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1. Introduction

nvironmental degradation, driven by
deforestation, pollution, population

., growth, and climate change, has wide-
ranging effects, including increased vulner-

This research investigates the nexus between digital trade and environ-
mental performance across 40 countries over the period 2005- 2020,
with a particular emphasis on the moderating role of environmental
policy stringency. Using fixed-effects estimators with Driscoll-Kraay
standard errors, the results show that higher levels of digital trade are
associated with lower ecological footprint and greenhouse gas emis-
sions, suggesting a potential link between digitalization and improved
environmental performance. Moreover, the findings reveal that envi-
ronmental policy stringency is associated with a more positive relation-
ship between digital trade and environmental performance. Additional
results indicate that energy consumption and globalization are associ-
ated with poorer environmental performance, whereas environmental
policy stringency, R&D expenditure, and urbanization are linked to bet-
ter environmental performance. From a policy perspective, the findings
imply that digital trade is associated with improved environmental per-
formance, particularly when supported by robust environmental regu-
lations. Policies promoting digital trade may be more effective when
coordinated with stricter environmental standards, investments in clean
energy, and support for green innovation, thereby contributing to sus-
tainable development goals.

data show a further increase of about 0.8% in
fossil fuel emissions compared to the previ-
ous year (Friedlingstein et al., 2024). The
global atmospheric CO- concentration rose to
422.45 ppm in 2024, marking a 52% increase
compared with pre-industrial concentrations

ability to natural disasters, harm to ecosystems,
and direct impacts on human health (Ahmad

et al., 2023). Biodiversity loss, exacerbated by
urbanization and industrialization, undermines
ecosystem health and the delivery of essen-
tial services, further threatening sustainable
development (Lu et al., 2020; Portner et al.,
2023). In 2023, total CO- emissions reached
approximately 40.6 gigatonnes, and early 2024
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(Friedlingstein et al., 2024). In the meantime,
deforestation of primary forests surged in 2024
to 6.7 million hectares, an 80% increase from
the previous year, releasing roughly 3.1 giga-
tonnes of CO: into the atmosphere (Goldman
et al., 2025). Therefore, the essential focus of
development worldwide should be on fostering
economic growth that aligns with environmen-
tal performance to secure long-term prosperity.
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The increasing prominence of digital service
trade, with a larger share of cross-border
transaction value in recent years, has redefined
global economic structures and dynamics (The
Organisation for Economic Co-operation and
Development [OECD], 2024; the International
Monetary Fund [IMF] et al., 2023a). By lower-
ing information gaps and reducing transaction
costs, the increasing use of ICT tools, online
trading platforms, and digital knowledge-
exchange systems has helped firms, including
many small and medium-sized enterprises,
reach international markets with greater ease
(Bargoni et al., 2024; Wang et al., 2024). In
addition, cloud services, digital platforms, and
data-driven solutions have boosted innovation
and productivity while broadening the scope of
trade beyond conventional goods. As a result,
digital service trade has emerged as a key
driver of inclusive growth, enabling develop-
ing economies to engage more effectively in
global value chains (Yeerken & Feng, 2024).
Previous research has explored how digital
trade relates to environmental performance,
yet their findings remain controversial. Some
scholars argue that digital trade can advance
environmental performance by enhancing
resource efficiency, facilitating the exchange of
green technologies, and supporting the transi-
tion toward low-carbon production systems
(Ashraf et al., 2024; Liang & Qiao, 2024; Sun
et al., 2024). However, other studies highlight
the environmental costs associated with the
rapid growth of digital trade, including rising
energy consumption from data transmission
and storage, the carbon footprint of global ICT
infrastructure, and the proliferation of elec-
tronic waste linked to digital devices (Notley,
2019; Yang et al., 2025). These mixed findings
suggest that the environmental effects of digital
trade are multifaceted and highly dependent on
national contexts, technological capacity, and
policy frameworks.

Although digital trade has expanded rapidly,
there is still limited empirical research on how
environmental policy frameworks shape its
environmental consequences. In particular, the
moderating role of environmental policy strin-
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gency in shaping the digital trade-environment
relationship remains underexplored. This study
addresses this gap by analyzing data from 40
countries between 2005 and 2020, using the
OECD Environmental Policy Stringency (EPS)
index to capture the intensity of environmental
regulation. This study focuses on two specific
objectives. First, it examines whether digital
trade is associated with environmental perfor-
mance. Second, it investigates whether stricter
environmental policies strengthen the environ-
mental benefits of digital trade by moderating
this relationship. By combining information on
digital trade flows, environmental performance
indicators, and policy stringency, the analysis
examines whether stronger environmental
governance is linked to greater environmental
benefits of digital trade. The results provide
practical guidance for policymakers seeking to
advance digital trade in ways that are compat-
ible with long-term environmental objectives.
The remainder of this paper is organized as fol-
lows. Section 2 reviews the relevant literature
and develops the research hypotheses. Section
3 explains key variables, their data sources,
and the empirical model. Section 4 analyzes
and discusses the main findings. Finally, Sec-
tion 5 summarizes the key results and their
policy implications.

2. Literature review and hypothesis devel-
opment

The relationship between digital trade and
environmental performance remains contro-
versial, reflecting the existence of multiple
mechanisms through which digital trade may
influence environmental outcomes. On the one
hand, a number of studies emphasize the envi-
ronmental benefits of digital trade. From this
perspective, digital trade is argued to promote
environmental performance through substitu-
tion and dematerialization effects, whereby
physical goods, paper-based transactions, and
transport-intensive activities are replaced by
digitally delivered services. Such transfor-
mations can reduce material intensity, lower
transportation emissions, and improve overall

Vol.6(1) No.11 June 2026- Journal of Economic and Banking Studies

87



Digital trade and environmental performance:

The moderating role of environmental policy stringency

resource efficiency. In addition, digital trade
facilitates cross-border knowledge diffusion,
accelerates the transfer of green technologies,
and supports industrial upgrading, thereby
enhancing environmental performance. Em-
pirical evidence supporting these mechanisms
is provided by Ashraf et al. (2024), who find
that digital trade is associated with long-term
carbon reduction in major emitting economies.
Similarly, Liang and Qiao (2024) use provin-
cial data from China and show that digital
trade development stimulates green innovation
through industrial upgrading and technology
diffusion. Sun et al. (2024) further demonstrate
that, in developing countries, digital trade
growth improves mineral resource utilization
efficiency and supports green recovery by
fostering technological advancement.

On the other hand, several studies highlight
the environmental costs associated with the
expansion of digital trade. Notley (2019) ar-
gues that the global digital economy is deeply
material- and energy-intensive, relying heavily
on data centers, cloud computing, communica-
tion networks, and digital devices that con-
sume substantial amounts of electricity, water,
and raw materials. These processes generate
significant carbon emissions and electronic
waste, often obscured within global produc-
tion chains. Complementing this argument,
Yang et al. (2025) provide empirical evidence
of a U-shaped relationship between digital
trade development and carbon emissions in
China, indicating that digital trade may initially
exacerbate environmental degradation due to
scale expansion and rebound effects before ef-
ficiency gains emerge at more advanced stages
of digitalization. These findings imply that
reductions in unit costs and efficiency im-
provements associated with digital trade do not
automatically translate into lower aggregate
environmental pressure, particularly when in-
creased accessibility stimulates higher overall
consumption.

The aforementioned studies indicate that the
impact of digital trade on environmental per-
formance is not consistently positive or nega-
tive. Instead, its net environmental influence

depends on the relative strength of competing
mechanisms. While the literature highlights
potential environmental costs related to scale
and rebound effects, these concerns are mainly
linked to large increases in energy-intensive
digital infrastructure rather than to incremental
changes in digitally deliverable services trade.
Given the relatively low material intensity
and limited transportation needs of digitally
deliverable services, the increasing growth
in digital trade is expected to work mainly
through substitution, dematerialization, and
efficiency improvements rather than through
resource-intensive production. Theoretically,
this expectation aligns with the substitution
and efficiency-effect frameworks, which sug-
gest that digitalization may lower environmen-
tal pressure by replacing resource-intensive
activities and improving energy and resource
efficiency (Grossman & Krueger, 1995; Hilty
& Aebischer, 2015). As a result, despite the
presence of competing mechanisms identified
in the literature, this study expects a positive
net relationship between digital trade and envi-
ronmental performance. The first hypothesis is
proposed as follows:

Hj: Digital trade is expected to be associated

with improved environmental performance.
A growing body of literature suggests that the
environmental consequences of digital trade
are strongly influenced by the broader regu-
latory and policy environment. Particularly,
several studies identify the role of regulatory
quality, green technological innovation, and
renewable energy use in shaping the digital
trade-environment performance nexus. Us-
ing data from 31 African countries during
2000- 2020, Evans and Mesagan (2022) find
that ICT-trade expansion is associated with
increased pollution in the absence of strong
governance, suggesting that digital trade
growth alone may exacerbate environmen-
tal degradation. However, their results also
demonstrate that when supported by effective
regulatory frameworks and sound governance
institutions, ICT-trade contributes to reducing
environmental pollution and promoting cleaner
growth. In an empirical work on BRICS
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economies, Qiu and Wan (2023) indicate that
digital trade significantly reduces the ecologi-
cal footprint, thereby improving environmental
quality. Moreover, the incorporation of green
technological innovation plays a vital comple-
ment to digital trade, substantially enhancing
its capacity to create positive environmental
outcomes.

Besides, other research highlights environmen-
tal policy stringency as a key mechanism for
reducing the ecological costs of economic ex-
pansion by incentivizing firms to adopt cleaner
technologies, shift toward renewable energy,
and upgrade production. Using firm-level
export data, Du et al. (2023) show that stricter
environmental regulations not only enhance the
environmental performance of exporting firms
but also drive technological upgrading, thereby
reducing firms’ reliance on pollution-intensive
products. Bibi et al. (2024) reach similar con-
clusions in the context of China’s textile and
fashion industry. Their findings demonstrate
that policy measures, when combined with
cleaner production technologies and renewable
energy use, can simultaneously support indus-
trial development and improve environmental
outcomes. These results reveal the significance
of well-designed policies to separate industrial
expansion from environmental degradation by
stimulating technological progress. Other stud-
ies at the regional level reinforce this pattern.
Benatti et al. (2024) examine 15 Euro Area
countries and find that tighter environmental
regulations significantly boost clean-technolo-
gy patenting without displacing other forms of
innovation. Likewise, in a study of 32 OECD
economies, Hassan et al. (2024) show that
higher policy stringency consistently increases
renewable energy consumption, with all policy
types contributing positively. The findings
suggest that stricter and well-designed environ-
mental regulations, especially those combining
market mechanisms with technology supports,
are effective in accelerating the transition to-
ward renewable energy in OECD economies.
Despite this growing body of evidence, limited
research directly examines how the stringency
of environmental policies conditions the en-
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vironmental effects of digital trade. Existing
studies often treat environmental regulations as
an independent determinant of environmental
outcomes or discuss various channels, such
as innovation and energy transition, without
explicitly analyzing how regulatory stringency
alters the relationship between digital trade
and environmental performance. Building on
this gap, this study treats environmental policy
stringency as a contextual factor that influ-
ences how digital trade affects environmental
outcomes, rather than as an intermediate chan-
nel. When environmental regulations are strin-
gent, the efficiency gains, innovation effects,
and cleaner energy adoption associated with
digital trade are more likely to translate into
improved environmental outcomes. In contrast,
weaker regulatory frameworks may allow scale
and rebound effects to offset potential benefits.
Accordingly, this study proposes the following
hypothesis:

Hj: Stricter environmental policies are likely

to strengthen the relationship between digital

trade and environmental performance.

3. Data and model specification
3.1. Digital trade

This study follows the definition of digital
service trade proposed by IMF et al. (2023b).
Accordingly, digital trade includes those
service sectors within the Extended Balance

of Payments Services Classification (EBOPS
2010) that can be delivered digitally. Digitally
deliverable services capture the extent to which
cross-border service exchanges are enabled

by digital technologies, rather than imply-

ing that all transactions are fully conducted
through digital channels. This concept reflects
the digital intensity embedded in international
services trade and is therefore well-suited for
cross-country analysis, where transaction-level
information on actual modes of delivery is gen-
erally unavailable. These categories comprise
“insurance and pension services”, “financial

services”, “charges for the use of intellectual

LEENT3

property”,

LR

telecommunications”, “computer
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and information services”, “other business
services”, “audiovisual and related services”,
as well as “personal, cultural, and recreational
services”. Data on service trade are obtained
from the most recent version of the OECD-
WTO Balanced Trade in Services (BaTIS) da-
tabase, which offers detailed coverage for over
200 countries and reports total services and 26
EBOPS 2010 categories spanning the period
2005-2023. In line with the IMF’s definition,
this study calculates the aggregate values of
digital service exports and imports for each
country.

3.2. Environmental performance

Following Can et al. (2022) and Ahmed et al.
(2022), this analysis adopts per capita eco-
logical footprint, denoted by “EFPC”, as the
indicator representing environmental degra-
dation. This indicator reflects the amount of
biologically productive land and water needed
to provide the resources that a person uses

and to absorb the waste that they produce. In
international trade, environmental impacts do
not arise from a single mechanism but emerge
through multiple interconnected channels,
including changes in production structures,
consumption patterns, transportation demand,
and energy use. Accordingly, digital trade can
influence these channels in both mitigating and
amplifying ways, as it may reduce material in-
tensity through substitution and dematerializa-
tion while simultaneously expanding economic
activities and consumption demand. Therefore,
the ecological footprint, which is a composite
indicator encompassing multiple dimensions of
environmental pressure, is suitable for captur-
ing the overall environmental impacts associ-
ated with these interacting mechanisms. By
measuring the extent to which economic activ-
ity places demands on biologically productive
land and water resources, “EFPC” provides an
integrated assessment of whether trade-related
activities operate within the regenerative
capacity of ecosystems. Standardizing the eco-
logical footprint at the per capita level allows
comparisons across countries and regions. The

Global Footprint Network provided the dataset
for the ecological footprint per person, which
is expressed in global hectares (gha).
Besides, to verify the stability of results ob-
tained by “EFPC”, this study further employs
greenhouse gas emissions per capita, denoted
by “GHGC”, as an alternative indicator of
environmental performance. This variable

is constructed by dividing total greenhouse
gas emissions (measured in megatonnes of
CO: equivalent) by population. The resulting
variable is expressed in metric tons of CO:
equivalent per capita. Data for this variable’s
construction is taken from the World Bank’s
World Development Indicators (WDI).

3.3. Empirical model specification

First, to investigate the effect of digital trade
on environmental performance, this study ap-
plies a panel fixed effects regression. Despite
the use of country and time fixed effects, po-
tential endogeneity concerns may still arise in
the relationship between digital trade and envi-
ronmental performance. In particular, reverse
causality may arise since countries with better
environmental outcomes are also more likely
to develop digital trade. In addition, omitted
variables may simultaneously affect both digi-
tal trade and environmental outcomes. While
fixed effects estimation helps control for time-
invariant unobserved heterogeneity, it does not
fully address these sources of endogeneity.

To mitigate these concerns, this study adopts a
lagged-variable approach by using one-period
lagged values of all explanatory variables in
the empirical specifications. By relating cur-
rent environmental outcomes to past levels of
digital trade and other control variables, this
approach helps reduce simultaneity bias and
alleviates concerns regarding reverse causality.
The baseline model is developed as follows:
In(EFPC); ¢ = 0 + ayIn(dig_trade); ¢_1 +
apIn(env_pol); .1 + azln(ene_use); -1

+ agIn(KOFGI); 41 + a5In(R&D); 1. +
agln(urb_pop); t-1 +vi T € + &t (D
where i denotes the country index, ¢ represents
the year, v, captures country-specific fixed
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effects, Q refers to year-
specific dummy variables, and
g, denotes the well-behaved er-
ror term. Table 1 provides the
definitions, data sources, and
expected signs of the variables
included in Model (1).

To examine the hypothesis
Hp, Model (1) is extended as
follows:

In(EFPC); ¢ = ag + oqIn(dig_
trade); ¢ 1 + ayIn(env_pol)
i,t-1 T a3ln(dig_trade); ¢ |
*In(env_pol)j 1 + agln(ene_
use); t-1+ a5 In(KOFGI); 1.1

+ a6l,n(R&D)i’t_1 + a7ln(’urb_
pop)it-1 T Yit Qeteir (2
The study’s final sample
comprises 40 countries over
the period 2005- 2020. The
specific list of countries can
be found in Appendix 1, while
Table 2 outlines the descriptive
statistics for the variables used
in this study.

3.4. Tests for the model
suitability

To determine the most suit-
able estimation method for the
model, this study first applies
the Breusch—Pagan Lagrangian
Multiplier test to compare the
Pooled Ordinary Least Squares
(POLS) model with the ran-
dom effects model (REM).
The test yielded a p-value of
less than 0.01, suggesting the
rejection of the null hypothesis
that POLS is more appropriate.
This indicates that the random
effects model is more suitable
for analyzing the dataset than
the Pooled OLS model.
Subsequently, this study pro-
ceeds to employ the Hausman
test to evaluate whether the
random effects model (REM)
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or fixed effects model (FEM) is

<
— Q
(| ey
= § more suitable in this case. The test
é/:: 3 rejects the null hypothesis of no
= ~  systematic difference in coefficients
N .
2 L (p-value=0.0082), suggesting that
= < FEMis more suitable than REM.
- 9 8 Given that the fixed effects model is
S § = © Ex e ﬁ(_u- § selected as the baseline, this study
SS9 3 ° < § o QB 2 conducts several diagnostic tests to
025 | &80 AN assess potential violations of stan-
SCTodNl EN= 3TN . :
% 5 (-/5) S < S o 2 % UA_c) S dard panel regression assumptions.
~ ~ O ~

The analysis examines heteroske-
dasticity, serial correlation, and

+ ' + multicollinearity. The modified Wald
test for groupwise heteroskedasticity
strongly rejects the null hypothesis
of homoskedasticity (p=0.0000),
indicating the presence of heteroske-
dasticity across panels. In addition,
the Wooldridge test for autocor-
relation rejects the null hypothesis
of no first-order serial correlation
(p=0.0053), suggesting that the er-
ror terms are serially correlated. By
contrast, the variance inflation factor
(VIF) results in Table 3 show values
below the conventional threshold of
10, implying that multicollinearity is
not a serious concern.

In light of the detected heteroskedas-
ticity and serial correlation in the panel
data, this study adopts the fixed-effects
estimator with Driscoll-Kraay stan-
dard errors for the final estimations.
This approach provides consistent
inference in the presence of heteroske-
dasticity and autocorrelation.
Regarding cross-sectional depen-
dence, formal tests, such as the Pesa-

specification focuses on proportional changes under conditions
of urban expansion rather than contraction. The excluded
observations are limited (approximately 10%) and do not

growth rate. The original variable is expressed in percentage
materially affect the representativeness of the sample.

(measured in kilograms of oil equivalent). It represents the
terms. Prior to the logarithmic transformation, percentage
values are converted into proportion form by dividing by

amount of primary energy used by a country’s residents,

industries, and services.
calculated by taking the natural logarithm of R&D spending

It is the natural logarithm of per capita energy usage

This variable reflects the degree of a nation’s financial
spending on technological progress and novelty. It is
measured as a share of the country’s GDP.

It is the natural logarithm of the annual urban population
100. As urban population growth may take negative values,
observations with non-positive values are excluded from the
estimation sample. This treatment is appropriate as the log

©
S & E o IS ran CD test, were considered. How-
o g— § g_ g E ever, due to the highly unbalanced
o 2 22as S structure of the panel, such tests
E § é é g % ;3 could not be reliably implemented.
Given this data constraint, Driscoll-
713 ’g Kraay standard errors are adopted as
> a S a conservative inference strategy, as
% < -g they provide reliable estimates under
= r=1 = different types of cross-sectional
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Table 2. Descriptive statistics of all variables used in the empirical analysis

Variable Obs Mean Std. Dev. Min Max
In(EFPC) 624 1.53 0.56 -0.29 2.65
In(GHGC) 640 2.29 0.50 0.61 3.36
In(dig_trade) 640 -4.84 0.98 -7.07 -1.29
In(env_pol) 637 0.77 0.64 -1.79 1.59
In(ene_use) 640 8.10 0.62 6.05 9.81
In(KOFGI) 640 4.35 0.11 4.01 4.50
In(R&D) 600 0.42 0.65 -2.49 1.74
In(urb_pop) 574 -4.70 0.94 -10.70 -3.25

Source: Author's calculation based on data from the Global Footprint Network, the OECD-WTO's BaTlIS,
The World Bank's WDI, the OECD, and the KOF Swiss Economic Institute s databases.

and time-related dependence. As a result, this
estimation approach enhances the robustness
and credibility of the reported results.

3.5. Data analysis

Figure 1 illustrates the trends in the digital
trade share of GDP and two environmental
performance indicators, namely ecological
footprint per capita and greenhouse gas emis-
sions per capita, across 40 countries between
2005 and 2020. In general, the digital trade
share of GDP, represented by the bars, shows a
substantial upward trend throughout the period.
The value increased from about 9.12% in 2005
to over 20% in 2020. The increasing move-
ment becomes more consistent after 2015, with
only modest variations in the earlier years. In
contrast, both environmental indicators, repre-
sented by the lines, display gradual downward

Table 3. Multicollinearity test

Variable VIF
In(KOFGI) 4.29
l.In(ene_use) 2.30
l.In(dig_trade) 1.99
l.In(env_pol) 1.84
.IN(R&D) 1.67
I.In(urb_pop) 1.23
Mean VIF 2.22

Source: Author's calculation using Stata
14 software

movements over the same period, although
with some minor fluctuations across years.
More specifically, the ecological footprint

per capita decreases from approximately 5.8
global hectares per person in 2005 to about 4.7
global hectares per person by 2020. Similarly,
greenhouse gas emissions per capita show a
downward trajectory from around 12 to about
10 tCOze per capita over the same timeframe,
which indicates reduced emissions intensity.

4. Empirical results

4.1. Impact of digital trade on environmental
performance

Table 4 outlines the empirical findings for
Model (1) using fixed-effects estimators with
Driscoll-Kraay standard errors. In Column (1)
of Table 4, the natural logarithm of per capita
ecological footprint, denoted by “In(EFPC)”,
is adopted as the dependent variable. For
robustness, this study replaces “In(EFPC)” in
Model (1) with the natural logarithm of per
capita greenhouse gas emissions, denoted by
“In(GHGC)”, and reports the corresponding
outcomes in Column (2) of Table 4.

The results in Columns (1)-(2) of Table 4 con-
sistently revealed that the coefficients for the
digital trade variable (denoted as “dig_trade”)
are negative and statistically significant at the
1% level. This finding suggests that greater
digital trade is associated with lower environ-
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e Digital trade shareof GOP

Ecological footprint per capita
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Source: Author s calculation based on data from the Global Footprint Network, the OECD-WTO BaTIS

database, and the WDI of the World Bank database

Figure 1. Trends in digital trade share of GDP and two indicators measuring environmental
performance across 40 countries, 2005- 2020

mental degradation. Specifically, holding other
factors constant, a 10% increase in the previous
period’s digital trade share of GDP is correlat-
ed with a 1.53% decrease in per capita ecologi-
cal footprint and a 2.26% decrease in per capita
greenhouse gas emissions. These conclusions
support hypothesis H1 and are consistent with
earlier research that recognized digitalization’s
capacity to alleviate environmental strains. For
instance, Qiu and Wan (2023) observed a no-
table reduction in the ecological footprint due
to digital trade in BRICS countries. However,
unlike some earlier research that suggested
adverse or mixed effects of digitalization on
environmental outcomes (Notley, 2019; Yang
et al., 2025), the findings of this study indicate
a consistently negative and statistically sig-
nificant relationship between digital trade and
environmental degradation.

Turning to control variables, the results show
that energy consumption (denoted by “ene_
use”) and globalization (denoted by “KOFGI”)
have positive and statistically significant ef-
fects on environmental degradation indicators,
while environmental policy stringency (denot-

ed by “env_pol”), research and development
expenditure (denoted by “R&D”’), and urban-
ization (denoted by “urb_pop”) exert negative
and significant impacts. These outcomes are
broadly consistent with theoretical expecta-
tions. To be more specific, the positive coef-
ficients of energy consumption suggest that
increased energy use contributes significantly
to ecological footprint and greenhouse gas
emissions. Specifically, a 10% rise in energy
consumption in the previous period is linked
to a 7.09% increase in ecological footprint per
capita and a 8.5% increase in greenhouse gas
emissions per capita. This finding aligns with
previous studies such as Zhang and Cheng
(2009) and Sikder et al. (2022), who docu-
mented that higher energy use, particularly the
significant dependency on fossil fuels to satisfy
expanding energy demands associated with
industrialization and economic development,
exacerbates environmental pressures and ac-
celerates climate change.

Similarly, the globalization variable has a
positive and significant coefficient. This result
implies that greater economic, financial, and
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Table 4. Impact of digital trade on
environmental performance
(40 countries, 2005- 2020)

(1) (2)
Variables In(EFPC) In(GHGC)
) -0.153*** -0.226***
I.In(dig_trade)
(0.0413) (0.0310)
-0.0244* -0.0110
I.In(env_pol)
(0.0124) (0.0123)
0.709*** 0.850***
l.In(ene_use)
(0.0616) (0.0643)
0.352** 0.639**
I.In(KOFGI)
(0.154) (0.200)
-0.0390** -0.00842
I.In(R&D)
(0.0155) (0.0185)
-0.0119*** -0.0117*
I.In(urb_pop)
(0.00193) (0.00441)
-5.445** -6.968***
Constant
(0.482) (0.783)
Year FEs YES YES
Country FEs YES YES
Observations 488 498
R-squared 0.7018 0.7732

Notes: Driscoll-Kraay standard errors are reported
in parentheses. * ** and *** denote statistical
significance at the 10%, 5%, and 1% levels,
respectively.

Source: Author s calculation using Stata 14
software

social integration may intensify environmental
pressures. Holding other factors unchanged,

a 10% increase in the lagged globalization
index corresponds to a 3.52% rise in per capita
ecological footprint and a 6.39% rise in green-
house gas emissions per capita. This result sup-
ports the “pollution haven” hypothesis, which
says that globalization can shift industries that
produce heavy pollution to countries with less
stringent environmental rules (Kamal et al.,
2021). However, it contrasts with studies such
as Tahir et al. (2021) and Aydin et al. (2024),

Nguyen Thi Thu Huong

which found that globalization can enhance
environmental quality through the diffusion
of cleaner technologies and environmental
norms. The disparity may reflect differences in
the influence of globalization across regions.
More specifically, globalization can foster the
transfer of technology and enhance production
efficiency. However, it may also drive indus-
trial growth and accelerate the depletion of
natural resources.

In contrast, environmental policy stringency,
R&D expenditure, and urbanization exhibit
negative and significant coefficients in Col-
umn (1) of Table 4, suggesting their crucial
role in mitigating environmental degradation.
Specifically, a 10% increase in the lagged
Environmental Policy Stringency Index is
associated with a 0.244% reduction in ecologi-
cal footprint per capita. This result aligns with
findings by Benatti et al. (2024), Bibi et al.
(2024), and Hassan et al. (2024), who docu-
mented that stringent environmental policies
encourage green innovation, energy efficiency,
and cleaner production methods. This result
highlights the importance of policy enforce-
ment and regulatory frameworks in achieving
sustainable environmental outcomes. Similarly,
R&D expenditure is found to have a mitigat-
ing effect on environmental degradation, with
a 10% increase in R&D spending per GDP in
the previous period being linked to a 0.39%
reduction in ecological footprint per capita.
This result suggests that increased investment
in research and innovation is associated with
improvements in environmental performance.
It supports the argument that technological in-
novation plays a vital role in promoting green
growth and protecting the environment. This
outcome is consistent with extant literature
emphasizing the positive role of innovation in
environmental protection. For instance, Ah-
mad et al. (2023) and Mamkhezri and Khezri
(2024) found that R&D spending enhances
green technology development, which in turn
reduces carbon emissions. Interestingly, this
study finds that urban population growth has a
positive effect on environmental quality. This
outcome contrasts with the findings of Hus-
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sain and Zhou (2022) and Sikder et al. (2022),
who observed that urbanization often increases
environmental stress due to higher energy de-
mand and consumption. A possible explanation
is that, in the countries examined, urban popu-
lation growth is associated with greater popula-
tion density, advanced infrastructure, public
transportation, and environmental services,
which can reduce per capita resource use and
emissions. In addition, urban areas often ben-
efit from economies of scale in environmental
regulation and technology adoption, allowing
environmental pressures to be managed more
effectively despite population growth.

4.2. Impact of environmental policy stringen-
cy on the digital trade-environmental perfor-
mance nexus

To examine how environmental policy strin-
gency affect the digital trade-environmental
performance relationship, this section performs
regressions of Model (2) and reports the out-
comes in Table 5. Columns (1) and (2) show
the results for the natural logarithm of the per
capita ecological footprint and the natural loga-
rithm of per capita greenhouse gas emissions,
respectively.

As shown in Table 5, the coefficient of lagged
digital trade is negative and statistically signifi-
cant, indicating that digital trade is associated
with lower ecological footprints and green-
house gas emissions. More importantly, the
interaction term between lagged digital trade
and lagged environmental policy stringency is
consistently negative and significant at the 1%
level. This finding suggests that environmen-
tal policy stringency play a moderating role,
strengthening the negative relationship be-
tween digital trade and environmental indica-
tors.

To provide a more meaningful interpretation,
this study computes and visualizes the aver-
age marginal effects of lagged digital trade,
conditional on different levels of lagged
environmental policy stringency. The outcomes
are illustrated in Figure 2. The marginal effects
analysis shows that the environmental benefits

Table 5. Impact of environmental
policy stringency on the digital trade-
environmental performance nexus (40

countries, 2005- 2020)

(1) (2)
VARIABLES In(EFPC) In(GHGC)
] -0.119*** -0.179***
I.In(dig_trade)
(0.0367) (0.0249)
lIn(dig_trade)*  -0.0348"** -0.0492***
l.In(env_pol) (0.00864) (0.0103)
0.0194 0.0512**
l.In(env_pol)
(0.0196) (0.0214)
0.650*** 0.767***
l.In(ene_use)
(0.0651) (0.0698)
0.272* 0.532**
I.In(KOFGI)
(0.147) (0.214)
-0.0473*** -0.0195
I.In(R&D)
(0.0134) (0.0155)
-0.0113*** -0.0109*
l.In(urb_pop)
(0.00203) (0.00481)
-4.654*** -5.876***
Constant
(0.562) (0.938)
Year FEs YES YES
Country FEs YES YES
Observations 488 498
R-squared 0.7092 0.784

Notes: Driscoll-Kraay standard errors are in
parentheses. *, ** and *** show the 10%, 5%, and
1% statistical significance levels, respectively.
Source: Author s calculation using Stata 14
software

of digital trade appear to be larger at higher
levels of environmental policy stringency. At
the 25th percentile of environmental policy
stringency, the marginal effect of digital trade
on environmental outcomes is negative but rel-
atively small. When policy stringency reaches
the median level (50th percentile), the marginal
effect becomes larger in absolute value. At the
75th percentile, representing stricter regula-
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tory conditions, digital trade is associated with
lower levels of ecological footprints and green-
house gas emissions. These findings support
hypothesis Hy, which posits that environmen-
tal policy stringency strengthens the environ-
mentally beneficial impact of digital trade.
Regarding the main effect of environmental
policy stringency, the coefficient is positive
and statistically significant in Column (2) of
Table 5. This finding does not imply that strict-
er environmental policies increase emissions.
When an interaction term is included, the
coefficient on environmental policy stringency
reflects its marginal effect at very low or near-
zero level of digital trade. The negative and
statistically significant interaction term implies
that environmental policy stringency moder-
ates the impact of digital trade on environmen-
tal outcomes. Consistent with the marginal
effects analysis, stricter environmental policies
are associated with stronger emission-reducing
relationships linked to digital trade. This sug-
gests that environmental policy stringency may
enhance the environmental benefits of digital
trade.

These findings of this study are consistent with
the expanding literature that highlights the piv-
otal role of environmental policies in alleviat-
ing the ecological impacts of economic activi-
ties. For example, research by Du et al. (2023),
Benatti et al. (2024), and Hassan et al. (2024),
drawn from diverse regions like China’s manu-
facturing sector, advanced OECD countries,
and Euro Area economies, indicates that envi-
ronmental policies can successfully drive green
technological progress and separate economic
growth from environmental harm. The results
of this study extend these discussions by of-
fering robust empirical evidence that digital
trade is associated with improved environmen-
tal performance, and this association appears
stronger under tighter environmental policies.
This outcome suggests that digital transforma-
tion and strong environmental governance are
mutually reinforcing drivers of a low-carbon
and sustainable global economy.

5. Conclusion and implications
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model.
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Figure 2. Marginal effects of digital trade
on environmental performance at different
levels of environmental policy stringency

This study investigates how digital trade relates
to environmental performance across 40 coun-
tries between 2005 and 2020, with particular
attention to how environmental policy strict-
ness influences this relationship. The analysis
applies fixed effects models with a one-period
lag of all independent variables. Environmen-
tal performance is assessed through two main
indicators: per capita ecological footprint
(EFPC) and per capita greenhouse gas emis-
sions (GHGC). The strength of environmental
policies is measured using the OECD Envi-
ronmental Policy Stringency (EPS) Index. By
integrating data on digital trade, environmen-
tal performance, and environmental policy
stringency, the study provides a comprehensive
cross-country perspective on how regulatory
environments shape the environmental impacts
of digital trade.

The empirical results reveal several significant
findings. First, higher levels of digital trade
are associated with improved environmental
performance, as indicated by lower levels of
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ecological footprints and greenhouse gas emis-
sions. Second, the interaction between digital
trade and environmental policy stringency is
also negative and statistically significant, sug-
gesting that this relationship may become more
favourable under stricter regulatory conditions.
This finding supports the view that strong
environmental governance is linked to greater
environmental benefits associated with digi-
talization. Moreover, the findings show that
some control variables, such as energy use and
globalization, are associated with poorer en-
vironmental performance, while environmen-
tal policy stringency, R&D expenditure, and
urbanization are linked to better environmental
performance.

From a policy perspective, the empirical
findings indicate that digital trade is linked

to improved environmental performance. At
the same time, the analysis highlights that the
environmental benefits of digital trade are not
uniform and appear to be more substantial
under stricter environmental policy regimes.
Therefore, strong environmental regulations
may serve a complementary function alongside
digital trade expansion, being linked to more
favorable environmental improvements. While
digital trade is associated with improvements
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