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Abstract: This paper proposes and tests the impacts of firms’ innovation activities, such as patents, on
their involvement in environmental sustainability, such as environmental performance. Combining
resource allocation and eco-innovation perspectives assuming constant levels of trade-off costs,
this study proposes diminishing trade-off costs between corporate innovation and environmental
sustainability. Specifically, this research hypothesizes a U-shaped relationship, suggesting that a firm
will suffer trade-off costs between innovation and environment-oriented activities up to a certain
level, and that once a firm accumulates an adequate level of innovation, it may reduce trade-off costs,
caring more for environmental issues. A proposed hypothesis is supported by empirical testing of
a sample of 11,657 firm-year observations with 1564 firms, spanning from 1991 to 2010. We also
found that corporate patenting activities are relevant to undesirable impacts on environmental
performance overall, instead of satisfying outcomes. We suggest that firms and managers should
care for environmental sustainability issues once they accumulate an adequate level of innovation
assets through patenting activities.

Keywords: innovation; environmental sustainability; patent; environmental performance; trade-off
cost; curvilinear relationship

1. Introduction

Do firms’ innovation activities affect their environmental sustainability? Researchers propose that
corporate social responsibility (CSR) is highly correlated with innovation such as intangible assets
and research and development or R&D activities [1–3]. However, there has been little research into
the relationship between corporate innovation, CSR and environmental sustainability. In order to fill
this gap, this paper proposes and tests the impacts of firms’ innovation activities, such as patenting,
on their involvement in environmental sustainability, such as environmental performance.

Regarding this issue, two relevant but contradictory theoretical frameworks are considered: From
the resource allocation approach [4–7], assuming budget constraints in each firm, corporations must
choose either innovation or environmental sustainability. Thus, there will be negative relationships
between a firm’s innovation and its environmental performance. Meanwhile, the eco-innovation
approach [8–10], arguing effective management of both innovation and environmental issues, proposes
that firms with higher-quality innovation will take better care of the environment. As such, the more
innovative a firm is, the more environmentally friendly it will be.

In this paper, we integrate these seemingly contradictory theories of the relationship
between innovation and environmental sustainability using a conceptual framework on contextual
ambidexterity [11,12]. Specifically, combining resource allocation and eco-innovation perspectives,
we hypothesize a U-shaped relationship, suggesting that a firm will suffer trade-off costs between
innovation and environment-oriented activities up to a certain level, and that once a firm accumulates
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an adequate level of innovation, it may reduce trade-off costs, caring more for environmental issues.
Unlike existing theoretical frames assuming constant levels of trade-off costs, this study proposes
diminishing trade-off costs between corporate innovation and environmental sustainability, depending
upon the levels of corporate innovation activities.

This paper is structured as follows. In the next section, we provide a conceptual framework
in which we review two contrasting academic literatures on innovation and corporate sustainability.
We also propose hypotheses with theoretical frames about the relationship between corporate
innovation activities and environmental performance, using the mechanisms of trade-off costs. Then,
data, research methods, and research findings are presented. In the final section, we discuss the results,
and give some conclusions in this study and possible avenues for future research.

2. Theory and Hypotheses

Regarding the relationship between corporate innovation and environmentally sustainable
activities, both the resource allocation and eco-innovation approach speak implicitly to assume
trade-off costs between the two areas. Although both perspectives presume a constant trade-off
relationship, positive or negative, this research proposes that the trade-off costs will be steadily
decreased because of firms’ ambidextrous capacities, causing a curvilinear relationship between
innovation and sustainability.

2.1. Resource Allocation Approach

Emphasizing the constant trade-off costs between corporate activities, the resource-allocation
approach proposes that the way managers prioritize between corporate innovation and environmental
sustainability is critical for firm value. The trade-off cost approach due to resource-allocation
constraints has been proposed by March’s seminal work [13], in which he points out that firms
should choose one of various possible activities “by making resource-allocation decisions, thereby
facing trade-offs between expected consequences of these activities” [14]. In other words, due to
limited resource availability, corporate managers favor a certain activity over others. This perspective
is also related to strategic decision-making, defined essentially as making disciplined choices about
resource allocation [15–17]. In strategic decision-making, corporate performance is best if managers
effectively build portfolios of corporate activities under certain constraints, i.e., the restricted budgets
to be invested in appropriate activities [18].

Likewise, the CSR literature states that corporate actors have a good reason to choose
either innovation activities or environmental sustainability, rather than both [7,19]. Academic
literature on strategic CSR states that a firm’s CSR activities add to its intangible assets, such as
reputation/brand, innovation/R&D, human resources, and ultimately, financial valuation [20,21].
Following the resource-allocation approach [2,5–8], however, due to limited resources or budget
constraints, corporate innovation activities and environmental sustainability are incompatible. Thus,
because a firm’s engagements in innovation and responsibility alike contribute to its intangible assets,
and because trade-off costs between two activities are clear, the firm tends to focus on either innovation
activities or environmental performance.

Incidentally, under the resource allocation conditions, corporations prefer activities resulting
in internal assets and resources to those for external benefits, with the following two reasons: First,
because returns from externally driven activities are less certain and more remote in time than those
from internal assets [14], firms are likely to invest in activities for internal resources [13]. Second,
relevant to the first point, between corporate innovation such as patents and environmental issues,
firms choose the former to protect their innovation from competitors’ imitation [22].

Accordingly, managers and firms should choose activities either for corporate innovation
or environmental sustainability. This “either-or” approach has well-coincided with managerial
motivations to choose corporate innovation activities. According to the innovation literature,
innovation is a key driver in the business world, but the public good nature of ideas prevents corporate
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actors from investing their full efforts [23]. However, firms and business people actively pursuing
patents or copyrights are motivated by anti-common incentives, i.e., privatizing scientific knowledge
and limiting scientific progress [24,25]. In contrast to initiatives for social benefits or responsible
practices, intellectual property rights may inhibit the free flow of scientific knowledge, instead of
accumulating social benefits. Thus, due to divergent motivations for innovation and environmental
sustainability, the connections between patenting activities and environmental performance would be
inversely related.

In summary, research areas mentioned above are mainly rooted in the assumption that trade-off
costs between innovation activities and environmental sustainability are constantly positive. Firms must
dedicate time and money to particular activities and programs, with impact on their expected value [16].
Additionally, however, when investing in intellectual capital by patenting, firms and business people
can be easily motivated by “anti-common” perspectives. Thus, corporate motivations for patenting
activities and engagements in environmental performance should be mutually incompatible because
of budget constraints and/or limited resources. A relevant proposition is that there will be a negative
association between a firm’s patents and its environmental performance.

2.2. Eco-Innovation Approach

Some researchers pay attention to the property of mutual influence between corporate activities
relevant to intangible assets. This research stream implicates the risk-management approach,
emphasizing that a firm’s involvement in innovation and environmental sustainability positively
impacts its values [26,27], resulting in null or negative trade-off costs. Accordingly, the “negative”
trade-off costs would be basic motivation for firms to partake in activities relevant to both innovation
and sustainability issues. Regarding this “both-and” logic, the following two approaches argue
relevant propositions.

First, researchers studying eco-innovation, defined as “the production of process, service or
management which results in a reduction of environmental risk, pollution and other negative impacts
of resources used” [28], find reciprocal relationships between innovative and responsible activities
of firms [29–31]. For example, by developing operational and energy efficiency, companies would
achieve a desirable environmental performance as well as superior economic returns [8,9,32,33],
such as eco-efficiency [30]. With the modus operandi of integrating innovation and environmental
sustainability, which also reduces trade-off costs between them, corporations can perform well in both
economic and environmental counts.

Second, scholars emphasizing normative standpoints propose that desirable management
activities such as innovative practices and effective stakeholder relationships lead to a good reputation
among stakeholders, which ultimately results in better performance [34–36]. Their basic argument
is that “by developing close relationships with primary stakeholders a firm can develop certain
intangible resources which enable the most efficient and competitive use of the firm’s assets and help
it to acquire a competitive advantage over its rivals” [21] (p. 467). As a result, “positive perceptions
of the firm by outside stakeholders may lead to increased sales or reduced stakeholder management
costs” [37] (p. 307). A firm’s patenting activities indicate its desire to provide knowledge creation
to the society, as well as its specific industrial community [38,39]. As such, a firm’s concern about
environmental performance, such as pollution, demonstrates a larger wish to decrease damage and
increase the benefit to external society. From the moral sphere perspective, corporate involvement
in patenting and environmental performance sheds light on similar levels of moral boundaries. Based
on their similar standpoints, therefore, patenting and environmental performance can be intermingled
into a harmonious stage.

Accordingly, corporate motivations for patents and environmental performance can be compatible.
Both activities contribute intangible outcomes, and ultimately mitigate risk. Furthermore, there will be
fewer or no trade-off costs; rather, activities for patenting and environmental sustainability lead to
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an effective countervailing force against trade-off costs. Hence, there will be no or negative trade-off
costs (i.e., benefits) between innovation and sustainability activities.

Given this inconsistency in two theoretical approaches and relevant findings, the question of
the general relationship between patenting and environmental performance still raises research
attention. Previous research in both “either/or” and “both/and” traditions study innovation and
sustainability as if they were strictly antithetical to each other. Per the resource-allocation approach,
trade-off costs between innovation and sustainability are continuously positive, so a firm should
choose one of those activities, i.e., the “either/or” logic. On the contrary, the eco-innovation approach
insists on negative trade-off costs or benefits between them—as a firm invests in innovation and/or
sustainability, it will reduce trade-off costs and increase mutual aids between them, i.e., the “both/and’
logic. Hence, the trade-off costs between innovation activities and environmental sustainability provide
fundamental mechanisms for both approaches. Below we seek to address this issue by unfolding
a latent mechanism of trade-off costs behind the seemingly contradictory theoretical approaches
mentioned above.

2.3. An Integrative Approach: Diminishing Trade-Off Costs

The natural resource-based view (NRBV) provides a conceptual basis for this integrative
approach [5]. According to the NRBV, “constrained by and dependent upon ecosystems,” a firm’s
“strategy and competitive advantage will be rooted in capabilities that facilitate environmentally
sustainable economic activities” [5] (p. 991). In particular, the NRBV proposes that firms with
a demonstrated capability will be able to accumulate the resources necessary for pollution prevention,
which eventually contributes to reductions in emissions [5] (p. 1000). To respond to increasing
environmentally caused pressures, companies need to accumulate heterogeneous resources and
ambidextrous capabilities with a long-term perspective instead of a short-term focus [40,41].

The NRBV’s emphasis on external legitimacy has been recognized by management literature,
which suggest that corporate activities for building intangible assets are sequentially linked with
two impetuses: the first impetus is motivated by the “being different” perspective, while the second
is motivated by the “being legitimate” attitude [42]. In order to obtain a competitive advantage
by improving asset-specificity or “being different”, business managers tend to put their efforts
into innovation-related activities such as R&D investment and patenting activities, and/or in CSR
engagements. Interestingly, intellectual property rights may enhance the ability of society to realize
the social and commercial benefits of a given scientific discovery and research [43]. Hinging upon
differentiated resources, corporate managers are eager to “be legitimate” or conform to institutional
demands by way of adopting and engaging in CSR or environmental issues [44]. For example,
a firm’s commitment to philanthropy is influenced by institutional factors such as the community it
belongs to and normative pressures, including regulatory sanctions [45,46]. Integrating two directions
in the motivations for “being different” and “being legitimate”, corporate actors and managers pursue
both innovation activities and responsible business.

Integrating the resource allocation and eco-innovation approaches, a basic argument in this study
attributes the successive diminishment of trade-off costs between innovation and sustainability to
the increasing level of the corporate innovation activities. The diminishing mechanism of trade-off
costs is possible, as firms achieve the stage of ambidextrous capacity resolving the tension between
innovation (patents) activities and environmental sustainability. Specifically, as the level of intangible
assets induced from innovation activities, i.e., patenting, increases, the trade-off costs for a firm
switching from innovation activities to engagements for environmental sustainability, or vice versa,
decrease. That is, besides separate effects for boosting corporate intangible assets, a firm’s innovation
activities and environmental sustainability are linked through a mechanism: trade-off costs.

Figure 1 describes the mechanism of the diminishing of trade-off costs. In Figure 1a,b, the solid
lines represent the resource-allocation frame, such that the relationship between the number of patents
and environmental performance monotonically decreases in Figure 1a, as the trade-off cost between
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them is constantly positive in Figure 1b. Additionally, the dashed lines exhibit the eco-innovation
approach, such that the trade-off cost between two activities is negative, i.e., mutually beneficial
(Figure 1b), so the linkage between them steadily increases (Figure 1a).

In Figure 1, the mechanism of diminishing trade-off costs between patents and environmental
performance is illustrated with three consecutive mechanisms. First, when a firm does not have enough
resources, i.e., the constraints in budgets, its managers have to make “allocation decisions”. In order
for “gains from focus” [47] (p. 429), corporate decision-makers must choose either innovation or
environmental issues, which brings about positive “trade-off” relationships. Under this circumstance,
the more patenting activities a firm chooses to invest in, the less environmental performance it will
engage in.
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Figure 1. Relationship between patents, environmental performance, and the trade-off costs. The graph
at (a) presents the curvilinear relationship between the number of patents and the environmental
performance, which is derived from the trade-off costs between resource allocation approach and
the eco-innovation approach. The graph at (b) specifies how the trade-off costs are diminished as
the level of innovation increases. The solid red line is yielded by differentiating the curvilinear function
shown in (a).

Second, the relationship between patents and sustainability is negatively associated up to a certain
point, where the trade-off approaches null. Then, this relationship is shifted to a positive association.
As growing or experiencing more, some firms can allocate their resources into diverse purposes.
They can then develop and maintain their intangible assets based on multiple sources, such as
innovation, reputation, and environmental sustainability which ultimately benefit the environment [48].
This is presented as the red line approaching the zero-point in Figure 1b, eventuating the bottom
curve of the red U-shaped curve in Figure 1a. By virtue of zero or almost no trade-off costs, corporate
managers may choose activities for both innovation and sustainability under this situation.
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Third, as a firm accumulates more experiences by creating intangible resource activities,
it gradually reduces the trade-off costs between patenting and environmental performance. Firms from
this group show the positive relationships among their activities for intangible assets, i.e., achieving
the stage of “gains from ambidexterity” [47] (p. 429). In Figure 1a, this affinity is shown in the increasing
area of the U-shaped red line and the matching trade-off cost in Figure 1b, i.e., the red line below zero,
implying that firms in this context enjoy positive synergic effects from both activities.

Therefore, we expect that high environmental performance will be found around either relatively
low or high levels of patenting activities, and that environmental performance will decrease
consistently until the point at which the firm’s ambidextrous capacities reverse the trend, creating
low environmental performance at moderate levels of corporate innovation. Accordingly, as the red
U-shaped curve in Figure 1a exhibits, there will be a curvilinear relationship between patents and
the environmental performance of a firm. A corresponding hypothesis is the following:

Hypothesis 1. There will be a curvilinear relationship between a firm’s innovation activities and its engagement
in environmental sustainability.

3. Research Methods

3.1. Sample and Data

The sample used to test our hypothesis was composed of multiple databases, such as Kinder
Lydenberg and Domin (KLD), United States Patent and Trademark Office (USPTO), ExecComp, and
Compustat. To investigate the environmental performance, we chose the KLD dataset because it
has been popularly used by CSR researchers [1,2,5,27,36,37]. We started sampling with the firms
from the KLD database by identifying all large U.S. public firms whose environmental performances
were evaluated by KLD. Then, in order to operationally define corporate innovation, we collected
patent data of the firms from the USPTO database, as it stores most of the patent information of
large U.S. corporations since 1976 [49,50]. Lastly, we added the sample firms’ financial/accounting
information and firm-specific characteristics, which were extracted from Standard & Poor’s Compustat
database; both have been popularly used by management researchers [1,27]. This sampling procedure
yielded 11,657 firm-year observations with 1564 firms, spanning from 1991 to 2010.

3.2. Measures

3.2.1. Dependent Variable

As hypothesized, the dependent variable was considered the environmental performance, which
is defined as “the degree to which a firm ensures that environmental concerns that arise either
out of its business operations or otherwise are addressed” [51] (p. 1256). According to the KLD
evaluation, the environmental performance was measured by subtracting the negative environmental
performance (“concerns”) from the positive environmental performance (“strengths”) of a firm, by year.
First, the strengths referred to the extent to which a firm took an action addressing environmental
issues in a given year. The action was specified into seven categories: (1) environmentally beneficial
products and services; (2) pollution prevention; (3) recycling; (4) clean energy; (5) communications
(e.g., environmental reports); (6) property, plant, and equipment; and (7) management systems through
ISO 14001 certification; all of these were coded as dichotomous variables. We summed up the 0/1
variables across the categories to construct the positive environmental performance of a given firm at
each year. Second, the concerns were defined as the extent to which a firm was involved in the activities
that could exacerbate environmental issues. In the KLD data, the negative activities were evaluated
in six aspects with binary codes: (1) hazardous waste, (2) violations, (3) ozone-depleting chemicals,
(4) substantial emissions, (5) agricultural chemicals, and (6) the combustion of coal or oil and its
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derivative fuel products. We accordingly summed up the binary codes of a given firm by year to
measure the negative environmental performance.

3.2.2. Independent Variable

To illustrate corporate innovation activities, we considered how firms created and developed their
patents. Patenting refers to a firm’s activities to codify knowledge [52,53], and thus it can be measured
with the number of patents that are filed to USPTO in a given year [49,50]. On the other hand, prior
patents are previously codified knowledge, and they are represented by the cumulative number of
patents that were previously filed to USPTO until a given year. In that the contribution of previously
developed patents decreases by 20% annually [54,55], we measured prior patents with the equation
shown below:

Sit = sit + (1 − δ)Sit−1 (1)

where Sit and Sit−1 denote the cumulative number of patents of firm i filed until time t and t − 1
respectively; sit indicates the number of patents created at time t in region i; and δ is the depreciation
rate, assumed as 0.2.

3.2.3. Control Variable

This study included several control variables that could potentially affect a firm’s environmental
performance. First, we considered industry asset intensity. Industry asset intensity has been viewed as
a barrier to exit in studying diversification strategies [56]. It influences a firm’s activities when firms
perceive the industry-level assets as sunk investment. We measured this by aggregating total assets for
firms with the given 3-digit Standard Industrial Classification (SIC) code.

Second, we considered prior performance environmentally and financially. For the prior
environmental performance, we used a one-year-lagged variable of the overall environmental
performance. For the prior financial performance, we measured return-on-assets (ROA), which
was adjusted by industry-level ROA. Industry-level ROA is measured with the mean value of ROA for
firms with the given 3-digit SIC code.

Third, firm size is a factor determining firm performance because it represents a firm’s capability.
The number of employees was used as a proxy variable to capture the firm size. Additionally,
we considered the value of total assets as another variable to capture the firm size.

Fourth, the environmental performance can be influenced by the upper-echelon’s decision-making.
To control for this, we included the number of executives as a control variable.

Fifth, we considered marketing intensity and capital expenditures. Marketing intensity was
measured with the ratio of administrative expenditures to R&D expenditures. As the administrative
expenditure heavily depends on a given firm’s resources, we normalized the scale of expenditure by
dividing it by the net income.

Last, we acknowledged that hypothesis tests depend on the firms that have been awarded.
As this can entail a sample selection bias, we had to control for the latent effects where the firms that
were rated by KLD but hadn’t been awarded with their own patents could reveal significant relations
between intangible assets and environmental performance. To consider the sample selection bias,
we calculated inverse Mill’s ratios of the sample firms. From our compiled dataset, we computed Probit
estimations of the probability, where the sample firms of the KLD database had their own patents with
respect to industrial dummies (year dummies) and the dollar amount of R&D expenditures (which
were normalized by total assets). The estimated probabilities were included in our estimation models
as independent control variables.

Table 1 summarizes the variables, including the mean value, standard deviation, and minimum
and maximum values.

Table 2 presents a correlation matrix for all 15 variables used in the models. Interestingly,
overall environmental performance (EPO) had a positive correlation value with environmental
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performance strengths (EPS), while it had a negative correlation with environmental performance
concerns (EPC). Additionally, the number of patents (NP) had a positive association with R&D
expenditures (R&D), but the cumulative number of patents (CNP) had a positive correlation with
the number of employees (EMP).

Table 1. Descriptive Statistics 1.

Variables Mean SD Min Max

Environmental Performance, Overall −0.11 0.93 −5 5
Environmental Performance, Strengths 0.28 0.67 0 5
Environmental Performance, Concerns 0.39 0.87 0.00 6

Prior Environmental Performance, Overall −0.01 0.64 −4.28 3.96
Prior Environmental Performance, Strengths 0.03 0.46 −2.25 3.94
Prior Environmental Performance, Concerns 0.03 0.59 −2.86 4.25

No. of Patents 0.03 0.05 0 0.87
Cumulative No. of Patents 27.94 155.70 0 4392

Prior Industry ROA 0.37 2.00 −41.46 16.53
Industry Asset Intensity 0.37 2.00 −41.46 16.53

No. of Executives 1.70 2.81 0.04 30.34
Total Assets 5.74 1.60 0 15

No. of Employees 43.33 153.59 0.02 3973.04
Marketing Expenditures 26.15 74.95 0.01 2100

R&D Expenditures 0.23 0.21 −0.04 2.96
1 N = 11,657.

Table 2. Correlation Matrix.

Variables 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. EPO
2. EPS 0.44
3. EPC −0.72 0.30
4. PEPO 0.60 0.24 −0.45
5. PEPS 0.32 0.68 0.19 0.45
6. PEPC −0.40 0.27 0.63 −0.73 0.29
7. NP 0.11 −0.01 −0.13 0.02 0.01 −0.02
8. CNP −0.02 0.12 0.12 0.00 0.15 0.12 0.12
9. IROA −0.00 0.00 0.00 −0.00 −0.01 −0.00 −0.02 −0.02
10. IAI 0.00 0.00 0.00 0.00 −0.01 0.00 −0.08 −0.02 0.01
11. EXC −0.21 0.12 0.32 −0.04 0.01 0.05 −0.16 −0.03 −0.01 0.01
12. TA −0.07 0.06 0.12 −0.03 0.02 0.05 −0.03 0.07 −0.03 −0.01 0.03
13. EMP −0.18 0.25 0.38 −0.13 0.23 0.32 −0.05 0.32 0.03 −0.03 0.26 0.08
14. MKT −0.04 0.15 0.16 −0.06 0.15 0.18 −0.09 0.19 0.12 0.03 0.14 0.08 0.45
15. R&D 0.18 −0.11 −0.28 0.03 −0.04 −0.06 0.23 −0.02 −0.08 0.12 −0.19 −0.03 −0.14 0.02

1 EPO: environmental performance, overall. EPS: environmental performance, strengths. EPC: environmental
performance, concerns. PEPO: prior environmental performance, overall. PEPS: prior environmental performance,
strengths. PEPC: prior environmental performance, concerns. NP: no. of patents. CNP: cumulative no. of patents.
IROA: prior industry ROA. IAI: industry asset intensity. EXC: no. of executives. TA: total assets. EMP: no. of
employees. MKT: marketing expenditures. R&D: R&D expenditures.

4. Results

4.1. Hypothesis Tests

To examine the hypothetical relations between corporate innovation and environmental
performance, we used a fixed-effect model, as the Hausman test suggests [57]. The Hausman test
is typically used to compare fixed- and random-effect models in econometrics. If the statistic for the test
has p-values lower than the 0.05 significance level, the random-effect model shows inconsistent results.
In this study, we found the statistic to be 919.89 (p < 0.001). We, therefore, employed fixed-effect models.
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Table 3 presents the estimations of environmental performance with respect to control variables
(Model 1) and our hypothesized variables, the number of patents (Models 2 and 3) and the number
of cumulative patents (Models 4 and 5). Model 1 included only control variables. In Models
2 and 3, the hypothesized variable, the number of patents, was added to Model 1 to estimate
the environmental performance.

Table 3. The effect of patenting on environmental performance 1.

Model 1 Model 2 Model 3 Model 4 Model 5

Intercept −0.348 **
(0.102)

−0.298 **
(0.103)

−0.279 **
(0.103)

−0.317 **
(0.102)

−0.300 **
(0.103)

PEPO 0.079 ***
(0.015)

0.078 ***
(0.015)

0.079 ***
(0.017)

0.078 ***
(0.015)

0.079 ***
(0.015)

IROA −0.001
(0.002)

−3.001
(0.002)

−0.001
(0.002)

−0.001
(0.002)

−0.001
(0.002)

IAI 0.008
(0.011)

0.007
(0.011)

0.006
(0.010)

0.006
(0.011)

0.006
(0.011)

EXC −0.003
(0.005)

−0.003
(0.005)

−0.003
(0.005)

−0.003
(0.005)

−0.003
(0.005)

TA 0.001 **
(0.000)

0.001 **
(0.000)

0.001 **
(0.000)

0.001 **
(0.000)

0.001 **
(0.000)

EMP −0.002 ***
(0.000)

−0.002 ***
(0.000)

−0.002 ***
(0.000)

−0.002 ***
(0.000)

−0.002 ***
(0.000)

MKT −0.033
(0.109)

−0.036
(0.108)

−0.040
(0.108)

−0.031
(0.108)

−0.031
(0.108)

R&D −0.081
(0.258)

−0.084
(0.257)

−0.090
(0.257)

−0.083
(0.257)

−0.084
(0.257)

NP −0.001 ***
(0.000)

−0.001 ***
(0.000)

NP 2 0.000 ***
(0.000)

CNP −0.120 **
(0.041)

−0.232 **
(0.078)

CNP 2 0.008 †

(0.005)

Inverse Mill’s Ratio −0.180 ***
(0.034)

−0.175 ***
(0.034)

−0.169 ***
(0.034)

−0.177 ***
(0.034)

−0.175 ***
(0.034)

Firm Dummies Included Included Included Included Included

Year Dummies Included Included Included Included Included

AR(1)-DW 0.554 0.549 0.548 0.554 0.554

Log Likelihood −8043.14 −8017.02 −8008.90 −8037.78 −8036.19

AIC 16,142.27 16,092.03 16,077.79 16,133.56 16,132.38

χ2 − 52.24 *** 68.48 *** 10.72 ** 13.9 ***
† p < 0.1; * p < 0.05; ** p < 0.01; *** p < 0.001. 1 The number of firm-year: 11,657; the number of firms: 1564; standard
errors are in parentheses.

From Model 3, we found a negative effect from the number of patents on the environmental
performance (β = −0.001; p < 0.001) and a positive effect from its quadratic terms (β = 0.000; p < 0.001).
Likewise, Model 5 presented a quadratic effect of the cumulative number of patents on environmental
performance, which also supported our hypothesis. Specifically, there was a negative effect of
the cumulative number of patents on the environmental performance (β = −0.232; p < 0.01) and
a positive effect of its quadratic terms (β = 0.008; p < 0.1).
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This finding revealed a U-shaped relation between the number of patents and environmental
performance, as shown in Figures 2 and 3 below. Figure 2 presents the quadratic relationship between
the number of patents and environmental performance, and Figure 3 shows the U-shaped relationships
between the cumulative number of patents and environmental performance.
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4.2. Specification of Environmental Performance

As a robustness check of the environmental performance, we separated the performance
measure into two independent components: positive and negative environmental performances.
To predict the respective environmental performance measures, we considered three aspects in selecting
estimation models.

First, the overall distributions of the respective variables (positive and negative) were right-skewed.
The distributions were interpreted as indicating that the activities related to environmental issues tend
to be episodic. Second, given that the variables were made by summing up binary codes, the values of
the variables represented the frequency of episodic activities in a certain time period. Additionally,
the over-dispersion issue was considered, i.e., if the variance value was excessively large relative
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to the mean value. Thus, we tested if the focal variables (positive and negative) were vulnerable
to the over-dispersion bias. The test results revealed that the goodness-of-fit statistics were 8172.50
(p = 0.99) for the positive environmental performance, and 13,124.69 (p = 0.77) for the negative
environmental performance, indicating that there were no over-dispersion issues. Third, in our sample
data, the positive and negative variables contained many zeros, which could influence the estimation
results. To delineate the influence of the zero-valued dependent variables, we finally considered
the zero-inflated Poisson regression model.

Table 4 shows the zero-inflated Poisson estimation results for the positive and negative
environmental performance being regressed on the number of patents. Models 1 and 4 included
only the control variable for estimating “positive” and “negative”. The number of patents and
the cumulative number of patents were added to Models 1 and 4.

Table 4. Zero-inflated estimation of environmental performance 1.

Positive Env. Performance Negative Env. Performance

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Intercept −1.001 ***
(0.185)

−1.003 ***
(0.186)

−0.999 ***
(0.187)

−0.231 †

(0.137)
−0.269 *
(0.135)

−1.001 ***
(0.185)

Prior Environmental
Performance

0.503 ***
(0.029)

0.505 ***
(0.029)

0.509 ***
(0.028)

0.601 ***
(0.033)

0.610 ***
(0.030)

0.610 ***
(0.030)

Prior Industry ROA −0.030
(0.023)

−0.030
(0.023)

−0.030
(0.023)

0.100 **
(0.032)

0.101 **
(0.031)

0.101 **
(0.031)

Industry Asset
Intensity

0.001
(0.006)

0.000
(0.006)

0.000
(0.006)

0.024 **
(0.007)

0.026 ***
(0.007)

0.027 ***
(0.007)

No. of Executives 0.009
(0.014)

0.009
(0.014)

0.007
(0.014)

0.025 †

(0.014)
0.029 *
(0.013)

0.028 *
(0.013)

Total Assets 0.000 †

(0.000)
0.000

(0.000)
0.000

(0.000)
−0.000
(0.000)

−0.000
(0.000)

−0.000
(0.000)

No. of Employees 0.000
(0.000)

0.000
(0.000)

0.000 *
(0.000)

−0.000
(0.001)

−0.000
(0.001)

−0.000
(0.001)

Marketing
Expenditures

0.078
(0.169)

0.077
(0.170)

0.077
(0.183)

−2.929 ***
(0.406)

−2.925 ***
(0.410)

−2.918 ***
(0.409)

R&D Expenditures −1.647 **
(0.593)

−1.630 **
(0.598)

−1.733 **
(0.644)

−0.088
(1.549)

−0.979
(1.689)

−1.165
(1.711)

No. of Patents 0.000
(0.000)

0.001 **
(0.000)

No. of Patents 2 −0.000
(0.000)

−0.000 **
(0.000)

Cum. No. of Patents 0.037
(0.039)

0.179 **
(0.069)

Cum. No. of Patents 2 −0.004
(0.003)

−0.010 *
(0.004)

Inverse Mill’s Ratio 0.270 ***
(0.055)

0.271 ***
(0.055)

0.259 ***
(0.056)

0.459 ***
(0.081)

0.410 ***
(0.083)

0.408 ***
(0.083)

Log Likelihood −5766.51 −5766.11 −5763.69 −7115.40 −7102.63 −7104.53

AIC 11,643.03 11,646.22 11,641.38 14,340.81 14,319.25 14,323.06

χ2 − 0.8 5.64 † − 25.54 *** 21.74 ***

# Observations 13,278 13,278 13,278 13,278 13,278 13,278

# Zero Observations 10,707 10,707 10,707 10,320 10,320 10,320
† p < 0.1; * p < 0.05; ** p < 0.01; *** p < 0.001. 1 The number of firms: 1564; standard errors are in parentheses.

The findings reveal that neither the number of patents nor the cumulative number of patents
affected the positive environmental performance (Models 2 and 3). However, as shown in Models



Sustainability 2017, 9, 1267 12 of 15

5 and 6, they had significant curvilinear effects on the negative environmental performance, with
positive linear effects (β = 0.001 and p < 0.01 for the number of patents, and β = 0.179 and p < 0.01
for the cumulative number of patents) and negative quadratic effects (β = −0.001 and p < 0.01 for
the number of patents, and β = −0.010 and p < 0.05 for the cumulative number of patents).

Specifically, there were inverted U-shaped relations between the number of patents and
the negative environmental performance. These quadratic relations indicate that the number of patents
can exacerbate the activities for environmental sustainability up to a point, but after the threshold,
patents will initiate and integrate environmentally sustainable activities.

5. Discussion and Implications

In this study, building on both the resource allocation and eco-innovation frames, we examined
the relationships between corporate patents and environmental performance. We found that
the relationship between firms’ involvements in patenting activities and their engagements
in environmental sustainability was not linear, but U-shaped curvilinear. Regarding this curvilinearity,
we proposed a latent mechanism of the trade-off costs between corporate innovation and environmental
sustainability. More interestingly, we found that the level of corporate patenting enhanced the negative
environmental performance, with an inverted U-shaped relationship. Our findings thereby contribute
to existing literature in the following two ways:

First, our findings provide a more nuanced understanding of the curvilinear effects of corporate
patents and environmental performance. Previous literature assumes either positive or negative
trade-off costs between them, constantly. We found systematic evidence for a third mechanism of
the trade-off costs, which steadily decreases in the long-term. More specifically, the resource allocation
approaches, assuming positive trade-off costs, are most relevant when the level of patents is relatively
low. Meanwhile, the eco-innovation frames, presuming negative trade-off costs, are primarily relevant
when the levels of corporate patenting activities are high enough to attenuate trade-off costs. Thus,
the two existing theoretical frameworks can supplement each other at different levels of corporate
patents, while remaining internally consistent with their research traditions, especially based on
the trade-off cost mechanisms.

An integrative mechanism proposed and tested in this study concurs with the contextual
ambidexterity literature [14] (p. 129) on resolving the tension between innovation (patents) activities
and environmental sustainability, by maintaining both activities simultaneously. In particular,
the resource allocation approach implies a substitution effect in which doing more patent-related
activities decreases the marginal performance in environmental sustainability [58]. Under the resources
allocation approach, firms should consider “gains from focus” instead of diverse engagements.
Meanwhile, the eco-innovation approach persistently amplifies environmental sustainability through
increased levels of innovation, i.e., complementary effects between them, which also suggests firms
engage in “gains from ambidexterity” [47]. Thus, both logics for resource-allocation and eco-innovation
approaches are supplementary with each other, with strategies of gains and trade-off costs at
different levels.

Second, another theoretical contribution is our identification of a curvilinear relationship between
corporate patenting activities and negative environmental performance. This finding implies that as
the level of corporate patenting activities increases, environmental impairment increases to a certain
point, and then undesirable impacts to the environment decrease at relatively high levels of corporate
patents. This finding is fundamental to our understanding of the effect of innovation on environmental
sustainability: corporate patenting activities are relevant to undesirable impacts on environmental
performance overall, instead of satisfying outcomes. For example, by adding engagements in patenting
activities, firms are more likely to produce environmental hazards, not better the environment.

Our findings should be interpreted with some caution. First, in our study, we did not distinguish
between different kinds of environmental performance. We utilized diverse databases for corporate
activities regarding environmental issues. Second, by considering only USPTO patents, we did not
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consider patents that were granted by other agencies and non-patented inventions. Third, this study
was conducted within large North American firms, and was restricted to a particular time period.
Thus, extension of this study should investigate whether the findings vary under a variety of temporal
scenarios, with numerous environmental issues and corporate innovation activities.

Limitations aside, based on our results, we suggest that the motivation for “doing good” for
the environment is accelerated once innovation assets through patenting activities are accumulated.
We also offer a practical implication that corporations who are “stuck in the middle” with a moderate
innovation level should attempt to diminish their negative environmental activities, as well as to
develop intangible assets, further. Even companies achieving certain levels of corporate innovation
should care for environmental sustainability once they accumulate an adequate level of innovation.
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