a
given year, which can be formally denoted as:

L ) Pollution cost,,
Resource utilization efficiency; = 1 — ——————

Total sales;,

Next, given that firms’ investments in technology upgrad-
ing activities can be considered as innovation-related
resource accumulation or capability building (Helfat 1997),
we hereby measure the variable Resource accumulation
accordingly. To be specific, we refer to the annual reports
and CSR reports of sample firms and conduct content
analysis to code their investments relating to technological
improvement, including “technology upgrading,” “techni-
cal transformation,” “new technology,” and “new process.”
Then, we aggregate the amount of expenditures on these
activities and calculate its ratio to total sales of the focal firm
in a given year, which can be formally denoted as:

Technology upgrading investments;,

Resource accumulation;, =
Total sales;,

Then, with regard to Resource allocation for the long-
term orientation, we refer to the CSR reports of sample firms
as well, because they disclose detailed information of firms’

activities on sustainability. Specifically, we code activities
involving “future development,” “learning,” “employee
training,” “energy saving,” “recycling,” and “sustainability.”
Then, we calculate the frequency of such activities for the
focal firm in a given year and thus generate a count variable.’

99 <.

Control Variables

For all analyses, we control for Firm size, which is measured
as the logarithm of the number of employees of the focal
firm in a given year. We also control for the focal firm’s
ownership type by a dummy variable, SOE, which equals 1 if
the focal firm is majority-owned or ultimately controlled by
the Chinese government (at the central or local level), and O
otherwise. Information about sample firms’ ownership type
is available in the CSMAR database. Besides, we control
for the focal firm’s financial conditions, which have been
found to affect corporate innovation activities (Hall 2002).
Specifically, Debt ratio is measured as the ratio of total debts
to total assets for the firm in a given year; Retained earnings
is the logarithm of the firm’s retained profits in a given year;
ROA is the ratio of the firm’s net profits to its total assets in
a given year. Moreover, we control for corporate governance
indicators, because prior studies have revealed that corporate
governance usually influences firm innovation (for a review,
see Ahuja et al. 2008). Following extant studies, we cre-
ate two variables to measure corporate governance, namely
Ownership concentration and Managerial shareholding
ratio. The former is calculated the Herfindahl-Hirschman
index (HHI) of the TEN largest shareholders, while the lat-
ter is captured by the percentage of equity owned by the
top manager. Then, we control for R&D intensity, which
is measured as the ratio of R&D expenditure to total sales
of the focal firm in a given year. In addition, we control for
the industry-level characteristics of innovation activities,
because some industries are more involved in innovation
and patenting activities than other industries. Accordingly,
we create two variables, namely Ratio of firms with R&D
department in the focal industry and Ratio of new product
sales to total sales in the focal industry. The former vari-
able reflects the input intensity of innovation activities in
the focal industry, whereas the latter variable indicates the
output intensity of innovation activities in the focal industry.
Information of the two variables is available in China Sta-
tistical Yearbook on Science and Technology. Last but not
the least, we include a full set of firm and year dummies to

3 As a robustness test, we also aggregate the amount of investments
in such long-term oriented activities and calculate its ratio to total
sales of the focal firm in a given year. The regression results are qual-
itatively consistent with those of the count variable and are available
upon request.
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control for any fixed, unobserved firm heterogeneity, as well
as macroeconomic factors that may affect firms’ innovation.

Statistical Approach

Because of the count nature of the dependent variables, we
use the negative binomial regression model to analyze our
data. A likelihood-ratio test of the over-dispersion param-
eter also confirms that negative binomial regressions provide
a good fit. Since we predict that ISO 14001 certification
enhances corporate technological innovation performance
through improved efficiency of resource utilization (Hypoth-
esis 1), resource accumulation (Hypothesis 2), and resource
allocation for the long-term orientation (Hypothesis 3), we
adopt a well-established approach for mediation test devel-
oped by Baron and Kenny (1986). The causal steps of Baron
and Kenny’s approach can be specified in the following
equations:

Y, = exp (B, + AISO 14001 certification, + X;, + F; + 4, + €;,)

Validating the Parallel Trend Assumption for the DID
Design

For difference-in-differences estimations to be valid, the
parallel trend assumption must hold, which means that the
average outcome for the treatment group (i.e., ISO 14001
certified firms) and control group (i.e., uncertified firms
and yet-to-certify firms) would have followed parallel paths
over time in the absence of the treatment (i.e., ISO 14001
certification). Accordingly, we plot and inspect the tempo-
ral trends of the dependent variables for the treatment and
control groups in both the pre- and post-certification periods.
As shown in the five graphs in Fig. 2, the average numbers
of applications for different types of patents between the two
groups generally exhibit a parallel trend up to the year of
ISO 14001 certification and then begin to diverge after that.
In addition, the graphs show that there is no Ashenfelter’s
dip in the pre-certification period (Ashenfelter 1978), mean-
ing that if the regression results are significant, they are NOT
caused by a pre-certification drop in the dependent variables

(D) of the treatment group, thus further strengthening our confi-
M, = P, + B,ISO 14001 certification;, + X, + F, + A, +¢,  dencein the DID design.

@
Y, =exp (ﬂo + $,1S0O 14001 certification;, + p,Mediator;, + X;, + F; + 4, + 62) 3)

where Y, is a dependent variable, M;, stands for a mediat-
ing variable, f, is the intercept, 3, identifies the effect of
ISO 14001 certification, X;, is a vector of controls for firm
i in year t, F; is a set of firm fixed effects, 4, is a set of
year fixed effects, and ¢, is the error term. It is notewor-
thy that different firms certified with ISO 14001 standard
at different times and that firms’ ownership might change
over time. That means both ISO 14001 certification;, and
SOE,, are time variant; therefore, they can be included in the
model with the presence of firm and year fixed effects. We
estimate the unconditional fixed-effects negative binomial
model by including dummy variables to represent firm fixed
effects (Allison and Waterman 2002). Because firm fixed
effects have already captured fixed industry differences (e.g.,
technological opportunity and patent effectiveness), indus-
try dummies cannot be included.® In separate analyses, we
also estimate Poisson and OLS models and the results were
qualitatively similar and are available upon request.

6 As stated above in Variables and Measures section, relevant time-
variant industry effects, i.e. industry-level characteristics of innova-
tion/patenting activities, are controlled by two particular variables in
the empirical models.
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Results

Table 2 presents the descriptive statistics and correlations
for all the variables. To address the potential multicollinear-
ity problem, we examine the variance inflation factor (VIF)
values for the variables. The average VIF turns out to be
1.32, far below the recommended threshold (VIF < 10.00).

DID Regressions

We first examine Hypothesis 1, which predicts that EMS
certification with ISO 14001 enhances corporate techno-
logical innovation performance through the mediation of
improved efficiency of resource utilization. The results are
reported in Table 3. Model 1 regresses Total patent flow on
ISO 14001 certification; the estimated coefficient is posi-
tive and statistically significant at the p < 0.01 level, indi-
cating that ISO 14001 certified firms significantly increase
their patent applications compared with uncertified firms
and yet-to-certify firms. Model 2 regresses the mediator
Resource utilization efficiency on ISO 14001 certifica-
tion. The estimated coefficient on ISO 14001 certification
is positively significant at the p < 0.01 level, suggesting
that ISO 14001 certification improves firms’ efficiency
of resource utilization in the post-certification period
and thus saves more resources for innovation activities.
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Then, Model 5 regresses Total patent flow on both ISO
14001 certification and Resource utilization efficiency. The
positively significant coefficient on Resource utilization
efficiency (p < 0.01) indicates that improved efficiency
of resource utilization enhances corporate technological

innovation performance. Moreover, after adding the medi-
ator Resource utilization efficiency, the estimated coef-
ficient on ISO 14001 certification becomes smaller and
insignificant compared with Model 1, thus supporting our
prediction in Hypothesis 1.
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Table 3 Mediation test with Barron and Kenny’s approach
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
Stepl: X—>Y Step2: X - M Step3: X, M —>Y
Total patent flow,,, Resource Resource Long-term oriented  Total patent flow,, |
utilization accumula- resource alloca-
efficiency,, tion, tion,
ISO 14001 certifica-  0.145%%* 0.026%** 0.016%** 0.255%%%* 0.050 0.039 0.041
tion (0.056) (0.006) (0.003) (0.044) (0.039) (0.060) (0.060)
Resource utilization — — - - - 0.916%** - -
efficiency - - - - (0.315) - -
Resource accumula- - - - - - 1.371%%* -
tion - - - - - (0.496) -
Long-term oriented — — - - - - - 0.070%**
resource allocation — - - - - - (0.026)
Firm size 0.093%** 0.025%** 0.011%%* 0.061%* 0.083%%* 0.184%** 0.182%**
(0.035) (0.004) (0.003) (0.029) (0.038) (0.035) (0.035)
SOE 0.306%** 0.019 0.018%** 0.146 0.291%** 0.322%** 0.327%%*
(0.082) (0.012) (0.009) (0.124) (0.094) (0.089) (0.089)
Debt ratio — 0.459%* — 0.048**%* —0.019%* —0.234* — 0.450%* —0.302%%* — 0.267%%%*
(0.185) (0.015) (0.009) (0.122) (0.191) (0.146) (0.101)
Retained earnings 0.017 0.01 [#** 0.002%* 0.0227%* 0.017 0.011 0.010
(0.019) (0.002) (0.001) (0.010) (0.017) (0.023) (0.023)
ROA 0.872%* 0.188%** 0.023* 0.554%* 0.869%* 0.394% 0.484%*
(0.461) (0.058) (0.013) (0.307) (0.462) (0.209) (0.250)
Ownership concen-  0.877*%%% 0.059%* 0.026%* 0.270%%* 0.662%* 0.431%* 0.465%
tration (0.268) (0.027) (0.014) (0.133) 0.277) (0.261) (0.260)
Managerial share- 0.294 %3 0.096* 0.038* 0.329%%* 0.2387%%* 0.214%%* 0.295%%*
holding ratio (0.127) (0.051) (0.021) (0.150) (0.108) (0.104) (0.129)
R&D intensity 3.313%%* 0.474%%* 0.101%** 0.796%** 6.23]#%%* 8.476%%* 8.498##%*
(0.982) (0.175) (0.031) (0.402) (1.967) (2.390) (2.385)
Ratio of firms with 0.031%#%%* 0.001#%*%* 0.006%* 0.003* 0.024%** 0.028%** 0.026%**
R&D department in  (0.008) (0.000) (0.003) (0.002) (0.004) (0.006) (0.004)
the industry
Ratio of new product  0.008* 0.001%#%* 0.004%*%* 0.002%%* 0.005* 0.007* 0.004%%*
sales to total sales  (0.005) (0.000) (0.002) (0.001) (0.003) (0.004) (0.002)
in the industry
Year fixed effects Yes Yes Yes Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes Yes Yes Yes
Constant — 3.055%%*%* — 0.641%%* —0.020 - 1.210 —0.799 — 5.401%*%  — 5.344%%%*
(0.657) (0.078) (0.055) (0.797) (0.755) (0.616) (0.616)
Number of firms 770 770 770 770 770 770 770
Number of obs. 6900 6900 6900 6900 6900 6900 6900
Sobel test (p value)  — - - - 2.415 (0.016) 2.454 (0.014) 2.442(0.015)
Ratio of mediation to — - - - 0.323 0.360 0.303
total effect
Log likelihood [R?] — 8662.043 [0.928] [0.827] [0.849] —8400.872 —7580.516 —8115.642

As the first step in Baron and Kenny’s approach, Model 1 regresses the DV, Total patent flow, on the 1V, ISO 14001 certification. As
the second step, Models 2—4 regress the three mediators, respectively. As the third step, Models 5-7 regress the DV on both the IV
and the mediators, respectively. One-year lagged values between the IV and the mediators, as well as the DV, are deployed. Sobel = a * b/
sqrt(a2 * se_b® + b? * se_a?); ratio of mediation to total effect = (a * b)/(a * b + ¢')

Furthermore, we conduct the extended Sobel test (Sobel
1982) using the bootstrapping mediation approach (Zhao
et al. 2010), to test whether the mediating effect of Resource
utilization efficiency is statistically significant. The extended
Sobel test model is specified as:

ab

value —
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where a and s, are the coefficient and standard error from
the bootstrapping for the impact of ISO 14001 certifica-
tion on Resource utilization efficiency, while b and s, are
the coefficient and standard error from the bootstrapping
for the impact of Resource utilization efficiency on total
patent flow when ISO 14001 certification is also included
in the model. The result of Sobel test for the mediation of
Resource utilization efficiency is statistically significant at
the p < 0.05 level (Z,,;,. = 2.415, a = 0.026, s, = 0.006,
b=0.916, s, = 0.315), which provides additional support for
the mediating role of Resource utilization efficiency. Follow-
ing Preacher and Kelley (2011), we also calculate the ratio of
mediating effect to total effect.” As can be seen in the bottom
of Model 5, the mediation of Resource utilization efficiency
takes up to 32.3% in the total effect.

We continue to examine Hypothesis 2 and Hypothesis 3
in similar approaches. Due to limited space, we do not repeat
the results step by step. Overall, Models 1, 3 and 6 in Table 3
offer strong support to Hypothesis 2. The Sobel test pro-
vides additional support for the mediating role of Resource
accumulation, which takes up to 36.0% in the total effect.
Models 1, 4 and 7 in Table 3 provide corroborating evidence
for Hypothesis 3, and the Sobel test suggests that Resource
allocation, as a mediator, takes 30.3% in the total effect.

Robustness Check
Mediation Test with the Simultaneous Equations Approach

Although the above results of Baron and Kenny’s approach
have shown that each mediator is individually significant in
separate tests, it is unclear whether the three mediators are
still significant when they are put together in one model.
Besides, recent developments in the research methods litera-
ture also have pointed out some other limitations in Baron
and Kenny’s approach. For instance, some scholars have
argued that a significant total effect of X on Y is not neces-
sary for mediation to occur, because mediating variables
may produce “indirect effects” that cancel out each other
(Shrout and Bolger 2002; Preacher and Hayes 2008). Moreo-
ver, separate tests in Baron and Kenny’s approach may suffer
from omitted variable problems, leading to biased coefficient
estimates (Judd and Kenny 1981; Preacher and Hayes 2008).
As well, separate tests assume that the two error terms in
Egs. (2) and (3) are uncorrelated with each other. However,
if the two error terms are correlated due to unobserved varia-
bles that affect both M and Y, coefficient estimates in Eq. (3)
will be biased and inconsistent (Shaver 2005).

7 Ratio of mediating effect to total effect = a * b/(a * b + ¢'), where
¢' is the estimated coefficient on the independent variable (i.e. ISO
14001 certification) from the bootstrapping of the third step.
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A recent approach recommended by Preacher and Hayes
(2008), and increasingly adopted by management scholars
(e.g., Agarwal et al. 2016), addresses the above limitations
by estimating Eqs. (2) and (3) simultaneously as a system
and allowing their error terms to be freely correlated.® This
simultaneous equations approach also easily incorporates
multiple mediators. To implement the simultaneous equa-
tions approach, we specify a set of seemingly unrelated
regressions (SUR) that contains four equations in one sin-
gle test: the first three equations regress the mediators on
1SO 14001 certification and all the control variables, respec-
tively, and the fourth one regresses the dependent variable
on ISO 14001 certification, the three mediators, and all the
control variables.’ The error terms of the four equations are
allowed to be correlated. Table 4 reports the SUR results.
The dependent variable Total patent flow here is transformed
to the natural logarithm of one plus its respective count,
because the SUR framework is applicable to linear regres-
sions. As can be seen in Model 4, the positive and significant
coefficients on the three mediators provide additional sup-
port for our mediation arguments.

In Table 5, we compute and report the “indirect effect”
of each mediating channel. As it shows, the indirect effects
via each mediator and the joint indirect effect are all positive
and significant.

Propensity Score Matching Approach

Next, to strengthen the ‘equal trend’ assumption between
the treatment group and the control group and to alleviate
the concern that the difference in corporate technological
innovation performance in the post-certification period is
incurred by some observed factors other than ISO 14001
certification per se, we deploy the propensity score matching
(PSM) approach to select firms that were more similar at the
time of treatment for comparison. Such a matching approach
allows us to include a number of covariate controls to adjust
for potential differences in trends over time.

When applying the PSM procedure, we first estimate a
Probit model using all 770 sample firms to calculate the
propensity scores, which measure the extent of match-
ing between the certified and uncertified firms in multiple
dimensions. Specifically, propensity scores are calculated
as p(X) = Pr[D = 11X] = E[DIX], where X is the multidi-
mensional vector of characteristics and D is the probability
of receiving the treatment (i.e., ISO 14001 certification).

8 Note that Eq. (1) is not estimated by the simultaneous equation
approach. As explained above, the first step in the traditional Baron
and Kenny’s approach is not necessary for mediation to occur.

° The estimation steps of this approach can be found at http://www.
ats.ucla.edu/stat/stata/fag/mulmediation.htm. See Agarwal et al.
(2016) for a recent application in management.
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Table 4 Robustness check with seemingly unrelated regressions

Model 1 Model 2 Model 3 Model 4
Resource utilization ~ Resource accu-  Long-term oriented In(Total
efficiency,, mulation, resource allocation, | patent
flow, + 1)
1SO 14001 certification 0.030%** 0.016%** 0.273%** 0.013
(0.010) (0.002) (0.035) (0.046)
Resource utilization efficiency - - - 0.137%#%%*
- - - (0.051)
Resource accumulation - - - 1.407%**
- - - (0.455)
Long-term oriented resource allocation - - - 0.049%%**
- - - (0.018)
Firm size 0.004*** 0.009%* 0.033%* 0.114%#%%*
(0.001) (0.004) (0.014) (0.032)
SOE 0.006%** 0.005%%* 0.095%** 0.555%%%*
(0.002) (0.002) (0.034) (0.129)
Debt ratio —0.012%* — 0.018*** —0.063 —0.112%*
(0.006) (0.006) (0.091) (0.052)
Retained earnings 0.005%%** 0.002%%* 0.018%* 0.034%%*
(0.001) (0.001) (0.010) (0.015)
ROA 0.169%** 0.016* 0.362%* 0.480*
(0.018) (0.009) (0.208) (0.266)
Ownership concentration 0.011 0.012* 0.271%%* 0.947%%%
(0.007) (0.007) (0.115) (0.279)
Managerial shareholding ratio 0.017%* 0.020%* 0.325%%* 0.204%%*
(0.008) (0.009) (0.131) (0.104)
R&D intensity 0.071%* 0.068* 1.019* 6.458%%*
(0.035) (0.037) (0.564) (0.903)
Ratio of firms with R&D department in the industry 0.001%#%* 0.005%* 0.003* 0.012%%%*
(0.000) (0.003) (0.002) (0.003)
Ratio of new product sales to total sales in the industry 0.001*%*%* 0.003* 0.002%%* 0.015%*%*
(0.000) (0.002) (0.001) (0.003)
Year fixed effects Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes
Constant 0.0917%** —0.020 — 0.601*** 1.168*
0.011) (0.012) (0.185) (0.642)
Number of firms 770 770 770 770
Number of obs 6900 6900 6900 6900
R? 0.901 0.761 0.820 0.865

Models 1-3 regress the three mediators on the IV and controls, respectively. Model 4 regresses the DV, Total patent flow (logged), on the three
mediators, the IV, and controls. And there is a one-year lag between the IV and the mediators, as well as the DV. Standard errors are in parenthe-
ses

*p <0.10; ** p < 0.05; *** p < 0.01; two-tailed test

Table 5 Simultaneous

oS DV: In(Total patent flow,,; + 1) Coefficient SE Z-stat p value
mediation test
Indirect via Resource utilization efficiency 0.004 0.001 3.66 0.000
Indirect via Resource accumulation 0.023 0.006 3.83 0.000
Indirect via Long-term oriented resource allocation 0.013 0.004 3.19 0.001
Joint indirect effects 0.040 0.006 6.24 0.000

As the Z-statistics above show, all the three mediation effects, as well as their joint indirect effects, are sig-
nificant at the p < 0.01 level, indicating that the three mediations function simultaneously. Standard errors
are in parentheses

*p <0.10; ** p < 0.05; *** p < 0.01; two-tailed test
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Table 6. Robustness te§t with Model 1 Model 2 Model 3
propensity score matching . . .
approach Total patent flow, | Invention flow,,,  Non-invention flow,
ISO 14001 certification 0.158%%** 0.170%** 0.205%%*%*
(0.054) (0.061) (0.075)
Firm size 0.094** 0.084%** 0.088**
(0.038) (0.041) (0.044)
SOE 0.227%%%* 0.241%%* 0.333%**
(0.086) 0.114) (0.088)
Debt ratio — 0.443%* — 0.434%* — 0.414%*
(0.200) (0.207) (0.197)
Retained earnings 0.005 0.030 0.012
(0.021) (0.025) (0.023)
ROA 0.887* 0.787* 0.890*
(0.509) (0.419) (0.518)
Ownership concentration 0.781%%* 0.747** 0.618*
(0.378) (0.363) (0.334)
Managerial shareholding ratio 0.277* 0.562%%* 0.396%*
(0.152) (0.248) (0.236)
R&D intensity 4.365%** 1.972%* 4.680%**
(1.076) (1.023) (1.240)
Ratio of firms with R&D department 0.027*%* 0.012%** 0.018***
(0.004) (0.004) (0.006)
Ratio of new products to total sales 0.006%* 0.006* 0.017%%*
(0.003) (0.004) (0.006)
Year fixed effects Yes Yes Yes
Firm fixed effects Yes Yes Yes
Constant — 3.502%** - 0.975 — 3.726%%*
(0.730) (0.917) (0.835)
Number of firms 492 492 492
Number of obs 4428 4428 4428
Log likelihood — 6380.752 —4952.991 —4500.289

The matching process is omitted here due to limited space, but is available upon request. Models 1-3 report
the DID regression results based on the matched sample. One-year lagged values exist between the IV and
the DVs. Standard errors are in parentheses

*p <0.10; ** p < 0.05; *** p < 0.01; two-tailed test

With regard to the vector X, we include several dimensions
that might affect firms’ propensity to certify with the ISO
14001 standard, namely Firm size, Ownership type, Debt
ratio, Retained earnings, ROA, Corporate governance, R&D
expenditure, Industry-level characteristics of innovation
activities, as well as a full set of year and firm dummies.
The Probit model is specified as:

exp (pX;)

it =m0y = 11%) = T2
it

&)

With calculated propensity scores, we then use the near-
est-neighbor matching method to search, both backwards
and forwards, for the closest control samples (Corbett et al.
2005). It turns out that 246 ISO 14001 certified firms suc-
cessfully find their matched uncertified counterparts. Then,
we re-conduct the DID regressions with negative binomial
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model on the matched sample, which includes 492 firms.
The results are reported in Table 6.9 As can be seen, with
the matched sample, the estimated coefficients on ISO 14001
certification are positive and statistically significant through
Models 1-3, highly consistent with those in Table 6, thus
providing additional support to our arguments.

Two-Stage Least Square Regressions

Although the combination of the DID research design and
PSM approach helps to mitigate the endogeneity problem
substantially, there might still be another potential endo-
geneity concern, due to the existence of unobserved time-
variant factors that affect both firms’ ISO 14001 certifying

19 Due to limited space, the results of the first-step probit regression
are omitted here, but are available upon request.
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Table 7 Robustness test with two-stage least squares approach

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
First stage Second stage
ISO 14001 certification Total patent flow,,, Invention flow,, | Utility flow,, | Design flow, , Non-invention flow,,,
ISO 14001 certification — 0.020%%*%* 0.049%%*%* 0.041%* 0.022%* 0.024%%*
(predicted) - (0.007) (0.018) (0.020) (0.009) (0.010)
Firm size 0.346%** 0.375%** 0.358%%** 0.377%** 0.210* 0.181%*
(0.098) (0.056) (0.076) (0.081) (0.122) (0.102)
SOE —0.567* 0.159 0.129 0.256 0.154 0.143
(0.301) (0.127) (0.175) (0.176) (0.234) (0.179)
Debt ratio —0.431 — 0.948%*%* — 1.142%%%* —0.704* —0.315 —0.080
(0.334) (0.288) (0.369) (0.386) (0.621) (0.379)
Retained earnings 0.219 0.113%** 0.052 0.106%** 0.105%%* 0.077
(0.282) (0.026) (0.042) (0.036) (0.046) (0.083)
ROA 0.142%%* 0.366 0.355 1.142 0.371 0.695
(0.063) (0.728) (0.861) (1.081) (1.507) (0.958)
Ownership concentra- 0.413 0.376 1.075%%* 0.601 0.732 0.209
tion (0.742) (0.383) (0.534) (0.502) (0.937) (0.564)
Managerial sharehold-  0.934* 0.517 1.002%%* 0.166 1.417* 0.683
ing ratio (0.537) (0.354) 0.451) (0.462) (0.786) (0.562)
R&D intensity 0.132%%* 5.343%** 6.815%** 8.558** 4.823%* 5.376%*
(0.061) (1.423) (1.939) (2.005) (1.903) (2.270)
Ratio of firms with R&D  0.695 0.034%%* 0.108%*%* 0.119%* 0.021%* 0.027%%*
department in the (0.450) (0.016) (0.051) (0.054) (0.010) (0.013)
industry
Ratio of new product 0.155 0.011 0.059%** 0.022 0.022 0.015
sales to total sales in ~ (0.128) (0.009) (0.020) (0.019) (0.015) (0.011)
the industry
Instrumental variable 0.718%%* - - - - -
Air pollution degree in  (0.335) - - - - -
the city
Year fixed effects Yes Yes Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes Yes Yes
Constant —9.885% — 6.631%%* — 5.686%** —6.133%**%  —1.536 —20913*
(5.527) (1.188) (1.381) (1.509) (2.440) (1.715)
Cragg—Donald Wald F  24.431 - - - - -
statistic
Number of firms 770 770 770 770 770 770
Number of obs 7670 6900 6900 6900 6900 6900
Log likelihood —2501.901 —10,330.00423 —7418.2911 —6994.481  —3292.751 — 8081.34615

Model 1 reports the first-stage result, which regresses the independent variable on the instrumental variable and all the control variables. Mod-
els 2—4 report the second-stage results, which regress the DVs on the predicted value of the independent variable and all the control variables.

Standard errors are in parentheses
*p <0.10; ** p < 0.05; *** p < 0.01; two-tailed test

behavior and their technological innovation outcomes.
Therefore, we further deploy the instrumental variable
technique, i.e., the two-stage least square regressions, to
exclude the potential bias incurred by omitted time-variant
factors. This method requires the selected instrumental
variable to be uncorrelated with the dependent variable,
but to have strong correlation with the independent varia-
ble. After an extensive search, we eventually find one vari-
able that satisfies this prerequisite, both conceptually and

empirically: The degree of air pollution in the focal city,
the information of which is available in China Statistical
Yearbook on Environment. Conceptually, greater degree
of air pollution usually leads more firms to certify with
ISO 14001 standard, but it seems to have nothing to do
with firms’ technological innovation performance. Empiri-
cally, the correlation coefficient between the instrumental
variable and the independent variable is 0.670 (p < 0.001),
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whereas the correlation between the instrumental variable
and the dependent variable is 0.020 (p = 0.126).

Results of the 2SLS approach are presented in Table 7.
Model 1 reports the first-stage result, which regresses ISO
14001 certification on the instrumental variable The degree
of air pollution in the focal city, as well as all the control var-
iables. The estimated coefficient on the instrumental variable
is positive and statistically significant at the p < 0.05 level,
confirming its relevance to the independent variable. More-
over, the Cragg—Donald Wald F statistic is 21.221, much
larger than the critical value (F = 16.38) of Weak Identifica-
tion Test suggested by Staiger et al. (1997), meaning that our
instrumental variable is NOT weak. Models 2—-6 report the
second-stage results, which regress the dependent variables
on the predicted value of the independent variable obtained
from the first stage. Consistent with our earlier results, the
estimated coefficients on the predicted ISO 14001 certifica-
tion are all positive and statistically significant. Therefore,
the instrumental variable technique suggests that our results
are NOT biased by omitted variables.

Discussion and Conclusion

Based on the resource-based view, this study investigates the
effect of ISO 14001 certification on corporate technologi-
cal innovation. Leveraging ISO 14001 certification among
Chinese listed firms as the research context, our findings
show that the certification of ISO 14001 facilitates corporate
technological innovation. Moreover, the results reveal that
resource management practices, including resource utiliza-
tion, resource accumulation and resource allocation, act as
the underlying mechanisms through which ISO 14001 cer-
tification may take effect.

Theoretical Contributions

The current research makes important theoretical contribu-
tions to the literature. First, while a growing body of litera-
ture has investigated the relationship between green activi-
ties and firm innovation, most of them lack a theoretical
framework. The current research, however, leverages the
framework of resource management perspective and argues
that ISO 14001 certification improves company-wide prac-
tices of resource management, which enable firms to bet-
ter invest their resources in R&D and innovation activities.
Therefore, the current research advances the understanding
of the “environment—innovation” relationship, and also ech-
oes to the classical notion in strategic management research
that firms’ resources and capabilities bring about competi-
tive advantages (Barney 1991).

Second, with few exceptions (see, for instance, Shu et al.
2016), extant studies on the relationship between EMS
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certification and firm innovation have largely left the latent
channels unexplored as a black box. Instead of a simple rep-
lication study, the current research aims to extend the lit-
erature by probing into the underlying mechanisms through
which EMS certification affects firm innovation. Toward
this end, it focuses on the firms’ internal resource man-
agement and reveals that the certification of environmen-
tal management system with ISO 14001 standard enables
firms to utilize resources more efficiently, to better accumu-
late R&D-related resources and capabilities, as well as to
allocate resources for goals of longer terms, which in turn
facilitates firms’ technological innovation. In this way, the
current research contributes to the literature by uncovering
plausible underlying mechanisms through which EMS cer-
tification takes effect.

Third, prior research on resource management has mainly
relied on theoretical modeling, but lacked empirical veri-
fication (see, for instance, Sirmon and Hitt 2003; Sirmon
et al. 2007), probably due to the difficulty in finding an ideal
research setting. The current research leverages the context
of ISO 14001 certification among Chinese firms and devel-
ops appropriate measures for the key constructs. Therefore,
the current research complements the literature on resource
management by providing empirical applications for the
core argument that firms can create sustainable competi-
tive advantages through the internal resource management
(Sirmon and Hitt 2003).

Empirical Contributions

The current research also makes substantial empirical con-
tributions to the literature. To be specific, prior studies on
the link between green activities and firm innovation mainly
relied on cross-sectional survey data (see, for instance, Chen
and Chang 2013; Jakobsen and Clausen 2016; Shu et al.
2016), which usually incur endogeneity problems. Besides,
they often used survey items to capture firm innovation,
which might lead to common method bias and measurement
errors. Instead, the current research deploys second-hand
panel data of a large sample and consolidates a variety of
empirical techniques, including the DID regression, PSM
approach and the instrumental variable technique, thus sys-
tematically excluding the endogeneity issues. Moreover,
it introduces the patent data, which are objective, publicly
available and have been widely used in other technology
and innovation research, into this strand of literature, thus
addressing the common method bias and measurement
errors.

Ethical Implications

The current research provides important ethical implica-
tions for policymakers. To be specific, with the growing
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conflict between human and nature in emerging economies,
the traditional way of socioeconomic development, which
is usually at the expense of the environment, is no longer
sustainable. New patterns of development that harmonize
economic growth and environmental protection are hereby
in great need. On the other hand, emerging economies like
China and India have put forward their national development
strategy of becoming an innovation-oriented country. There-
fore, the government in emerging economies is faced with
considerable pressures to balance the multiple needs among
socioeconomic development, environmental protection and
technological innovation. A sustainable national system is
thereupon needed to reconcile the multiple missions. ISO
14001 standard, as a certified environmental management
system, not only reduces the monitoring cost for the gov-
ernment (He et al. 2016), but also minimizes the negative
impact of production activities on the environment (Potoski
and Prakash 2004). In addition, our results show that the cer-
tification of ISO 14001 standard facilitates the emergence of
new technology and contributes to firm innovation. Accord-
ingly, the government is suggested to incentivize more firms
to certify with ISO 14001 standard by subsidizing the expen-
ditures of certification and sequential maintenance, or pro-
viding preferential tax for the certified firms.

As well, the current research conveys important ethical
implications for firm managers. Specifically, firms, espe-
cially those in emerging economies, are often constrained
by limited resources and underdeveloped technology.
Therefore, with the conventional wisdom of environmental
protection, which believes that it comes at an additional
cost imposed on firms and distracts limited resources
away from value-enhancing activities like innovation,
thus eroding firms’ competitive advantages (Ambec and
Lanoie 2008), firm managers are hesitated whether they
should allocate limited resources to green activities and
ponder how they can benefit from EMS certification with
ISO 14001 standard. Nevertheless, results in the current
research have challenged this traditional paradigm and
revealed that green management, such as ISO 14001 cer-
tification, can lead to a synergy between environmental
protection and firm innovation. For instance, by certify-
ing EMS with ISO 14001 standard, firms are able to cul-
tivate their ability of using clean energy, recycling, and
disposing waste to enhance the operation efficiency and
thus reserve more resources to invest R&D and innovation
activities. Besides, upon ISO 14001 certification, firms are
motivated to upgrade their incumbent technologies, which
strengthens their technical capabilities and accumulates
R&D-related resources, thus facilitating innovation per-
formance. Moreover, ISO 14001 certification shifts firms’
attention to sustainability and encourages firms to increase
resource allocation for long-term activities, like innova-
tion. Therefore, firm managers are suggested to actively

certify EMS with ISO 14001 standard and integrate its
required PDCA procedures into firms’ daily operations,
so as to facilitate corporate innovation and competitive
advantages.

Limitations and Future Directions

Notwithstanding the above contributions and implications,
the current research has several limitations that encour-
age future investigations. First, in the current research,
we are not able to accurately distinguish between sym-
bolic and substantive ISO 14001 certification (Aravind and
Christmann 2011; Boiral 2007), due to the unavailabil-
ity of related information, which might bias our results.
As a suboptimal remedy which is not presented in the
manuscript but available upon request, we leverage firms’
exporting information to indirectly capture the quality of
ISO 14001 implementation, because exporting firms, espe-
cially those with customers in developed countries, are
found to comply better with ISO 14001 standard (Bansal
and Hunter 2003; Christmann and Taylor 2001; King et al.
2005). Although the results with firms’ exporting intensity
controlled hold consistent, future research is suggested to
further address this issue with in-depth case studies and
tell apart symbolic versus substantive certification more
precisely. Second, the current research deploys patents
as the proxy for innovation performance. Nevertheless,
some types of innovation are not protected by patents, like
process innovation and business model innovation. Future
research needs to come up with alternative measures that
reflect corporate innovation performance thoroughly.
Third, the current research simply uses patent counts to
capture firms’ innovation performance, regardless of the
importance of each patent and whether the focal patent
has been cited by subsequent innovation. Future research,
therefore, is encouraged to weight patents by the citation
information, which may be a better proxy for innovation
performance.
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