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Abstract: Interest in the impact of environmental innovations on firms’ financial performance
has surged over the past two decades, but studies show inconsistent results. This paper
addresses these divergences by analyzing 74 studies from 1996 to 2022, encompassing
4,390,754 firm-year observations. We developed a probability-based meta-analysis approach
to synthesize existing knowledge and found a generally positive impact of environmental
innovations on financial performance, with a probability range of 0.85 to 0.97. Manufacturing
firms benefit more from environmental innovations than firms in other industries, and survey-
based studies report a more favorable relationship than those using secondary data. This study
contributes to existing knowledge by providing a comprehensive aggregation of data,
supporting the resource-based view (RBV) and the Porter hypothesis. The findings suggest
significant policy implications, highlighting the need for tailored incentives and information-
sharing mechanisms, and underscore the importance of diverse data sources in research to
ensure robust results.

Keywords: environmental innovations; eco-innovations; financial performance; sustainable
development; green innovations; economic performance
JEL Classification: G3; O31

1. Introduction

Adoption of the concept of sustainable development, the aggravation of
environmental problems, and the growth of consumer awareness of environmental
issues encourage companies to implement environmental innovations. Given the
constantly growing competition in a tightly regulated environment, companies need to
be able to predict how the implementation of environmental innovations will impact
their financial performance to successfully combine environmental and economic
gains and remain lucrative for shareholders and investors.

The interest in the topic of how environmental innovations affect financial
performance has been spinning up throughout the past two decades and was
substantially reflected in the academic literature. Different studies investigate the
effects of ‘green’, ‘environmental’, ‘eco, sustainable’ innovations, therefore, to be able
to analyze the results of these studies, it is important to well-frame the concept of
environmental innovations. The terms ‘environmental’, ‘green’, and ‘eco’, and
‘sustainability innovation’ are often used in describing innovations that reduce a firm’s
negative impact on the environment and society (Diaz-Garcia et al., 2015).

Environmental innovations are defined by Angelo et al. (2012) as organizational
implementations and changes focusing on the environment, with implications for
companies’ products, manufacturing processes, and marketing, with different degrees
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of novelty. Eco-innovation can be defined as ‘the production, assimilation or
exploitation of a product, production process, service or management or business
methods that are novel to the organization (developing or adopting it) and which
results, throughout its life cycle, in a reduction of environmental risk, pollution and
other negative impacts of resources used (including energy use) compared to relevant
alternatives’ (Kemp et al., 2008). Boons et al. (2013) define sustainable innovation as
‘innovation that improves sustainability performance’, where performance includes all
three dimensions of sustainability—environmental, economic, and social.

Generally, sustainability focuses on equity and efficiency across generations,
while eco-innovation addresses current economic and environmental balance. Green
innovation encompasses both, creating new value and using fewer resources than
traditional methods. Thus, green innovation is a broad concept that includes various
aspects of environmental and sustainability concerns.

Although each term has its own distinction and highlights different aspects of the
phenomena, in practice, the terms ‘environmental’, ‘green’, ‘sustainable’ and ‘eco-
innovation’ are, to a large extent, used synonymously in the literature (Ben Arfi et al.,
2018; Forsman, 2013; Hojnik et al., 2016; Karakaya et al., 2014). Recent literature
reviews stated that there are only subtle differences between the terms and that they
are often used as equivalents (Hermundsdottir et al., 2020; Schiederig et al., 2012;
Tariq et al., 2017).

Although, the topic of how environmental or green innovations affect financial
performance has been actively researched recently, and, for many firms, worldwide
green innovation is becoming a common environmental strategy, ‘there seems to be
no consensus in the relevant literature’ (Przychodzen et al., 2015) and the studies
dedicated to this question show divergent results.

While a great part of the studies refers to the positive impact of environmental
innovations on financial performance (Andries et al., 2019; Chu, Wang, et al., 2018;
Qiu et al., 2020; Liao, 2018; Li et al., 2020; Li, 2014; Xie et al., 2016; Yurdakul et al.,
2020) many studies report negative (Borsatto et al., 2020; Duque-Grisales et al., 2020;
Przychodzen et al., 2019; Padgett et al., 2012, Ryszko, 2016) or dual effect, i.e., having
a positive impact on some financial indicators, environmental innovations weaken
others (Aguilera-Caracuel et al., 2013; Bermudez-Edo et al., 2016; Hoang et al., 2020;
Yan et al., 2016).

Some of the reasons for the ambivalent results have their roots in various
methodological approaches used in the studies, different control variables, and
heterogeneity of the researched financial indicators. Endogeneity issues, specifically
reversed causality, also quite often take place: Environmental innovations might have
a positive impact on financial performance, and, vice versa, the stable financial
situation of a firm provides a solid basis for the implementation of environmental
innovations.

Following Semenova et al. (2022), this study aims to provide a deeper
understanding of how environmental innovations affect financial performance by
performing a meta-analysis of the 74 selected studies dedicated to this topic. The main
goal of the study was to find out how the implementation of environmental innovations
affects firms’ financial performance. Additionally, we analyzed the results of the study
from the following perspectives: The number of firms in the samples, the source of
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data used in the studies, the firms’ location and industry. The following research
questions were set forth: 1) How does the implementation of environmental
innovations affect firms’ financial performance? 2) How do other factors (industry,
firms’ location, data source, etc.) affect the assessment of the environmental
innovations’ financial implications?

The probability-based meta-analysis approach was exclusively developed for the
needs of this study which helped to overcome the limitations of other meta-analysis
approaches. Since different studies have different sample sizes and use different
variables in various research designs to assess the influence of environmental
innovations on financial performance, the conventional meta-analysis approaches
usually turn out to be quite unwieldy for the accuracy level that is eventually obtained.
Moreover, they are often based on explicit and implicit assumptions and deal with
approximate results that might lead to systematic biases in the calculated estimates and
affect the overall conclusions. Using a probability-based meta-analysis approach, we
demonstrated that the probability that the impact of environmental innovations on
financial performance is significant for each paper’s sample, so we could reliably
aggregate the results of a total of 4,390,754 firm-year observations.

We found that the overall impact of environmental innovation on financial
performance is positive with a probability between 0.85 and 0.97. The study’s results
provide exhaustive empirical evidence for the resource-based view (RBV) and the
Porter hypothesis: The implementation of environmental innovation normally
positively affects the firms’ financial performance. The type of industry has a
significant influence on the relationship between environmental innovations and
financial performance: Manufacturing firms generally benefit more from
environmental innovations than firms from other industries. Studies that use surveys
as a data source tend to assess the relationship between environmental innovations and
firms’ financial performance in a more positive way than studies based on secondary
data.

The paper proceeds as follows. First, the theoretical framework is described, and
the hypotheses are set. Then, the comparative overview of the selected studies is
presented, and the methodology of the study is discussed. Finally, the key findings of
the study are presented, and the limitations and conclusions are drawn.

2. Theoretical framework and hypotheses

Different theories explore the impact of eco-innovations on financial
performance offering nuanced explanations from various perspectives. The natural
resource-based view (NRBV) theory (Hart, 1995) applies the framework of the
traditional resource-based view (RBV) theory (Barney, 1991; Wernerfelt, 1984) which
assumes that valuable, costly-to-copy firm resources and capabilities provide the key
sources of sustainable competitive advantage, to the firm’s relationship to the natural
environment. The NRBV theory suggests that firms with superior resources and
capabilities may achieve enhanced higher performance in meeting environmental
challenges: 1) preventing pollution, 2) working with the whole supply chain to
minimize its ecological impact, and 3) sustainable development (investments into less
developed regions). The three strategies require different capabilities and bring
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different competitive advantages.

The Porter hypothesis (Porter et al., 1995) claims that well-designed
environmental regulations can stimulate innovation and ultimately lead to improved
financial performance for firms. According to this hypothesis, stringent environmental
standards can push companies to overcome existing behavioral or informational
limitations and invest in research and development of new technologies and processes
that can reduce costs and enhance competitiveness. However, these benefits may be
unevenly allocated between the firms depending on their capabilities to seize the
opportunities as predicted by the NRBV theory.

The stakeholder theory (ST) (Freeman, 1984) states that firms have a
responsibility not only to shareholders but also to various stakeholders, including
employees, customers, communities, and the environment. In the context of
environmental innovations, ST suggests that firms that prioritize sustainable practices
and develop eco-friendly products or processes may benefit from positive
relationships with stakeholders. This, in turn, can lead to improved financial
performance through factors like enhanced reputation, increased customer loyalty, and
greater market share (this corresponds to the second strategy in NRBV).

The institutional theory (DiMaggio et al., 1983) examines how organizations are
shaped by societal norms, regulations, and institutional pressures. Regarding
environmental innovations, this theory suggests that companies adopt eco-friendly
practices in response to external pressures from stakeholders, industry peers, and
regulatory bodies. These innovations can positively impact financial performance by
enhancing the firm’s legitimacy, reputation, and compliance with prevailing norms
and regulations. By aligning with societal expectations for sustainable business
practices, organizations may achieve improved financial outcomes through factors like
reduced costs, increased customer loyalty, and access to new markets.

These theories offer a comprehensive understanding of the various factors that
influence the financial returns of environmental innovations. These frameworks
complement each other by highlighting different aspects: NRBV focuses on the
strategic resource capabilities necessary for addressing environmental challenges; the
Porter hypothesis emphasizes the role of regulatory pressure in stimulating cost-
effective innovations; stakeholder theory underscores the importance of fostering
positive relationships with all stakeholders through sustainable practices; and
institutional theory explains how external pressures and societal norms drive the
adoption of eco-friendly practices. Collectively, these theories provide a nuanced and
multi-faceted explanation of how environmental innovations can affect the financial
performance of firms.

2.1. Environmental innovations and financial performance

Debates over how environmental innovations affect firms’ financial performance
have been ongoing for a long time. Traditionally, economists assumed a trade-off
between environmental activities and firms’ performance. Expenses on environmental
innovations were expected to increase the costs, i.e., on capital and labor, and
supersede more high-yielding investments (Stefan et al., 2008). However, in the past
decades, the general view on this has been modified dramatically, and now the
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investment in environmental activities is expected to make it possible for a win-win
situation for both the environment and the firm, as was shown in the introduction to
Section 2 (Andries et al., 2019).

Research on the relationship between environmental-social performance and
financial performance has shown mixed results since the 1970s. Early studies
presented a range of findings: some identified a robust positive relationship (Belkaoui,
1976; Newgren et al., 1985; Waddock et al., 1997), while others reported controversial
or inconclusive results (Anderson et al., 1980; Fry et al., 1976) or even negative
relationships (Davidson et al., 1987; Jarrel et al., 1985).

Despite these varying outcomes, the evolving landscape of environmental
innovation, influenced by increasing regulatory requirements and a growing
commitment to corporate transparency, has driven companies to adopt robust
environmental management systems and innovate to reduce their ecological footprint.
In recent years, the necessity for firms to disclose environmental impacts and issues,
as mandated by guidelines and frameworks, has significantly contributed to this shift.
Investments in green technologies and sustainable practices have become more
prevalent, spurred by both the legal obligation to report on pollution control, waste
management, and greenhouse gas emissions, and the desire to demonstrate corporate
responsibility. This regulatory push has incentivized firms to ensure accurate data
management and continuous improvement in their environmental performance.
Consequently, the relationship between environmental activities and financial
performance is increasingly seen as beneficial, reflecting a broader understanding that
sustainable business practices can lead to long-term financial gains.

This shift is supported by recent studies showing that green innovations not only
improve operational, financial and environmental performance (Andries et al., 2019;
Liao, 2018; Qiu et al., 2020; Xie et al., 2016) but also act as a mediator (Wu et al.,
2023) that translates these benefits into enhanced financial performance over time
(Ong et al., 2019). Additionally, while the immediate financial impact of green
innovation may not be significant, its positive effects become more pronounced over
time, often manifesting substantially after two years (de Azevedo Rezende et al.,
2019). This underscores the long-term benefits and strategic importance of
environmental innovations in enhancing firm performance eco-innovations generally
mediate.

A series of studies, on the contrary, dwell on the negative effect of this
relationship (Borsatto et al., 2020; Duque-Grisales et al., 2020; Przychodzen et al.,
2019; Padgett et al., 2012). They state that the efforts of companies in green innovation
do not reflect positively on their financial performance (Borsatto et al., 2020; Duque-
Grisales et al.,, 2020). Green innovative activism only harms current financial
performance when not carried out together with other types of innovative activism.
Too much concentration on green innovation has a negative influence on both
accounting and stock market performance (Przychodzen et al., 2019).

Furthermore, many studies demonstrate ambivalent results, i.e., having a positive
impact on some of the financial indicators—i.e., revenue and ROA, environmental
innovations might weaken others—profits, the efficiency of long-term capital
employment (Aguilera-Caracuel et al., 2013; Bermudez-Edo et al., 2016; Hoang et al.,
2020; Yan et al., 2016). Environmental innovations are characterized by higher returns
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on assets and equity and, at the same time, lower earnings retention (Przychodzen et
al., 2015). The impact between environmental innovations and financial performance
can be industry-related and positive at first but weakens during some time (Cortez et
al., 2011). Green innovative firms do not experience improved financial performance;
however, the intensity of green innovation is positively related to firm profitability
(Aguilera-Caracuel et al., 2013). A summary of the studies with positive, negative,
and ambivalent results is presented in Appendix A.

Although the studies demonstrate contradictory results, the majority of them
found the relationship between environmental innovations and financial performance
to be positive (Xie et al., 2016; Xue et al., 2019). The benefits of environmental
innovations are supposed to counterbalance or even exceed their costs as by
developing environmental innovations firms increase their competitiveness and
product value due to the improved technical efficiency. Additionally, investing in
environmental innovations positively impacts firms’ reputation, diminishes waste
disposal, and reduces public pressure (Andries et al., 2019; Khanna, 2001; Konar et
al., 2001). According to NRBYV, ‘it is likely that strategy and competitive advantage
in the coming years will be rooted in capabilities that facilitate environmentally
sustainable economic activity’ (Hart, 1995).

The Porter hypothesis (Porter et al., 1995) goes in line with this theory stating
that environmentally benign innovations can lead to an increase in firms’ performance.
Still remaining controversial due to contrasting empirical evidence (Ozusaglam,
2012), the Porter hypothesis dwells on the innovation effect that follows the strict
environmental regulation and subsequent introduction of cleaner technologies and
makes production more efficient. According to the Porter hypothesis, efficient
production inevitably results in cost savings that are sufficient to overcompensate the
innovation costs.

Given the above arguments, our baseline hypothesis comes as follows:

*  HIl: Environmental innovations positively affect firms’ financial performance.

2.2. Relationship between environmental innovations and financial
performance: Industry effect

Industry type strongly influences the way environmental innovation affects
firms’ financial performance—in different industries, the effect might be different.
Industry concentration, product, or service differentiation means of production are the
factors that define this variability.

Quite many studies that explore the relationship between environmental
innovations and financial performance focus on one certain industry: Minerals (Bogers
etal., 2019), service (Tugores et al., 2015), automotive (Lin et al., 2019), banking (Zhu
et al., 2021), etc. A large part of the studies has manufacturing firms in their samples
(Burki et al., 2018; Xie et al., 2022; Zhu et al., 2017). For manufacturing firms, the
effect is more explicit since in general environmental innovations usually come
together with means of production enhancement and waste reduction (Zhou et al.,
2022). Non-manufacturing firms, on the contrary, might not experience any changes,
as they may find it difficult to develop green technologies (de Azevedo Rezende et al.,
2019).
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Therefore, the second hypothesis addressed by this study comes as follows:
*  H2: Industry type strongly influences the relationship between environmental
innovations and firms’ financial performance.

2.3. Relationship between environmental innovations and financial
performance: Data source effect

Papers that study the relationship between environmental innovations and
financial performance mainly obtain the data from two data sources: surveys and
datasets. Surveys are usually considered a subjective data source as they largely
depend on the subjective view of the respondents and might be affected by personal
emotions. Data obtained from datasets, i.e., financial data and other secondary data are
usually considered impartial (Liao et al., 2021). When studying the effect of
environmental innovations on financial performance, data should not be obtained only
through subjective evaluations; it is recommended to use data from different data
sources to maximize the data objectivity and avoid bias (Xue et al., 2019).

Therefore, our third hypothesis comes as follows:

*  H3: The type of data source used in a study affects the assessment of the
relationship between environmental innovations and financial performance.

3. Method

3.1. Literature search and selection

The study was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) principles (Page et al., 2021)—
the related checklist is shown in Appendix B. To select the studies for the meta-
analysis, we focused on the papers that researched and analyzed how environmental
innovations affect firms’ financial performance. To ensure the inclusion of all the
relevant papers that studied this relationship, we conducted searches in the EBSCO,
Scopus, Web of Science, Emerald, Google Scholar, Wiley Online Library, and
SpringerLink databases. According to the relevant literature, the terms
‘environmental’, ‘green’, ‘eco’, and ‘sustainability innovation’ can be used
interchangeably (Hermundsdottir et al., 2020; Schiederig et al., 2012; Tariq et al.,
2017). Financial performance is quite often replaced synonymously by economic
performance or firm performance in the literature (Yi et al., 2021). Thereby, our search
inquiry was formed as follows: (‘environmental innovation*’ OR ‘green innovation*’
OR ‘sustainable innovation*’ OR ‘eco-innovation*’) AND (‘financial performance’
OR ‘economic performance’ OR ‘firm performance”).

The result of our search inquiry formed our first rough sample consisting of 638
papers.

Next, following Anand et al. (2020), Centobelli et al. (2020) and Walsh et al.
(2018), we filtered this rough sample by selecting the domain and field-specific
documents to focus more accurately on economic and financial performance-related
documents—we selected ‘business, management and accounting’, ‘economics,
econometrics and finance’, and ‘social sciences’. We chose ‘article’ as a document
type and ‘journal’ as a source type. Additionally, we restricted our sample by the
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publication date—we selected only papers that have been published in the last 10 years
following (Anand et al., 2020).

Thus, we obtained our next rough sample with a total of 182 papers. It was further
manually filtered based on the relevance to the topic—we looked for the papers where
authors focused on environmental innovations and financial performance relationship
and quantitively studied it using regression, structural equation modeling (SEM), or
other methods.

The study selection was first made in April 2021. Since then, we performed it
twice—in January 2022 and in May 2022 to make sure that we have selected all the
fresh relevant works. In April 2021 we got 62 papers and by May 2022 we obtained
the final sample of a total of 74 papers for meta-analysis.

Then we scanned each paper to check for the sample size, regression and/or
correlation coefficients, t-values, p-values, and variables.

3.2. Selected papers processing

For every selected study, we built a point estimate ¢ * of the probability ¢ based
on the statement that the impact of environmental innovations on financial
performance is generally positive. The ¢g* value serves as an indicator that the
mentioned impact is positive, negative, or dual — generally speaking, if ¢* < 0.5 the
impact is considered negative; if ¢* =~ 0.5 the impact is considered dual; if ¢* > 0.5 the
impact is positive.

Additionally, we built the boundaries /p of the confidence interval for ¢, such that
Prob(gelp) = O, where Q is the confidence probability. Reasoning using /o allows for
making more accurate conclusions: if all values in [y are larger than 0.5 then we can
state with confidence larger than Q that the impact of environmental innovations on
financial performance is positive; if they are smaller than 0.5, we can state the negative
impact; if 0.5 €/p the impact can be considered ambivalent or dual.

Most of the selected studies apply SEM to process the data from surveys or least-
squares-based techniques to process panel data. A linear multivariable model is
normally used to evaluate the dependency between the explanatory and response
variables. Regardless of the model type (fixed or random effects model, etc.), the
studied impact is described by a slope « (i.c., the coefficient of response variable
sensitivity to the explanatory variable). The estimates a* of this slope’s value o were
constructed using regression or other techniques that quantitatively link the
environmental innovations indicators (or the results of the corresponding surveys)
with the financial performance indicators. Thereby, it was assumed that ¢ = Prob(« >
0), where Prob(a > 0) is the probability that the statement (¢ > 0) is true. So, H1 can
be reformulated as

Prob(a>0)> 0.5 (1

We had to use different methods to obtain g* estimate since the studies’ results
were presented differently in different papers, even though research designs could be
the same. Estimation scenarios used in our meta-analysis are listed below.

a) For 23 papers that used the estimated coefficient o* of the regression model
and its standard deviation or standard error estimate o*, the probability was estimated
as follows.
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For a point estimate of the probability ¢ = Prob(a > 0), it is necessary to find such
a value of ¢* that will satisfy the following fiducial condition:

A"+0" t1_g.(n—1)=0 )
where 7£,(f) is the p-100% quantile of the Student’s t distribution with the number of
degrees of freedom equal to f; and # is the sample size.

This equality directly comes from the one-sided confidence interval for the
mathematical expectation, the right boundary of which is fixed at +oo:

Prob(a* + 0" - tigs(n—1) <a< +0) = q"* 3)

Having found such a value of ¢* when the left boundary of the interval would be
equal to zero, we found the desired estimate of the probability Prob(ea > 0).

This expression is equivalent to:

q"=1-T(—a"/o",n—1) 4)
where T(y, f) is the Student distribution cdf with the number of degrees of freedom
equal to f.

The confidence interval for the inverse value of the coefficient of variation (CV)
should be constructed to estimate the limits of the confidence interval for . The
coefficient of variation is the argument of the student’s distribution function in the
equality above. Traditionally, this value is commonly referred to as the signal-to-noise
ratio (SNR):

SNR* = 1/CV* = a*/o* 5)

Since we have no access to the initial sample of values used in the papers to
estimate the SNR, it would be natural to assume that its distribution is normal or close
to it. In this case, the confidence interval for the SNR is built as the inversion of
boundaries of the Miller confidence interval for CV (Albatineh et al., 2014; Miller,
1991).

Prob (SNR(Q) < SNR < SNR(Q)) =0 (6)
where Q is confidence probability; z(14.¢)/ is the 100% - (1 + Q) /2 quantile of the
standard normal distribution, which has zero mean and variance equal to one; SNR(Q)

and SNR(Q) are the left and right boundaries of the confidence interval for SNR

respectively that can be found as
-1

(cv* +Za10)2 - va*z -(0.5+CV*?)/(n— 1))

(sign “+’ corresponds to SNR(Q), the sign ‘— corresponds to SNR(Q)).
Since when performing strictly monotonic transformations to the boundaries of

the intervals, their probabilistic measure does not change,

Prob (—SN_R(Q) < —SNR < —SN_R(Q)) =0 7)
Prob (T(—SW{(Q), n—1) <T(~SNR,n—1) < T (-SNR(Q).n - 1)) =Q (8)

Prob (1 ~T(=SNR(Q).n—1)<q<1-T (—SNR(Q), n— 1)) =Q (9

The boundaries of this double equality form the confidence interval
corresponding to the specified confidence probability g.

All the transformations and equations are valid both for the case when the
absolute values of the regression models’ coefficients are presented in a paper, and for



Journal of Infrastructure, Policy and Development 2024, 8(14), 5255.

the case when a paper contains normalized values of the coefficients (betas) or path
coefficients when using PLM-SEM.
b) For 15 papers that used the estimated coefficient a* of the regression model
and the value of the student’s coefficient ¢, the probability was estimated as follows.
Since ¢ is the statistic value when checking the significance of the statement that
o # 0, then

t=la|/o" (10)
Hence, the equation (4) was transformed:
q"=1-T(-t - sign(a*),n—1) (11)

where sign(x) is the sign of the number x.
To estimate the confidence interval for ¢, equation (9) was applied, provided that
SNR" =t - sign(a*) (12)
c¢) For 31 papers that used the estimated coefficient a* and the p-value
characterizing its significance, the probability ¢ was estimated as follows.

For this case, the p-value estimates the probability of the following: When
checking the significance of the coefficient o by the value of its estimate a*, a wrong
decision is being made that a # 0 (i.e., its value is significant), while in reality o = 0
(i.e., its value is insignificant).

Since in most mathematical statistics programs, p-value is calculated in the
asymptotic approximation of n—+oo,

p/2=1-2(a’|/c") (13)
where Z(x) is the distribution function (cdf) of the standard normal distribution.

For the finite n, the best estimate of the p-value is obtained from the following
expression when checking the significance of the regression coefficient

p/2=1-T(l«|/c", n—1) (14)

When n—+o0, the Student’s distribution coincides with the standard normal
distribution, and the selected papers contain a sufficient amount of statistical data,
therefore it was decided to neglect the differences in the above relations.

In these calculations, it is assumed that if the value o* > 0 and n >> 1, then

p/2=1-T(*/o*',n—1) =T(—a*/c*,n—1) (15)
¢ =1-T(—a"/o",n—1)=1—-p/2 (16)

In case if o* <0 and n >> 1, then
p/2=1-T(—a"/o"',n—1)=q" (17)

Therefore
1-p/2, a*>0,

9= {p/Z{j/ a* < 0. (18)
To build a confidence interval for ¢ using equation (9), we exploit the expression

SNR" = sign(a*) - t;_p/,(n — 1) (19)
In some papers, p-value p was given with zeros in all significant digits, whose
number was usually equal to m =2 = 3, i.e., p = 0.00 or p = 0.000. In this case (based
on the principle of lower bound estimation of the probability ¢), the p-value was taken
as (5-107! — ¢), namely the maximum possible number by rounding which the result
presented in the paper could be obtained. The value ¢ represents an infinitesimal
positive number.
Some papers do not contain a specific p-value, instead, however, they only note

10
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that the p-value did not exceed the assigned level (usually from the range of 0.1, 0.05,
0.01, 0.001), i.e., p < pmax. In this case (based on the principle of estimating the
probability ¢ from below), it was assumed that p = pmax.

d) Papers by Forsman (2013); Fernando et al. (2010); Przychodzen et al. (2015);
Tugores et al. (2015) directly compare the financial performance of the firms that
introduced environmental innovations and the firms that did not.

In these papers, regression models with variables describing the impact of
environmental innovation on financial performance were not presented. Instead, the
papers assessed the financial performance of these two firms’ groups separately.
Conclusions were drawn by comparing the means or medians in the corresponding
samples. The main statistical analysis tools were the #-test and Wilcoxon signed ranks
test.

If we mark the normalized estimates of the ‘green’ and ‘not green’ firms’
financial performance as ¢ and Snc respectively, then the impact of the environmental
innovations’ introduction can be estimated as a = f¢ — fnc. Consequently, the
estimates of the probability ¢ = Prob (a > 0) presented in clauses a-c can be reasonably
applied for the cases when the results of the papers are presented in different ways.

In the paper (Aguilera-Caracuel, 2013), the matched pairs of ‘green’ and ‘not
green’ firms were also compared, but in a different way: The differences in their
indicators were directly studied and regression models were built notably for
differences. This paper’s results were processed in the way described in section a.

e) In the paper, a diagram in Figure 7 (Wysocki, 2021) demonstrated the results
of an expert survey on the financial performance increase as a result of the
environmental innovations’ introduction. The grades used in the survey were as
follows:

»  Revenue increased no more than 1% of annual revenue (17.2%),
+  Revenue increased from 1% to 5% of annual revenue (39.8%),

*  Revenue increased from 6% to 10% of annual revenue (18.8%),
«  Revenue increased above 10% of annual revenue (1.6%),

*  No, the revenue did not increase (20.3%),

* Idon’t know, it’s hard to say (2.3%).

The g* value was calculated according to the data presented in this pie chart in
the following way: g* =1—0.023 —0.203 = 0.774. This value estimates the probability
that a randomly selected expert would indicate the impact of environmental
innovations on financial performance as positive: As it was mentioned before, if g* <
0.5 the impact is considered negative; if g* = 0.5 the impact is considered dual; if g* >
0.5 the impact is positive. For that reason, we applied the Clopper-Pearson equations
used for the Bernoulli scheme to build the confidence interval for the ¢ value at a given
confidence probability O:

n lg*n]
S (@) am(1-0) =Y ()7 a-prm=22 o)
m=[q*-n]| m=0

n . . . . . .
where ( ) = —" s the binomial coefficient or number of combinations; |x] is
m m!(n—-m)!

the result of rounding x toward negative infinity, and [x] is the result of rounding x
toward positive infinity.

11



Journal of Infrastructure, Policy and Development 2024, 8(14), 5255.

The number of binomial trials in the Bernoulli scheme equaled the number of
interviewed experts (n = 128).

Two papers by Chu, Xu, et al. (2018) and Chu, Wang, et al. (2018) from our
sample were written by the same principal author, dwelling on the same industry, same
country, and same time period. The chances that these papers’ results were based on
the same data source were quite high, therefore, it was decided to average the results
of these two works and use them in the future as a result of one study. The inclusion
of both papers in the meta-analysis would have led to a bias in the results due to these
papers’ results’ statistical dependence.

3.3. Meta-analysis approach

The summary tables presented in Appendix A might form a superficial
conclusion that, overall, the selected papers state the positive impact of environmental
innovations on financial performance. This conclusion, however, might be misleading
as the sample sizes of each paper also need to be considered. In addition, apparently,
not every firm in each sample showed only positive or negative effects. Most papers
do not provide data on how many firms in their samples reported positive or negative
effects, therefore we could assess this indirectly only by the quantitative analysis
results presented in the papers. Additionally, every paper had its own way of
presenting the results and even though the papers studied the same problem, their
methods and variables could differ tremendously. Therefore, in our research, we study
the relationship between environmental innovations and financial performance from a
probabilistic point of view, and the use of meta-analysis methodology exclusively
allows getting a reasonable answer about the probability of positive, negative, and dual
effects.

Meta-analysis has firmly been anchored in economic research as a tool for
drawing generalized conclusions based on the studies’ results that research the same
phenomenon, process, or laws (Stanley, 2001). Studies on similar topics, performed
in slightly different conditions (various regions and study periods, different data
samples, diverse research designs, and different mathematical models) often
demonstrate divergent results. Meta-analysis enables us to consider and analyze the
whole amount of data provided by the studies together. Nevertheless, the use of meta-
analysis as a research method in economics still has not formed unified standards for
its application, like those developed in evidence-based medicine with Cochrane
reviews (Higgins et al., 2019).

The meta-analysis approach used in this study is compliant with the
recommendations of the Cochrane for Evidence-Based Medicine (Higgins et al.,
2019), specifically the section ‘ Analyzing data and undertaking meta-analyses’ (Deeks
et al., 2021). This helps to overcome the following difficulties. Studies on similar
topics performed in quite different conditions (different regions, time periods,
samples, research designs, and mathematical models), often show conflicting results.
Meta-analysis allows considering the whole amount of data collected from papers
together.

Simple aggregation of the samples from different papers might give an illusion
that it is possible just to combine them into one sample due to the similar conditions
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in which the studies were conducted. Aggregating the studies with moderate statistical
significance makes it possible, however, to get a statistically significant result in the
integrated sample. At the same time, different sample sizes, dissimilar research
environments, and various research designs lead to systematic biases in the calculated
estimates, that, in their turn, might lead to incorrect overall conclusions. Samples’
differences usually can be well-controlled, and their impact on the final results can be
taken into account and assessed. However, the impact of other above-mentioned
factors can be easily confused with, for example, the well-known Yule-Simpson
paradox (or unification paradox) (Wagner, 1982). It takes place when the conclusions,
obtained as a result of two homogeneous samples’ separate processing, reverse when
the integrated sample is processed. So, we should follow closely the properties of the
samples that are included in the meta-analysis.

Let us suppose that we obtained the estimations qj, g3, ... qy from N different
studies that dealt with samples of sufficiently large sizes ni, na, ... ny correspondingly.
Then we can estimate the averaged value of Prob(a > 0) for all processed studies in
the following manner:

N N
I~ 21
Probyya (a > 0) < Var[q;"]) Var[q;] (2n

i=1 j=1
where Var[q;] is the variance of the estimate q; .
If the estimation g; belongs to the Bernoulli process with the probability that the
probability that impact of environmental innovations on the financial performance is
positively equal precisely to g; and the number of trials equals to n;, we can state that

Var[g;] = q; - (1 —q;)/ny (22)
So,
N s n; s n;
Probyog (o > 0) = Zl_— : 21— (23)
i=1 q; j=1 q; - ( - qj)

The statistical error margin of this value can be estimated as

N
27 (%)/ Z q; (;l]— q;)

j=1

where Q is the confidence probability.

This estimation suggests that all the estimations q;, g5, ... gy belong to the same
general probability Prob(a > 0). This is an acceptable assumption: the final analysis
result is the averaged value of the probability that environmental innovations
positively affect financial performance. The weighted mean value is an effective way
to construct such estimation following the De Moivre-Laplace theorem that states the
asymptotical normality of binomial distribution.

Such an approach might face an obstacle if g; =1.0. Indeed, in this case,
Var[q;] = 0.0 and the Equation (23) will provide an estimate that turns out to be close
to q; disregarding other terms included in the weighted average.

A better way to obtain the total average estimate of Prob(a > 0) is to study the
distribution of estimates q;, g5, ... qy directly. Then we can derive the necessary
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bounds by analyzing the possible values of this distribution cdf. This variant of meta-
analysis is preferable because it is the closest to the most nonparametric and
corresponds to fewer assumptions.

Different studies use various methodologies to assess the influence of
environmental innovations on financial performance. This can become an
unsurmountable obstacle when there is a need to obtain a positive effect total
estimation of the averaged indicators expressed in the absolute form. The relative-form
indicators (like the probability that environmental innovations positively affect
financial performance) are preferable in this case. This meta-analysis approach is more
advantageous than the analysis of the absolute value of slope a taken from different
studies—the latter depends on scale factors, geography, time period, and other
variables.

4. Results

The obtained results of assessing the ¢* value and confidence intervals (CI,
hereinafter—for the confidence probability O = 0.95) for all selected studies are
presented in Table 1. The mean ¢* and the aggregated confidence limits for ¢ (from
the lowest to the highest among all confidence intervals corresponding to the presented
models) are provided for the studies that demonstrated the results of several
mathematical models, that fit the initial data well.

Incidentally, several selected studies state the ambivalent effect of environmental
innovations implementation on financial performance, yet the quantitative results
presented in these papers argue rather for the positive effect (Bermudez-Edo et al.,
2016; Hoang et al., 2020).

To obtain a weighted-average estimate that considers the samples sizes, we
applied the Equation (23) to results from Table 1, and assumed that one could interpret
the probability ¢ = Prob(a > 0) as the mean probability of the positive impact of
environmental innovations on financial performance for every single firm:

dager = 1.000 £ 0.000

Table 1. Assessed probability ¢ = Prob(a > 0) that environmental innovations
positively affect the financial performance.

Paper q* Cl for ¢

Qiu et al. (2020) 0.983 [0.961, 0.997]
Gangi et al. (2020) 0.988 [0.964, 0.998]
Duque-Grisales et al. (2020) 0.277 [0.148, 0.366]
Li et al. (2020) 0.999 [0.999, 1.000]
Hoang et al. (2020) 0.655 [0.624, 0.708]
Andries et al. (2019) 0.999 [0.996, 1.000]
Xue et al. (2019) 0.999 [0.999, 1.000]
Ong et al. (2019) 0.999 [0.999, 1.000]
Liao (2018) 0.999 [0.998, 1.000]
Chu, Xu et al. (2018), Chu, Wang et al. (2018) 0.995 [0.989, 0.998]
Xie et al. (2016) 0.989 [0.951, 1.000]
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Table 1. (Continued).

Paper q* Cl for ¢

Przychodzen et al. (2015) 0.999 [0.999, 1.000]
Lee et al. (2015) 0.979 [0.936, 1.000]
Li (2014) 0.995 [0.989, 0.998]
Cortez et al. (2011) 0.642 [0.000, 0.999]
Bermudez-Edo et al. (2016) 0.738 [0.652, 0.863]
Yan et al. (2016) 0.907 [0.814, 0.982]
Chaudhry et al. (2020) 0.995 [0.991, 0.997]
Xie et al. (2019) 0.971 [0.938, 0.993]
Przychodzen et al. (2019) 0.527 [0.083, 0.963]
de Azevedo Rezende et al. (2019) 0.672 [0.292, 0.999]
Lin et al. (2019) 0.990 [0.974, 0.998]
Tariq et al. (2019) 0.999 [0.995, 1.000]
Aguilera-Caracuel et al. 2013 0.973 [0.916, 0.979]
Marin-Vinuesa et al. (2018) 0.976 [0.951, 0.993]
Lopes Santos et al. (2019) 0.997 [0.990, 1.000]
Borsatto et al. (2020) 0.303 [0.000, 0.743]
Cainelli et al. (2011), Antonioli et al. (2016) 0.743 [0.741, 0,746]
Tugores et al. (2015) 0.987 [0.960, 1.000]
Ghisetti et al. 2014 0.570 [0.325, 0.809]
Scarpellini et al. (2019) 0.999 [0.999, 1.000]
Forsman (2013) 0.515 [0.503, 0.527]
Sanchez-Medina et al. (2013) 0.997 [0.993, 0.999]
Garcia-Sanchez et al. (2015) 0.333 [0.000, 1.000]
Bogers et al. (2019) 0.662 [0.611, 0.792]
Rexhéuser et al. (2013) 0.967 [0.963, 0.970]
Huang et al. (2010) 0.999 [0.999, 1.000]
Chan et al. (2016) 0.999 [0.998, 1.000]
Zailani et al. (2015) 0.999 [0.999, 1.000]
Severo et al. (2017) 0.999 [0.999, 1.000]
Hojnik et al. (2016) 0.975 [0.961, 0.986]
Long et al. (2017) 0.999 [0.999, 1.000]
Amores-Salvado et al. (2014) 0.524 [0.502, 0.556]
Ar (2012) 0.995 [0.989, 0.998]
Burki et al. (2018) 0.536 [0.514, 0.558]
Ebrahimi et al. (2017) 0.999 [0.997, 1.000]
Guo et al. (2019) 0.999 [0.999, 1.000]
Leyva-de la Hiz et al. (2018) 0.997 [0.996, 0.998]
Ryszko (2016) 0.745 [0.714, 0.796]
Wu (2017) 0.995 [0.989, 0.998]
Yuetal. (2017) 0.950 [0.921, 0.975]
Wysocki (2021) 0.774 [0.726, 0.817]
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Table 1. (Continued).

Paper q* Cl for ¢

Zandi et al. (2019) 0.999 [0.999, 1.000]
Fernando et al. (2010) 0.925 [0.903, 0.944]
Cai et al. (2018) 0.998 [0.997, 0.999]
Zhu et al. (2017) 0.975 [0.964, 0.985]
Suat et al. (2019) 0.997 [0.989, 1.000]
Yurdakul et al. (2020) 0.999 [0.999, 1.000]
Ma et al. (2021) 0.975 [0.967, 0.982]
Padgett (2012) 0.001 [0.000, 0.001]
Aastvedt et al. (2021) 0.718 [0.095, 0.999]
Colombelli et al. (2019) 0.990 [0.980, 0.999]
Tang et al. (2017) 0.756 [0.504, 0.998]
Zhang et al. (2019) 0.625 [0.592, 0.671]
Johl et al. (2021) 0.999 [0.999, 1.000]
Xu et al. (2021) 0.986 [0.965, 0.997]
Weng et al. (2015) 0.999 [0.999, 1.000]
Zhu et al. (2021) 0.999 [0.994, 0.999]
Xie et al. (2022) 0.000 [0.000, 0.001]
Qing et al. (2022) 0.328 [0.001, 0.989]
Rodrigez-Espindola et al. (2022) 0.999 [0.998, 0.999]
Vasileiou et al. (2022) 0.999 [0.999, 1.000]

One of the reasons for such a result is that the analyzed sample includes the paper
(Colombelli et al., 2019) that studied almost half of a million firms, whereas other
papers studied several hundreds or thousands of firms. If we look at Equation (23), we
can see that the term corresponding to the mentioned paper will have a weight close
to one and will be prevailing and others—close to zero and will be neglectable
compared to it. The method proposed in this paper easily overcomes this obstacle: we
suggest studying the distribution of interval estimations of probability ¢* as it doesn’t
require taking into account the sample sizes in original studies—the confidence of
interval estimations of ¢* depends on the significance of the quantitative estimation of
the impact of environmental innovations on financial performance and generally does
not depend on the quantity of the studied firms (only on the quality of the registered
dependence between green activities and economical result of their implementation).

As mentioned in the section above, this estimate seems overestimated. Such a
result was obtained due to the prevailing contribution of estimates ¢* close to one.
This value does not change in the given significant digits if in Equation (23) we specify
the value of the variance of binomially distributed quantities after considering the
natural averaging that takes place since different papers consider different time
periods.

4.1. Time period covered in the meta-analysis

The selected papers studied different time periods and different samples of firms
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(see Appendix A). We performed the following calculations to determine the best-fit
time period and to truncate corresponding distribution tails which the obtained results
refer to. We excluded two outliers—the papers that studied very large firms’ samples
—Colombelli et al. (2019) with 456,240 firms and Vasileiou et al. (2022) with 14,430
firms.

We calculated the number of firms in every sample for each year between 1996
and 2022. The obtained set of firm-year values was used to construct a frequency
histogram that reflected the distribution of firms’ quantities throughout the years
(Figure 1). The vertical axis shows the percentage of firm-years in a specific year in
the total number of firm-year observations.

ratios of firms considered in the specified
year in the total firms-years number
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Figure 1. Firm-years ratios distribution.

Figure 1 shows that most of the analyzed firms belong to the time period from
2002 to 2017. The contribution of the rest of the years to the total number of firm-year
observations is insignificant. Meanwhile, the firms in the interval 2002-2017 are
distributed almost uniformly:

X2 = 18.21 < x3_405(13) = 22.36,
if we consider the distribution of papers-years values (here X[23 (f) is the B x 100%th

quantile of chi-squared distribution with degrees of freedom equal to f, the null
hypothesis that states the goodness-of-fit is accepted at a significance level of 0.05).
This circumstance indicates that the influence of the firms’ distribution non-uniformity
is to a certain extent insignificant within the considered time period.

Figure 2 shows a graph of the empirical cumulative distribution function
(empirical cdf) of firm-years by years, as well as estimates of 5% and 95% quantiles,
which set the boundaries of the 90% interquartile range (contains. 90% of all values
of the variable firms-years).
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Figure 2. Firm-years cdf and estimate of 90% interquartile range.
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When considering papers-years distribution, the Kolmogorov-Smirnov test also
provides grounds for accepting the hypothesis of a uniform distribution: KS = 0.0857
< KSi¢(0.05) = 0.0872 at a significance level of 0.05.

4.2. Distribution characteristics of the ¢* estimates

We studied the statistical characteristics of the obtained set of ¢* estimates. The
results are summarized in Table 2.

Table 2. Statistical characteristics of the sample of the g* estimates representing the probability of environmental

innovations’ positive impact on financial performance.

Estimate Mean Median Standard deviation Skewness Kurtosis
Point 0.850 0.987 0.246 -1.799 5.602
95% CI [0.793, 0.908] [0.971, 0.995] [0.212, 0.294] [2.626, —1.242] [3.566, 10.030]

This distribution is characterized by significant skewness and large kurtosis. The
absolute difference between the mean and the median reaches 0.2 + 1.0 of the standard
deviation. As will be shown below, these characteristics of the obtained distribution
argue for the absence of unaccounted biases when designing the sample of papers.

Apparently, this distribution cannot be fitted by the normal one with any
combination of parameters. Shapiro-Wilk and Shapiro-Francia normality tests (the
latter is better for leptokurtic samples, Ku > 3) provided the following results,
respectively: SW = 0.6740, p = 2.314 x 107!!; SF = 0.6739, p = 7.608 x 107, As a
consequence, the use of Grubbs-type tests for checking the sample’s homogeneity
(absence of outliers) is inappropriate, since they are based on the hypothesis that the
population distribution from which the sample is extracted is close to normal (although
even its purely formal application shows the absence of outliers: G = 3.427 < Gt =
3.431 for a significance level of 0.025).

4.3. Compliance with natural regularities

We used the obtained confidence intervals for the value g = Prob(a > 0) to build
a range of possible values of the cdf of ¢g* estimates based on the selected papers (i.e.,
the probability box) (Figure 3). Since the width of the confidence intervals depends
on the statistical error associated with the number of firms that were included in a
particular study and/or on the statistical significance of the findings, such a probability
box sufficiently reflects the degree of the residual uncertainty of our knowledge of the
distribution of ¢* values, related to the time period 2002-2017.

The probability box, presented in Figure 3, shows that the probability of a
positive impact of environmental innovation on financial performance is greater than
50% —following the meta-analysis results, it is between 85% to 97%. Mathematically
this result is expressed as

Prob(Prob(a > 0) > 0.5) = 0.91 + 0.06.

We analyzed these results for compliance with the regularities that describe real-
life samples. Since the estimates of g* are obtained by processing quantitative data
that corresponds to the natural setting of firms’ performance characteristics, these
estimates should be likely in line with these natural regularities, too.
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Figure 3. Probability box for ¢* cdf and relative distributions.

It is well-known that the frequencies of a certain first significant digit occurrence
in distributions of quantities taken from real life follow Benford’s law, also known as
the first-digit law. This is true for many of these distributions, but not for all. The
Benford distribution law does not contain parameters and indicates the frequencies of
occurrence of the first significant digits in the ¢g* values presented in Table 3.

Table 3. Probabilities of different first significant digits occurrence in g* estimates according to Benford’s law.

Digit 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Prob 0.046 0.051 0.058 0.067 0.079 0.097 0.125 0.176 0.301

The form of the obtained probability box for the cdf of estimates of ¢* is quite
similar to the cdf of the Benford distribution. At the same time, the distribution of the
first digits in the obtained set does not fully correspond to this pattern. This might be
caused both by the insufficient papers’ sample size and by the possible inapplicability
of this pattern to this case. However, the fact that the mean (0.850) is very different
from the median (0.987) in the sample and that the distribution has a significant
skewness (—1.799) argue for the fact that the resulting sample of ¢* estimates should
follow Benford’s law (Durtschi et al., 2004). On the other hand, a relatively small
sample size (N = 74), limited values in the sample, as well as the fact that Benford’s
law holds for distributions that are wide compared to the unit distance on a logarithmic
scale (while the analyzed set does not correspond to this), indicate possible reasons for
non-compliance with this law (Durtschi et al., 2004).

We presume that the evidence both in favor of compliance with Benford’s law
and against it is consistent with the presented in Figure 3 rate of divergence between
the probability box’s bounds and cdf of the Benford distribution.

In addition to the first-digit law compliance check, we carried out others to check
if the obtained estimates g* comply with natural regularities that have a selected
parameter.

The set of g* estimates is highly consistent with Zipf’s law, which is similar in
meaning to Benford’s law: when analyzing the frequency of element occurrence in
naturally generated quantitative sets, the rank-frequency distribution is in an inverse
relationship. The first significant digits in the ¢* values were also taken as such
elements.
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The graph in Figure 3 demonstrates compliance with Zipf’s law with its
parameter equal to s = 2.2. This fact indicates that the set of g* estimates correspond
to the naturally following requirement that the rank-frequency distribution is in an
inverse relationship. To a certain extent, it signals that the obtained results are free
from the bias caused by the unaccounted factors and indicates the internal self-
consistency of the selected sample of papers.

Finally, the obtained probability box was checked for compliance with the Pareto
distribution, which, in a way, is a continuous analog of Zipf’s law. Truncation was
applied on a significantly large pdf’s argument value to reduce the interval of values
generated by a given distribution to the interval of possible probability values, i.e., to
[0, 1]. The resulting uncertainty was insignificant in the context of the statistical error
caused by the relatively small, from a statistical point of view, sample size of the
selected papers (N = 74). Figure 3 demonstrates that the probability box for the
distribution of ¢* values contains a whole family of two-parameter Pareto
distributions, one example of which is shown in the graph.

Thus, the obtained results confirm the reliability of the findings and their
compliance with the natural regulations that are true for the data obtained from real-
life sources.

4.4. Internal regularities detection

The selected papers make naturally distinguished groups, and the differences in
the estimates of g* between these groups might be systematic.

The diagram in Figure 4 shows the distribution of analysis methods used in the
selected studies. Apparently, there are two distinguished groups: based
methodologically on regression analysis and related methods and based on survey
results processing. Table 4 contains the main statistical characteristics estimates for
the corresponding sub-samples.

correlation analysis (1.4%)
direct measure [1.4%)
CMVY (1.4%)
EFA (4.1%)

CFA (2 8%)
probit (2.8%)

direct
comparison (4.1%)

LS-based
technigues (41 9%)

GhM (4.1%)

SEMPLM-SEM
{17 %)

Figure 4. Methods used in the selected studies.
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Table 4. Sources of data in the selected papers and differences in distributions between them.

Data sources Ratio  ¢* mean t median Mann-Whitney z

In-group ¢* distribution characteristics

Databases 42%  0.772 2271 (p =0.0263) = reject 0973 1.971 (p = 0.049) = reject
Surveys 589, 0.903 means’ equality 0.995 medians’ equality
In-group ¢ ClIs distribution characteristics (confidence probability O = 0.95)

Databases 42% [0.655, 0.889] [1.472,2.869] [0.655, 0.990] [1.411,2.223]

Surveys 58%  [0.849,0.956] (p=[0.005, 0.146]) [0.975, 0.999] (p=[0.026, 0.158])

Figure 5 shows the probability boxes built by the confidence intervals of the
estimates included in the studied groups. Apparently, there are significant reasons to
consider the corresponding distributions to be different.

Probability boxes for cdfs of groups considered

— probability box for g* (studies of data based on databases)
0.9| =3 probability box for q* (studies of data based on questionnaires) |----
— empirical cdfs

0%.0 0.1 0.2 03 04 05 08 07 0.8 0.9 1.0
Figure 5. Probability boxes for cdfs for two groups of data sources: Databases and
surveys.

Probability boxes, shown in Figure 5, demonstrate that the probability of a
positive impact of environmental innovations on financial performance is greater than
50%. Namely, for the studies based on the data from databases, this probability has
the following range—from 73% to 90%. For studies based on survey data—from 93%
to 100%. Mathematically this result is expressed as:

Prob(Prob(a > 0) > 0.5 | databases) = 0.815 £ 0.085,

Prob(Prob(a > 0) > 0.5 | surveys) = 0.965 + 0.035.

We checked the compliance of empirical cdfs to each other using the Lemann-
Rosenblatt test and KS-test for two samples. The first (statistics value o’ = 0.421 is
greater than the critical value 0.347 corresponded to significance level 0.10) test
indicates the statistical significance of the differences between the distributions, and
the second (statistics value KS = 0.271, p-value is equal to p = 0.126) shows that we
cannot treat cdfs as equal. Since the statistical power of the Lemann-Rosenblatt test is
greater, we can carefully interpret these results as weakly indicating the difference in
distributions in the analyzed groups. The situation remains approximately the same if
we take the 95% confidence intervals for these statistics derived from p-box:
»’€[0.256, 0.800] and KSe[0.214, 0.405] (p-value pe[0.004, 0.356]).

The same analysis was carried out for papers that studied only ROA as an
indicator of financial performance (19 studies), and papers that considered an
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aggregated indicator of financial performance (39 studies). There is no reason to
consider differences in the mean values of ¢g* estimates — as well as when comparing
medians (Table 5). Comparing empirical cdfs shows the same picture: o’ = 0.334
(critical value is 0.461 for significance level equal to 0.05) and KS = 0.301 (p-value p
= 0.162). If we look at 95% confidence intervals for o’ and KS derived from p-box,
then we see that overall the situation doesn’t change: w’c[0.072, 0.454] and
KSe[0.150, 0.377] (p-value p[0.039, 0.915]). This circumstance expresses the
sufficiency of using ROA as a measure of financial performance when assessing the
impact of environmental innovations on firms’ financial performance.

Table 5. Sources of financial data in the selected papers and differences in distributions between them.

Financial indicator Ratio ¢* mean t median Mann-Whitney z

In-group ¢* distribution characteristics

ROA 26% 0.803 0.577 (p = 0.566) = do not 0.950 1.491 (p = 0.136) = do not reject
Aggregated indicators  53% 0.846 reject means’ equality 0.995 medians’ equality

In-group ¢ Cls distribution characteristics (confidence probability O = 0.95)
ROA 26% [0.690,0.916]  [0.000, 1.277] [0.662, 0.990] [1.411,2.223]
Aggregated indicators ~ 53% [0.755,0.937] (»<[0.207,1.000]) [0.975, 0.999] (p <[0.066, 0.679])

Figure 6 shows the probability boxes built by the confidence intervals of the
estimates included in the studied groups. Apparently, there are no grounds to interpret
the shown distributions as different.

0 Probability boxes for cdfs of groups considered

— probability box for q* {studies used ROA)
0.9| = probability box for q* (studies used complex measures of FP)  |-----
— empirical edfs

03

05 08 07 08 09 1.0
Figure 6. Probability boxes for cdfs for studies that used ROA and studies that used
complex financial performance indicators.

Similarly, we compared papers that studied firms from Europe (17 papers), Asian
countries (37 papers), and American countries (6 papers). This comparison did not
reveal significant differences in the mean, median, and cdf of corresponding g¢*
estimates (see Table 6). This, however, might be partly a result of the small sample
size or the feature of the ¢* as a measure of the impact of environmental innovations
on firms’ financial performance (for all comparisons of the mean p-value p > 0.42, for
medians—p > 0.38, for cdfs—p > 0.23). This circumstance also testifies to the fact
that the influence of the geographic factor in the performed meta-analysis is averaged
and does not cause bias.
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Table 6. Testing the difference between geographic regions.

Confidence interval for p-value (confidence probability O = 0.95)

Test Europe-America Asia-Europe America-Asia
t [0.420, 0.991] [0.438, 0.822] [0.429, 0.697]
Mann-Whitney [0.381, 0.882] [0.421, 1.000] [0.587, 1.000]
Lemann-Rosenblatt [0.234, 0.755] [0.322, 0.799] [0.419, 0.686]
Kolmogorov-Smirnov [0.142, 0.990] [0.342, 0.994] [0.488, 0.952]

Distribution analysis of ¢g* estimates over the years did not reveal any significant
regularities, which also testifies to the sufficient homogeneity of this meta-analysis
sample.

Similarly, we analyzed the papers that studied firms from different industries. We
selected only two categories because the size of the paper sample was not sufficient:
manufacturing (29 papers) and miscellaneous industries where manufacturing firms
were not prevailing (18 papers). Here we analyzed the papers that specified industries
as manufacturing or investigated sets of firms from different industries where
manufacturing firms did not prevail (such industries in the papers were denoted as
miscellaneous). This allowed us to directly compare two groups of firms -
manufacturing and non-manufacturing. Papers that were not included in this analysis
studied specific industries (on average, one paper focused on one specific industry),
so we could not directly compare them with papers that studied the manufacturing
industry as one set of comparison would be of size 1. We could not merge the results
of the papers that studied non-manufacturing industries because of the wide variation
of results’ values from paper to paper. So, the comparison of means or medians was
associated with sizable statistical uncertainty that did not allow for the rejection of the
null hypothesis stating the equality of the means.

We followed the papers’ descriptions of the firms’ samples to determine the
category for a paper. The main result is that there is a significant difference in the mean
values of ¢* estimates for these groups (Table 7) and a possible difference in the
median values. Comparing empirical cdfs gives the uncertain result (probably, caused
by the small sizes of samples): For the confidence probability O = 0.95, »’€[0.212,
0.639] (p-value pe[0.016, 0.241]) and KSe[0.251, 0.460] (p-value p<[0.043, 0.875]).
The corresponding p-boxes are shown in Figure 7.

Table 7. Industries and differences in distributions between them.

Industry Ratio q* mean t median Mann-Whitney z

In-group g* distribution characteristics

Manufacture 39% 0.913 2.802 (p — 0‘007) = reject 0.967

means’ equality 0.990

1573 (p=0.116) =

Miscellaneous 24% 0.704 do not reject medians’ equality

In-group ¢ Cls distribution characteristics (confidence probability Q = 0.95)
Manufacture 39%

Miscellaneous 24%

[0.333, 0.997]
[0.971, 0.997]

[0.857,0.970]  [2.054, 3.423]
[0.539,0.870] (PE€[0.001,0.045))

[1.160, 2.260]
(p €10.024, 0.246])

As per the results presented in Table 7, the type of industry has a significant
influence on the relationship between environmental innovations and financial
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performance: Manufacturing firms generally benefit more from environmental
innovations implementation than firms from other industries.

0 Probability boxes for cdfs of groups considered

1 probability box for q* (papers studying manufacturing firms)
09| = probability box for gq* (papers studying mix of industries) — |------
— empirieal cdfs
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Figure 7. Probability boxes for cdfs for papers studying manufacturing firms and
miscellaneous industries.

5. Discussion, implications, and conclusion

5.1. Discussion and conclusion

In this study, we performed a meta-analysis of the 74 most relevant papers to
assess the effect of environmental innovations on firms’ financial performance. As
studies substantially differ in their research designs, have different sample sizes, and
use different variables, for the needs of this study we developed a meta-analysis
approach to ensure the consistency of the meta-analysis results. Based on Cochrane
review recommendations, the probability-based approach helped to overcome the
limitations of the conventional meta-analysis approach—unwieldiness for the
accuracy level that is eventually obtained and reliance on explicit and implicit
assumptions. This helped not only to get the overall assessment of how environmental
innovations affect firms’ financial performance but also to obtain a refined
probabilistic estimate of this effect.

Our key findings indicate:

1) With a total of 4,390,754 firm-year observations in our sample, we found that
environmental innovations positively affect firms’ financial performance with a
probability between 0.85 and 0.97.

2) Survey-based studies show a more positive impact than those using secondary
data, with probabilities ranging from 93% to 100% versus 73% to 90%, respectively.

3) Manufacturing firms benefit more from environmental innovations than non-
manufacturing firms, aligning with industry-specific pressures and adaptation.

4) Return on assets (ROA) is a sufficient financial performance indicator when
assessing environmental innovations.

5) This study supports the resource-based view (RBV) and the Porter hypothesis,
highlighting policy implications for tailored incentives and information-sharing
mechanisms. It underscores the importance of diverse data sources in ensuring robust
research results.
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The use of the presented probability-based approach revealed the following
advantages:

1) It is less influenced by external factors than other approaches that use absolute
values (the studied sample of N = 74 papers did not show the dependence of g * values
on the geographic factor);

2) The g * values are on the unified scale and can be easily compared in different
studies in spite of other measures whose values depend on the study design and
generally cannot be compared directly without normalization;

3) The g* values naturally represent the averaged risk of environmental
innovation implementation and can be used for decision-making and strategic
planning;

4) g* values comply with natural regulations like Benford, Zipf, or Pareto laws,
whereas other approaches do not.

Using ¢* meta-analysis makes the results almost independent of the size of the
sample—this facilitates studies aggregation simplifying the evaluation of different
studies’ significance. All information on the study’s significance is contained in the
uncertainty estimation for ¢* value.

In practice, the sample size is not always a decent measure of the results’
statistical significance: A large sample does not necessarily lead to registering the
significant dependence or effect because of noise and effects obtained in studies with
small-size samples can also be biased due to incorrect data collection and filtering. So,
having a measure and its estimate of the significance or statistical uncertainty is much
more convenient for further use and aggregation during meta-analyses.

The main practical conclusion here is the following: in empirical studies, it is
much better to present the p-values estimation values accurately, not their bounds (like
stating that the p-value is less than the given bound—a0.1, 0.05 or 0.01) or to place the
accurate values of parameters of performed statistical tests (the statistic and the sample
size). Our study might come as a practical illustration for this conclusion.

We analyzed the obtained set of quantitative estimates for compliance with
Benford’s and Zipf’s laws in addition to standard statistical analysis, as the data on
environmental innovations and financial performance belongs to naturally generated
sets of quantitative data. This provided an additional check for the bias caused by
hidden unintentional filtering of the processed sample and ensured onward data
compliance and results’ reliability. The data distribution compliance with Benford’s
law (or analysis of the reasons in case of non-compliance) is used in sociology and
financial control to identify data irregularities (Busta et al., 1998; Bhattacharya et al.,
2011), including fraud identification in elections and financial documents (Nigrini,
1999).

To ensure the reliability of the statistical results we constructed the confidence
intervals. Since the pointwise estimates do not contain information on their
significance and on how far they are from the real values of measured quantities, the
use of the confidence intervals provides more reliable reasoning for decision-making:
using them, we understand if the obtained effects happen systematically, or this is just
the result of errors. The confidence intervals allow us to get more precise estimates
more accurately to obtain more reliable final results than after processing such
heterogeneous (in the sense of its uncertainty) data on equal terms.
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Our obtained data set was also tested for homogeneity. The studied set of data
can be considered homogeneous and approximately uniform in terms of data per year
within the time period from 2002 to 2017. There are reasons to presume that the
influence of the geographic factor in the sample is averaged and does not cause bias.

The results show that survey-based studies demonstrate, on average, a more
positive impact of environmental innovations on financial performance than studies
that use secondary data. Namely, for the studies based on the data from databases, the
probability that environmental innovations positively affect firms’ financial
performance has the following range—from 73% to 90%. For the survey-based
studies—from 93% to 100%. Unlike Liao et al. (2021), this result complies with the
findings of the study by Sanchez-Medina et al. (2013). Having built an elaborate
experiment, Sanchez-Medina et al. (2013) demonstrates that the impact of
environmental innovations on ROA (impartial indicator) is lower than on firms’
financial performance subjectively assessed by an expert survey.

Industry analysis showed that the type of industry has a significant influence on
the relationship between environmental innovations and financial performance:
manufacturing firms generally benefit more from the implementation of
environmental innovations than firms from other industries. This result complies with
de Azevedo Rezende et al. (2019): Manufacturing firms are naturally more adapted to
environmental innovations implementation due to the industry specifics (stakeholders
and society pressure on emission reduction, pollution prevention activities, etc.),
whereas non-manufacturing firms are more prone to introduce environmental
innovations for the reasons other than institutional and stakeholders’ pressure.
Therefore, it often happens that non-manufacturing firms are less prepared for
environmental innovations introduction which results in their financial results.

Additionally, the study provides statistical grounds to assume that it is sufficient
to use ROA as a financial indicator when assessing the impact of environmental
innovations on financial performance. This fact indicates the sufficiency of using ROA
as a measure of financial performance when assessing the impact of environmental
innovations on financial performance. This result complies with Aguilera-Caracuel et
al. (2013), de Azevedo Rezende et al. (2019) and Xie et al. (2019) that stated that ROA
commonly serves as a proxy for a firm’s financial performance.

5.2. Theoretical and practical implications

This study offers several theoretical contributions to the existing literature and
practical implications for policy and future research. The most essential of them are
presented below.

This study makes the following key theoretical contributions.

1) We have developed probability-based meta-analysis approach—an approach
tailored to the needs of this study. This approach overcomes the limitations of
conventional meta-analysis by reliably aggregating and analyzing data from diverse
studies with varying research designs, sample sizes, and variables. This method can
be beneficially applied in other economic research and studies on similar topics.

2) We demonstrated the importance of checking natural sets of quantitative data
for compliance with Benford’s and Zipf’s laws. Integrating this compliance check with
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standard statistical analysis can help ensure ongoing data reliability and prevent biases
from hidden unintentional filtering, as is common in sociology and financial control
practices.

3) Our findings revealed that data sources significantly affect the assessment of
the relationship between environmental innovations and financial performance. To
achieve more stable and convincing results and avoid potential biases, it is crucial to
incorporate diverse data types, including impartial secondary data, rather than relying
solely on subjective evaluations.

4) By analyzing a total sample of 4,390,754 firm-year observations, our study
provides empirical evidence supporting the RBV and Porter hypothesis. The results
suggest that environmental innovations typically offer competitive advantages and
lead to increased financial performance, particularly in manufacturing firms.

This paper also lends itself to several practical implications.

1) The study confirms a consistent positive relationship between environmental
innovations and firms’ financial performance. This suggests that environmental efforts
are likely to enhance ROA, market share, and profits by reducing costs, improving
production processes, and attracting more customers.

2) Detailed evidence on how environmental innovations affect financial
performance can help mitigate investors’ and shareholders’ concerns. This can
incentivize managers to undertake more environmentally related initiatives, as they
can plan their financial expectations with greater confidence.

3) Regardless of the firm’s size, industry, resources, or capabilities,
demonstrating tangible environmental results to stakeholders, such as customers, can
lead to better financial outcomes. This is a general recommendation for firms
considering the implementation of environmental innovations.

4) Since manufacturing firms benefit more from environmental innovations,
policymakers can introduce more incentives and public subsidies specifically for non-
manufacturing firms. Additionally, policymakers can focus on information sharing
and technology transfer mechanisms to help these firms access the necessary
knowledge and resources for environmental technology development and
implementation.

5.3. Research limitations and future research

While this study provides valuable insights, it is important to acknowledge its
inherent limitations.

Firstly, the results from the selected papers were assumed to be unbiased. Despite
efforts to ensure objectivity, some bias may still exist in the original research.

Secondly, it was assumed that the samples from the papers, particularly those
using surveys, were independently acquired and free from censorship or filtration,
potentially introducing variability.

Lastly, the study assumes the sample sizes in the selected papers were sufficient
to consider the distribution of coefficient values from regression analysis or structural
equation modeling (SEM) as nearly normal, relying on the asymptotic normality of
least-squares-based estimation results.

These limitations highlight opportunities for future research. Future studies could
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use more rigorous methodologies to assess and mitigate potential biases, employing
advanced statistical techniques.

Additionally, exploring the impact of different sampling strategies on the
relationship between environmental innovations and financial performance would
provide a deeper understanding of the robustness and generalizability of the findings.

Sensitivity analyses could also be conducted to examine the influence of sample
size variations on the estimated effects, using simulations or bootstrap resampling
techniques to assess the stability and reliability of the findings under different sample
size scenarios.

By addressing these research limitations in future studies, we can further refine
our understanding of the relationship between environmental innovations and
financial performance, ultimately contributing to more informed and effective
sustainability strategies for businesses and industries.
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Appendix A. Analyzed studies characteristics

Table Al. Aggregation of the studies concluding the positive impact of environmental innovations on corporate financial performance.

Source Data source Location Number of firms Time period Findings
. . Environmental regulation has a positive impact on green process innovation and green product innovation and
Qiu et al. (2020) Databases China 472 firms 20062017 . .
then improves financial performance.
Corporate environmental responsibility and green practices represent cospecialized assets that enhance an
Gangi et al. (2020) Databases Various countries 101 firms 2013-2017 intangible asset, namely, corporate reputation. The latter influence constitutes a missing link between sustainable
development and the firm’s financial performance.
Yurdakul et al. Questionnaires  Turkey 219 firms 2011-2016 Eco.-lnnovat.l(.)n has a direct effect on pollutlon prevention, resource-saving and recycling; furthermore, it has an
(2020) indirect positive effect on cost reduction and thus on economic performance.
Ma et al. (2021) Databases China 613 firms 2016-2017 Both green technology innovation and environmental information disclosure have positive effects on financial
performance.
Andries et al Environmental innovations generally lead to improved financial performance, as they allow firms to reduce waste
(2019) ' Databases Belgium 1761 firms 2006-2008 disposal and raw material cost, increase product value and firm competitiveness, reduce public and community
pressure, and even help shape future regulations which raise competitors’ relative costs.
Xue et al. (2019) Questionnaires China 253 firms 2018 Gre.en innovation has a robustly positive effect on firm performance dimensions (operational, financial and
environmental).
Ong et al. (2019) Questionnaires Malaysia 124 firms 2019 Enwronmeptal innovation is found to be the mediator that transforms the benefits of environmental performance
into financial performance.
Liao (2018) Databases China 366 firms 2017 The three dimensions of environmental innovation all promote a firm’s financial performance.
Chu et al. (2018) Questionnaires China 165 firms 2015 Green innovation positively affects financial performance for 3PL providers in China.
10 years panel data The results show that clean technologies and end-of-pipe technologies are positively related to financial
Xie et al. (2016) Databases China from 28 industries in  2002-2011 performance at the industry level, thus it pays to be ‘green.’ Data are obtained from China Statistical Yearbook
China. (2002-2011).
3467 firm-year .. .
Lee et al. (2015) Databases Japan observations 2001-2010 Green research and development are positively related to financial performance at the firm level.
Li et al. (2020) Questionnaires China 299 firms 2020 Green product innovation has more impact on financial performance than green publicity. It was also found that

environmental performance has a positive effect on financial and social performance results.
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Table Al. (Continued).

Source Data source Location Number of firms Time period Findings
Environmental innovation practices have a significant positive impact on firms’ environmental performance,
while the effect on financial performance should be through the mediating role of environmental performance.

Li (2014) Questionnaires China 148 firms 2014 The further analysis reveals that the relationship between environmental innovation practices and financial
performance is moderated by the level of resource commitment. As resource commitment increases, the financial
performance yielded from environmental innovation practices will be better.

Chaudhry et al. . . . . . . " . . .

(2020) Questionnaires  Pakistan 363 firms 2020 Environmental innovations have positive and significant impacts on financial performance.

Xic et al. (2019) Questionnaires  China 209 firms 2019 Green process innovation has a positive impact on green progiuct innovation, and that both green process
innovation and green product innovation can improve a firm’s financial performance.

de Azevedo 356 multinational There is no significant association of green innovation’s intensity with firm financial performance in the

Rezende et al. Databases Various countries firms 20062015 immediate year, however, the association is positive, lasts during the subsequent years and becomes expressively

(2019) higher after 2 years.

Lin et al. (2019) Databases Various countries 163 international 2011-2017 The empirical results indicated that the green innovations strategy positively affected corporate financial

firms performance.
The findings reveal that green product innovation performance exerts a significant influence on a firm’s financial

Tariq et al. (2019)  Databases Thailand 202 firms 2016 performance, i.e., the higher green product innovation performance, the higher the firm’s profitability and lower
the firm’s financial risk.

Marin-Vinuesa et Questionnaires  Spain 87 firms 2015 The resglts suggest that the_re is a positive relationship between the level of eco-innovation performed by

al. (2018) companies and their financial performance.

Cainelli et al The economic performance (profits, turnover, employment) of eco-inno-vating firms in 2006-2008 during the

011) ' Questionnaires Italy 555 firms 2006-2008 global crisis was better than that of non-innovating firms. Investment in EI seems not to have weakened firms but
rather made them more economically resilient to shocks.

Antonioli et al. . . . . .

(2016) Databases Italy 555 firms 2006-2008 Environmental innovations turn out to be positively and significantly correlated to revenue.

Tugores et al. Questionnaires Majorca 200 firms 2008 Some particular environmental innovations are found to have a positive impact on hotel performance, revenue in

(2015) particular.

Scarpellini et al. Databases Various countries 2218 firms 2013 The findings confirm the positive influence of implementing eco-innovation on companies’ financial

(2019) performance.

Sanchez-Medina et Databases Mexico 186 firms 2013 The findings provide empirical evidence on the importance of successful environmental regulation in small

al. (2013)

businesses as a means of promoting environmental innovation and improving economic performance.
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Table Al. (Continued).

Source Data source Location Number of firms Time period Findings

Sustainability-oriented innovations fully mediate the association between stakeholder and financial performance
Bogers et al. (2019) Databases Norway 101 firms 2013-2017 (measured by profitability). Engaging external stakeholders in sustainability-oriented processes generates
economic, environmental and social improvements, which consequently enhance a firm’s financial performance.

Huang et al. (2010) Questionnaires Taiwan 181 firms 2010 Green product innovation performance has a positive effect on financial performance.

Eco-innovation behavior can significantly enhance a firm’s environmental performance, and, through

Cai et al. (2018) Databases China 442 firms 2018 . s A . .
environmental performance, has an indirect positive impact on its economic performance.

Chan etal. (2016)  Questionnaires China 250 responses 2015 Qreen pr.oduct. innovation could l?rlng ﬁr.ms not only cost gfﬁ01ency but.a.lso proﬁtablht.y., thus for firms with
either orientation, green product innovation development is a key capability for competitiveness.

Chu (2018) Questionnaires China 165 firms 2015 Green innovation practices have a positive effect on the financial performance of 3PL providers.

Zailani et al. (2015) Questionnaires Malaysia 153 firms 2015 Gre.en innovation 1g1t1at1ves have a.posmve effect on the three categories of sustainable performance (i.e.,
environmental, social, and economic).

Zhu et al. (2017) Questionnaires China 333 firms 2015 Both green mqovatlon and green purchasing can facilitate economic performance, but only under the right
customer relational governance.

Severo et al. (2017) Questionnaires Brazil 762 firms 2013-2014 Sustainable Product Innovation is positively related to financial performance.

Hojnik et al. (2016) Questionnaires Slovenia 223 firms 2014-2015 Process eco-innovation is worthwhile in terms of company profitability, growth, and competitive benefits.

Suat et al. (2019) Questionnaires Malaysia 85 firms 2019 Environmental innovation was found to be positively associated with both competitive advantage and financial
performance.

ﬁmzoor f Z—Salvado et Questionnaires  Spain 157 firms 2011 Environmental product innovations have a positive but not statistically significant effect on firm performance.

Ar (2012) Questionnaires Turkey 140 firms 2011 Green pro'duct innovation generally positively affects firm performance, in particular financial performance (i.e.,
return on investment).

Burki et al. (2018)  Questionnaires Turkey 181 firms 2018 Green innovations enhance economic performance.

Ebrahimi et al. Questionnaires  Tran 112 firms 2017 Ther.e is a significant relationship betwseen green innovation and financial performance growth with regards to the

(2017) mediating role of green entrepreneurship.

Guo et al. (2019) Questionnaires China 416 firms 2018 Environmental innovation has a significant positive impact on economic performance.

Leyva de la Hiz et . . . .. . . . . . R .

al. (2018) Databases Various countries 5845 firms 2006-2009 There exists positive relationship between focused environmental innovations and a firm’s financial performance.

Yu et al. (2017) Mixed UK 121 firms 2009-2010 Environmental innovation strategy is positively related to financial performance.

Wysocki (2021) Databases Poland 342 firms 2017 Innovative green initiatives bring measurable benefits to the implementers (e.g., revenue growth).
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Table Al. (Continued).
Source Data source Location Number of firms Time period Findings
Zandi et al. (2019)  Questionnaires Indonesia 319 responses 2019 Ecological innovations have positive and significant impact on economic performance.
Wu (2017) Databases Taiwan 166 sets of sample 2017 Explora'tory enVlronment'al 1‘nnovat10n hgs no significant effect on ROA. In contrast, exploitative environmental
data innovation does have a significant, positive effect on ROA.
Colombelli et al France, Italy,
) Databases Germany, Spain, 456,240 2002-2010 The involvement in the generation of green technologies is positively associated with firms’ growth rates.
(2019)
the UK, Sweden
Tang etal. 2017)  Questionnaires China 188 2017 We find that green process innovation and green product innovation both significantly (positively) predict firm
performance, when not considering managerial concern for the environment.
Zhang et al. (2019) Databases China 764 2000-2010 We find a positive and significant relationship between green patenting and firm performance.
Johl et al. (2021) Databases Malaysia 31 2015-2019 P.roactlve eco-innovation (product eco-innovation, process eco-innovation, and technology ecoinnovation) has a
direct effect on firm financial performance.
Xu et al. (2021) Databases China 202 2013-2017 BG-gfﬁhgted firms supply.cham (guppllers and gustomers) concentration and trust positively moderate the
relationship between green innovation and financial performance.
The results also indicate that green innovation has positive effects on firm performance, both financial and non-
Weng etal. (2015) Questionnaires Taiwan 202 2012 financial. Thrqugh these practices, firms cannot only generate bet.ter ﬁnanmal.performance (e.g., increase their
market share, increase sales revenues); they can also improve their corporate image to attract additional
customers.
Zhu et al. (2021) Questionnaires  Various countries 37 2021 It was found that internal .amd external green supply chain management practices have a positive effect on the
environmental and financial performance of banks.
Rodrigez-Espindola Questionnaires Mexico 165 2018-2019 The overarching .ﬁndmg‘ls that circular economy promoting sustainability-oriented innovation has a positive
et al. (2022) impact on financial, environmental, and social performance.
Vasileiou et al. Questionnaires  Italia 14430 2006-2008 We ﬁ,nd that environmental benefits achieved due to organizational change have a significant effect on the Italian
(2022) firms’ turnover.
Table A2. Aggregation of the studies concluding the negative impact of environmental innovations on corporate financial performance.
Source Data source Location Number of firms Time period Findings

Duque-Grisales et al.

(2020) Databases Latin America 86 firms 2013-2017 Implementing effective green innovations is not associated with greater financial performance.
Standard and High green innovative activism, measured by patent data, only harms current financial performance when not carried
Przychodzen et al. . . , . . ) . . ; . . X . .
(2019) Databases Various countries Poor’s 500 1999-2016 out in conjunction with other types of innovative activism. Too much concentration on green innovation relative to
companies other types of innovative activism has a negative influence on both accounting and stock market performance.
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Table A2. (Continued).

Source

Data source

Location

Number of firms Time period Findings

159 industrial

The efforts of companies in green innovations do not reflect positively on their financial performance. Companies

Borsatto et al. (2020) - Databases Various countries companies. 2015 were studied that listed in the Financial Times’ 500 largest companies by market value in 2015.

Padgett et al. (2012)  Databases Various countries 418 firms 1996-2007 There is a negative and significant effect between innovation with high social benefit and financial performance.

Ryszko (2016) Databases Poland 292 firms 2013 The direct effect of technological eco-innovation on financial performance is not statistically significant.

Fernando et al Green environmental strategies do not increase market valuation, but there is also not a statistically significant

(2019) ) Databases USA 718 firm-years 1997-2007 difference in performance between green and environmentally neutral firms. Only inappropriate environmental

management is valued lower by the market.
Table A3. Aggregation of the studies concluding the dual impact of environmental innovations on corporate financial performance.

Source Data source Location Number of firms Time period Findings
Environmental transparency positively influences current accounting and stock market performance, but negatively
influences the return on capital employed. Lower pollution emissions tend to improve the current return on assets

Hoang et al. (2020)  Databases USA 361 firms 2007-2016  while being harmful to the efficiency of long-term capital employment at the same time. The Global Financial
Crisis (2007-2010) increased the environmental transparency of firms with green patents but negatively impacted
their price-to-earnings ratio.

Przychodzen et al. Databases Poland, Fungary 439 firms 2006-2013 The results. indicated _that eco-innovators were generally characterized by higher returns on assets and equity and

(2015) lower earnings retention.
The automotive companies exemplify the resource-based view perspective as positive impacts of environmental

Cortezetal. 2011)  Databases Japan 20 firms 2001-2009 1nn0vgt10ns that are observed on revenues, profits, assc'ets, long-tem debt and equity, and vice-versa. However,
these impacts seem to weaken over time. The electronics companies show only revenues and long-term debt as
significantly controlled by environmental innovations and vice-versa.

Bermudez-Edo et al The geographical scope of the exploitation of environmental patents increases the positive relationship between

(2016) " Databases Various countries 79 firms 2005-2009 patented environmental innovation and financial performance whereas the geographical scope of knowledge
sourcing of environmental patents does reduce this performance.
Both technology- and process-based environmental innovations positi-vely influence airlines’ revenue, but only
process-based environmental innovations have positive impacts on airlines’ profit. There is a negative interaction

Yan et al. (2016) Databases Various countries 40 firms 2016 relationship between technology- and process-based environmental innovations on airlines’ financial performance.
In relation to operational efficiency, only process-based environmental innovations exert a positive impact on the
occupancy rate of airlines.

Garcia-Sanchez et al. Databases Various countries 6454 firms 2002-2017 Although environmental innovation strategies do not entail higher returns, they are well valued by the capital

(2019)

market.
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Table A3. (Continued).
Source Data source Location Number of firms Time period Findings
. Environmental innovations which do not improve firms’ resource efficiency do not provide positive returns to
Rexhéuser et al. . 3618 . . . . R . . .
(2013) Mixed Germany observations 2013 profitability. However, innovations that increase a firm’s resource efficiency in terms of material or energy
consumption per unit of output have a positive impact on profitability.
Lopes Santos et al. Databases Various countries 231 firms 20122014 The envllronmental .and soc1e}1 variables were 51gn1ﬁc§nt only for return on sales (ROS) and differed between
(2019) companies located in emerging and developed countries.
If we look at innovations leading to a reduction in the use of energy and resources, we can conclude that it
1063 definitely pays to be green. If we then turn to innovations aimed at reducing externalities, such as harmful materials
Ghisetti et al. (2014) Questionnaires Germany observations 2009-2011 and air, water, noise and soil pollution, we should conclude that it does not pay to be green. Although it may be
profitable in the long run due to improved environmental regulation, it does not pay off in the short run when
environmental regulation has to be faced as an external restriction.
The findings suggest that green innovators have gained strong market-related competitive advantage in terms of
Forsman (2013) Databases Finland 128 firms 2002-2010 high sales growth. Instead, th? fmdlngs suggest that the deve;lopment and explonatlc_)n of environmental innovations
have not created such competitive advantage that has led to improved performance in terms of the return on total
assets and the rate of operating earnings.
Aguilera-Caracuel et Databases Various countries 88 firms 2007-2008 ‘Green‘mnovatlve ﬁrms dq noF experience an improved financial pt?rformance, however, at the same time, the
al. (2013) intensity of green innovation is positively related to firm profitability.
76 pairs of . . . i, . . . .
innovative and Generally environmental innovations have positive effect on financial performance. Environmental innovations
Long et al. (2017) Questionnaires  China non-innovative 2015-2016 related to product design and production processes positively affect economic performance, while raw materials
firms have no significant impact on economic performance.
The USA and In the US, at low level of environmental pillar score, there is a positive effect and at higher levels the effect turns to
Aastvedt et al. (2021) Databases Europe 44 2010-2018  negative. In Europe, at low level of environmental pillar score, there is a negative effect, which turns positive at
p higher levels.
It was found that proactive green process innovation has a significant positive effect on both short-term and long-
Qing et al. (2022) Questionnaires China 126 2010-2020 term corporate financial performancs:. Moreover, proactive green product 1Tmovat10n has a significant positive '
effect on long-term corporate financial performance. However, it does not improve short-term corporate financial
performance.
Xie et al. (2022) Questionnaires China 1 2021 Green process innovation has a U-shaped impact on firms’ financial performance, such that the impact is initially

negative but then becomes more positive as the level of green process innovation increases
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Appendix B.

Table B1. Prisma checklist.

Section and topic

Item # ChecKklist item

Location where item is reported

Title
Title 1 Identify the report as a systematic review. Title
Abstract
Abstract 2 See the PRISMA 2020 for Abstracts checklist. Abstract
Introduction
Rationale 3 Describe the rationale for the review in the context of existing knowledge. Introduction
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Introduction
Methods
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Method (Literature search and selection)
Information sources 6 Spequ all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Method (Literature search and selection)
Specify the date when each source was last searched or consulted.
Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Method (Literature search and selection)
Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers
Selection process 8 screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools Method (Literature search and selection)
used in the process.
Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they
Data collection process 9 worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of Method (Literature search and selection)
automation tools used in the process.
List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome
10a domain in each study were sought (e.g., for all measures, time points, analyses), and if not, the methods used to decide which Method (Literature search and selection)
Data items results to collect.
10b List apd define all othf:r variables for which dgte} were sought (e.g., participant and intervention characteristics, funding sources). Method (Literature search and selection)
Describe any assumptions made about any missing or unclear information.
Study risk of bias 1 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers Method (Selected Papers Processing)
assessment assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process. P &
Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Method (Selected Papers Processing)
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Table B1. (Continued).

Section and topic

Item # ChecKklist item

Location where item is reported

Methods

Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention

132 characteristics and comparing against the planned groups for each synthesis (item #5)). Method (Selected Papers Processing)
13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or Method (Selected Papers Processing)
data conversions.
) 13¢ Describe any methods used to tabulate or visually display results of individual studies and syntheses. Method (Selected Papers Processing)
Synthesis methods b hod d h 1 d d le for the choice(s). If 1 fi d, describ
Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe .
13d the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. Method (Meta-analysis Approach)
3e Descrl‘t?e any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta- Method (Meta-analysis Approach)
regression).
13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Method (Meta-analysis Approach)
Reporting bias . . . . . . .. . . .
assessment 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Method (Selected Papers Processing)
Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Method (Meta-analysis Approach)
Results
Describe the results of the search and selection process, from the number of records identified in the search to the number of studies
16a . . S . . Results
Study selection included in the review, ideally using a flow diagram.
16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Results
Study characteristics 17 Cite each included study and present its characteristics. Results
Risk of bias in studies 18 Present assessments of risk of bias for each included study. Results
Results of individual 19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and Results
studies its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Results
Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its
20b precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of Results
Results of syntheses the effect.
20c Present results of all investigations of possible causes of heterogeneity among study results. Results
20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Results
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Table B1. (Continued).
Section and topic Item # Checklist item Location where item is reported
Results
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Results
Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Results
Discussion
23a Provide a general interpretation of the results in the context of other evidence. DI§CUSSI(.)H’ 1mp11cat10ns,. and conclusion
(Discussion and Conclusion)
Discussion, implications, and conclusion
23b Discuss any limitations of the evidence included in the review. (Research Limitations and Future
Research)
Discussion Discussion, implications, and conclusion
23c Discuss any limitations of the review processes used. (Research Limitations and Future
Research)
Discussion, implications, and conclusion
23d Discuss implications of the results for practice, policy, and future research (Research Limitations and Future
p P » POlICy, ’ Research; Theoretical and practical
implications)
Other information
Provide registration information for the review, including register name and registration number, or state that the review was not .
24a . Not registered
registered.
Registrati d tocol . .
ceistration and protocot 4y, Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Not prepared
24¢ Describe and explain any amendments to information provided at registration or in the protocol. Not applicable
Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Acknowledgements
Competing interests 26 Declare any competing interests of review authors. Not applicable
Availability of data, code 27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted Appendix A

and other materials

from included studies; data used for all analyses; analytic code; any other materials used in the review.

42



