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Abstract

As organizations strive to balance environmental stewardship with economic competi-
tiveness, understanding the performance implications of Green Innovation (GI) has be-
come increasingly important. Although the nexus between Green Product Innovation
(GPI), Green Process Innovation (GPrl), and organizational outcomes has attracted sus-
tained scholarly attention, empirical evidence remains inconclusive. To reconcile these in-
consistencies and delineate boundary conditions, this study synthesizes data from 48 em-
pirical investigations (2012-2025) via a random-effects meta-analysis with the Hartung—
Knapp adjustment and trim-and-fill procedures to strengthen statistical inference. Results
reveal significant small-to-moderate positive associations between GI and environmental
(r=0.172), financial (r = 0.191), and innovation performance (r = 0.143). Notably, modera-
tor analyses demonstrate a synergy premium, where Integrated GI measures significantly
outperform isolated GPI or GPrl approaches (r = 0.353). Substantial heterogeneity exists
(I> = 91.2%), which is significantly moderated by innovation type, industry pollution in-
tensity, geographic region, and research design. Our findings reinforce the Natural-Re-
source-Based View (NRBV) and the Dynamic Capabilities framework, highlighting that
strategic returns depend on asset orchestration and contextual factors. We conclude that
firms should adopt a holistic approach, integrating both product and process innovations
to enhance competitive advantage in an incremental and context-contingent manner,
while interpreting innovation-performance results cautiously given the limited evidence
base.

Keywords: green innovation; green product and process innovation; corporate perfor-
mance; environmental and financial performance; meta-analysis; natural-resource-based
view (NRBV); ESG; sustainable innovation

1. Introduction

Environmental sustainability has become a central concern for organizations navi-
gating the complexities of global competition, regulatory pressures, and stakeholder ex-
pectations. Firms increasingly adopt environmentally oriented innovations not merely as
compliance mechanisms but as strategic investments aimed at achieving superior envi-
ronmental and economic outcomes.
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Green Innovation (GI), broadly defined as the introduction of products, processes, or
practices that reduce environmental harm or enhance resource efficiency, has been con-
ceptualized as a pathway to sustainable performance [1]. Conceptually, GI is widely
viewed as comprising two distinct dimensions: Green Product Innovation (GPI) and
Green Process Innovation (GPrI).

GP1 refers to changes in the goods or services offered that improve their environmen-
tal attributes, whereas GPrl denotes alterations in production or delivery processes that
reduce ecological impacts [2]. As these innovation types gain prominence in both aca-
demic research and corporate strategy, the question of their performance implications has
attracted sustained empirical attention. Throughout this manuscript, we use the term “In-
tegrated GI” to refer explicitly to empirical studies that employ a composite construct to
assess GPI and GPrl simultaneously, thereby distinguishing them from studies that meas-
ure these dimensions in isolation.

Empirical studies investigate how GPI and GPrI relate to diverse performance out-
comes, including environmental indicators (e.g., emissions reduction), financial outcomes
(e.g., profitability), and innovation performance (e.g., patenting activity or new product
introductions) [3,4]. While numerous individual studies report positive associations be-
tween Gl and specific performance metrics, the magnitude and significance of these effects
vary widely across industry contexts, measurement approaches, and research designs. For
example, Xie et al. [2] found that GPrI had a stronger positive effect on cost savings for
manufacturing firms. In contrast, GPI was more strongly associated with market perfor-
mance in service sectors [1,2]. Other studies suggest that regulatory environments and
stakeholder pressures moderate the efficacy of green initiatives, with stronger effects
emerging under stringent environmental policies [5,6].

The diversity of findings raises questions about the generalizability and robustness
of conclusions drawn from individual studies. Meta-analysis offers a systematic approach
to aggregating empirical results and deriving pooled estimates of effect sizes across stud-
ies, thus providing a clearer view of the central tendency of relationships and the extent
of heterogeneity [7,8]. Prior meta-analytic work in this domain, such as the synthesis by
Rahmani et al., has underscored a positive relationship between GI and environmental
performance, yet also highlighted the variability of outcomes across contextual factors [9].
Similarly, Hizarci-Payne et al. synthesized the field of environmental innovation research.
They found that the relationship with firm performance exhibited considerable dispersion,
suggesting the influence of moderators such as industry characteristics and measurement
approaches [10].

Despite these advances, several methodological and substantive gaps remain. First,
many meta-analytic syntheses have relied on conventional random-effects models with-
out incorporating advanced inferential procedures such as the Knapp-Hartung adjust-
ment, which accounts for uncertainty in the estimation of between-study variance and
often yields more reliable confidence intervals for pooled effect sizes [11]. Second, assess-
ments of publication bias, while common, often omit formal adjustment techniques, such
as the trim-and-fill procedure, which imputes missing studies and recalibrates pooled es-
timates to address asymmetry in funnel plots [12]. Third, existing syntheses often conflate
different outcome domains or treat GPI and GPrl interchangeably, potentially obscuring
nuanced distinctions in how these innovation types contribute to specific performance
dimensions.

This study addresses these gaps by conducting a comprehensive meta-analysis of 48
empirical studies examining the relationships between GI and performance outcomes. We
explicitly differentiate between green product and process innovation and disaggregate
results into three performance domains: environmental performance, financial perfor-
mance, and innovation performance. Our analytical approach incorporates Knapp-
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Hartung (HK-S]) corrected estimates and trim-and-fill adjustments to provide robust
pooled effect sizes and to probe potential publication bias. By integrating heterogeneous
findings across studies, we aim to clarify the overall strength and direction of the associ-
ation between environmental innovation and organizational outcomes, identify sources
of heterogeneity, and provide guidance for future theory development and empirical in-
vestigation.

The remainder of this paper is structured as follows. Section 2 outlines the theoretical
foundations and develops hypotheses regarding the expected relationships between GI
and performance outcomes. Section 3 describes the meta-analytic methodology, including
literature search procedures, data coding protocols, effect size computation, and statistical
models. Section 4 presents the results of the meta-analysis, including pooled effect sizes
with HK-S] adjustments, heterogeneity statistics, and publication bias diagnostics with
trim-and-fill corrections. Section 5 discusses theoretical and practical implications, limita-
tions, and avenues for future research. Section 6 concludes with a summary of key insights
and recommendations for scholars and practitioners.

Figure 1 presents the research framework for the entire study, visually demonstrat-
ing the logical development and operational steps.

Green Product and Process Innovation and Firm Performance: A Meta-Analytic Review

Research Framework & Meta-Analytic Workflow
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Figure 1. Research Framework.

2. Theory and Hypotheses

Gl has become a critical driver of firms’ sustainability strategies, where organizations
aim to align environmental performance improvements with operational and financial
benefits. Extant literature has examined the interplay between GPI and GPrI within vari-
ous theoretical frameworks, particularly the Natural-Resource-Based View (NRBV) and
Dynamic Capabilities Theory. These frameworks offer useful insights into how firms can
gain a competitive advantage by integrating environmental considerations into their in-
novation strategies.

2.1. GI: Product vs. Process

Green Innovation (GI) can be broadly categorized into two types: Green Product In-
novation (GPI) and Green Process Innovation (GPrI). GPI focuses on developing new
products or modifying existing ones to minimize environmental harm, such as energy-
efficient appliances or biodegradable packaging. On the other hand, GPrI refers to inno-
vations in production processes aimed at reducing environmental impacts, such as
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improvements in energy efficiency, waste reduction, and resource use. Both GPI and GPrI
contribute to a firm’s sustainability strategy, but they operate through different mecha-
nisms and are often associated with different outcomes [1].

Studies suggest that GPI and GPrl may not always act independently. In fact, they
often complement each other, with GPrI enabling the implementation of GPI through ef-
ficient resource management and cost savings. This complementarity suggests that firms
integrating both types of innovation may experience greater overall performance benefits.
For example, GPrI might lower the costs of adopting new, greener technologies, thereby
enhancing the financial feasibility of introducing new green products [1,13].

H1. GPI and GPrl are both positively correlated with environmental performance.

2.2. The Role of GI in Environmental Performance

The relationship between GI and environmental performance has been extensively
studied, and the prevailing consensus is that GPI and GPrI contribute positively to envi-
ronmental outcomes. By improving product design or manufacturing processes, firms can
reduce their environmental footprint by decreasing greenhouse gas emissions, energy
consumption, and material waste. This is particularly evident in industries such as man-
ufacturing, where both GPI and GPrI can lead to substantial environmental gains [14].

Moreover, regulatory pressures, such as stringent environmental laws and policies,
often encourage firms to adopt GI that align with government sustainability objectives.
As such, firms that engage in GI not only enhance their environmental performance but
also gain legitimacy in the eyes of regulators, consumers, and other stakeholders [15].
These dynamics underscore the critical role of regulatory environments in shaping the
relationship between GI and environmental performance.

H2. GI is positively associated with improvements in environmental performance.

2.3. Gl and Financial Performance

While the positive nexus between GI and environmental performance is well-docu-
mented, its impact on financial performance remains a subject of intense scholarly debate.
From a traditional perspective, green initiatives are often seen as “non-productive” costs
that require substantial capital expenditures in R&D and specialized equipment, poten-
tially straining a firm's financial resources, especially for resource-constrained SMEs. Con-
versely, the NRBV and the Porter Hypothesis suggest that environmental investments can

”

trigger “innovation offsets,” in which the resulting efficiencies and market advantages
outweigh compliance costs.

We argue that GPrI and GPI contribute to financial performance through distinct but
complementary mechanisms. GPrl primarily enhances financial outcomes via internal op-
erational efficiency. By optimizing production workflows, reducing resource consump-
tion, and minimizing waste, GPrl enables firms to achieve cost leadership. These efficiency
gains often translate into direct improvements in accounting-based metrics, such as return
on assets (ROA) or net profit margins, by lowering the total cost of goods sold.

GPI, in contrast, creates financial value predominantly through external market dif-
ferentiation. By introducing eco-friendly products that meet the increasing demand from
environmentally conscious consumers, firms can command price premiums and capture
new market segments. Furthermore, GPI bolsters corporate reputation and brand equity,
which are critical for long-term intangible asset growth and market-based performance.
Given that both internal cost-savings and external market expansion contribute to the
firm’s bottom line, we propose:
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H3. GPrl is positively associated with firm financial performance.
H4. GPI is positively associated with firm financial performance.

2.4. Gl and Innovation Performance

GI can also contribute to broader innovation performance. Firms that engage in GI
often develop new capabilities that enable them to innovate more effectively in other ar-
eas, such as technological development and product diversification. This aligns with the
concept of absorptive capacity, where firms enhance their ability to recognize, assimilate,
and apply new knowledge through their investment in innovation. As such, the adoption
of GI, particularly GPI, can stimulate additional innovation activities, thereby improving
the firm’s overall innovation performance [16].

GPrI can also create a platform for further innovation by improving operational effi-
ciencies and reducing environmental impact. For example, firms that innovate their pro-
duction processes may gain insights into sustainable practices that can be applied to other
areas of their operations, such as logistics, supply chain management, or customer en-
gagement. Thus, GPrI can act as a stepping stone to new product innovations or service
improvements [3].

HS5. GI (GPI and GPrl) is positively associated with broader innovation performance, including
new product development and process improvements.

2.5. Boundary Conditions of the GI-Outcome Relationship

While the direct effects of GI on firm performance are important, the relationship
between GI and performance outcomes is often moderated by contextual factors such as
industry type, firm size, geographic location, and regulatory environment. For instance,
firms in high-pollution industries may exhibit more immediate and observable environ-
mental improvements following GPI and GPrI adoption; however, such visibility does not
necessarily imply larger overall performance returns, as compliance-driven adoption may
reduce strategic differentiation [17]. Similarly, firms in regions with strong environmental
regulations (e.g., the European Union or California) may be more likely to adopt GI, which
can be associated with improved outcomes, although the magnitude of these benefits may
vary across institutional settings [9].

Furthermore, firm size and organizational capabilities may moderate the effective-
ness of GI. Larger firms with greater financial resources and R&D capabilities may be bet-
ter positioned to implement GI and realize the associated financial and innovation perfor-
mance benefits [9]. In contrast, SMEs may face greater barriers to adopting GI due to re-
source constraints and a lack of technological expertise.

Drawing on the contingency perspective of the NRBV, industry-level factors such as
pollution intensity create distinct regulatory and competitive landscapes that shape the
strategic value of green initiatives. In high-pollution sectors, GI is frequently driven by
coercive isomorphism or strict regulatory compliance, which may lead to the standardi-
zation of practices and diminish their uniqueness as a source of competitive advantage.
Conversely, in low-pollution industries, GI is more likely to represent a proactive differ-
entiation strategy, enabling firms to capture premium market segments and enhance their
reputations. Consequently, the performance returns on green investments are expected to
vary significantly across different industrial contexts. Based on this logic, we propose:

H6. Industry pollution intensity moderates the relationship between GI and firm performance, such
that the association is stronger in low-pollution industries.
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2.6. Conclusion of Hypotheses Section

The hypotheses outlined above suggest that GI, whether in the form of product or
process innovation, can significantly contribute to environmental, financial, and innova-
tion performance outcomes. However, the magnitude and direction of these effects are
likely to be influenced by contextual factors such as firm size, industry type, and regula-
tory environment. In the following sections, we will present the meta-analytic methodol-
ogy used to test these hypotheses and provide robust pooled effect estimates for each per-
formance domain.

3. Methods

3.1. Literature Search and Inclusion Criteria

We conducted a comprehensive systematic search to identify relevant empirical stud-
ies investigating the relationship between GI (both GPI and GPrl) and firm performance.
We queried major academic databases, including Scopus, Web of Science, ScienceDirect
and Google Scholar, using a Boolean search string encompassing keywords related to

o a7

“green innovation,” “product innovation,” “process innovation,” “firm performance,”
and “environmental performance,” among others, covering the period from 2010 to 2025.
The final search was executed on 20 June 2025. To ensure a high level of transparency and
reproducibility, the study strictly follows the PRISMA 2020 guidelines. We selected stud-

ies for inclusion based on the following criteria:

1. They provided empirical evidence linking GPI or GPrI to at least one of the perfor-
mance outcomes: environmental, financial, or innovation performance.

2. The study reported an effect size or sufficient statistical information (e.g., Pearson’s
correlation [r], t-statistics, or standardized f) that allowed for the calculation of a cor-
relation coefficient or its transformation.

3. The study used the quantitative research design, including cross-sectional, longitu-
dinal, and experimental studies, excluding case studies, purely conceptual papers,
narrative reviews, or theoretical papers.

4.  The study was published in a peer-reviewed journal, ensuring its methodological ri-
gor.

A total of 48 studies were included in the final meta-analysis after applying the in-
clusion criteria and removing studies that did not meet these standards or lacked suffi-
cient data for effect-size calculation. Although the included studies cover multiple regions
(e.g., China, Europe, North America, and multi-country samples), the evidence base is
geographically concentrated in China (approximately 70%), which may limit cross-re-
gional generalizability; therefore, the pooled estimates should be interpreted as most rep-
resentative of contexts characterized by strong regulatory steering and rapid ecological
transition. The study strictly follows the PRISMA 2020 process, with specific details and
steps shown in Figure 2. Because a small number of records included are meta-analyses,
we treated each meta-analysis as a single independent record and verified that its under-
lying primary studies do not overlap with the primary-study dataset used in our main
analysis; overlapping evidence was excluded to prevent double-counting.

https://doi.org/10.3390/su18031640
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PRISMA 2020 flow diagram for new systematic reviews
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This work is licensed under CC BY 4.0.

Figure 2. PRISMA 2020 flow diagram of study identification, screening, eligibility assessment, and

inclusion for the meta-analysis on green product/process innovation and firm performance.

3.2. Data Coding and Effect Size Calculation

To ensure consistency and reliability, two independent coders extracted data from
each included study. The extracted data included:

1. Study ID: Author(s) and year of publication.

2. Sample Size (n): Total number of observations used to compute the effect size.

3. Effect Size: The correlation coefficient (r) between GI (either GPI or GPrl) and the
relevant performance outcome (environmental, financial, or innovation perfor-
mance). If the reported effect size was not in the form of a correlation coefficient, it
was converted into r using standardized f or t statistics where applicable.
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4. Outcome Type: Environmental performance, financial performance, or innovation
performance.

5. Innovation Type: We distinguished between studies that measured GPI and GPrl as
separate constructs and those that utilized a single, composite construct. The cate-
gory Integrated GI comprises studies that use a combined scale to measure overall
GI. It does not represent an artificial aggregation of separate GPI and GPrl effect sizes;
rather, it reflects a holistic measurement approach adopted by the original authors.

6. Study Design: Whether the study employed a panel data design, cross-sectional de-
sign, or meta-analytic synthesis.

7. Country/Region: The geographical focus of the study, such as China, multi-country,
or other/unclear.

To enhance transparency and reproducibility, we applied explicit coding protocols
for key moderators, with full decision rules documented in Appendixes A.4-A.6. Innova-
tion Type was coded as GPI, GPrl, or Integrated GI based on how each primary study
operationalized green innovation (Appendix A.4). Specifically, studies that measured
product and process dimensions using a single unidimensional (composite) GI scale were
coded as Integrated GI, whereas studies measuring only product- or process-focused con-
structs were coded as GPI or GPrlL. Industry Pollution Intensity was coded as High-pollu-
tion or Low-pollution following the classifications reported in the primary studies (e.g.,
heavy manufacturing/chemicals vs. other sectors), excluding mixed samples with no dom-
inant sector (Appendix A.5). Finally, Geography was grouped into China, multi-country,
and other/unclear (Appendix A.6).

We transformed effect sizes into Fisher’s z scores to normalize the distribution of cor-
relations. Fisher’s z-transformation is commonly used in meta-analysis to stabilize the var-
iance of correlation coefficients and improve the accuracy of pooled effect size estimates.
The formula for Fisher’s z-transformation is:

1+r
Z=0.51n< )
1-r

where r is the Pearson correlation coefficient. The inverse Fisher transformation was
used to back-transform the z-values to correlation coefficients:

_exp(2z) -1
r= exp (2z) +1

In addition, the sampling variance (vi) for each study was calculated as:

where n; is the sample size of study i.

3.3. Meta-Analytic Model

We employed a random-effects meta-analysis to compute the pooled effect sizes for
each outcome type (environmental, financial, and innovation performance) and for the
overall effect size. The random-effects model accounts for both within-study variance (i.e.,
sampling error) and between-study variance (i.e., differences in effect sizes across stud-
ies). The random-effects model assumes that the true effect size varies across studies,
which is a realistic assumption given the heterogeneity observed in this literature.

We employed the Restricted Maximum Likelihood (REML) estimator to calculate the
between-study variance (7?). We selected the REML estimator as the primary method be-
cause it avoids the downward bias often associated with the DerSimonian-Laird estima-
tor in continuous data, particularly when heterogeneity is substantial. Furthermore, to
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enhance the reliability of our inference, we constructed 95% confidence intervals using the
Hartung-Knapp-Sidik-Jonkman (HK-S]) adjustment.
The pooled effect size (1) for each outcome domain was computed using the formula:
2w -
xw;

where fi; is the effect size for study i, and w; is the weight assigned to study i, which is

a=

calculated as:
1

W, = ——
oy tt?

where v; is the variance of the effect size for study i and 72 is the estimated between
study variances. This model accounts for the varying precision across studies by assigning
higher weights to those with larger sample sizes.

We quantified heterogeneity in effect sizes using Cochran’s Q statistics and the I? in-
dex. The Q statistics test the null hypothesis that all studies share the same effect size;
significant values of Q suggest heterogeneity. The I? statistic indicates the proportion of
total variation in effect sizes that is due to between-study heterogeneity. A value of I?
above 50% indicates substantial heterogeneity.

3.4. Publication Bias

To assess potential publication bias, we inspected funnel plots for asymmetry and
conducted Egger’s regression test to detect small-study effects quantitatively. Addition-
ally, we applied the non-parametric trim-and-fill method [12] to impute potentially miss-
ing studies and adjust the pooled effect estimates accordingly. This multi-method ap-
proach ensures that our conclusions are robust to the file-drawer problem [18] and that
the pooled estimates are reliable.

3.5. Moderator Analysis

To examine the potential moderators governing the impact of GI on firm value, we
conducted a series of subgroup analyses based on key study characteristics, such as:

1. Innovation Type: GPI vs. GPrI vs. Integrated GL

2. Study Design: Panel vs. Survey vs. Meta-Analysis.

3. Geography: Studies based in China vs. multi-region vs. other/unclear.
4. Industry Type: High-pollution industries vs. low-pollution industries.

These analyses help uncover whether the effect of GI on performance varies depend-
ing on the nature of the innovation or the context in which it occurs.

3.6. Software and Reproducibility

All statistical analyses were conducted in R (version 4.0.3), using the Metafor Package
for meta-analytic computations. The data, analysis scripts, and results are available for
replication and further analysis. The primary data and R code used to produce the results
in this paper, including all effect size calculations, heterogeneity analyses, and publication
bias assessments, are available in the Appendix A.

4. Results
4.1. Descriptive Statistics of the Included Studies

The final sample for this meta-analysis comprised 48 empirical studies spanning from
2012 to 2025. These studies collectively examined the relationship between GI (GPI and
GPrl) and various performance outcomes, including environmental, financial, and inno-
vation performance. Table 1 presents the descriptive statistics for the studies included in

https://doi.org/10.3390/su18031640
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Number of studies (k)

Number of Studies (k)
N
o

the meta-analysis. The studies cover a wide range of industries and geographical regions,
including China, Europe, North America, and multi-country studies.

Table 1. Characteristics of the included studies (k = 48).

Item Category/Statistic k % of Studies

Study design Survey 23 47.9

Study design Panel 21 43.8

Study design Meta-analysis 3 6.2

Study design Review/Conceptual 1 2.1

GI type Integrated GI 35 72.9

GI type GPI 9 18.8

GI type GPrl 4 8.3

Outcome domain Financial 29 60.4

Outcome domain Environmental 13 27.1

Outcome domain Innovation 6 12.5

Geographic group (coded) China 34 70.8

Geographic group (coded) Other/Unclear 8 16.7

Geographic group (coded) Multi-country 6 12.5
Publication year 2012-2025 - -
Sample size (1) 207-29,490 - -
Effect size r 0.063-0.580 - -

In the studies included, the sample size ranged from 207 to 29,490, with an average
of approximately 4273 and a median of 1698, indicating significant differences in sample
size. The evidence base also exhibits meaningful methodological diversity, as shown in

Figure 3 for specific classification.

Descriptive characteristics of included studies (k = 48)

(a) Publication year

-

o

Number of Studies (k)

0 v v v T r
2012 2015 2017 2018 2019 2020 2021 2022 2023 2024 2025

Publication Year
(c) Green innovation type
35

Number of Studies (k)

GPI
Innovation Type

Integrated Gl GPri

n
o

N
o

w
o

N
o

-
o

(b) Study design
21

Survey

Panel Meta-analysis Review/Conceptual
Study Design Type

(d) Outcome domain
29

o

Financial

Environmental
Outcome Domain

Innovation

Figure 3. Descriptive characteristics of the included studies (k=48): (a) publication year distribution;
(b) study design distribution; (c¢) GI type (GPI, GPrl, or Integrated GI); and (d) outcome domain
(environmental, financial, or innovation performance).

We evaluated the methodological quality of the 48 included studies using a con-
sistent set of criteria. The mean quality score was 6.54 (SD = 1.05), with individual scores
ranging from 4 to 8. Approximately 81.3% (39 of 48) of the studies were classified as high-
quality (score 2 6). Sensitivity analyses revealed that excluding lower-quality studies did
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not significantly alter the pooled effect sizes, thereby confirming the robustness of the
meta-analytic conclusions.

4.2. Pooled Effect Sizes by Outcome

Figure 4 illustrates the results of the random-effects meta-analysis using the
Hartung—Knapp adjustment. Squares represent study-specific effects (sizes proportional
to inverse-variance weights), and the diamond represents the pooled effect with a 95%
confidence interval.

Forest plot: overall iation green il ion and firm performance (k = 48)
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Figure 4. Forest plot for the overall association between GI and firm performance (k = 48; effect size
= Pearson’s r) [2,4,19-64].

Figure 5 presents the random-effects meta-analytic results with the Hartung-Knapp
adjustment; pooled effects are reported with 95% confidence intervals.
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Forest plots by outcome domain (random-effects meta-analysis)
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Figure 5. Forest plots by outcome domain: (a) environmental performance (k = 13)

[21,23,33,34,37,39,40,44,45,50,55,58,63]; (b) financial performance (k = 29) [2,4,19,20,22,24-
29,31,32,35,36,38,41-43,46,47,51,54,56,57,59-62]; and (c) innovation performance (k = 6)
[30,48,49,52,53,64].

Table 2 presents the pooled effect sizes for the three primary outcome domains: en-
vironmental performance, financial performance, and innovation performance. The re-
sults were derived using the random-effects model, and we also report the 95% confidence
intervals for each outcome.

Table 2. Random-effects meta-analysis pooled effects by outcome domain.

Outcome k Pooled r 95% CI 72 (%) Q (4p p(Q)
Overall 48 0.179 [0.154, 0.204] 0.0031 91.2 536.88 (47) <0.001
Environmental performance 13 0.172 [0.129, 0.214] 0.0028 91.7 144.95 (12) <0.001
Financial performance 29 0.191 [0.154, 0.227] 0.0037 90.9 308.74 (28) <0.001
Innovation performance 6 0.143 [0.053, 0.230] 0.0017 84.6 32.37 (5) <0.001

Notes: Effect sizes are Pearson’s r. A Meta-analysis was conducted on Fisher’s z and then back-
transformed to r. 95% ClIs use the Hartung-Knapp adjustment. Q is Cochran’s heterogeneity statis-

tic; 12 is between-study variance; I? is the proportion of total variability due to heterogeneity.
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1. Environmental Performance: The aggregation of 13 studies measuring environmen-
tal performance yielded a significant, albeit small, positive effect (r = 0.172; see Table
2). This confirms that Gl initiatives reliably translate into tangible ecological benefits,
such as emission reductions and resource efficiency, rather than serving merely as
symbolic compliance.

2. Financial Performance: Regarding financial outcomes (k = 29), the analysis revealed
a moderate positive association (r = 0.191), with a slightly stronger magnitude than
that for environmental outcomes. This suggests that the returns on GI are multidi-
mensional, driven not only by internal operational efficiencies (e.g., cost savings) but
also by external market differentiation and brand equity.

3. Innovation Performance: For innovation performance (k = 6), the pooled estimate in-
dicated a small positive relationship (r = 0.143). This implies that engaging in GI acts
as a catalyst for broader absorptive capacities, fostering a spillover effect where en-
vironmental problem-solving enhances general new product development and tech-
nological learning.

4. Overall Pooled Effect Size: Across the full sample of 48 studies, the overall pooled
effect was r=0.179. However, the substantial heterogeneity (I2=91.2%) indicates that
the GI-performance nexus is highly context-dependent. This high variability suggests
that strategic returns are contingent upon unobserved factors, such as latent institu-
tional nuances and managerial commitment, and underscores the necessity of the
moderator analyses detailed below.

4.3. Heterogeneity and Moderator Analysis

1. Heterogeneity (I2 and Q statistics): The overall heterogeneity, as measured by I2 was
91.2%, suggesting that more than 90% of the variability in effect sizes is due to be-
tween-study differences rather than sampling error. This level of heterogeneity is
considered high and indicates that the nexus between GI and corporate success is not
uniform across studies. The Q statistic for the overall effect was 536.88, indicating
significant heterogeneity and further confirming its presence.

2. Moderator Analysis: To explore sources of heterogeneity, we conducted moderator
analyses based on study characteristics, including innovation type (GPI vs. GPrI),
study design (panel vs. Survey), geographical region (China vs. multi-country vs.
other/unclear), and industry type (high-pollution vs. low-pollution). The results of
the moderator analysis are summarized in Table 3.

Table 3. Moderator (subgroup) analyses of the GI-performance association.

Moderator Category k  Pooledr 95% CI 12 (%)
Innovation type Integrated GI 35 0.353 [0.131, 0.376] 91.7
Innovation type GPI 9 0.279 [0.181, 0.372] 86.9
Innovation type GPrl 4 0.245 [0.201, 0.289] 0.0
Innovation type Between-group test Q-between = 64.25, df =2, p <0.001

Study design Survey 23 0.266 [0.230, 0.302] 56.5
Study design Panel 21 0.121 [0.106, 0.135] 80.6
Study design Meta-analysis 3 0.201 [0.143, 0.257] 90.1
Study design Between-group test Q-between = 360.09, df =2, p <0.001
Geographic group China 34 0.155 [0.132, 0.179] 81.5
Geographic group Other/Unclear 8 0.264 [0.151, 0.370] 89.0
Geographic group Multi-country 6 0.182 [0.092, 0.269] 96.7
Geographic group Between-group test Q-between =142.96, df =2, p <0.001
Industry pollution intensity High-pollution 20 0.126 [0.110, 0.141] —
Industry pollution intensity Low-pollution 28 0.230 [0.205, 0.255] —
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Industry pollution intensity Between-group test Q-between =46.98, df =1, p <0.001

Integrated Gl

GPI

GPrl

China

Multi-country -

Other/Unclear

Notes: Subgroup pooled effects are random-effects estimates (Hartung-Knapp). A Between-group

test reports Q-between from a subgroup-heterogeneity comparison.

As detailed in Table 3 and Figure 6, all examined moderators significantly influenced
the heterogeneity of effect sizes. Regarding innovation type, studies employing Integrated
GI measures yielded stronger pooled associations than isolated GPI or GPrl, and the be-
tween-group heterogeneity test (Q-between) confirmed that these subgroup differences
were statistically significant (p <0.001).

Notably, the Hartung-Knapp procedure yields more conservative interval estimates
under substantial heterogeneity, which explains the relatively wide confidence interval
for the Integrated GI subgroup.

Methodologically, survey-based designs reported consistently higher effect sizes
compared to panel data studies (rsurvey = 0.266 Vs. 7panet = 0.121). Geographically, studies
originating in China reported more conservative estimates (r = 0.155) than multi-country
or other regional samples.

Finally, industry context mattered substantially: GI exhibited a stronger correlation
with performance in low-pollution industries (r = 0.230) than in high-pollution sectors (r
= 0.126), suggesting that the strategic value of green initiatives varies by environmental
intensity.

Notably, heterogeneity was substantial in most subgroups (often I2 > 80%), under-
scoring that these pooled estimates reflect average associations amid considerable be-
tween-study variability and should be interpreted as evidence of moderation in correla-
tional strength rather than as causal effects.

Moderator (subgroup) analyses of green innovation-performance association

(a) Innovation type (b) Study design
-o- k=35, r=0.153 Survey A —@— k=23,r=0.266
Panel - -®- k=21, r=0.121
—@—+=9, r=0.279
Meta-analysis - — k=3, r=0.201
—0—  k=4,r=0.245 Review/Conceptual - — k=1, r=0.195
0.0 01 0.2 03 0.4 0.0 01 02 03 0.4
Pooled effect (r) Pooled effect (r)
(c) Geographic group (d) Industry pollution intensity
-e- k=34, r=0.155
Low-pollution —— k=28, r=0.230
— k=6, r=0.182
High-pollution - -@- k=20, r=0.126
——@——k=8, r=0.264
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3
Pooled effect (r) Pooled effect (r)

Figure 6. Subgroup (moderator) analyses of the GI-performance association by (a) innovation type
(GPI, GPrl, Integrated GI), (b) study design (panel, survey, meta-analysis), (c) geographic group
(China, multi-country, other/unclear), and (d) industry type (high-pollution vs. low-pollution).
Pooled effects are random-effects estimates with 95% confidence intervals; p-values refer to be-

tween-group heterogeneity tests.
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We further examined the influence of individual studies on heterogeneity and the
pooled effect using influence diagnostics (Baujat plot and leave-one-out analysis), as
shown in Figure 7.

Influence diagnostics for the overall meta-analysis (k = 48)

(a) Baujat plot (b) Leave-one-out analysis

0.182 4

S

"Nl U e

0‘176-‘

Leave-one-out pooled r
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Contribution to heterogeneity (Q) Studies (ordered by influence)

Figure 7. Influence diagnostics for the overall meta-analysis (k = 48). (a) Baujat plot highlighting
studies contributing most to heterogeneity and influence on the pooled effect (blue dots indicate
individual studies); (b) leave-one-out analysis showing the pooled effect after removing each study

in turn (red line with dots), with the overall pooled effect shown as a green horizontal line.

4.4. Publication Bias Assessment

We used Egger’s regression test to assess potential small-study effects shown in Table
4. For the overall dataset, the intercept was not statistically significant (intercept = 0.924, p
=(.275), indicating no evidence of systematic publication bias across the full sample. Sim-
ilarly, the environmental (p = 0.680) and financial (p = 0.522) domains showed no signs of
asymmetry. However, subgroup diagnostics revealed heterogeneity in bias risks. Specifi-
cally, the innovation performance domain exhibited a significant Egger’s intercept (inter-
cept = 4.829, p = 0.016), suggesting that smaller studies with negative or null results may
be underrepresented in this specific sub-field.

Table 4. Publication bias diagnostics (Egger’s regression).

Outcome

Egger Intercept SE t (df) p Trim-and-Fill Imputed k0 Adjusted Pooled r

Overall
Environmental
Financial
Innovation

0.924 0.836 1.11(46) 0.275 0 0.179

0.757 1.787  0.42(11)  0.680 0
0.659 1.015  0.65(27) 0522 0 0.191
4829 1199  403(4) 0016 1

0.172

0.135

Shown in Tables 5 and 6, Figures 8 and 9, the trim-and-fill analysis further corrobo-
rated these nuances. For the overall dataset and the environmental/financial sub-samples,
no missing studies were imputed (k0O = 0), leaving the pooled estimates unchanged. For
the innovation performance domain, the procedure imputed one potentially missing
study on the left side of the funnel plot. This adjustment resulted in a marginal decrease
in the pooled correlation from r = 0.143 to r = 0.135. Although the effect remains positive
and significant, this slight attenuation suggests that the magnitude of the Gl-innovation
relationship reported in the literature may be slightly overestimated.

Table 5. Sensitivity analysis (leave-one-out) for the overall meta-analysis.

Metric

Value

Pooled effect (all studies) r=0.179
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Leave-one-out pooled effect (minimum) r=0.173 (omit: Vietnam market demand — GPI — performance)
Leave-one-out pooled effect (maximum) r=0.182 (omit: Technology Innovation)
Maximum absolute change | Ar| 0.006 (omit: Vietnam market demand — GPI — performance)

Notes: The leave-one-out analysis recalculates the pooled effect after omitting each study in turn to

evaluate robustness.

Table 6. Top studies by absolute influence on the pooled effect (largest |Arl).

Ar (leave-

Study ID Year Outcome Innovation Type n  Extracted r One-Out)

Vietnam market demand
— GPI 2012 Financial GPI 208 0.580 -0.006
— Performance
Stakeholder pressure

— GI 2021 Financial Integrated GI 472 0.324 -0.003

— Performance (SMEs)
Green innovation and performance 2019 Financial GPI 536 0.305 -0.003
Technology Innovation 2025  Environmental Integrated GI 2579 0.063 +0.003

Depth vs. breadth of ecological inno-

. 2025 Financial Integrated GI 3817 0.083 +0.002
vation assets

Funnel Plot for Publication Bias Assessment
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Figure 8. Funnel plot for publication bias assessment of the overall meta-analysis. Effect sizes are
plotted against their standard errors with pseudo-95% confidence limits (green dots indicate indi-
vidual studies; red dashed line indicates the pooled effect; grey dashed lines show pseudo-95% lim-
its).

Egger’s regression test results are reported in Figure 8 (intercept = 0.924, p = 0.275).
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Figure 9. Trim-and-fill adjustment for potential publication bias.

The trim-and-fill analysis (Figure 9) imputed no missing studies for the overall da-
taset nor for the environmental and financial sub-samples (kO = 0), leaving the pooled es-
timates unchanged. This indicates that our core findings are robust to potential publica-
tion bias. However, for the innovation performance domain, the procedure imputed one
potentially missing study, resulting in a slight adjustment of the pooled effect from r =
0.143 to r =0.135. Coupled with the significant Egger’s test result (p = 0.016), this suggests
that findings regarding innovation outcomes should be interpreted with appropriate cau-
tion due to the smaller evidence base (k = 6).

4.5. Summary of Results

In summary, the meta-analysis reveals that Gl has a small-to-moderate positive effect
on firm performance across environmental, financial, and innovation outcomes. While
substantial heterogeneity exists across studies, several moderators, including innovation
type, study design, geography, and industry, help explain the variability in effect sizes.
The trim-and-fill analysis suggests that publication bias does not significantly influence
the results, and the Egger’s test confirms the absence of small-study effects. These findings
contribute to the growing body of literature on GI by providing robust pooled estimates
and identifying key factors that influence the effectiveness of GI in improving firm per-
formance.

However, a cautionary note is warranted: given that the majority of synthesized stud-
ies relied on survey data, the findings regarding innovation performance are based on a
limited number of effect sizes (k = 6) and lack verification from objective indicators (e.g.,
patent grants). Thus, these specific estimates should be interpreted as indicative rather
than definitive.

Overall, publication-bias diagnostics indicated limited evidence of small-study ef-
fects for the full dataset and for financial/environmental outcomes; however, innovation-
performance estimates were less robust, as indicated by Egger’s test and trim-and-fill ad-
justment, and should therefore be interpreted conservatively.

https://doi.org/10.3390/su18031640



Sustainability 2026, 18, 1640

18 of 33

5. Discussion
5.1. Theoretical Implications

This study establishes a robust baseline for the magnitude of returns on GI. The over-
all pooled correlation (r =0.179) suggests a positive but moderate relationship. According
to established benchmarks in management research [65], where the median effect size for
organizational performance outcomes is typically around r = 0.16, our finding indicates
that Gl is a meaningful driver of firm value, comparable to other strategic determinants.

However, the magnitude also suggests that Gl is not a silver bullet; rather, its impact
on performance is highly contingent on complementary capabilities and external condi-
tions, as evidenced by the substantial heterogeneity (I>=91.2%) in our model. Our findings
extend extant theory in four primary dimensions:

5.1.1. Revisiting NRBV: From Universal Benefit to Contextual Fit

While our results generally support the NRBV [15], the high heterogeneity observed
challenges the assumption of a universal Green Bonus [66]. Instead, our findings support
a contingent NRBV perspective. The significant variation in effect sizes across industries
suggests that the strategic value of green resources is path-dependent [14].

Specifically, in low-pollution industries, GI appears to act as a differentiation capa-
bility (pooled r = 0.230). In these sectors, environmental features are often voluntary and
visible, allowing firms to command premium pricing and build unique brand equity. Con-
versely, in high-pollution sectors, GI often functions merely as a license to operate driven
by coercive isomorphism (pooled r=0.126). In such contexts, widespread regulatory man-
dates lead to industry-wide standardization, eroding the potential for differentiation and
reducing the marginal financial return on green investments.

5.1.2. From Ordinary to Dynamic: The Role of Asset Orchestration

Crucially, our moderator analysis reveals that the mechanism linking GI to perfor-
mance is not monolithic but depends on the nature of capability deployment. The strik-
ingly higher pooled effect size for Integrated GI (r = 0.353) compared to isolated GPI (r =
0.279) or GPrI (r = 0.245) offers a compelling theoretical insight through the lens of Dy-
namic Capabilities [67].

We propose that isolated GI often function as ordinary capabilities—technical effi-
ciencies or product updates aimed at operational effectiveness. While beneficial, they do
not fundamentally alter the firm’s competitive logic [68]. In contrast, the simultaneous
implementation of product and process innovations (Integrated GI) reflects a higher-order
Dynamic Capability known as Asset Orchestration [69].

This orchestration requires firms to actively realign their internal production routines
(process) with external market value propositions (product). The statistically superior per-
formance of the Integrated GI group suggests that GI's competitive advantage stems not
merely from possessing green resources, but from the configurational fit achieved by re-
combining these assets. Thus, heterogeneity in effect sizes across studies is partially ex-
plained by whether firms are deploying GI as a piecemeal technical fix or as a systemic
strategic reconfiguration.

5.1.3. Complementarity Between GPI and GPrl

Our analysis highlights the strategic value of Integrated GI. While many studies have
treated GPI and GPrl as separate constructs, our results suggest that when these innova-
tions are implemented in tandem, they generate synergetic benefits. This complementa-
rity is particularly evident in industries with high environmental impacts, where both
types of innovation, product and process, are crucial for achieving both environmental
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and financial improvements [2,13]. Theoretically, this points to a synergy premium. From
the NRBV, product and process innovations are complementary assets. GP1I (e.g., energy
efficiency) often subsidizes the higher costs associated with developing green products,
while green products create the market demand that justifies process upgrades. Therefore,
firms adopting a holistic green strategy likely reap super-additive benefits that exceed the
sum of independent initiatives.

5.2. Managerial Implications
5.2.1. Strategic Investment in GI

For managers, the findings from this meta-analysis provide valuable insights into the
strategic benefits of GI. GI, both in products and processes, offers firms the potential to
improve environmental performance, enhance financial returns, and foster broader inno-
vation capabilities. However, the magnitude of these benefits depends on the type of in-
novation and the firm’s context. Managers should carefully consider the type of GI that
best aligns with their firm’s strategic objectives. For instance, firms in high-pollution in-
dustries may benefit more immediately from GPrl, leading to cost savings and operational
efficiency (e.g., energy reductions, waste minimization). In contrast, firms seeking to dif-
ferentiate their offerings in the marketplace may gain more from GPI (e.g., eco-friendly
products, green certifications).

5.2.2. Policymaking and Regulatory Environment

The role of policy and regulation in driving GI is also a crucial consideration. Our
findings suggest that stringent regulatory environments may increase the likelihood that
firms adopt GI; however, the magnitude of performance remains context-dependent. In
our moderator analysis, China-based samples yielded more conservative pooled esti-
mates than other regions, underscoring that regulatory stringency does not mechanically
translate into larger observed effect sizes. Policymakers can leverage these findings to de-
sign policies that incentivize GI, such as offering tax credits, subsidies, or green certifica-
tion programs. Additionally, government support for R&D in green technologies can help
firms overcome the initial cost barriers to GI, particularly for SMEs. Firms in regions with
weaker environmental regulations may require additional incentives to adopt GI, such as
market-based solutions (e.g., carbon trading schemes) or consumer pressure to embrace
more sustainable practices.

5.2.3. Implications for SMEs

Small and medium-sized enterprises (SMEs), which often face resource constraints,
may find it challenging to implement GI. Our findings indicate that GPrl, which tends to
yield faster cost savings, may be more beneficial for SMEs in the short term than GPL.

However, SMEs should not overlook the long-term strategic benefits of GPL, such as
market differentiation and access to eco-conscious consumers. Policymakers and industry
leaders can support SMEs by providing access to financing, partnerships, and knowledge
sharing to facilitate the adoption of GI.

5.3. Limitations and Future Research Directions
5.3.1. Measurement Heterogeneity

A key limitation of this study is the heterogeneity in the measurement of GI and per-
formance outcomes across studies. While we classified studies into GPI and GPrI catego-
ries, the specific measurement approaches varied significantly (e.g., self-reported surveys
vs. objective metrics). Future research should develop standardized metrics for GI and
performance outcomes to facilitate more direct comparisons across studies.
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Additionally, more detailed studies that examine the specific dimensions of GI (e.g.,
technological vs. organizational innovations) would provide further insights into the
mechanisms driving performance outcomes.

Third, readers should interpret the findings regarding innovation performance with
appropriate caution. While our overall meta-analysis (k = 48) demonstrates robustness to
publication bias (p = 0.275), the innovation subsample (k = 6) exhibited signs of small-
study effects (Egger’s test p = 0.016). Although the trim-and-fill adjustment confirmed that
the core relationship holds (r adj =0.135), the statistical asymmetry implies a potential file-
drawer problem specific to this outcome domain, likely due to the smaller evidence base.
Future research utilizing objective patent metrics is necessary to verify these survey-dom-
inant findings.

Moreover, the predominance of survey-based designs in our sample introduces the
risk of Social Desirability Bias (SDB) [70], in which respondents may overstate the efficacy
of green initiatives to align with normative expectations. To rigorously validate the green
premium, future research must pivot toward objective, verifiable indicators.

Specifically, we urge scholars to employ patent-quality metrics (e.g., green patent ci-
tations to proxy technical quality, rather than mere counts) and audited R&D expenditure
data. Such hard metrics are indispensable for disentangling whether performance gains
stem from genuine substantive technical value (best captured by patent data) or merely
from the symbolic legitimacy of “going green” (often captured by perceptual measures).
Triangulating these data sources will allow the field to move beyond correlation to iden-
tify the true drivers of value creation [18].

5.3.2. Longitudinal and Causal Research

Although this meta-analysis provides valuable aggregate insights, it is limited by the
cross-sectional nature of most of the included studies. Longitudinal studies are needed to
examine the causal mechanisms linking GI to performance over time. Future research
should explore the temporal dynamics of Gl adoption and its impact on firm performance,
as well as the role of organizational capabilities, such as dynamic capabilities and absorp-
tive capacity, in facilitating GI implementation.

It is important to acknowledge the geographic skew of our sample, with approxi-
mately 70% of studies originating from China. This concentration reflects the specific in-
stitutional context of an emerging economy undergoing rapid, state-led ecological transi-
tion. The distinct pattern of Gl-environment associations observed in this context may be
partially driven by government subsidies and legitimacy pressures unique to the author-
itarian environmentalism model [71]. Consequently, scholars should exercise caution
when generalizing these findings to liberal market economies (e.g., the US or UK), where
market forces rather than regulatory mandates may be the primary drivers of GI outcomes.

5.3.3. Exploring the Role of Stakeholders

Another promising avenue for future research is examining the role of external stake-
holders, such as consumers, investors, and regulatory bodies, in driving the adoption of
GI. Research could investigate how consumer preferences for sustainability and the pres-
sure from investors or regulatory bodies influence firms” GI strategies [72]. Additionally,
understanding how firms’ supply chain partners impact the implementation and success
of Gl would provide valuable insights into the broader ecosystem in which GI occurs [73].

5.3.4. Unobserved Institutional and Organizational Heterogeneity

Finally, despite controlling for industry, geography, and study design, significant re-
sidual heterogeneity remains in our model (I2=91.2%). We interpret this as evidence that
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latent institutional and organizational factors not captured in primary studies likely mod-
erate the efficacy of GL

Corporate governance structures, specifically the distinction between State-Owned
Enterprises (SOEs) and private firms, may fundamentally alter the strategic logic of GI.
SOEs often engage in green initiatives to satisfy political mandates or legitimacy require-
ments, which may yield different financial returns than those of private firms, driven pri-
marily by market efficiency and cost-benefit calculations [74,75]. Our current dataset
lacked sufficient granularity to test this ownership effect as a moderator.

National cultural dimensions, such as collectivism versus individualism, may influ-
ence stakeholders’ valuation of GI [76]. In collectivist cultures, firms adopting green prac-
tices might garner stronger reputational rewards and stakeholder support because of a
greater societal emphasis on communal welfare. Conversely, in highly individualistic or
short-term-oriented cultures, the market may penalize the upfront costs of GI more heav-
ily [77].

We strongly recommend that future primary studies explicitly report governance at-
tributes and that future meta-analyses incorporate cross-country cultural indices (e.g.,
Hofstede’s dimensions) to disentangle these unobserved sources of variability [78].

6. Conclusions
6.1. Key Findings

This meta-analysis integrates findings from 48 empirical studies to provide a com-
prehensive understanding of the relationship between GI (GPI, GPrl, and Integrated GI)
and firm performance. Our results indicate a small-to-moderate positive relationship be-
tween GI and three key performance outcomes: environmental, financial, and innovation
performance. These findings contribute to the growing literature on GI by providing ro-
bust, pooled effect sizes and by identifying several critical factors that explain heteroge-
neity in the Gl-performance nexus. Key findings include:

1. Environmental Performance: GI has a positive, albeit small, effect on environmental
performance (r = 0.172), indicating that firms adopting GI tend to reduce their envi-
ronmental impact. This result aligns with the broader sustainability literature, sup-
porting the idea that Gl is crucial for achieving environmental goals.

2. Financial Performance: We found a moderate positive relationship (r = 0.191) be-
tween GI and financial performance. This suggests that GI, especially in product de-
sign and process improvements, can provide financial benefits to firms through cost
savings, enhanced market differentiation, and improved customer loyalty.

3. Innovation Performance: GI also contributes to innovation performance (r = 0.143),
though the effect is smaller. These results indicate that firms engaged in GI not only
improve their environmental and financial outcomes but also enhance their techno-
logical and product development capabilities.

4. Moderating Effects: Our analysis revealed that several moderators, including inno-
vation type (GPI vs. GPrl), study design, geographical region, and industry type, ex-
plain significant portions of the heterogeneity in the Gl-performance relationship.
For example, studies conducted in low-pollution industries reported larger pooled
associations than those in high-pollution industries, whereas China-based samples
tended to yield more conservative pooled estimates than multi-country or other-re-
gion studies, underscoring the context dependence of GI-performance relationships.

5. Publication Bias: We assessed publication bias using a triangulation of methods. The
results indicated minimal evidence of bias for the overall dataset and financial/envi-
ronmental outcomes. However, bias was detected in the innovation performance
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domain, necessitating a more conservative interpretation of its effect size than for
other outcomes.

6.2. Contributions to Theory

This study makes several important contributions to the theoretical understanding
of GI. First, it builds on the NRBV and Dynamic Capabilities framework by providing
empirical evidence that Gl is associated with modest competitive benefits on average, con-
tingent on complementary capabilities and contextual conditions. By adopting GPI and
GPr], firms not only improve their environmental performance but also enhance their fi-
nancial and innovation capabilities. This finding underscores the importance of integrat-
ing environmental considerations into a firm’s strategic orientation to achieve long-term
sustainability.

Moreover, our analysis supports the notion of complementarity between GPI and
GPrl. While both types of innovation contribute positively to firm performance, their com-
bined implementation appears to yield stronger overall benefits. This highlights the need
for firms to adopt a holistic approach to GI, where product and process innovations are
not treated as independent but as interconnected strategies that amplify one another’s ef-
fects.

Finally, our findings contribute to the broader literature on innovation and sustaina-
bility by highlighting how GI can foster broader innovation capabilities within firms. This
extends the work of previous studies [16,79] that suggested that GI can act as a catalyst
for broader technological and product development processes.

6.3. Practical Implications

The practical implications of this study are notable but context-dependent for man-
agers and policymakers, given the small-to-moderate effect sizes (r = 0.143-0.191). While
statistically significant, these effects suggest incremental benefits from GI, such as steady
improvements in environmental performance, financial outcomes, and innovation capac-
ity, rather than transformative impacts. The strategic value of GI is thus contingent on
several factors, requiring tailored approaches to realize modest returns:

1. Innovation Type: Managers should view GPI and GPrI as complementary strategies,
rather than independent ones, to leverage potential synergies. While GPrI may offer
more immediate, albeit modest, financial benefits through operational efficiencies
(e.g., cost reductions and process efficiencies), GPI provides longer-term advantages
in market differentiation and customer loyalty. Firms in high-pollution industries
could prioritize GPrI for quicker, incremental gains, whereas those seeking sustaina-
bility leadership might invest in Integrated GI, though returns remain context-spe-
cific [80].

2. Policy and Regulatory Environment: Policymakers can support GI adoption by fos-
tering enabling regulatory frameworks that incentivize sustainable practices, poten-
tially yielding small but cumulative benefits. This could involve tax incentives, green
subsidies, or environmental certifications to modestly enhance firm competitiveness
[81]. Additionally, stricter regulations may encourage incremental innovation in re-
sponse to pressures [5,6], although the magnitude of these gains remains context-
dependent and may vary across institutional settings; accordingly, the current pooled
evidence, dominated by China-based studies, should not be generalized to liberal
market economies without additional cross-country validation.

3. SMEs and Resource Constraints: Small and medium-sized enterprises (SMEs), often
constrained by resources and expertise, may derive modest benefits from GPrl,
which offers quicker returns through cost savings. However, it is necessary to inte-
grate dynamic capabilities to cope with heterogeneity. Policymakers and industry
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leaders can facilitate this by providing access to green technologies, financing, and
training programs, helping SMEs achieve incremental sustainability gains without
overcommitting limited resources [82].

6.4. Limitations and Directions for Future Research

While this study provides valuable insights, it is not without limitations.

As with any meta-analysis, the findings are constrained by the quality and heteroge-
neity of the included studies. Although we applied rigorous inclusion criteria and used
advanced statistical methods to account for heterogeneity, some variability in effect sizes
remains unexplained. Future research should standardize the measurement of Gl and per-
formance outcomes to enhance comparability across studies [83].

The majority of the studies included in this meta-analysis are cross-sectional, limiting
our ability to infer causal relationships between GI and firm performance. Longitudinal
studies that track the impact of GI over time are needed to better understand its long-term
effects on firm outcomes.

Future research should explore the role of external factors, such as consumer pres-
sure, stakeholder demands, and supply chain dynamics, in driving the adoption of GI.
Understanding how external stakeholders influence firms’ GI strategies could provide
further insights into the drivers of sustainable innovation [84].

Finally, there is a need for more research on the role of organizational capabilities in
enabling the successful implementation of GI. Research on absorptive capacity and dy-
namic capabilities could help explain why some firms are more successful than others in
leveraging GI to improve their performance [85,86].

Overall,, this meta-analysis provides robust evidence of the positive relationship be-
tween GI and firm performance across environmental, financial, and innovation domains.
While the magnitude of these effects varies across studies, GI, whether in the form of
product or process innovation, offers significant benefits to firms. However, the effective-
ness of these innovations depends on the firm’s context, including industry type, geo-
graphic location, and regulatory environment. By integrating GPI and GPrl, firms may
achieve incremental yet meaningful improvements in environmental and financial out-
comes, although the magnitude of these gains remains context dependent. Accordingly,
GI should be framed as a strategic lever whose benefits are realized through complemen-
tary capabilities and supportive institutional conditions, rather than as a guarantee of su-
perior performance. Future research should continue to explore the role of external factors
and organizational capabilities in driving the success of Gl initiatives.
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Appendix A.2
Table A2. PRISMA counts.

Stage Item Count
Identification Records identified from databases 1423
Identification Records identified from other sources 0

Screening Records after duplicates removed 1100
Screening Records screened (title/abstract) 225
Screening Records excluded (title/abstract) 875
Eligibility Full-text articles assessed for eligibility 215
Eligibility Full-text articles excluded 10
Included Studies included in the qualitative synthesis 48
Included Studies included in quantitative synthesis (meta-analysis) 48
Appendix A.3
Table A3. Full-text exclusion reasons.
Full-Text Exclusion Reason n
Not empirical/not firm-level 30
Not GPI/GPrI (wrong exposure) 64
Not performance outcomes (wrong outcome) 38
Insufficient statistics to compute the effect size 21
Duplicate/overlapping sample 14
Other (specify) 0

Appendix A.4

Table A4. Coding scheme for innovation type moderator.

Field Definition

Allowed Values/Exam-
ples

Coding Note/Decision Rule

. How GI was measured in
GI operational-

ization (verba- the prlmary study (copy

tim) wording from
Measures/Methods)
I ti
ty; 2 ?r‘r,li(li(:rla- Category used ir.1 subgroup
analysis
tor)
Rule for GPI
struct
Rule for GPrl Process-focused GI con-

struct

Product-focused GI con- tion”, eco-product devel

e.g., “green innovation
(overall) scale”; “green

product innovation”; L.
u . description.
green process innova-

tion”

PI/GPrl/I I
GPI/GPrl/Integrated G tracted effect size (r).

“green product innova-

opment, green product

Copy verbatim from the construct measurement

Code based on the construct(s) linked to the ex-

If the study measures only product-related GI
and reports an effect size for that construct, code

. as GPL
design
“green process innova-
tion”, cleaner produc-  If the study measures only process-related GI
tion, pollution-preven- and reports an effect size for that construct, code
tion process improve- as GPrl.
ments
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If Gl is operationalized as a single composite/uni-
dimensional scale that simultaneously reflects
product and process dimensions (rather than two
separate constructs), code as Integrated GI. This
is not an artificial aggregation of separate GPI
and GPrI effect sizes; it reflects the primary au-
thors” measurement design.

If the paper does not describe the scale content or

Single unidimen- “overall green innova-
Rule for Inte- sional/composite Gl scale tion”, “green innovation
grated GI ~ covering both product and capability” measured as

process aspects one composite construct

Ambigu- . . mixes multiple industries/constructs without
. Insufficient detail to deter- . .
ous/mixed re- . Unclear clarity, mark as Unclear and exclude from inno-
. mine type . . .
porting vation-type subgroup if needed (document deci-
sion).
Note: When a study reports separate effect sizes for GPI and GPrI, each effect size is coded according
to its corresponding construct (GPI or GPrI). When only an overall GI effect size is reported based
on a single composite scale, it is coded as Integrated GI.
Appendix A.5
Table A5. Coding scheme for industry moderators.
Field Definition Allowed Values/Examples Coding Note

. Industry descriptor as reported e.g., manufacturing; chemical; Copy verbatim from the Meth-
Industry original . ) . .
in the paper (verbatim). energy; SMEs; mixed ods/Data section.
e.g., Manufacturing; Energy; =~ Map to a consistent label set;
Chemicals; Construction; keep “Mixed/Multiple” if un-
Mixed clear.
Document the exact rule used;
keep “Unclear” if the paper does

not specify.

Industry standard- Standardized industry label for
ized cross-study comparison.

Industry pollution intensity High-pollution/Low-pollu-

Polluti int it
ofution mtenstty group used for moderation. tion/Mixed/Unclear

Appendix A.6

Table A6. Coding scheme for geography moderators.

Field Definition Allowed Values/Examples Coding Note
Country pri- Primary country of the sample (single- China; Turkey; Vietnam; If multi-country, leave blank and
mary country). Mexico; etc. use “multi_country =1".
Multi country  Indicator for multi-country sample. 0/1 Lifthe paper uses .multlple coun
tries/regions.
Geo group  Geographic grouping used for moder- China/Multi-coun- Use the same grouping consist-
moderator ator analysis. try/Other/Unclear ently across all studies.
Appendix A.7

Table A7. Study quality appraisal criteria.

Item Criterion Score (0/1)
Q1: Clear construct operationali- Measures of green innovation and performance are clearly defined and
zation sourced/validated (e.g., established scales, objective indicators). [
Sampling strategy is described and sample is appropriate for inference
Q2: Sample representativeness  (e.g., response rate reported for surveys; firm selection explained for []
panels).

Models include key confounders (e.g., firm size, age, industry, R&D,
ownership) or justify omissions.

Q3: Adequate control variables []
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Addresses endogeneity (e.g., IV/2SLS, GMM,, fixed effects, lagging, pro-
pensity scores) or discusses limitations.
Reports reliability/validity (e.g., Cronbach’s alpha, CFA, HTMT) for sur-

Q4: Endogeneity handling

Q5: Reliability/validity checks vey constructs or robustness checks for objective measures. ]
Q6: Transparent reporting of sta-  Reports sufficient statistics to compute/verify effect sizes (r, t/F, beta

tistics with SE, N) and clear model specification. [

Q7: Appropriate analysis design Design aligns with research question (e.g., temporal ordering for causal L]

claims; multi-source data where needed). —

Q8: Sensitivity/robustness anal- Includes robustness/sensitivity analyses (e.g., alternative measures, sub- L]

yses samples, robustness to outliers).

Notes: Score each item as 0/1; report total score.
Appendix A.8

Table A8. Methodological Quality Appraisal Scores for Included Studies (k = 48).

ID Study (Citation) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Total
1 [19] 1 1 1 1 1 1 1 1 8
2 [20] 1 1 1 1 1 1 1 0 7
3 [21] 1 1 1 1 1 1 1 1 8
4 [22] 1 1 1 1 1 1 0 1 7
5 [23] 1 1 1 0 1 1 1 1 7
6 [24] 1 1 1 1 1 1 1 0 7
7 [2] 1 1 1 1 1 1 1 1 8
8 [25] 1 1 1 1 1 1 1 0 7
9 [26] 1 1 0 0 1 1 1 1 6

10 [27] 1 1 1 0 1 1 1 1 7

11 [28] 1 0 1 0 1 1 0 1 5

12 [29] 1 1 1 1 1 1 1 1 8

13 [30] 1 1 1 1 1 1 1 0 7

14 [31] 1 1 1 1 1 1 0 1 7

15 [32] 1 1 1 0 1 1 0 0 5

16 [33] 1 1 1 1 1 1 1 0 7

17 [34] 1 1 1 1 1 1 1 1 8

18 [35] 1 1 0 1 1 1 1 1 7

19 [36] 1 1 1 1 1 1 1 1 8

20 [37] 1 1 1 1 1 1 1 1 8

21 [38] 1 0 1 0 1 1 1 1 6

22 [39] 1 1 1 0 1 1 1 0 6

23 [40] 1 1 1 1 1 1 1 1 8

24 [41] 1 1 1 1 1 1 1 1 8

25 [42] 1 1 0 0 1 1 1 1 6

26 [43] 1 1 1 1 1 1 1 1 8

27 [44] 1 1 1 0 1 1 1 0 6

28 [45] 1 1 0 0 1 1 1 1 6

29 [46] 1 0 1 0 1 1 0 1 5

30 [47] 1 1 1 0 1 1 1 0 6

31 [48] 1 1 1 0 1 1 1 1 7

32 [49] 1 1 1 1 1 1 1 0 7

33 [50] 1 0 1 0 1 1 0 0 4

34 [51] 1 1 0 0 1 1 0 1 5

35 [52] 1 1 1 1 1 1 1 1 8

36 [53] 1 1 1 1 1 1 1 0 7
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37 [54] 1 1 1 1 1 1 1 1 8
38 [55] 1 1 1 1 1 1 1 0 7
39 [56] 1 1 1 0 1 1 0 1 6
40 [4] 1 1 1 0 1 1 1 1 7
41 [57] 1 0 0 0 1 1 1 0 4
42 [58] 1 1 1 0 1 1 1 0 6
43 [59] 1 0 1 0 1 1 0 1 5
44 [60] 1 1 1 0 1 1 1 0 6
45 [61] 1 1 1 0 1 1 0 0 5
46 [62] 1 1 1 1 1 1 1 1 8
47 [63] 1 1 1 1 1 1 1 0 7
48 [64] 1 1 0 0 1 1 0 1 5
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