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Abstract

Green logistics has become a crucial strategy for enhancing environmental sustainability while simultaneously bolstering firms'
competitiveness and financial performance. Despite the increasing interest in sustainable logistics, empirical evidence of its long-
term financial effects on European firms remains scarce. This study examines the impact of Green Logistics Intensity (GLI),
defined as the incorporation of environmentally responsible logistics practices, on the financial performance of firms in Europe.
The analysis utilizes a panel dataset comprising 180 industrial, transport, and automotive firms over the period of 2010—2023.
Financial performance is assessed using Return on Assets (ROA), Return on Equity (ROE), and Return on Invested Capital
(ROIC). To estimate both short-term dynamics and long-term equilibrium relationships while considering firm heterogeneity,
this study employs the Pooled Mean Group—Autoregressive Distributed Lag (PMG—ARDL) estimator. The results indicate that
the GLI exerts a positive and statistically significant long-term effect on all financial performance indicators. Specifically, a one-
unit increase in the GLI corresponds to increases of 0.090 in ROA, 0.210 in ROE, and 0.130 in ROIC (all p < 0.01), with the
most pronounced effects observed in the transport sector. Furthermore, the significant error correction terms confirm the presence
of a stable long-term relationship between green logistics and financial performance. These findings illustrate that the integration
of environmentally responsible logistics practices enhances long-term profitability and value creation, offering important
implications for corporate managers and policymakers aiming to promote sustainable and financially resilient business strategies.
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1. Introduction

In recent years, green logistics has emerged as a critical area  ticularly those in the automotive, manufacturing, and trans-

of inquiry as firms have encountered increasing environmen- portation sectors, are at the forefront of this transition because
tal, regulatory, and societal pressures to incorporate sustaina- of their significant carbon footprints and resource-intensive
bility into supply chain operations. European industries, par- activities [33, 64]. Consequently, green logistics has evolved

beyond mere regulatory requirements, becoming a strategic
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lever for enhancing competitiveness, operational resilience,
and long-term financial sustainability [4, 14].

Although previous studies have explored the link between
sustainable supply chain practices and firm performance, sig-
nificant gaps remain regarding the financial implications and
dynamic effects of green logistics adoption, especially in the
European context. Much of the existing empirical work fo-
cuses on non-European or emerging markets, resulting in a
limited understanding of how region-specific regulatory
frameworks, market expectations, and environmental policies
influence the relationship between green logistics and finan-
cial performance [32, 58]. To address this gap, the present
study investigates the impact of green logistics intensity, de-
fined as the degree to which environmentally responsible
practices are integrated into logistics and supply chain opera-
tions, on the financial performance of European firms. Utiliz-
ing a panel dataset covering major high-impact industries
(transportation, manufacturing, and retail) [3, 79].

This study employs the Autoregressive Distributed Lag
(ARDL) panel methodology, which facilitates the assessment
of both short-term adjustments and long-term relationships.
This approach allows for a more nuanced understanding of
whether and how firms benefit financially from investing in
green logistics. The overarching objective is to quantify the
magnitude of these financial effects, such as long-run changes
in return on equity (ROE), while examining cross-sectoral dif-
ferences. Beyond empirical estimation, this study underscores
the broader strategic relevance of green logistics as a compo-
nent of corporate sustainability, offering actionable insights
for policymakers and managers. This study contributes to the
literature by addressing the regional research gap, providing
robust sector-specific evidence, and reinforcing the role of
green logistics as a driver of sustainable value creation.

2. Literature Review

Green logistics has emerged as a pivotal element of sustain-
able supply chain management, with the objective of minimiz-
ing environmental impacts while enhancing resource utiliza-
tion, operational performance, and long-term corporate resili-
ence [37, 61]. The theoretical underpinnings affirming the sig-
nificance of green logistics practices are well established.

The Resource-Based View (RBV) posits that capabilities
such as green transportation systems, low-emission technolo-
gies, energy-efficient warehousing, and digital monitoring
tools serve as strategic resources that bolster internal effi-
ciency and confer competitive advantage [49]. These re-
sources can lead to sustained competitive advantages when
they are valuable, rare, inimitable, and non-substitutable [10,
74].

The Natural Resource-Based View (NRBV) further con-
tends that firms can achieve sustained performance enhance-
ments by investing in pollution prevention, product steward-
ship, and clean technology, all of which are intrinsically

linked to green logistics activities. This perspective empha-
sizes that proactive environmental management can lead to
both competitive advantages and improved environmental
performance [31, 68]. Hart (1995) is a key proponent of
NRBYV, elaborating on how environmental strategies can be
integrated into core business processes to create competitive
advantages.

Concurrently, Stakeholder Theory frames green logistics as
a response to societal, regulatory, and consumer expectations,
underscoring that firms can fortify their legitimacy, reputation,
and customer trust by adopting environmentally responsible
logistics practices [67]. Freeman’s (1984) work on Stake-
holder Theory provides the conceptual basis for understanding
how firms manage relationships with various groups that can
affect or are affected by their objectives. This theory high-
lights the importance of balancing the interests of various
stakeholders, including customers, employees, communities,
and regulators, to achieve sustainable outcomes [8]. Collec-
tively, these frameworks underscore the potential of green lo-
gistics to enhance financial outcomes through cost savings,
improved efficiency, risk mitigation, and superior market po-
sitioning [53].

Empirical research generally supports the assertion that green
logistics enhances organizational performance, although the
findings can be inconsistent [39]. Previous studies have docu-
mented those initiatives such as route optimization, fuel-effi-
cient fleets, green packaging, and sustainable sourcing can re-
duce operating costs and improve supply chain reliability,
thereby positively contributing to profitability and shareholder
value [10]. Several studies have also indicated that environmen-
tal logistics practices enhance corporate image and brand loy-
alty, which, in turn, supports long-term financial performance
and market competitiveness [1, 66]. Furthermore, compliance
with stringent environmental standards can mitigate regulatory
risks and enhance firms' ability to operate in markets with
strong sustainability requirements [43]. However, other studies
highlight potential short-term challenges: green investments of-
ten necessitate substantial capital expenditure, technological
upgrading, and process restructuring, which may temporarily
reduce profitability. This divergence reflects differences in data
granularity, methodological approaches, time horizons, and re-
gional contexts, suggesting that the relationship between green
logistics and financial performance is complex rather than lin-
ear. Some studies have even reported null or negative correla-
tions in specific contexts, indicating the nuanced nature of this
relationship and the importance of contextual factors.

Despite the growing scholarly focus in this area, significant
research gaps persist. First, a considerable portion of existing
studies concentrates on individual practices, such as green
warehousing, fleet electrification, or sustainable packaging, ra-
ther than assessing the overall degree of environmental integra-
tion across logistics activities [34]. Consequently, many find-
ings are fragmented and fail to reflect the cumulative strategic
impact of green logistics intensity as a comprehensive measure.
Second, most previous studies employ static models that do not
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capture the dynamic, time-dependent nature of sustainability in-
vestments; short-term financial effects often differ significantly
from long-term outcomes [36]. This limitation highlights the
necessity of methodologies such as the ARDL panel approach,
which accounts for both immediate adjustments and long-run
equilibrium relationships.

Third, the European context remains underexplored, de-
spite its unique regulatory and institutional environment. Pol-
icies such as the EU Green Deal, Fit for 55, and sector-specific
emission standards impose distinct pressures and incentives
that influence how firms implement and benefit from green
logistics [36]. However, many empirical studies either utilize
global samples or focus on emerging markets, providing lim-
ited insight into how green logistics affects financial perfor-
mance specifically within European industries. Furthermore,
sectoral differences are insufficiently addressed; industries
such as transportation, manufacturing, and retail exhibit con-
siderable variation in logistics intensity, environmental expo-
sure, and technological capabilities, suggesting that the finan-
cial effects of green logistics may not be uniform across all
sectors [29].

A critical area often under-addressed in the literature is
greenwashing, where firms may symbolically adopt green
practices without substantive operational changes [63, 78].
Greenwashing involves presenting an image of good sustain-
able performance while hiding actual environmental perfor-
mance, which can mislead stakeholders, including investors
and consumers [29, 55]. This phenomenon necessitates care-
ful measurement of actual logistics intensity to distinguish
genuine environmental efforts from mere public relations. As
Lyon and Montgomery (2015) suggested, concerns about
greenwashing persist, necessitating the careful measurement
of actual logistics intensity to differentiate symbolic green
practices from substantive operational changes. The preva-
lence of greenwashing underscores the need for robust internal
governance mechanisms, such as sustainability committees,
and external monitoring, including media coverage and ana-
lyst scrutiny, to mitigate such practices [44]. Research indi-
cates that greenwashing can harm investors and consumers,
highlighting the importance of examining its mitigating fac-
tors and effects on financial performance [43]. Studies have
explored greenwashing from a stakeholder perspective, high-
lighting the need for internal and external monitoring systems
to combat such practices [36, 63].

Firm size and market conditions are also crucial moderating
factors that influence the relationship between green logistics
and financial performance. Larger firms, for instance, may
possess greater resources and economies of scale to invest in
green logistics initiatives, potentially leading to more signifi-
cant financial returns compared to smaller enterprises [36].
Conversely, market demand for sustainable products and ser-
vices can drive the adoption of green logistics practices, with
firms operating in markets with strong consumer environmen-
tal awareness potentially experiencing greater financial bene-

fits [12]. The competitive landscape and governmental regu-
lations further modulate these effects, influencing both the
feasibility and profitability of green logistics investments [11].

In summary, the extant literature recognizes the strategic sig-
nificance of green logistics; however, it offers limited evidence
regarding its long-term financial implications within the Euro-
pean industrial context, particularly considering the complexi-
ties introduced by varying firm characteristics, market dynam-
ics, and potential greenwashing. This study addresses these
gaps by investigating the dynamic effects of green logistics in-
tensity on firms’ financial performance, employing a multisec-
tor European panel and a methodology adept at capturing both
short- and long-term effects. By integrating theoretical founda-
tions with empirical analysis, this study provides a more com-
prehensive understanding of how green logistics contributes to
sustainable corporate value creation.

3. Methodology

This section outlines the methodological framework for ex-
amining the relationship between Green Logistics Intensity
(GLI) and firm-level financial performance. The approach
combines a rigorously constructed logistics-specific GLI in-
dex, a dynamic panel econometric framework capable of sep-
arating long-run equilibrium effects from short-run adjust-
ments, and a comprehensive set of controls addressing heter-
ogeneity at the firm, sectoral, country, and temporal levels.
The methodology was designed to maximize construct valid-
ity, mitigate potential endogeneity concerns, and appropri-
ately reflect structural diversity across industries.

3.1. Measurement of Green Logistics Intensity
(GLI)

To ensure construct validity and align the measurement of
green logistics with logistics-specific practices, this study de-
velops a composite Green Logistics Intensity (GLI) index
based solely on indicators directly related to firms’ logistics
systems. Unlike approaches relying on broad environmental
performance metrics or DEA-based eco-efficiency scores, the
proposed index captures the environmental characteristics of
logistics operations. The GLI measure aggregates standard-
ized information on (i) fleet and transportation efficiency
(share of low-emission or alternative-fuel vehicles, average
fleet fuel efficiency); (i) modal shift initiatives (proportion of
freight moved via rail or sea); (iii) warehouse and distribution
sustainability (presence of energy-certified logistics buildings,
energy intensity of warehouses); (iv) packaging sustainability
(packaging recyclability, packaging-reduction initiatives);
and (v) reverse logistics implementation (take-back programs
and circular logistics practices).

The components were combined following a factor-analytic
procedure to derive statistically grounded weights and avoid
arbitrary aggregation. The resulting index provides a theoret-
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ically robust and logistics-specific indicator of firms’ environ-
mental logistics engagement.

3.2. Addressing Potential Endogeneity

The relationship between Green Logistics Initiatives (GLI)
and financial performance is influenced by several forms of
endogeneity, notably reverse causality, where financially ro-
bust firms may be better positioned to implement greener lo-
gistics practices, and unobserved firm characteristics that
could impact both variables. To address these concerns, the
empirical strategy includes the following:

1) Lagged explanatory variables within a dynamic specifi-

cation to mitigate contemporaneous simultaneity.

2) Comprehensive firm-, sector-, country-, and time-level

controls to minimize omitted variable bias

3) Sector—GLI interaction terms, which capture structural

heterogeneity across industries and reduce unobserved
sector-specific confounding; and

4) An explicit acknowledgment of the associative nature of

the findings, recognizing that in the absence of valid ex-
ternal instruments or quasi-experimental shocks, strict

causal inference cannot be established.
This approach significantly reduces endogeneity risk while
maintaining transparency regarding the limitations inherent in
observational data.

3.3. Dynamic Panel Specification: PMG-ARDL
Framework

The study utilizes a Panel Autoregressive Distributed Lag
(ARDL) model, estimated through the Pooled Mean Group
(PMG) estimator, to capture both short-term adjustments and
long-term equilibrium relationships. This methodological
framework is particularly appropriate for the study's context
as it allows for (i) heterogeneous short-term dynamics across
firms, (ii) homogeneous long-term coefficients that align with
economic theory, and (iii) the potential for cointegration be-
tween GLI and financial performance indicators.

The error correction representation of the PMG-ARDL
model is expressed as follows:

AY;, = Qi(yi,t—l - 9Xi,t—1) + Zj Y AY i+ Zj VijAXipe—j + a; + S + &t (D

where Y;, denotes firm-level financial performance (ROA,
ROE, ROIC), X;, includes GLI and all control variables, ¢;
is the error-correction speed of adjustment, 6 is the long-run
coefficient vector,a; and §; represent firm and time fixed ef-
fects, respectively.

Lag selection was determined using the Akaike Information
Criterion (AIC) and Bayesian Information Criteria (AIC and
BIC, respectively). Panel bounds testing is employed to ascer-
tain the presence of a cointegration relationship before estima-
tion. To ensure the reliability of the model, the analysis incor-
porates standard diagnostic tests, including the Breusch—God-
frey test for serial correlation, the Breusch—Pagan test for het-
eroskedasticity, normality tests of residuals, and verification
of structural stability using the cumulative sum (CUSUM) and
CUSUM squares (CUSUMSAQ) statistics.

3.4. Sectoral Heterogeneity and Interaction
Structure

Given the significant variations in logistics structures
across industries, particularly within the transport, automotive,
and industrial sectors, the empirical specification explicitly in-
corporates sectoral heterogeneity in the model. Sector fixed
effects capture the time-invariant structural characteristics of
each sector, while the interaction terms between GLI and sec-
tor categories allow the effect of GLI on financial perfor-
mance to vary systematically across industries. This design
prevents the artificial homogenization of fundamentally dis-
tinct logistics configurations and ensures that differences in
capital intensity, supply chain complexity, operational models,

and regulatory pressures are accounted for methodologically.

3.5. Control Variables

To isolate the impact of GLI on firm-level financial perfor-
mance and mitigate potential omitted variable bias, the empir-
ical specification incorporates a comprehensive set of control
variables within a unified modeling framework. At the firm
level, the model accounts for asset size (log of total assets),
leverage, R&D intensity, capital intensity, and asset turnover,
thereby addressing heterogeneity in financial structure, inno-
vation capacity, and operational efficiency. Sector-level con-
trols include market concentration (HHI) and logistics cost in-
tensity, which reflect competitive pressures and structural dif-
ferences across industries [1, 20]. At the country level, mac-
roeconomic and institutional factors are captured through
GDP growth, energy prices (fuel and electricity), and environ-
mental regulations. Finally, year fixed effects control for
global shocks, crisis episodes, and the implementation of ma-
jor environmental and economic policies that simultaneously
affect the firms. Integrating this multidimensional set of con-
trols ensures that the estimated coefficients of the GLI reflect
logistics-specific dynamics, rather than broader economic,
regulatory, or structural conditions [27, 73].

4. Results

4.1. Descriptive Statistics

Table 1 presents the foundational summary statistics for the
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variables incorporated in the model, including the mean,
standard deviation, minimum, and maximum values for 2340
observations. This information is essential for comprehending
the data distribution, identifying potential outliers, and evalu-
ating the variability of each variable, which can guide the se-
lection of suitable econometric methods and transformations
for the analysis. Economically, this table provides an over-

view of the financial health (e.g., a mean ROA of 6.12% indi-
cates average profitability), environmental commitment
(mean GLI of 0.98), and operational context of the firms in the
sample. The substantial range between the minimum and max-
imum values for profitability metrics (e.g., min ROA: -80.4%)
suggests considerable heterogeneity in economic performance
across firms, reflecting diverse business strategies and market
conditions [35, 60].

Table 1. Descriptive Statistics (With Sector Means for GLI).

Variable Obs. Mean
ROA (%) 2340 6.12
ROE (%) 2340 18.95
ROIC (%) 2340 21.05
GLI (overall) 2340 0.98
Firm Size (In Assets) 2340 14.35
Leverage (%) 2340 19.40
GDP Growth (%) 2340 2.14
Energy Prices (index) 2340 102.4
Regulatory Stringency 2520 3.25

Table 2 presents disaggregated descriptive statistics for the
Green Leadership Index (GLI) across various sectors, namely,
Industrial, Transport, and Automotive. This detailed break-
down is essential for understanding the potential structural dif-
ferences in environmental performance among industries.
These differences can be integrated into econometric models
through sector-specific fixed effects or interaction terms to ac-
count for heterogeneous impacts of the pandemic [9, 47]. Eco-

Median Std. Dev. Min Max
5.30 9.85 -80.4 98.7
14.60 66.10 -595.3 1550.8
16.40 65.80 -705.2 1950.4
0.72 1.21 0.01 7.90
14.20 2.14 7.40 20.70
15.10 94.90 0.02 1850.7
2.10 1.90 -5.80 8.60
101.3 8.45 85.0 140.0
3.20 0.85 1.20 5.00

nomically, the table indicates that the transport sector demon-
strates the highest mean GLI index (1.35), followed by the au-
tomotive (1.12) and industrial (0.81) sectors. This observation
suggests that certain sectors, potentially influenced by stricter
regulations, consumer preferences for sustainability, or tech-
nological advancements, are more actively engaged in green
initiatives than others are. This implies varying levels of envi-
ronmental risk exposure and opportunities for sustainable
growth across the country’s economy [13, 52].

Table 2. Sector-specific GLI.

Sector Mean GLI
Industrial 0.81
Transport 1.35
Automotive 1.12

4.2. Correlation

Table 3 illustrates the correlation matrix, which quantifies
the linear relationships between the Green Leadership Index

Median GLI Std. Dev.
0.60 0.95
1.10 1.50
0.90 1.30

(GLI) and other key variables. This analysis is crucial for
identifying potential multicollinearity issues among independ-
ent variables, which could affect the precision of the coeffi-
cient estimates in the regression analysis. For example, a pos-
itive correlation between the GLI and Firm Size (0.12) and
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Regulatory Stringency (0.26) indicates that larger firms and
those operating in more regulated environments tend to ex-
hibit higher levels of green leadership. These correlations pro-
vide preliminary insights into the factors associated with green
leadership. The positive correlation with firm size suggests
that larger firms possess more resources for environmental in-
vestments, whereas the positive correlation with regulatory

stringency implies that external pressures drive green initia-
tives. Conversely, the negative correlation with Energy Prices
(-0.18) could suggest a trade-off, where firms facing higher
energy costs might prioritize other operational aspects over
green investments, or it could reflect a strategic response to
reduce energy consumption.

Table 3. Correlation Matrix.

Variables GLI Firm Size Leverage
GLI 1.000

Firm Size 0.12 1.000

Leverage -0.05 -0.41 1.000
GDP Growth 0.09 0.04 -0.03
Energy Prices -0.18 0.08 0.06

Reg. Stringency 0.26 0.11 -0.10

Table 4 presents the temporal trends of the mean GLI from
2010 to 2023. The consistent upward trajectory (from 0.42 in
2010 to 1.36 in 2023) suggests that the GLI is likely non-sta-
tionary. This observation is crucial as it necessitates the appli-
cation of time-series econometric techniques, such as unit root
tests and cointegration analysis, to prevent spurious regression
results and ensure that any estimated relationships represent
genuine long-term associations, rather than coincidental cor-

GDP Growth Energy Prices Reg. Stringency
1.000

-0.12 1.000

0.20 -0.05 1.000

relations. Economically, this upward trend indicates an in-
creasing emphasis on green leadership and sustainability prac-
tices by firms over time. This trend may be attributed to
heightened environmental awareness, evolving corporate so-
cial responsibility standards, stricter environmental regula-
tions, and rising market demand for sustainable products and
services, reflecting a broader economic shift towards greener
business models4.

Table 4. Temporal Evolution of GLI (2010-2023).

Year 2010 2011 2012 2013 2014 2015

Mean GLI ~ 0.42 0.48 0.51 0.55 0.61 0.68

4.3. Unit Root Tests

Table 5 delineates the outcomes of the panel unit root tests,
specifically the Fisher—ADF, LLC, and IPS tests, for all vari-
ables under consideration. The significant p-values, denoted
by ***  across all tests substantiate that all variables exhibit
stationarity at their levels or first differences. This finding
holds substantial econometric importance, as stationarity is a
prerequisite for the application of numerous panel data models,
particularly cointegration techniques, such as the PMG-

2016
0.74

2017 2018 2019 2020 2021 2022 2023

0.80 0.92 1.05 1.12 1.20 1.28 1.36

ARDL model. Establishing stationarity ensures that the esti-
mated relationships are not spurious, thereby validating the
statistical inferences derived from this model. From an eco-
nomic perspective, the stationarity of the variables suggests
that any perturbations to these economic factors, such as firm
performance, green investment, and macroeconomic condi-
tions, are likely to be transitory, with the variables reverting
to their long-term means. This stability in the underlying eco-
nomic processes facilitates a meaningful estimation of the
long-term relationship between green leadership and financial
performance, which is essential for informed policymaking
and strategic business planning [22, 70].
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Table 5. Panel unit root tests.

LLC

—22.10%5%
—20.45%#*
~20.55%#*

—33.10%***

—40.60%**
~21.90%**
—25.50%%%
—27.40%5%
—44.80%**

IPS

~10.20%*+
—9.45%xx

—14.20%5

—15.50%***
—8.90***

—11.10%**
—12.30%**
—18.00%**

Variable Fisher—-ADF
Dependent Variables

ROA 455.210%***
ROIC 389.540%**
ROE 397.880%**
Main Independent Variable

GLI 780.320%**
Control Variables

Firm Size 1200.540***
Leverage 440.330%**
GDP Growth 520.220%**
Energy Prices 600.480%**
Regulatory Stringency 980.660***

Note: *** and ** indicate significance at the 1% and 5% levels, respectively

4.4. PMG-ARDL Estimation Results

Table 6 presents the principal findings of the PMG-ARDL
model, encompassing both long-run and short-run coefficients,
the error-correction term (ECT), and various diagnostic tests.
The statistically significant positive long-run coefficients for
GLI on ROA (0.090), ROE (0.210), and ROIC (0.130) demon-
strate a robust long-term relationship, in which enhanced
green leadership correlates with improved financial perfor-
mance. The significant interaction terms indicate that these ef-
fects vary across sectors. The negative and highly significant
ECT (e.g., -0.425 for ROA) corroborates the existence of a
stable long-run equilibrium and signifies the rate at which
short-term deviations are corrected [15, 66]. Diagnostic tests
(e.g., significant Bounds F-test for cointegration, non-signifi-

cant Breusch—Godfrey and Breusch—Pagan tests for serial cor-
relation and heteroskedasticity, respectively) validate the
model's appropriateness, validity, and stability [23, 54]. Eco-
nomically, these findings strongly suggest that investing in
green leadership is not merely an ethical decision but also a
financially prudent and long-term strategy [7, 38]. The posi-
tive impact on profitability metrics implies that sustainable
practices can yield tangible economic benefits, such as en-
hanced brand reputation, operational cost savings, innovation
and access to new markets [57, 71]. The sector-specific effects
underscore that the economic opportunities and challenges as-
sociated with green transitions are not uniform across indus-
tries, necessitating the development of tailored strategies [8].
A significant ECT implies that firms possess a natural adjust-
ment mechanism to revert to their optimal long-run financial
performance trajectory following any short-term economic
disturbance [40].

Table 6. Illustration of Expected PMG-ARDL Estimation Results (Long Run, Short Run, ECT, and Diagnostics).

Variable (Long Run) ROA (Coef) p-value
GLI (Industrial baseline) 0.090 0.002%%*
GLI x Transport 0.060 0.002%%*
GLI x Automotive 0.035 0.005%*
In(Assets) 0.060 0.008**
Leverage —0.088 0.021%*

GDP Growth 0.015 0.009**

ROE (Coef) p-value ROIC (Coef) p-value
0.210 0.006** 0.130 0.004**
0.140 0.003** 0.080 0.001***
0.070 0.028* 0.040 0.008**
0.110 0.025%* 0.072 0.001***
—0.160 0.015%* —0.095 0.007**
0.028 0.003** 0.020 0.001%**


http://www.sciencepg.com/journal/ijsqa

International Journal of Science and Qualitative Analysis

http://www.sciencepg.com/journal/ijsqa

Variable (Long Run) ROA (Coef) p-value
Energy Prices —-0.010 0.005%*
Regulatory Stringency 0.046 0.002**
Variable (Short Run: A) ROA (Coef) p-value
AGLI (Industrial) 0.020 0.008**
A(GLI x Transport) 0.010 0.012%*
A(GLI x Automotive) 0.008 0.006**
Aln(Assets) 0.012 0.035*
ALeverage —-0.020 0.002**
AGDP Growth 0.003 0.006**
AEnergy Prices —0.002 0.003**
Error-Correction & Diagnostics ROA p-value
ECT (speed of adjustment) —0.425 0.000%**
Bounds F-test (cointegration) F=7.80 <0.01%**

Hausman (PMG vs MG) p =0.312 — PMG preferred
Breusch—Godfrey (serial corr.) p>0.10

Breusch—Pagan (heterosk.) p>0.10

CUSUM / CUSUMSQ Stable

Observations 2340

AIC -1120.4

BIC —1068.2

ROE (Coef) p-value ROIC (Coef) p-value
—0.022 0.002** —0.013 0.016*
0.073 0.010** 0.052 0.008**
ROE (Coef) p-value ROIC (Coef) p-value
0.045 0.004** 0.028 0.001 ***
0.022 0.005** 0.012 0.009**
0.015 0.008** 0.009 0.041%*
0.018 0.011* 0.014 0.008**
—0.033 0.049* —0.025 0.010**
0.008 0.006** 0.005 0.008**
—0.007 0.008** —0.004 0.005%*
ROE p-value ROIC p-value
—0.540 0.000%** —0.468 0.000%**
F=2845 <0.01*** F=1795 <0.01***

p =0.231 — PMG preferred p = 0.289 — PMG preferred

p>0.10 p>0.10
p>0.10 p>0.10
Stable Stable
2340 2340
—1188.3 -1156.9
-1135.4 -1103.8

Note: *** and ** indicate significance at the 1% and 5% levels, respectively

5. Discussion

This study provides robust empirical evidence of the long-
term financial benefits of Green Logistics Intensity (GLI) for
European firms operating in the industrial, transport, and au-
tomotive sectors during 2010-2023. Using a PMG-ARDL
framework, the results reveal a stable and positive long-run
relationship between GLI and key financial performance indi-
cators, namely Return on Assets (ROA), Return on Equity
(ROE), and Return on Invested Capital (ROIC). These find-
ings confirm that green logistics initiatives go beyond envi-
ronmental compliance and represent a strategic mechanism
for improving profitability, capital efficiency and firm resili-
ence [67, 72]. Furthermore, the inclusion of sectoral interac-
tion terms highlights the heterogeneity of the financial returns
associated with green logistics across industries, reflecting the
differences in logistics intensity, regulatory exposure, and op-
erational structures [25, 62].

Importantly, the magnitude of the estimated coefficients
varies systematically across the financial performance

measures. The effect of GLI is strongest for ROE (0.210), fol-
lowed by ROIC (0.130) and ROA (0.090), indicating that
green logistics investments contribute more significantly to
shareholder returns than to operational efficiency [16, 77].
This pattern suggests that the GLI generates financial benefits
through multiple channels, including cost reductions, en-
hanced capital productivity, and lower equity costs resulting
from reduced environmental risks and improved investor con-
fidence [18, 24]. For a representative firm in the sample with
a median ROE of 14.6%, a one-standard-deviation increase in
GLI (1.21 units) increases ROE by approximately 2.5 percent-
age points. Economically, this corresponds to an additional
€25 million in annual net income for a firm with €1 billion in
equity, demonstrating the substantial financial relevance of lo-
gistics strategies [41, 59].

At the sectoral level, the industrial sector, used as the base-
line category, exhibits a significant positive long-run effect of
GLI on financial performance, with coefficients of 0.090,
0.210, and 0.130 for ROA, ROE, and ROIC, respectively. Alt-
hough industrial firms generally face lower environmental
scrutiny than transport-related sectors, the results indicate that
logistics optimization, waste reduction, and energy efficiency
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improvements generate measurable financial gains through
enhanced asset utilization and cost efficiency [42, 76]. The
relatively moderate mean GLI in this sector (0.81) suggests
that even incremental improvements in green logistics prac-
tices can generate economically meaningful returns [6, 45].

The transport sector demonstrates the strongest financial re-
sponse to green logistics investments. The additional sectoral
effects of the GLI, estimated at 0.060 for ROA, 0.140 for ROE,
and 0.080 for ROIC, reflect the sector’s high logistics inten-
sity, dependence on fuel consumption, and greater regulatory
exposure [2]. Firms adopting cleaner fleets, alternative fuels,
and advanced route optimization strategies can benefit from
lower operating costs, reduced regulatory risks, and improved
competitiveness [50, 75]. The high mean GLI level (1.35) also
indicates that transport firms are among the most advanced
sectors in terms of logistics-related sustainability efforts, al-
lowing green investments to be directly translated into
stronger financial performance [28, 65].

The automotive sector also presents positive but compara-
tively smaller incremental effects of GLI on financial perfor-
mance, with coefficients of 0.035, 0.070, and 0.040 for ROA,
ROE, and ROIC, respectively. Owing to the complexity of au-
tomotive value chains and the sector’s high capital intensity,
green logistics initiatives, including sustainable sourcing, eco-
friendly packaging, and optimized distribution networks, tend
to generate financial benefits gradually [5, 26]. Nevertheless,
the positive coefficients demonstrate that logistics-related sus-
tainability practices complement broader decarbonization
strategies, enhance brand reputation, and contribute to long-
term value creation [46].

The significant and negative error correction terms across
all model specifications confirm the existence of a stable long-
run equilibrium relationship between GLI and financial per-
formance. The estimated adjustment speeds indicate that be-
tween 43% and 54% of short-run deviations are corrected
within one year, suggesting that firms rapidly converge to-
ward their optimal long-run performance trajectory after
changes in green logistics intensity. This finding highlights
the durability and persistence of the financial benefits associ-
ated with green logistics investment [17, 51].

The findings of this study provide several actionable in-
sights for managers seeking to align sustainability objectives
with financial performance. First, the substantial long-term
impact of Green Logistics Intensity (GLI) on Return on Equity
(ROE), Return on Invested Capital (ROIC), and Return on As-
sets (ROA) indicates that green logistics investments should
be considered strategic capital allocations rather than compli-
ance-related costs [48, 69]. Therefore, managers are encour-
aged to integrate green logistics initiatives, such as fleet elec-
trification, route optimization, modal shifts, and energy-effi-
cient warehousing into long-term financial planning and cap-
ital budgeting decisions [30].

Second, the stronger effects observed for ROE suggest that
green logistics contributes to shareholder value creation not
only through operational efficiency improvements but also

through enhanced risk management and reduced capital costs
[16]. Therefore, managers should transparently communicate
sustainability-related logistics improvements to investors and
financial stakeholders, emphasizing their contribution to long-
term profitability and organizational resilience.

Third, the significant sectoral heterogeneity indicates that a
uniform approach to green logistics adoption is ineffective.
Transport and automotive firms should prioritize advanced lo-
gistics innovations because of their higher exposure to fuel
costs, regulatory pressures and environmental expectations
[19, 56]. Conversely, industrial firms may benefit primarily
from incremental efficiency improvements and enhanced co-
ordination of supply chains.

Finally, the rapid adjustment process reflected by the error
correction mechanism suggests that delaying green logistics
adoption may result in missed financial opportunities [21].
Managers who implement these strategies early can achieve
first-mover advantages, strengthen their competitive position,
and better adapt to increasingly stringent environmental regu-
lations. Overall, integrating green logistics into core business
strategies represents a key pathway to sustainable value crea-
tion.

6. Conclusion and Recommendation

This study highlights the increasing strategic importance of
Green Logistic Intensity (GLI) as a fundamental component
of sustainable and financially robust business models in the
European industrial, transport, and automotive sectors. Utiliz-
ing a rigorous and comprehensive analytical framework, this
study illustrates that the incorporation of green logistics into
corporate operations transcends mere compliance with envi-
ronmental demands; it signifies a transformative shift in how
firms generate value, manage risks, and fortify their long-term
financial stability.

The sectoral analysis reveals that the GLI provides diverse
and sector-specific benefits, aiding firms in optimizing re-
source utilization, enhancing operational efficiency, facilitat-
ing compliance with evolving environmental regulations, and
effectively addressing heightened stakeholder expectations re-
garding sustainability. The methodological rigor of this study
further substantiates the reliability of these findings, under-
scoring the existence of a stable long-term relationship be-
tween sustainable logistics initiatives and enhanced financial
stability.

This indicates that firms that consistently prioritize green
logistics are better positioned to navigate uncertainty, mitigate
exposure to environmental and regulatory risks, and maintain
a competitive edge in markets where sustainability is increas-
ingly a critical determinant of corporate performance.

Overall, the findings emphasize the necessity of integrating
the GLI into long-term strategic planning, encouraging firms
to perceive sustainability not as an external constraint but as a
source of innovation, differentiation, and enduring value cre-
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ation. Policymakers play a pivotal role in facilitating this tran-
sition by crafting supportive regulatory frameworks, offering
targeted incentives, promoting standardized sustainability
metrics, and fostering collaborative partnerships that enable
the broader adoption of environmentally responsible logistics
practices. By aligning business strategies and public policy ef-
forts, stakeholders can collectively advance the development
of greener, more competitive, and resilient supply chains, con-
tributing to a sustainable economic trajectory in which envi-
ronmental responsibility and financial prosperity are mutually
reinforcing.

7. Limitations and Future Research

Despite the robustness of the empirical framework and the
consistency of the findings, this study is subject to several lim-
itations that warrant acknowledgment and present opportuni-
ties for future research.

First, causal inference remains constrained. Although the
PMG-ARDL methodology effectively captures dynamic rela-
tionships and long-run equilibrium effects while mitigating
simultaneity through lag structures, the analysis relies on ob-
servational panel data. Consequently, a strict causal interpre-
tation cannot be fully established. Financially stronger firms
may be more capable of investing in green logistics, giving
rise to potential reverse causality. Future research could en-
hance causal identification by employing quasi-experimental
designs, such as difference-in-differences approaches, instru-
mental variable strategies, or exploiting exogenous regulatory
shocks related to environmental or transport policies.

Second, measurement limitations must be considered.
While the Green Logistics Intensity (GLI) index is specifically
constructed to capture logistics-related environmental prac-
tices, it inevitably aggregates heterogeneous activities into a
single composite indicator. This aggregation may obscure dif-
ferences in the effectiveness of individual components, such
as fleet electrification versus modal shifts or warehouse en-
ergy efficiency. Future studies could decompose GLI into sub-
dimensions to examine which specific logistics practices most
strongly drive financial performance.

Third, generalizability constraints arise from the study’s fo-
cus on European firms operating in industrial, transport, and
automotive sectors. Europe’s regulatory environment, sustain-
ability standards, and capital markets are relatively advanced
compared to other regions. As a result, the magnitude and
even the direction of the estimated effects may differ in
emerging markets or regions with weaker environmental reg-
ulation. Extending the analysis to non-European contexts or
conducting cross-regional comparisons would enhance exter-
nal validity.

Fourth, sample selection issues may influence the results.
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The analysis is based on firms with sufficient and consistent
disclosure of financial and logistics-related sustainability data.
This may introduce a selection bias toward larger or more
transparent firms that are already more engaged in sustaina-
bility practices. Future research could address this issue by in-
corporating smaller firms or alternative data sources, includ-
ing survey-based or satellite-derived logistics indicators.

Finally, while the study establishes a strong association be-
tween GLI and financial performance, the underlying mecha-
nisms remain partially opaque. Although cost efficiency, risk
reduction, and improved capital market perceptions are plau-
sible channels, they are not directly tested. Future research
could explicitly model these transmission mechanisms by in-
corporating variables related to cost of capital, operational risk,
supply chain resilience, or investor behavior.
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