Does climate change respond to International

Journal of Climate
government digitization? ChangeSitegcs
Empirical evidence from
greenhouse gas emissions 317

Yemin Ding, Lee Chin, Piratdin Allayarov, Judit Olah and Yongze Yu Received 31 July 2025

.. . Revised 20 September 2025
(Author dffiliations can be found at the end of the article) Accepted 18 Fpebmary 2026

Abstract

Purpose — Against the backdrop of global digitization and accelerating climate change, this study aims to
examine how government digitization affects greenhouse gas (GHG) emissions, highlighting its
environmental tradeoffs under different economic and political conditions.

Design/methodology/approach — Using panel data from 130 countries over the period 2002-2021, a fixed-
effect model examines the effect of government digitization on GHG emissions. After robustness checks, three
fixed-effect models with interaction terms explore the underlying mechanisms. Group tests then investigate the
moderating roles of energy security risk, economic policy uncertainty and ruling party ideology. Finally,
quantile regression reveals how this effect varies by national emission levels.

Findings — Government digitization significantly increases GHG emissions, with benchmark
estimation showing a specific magnitude: each 0.1-unit increase in government digitization is associated
with an average increase of 0.0023 Mt CO,e in GHG emissions. This emission-enhancing effect
operates through rising electric power consumption, improved total factor productivity and promoted
business digitization. This effect is further moderated by energy security risk, economic policy
uncertainty and ruling party ideology. Quantile regression reveals that this effect is statistically
insignificant in low-emission countries, but becomes increasingly associated with higher GHG
emissions as national emission levels rise.

Originality/value — This study advances the literature by challenging the prevailing belief that government
digitization is inherently emission-reducing. It reveals potential emission-enhancing mechanisms and
investigates how diverse economic and political factors shape these outcomes, thereby offering a more
nuanced understanding and providing theoretical and practical insights for the design of environmentally
sustainable digital governance strategies.

Keywords Government digitization, Climate change, Greenhouse gas emissions,
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IJCCSM 1. Introduction

18,1 Amid ongoing social and economic development, the intensification of human activities,
particularly the large-scale combustion of fossil fuels and alterations in land use, has led to a
sustained increase in atmospheric greenhouse gas (GHG) concentrations. This accumulation
has disrupted the earth’s radiative balance and become a primary driver of global climate
change, manifesting in long-term temperature rise and increasingly erratic climate patterns

318 (Bhatti et al., 2024). The consequences of climate change are multifaceted and profound,

including the escalation of extreme weather events, rising sea levels and biodiversity loss.

These climate-induced disruptions not only threaten natural ecosystems but also compromise

food security, damage critical infrastructure and strain global supply chains, thereby

exposing economies to heightened risks and volatility (Yan et al., 2023). Furthermore,
governments are compelled to divert significant fiscal resources toward climate mitigation
and adaptation efforts, which adds pressure to public finances. As such, addressing the root
causes and impacts of climate change, most notably the persistent growth in GHG emissions,

has become an urgent global challenge (Pavel et al., 2024).

As asserted by the United Nations Environment Programme, the rapid development of
digital technologies plays a critical role in tackling global environmental sustainability
(Wang et al., 2024). In response to the escalating climate crisis, digitization has been widely
recognized as a transformative force in environmental governance (Bonsignore, 2024). It is
often viewed as an important facilitator of green finance flows into environmentally
responsible sectors, thereby enhancing environmental sustainability (Ye et al., 2024). A
growing body of empirical literature supports the view that digitization contributes to
reducing GHG emissions, a conclusion confirmed in studies on China (He et al., 2025; Zhao
etal., 2023), OECD economies (Alvi et al., 2025), the European Union (Dimian et al., 2025;
Kwilinski et al., 2023) and the G7 economies (Chen et al., 2023).

While the emission-mitigating role of digitization is widely acknowledged, it is essential
to highlight the pivotal role that governments play in steering digitization. Acting as both
regulators and public service providers, governments are instrumental in promoting digital
initiatives and realizing their potential effects on GHG emissions. In this context, a growing
body of research has shifted focus from broad digitization to the more specific domain of
government digitization, and several recent studies explicitly emphasize this directional shift
(Feng et al., 2024; Li et al., 2025; Wang et al., 2024; Yi, 2025; Zhang et al., 2025). Notably,
these studies diverge in their conclusions regarding government digitization’s emission
impact: most argue it curbs carbon emissions, whereas Li et al. (2025) emphasized carbon
emissions from digital government operations and empirically revealed an inverted U-
shaped effect.

A brief review of the existing literature reveals that most studies tend to overemphasize
the environmental benefits of government digitization while neglecting the GHG emissions
associated with its own operation. Although Li et al. (2025) provided a valuable supplement
to this line of research, certain limitations in their research design could weaken the validity
of their findings. First, Li et al. (2025) did not use a U-test to verify the existence of an
inverted U-shaped relationship; instead, they inferred its presence solely based on the
statistically significant negative coefficient of the squared term of government digitization.
This approach is insufficiently rigorous, as convex and monotonic effects could also
erroneously exhibit a U-shape with an extremum (Lind and Mehlum, 2010). Second, the
digital government data released by the United Nations reflect the situation of the previous
year rather than the current year. Li et al. (2025) failed to account for this temporal
characteristic, and the resulting time mismatch could introduce bias into their findings.
Moreover, while Li et al. (2025) discussed the emission-increase effect of government
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digitization at the theoretical level, they provided no direct empirical evidence to support the International
underlying mechanism. As such, this study empirically revisits the impact of government Jjournal of Climate
digitization on GHG emissions, considering both its positive and negative effects.

In addition to empirically examining the impact of government digitization on GHG
emissions and uncovering mechanisms that have not been sufficiently explored in the
existing literature, this paper contributes to the literature in several other ways. First, various
economic and political variables are incorporated into the analytical framework to explore 319
their moderating roles. Specifically, energy security risk could influence the logic of resource
allocation associated with digital government initiatives by shaping regulatory priorities
between environmental and energy considerations; policy uncertainty could alter the way
government digitization affects emissions by disrupting policy coherence and market
expectations; and ruling party ideology could affect the environmental consequences of
government digitization by determining government priorities. Existing studies have yet to
clarify how these three contextual factors shape the nexus between government digitization
and GHG emissions, making it necessary to investigate their moderating effects to refine the
theoretical framework. Moreover, the principle of diminishing marginal effect suggests
potential heterogeneity in the impact of government digitization across different
distributional stages, a critical dimension that has been largely overlooked in prior empirical
investigations. To address this, this paper uses quantile regression analysis. Together, the
moderation analysis and quantile regression provide a more nuanced understanding of how
and under what conditions government digitization affects environmental outcomes, thereby
offering more targeted and effective policy implications.

The possible marginal contributions of this study are as follows. First, unlike the
prevailing view in the literature that emphasizes the emission-reducing effect of government
digitization, this paper empirically confirms that government digitization can intensify GHG
emissions. This finding challenges the unidirectional perception of its environmental impact,
provides a new empirical perspective for understanding its complex role in GHG governance
and offers evidence for reassessing the environmental costs and tradeoffs of government
digitization. Second, by incorporating energy security risk, policy uncertainty and ruling
party ideology into the analytical framework, this study addresses the insufficient attention to
moderating factors in existing research and enriches the analytical dimensions of the
intersection between digital governance and environmental economics. Finally, the
heterogeneous effects of government digitization across different GHG emission levels
revealed in this study not only provide new empirical testing of the applicability of the
diminishing marginal effect theory in the field of environmental governance but also offer
practical guidance for enhancing the precision of environmental policy design based on this
finding.

Section 2 develops the research hypotheses. Section 3 describes the data and
methodology used. Section 4 reports and interprets the empirical findings. Section 5
summarizes the main conclusions, outlines relevant policy implications and acknowledges
the study’s limitations.

Change Strategies
and Management

2. Theoretical analysis and hypothesis development

2.1 The impact of government digitization on GHG emissions

Government digitization is typically accompanied by the rapid expansion of information
infrastructure, such as the large-scale deployment of data centers, cloud computing platforms
and smart terminal devices (Li et al., 2025). The operation of these facilities requires
substantial electricity consumption. Given that the energy mix remains heavily reliant on
fossil fuels, the resulting increase in energy demand inevitably leads to higher GHG
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IJCCSM emissions (Tkevuje et al., 2024). As such, without a green development pathway, the process
18.1 of government digitization will inevitably exert negative pressure on environmental
’ sustainability. Based on this, we propose Hla:

Hla. Government digitization could increase GHG emissions by raising electric power
consumption.

320 Government digitization could influence GHG emissions by affecting total factor
productivity (TFP). First, digital governance can reduce information asymmetry and
administrative barriers, thereby optimizing the allocation efficiency of public resources and
directly improving TFP in the public sector (Ding et al,, 2025a). Specifically, cross-
departmental data sharing on digital government platforms helps streamline redundant
procedures in policy implementation, thereby reducing energy consumption and GHG
emissions of the administrative system itself. At the same time, by lowering institutional
transaction costs for enterprises (Mohamed et al., 2023), it indirectly enhances the
production efficiency of market entities and promotes the reallocation of production factors
from high-emission industries to low-emission sectors. In addition, digital-enabled
collaborative governance can amplify the synergy between TFP improvement and emission
reduction. Specifically, government-led cross-regional and cross-sector digital platforms can
integrate data related to low-emission industrial transitions, promoting the efficient flow and
allocation of production factors within circular economy systems. On one hand, this efficient
allocation directly enhances resource use efficiency, thereby driving the improvement of
TFP; on the other hand, precise matching and recycling of production factors help reduce
logistical redundancy and avoidable emissions in production processes. However, it is worth
noting that the economic scale expansion brought by TFP improvement could also lead to
emission rebounds. As such, the effect of government digitization on GHG emissions via
TFP remains ambiguous. Based on this, we propose H1b:

Hib. Government digitization could influence GHG emissions via TFP, though the
effect’s direction is unclear.

Business digitization could serve as a transmission channel through which government
digitization affects GHG emissions. On one hand, government actions have a guiding
role. The digitization of high-frequency public services creates a strong demonstration
effect that stimulates businesses to undertake similar transformations. Within industrial
clusters, this imitation effect generates a diffusion mechanism, forming a transmission
chain from governments to leading businesses and eventually to small and medium-
sized businesses, thereby promoting widespread adoption of digitization across the
business sector. On the other hand, governments can reduce businesses’ costs of data
collection and processing by establishing standardized data interfaces and shared
platforms. In addition, the provision of modular digital tools can shorten the business
digitization cycle and lower initial investment costs, further enhancing businesses’
willingness to pursue digitization. The emission effects of business digitization are
twofold. On the mitigation side, business digitization can reduce emissions by
improving energy efficiency, enhancing financial performance and fostering green
innovation (Gao et al., 2023). On the amplification side, the energy consumption of
digital devices is non-negligible. Moreover, increasing investment in digitization by
businesses can crowd out input in environmentally friendly production and alter
production modes to accommodate large-scale output, thereby increasing emissions
(Yang et al., 2024). In sum, government digitization can promote business digitization,
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while the emission impacts of business digitization exhibit a dual nature. Based on this, International
we propose Hlc: Journal of Climate

Hlc. Government digitization could influence GHG emissions via business digitization, Change Strategies
though the effect’s direction is unclear. and Management

The analysis of Hla through Hlc reveals that government digitization could affect GHG

emissions through multiple channels. Among these pathways, only the energy consumption 321
effect identified in H1a has a clearly defined direction of influence, while the impacts of the
other two mechanisms remain theoretically ambiguous. Accordingly, we propose an
overarching H1:

HI. Government digitization could influence GHG emissions, though the effect’s
direction is unclear.

2.2 The impact of three moderators on the relationship between government digitization
and GHG emissions

Energy security risk could influence the environmental effects of digital government
initiatives by shaping resource allocation. In countries with lower energy security risk, stable
energy supply alleviates these governments’ pressure to ensure energy availability, thereby
allowing digital regulatory efforts to focus more on improving environmental quality.
Governments in such contexts are more likely to prioritize digital resources toward green
governance tools, fostering a virtuous interaction between digital regulation and emission
reduction incentives. This, in turn, facilitates a synergistic alignment between digital
government development and climate mitigation goal. In contrast, in countries facing higher
energy security risk, regulatory priorities are often skewed toward ensuring energy
accessibility (Cong et al., 2025). Governments in these contexts tend to concentrate digital
resources on strengthening the capacity for energy supply assurance. Such a resource
allocation preference could crowd out investment in digital infrastructure needed for
environmental regulation, leading to underdevelopment in this area. Consequently, the
effectiveness of environmental enforcement is weakened, and the effect of government
digitization in increasing GHG emissions tends to be amplified. Based on this, we propose
H2:

H2. Energy security risk could moderate the impact of government digitization on GHG
emissions.

In countries with low economic policy uncertainty, policy directions are clearer and
institutional arrangements tend to be more coherent. Under such conditions, market
participants are more likely to make long-term green transition decisions based on stable
expectations. This institutional environment provides critical support for the effective
application of government digitization in the environmental domain. On one hand, coherent
policy frameworks help clarify environmental regulatory targets, enabling governments to
leverage digital technologies for real-time emission monitoring and data sharing, thereby
enhancing the precision and transparency of environmental supervision. On the other hand,
stable expectations make firms more willing to comply with digital regulatory initiatives,
which lowers the resistance to their implementation. In short, in such countries, government
digitization is more readily translated into concrete environmental governance capacity, thus
significantly curbing GHG emissions. By contrast, in countries with high economic policy
uncertainty, policy coherence is often disrupted, leading to unstable market expectations
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IJCCSM (Fuetal., 2022). To hedge against policy volatility, firms tend to shorten investment horizons
18,1 and focus on short-term returns, thereby weakening their motivation for green transition and
environmental compliance. At the same time, frequent policy shifts and inefficiencies in
regulatory coordination hinder the stable integration of digital tools into the environmental
regulatory framework. As a result, in such countries, government digitization is less likely to
evolve into effective environmental governance and its emission reduction effect tends to be
322 substantially diminished. Based on this, we propose H3:

H3. Economic policy uncertainty could moderate the impact of government digitization
on GHG emissions.

A government’s attention to different sectors can be influenced by the ideology of the ruling
party (Wen et al., 2022). As such, ruling party ideology could affect government’s attention
to the environmental sector, thereby moderating the relationship between government
digitization and GHG emissions. Compared with right-wing parties, left-wing parties are
more willing to prioritize environmental protection (Neumayer, 2004). This is further
supported by Matuszczak et al. (2020), who found that members and supporters of left-wing
parties are mostly environmentalists. Driven by such ideological preferences, governments
led by left-wing parties are more likely to prioritize the application of digital technologies in
the field of environmental governance. Accordingly, government digitization tends to play a
substantive role in environmental governance, thereby effectively curbing GHG emissions.
In contrast, right-wing parties place more emphasis on market freedom and capital
efficiency, and their policy priorities tend to tilt toward industrial expansion and deregulation
of enterprises (Jager, 2017). Under this policy orientation, government digitization could be
used to simplify approval procedures for resource-heavy sectors and reduce environmental
compliance costs, turning digital tools into catalysts for the development of energy-intensive
industries, and ultimately exacerbating GHG emissions. By comparison, centrist parties tend
to adopt a more pragmatic stance, seeking a balance between environmental objectives and
economic concerns. In this context, government digitization is less likely to be
systematically directed toward strengthening environmental governance, as is often the case
under left-leaning governments, nor is it inclined to foster resource-intensive industries in the
manner of right-leaning governments. Instead, government digitization’s impact on GHG
emissions could be more neutral, reflecting the centrist pursuit of compromise between
environmental protection and economic growth. Based on this, we propose H4:

H4. Ruling party ideology could moderate the impact of government digitization on
GHG emissions.

2.3 Heterogeneity in the impact of government digitization across different distributional
stages

The impact of government digitization on GHG emissions could vary significantly across
countries with different emission levels. In low-emission countries, the environmental role of
government digitization tends to be relatively limited, primarily reflected in two types of
contexts. First, in countries that have not yet completed industrialization, weak economic
foundations and a lack of capital constrain the development of digital infrastructure and human
capital, thereby restricting the effectiveness of government digitization in environmental
governance. Second, in countries that have already undergone green transitions and possess a
high level of government digitization, although their governance capacity is relatively strong, the
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small pollution base and limited room for further improvement mean that government International
digitization plays a more auxiliary role, with low marginal effects. Journal of Climate

In countries with moderate emission levels, the influence of government digitization
could be more pronounced. These countries are typically undergoing rapid industrialization
and urbanization, characterized by dynamic economic activity and strong energy demand.
Government digitization can enhance administrative efficiency and resource allocation,
thereby improving enterprise productivity (Ding et al., 2025b). This improvement in 323
productivity, in turn, intensifies energy consumption and GHG emissions.

By contrast, in high-emission countries, the emission-promoting effect of government
digitization tends to weaken. On one hand, the expansion of emission-intensive industries faces
diminishing marginal returns, reducing incentives for governments to further support their
growth. On the other hand, due to their prolonged industrialization processes, these countries
have developed relatively mature digital governance systems, possessing a solid technical
foundation for digital regulation while also facing greater pressure in environmental governance.
As aresult, government digitization is more likely to be leveraged to enhance the enforcement of
environmental policies and strengthen monitoring of emission sources, thereby mitigating its
contribution to emission increases. Based on this, we propose H5:

Change Strategies
and Management

H5. The impact of government digitization on GHG emissions varies across emission
levels, with limited impact in low-emission countries, the strongest positive impact
in medium-emission countries, and weaker positive or even negative impact in high-
emission countries.

3. Data and methodology

3.1 Data

Based on data availability, this study uses data from 130 countries [1] over the period
2002-2021 to empirically examine the impact of government digitization on GHG
emissions. The dependent variable, total GHG emissions (TGHGE), is obtained from the
World Development Indicators (WDI) database. Government digitization (GD), the core
explanatory variable, refers to the structured integration of advanced information and
communication technologies into public sector operations, with the goal of enhancing
administrative efficiency and improving the accessibility and quality of digital public
services (Verma and Dawar, 2019). To quantify GD, we adopt the online service index
published by the United Nations, which systematically assesses the extent and performance
of digital government services (Castro and Lopes, 2022) [2]. Following Ding et al. (2023),
this research introduces several control variables, including gross domestic product (GDP)
and its squared term (GDP_squared), total population (TP), urbanization rate (UR), the share
of value added by the service industry in GDP (SI), net inflows of foreign direct investment
as a share of GDP (FDI) and the share of fossil fuel energy consumption in total energy use
(FFEC). The control variable data are obtained from the WDI database. Table 1 summarizes
the descriptive statistics for all the above variables. Notably, the variables named TGHGE,
GDP and TP are transformed using natural logarithms in the regression analysis to mitigate
possible heteroscedasticity. Accordingly, the descriptive statistics for these three variables
are based on their natural logarithmic values.

3.2 Methodology

3.2.1 Benchmark regression and robustness checks. To test H1, we will use a fixed-effect
model for the benchmark regression, as outlined in equation (1). In this equation, Z denotes
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IJCCSM the control variables, while fixed effects for countries and years are captured by y; and v,
18.1 respectively. The parameters of interest are ap, @; and f3, with ¢;, representing the error term.
b

Ln(TGHGE) = ay + a\GDj, + pZ; + u; + v, + € (1

To ensure the reliability of the benchmark finding, we will conduct robustness tests. First, a
324 placebo test will be conducted. Following the approach of Cornaggia and Li (2019), we
remove the original GD values and randomly reallocate these values across the sample
before re-estimating equation (1).

To alleviate potential endogeneity, we will use system GMM estimation and two-stage
least squares (2SLS) estimation. To conduct a system GMM estimation, as shown in
equation (2), we added the lag term of the dependent variable (TGHGE;, ;) as an
instrumental variable into equation (1). As for 2SLS estimation, following Ding et al.
(2025a), GD is treated as an endogenous variable and the average GD of other countries in
the same region [3], and year is selected as the instrumental variable (IV):

Ln(TGHGE,;) =aqp+ aan(TGHGEi.[_O + a2GDif + ﬁZ,'; + €ir (2)

3.2.2 Mechanism analysis. To conduct mechanism testing, we follow the empirical strategy
used by Wen et al. (2021), which entails incorporating two additional explanatory variables
into equation (1). Specifically, to investigate the channel proposed in Hla, namely, that
government digitization influences GHG emissions via electric power consumption (EPC),
we introduce both EPC and its interaction term with GD (GD x EPC) into the regression
model, resulting in equation (3). The EPC data are from the WDI database.

To test the mechanisms proposed in H1b and H1c, we replace EPC in equation (3) with
TFP (TFP) and business digitization (BD), respectively, as shown in equations (4) and (5).
The TFP data are sourced from the Penn World Table. As for BD, we select five indicators
from the United Nations Conference on Trade and Development Digital Economy Database:
proportion of businesses placing orders over the Internet (PBPOI), proportion of businesses
receiving orders over the Internet (PBROI), proportion of businesses using computers
(PBUC), proportion of businesses using the Internet (PBUI) and proportion of businesses
with a web presence (PBWP), as its proxies. Principal component analysis (PCA) is then
applied to these five indicators to construct the BD index [4]. Although this approach could
not capture the full complexity of business digitization, it remains appropriate given the
constraints of data availability. Specificallyy, PBUC and PBUI represent the digital
infrastructure dimension, reflecting firms’ basic capacity to access digital tools and serving

Table 1. Descriptive statistics of full sample

Category Variable name Measurement Mean SD Min. Max.
Dependent variable TGHGE Mt CO,e 5.544 0.844  0.000 9.545
Independent variable GD Index 0.509 0.260 0.000 1.000
Control variables GDP Constant 2015 US$  25.080 1.910 19.785 30.672
TP People 16.301 1.636  11.320 21.070
UR Proportion 0.614 0.216 0.142 1.000
SI Proportion 0.545 0.110  0.097 0.941
FDI Proportion 0.067 0.280  —-0.575  4.500
FFEC Proportion 0.659 0.286  0.000 1.000
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as a prerequisite for subsequent digital activities. PBWP captures firms’ ability to establish International
an online presence and display information, which is a core feature of digital existence. journal of Climate
PBPOI and PBROI focus on the digitization of business processes, directly reflecting the

g ) . . Change Strategies
extent to which digital technologies have penetrated transaction activities: 8 &

and Management
LI’l(TGHGE,,) =ay+ a1GD;; + EPCj; + a3 (GD,'[ X EPC,‘,) +PBZiy +p; +v + € (3)

325
LI’I(TGHGEU) = + (ZlGD,', + (ZzTFPi, + a3 (GD,'[ X TFP,[) =+ ﬁZit + Hi + 123 + Eit (4)

Ln(TGHGE,r) =ay+ a;GD;; + a»BD;, + a3 (GD,', X BD,‘I) + BZiy + p; + v + € 5)

3.2.3 Group tests. To examine H2 and H3, which pertain to the moderating roles of energy
security risk (ESR) and economic policy uncertainty (EPU), we adopt the approach used by
Jadiyappa et al. (2021). Concretely, the full sample is split into four subgroups based on the
median values of the two moderators [5], and equation (1) is estimated independently for
each subgroup. Following Cong et al. (2025), we used the national energy security risk index
from the Global Energy Institute as ESR’s proxy. Notably, a higher score on this index
reflects a weaker state of energy security. In line with Ryu and Yu (2022), the economic
policy uncertainty index is selected as EPU’s proxy. Because the index is reported at a
monthly frequency, we take its annual average to more accurately capture the overall policy
uncertainty. As EPU data are only available for 22 economies, the scope of this analysis is
accordingly limited.

To examine H4, which concerns the moderating effect of ruling party ideology (RPI), the
full sample is divided into left-wing, right-wing and centrist governments, and equation (1) is
estimated separately for each subgroup. Information on RPI can be obtained from the
Database of Political Institutions.

3.2.4 Quantile regression. To test H5, which posits that the effect of government
digitization on GHG emissions varies across emission levels, we apply quantile regression.
This method provides a more refined understanding of distributional heterogeneity that
cannot be captured by mean-based estimates (Islam et al., 2025). We estimate equation (1) at
the 0.1, 0.25, 0.5, 0.75 and 0.9 quantiles of the emission distribution.

4. Empirical findings and discussion

4.1 Results of benchmark estimation and robustness checks

Column 1 of Table 2 reports the benchmark regression results. The coefficient of GD is
statistically significant at the 1% level, indicating that government digitization has a
significant impact on GHG emissions, thereby confirming HI [6]. Moreover, the
positive sign of the coefficient (0.023) suggests that government digitization
exacerbates GHG emissions. This finding challenges the conventional view of
government digitization as a driver of green transformation and, to some extent,
corroborates the dominant role of the electric power consumption effect proposed in
H1a. Specifically, in the absence of a well-developed green development pathway, the
expansion of information infrastructure driven by government digitization could
increase electric power consumption and thus lead to higher GHG emissions. Although
government digitization could also reduce emissions indirectly by enhancing TFP
(H1b) and promoting business digitization (HI1c), as discussed in subsection 2.1, both
channels could theoretically also increase emissions. Even if the mechanisms proposed
in H1b and Hlc indeed contribute to emission reduction in practice, the significantly
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IJCCSM positive coefficient of GD suggests that their potential mitigating effects are not
18,1 sufficient to offset the emission increases driven by higher electric power consumption
in this context. Overall, this result highlights the complexity of the environmental
consequences of government digitization and underscores the need to integrate green
development strategies into digital governance reform to ensure alignment between
technological advancement and environmental sustainability.
326 Regarding the control variables, two results warrant particular attention. First, the
coefficient of GDP_squared is positive and statistically significant, which contradicts
the inverted U-shaped relationship predicted by the Environmental Kuznets Curve
(EKC). A similar empirical pattern was reported by Wang and Kim (2024) in a US
context, who attribute this result to increases in emissions from the transportation
sector, strong electricity demand during cold winter seasons, the reversal of eco-
friendly energy policies and the reshoring of manufacturing activities. Second, although
conventional wisdom suggests that urbanization tends to increase environmental
pressure through greater transportation demand and energy consumption (Zhou et al.,
2019), UR is negatively signed and statistically significant, indicating that urbanization
reduces GHG emissions. This counterintuitive finding could be explained by the
efficiency-enhancing effects of urbanization, such as intensified infrastructure use and
improved resource allocation, both of which contribute to lower emission intensity
(Pata, 2018).

The results of the placebo test are reported in Column 2 of Table 2. The coefficient of
GD is statistically insignificant, ruling out the possibility that the benchmark finding is a
placebo. Moreover, after replacing the estimation method with system GMM (Column
3, Table 2) and 2SLS (Table 3), GD consistently obtains a statistically significant
positive coefficient. These results collectively confirm the robustness of the benchmark
finding.

Table 2. Benchmark estimation and robustness checks (placebo test and system GMM)

Fixed effect Placebo test System GMM
Variable I I 11
GD 0.023*** (2.83) -0.001 (-0.10) 0.014** (2.07)
GDP —0.940%*** (-6.52) —0.936*** (—6.47) —0.811*** (=3.04)
GDP_squared 0.021%%*(7.31) 0.021%** (7.23) 0.017%** (4.09)
TP 0.137#*%* (7.45) 0.135%%* (7.34) 0.011*** (3.22)
UR -0.119* (-1.76) —0.148** (-2.24) 0.013 (0.05)
SI ~0.152%* (=2.50) ~0.158%** (=2.60) -0.069* (-1.73)
FDI 0.137* (1.84) 0.138* (1.86) 0.010(0.12)
FFEC 0.447+%* (12.60) 0.453%** (12.80) —0.146 (-0.96)
Constant 13.335%** (7.54) 13.394*** (7.56) 10.149*** (3.34)
Lagged dep. var 0.946%** (13.73)
R-squared 0.407 0.332
Observations 1,256 1,256 810
Country FE YES YES
Year FE YES YES
Sargan test 0.402
AR(1) 0.000
AR(2) 0.397

Note(s): t-Statistics are in parenthesis; ***, ** and * denote statistical significance at the 1, 5 and 10%

levels, respectively
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Table 3. Robustness check (2SLS)

International
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Variable I 11
Change Strategies
v 0.526%* (5.29) and Management
GD 0.120%* (2.15)
GDP 0.246** (2.50) —2.569%** (-19.20)
GDP_squared -0.004** (-2.19) 0.054*** (20.35)
TP 0.015%* (2.55) 0.195%** (18.04) 327
UR 0.047 (1.44) 0.061 (1.23)
ST 0.124%* (2.26) —0.415%** (-5.26)
FDI 0.170 (1.15) -0.019 (-0.08)
FFEC 0.026 (1.48) 0.396*** (13.30)
Observations 1,256 1,256
Country FE Yes Yes
Year FE Yes Yes
F statistic 20.07

Note(s): t-Statistics are in parenthesis; ***, ** and * denote statistical significance at the 1, 5 and 10%
levels, respectively

4.2 Results of mechanism tests

Table 4 presents the mechanism analysis results. The EPC in Column 1, the TFP in Column
3, and the BD in Column 5 all yielded statistically significant positive coefficients,
suggesting that these factors contribute to higher GHG emissions. Furthermore, the
interaction terms GD x EPC in Column 2, GD x TFP in Column 4 and GD x BD in Column
6 are also significantly positive, indicating that government digitization increases GHG
emissions by raising electric power consumption, enhancing TFP and promoting business
digitization, thereby supporting H1a, H1b and Hic [7].

Further discussion is warranted regarding H1b and HIc. Both TFP improvement and
business digitization can theoretically have dual effects on GHG emissions: on one hand,
they could lower emissions by enhancing efficiency and fostering green innovation; on the
other hand, they could raise emissions through the energy demands of digital infrastructure
and the expansion of production capacity. Our findings show that the latter effect currently
dominates, as both higher TFP and deeper business digitization are associated with increased
GHG emissions. This suggests that, at the present stage, advances in productivity and digital
adoption are more closely tied to output expansion than to emission reduction, highlighting
the need for policies that guide TFP growth and digitization toward greener development
pathways. This policy orientation is consistent with the insights from Riaz et al. (2025), who
warned that without aligning digital advancement with green energy systems, the association
between digitization and output expansion will overshadow emission reduction goals.
Similarly, Ridwan et al. (2025) emphasized that circular economy practices are essential to
counteract the emission-intensive effects of productivity growth, making the integration of
circular principles into industrial systems a crucial step for achieving low-carbon
development.

However, the robustness and generalizability of the finding on the business digitization
mechanism encounter two limitations. First, due to limitations in BD data availability, the
test of Hlc relies on only 110 observations, with missing data undermining statistical
reliability. Second, the sample composition further constrains generalizability: most of these
observations are from high-income economies, where mature digital infrastructure could

Downl oaded from http://ftp. nowublishers.conijccsm article-pdf/18/1/317/11680532/ijccsm 07-2025-0248en. pdf by guest on 13 July 2026



A[2A109dsal ‘S[2A3] 90T PUE G ‘T 3y} Je 2IUBDYTUSIS [EINISTIEIS JJOUIP 4 PUE 4y “esese “SISAYIUIRA UT 3T€ SONSTILIS-) :(S)IION

SHA SHA SHA SHA SHA SHA EEEEES

SHA SHA SHA SHA SHA SHA 44 Anuno)

011 (1] 1.8 1.8 1€C°T 1€T°T SUONRAISQO

€670 8870 T1€°0 80€°0 wro 8EY°0 pazenbs-y

(99°0-) L0T°6- (95°0-) 6Ev"L— (F17°€) 5x4S61°L (T9°€) s L LE'L (917°L) 5#+EC0 VT (€€°8) s,V ¥T JuBISUOD
(€£2°7) ++56T°0 agxan
(6€72-) #x96T°0- (9%7°2) ++£02°0 ad
(90°27) %+£00°0 diLxdo

(88°1-) x0¥0°0— (E€1°2) %%£00°0 diL

(FS°€) %#x600°0 Ddd x dD

(00°G-) 54200 (€6°L) %+x090°0 Odd

(12°0) «+2kT0 (LTD) #+0¥T0 (£8°8) ##+¥SE°0 (£0°6) %+09€°0 (21°6) +++8EE°0 (£G°6) #+TSE0 SEEE
(62°0-) T70°0— (¥°0-) 650°0- (25°D) ++66T1°0 (67°2) ++961°0 (£LS1)STT°0 (8S°T)9TT0 1ad
(68°0-) ¥210- (£8°0-) LTT°0- (8€°2-) +x0ST°0- (LET-) #x8YT°0- (LTE-) sl 610~ (S€°€-) #x+10T°0— IS
(£9°0-) 66€°0— (¥6°0-) 0TS0~ (TLT-) «LET0- (16°T-) xTST°0- (69°€-) +#+EST0— (8T¥-) ##+L8T 0~ an
(Sv'1) 8¥T°0 (1) €vT0 (TEY) ##+201°0 (SL'Y) #5+L0T°0 (6G°€) %++TL0°0 (25°€) #+690°0 dL
(€9°0-) €T0°0- (55°0-) 0100~ (18°D) ##+0T0°0 (2TLD) +%+600°0 (66°9) %+xT20°0 (L9°L) 5%+TC0°0 pazenbs™dao
FL0) vrL 0 (99°0) 1€9°0 (ST°T-) #%L6E°0- (02°2-) #%98€°0- (E9°9-) #7860~ (TT°L-) %+900°T— das
(91°0) ¥10°0 (¥0°T) £60°0 (18°0-) 820°0- as
IA A Al 111 11 I 9[qeLIeA

uoneznigIp ssaursng

Ayanonpoud 10108 [R10],

uondumsuod 1amod d1193[Hq

JCCSM

18,1

328

S1S3) WISTURYDIIA *p I[qBL

Downl oaded from http://ftp. nowublishers.conijccsm article-pdf/18/1/317/11680532/ijccsm 07-2025-0248en. pdf by guest on 13 July 2026



amplify the emission effects of BD, thereby biasing the overall regression results. Hence, the International
applicability of this conclusion to low-income economies could be substantially weakened.  journal of Climate

Change Strategies

4.3 Results of group tests and Management

Table 5 presents the estimation results for seven subsamples. In countries characterized by
higher energy security risk (Column 2), higher economic policy uncertainty (Column 4)
and right-wing governments (Column 6), GD exhibits a significantly positive coefficient 329
at least at the 5% level, indicating that government digitization intensifies GHG
emissions. In contrast, in countries with lower energy security risk (Column 1), lower
economic policy uncertainty (Column 3) and left-wing governments (Column 5),
government digitization significantly reduces GHG emissions. In addition, Column 7
reports the results for centrist governments. The coefficient of GD is positive and
statistically significant at the 10% level (0.015), but its magnitude is smaller than that of
right-wing governments (0.039, Column 6). This aligns with the theoretical expectation in
H4, with centrist parties prioritizing a balance between environmental protection and
economic concerns. Consequently, government digitization under centrist governance
neither amplifies GHG emissions as strongly as under right-wing rule nor curbs GHG
emissions as under left-wing rule, resulting in a weaker emission-enhancing effect. These
findings confirm the moderating roles of energy security risk [8], economic policy
uncertainty and ruling party ideology, thus supporting H2, H3 and H4.

4.4 Results of quantile regression

Table 6 reports the quantile regression results. At the 0.1 quantile, the coefficient of GD is
statistically insignificant. In contrast, at the remaining four quantiles, the coefficients are
positive and statistically significant, with their magnitudes gradually increasing across higher
quantiles. This suggests that in countries with lower levels of GHG emissions, the impact of
government digitization on emissions is negligible; however, as emission levels rise, the
positive effect of government digitization on GHG emissions becomes increasingly
pronounced. This finding is inconsistent with the expectation of H5, which anticipated a
weaker positive or even negative relationship in high-emission countries.

Nonetheless, this deviation from the hypothesis could be explainable. H5 rests on the
assumption that high-emission countries have largely completed the phase in which government
digitization enhances the efficiency of traditional industries and are now reallocating digital
resources toward green governance. In practice, however, this assumption faces two important
challenges. First, in most high-emission countries, government digitization is still in its
developmental phase (Profiroiu et al., 2024); the empowerment it provides to improve the
efficiency of traditional industries has not yet reached the stage of diminishing marginal returns,
meaning that ongoing digitization efforts can continue to stimulate industrial capacity
expansion. Second, compared to the pressure for economic growth, environmental constraints in
these countries tend to be relatively weak (Ding et al., 2023), making it difficult for digital
resources to shift toward green governance in the short term. Crucially, the timing of
diminishing marginal effects varies substantially across countries, development stages and
research domains, making its specific occurrence empirically uncertain. In the context of this
study, we have not found clear evidence that the impact of government digitization on GHG
emissions has begun to exhibit diminishing marginal effects.

4.5 Comparison with previous studies
The empirical results of this study present notable deviations from the mainstream literature
and offer meaningful extensions to the current understanding of the environmental
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IJCCSM consequences of government digitization. While a large body of existing research tends to
18,1 emphasize the emission-reducing potential of government digitization (e.g. Feng et al., 2024,
Wang et al., 2024; Yi, 2025; Zhang et al., 2025), our findings suggest that government
digitization can, in fact, intensify GHG emissions under certain conditions. This challenges
the prevailing belief that digital governance is inherently aligned with environmental
sustainability and calls for a more nuanced assessment of its environmental implications.
332 Moreover, our results diverge from those of Li et al. (2025), who argued for an inverted U-
shaped relationship between government digitization and carbon emissions. Although their
study highlights the dual environmental effects of digital governance, it lacks rigorous
empirical testing for the turning point and does not account for the temporal lag in GD data.
In contrast, our quantile regression analysis does not support the existence of a U-shaped
pattern; rather, it shows that the emission-promoting effect of government digitization
becomes more pronounced at higher levels of emissions, implying that digitization in high-
emission countries has yet to be redirected toward green governance. This finding is further
reinforced by our group-testing analysis, which reveals that energy security risk, policy
uncertainty and ruling party ideology, substantially moderate the impact of government
digitization on GHG emissions. These results help explain the heterogeneity in previous
empirical findings and underscore the importance of accounting for institutional and
contextual factors. In sum, this study enriches the existing literature by shifting the focus
from a predominantly optimistic view to a more balanced understanding of the complex and
conditional effects of government digitization on climate outcomes.

5. Conclusion

5.1 Summary of findings

Based on panel data from 130 countries over the period 2002—2021, this study conducts a
series of empirical analyses and draws the following conclusions:

+  Government digitization significantly increases GHG emissions; more specifically, it
contributes to higher emissions by increasing electric power consumption,
enhancing TFP and promoting business digitization.

+ The impact of government digitization on GHG emissions is moderated by energy
security risk, economic policy uncertainty and ruling party ideology. Specifically, in
countries facing severe energy security risk, experiencing elevated policy
uncertainty, or governed by right-wing parties, government digitization significantly
increases GHG emissions; in contrast, under conditions of low energy security risk,
stable policy environment or left-wing governance, it significantly reduces
emissions; for countries governed by centrist parties, government digitization also
exerts an emission-increasing effect, though the effect is weaker than under right-
wing governments.

+  The effect of government digitization on GHG emissions varies by countries’ GHG
emission levels, with the effect being insignificant in low-emission countries but
increasingly contributing to higher emissions as emission levels rise.

5.2 Policy implications

The empirical findings of this study provide important insights for policy formulation aimed
at aligning government digitization with climate mitigation goals. First, given the
demonstrated positive association between government digitization and GHG emissions, as
well as the identification of electric power consumption as a key transmission mechanism, it
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is imperative to improve the energy structure underpinning digital infrastructure. International
Governments should embed green standards throughout the entire lifecycle of government Jjournal of Climate
digitization, particularly by prioritizing the use of clean energy to power data centers and Change Strategies
communication networks, so as to reduce the GHG footprint and mitigate the environmental
consequences of digitization. Second, the finding that government digitization increases
GHG emissions through business digitization underscores the importance of policy efforts
that steer private-sector digitization in an environmentally responsible direction. Measures 333
such as green tax incentives could encourage the adoption of low-emission digital
technologies and discourage digital investments that lead to excessive GHG emissions.
Third, the results regarding energy security risk, economic policy uncertainty and ruling
party ideology highlight the critical role of national conditions in shaping the environmental
consequences of government digitization. In countries facing energy supply instability or
frequent policy shifts, governments should strengthen the resilience of their energy systems
and enhance policy consistency to prevent digital government initiatives from exacerbating
GHG emissions. In addition, fostering political consensus on the environmental objectives of
digital government initiatives, regardless of political ideology, could help ensure long-term
commitment to environmental sustainability in the context of digital government. Finally,
because the emission effects of government digitization vary across countries with different
emission levels, digital governance reforms should adopt a differentiated approach. In high-
emission countries, efforts should focus not only on enhancing digital tools for
environmental monitoring and enforcement, but also on applying digital technologies to
improve energy efficiency and reduce overall GHG emissions in emission-intensive sectors.
In contrast, in countries with lower emission levels and relatively underdeveloped digital
infrastructure, priority should be given to building environmentally sustainable digital
capacity from the outset, ensuring that the expansion of digital government does not lead to
unintended environmental burdens.

and Management

5.3 Limitations and suggestions for future research

Despite the rigorous efforts devoted to ensuring the accuracy of this study, certain
unresolved limitations persist. First, due to data availability constraints, this study used
online service index as GD’s proxy, which primarily captures digitization of public
services rather than the broader digital transformation of the public sector. If more
comprehensive indicators become available in the future, researchers could extend the
analysis to encompass wider dimensions of digital governance and thereby achieve a
more comprehensive assessment of government digitalization’s environmental
consequences. Second, although we used 2SLS estimation to mitigate potential
endogeneity, the validity of the exclusion restriction remains debatable because regional
adoption initiatives, such as the European Green Deal, could be correlated with
unobserved shocks that also influence GHG emissions. Future research could incorporate
falsification tests to further strengthen causal identification.

Data availability

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Notes

[1.] The list of the 130 countries is displayed in Appendix List Al.
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1JCCSM [2.] Because the United Nations does not release the online service index annually, and the data
18 s 1 published in a given year actually correspond to the previous year, this study in effect covers the
years 2002, 2003, 2004, 2007, 2009, 2011, 2013, 2015, 2017, 2019 and 2021.

[3.] Regional classifications follow the World Bank (2022), which divides countries into seven
groups: East Asia and Pacific, Europe and Central Asia, Latin America and Caribbean, Middle
East and North Africa, North America, South Asia and sub-Saharan Africa.

334

[4.] Due to space constraints, the empirical results related to the PCA process are not reported in this
paper but are available upon request from the corresponding author.

[5.] Taking ESR as an example, countries with values below its median are classified as lower
energy security risk countries, whereas those with values equal to or above the median are
classified as higher energy security risk countries. The same classification method is applied to
EPU.

[6.] To test for a potential nonlinear effect, we included a squared term of GD in the regression; its
coefficient was not statistically significant. Results are not reported here due to space constraints
but are available from the corresponding author upon request.

[7.] While some countries rely on fossil energy as the main source in their electricity supply and
others on renewable energy, this paper does not distinguish this structural difference. To test
whether the mechanism proposed in Hla, by which government digitization affects GHG
emissions through the electricity consumption channel, is driven by fossil energy—dominated
power grids, we incorporated the interaction term of government digitization and the share of
renewable electricity output in total electricity output (REOshare), i.e. GDXREOshare, into the
regression. The results indicate that this interaction term yields a significantly negative
coefficient at the 5% level, which confirms that the mechanism proposed in Hla is indeed
driven by fossil energy-dominated power grids. Readers interested in these regression results
can request them from the corresponding author.

[8.] To verify the robustness on the moderating role of energy security risk, we replaced ESR’s
proxy with the energy security score from the World Energy Council’s Energy Trilemma Index
and still obtained a consistent finding. Readers interested in these regression results can request
them from the corresponding author.
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