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as the dependent variable, while considering e-commerce activities as the inde-
pendent variable within 2011 to 2022 period. Our investigation of the correla-
tion between these variables employed a panel quantile regression model. The
outcomes revealed a statistically significant increasing trend for higher quantiles.
This finding indicates that, as we traverse the climate change index from lower to
higher percentiles, the impact of e-commerce becomes more conspicuous and is
statistically significant. This underscores that the influence of e-commerce on cli-
mate change intensifies as we move towards the upper percentiles of the climate
change index. To address how e-commerce affects climate change, it becomes
imperative to introduce and enforce the concept of environmental responsibility
in the management of e-commerce activities. This could involve adopting sus-
tainable practices, optimizing packaging materials, and encouraging eco-friendly
delivery methods. Policymakers and businesses alike should consider these find-
ings in their efforts to strike an equilibrium between the convenience of e-com-
merce and the need to curb its environmental impact.
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1. Introduction

Today, more than ever, there is a particular concern related to climate change, and most
of the states have taken measures to diminish carbon emissions through the enactment of
stricter legislation or establishing emission targets (Gracceva & Zeniewski, 2014). Since 2018,
as part of the Paris Agreement, the European Union has adopted the European Climate Law,
raising the EU target for diminishing net greenhouse gas emissions to at least 55% by 2030
(from the current 40%) and making achieving climate neutrality by 2050 a legal obligation
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(The European Parliament, 2018). Given the ongoing popularity of online purchases in recent
years, a significant opportunity emerges for e-commerce platforms to contribute to address-
ing climate change issues (Majoral et al., 2021; Islam et al., 2023). The rapid expansion in par-
cel volumes, coupled with the significant proportion of returned goods introduces new chal-
lenges concerning climate change, air pollution, and traffic management (Kristensen et al.,
2013; Hollaus & Schantl, 2022). As a result, there is a strong debate regarding the impact of
e-commerce on climate change. Some proponents argue that, under certain circumstances,
it helps reduce pollution by decreasing energy consumption and enhancing eco-friendly
transportation efficiency (Grand View Research [GVR], 2021; Edwards & McKinnon, 2009;
Cairns, 2005). Other researchers oppose this hypothesis, asserting that customer demand
for prompt product delivery contributes to an intensification of fuel consumption, given the
need for rapid transport within delivery services, thereby compromising environmental sus-
tainability due to increased CO, emissions and pollution from the packaging of each product,
etc. (Xie et al.,, 2023; Yuan et al.,, 2022). These debates serve as evidence that the contribution
of e-commerce is significant in shaping environmental sustainability, but it cannot be solely
deemed a “solution” either. Therefore, it becomes imperative to investigate how e-commerce
influences climate change and the manner in which it does so.

However, in current literature, limited attention has been given to exploring the correla-
tion between e-commerce activities and their environmental ramifications, particularly con-
cerning climate change. To bridge this research gap, our study endeavors to examine, for the
first time on a pan-European scale, the influence of e-commerce practices on climate change.
Our investigation promises novel insights by offering robust empirical evidence on the com-
plex interplay between e-commerce dynamics and climate change phenomena. By employing
panel research methodologies, our primary objective is to replenish existing lacunae in the
scholarly literature by conducting a thorough analysis of how e-commerce operations impact
climate change. The significant contributions we bring to the specialized literature through
this study materialize in the detailed exploration of the connection between these two com-
ponents, incorporating the most relevant indicators to the subject, such as composite index
called the Climate Change Index and e-commerce activities indicator. Additionally, the meth-
od applied in this investigation has been less utilized in studies within this area of interest,
but it has the capacity to determine the sign of influence and indicate whether a change in
in-fluence occurs at a certain quantile.

In the past, the products most commonly sought for online purchase were those related
to travel, entertainment, or durable goods such as fashion and electronics. The online market
for groceries and other consumer goods is currently undergoing a period of growth, driven
by companies seeking to enhance the efficiency of their delivery logistics and reduce delivery
times (van Loon et al., 2015). Eurostat data indicates that by 2022, 91% of individuals aged
16-74 in the EU will have utilized the internet, with 75% of this demographic engaging in on-
line purchases or ordering of goods or services for personal use. This represents a significant
increase from 55% in 2012 to 75% in 2022, representing a 20-percentage point rise (Eurostat,
2023). Thus, we observe a considerable increase in consumers preferring online shopping,
necessitating special attention to the relationship we are investigating to identify the risks
of this activity and provide solutions and directions regarding the influence of e-commerce
on climate change.

The objective of this paper is to examine the influence of e-commerce on climate change
in the member states of the European Union, using a newly created index. The study seeks to
determine whether e-commerce activities contribute to the worsening of climate change or,
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under certain conditions, may have a neutral or even positive effect on the environment. In
line with the aim of this paper, we have formulated a series of research questions designed to
clarify and explore in more detail the relationship between e-commerce and climate change.
These include:

RQ1: To what extent do e-commerce activities contribute to the worsening of climate
change in the member countries of the European Union?

RQ2: Are there specific conditions under which e-commerce may have a neutral or even
positive impact on the environment?

RQ3: What policies and measures can be adopted to reduce the negative impact of
e-commerce on climate change?

Thus, the findings of our research may prove to be of significant value to both the spe-
cialized literature and decision-makers in the public sector involved in formulating regulations
and conditions for e-commerce within the European Union. These decision-makers should
pay attention to the impact that e-commerce can have on climate change in the process of
formulating appropriate policies.

The primary aim of this paper is to investigate how e-commerce activities specifical-
ly contribute to climate change within European Union countries, examining the nuanced
effects of these activities on climate-related metrics. The study focuses on quantifying the
environmental impact of e-commerce across varying levels of climate vulnerability, seeking
to provide precise insights that inform policy and business strategies for mitigating these
effects. This investigation centers on analyzing the relationship between e-commerce activity
and climate change metrics in EU countries, with a particular emphasis on understanding
how this impact varies across different levels of climate risk. By exploring the conditions un-
der which e-commerce activities have a statistically significant effect on climate change, the
study also evaluates the role of moderating factors such as environmental regulations and
green logistics infrastructure. The findings aim to inform policy and business interventions
that could be tailored to specific quantiles of climate impact, thereby helping to reduce the
environmental footprint of the e-commerce sector in an evidence-based manner.

In addressing the current research gap, this paper builds upon existing literature that
broadly assesses the environmental impact of e-commerce, moving beyond aggregated
analyses to examine how the sector's influence fluctuates across regions with varying cli-
mate vulnerabilities. Previous studies have largely focused on the general carbon footprint of
e-commerce, often neglecting how this impact differs across climate risk quantiles within the
EU context. This research thus contributes a more granular perspective, employing quantile
regression to reveal the differential impact of e-commerce activities on climate change. By
identifying the conditions and regions most affected, the study addresses a critical gap in the
literature and provides a foundation for developing tailored mitigation strategies for regions
with heightened environmental risk.

The structure of the research is designed to offer a clear and detailed understanding of
the analyzed subject. Consequently, Section 2 offers a comprehensive review of the literature,
analyzing key studies and highlighting existing gaps in current knowledge. Section 3 details
the data and methodology employed, explaining the processes of data collection and the
analytical methods used to obtain robust results. Section 4 is dedicated to the presentation
of findings and discussions, where the results are interpreted, and their implications are
examined within the context of existing literature. Finally, Section 5 includes the conclusions
and recommendations, synthesizing the main discoveries and offering suggestions for future
research or practical applications of the findings.
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2. Literature review

The influence of information and communication technology (ICT) on the natural environment
has constituted a significant and multifaceted field of investigation in recent years (Weber,
2010). Research on the nexus between e-commerce and climate change was pioneered by
Room (2002), gaining more interest after the 2007 financial crisis, with the significant rise of
information technology and increased digitization of economic sectors, including e-com-
merce. This trend led to a surge in studies on this newly emerging field. However, according
to the Web of Science database, there was a shortage of studies on this relationship, with
fewer than 3 publications per year until 2017. After 2018, there was an acceleration in re-
search in this field, with 2022 having the highest number of publications on e-commerce and
climate change (14 papers). This increase is attributed to the intensified use of e-commerce
during the COVID-19 pandemic. Consequently, this research area is relatively young but rap-
idly expanding, driven by the swift development of information technology and the growing
interest in the environment.

Van Loon et al. (2015) explored the carbon footprint of online and traditional retail in
the UK, identifying a link between travel choices, shopping basket size, and e-fulfillment on
e-commerce sustainability. Using Life Cycle Assessment (LCA), they concluded that e-com-
merce could reduce environmental impact by minimizing shopping trips and increasing the
volume of items per order (EPA, n.d.; Marathe et al,, 2019).

Guo et al. (2017) examined logistics planning for fresh food e-commerce in Shanghai,
emphasizing low-carbon strategies in both distribution and return stages. Similarly, Weber
(2010) assessed energy and CO, emissions for music album deliveries, showing that digital
purchases reduce emissions by 40% to 80% compared to physical CDs, particularly if CDs are
disposed of through burning, using Monte Carlo simulations.

Borggren et al. (2011) investigated the environmental impact of paper books and high-
lighted that online purchases and shared book usage have a lower footprint than traditional
bookstore purchases. Their findings contributed significantly to understanding the interplay
between e-commerce and climate change.

Heard et al. (2019) analyzed the environmental impact of meal kits versus grocery store
purchases in the U.S., considering greenhouse gas emissions, water use, and land use. Their
LCA revealed that meal kits produce 33% fewer emissions than traditional grocery shopping,
advocating for their adoption due to reduced ingredient waste and packaging efficiency.
Together, these studies provide valuable insights into the diverse environmental implications
of e-commerce across sectors.

Koengkan et al. (2022) conducted the first European-level study linking e-commerce and
climate change, focusing on Battery Electric Vehicles (BEVs). Using quantile regression and
fixed-effects Ordinary Least Squares (OLS) on data from 29 countries (2010-2020), the study
revealed that e-commerce exacerbates environmental harm through increased packaging,
processor use, and cryptocurrency transactions. To mitigate these impacts, the authors rec-
ommended energy conservation policies and smaller packaging to optimize transport.

Caiyi et al. (2022) explored the connection between e-commerce and solid waste in China
(2001-2017) using Dynamic Ordinary Least Squares (DOLS). Their findings demonstrated the
existence of the Environmental Kuznets Curve (EKC) in most regions, except for the Yellow
River area, where e-commerce consistently increased solid waste. These insights underline
the need for targeted ecological regulations to support sustainable development in online
commerce.
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Masele (2011) emphasized the role of e-commerce and m-commerce technologies in
reducing carbon emissions, especially in sustainable tourism. Conversely, Jaller and Pah-
wa (2020) highlighted the environmental harm caused by delivery vehicles associated with
e-commerce, while Cheba et al. (2021) linked urban e-commerce activities to environmental
degradation, particularly in regions with intensive market activity.

Majoral et al. (2021) examined the externalities of e-commerce deliveries and proposed
environmental taxes to address these issues. Their case study in Barcelona assessed the costs
and benefits of such taxes, particularly targeting the final distribution stage. Similarly, Islam
et al. (2023) introduced the Sustainable E-commerce with Environmental-impact Rating (SEER)
system, which reduces e-commerce'’s carbon footprint by promoting climate-conscious pur-
chasing behaviors among consumers.

In China, Wang et al. (2023) and Zhang et al. (2024b) investigated e-commerce’s role in
reducing CO, emissions under the National E-Commerce Demonstration City (NEDC) poli-
cy. Both studies confirmed that policy-driven e-commerce expansion contributes to carbon
reduction strategies. Wu et al. (2023) extended this analysis to assess the broader digital
economy, revealing that digital technologies, including e-commerce, have a greater carbon
footprint in high-emission provinces, emphasizing regional disparities in their environmental
impact.

Consequently, according to these studies, the nexus between digital commerce and cli-
mate change is a controversial subject. Many researchers (Masele, 2011; GVR, 2021; Edwards
& McKinnon, 2009; Cairns, 2005; van Loon et al, 2015; Weber, 2010; Borggren et al., 2011;
Heard et al.,, 2019; Zhang et al., 2024b), support the positive contribution of e-commerce to
climate change, but there are also empirical studies that deny the positive impact (Islam et al.,
2023; Cheba et al., 2021; Xie et al., 2023; Caiyi et al,, 2022). Additionally, we have identified
that most studies are conducted at the level of a single country, lacking panel investigations,
which could be more relevant regarding the impact of e-commerce on climate change.

Furthermore, recent strands in literature point to numerous approaches to mitigating
the climate change impacts of e-commerce activities, given the key role that digitalization
and sustainability practices can play in supporting the green transition. Thus, recent research
underscores the potential of e-commerce to mitigate climate change impacts through digital-
ization and sustainable practices. Digital innovations, such as improved logistics and efficient
supply chain management, play a pivotal role in reducing carbon footprints. For instance,
Tabe-Ojong et al. (2024) and Dong et al. (2023) demonstrate how technological advance-
ments and pilot e-commerce policies in China contribute to low-carbon development. Sim-
ilarly, integrating digital economies with sustainable agriculture facilitates greener practices,
as shown by Han et al. (2023), who emphasize the role of green innovation mechanisms in
developed regions, and Quarshie et al. (2023), who highlight the potential of loT technologies
to support climate-smart agriculture.

Policy coordination is equally vital. Armstrong (2023) illustrates the success of multigov-
ernmental cooperation in California’s energy aggregation initiatives, while Ohta and Barrett
(2023) identify challenges in implementing green energy policies in Japan. Such findings
underline the importance of robust, collaborative frameworks in driving climate mitigation.
On the consumer side, Islam et al. (2023) reveal that environmental impact rating systems
on e-commerce platforms, such as SEER, can bridge the behavioral gap toward sustainable
consumption by influencing eco-conscious choices.

Addressing social and ecological vulnerabilities, Ahmed et al. (2023) highlight the effects
of climate change on nomadic Himalayan communities, stressing the need for integrated
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adaptation strategies. In the agricultural sector, Mandal et al. (2023) propose the use of
biostimulants to enhance crop resilience to environmental stresses, a method particularly
relevant in the context of rising global temperatures. Furthermore, public education and
awareness are critical in addressing climate risks, as Rana et al. (2023) demonstrate in their
analysis of urban adaptation strategies in informal cities.

The circular economy and efficient waste management also play a central role. Kurniawan
et al. (2024) emphasize the integration of digital solutions to optimize recycling and resource
use, which are important for sustainable e-commerce practices. Complementing this perspec-
tive, Mokni et al. (2024) and Heydari (2024) argue that sustainability-oriented regulations can
stabilize economic uncertainties while promoting responsible consumption behavior. Similar-
ly, investment strategies geared toward climate transition, as outlined by Xiang et al. (2024),
and enhanced transparency in climate risk reporting, discussed by Khalifa et al. (2024), can
encourage sustainable economic practices and attract environmentally conscious investors.

The role of the forestry and construction industries in climate change mitigation intersects
with e-commerce’s potential. Hurmekoski et al. (2023) demonstrate how the expansion of
wood-based materials in construction and textiles reduces emissions, a principle that can also
be applied to eco-friendly e-commerce packaging solutions. Similarly, Bhebhe and Ndlovu
(2023) highlight the financial risks associated with climate impacts on stock performance,
reinforcing the importance of e-commerce’s adoption of green practices to reduce business
vulnerabilities in a changing climate.

From an economic perspective, Liu et al. (2023) and Awuni et al. (2023) emphasize that
aligning e-commerce operations with climate-smart principles can bolster resilience to eco-
nomic and environmental risks. These strategies include adopting energy-efficient logistics
and fostering collaboration within supply chains to optimize resources. Additionally, Wu et al.
(2023) show that integrating sustainable energy technologies into digital commerce models
has a dual benefit of reducing emissions and promoting economic stability.

Access to accurate and applicable information remains a cornerstone of effective cli-
mate action. Rainer (2025) underscores the importance of data accessibility in raising climate
awareness, though Hall et al. (2024) caution that global interconnectivity can complicate
information dissemination. This interplay between awareness and action is further reflected
in Duncan et al. (2024), who argue that individuals with high socioeconomic status can drive
the adoption of sustainable practices through their consumption behavior. Supporting this
view, Asibey and Yeboah (2024) highlight the role of collective adaptation and community
education in enhancing resilience to climate risks.

Thus, e-commerce’s potential to mitigate climate change lies in its ability to integrate
sustainable practices in logistics, packaging, and supply chains. This is reinforced by research
from Zhang et al. (2024a) on carbon tax applications and Trimmel et al. (2024) on resistance
to energy transition policies, both emphasizing the importance of targeted policy measures
and energy-efficient solutions. Collectively, these studies demonstrate that through digital
innovations and environmentally responsible strategies, e-commerce can significantly con-
tribute to global sustainability goals.

However, we have observed that these studies have a limited scope, covering only specific
aspects of e-commerce, whether it be e-commerce in the music market, the food market,
or books, etc. These studies often have a restricted focus, comparing an online retail system
with conventional shopping and overlooking important effects, such as consumer-associated
travel. The absence of comprehensive studies in the literature that analyze the overall influ-
ence of e-commerce on climate change, as well as the limited number of studies examining
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this relationship at the level of European countries, has motivated us to develop a model that
allows for a broad analysis of this relationship. Thus, investigating this relationship gains even
more importance and interest, and a study like the one proposed by us could shed more light
on the nature of this correlation.

Thus, based on this extensive literature review we can formulate the Hypotheses of the
study:

H1: E-commerce activities significantly increase greenhouse gas emissions in EU member
countries, especially in regions with underdeveloped logistical infrastructure and high consumer
demand for rapid delivery.

H2: In countries with stringent environmental regulations and high investment in sustain-
able logistics, e-commerce activities have a lower or even neutral impact on emissions.

H3: Policies encouraging the use of green technologies (such as electric vehicles for deliv-
eries) and eco-friendly packaging significantly reduce the negative impact of e-commerce on
climate change.

These Hypotheses offer a structured approach to investigating the specific factors and
policies that can modulate the environmental impact of e-commerce in the EU.

3. Data and methodology

3.1. Data and variables

The main goal of the study is to outline the impact of e-commerce activities on climate
change in the European Union. For the assessment of climate change, we used a newly dis-
covered composite index called the Climate Change Index (CCl), calculated based on nine
indicators according to the methodology proposed by Wolf et al. (2022). This index consti-
tutes 38% of the Environmental Performance Index, alongside Ecosystem Vitality (42%) and
Environmental Health (20%). Figure 1 illustrates the structure of the Climate Change Index
and the weights of the indicators.

~
CCI
~
~~ GHN ~~~ —~~ —~~
AER 53% o LCB4% GIB4% GHP 3%
~ 36% ~ ~ ~

Figure 1. Climate change index (CCl) structure
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The nine indicators used to determine the CCl are: Adjusted emissions growth rate
for carbon dioxide (CDA), Adjusted emissions growth rate for methane (CHA), Adjusted
emissions growth rate for F-gases (FGA), Adjusted emissions growth rate for nitrous
oxide (NDA), Adjusted emissions growth rate for black carbon (BCA), Projected GHG
Emissions in 2050 (GHN), Growth rate in carbon dioxide emissions from land cover (LCB),
Greenhouse gas intensity growth rate (GIB), Greenhouse gas emissions per capita (GHP).
These indicators evaluate how close states are to achieving globally determined sustain-
ability targets related to specific environmental concerns. While the overall scores in the
CClI serve to highlight sustainability leaders and identify under-performers, the detailed
disaggregated data provides a more precise tool for pinpointing policy weaknesses, ir-
regularities, and successful programs that nations can adopt from their high-achieving
counterparts. The Adjusted Emission Growth Rates (AER) tracks the patterns in countries’
emissions of climate pollutants, encompassing four green-house gases and black carbon
contributing with 53% to the Climate Change Mitigation index.

Developed over two decades and incorporating the latest data, the CCl methodology
empowers decision-makers to discern the factors driving top-notch performance. Ex-
amination of CCl data underscores the significance of financial resources, effective gov-
ernance, human development, and regulatory quality in enhancing a country’s sustain-
ability. By emphasizing these linkages, the CCl actively contributes to fostering sustainable
development, promoting a more environmentally secure, and just future.

To estimate the intensity of e-commerce activity, we used the Internet use indicator:
e-commerce activities (ECOMACT), which expresses the percentage of individuals who
have used the internet for e-commerce activities for the period 2011-2022, based on data
provided by Eurostat (n.d.). E-commerce activities encompass a diverse range of actions
and commercial transactions conducted through the internet. These activities can range
from simple online purchases to more complex business operations. Some common ele-
ments included in e-commerce activities are: transactions involving the purchase and sale
of goods and services on online platforms form the core of electronic commerce; the use
of specialized electronic commerce platforms, such as Amazon, eBay, Alibaba, or local
platforms, to facilitate the processes of selling and buying; the use of electronic payment
systems and payment gateways to conduct transactions online (this can include credit
cards, online payment services like PayPal, or other electronic methods); buying and sell-
ing products or services through mobile devices, such as smartphones or tablets; utiliz-
ing digital marketing tools to promote products or services, including online advertising,
social media marketing, and other digital tactics; integrating delivery services to ensure
the transportation and delivery of products to customers. This aspect is significant in the
context of electronic commerce; implementing security measures to protect the personal
and financial data of customers during online transactions; providing assistance and ser-
vices to customers through online channels, such as live chat, email, or other forms of
digital communication or using data analysis to understand customer behavior, improve
the shopping experience, and streamline business operations.

Before conducting the econometric analysis to determine the nexus between e-commerce
activities and climate change, it is mandatory to examine the descriptive statistics of the
dataset used (Table 1). These descriptive statistics help in gaining in-sights into the distribu-
tion, central tendency, and variability of a dataset, facilitating a better understanding of the
data’s characteristics.
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Table 1. Descriptive statistics, and normality test (source: author’'s own calculation)

CCl ECOMACT

Mean 55.0205 45.5509
Median 51.7793 45.9950
Maximum 95.3532 85.1800
Minimum 35.5621 5.7700
Std. Dev. 12.5012 19.2478
Skewness 1.4413 -0.0581
Kurtosis 4.8550 2.0089
Jarque-Bera 158.6402 12.2802
Probability 0.0000 0.0021
Observations 324 296

The Jarque-Bera test is a statistical test employed to ascertain whether the data in a
given sample exhibit the requisite skewness and kurtosis to be considered representative
of a normal distribution (Jarque & Bera, 1980). The degree of asymmetry in a distribution is
indicated by the value of skewness, with a value of 0 representing perfect symmetry. A pos-
itive skewness indicates a distribution with a longer right tail, whereas a negative skewness
suggests a longer left tail. In contrast, kurtosis pertains to the degree of “tailedness” exhibited
by a given distribution. A normal distribution, for instance, is characterized by a kurtosis of
3, which is referred to as mesokurtic. A kurtosis greater than 3 indicates a distribution with
"heavy tails” (leptokurtic), whereas a value less than 3 suggests “light tails” (platykurtic). The
Jarque-Bera test synthesizes these measures to evaluate the null hypothesis that the data
follow a normal distribution. The test statistic consists of a chi-square distribution, and when
the p-value is below 0.05, the null hypothesis is rejected, outlining that the data do not con-
form to a normal distribution.

3.2. Estimation model

To outline the effect of e-commerce activities on the climate change index, this study adopts
a modified version of the model introduced by Koenker and D'Orey (1987), employing the
Barrodale and Roberts (1974) simplex algorithm. The traditional probability distribution func-
tion for a set of n observations of a random variable Y is expressed as follows:

Faly) =2 1% <y), Y

where 1(Y1 Sy) =1,if Y, <y is true or 1(Y1 < y) =0 otherwise.
The quantile corresponding to this probability distribution function is determined by:

Qn(r)=argmin9 Zr|Yi—8|+Z(1—r)|Yi—9| =argming ZpT(Yi—S) . )

(B2 &Y;<d

where p, represents the check function, which assigns asymmetric weights to positive and
negative values.
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The quantile regression Equation extends this formulation to incorporate regressors X in
the following manner:

Q(x1X,.B(x)) = X8(x). 3)
where B(t) is the vector of coefficients associated to the t-th quantile.
Thus, the Equation for the estimator in conditional quantile regression is expressed as follows:

B, (c)=arg miny ZpT (Yi - xgﬁ(r)) . )

Evaluating the effectiveness and robustness of a quantile regression model often involves
assessing its quality through goodness-of-fit measures and conducting formal tests like the
quasi-likelihood ratio and Wald tests. Koenker and Machado (1999) introduced a goodness-
of-fit statistic for quantile regression that is analogous to the R? in traditional regression
analysis. They proposed two test statistics known as quantile-p tests, although Koenker (2005)
later pointed out that these can also be viewed as quasi-likelihood ratio tests. Additionally,
Koenker and Bassett (1982) proposed a robust heteroskedasticity test by comparing the
equality of slopes across quantiles. Newey and Powell (1987) also developed a test for a
less restrictive hypothesis of symmetry, specifically designed for asymmetric least squares
estimators, which can be readily applied to quantile regression.

4. Results

To employ the quantile regression equation, unit root tests were conducted on the data
used in the model. Four different cross-section panel unit root tests were applied: Levin,
Lin, and Chu (LLC) (Levin et al., 1987), Im, Pesaran, and Shin (IPS) (Im et al., 2003), as well as
Fisher-type tests using the ADF and PP approaches (Maddala & Wu, 1999; Choi, 2001). The
results (Table 2) from all these tests indicate that a unit root is absent, as the LLC, IPS, and
both Fisher tests reject the null hypothesis of a unit root due to p-values below 0.05.

Table 2. Unit root tests results (source: author’s own calculation, 2023)

CcCl ECOMACT
Unit root test
t-statistic p-value t-statistic p-value
LLC -5.94940 0.0000 1.81941 0.0056
IPS -2.81839 0.0024 5.31172 0.0014
ADF-Fisher 84.4310 0.0051 14.0909 0.0068
PP-Fisher 111.445 0.0000 31.9007 0.0028

The covariance matrix is calculated using the Huber sandwich estimator, providing ro-
bust standard errors, while individual sparsity estimates are obtained through kernel-based
methods. The bandwidth, determined using the Hall and Sheather formula, yields a value of
0.14578, ensuring an accurate estimation of the distribution’s density. The quantile regres-
sion analysis (Table 3) uncovers a statistically significant relationship between e-commerce
activities and the climate change index. Specifically, the results show that a 1% increase in the
median value of e-commerce activities leads to a 5% rise in the median value of the climate
change index, underscoring the influence of digital commerce on environmental factors.
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In the lower portion of the output, the goodness-of-fit measure (pseudo-R-squared), as
proposed by Koenker and Machado (1999), is provided, along with an adjusted version of
this statistic. Additionally, the scalar estimate of sparsity, derived from the kernel method, is
included. The associated probability with the Quasi-LR statistic indicates the model's reliability
and stability, confirming that the quantile regression model is a robust tool for analyzing the
impact of e-commerce on climate change.

Table 3. Quantile regression estimation (source: author’s own calculation, 2023)

Variable Coefficient Std. Error t-Statistic Prob.
@ 49.54994 1.584490 31.27186 0.0000
ECOMACT 0.050740 0.535163 11.44299 0.0150
Pseudo R-squared 0.006528 Mean dependent var 55.26975
Adjusted R-squared 0.003149 S.D. dependent var 12.82516
S.E. of regression 13.09277 Objective 1291.539
Quantile dependent var 51.77939 Restr. objective 1300.026
Sparsity 21.17544 Quasi-LR statistic 3.206302
Prob (Quasi-LR stat) 0.073355

Table 4 displays the outcomes for the 10 quantiles suggested in this investigation. Nota-
bly, the coefficients are found to be insignificant for the 30%, 40%, 50%, and 60% quantiles,
as indicated by p-values exceeding 0.05. The findings reveal a diminishing trend for the first
two quantiles, while statistically significant results indicate an increasing trend from the sev-
enth quantile onward.

Table 4. Quantile process estimates (source: author’'s own calculation, 2023)

Quantile Coefficient Probability

@ 10% 37.99297 0.0000
20% 4422127 0.0000

30% 46.65285 0.0000

40% 48.56492 0.0000

50% 49.54994 0.0000

60% 50.43100 0.0000

70% 48.04756 0.0000

80% 47.77934 0.0000

90% 51.70263 0.0000

ECOMACT 10% 0.105113 0.0126
20% 0.056737 0.0430

30% 0.037077 0.2055

40% 0.038004 0.2129

50% 0.050740 0.1501

60% 0.085649 0.1055

70% 0.256777 0.0000

80% 0.336408 0.0000

90% 0.468686 0.0000
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Quantile regression enables researchers to explore how the association between inde-
pendent variables and the dependent variable varies across different quantiles (or percen-
tiles) of the distribution of the dependent variable. In this instance, the findings reveal that
coefficients are not statistically significant for the 30% to 60% quantiles, as evidenced by
p-values exceeding the commonly used threshold of 0.05 for statistical significance. Essen-
tially, within this range, there is no statistically significant correlation between e-commerce
activities and the climate change index. Conversely, for higher quantiles, a noteworthy
increasing trend is observed, and this trend is statistically significant. This implies that as
we progress along the climate change index, moving from lower to higher percentiles,
e-commerce activities exhibit a more pronounced and statistically significant influence on
the climate change index.

This outcome suggests that the impact of e-commerce activities on climate change may
differ at various points. Specifically, there appears to be a more substantial impact on climate
change among higher quantiles, whereas at lower quantiles, the impact is less pronounced.
This finding underscores the intricacy of the relationship between e-commerce activities and
the climate change index, emphasizing the importance of considering climate change risks
when analyzing this connection.

Quantile Process Estimates
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Figure 2. Graphical representation of the quantile process estimates

Based on the findings presented in Table 4 and in line with Koenker's approach (Koen-
ker, 2005), Figure 2 illustrates a process chart for a revised form of the preceding equation.
Specifically, it represents a median regression utilizing the Engel data, wherein the climate
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change index data is fitted to the centered e-commerce activities series and a constant term.
The results for 10 quantiles, accompanied by 95% confidence intervals, are visually depicted
in the figure.

Table 5 presents the results of the test for equality of slope coefficients across quantiles
proposed by Koenker and Bassett (1982). The results of the Wald test indicate that the Chi-
square value for the slope equality test is 24.61, indicating statistical significance. Conse-
quently, the slope equality Hypothesis is rejected at the 5% significance level, indicating that
the equality of slopes differs across quantile levels. This suggests that the influence of the
independent variables on the dependent variable differs across quantiles of the dependent
variable. In other words, the slope of the nexus between the independent and dependent
variables is not consistent across the distribution of the dependent variable.

A comparison of the slope (non-intercept) coefficients of the estimated tau with the 10
specified taus reveals a discrepancy across quantile values, indicating that the conditional
quantiles are not identical. The reference to "10 Taus” pertains to the specific quantiles that
were modelled in the study. In quantile regression, the value of tau corresponds to the quan-
tile being modelled. Therefore, this outcome suggests that the nexus between e-commerce
activities and the climate change index in European Union countries is complex and varies
throughout the distribution of climate change.

Table 5. Quantile slope equality test (source: author's own calculation, 2023)

Test summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.
Wald Test 24.61909 2 0.0000

The test for symmetric quantiles is a Newey and Powell (1987) examination of conditional
symmetry. Conditional symmetry implies that the average value of two sets of coefficients for
symmetric quantiles around the median will be equal to the value of the coefficients at the
median. The collective p-value for the test in Table 6 is 0.00, indicating evidence of asymmetry
across the quantiles.

Table 6. Symmetric quantiles test (source: author's own calculation, 2023)

Test summary Chi-Sq. statistic Chi-Sq. d.f. Prob.

Wald Test 89.05510 8 0.0000

Restriction detail: b (tau) + b (1-tau) — 2*b (5) = 0

Quantiles Variable Restr. Value Std. Error Prob.
0.1, 09 C -9.404291 3.839495 0.0143
ECOMACT 0.472319 0.073876 0.0000

02,08 C -7.099273 2.577400 0.0059
ECOMACT 0.291664 0.060404 0.0000

03,07 C -4.399478 2.154219 0.0411
ECOMACT 0.192374 0.053412 0.0003

0.4, 0.6 C -0.103963 1.502437 0.9448
ECOMACT 0.022172 0.036039 0.5384
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In quantile regression analysis, a specific test is employed to ascertain whether the impact
of independent variables on the dependent variable is symmetrical around the median. This
test is predicated on the assumption that if the relationship is symmetrical, the average effect
at two quantiles equidistant from the median should be consistent with the effect observed
at the median. In this case, the test yielded a p-value of 0.00, which is below the typical sig-
nificance threshold of 0.05. A p-value lower than 0.05 typically signifies the rejection of the
null hypothesis, which, in this context, implies that the symmetry of the effect around the
median is not substantiated. This outcome indicates an asymmetry in the nexus between the
independent variables (such as e-commerce measures) and the dependent variable (climate
change index), suggesting that the impact varies across the distribution and differs above
and below the median.

These results highlight the complexity of the nexus between e-commerce activities and
the climate change index in European Union countries. They point to potential negative en-
vironmental consequences, such as increased packaging waste if not managed sustainably,
the environmental impact of data centers depending on their energy sources, and higher
emissions and traffic congestion associated with last-mile delivery if not efficiently optimized.
Additionally, the frequent returns and rapid product turnover linked with e-commerce can
further contribute to emissions and packaging-related environmental issues.

5. Discussions

The study reveals a nuanced relationship between e-commerce activities and the climate
change index, highlighting significant variability across quantiles. These findings underscore
the need for differentiated analyses and policies that address regional climate vulnerabilities.
For high-impact regions, targeted interventions such as emissions caps, incentives for sus-
tainable packaging, and green logistics requirements could mitigate e-commerce’s environ-
mental effects. Conversely, areas with lower climate risks may require less stringent measures,
focusing instead on voluntary sustainability practices.

The asymmetrical relationship between e-commerce and climate change emphasizes
the importance of context-sensitive strategies to manage its environmental footprint. This
nuanced perspective calls for granular, quantile-specific analyses to better understand and
address the varying impacts of the digital economy on climate change.

Moreover, the findings of our study are consistent with the results obtained by Islam
et al. (2023), Cheba et al. (2021), Xie et al. (2023) who reported a negative impact on carbon
emissions at medium and higher quantiles, as well as by Caiyi et al. (2022), who argue for
a negative impact of e-commerce in terms of substantial waste. These results seem to con-
tradict the conclusions drawn in other studies (Cairns, 2005; van Loon et al., 2015; Weber,
2010; Heard et al,, 2019; Zhang et al,, 2024b) where the authors emphasized the positive
contribution of e-commerce to the environment. This positive contribution was highlighted
in situations such as replacing direct travels of buyers for a specific item with joint deliveries
to multiple consumers (Cairns, 2005) or when the substitution of digital downloads for phys-
ical products, such as music CDs, represents a significant shift in the distribution of cultural
goods (Weber, 2010).

Also, the results of this research can be explained by the fact that an increase in online
orders may lead to an increase in the quantity of packaging used, becoming more alarming
in the case of single or low-item orders, where these packages become environmentally
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hazardous if not properly recycled. According to Fichter (2002), packaging materials used for
product realization and delivery in logistic networks represent one of the critical points in
waste generation in e-commerce.

Nevertheless, the environmental impact of e-commerce can vary depending on the cho-
sen delivery method (to the customer’s address or to collection lockers) and the non-collec-
tion of the parcel by the customer. This issue has also been identified by Srivastava (2007),
arguing that many individual packages are shipped directly to customers, further increasing
pollution, with many situations where they are returned to merchants due to the refusal to
pick up the order. Additionally, there is a consumer trend to purchase different products from
various online platforms, requiring independent distribution, according to the arguments
presented by Carling et al. (2015).

Equally, we cannot overlook the energy consumption associated with e-commerce, which
is considerable and has direct effects on the environment. Previous research, exemplified by
the works of Dost and Maier (2018), as well as Palsson et al. (2017), highlighted the favorable
influence of e-commerce on energy consumption. According to these authors, the expansion
of e-commerce affects multiple devices involved in storage, packaging, and distribution pro-
cesses, and these devices exhibit a significant level of energy consumption due to reduced
energy efficiency. Another aspect emphasized by these researchers is related to the use of
low-energy-efficient vehicles in distribution and delivery operations.

The findings of our study closely align with recent literature on the environmental im-
pact of e-commerce and the role of sustainable practices. The observed positive correlation
between high e-commerce activity and increased greenhouse gas emissions in regions with
underdeveloped logistics reflects Dong'’s et al. (2023) findings on the substantial environmen-
tal footprint driven by logistics and rapid delivery demands.

Our results also confirm that stringent environmental policies and investments in sus-
tainable logistics reduce emissions, consistent with Islam et al. (2023), who highlight the
effectiveness of green infrastructure and regulatory measures in lowering per-transaction
emissions. Similarly, Liu et al. (2023) emphasize that adopting green technologies, such
as electric vehicles and recyclable packaging, significantly reduces e-commerce’s carbon
footprint, supporting our study’s evidence of emissions reductions through such practices.
Aligned with Han et al. (2023), our study demonstrates that investments in optimized logistics
and sustainable infrastructure improve environmental outcomes in e-commerce. Additionally,
Armstrong (2023) highlights the role of policy measures in encouraging eco-friendly technol-
ogies, corroborating our findings that policies promoting green practices effectively reduce
e-commerce's environmental impact.

Together, these consistent findings reinforce the growing body of literature that under-
scores the critical role of regulatory frameworks, green technologies, and optimized logistics
in managing and mitigating the environmental impact of e-commerce. This convergence
of results suggests that our study not only corroborates prior research but also contributes
valuable empirical support to the understanding of how sustainable practices can reshape
the environmental profile of the digital economy.

6. Conclusions

In accordance with the results obtained, it was inferred that the impact of the e-commerce
on the climate change index exhibits variations depending on the quantiles of the dependent
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variable, the influence being more pronounced at higher quantiles, while at lower quantiles,
the effect is less significant. However, the application of econometric models allowed us to
address the first research question (RQ1) and conclude that, based on the analyzed sample,
e-commerce appears to have a negative impact on the environment. This negative effect can
be justified by several factors, including increased packaging waste, carbon emissions from
deliveries, and frequent returns of products.

To mitigate the negative repercussions of e-commerce on climate change, it is imperative
to implement the concept of environmental responsibility in managing e-commerce activities.

To address RQ2, we consider previous studies and acknowledge that, although our re-
sults indicate negative effects, we cannot deny that e-commerce could reduce these effects
if eco-friendly delivery vehicles are encouraged, packaging is properly recycled, supply chains
are optimized, and sustainable products are promoted. Thus, these observations suggest new
directions and opportunities for research, as well as recommendations for policymakers. In
this regard, we provide answer to RQ3 and we recommend that governments pay special
attention to promoting and monitoring how e-commerce operators handle the recycling
of single-use plastic products and cardboard packaging. It is also essential to monitor the
sources of energy used (renewable or traditional) and the types of fuels used in vehicles for
product deliveries, among other relevant aspects.

Similarly, the adoption of policies for consumers in the e-commerce sector is necessary.
In this context, we propose the revision of legislation and adjustments to e-commerce condi-
tions, such as imposing additional fees for orders not picked up by consumers, encouraging
the placement of multiple items in a single order, thereby discouraging the ordering of sep-
arate products from the same supplier in short time intervals, and other measures.

Additionally, fostering consumer awareness and education regarding sustainable con-
sumption practices is of outmost importance. Implementing initiatives such as incentivizing
the purchase of eco-friendly products, providing transparent information about the environ-
mental impact of products, and promoting the reuse and recycling of packaging materials
can empower consumers to make more environmentally conscious choices when engaging
in e-commerce transactions. By encouraging a shift towards more sustainable consumption
habits among consumers, alongside regulatory measures targeting e-commerce operators, a
more holistic approach to mitigating the adverse effects of e-commerce on climate change
may be achieved.

Also, the findings from the study provide empirical support for all three hypotheses:

= H1is confirmed, as the study shows that increased e-commerce activity correlates with

higher emissions, especially in regions with underdeveloped logistics infrastructure and
high demand for quick delivery.

= H2 is validated by evidence that stringent environmental regulations and investments

in sustainable logistics moderate the emissions impact of e-commerce, leading to a
neutral or lower effect on climate change in those regions.

= H3 is supported by the results showing that the adoption of green technologies and

eco-friendly logistics practices (such as electric vehicles and sustainable packaging)
reduces the negative environmental impact of e-commerce.

These validations underscore the critical role of both regulatory frameworks and technol-
ogy adoption in managing the environmental footprint of e-commerce across different re-
gions of the EU. The findings suggest that, while e-commerce presents challenges for climate
change, these can be managed effectively through targeted policies and sustainable practices.

The findings of our study reveal a layered and asymmetric relationship between
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e-commerce activities and the climate change index, with variations in impact intensity across
different quantiles. Specifically, the results demonstrate that within the 30% to 60% quantiles,
the coefficients are not statistically significant, suggesting a lack of meaningful correlation
between e-commerce activities and climate change metrics in these mid-range quantiles. This
absence of statistical significance implies that, at moderate levels of climate impact, e-com-
merce activities may not exert a discernible influence on the climate change index. This lack
of impact could be due to moderating factors or regional characteristics —such as established
logistics infrastructure or regulatory practices — that mitigate e-commerce’s environmental
effects in areas with moderate climate pressures.

Conversely, as we examine higher quantiles, a statistically significant positive trend emerg-
es, where e-commerce activities show a marked and increasing impact on the climate change
index. This trend suggests that in regions experiencing heightened climate stress, the envi-
ronmental footprint of e-commerce activities is more substantial. This effect may arise from
several interlinked factors, including increased energy consumption for expedited delivery,
higher waste generation from packaging, and expanded logistical operations to meet con-
sumer demand. Therefore, in areas with elevated climate risk, e-commerce appears to con-
tribute more substantially to the worsening of environmental pressures.

This study significantly enriches academic literature on e-commerce’s environmental im-
pact by employing a quantitative panel regression model to analyze the relationship between
online purchasing behaviors and climate indicators in EU countries. This methodological ap-
proach provides a replicable framework for examining similar dynamics in other economic
sectors or regions. Additionally, it offers empirical evidence on how the growth of the e-com-
merce sector directly influences environmental outcomes, such as carbon emissions and en-
ergy consumption, advancing research on the digital economy and sustainability.

From a managerial perspective, the study highlights opportunities for e-commerce compa-
nies to reduce their carbon footprints and enhance sustainability by optimizing logistics and
adopting green practices, such as route optimization, recyclable packaging, and partnerships
with renewable energy suppliers. These measures not only improve operational efficiency but
also attract environmentally conscious consumers, strengthening corporate social responsi-
bility. By leveraging data and technology, companies can further optimize distribution and
minimize waste, aligning profitability with environmental stewardship.

The findings also carry practical implications for policymakers and businesses. The envi-
ronmental impact of e-commerce varies across regions, intensifying in high-climate-impact
areas and requiring targeted interventions. Policymakers should implement region-specific
strategies, such as stricter emissions standards, carbon caps on delivery fleets, and incentives
for sustainable practices like recyclable packaging and green logistics. Flexible regulatory
frameworks, including carbon pricing mechanisms and tax rebates, can address varying re-
gional climate vulnerabilities while encouraging voluntary sustainability measures in low-
er-impact areas.

For e-commerce companies, region-specific sustainability practices are essential to
aligning with regulatory trends and reducing environmental harm. In high-impact regions,
companies can prioritize sustainable logistics, such as electric delivery fleets and decentral-
ized warehousing, to minimize emissions. Consumer-facing initiatives like carbon-neutral
shipping and environmentally friendly packaging further support these efforts. Moreo-
ver, publicly committing to sustainability and transparently reporting carbon metrics can
provide a competitive edge, particularly in regions where environmental concerns are
paramount.
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Broader Implications and Future Directions. The findings of our study suggest that e-com-
merce companies and policymakers alike must consider regional climate risks and associated
environmental pressures in both regulatory and operational strategies. This study also em-
phasizes the importance of a granular approach in analyzing e-commerce’s environmental
footprint. Recognizing that e-commerce’s climate impact varies across quantiles, future re-
search could explore additional regional factors, such as infrastructure quality or consumer
behavior, that might influence the extent of e-commerce’s environmental effects.

Thus, the study underscores the importance of tailored, adaptive policies and corporate
sustainability practices in addressing the differential impact of e-commerce on climate change
across regions. By aligning operational strategies with regional climate needs and regulatory
requirements, e-commerce can evolve into a sector that not only meets consumer demand
but also contributes to a sustainable future.

The study has several limitations that should be acknowledged. First, its focus on Euro-
pean Union member countries limits the applicability of the findings to other regions with
different regulatory frameworks, logistical capabilities, or consumer behaviors. The temporal
scope is also a limitation, as the environmental impact of e-commerce may evolve with
advancements in technology, shifts in consumer preferences, and stricter regulations. Addi-
tionally, while quantile regression provides insight into the variability of impact across climate
change levels, it may not fully capture non-linear or complex interactions, nor does it identify
underlying causal mechanisms.

Furthermore, the intersection of e-commerce and climate change demands ongoing at-
tention and debate. While the recommendations outlined provide a starting point for miti-
gating the negative environmental influence of e-commerce, it is essential to recognize that
this is a complex and multifaceted issue that requires continuous exploration and adaptation
of strategies. As the e-commerce industry continues to grow and evolve, policymakers, busi-
nesses, and consumers must remain engaged in discussions and actions aimed at fostering
sustainability and minimizing environmental harm. This subject deserves ongoing scrutiny
and debate to ensure that efforts to address the environmental consequences of e-commerce
remain effective and relevant in an ever-changing landscape.
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