Politicka Volume 74 (5)

7 PRAGUE UNIVERSITY
ekonomie https://doi.org/10.18267/j.polek.1518 \SE / D AUSIEes
2026 Open Access

How Do Digital Government and Digital
Finance Promote Green Investment?

IThan Ozturk, Sana Ullah

Ilhan Ozturk (email: iozturk@sharjah.ac.ae), College of Business Administration, University of Sharjah,
Sharjah, United Arab Emirates; Faculty of Economics, Administrative and Social Sciences,
Nisantasi University, Istanbul, Turkey; VIZJA University, Warsaw, Poland

Sana Ullah (corresponding author, email: sana_ullah133@yahoo.com), Faculty of Economics and
Administrative Sciences, Near East University, Nicosia, Northern Cyprus, Turkey; VIZJA University,
Warsaw, Poland; Advanced Research Centre, European University of Lefke, Lefke, Northern
Cyprus, Turkey

Abstract

In order to tackle climate change and global warming, policymakers all around the globe have stressed
fostering investment in green initiatives and projects. Particularly in top polluted economies, the im-
portance of green investment has recently increased manifold. Thus, researchers have focused on find-
ing the determinants of green investment. This analysis aims to scrutinize the nexus between digital
government, digital financial inclusion and green investment in top polluted economies by employing
two-stage least squares (2SLS), generalized method of moments (GMM) and smoothed instrumental
quantile regression (SIVQR) methods. In addition to analysing an aggregate sample of top polluted
economies, we perform a regional analysis by disaggregating the data. The findings reveal that digital
financial inclusion boosts green investment in the full sample, Asia, America, Europe and Africa, while
digital government promotes green investment in all the regions except Africa. The control variables
of GDP, carbon emissions, foreign direct investment and human capital foster green investment in top
polluted economies, while trade reduces green investment in these economies. On the policy front,
an integrated approach with a central focus on digital governance and financial inclusion is required
to boost green investment.
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1. Introduction

Life on the planet is in danger due to the growing menace of climate change. The rising GHG
emissions, particularly CO, emissions, are acknowledged as the major driver of climate
change. Industrial revolution is believed to be the starting point of climate change as in-
dustrialization is the major contributor to global carbon footprints despite its positive role
in uplifting the living standards of people worldwide (Penna, 2014). Since the start of indus-
trial revolution, industries have mostly relied on carbon fuels such as coal, oil and gas, which
are the primary contributors to deteriorating environmental quality. In addition, the pro-
cess of industrialization caused massive deforestation and extraction of natural resourc-
es, leading to higher carbon intensity within the ecosystem in the last thirty years. The In-
tergovernmental Panel on Climate Change (IPCC) report has warned world leaders about
the most severe catastrophic impacts of climate change in the coming years if the trend
of growing carbon intensity persists (IPCC, 2022). In this context, the pressure is mount-
ing on the world leaders to work jointly to mitigate the growing CO, intensity. In response
to the escalating pressure, the world leaders sat together, in 2015 in Paris, and signed a trea-
ty that binds them to curtail the increase in global temperature to 1.5 °C over pre-industrial
levels to protect the planet from the awful consequences of global warming (Fu et al., 2018).
Among the several options to enhance environmental quality and reduce CO, intensity, in-
vesting in green energy and innovations is the most celebrated option in the eyes of envi-
ronmentalists and policy experts (van den Bergh, 2013). According to the existing literature,
green investment is helpful in mitigating carbon intensity (Li et al., 2021). However, not
much is known about the determinants of green investment in current scholarly literature.
Our analysis aims to bridge this gap by examining the nexus between digital government,

digital financial inclusion and green investment.

To achieve superior environmental and economic performance, it is vital to allocate
sufficient funds for sustainable transformation of the economic structure (Ren et al., 2022).
The desired results can be achieved by fostering financial activities that boost investment
in diverse fields, including renewable energy, eco-innovations and bio-goods. This type of in-
vestment is commonly known as green investment (Eyraud, 2013). Given the significance
of green investments in achieving sustainability, there has been a significant rise in green
investment worldwide since the start of the 215 century. Despite its popularity, the level
of green investment remains unsatisfactory (Clark, 2019). The European Environmental
Agency (EEA, 2023) claimed that in order to successfully transform into a low-carbon global
economy by 2030, the world needs to invest in green technologies and energies at a much
higher rate. Another organization, known as the G20 Green Finance Study Group, has also
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called on the G20 leaders during their 2016 meeting held in China to pass on cash from en-
vironmentally harmful investments to eco-friendly ones (Ma et al., 2023).

The present era is referred to as the age of technology, where global socioeconomic pro-
gress is largely due to technological development. The expansion of information and com-
munication technology (ICT) has significantly improved development procedures and trans-
formed each and every sector of the economy, as well as the government sector (Chatterjee,
2020). Digital government relies on digitalization and ICT to perform daily operations and
to formulate policies. The WB (2022) defines digital government as the use of information
technologies, by government agencies to transform their interactions with citizens, busi-
nesses and other government branches. There are several benefits of utilizing ICT in govern-
ment services. For instance, it may facilitate the adoption of wide-ranging plans and public
services while also encouraging a well-functioning and transparent organizational structure
(Clifton et al.,, 2020). A 2016 study by the United Nations on e-government highlights that
increased reliance on the e-government may help in achieving sustainable development by
enabling the real-time supervision of green projects and innovations, which in turn boosts

investment in green initiatives (Castro and Lopes, 2022).

Moreover, the means of interaction between governments and the public have become
more modernized and sophisticated due to increased reliance on digitalization. Also, this
process aids in the speedy dissemination of information about the government efforts to pro-
mote green investment. Consequently, individuals and businesses will show more interest
in eco-friendly production and consumption activities and start investing in green energy
and technology. Indeed, the significance of digital government has been widely praised for
its role in fostering transparency, accountability, citizen involvement (Janowski, 2015) and
encouraging economic development (Khan and Majeed, 2019); there is a dearth of literature

on the impact of digital government on green investment.

The actions of digital government to promote green investment do need support
from the financial sector, which has become more digitalized and inclusive due to the in-
creased use of ICT. According to Polzin and Sanders (2020), the financial sector is a key
driver in a transition towards a low-carbon economy by promoting investment in clean and
green projects. Support from the financial sector is crucial to provide the total green invest-
ment of 100 billion USD that is required to achieve sustainable development goals alongside
the objectives of the Paris Agreement (Sachs et al., 2019). As far as digital financial inclu-
sion is concerned, it is widely recognized as a factor of environmental quality because it
makes investments in clean and green energy more conducive, accessible and affordable. It

removes the hurdles in attaining loans from financial institutions and encourages business-
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es to invest in eco-friendly technologies (Sun et al., 2022). The expansion of digital finan-
cial inclusion boosts corporate environmental, social and government performance, which
helps increase the development of green technologies (Xue and Zhang, 2022). The popular-
ity of digital financial inclusion has encouraged more researchers to estimate its impact on
the economic and environmental performance of different countries and regions (Ozturk
and Ullah 2022; Kapur et al., 2023). However, the empirical literature on the nexus between
digital financial inclusion and green investment is still in its infancy. Based on the literature,

the following hypotheses are proposed:
H;: Digital government has a positive impact on green investment.
Hy: Digital finance significantly promotes green investment.

The primary objective of the present study is to investigate the impact of digital gov-
ernment and digital financial inclusion on green investment. Thus, the study is a valuable
addition to the existing literature in the following ways. First and foremost, no empirical
study in the past has examined the role of digital government and digital financial inclu-
sion in the expansion of green investment. This study bridges the gap and becomes the first
to analyse the impact of digital government and digital financial inclusion on green invest-
ment. Therefore, this study can prove vital in providing the empirical and theoretical base
for future studies in this regard. Secondly, combining these two factors in a green invest-
ment function can provide valuable insights into the integration of digital technologies into
the government and financial sectors and their role in promoting green investment. Thirdly,
the study employs the 2SLS, GMM and SIVQR approaches to counter the issues of endogenei-
ty and thus produce robust estimates. Lastly, the study results are vital for policy experts and
entrepreneurs in designing policies to boost green investment by focusing on the combina-

tion of digital government and digital financial inclusion as important policy tools.

2. Empirical Model

This study investigates the influence of digital government and digital financial inclusion on

green investment. We construct the following panel data econometric model:

Gl = my + m DGy + 1, DFly + m3GDPy + w4 CO,,, + msFDIy + mgTrade;,
(1)
7T7HCL't + 7T8NRRit + a; + Eit

In Equation (1), the term GI refers to the green investment in the country i, where
i ranges from 1 to 71, observed during the time ¢ from 1 to 15. Simultaneously, GI is deter-

mined by digital government (DG), digital financial inclusion (DFI), GDP per capita (GDP),
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carbon dioxide emissions (CO,), foreign direct investment (FDI), trade openness (Trade),
human capital (HC) and natural resource rents (NRR). While ¢, represents the error term, «;
gauges the unobserved effect in the model. The parameters m, 1, ..., g represent the out-
come elasticities concerning their respective factor inputs. The potential sign of DG may turn
out to be positive. This is because digital government activities may improve the manage-
ment of ecological values, leading to a more favourable environment for investment in green
initiatives and projects by ensuring that businesses follow sustainable practices. Moreover,
digital government can help remove bureaucratic barriers by allowing investors to apply
for green investment projects online. The possible effect of DFI on green investment may
be positive. It is widely believed that the financial sector is vital in providing the necessary
initial investment for risky green projects. Consequently, a more digitalized and inclusive
financial sector increases the accessibility to financial resources manifold, thus allowing in-
dividuals and enterprises to acquire capital for investment in green projects at a much faster
and more affordable rate.

3. Methods of Estimation

For estimating the influence of digital government and digital finance on green investment,
we utilize several approaches including the 2SLS proposed by Cumby et al. (1983), the GMM
of Arellano and Bover (1995) and Blundell and Bond (1998) and SIVQR of Kaplan (2022).
These approaches have one thing in common: they use instruments to control for endoge-
neity, a common concern of panel analysis. However, the selection of these instruments is
a headache for researchers due to complexities involved in the process. We tackled this situa-
tion by using a general approach to instrument selection, using every regressor as an instru-
ment in the analysis. While the study uses DFI variables as endogenous, in addition to 2SLS,
we also apply the GMM technique. GMM approaches were first developed by Hansen (1982)
and subsequently refined by Holtz-Eakin et al. (1988), whereas Arellano and Bond (1991)
advocated for the difference GMM. The difference GMM estimator is designed for datasets
characterized by many panel units (i) and limited time (t). The system GMM, an improved
version, was presented by Arellano and Bover (1995) and advanced by Blundell and Bond
(1998). The system GMM establishes additional orthogonality constraints that provide ac-
curate instruments and enhance efficiency. System GMM mitigates issues of heteroskedas-
ticity, omitted variable bias, endogeneity among variables and autocorrelation (Abdallah
et al., 2015). We utilize system GMM to assess the association between digital government,
digital financial inclusion and green investment, considering the challenges related to dy-

namic panel data and the limitations of other dynamic panel data estimators, such as first
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difference and the within-group estimator. We choose system GMM over the difference GMM
estimator because system GMM provides accurate and efficient estimates, addresses the en-
dogeneity problem and is more suitable for panel investigations due to its ability to reduce
bias (Blundell and Bond, 1998). In the GMM model, we use the Hansen test to check whether
our instruments are valid. Also, the AR(2) test is applied for serial correlation in the model.

All of the methods share one drawback: they are ineffective if they have to face any
one of the following situations: extreme data points, outliers and non-normal data (Wat-
tanawongwan et al., 2023). Quantile regression approaches are the solutions to these prob-
lems, but these approaches fail in the case of endogeneity. Thus, Chernozhukov and Hansen
(2005) introduced an integrated approach having the characteristics of both quantile re-
gression and an instrumental variable referred to as instrumental variable quantile regres-
sion (IVQR), which provides reliable estimates in the presence of endogeneity. The inclusion
of an instrumental variable to control for endogeneity makes the conventional quantile re-
gression approaches better. Nevertheless, the SIVQR of Kaplan (2022) is an advanced and
improved version of the IVQR due to its ability to include more than one endogenous varia-

ble. Therefore, we have selected the SIVQR to check the robustness of our estimates.

4. Data and Descriptive Analysis

To explore the nexus between digital government, digital financial inclusion and green in-
vestment, we use a panel dataset for 71 polluted economies from 2007 to 2021. The list
of sample countries is presented in the Appendix (see Table Al). Green investment (GI) is
the dependent variable in our model. Following Alsagr and Ozturk (2024), total produc-
tion from nuclear, renewables and other sources is used as a proxy measure for green in-
vestment (GI), for which data are obtained from the US Energy Information Administration
(EIA). The renewable energy production of the top-producing countries is shown in Figure
1. Digital government (DG) and digital financial inclusion (DFI) are major focus variables
in our model. Digital government (DG) is measured using the e-government development
index, which the United Nations (UN) has formulated. Digital financial inclusion (DFI) is
measured by an index formulated by the authors. The DFI index includes three determi-
nants, namely ATMs per 1,000,000 adults, debit cards (% age 15+) and bank branches per
100,000 adults. The variables used for developing the DFI index are supported by the IMF
(IMF, 2021) and empirical literature (Alsagr et al., 2024; Hongzuo et al, 2025) as crucial
components for digital financial inclusion. Principal component analysis is used to develop
the DFI index. The datasets for the index are provided by the Global Financial Development
Database (GFDD; WB, 2024a). GDP per capita (constant 2015 USD), CO, emissions (in thou-
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sands of tonnes), foreign direct investment (net inflows as percent of GDP), trade openness
(as % of GDP), human capital measured by secondary school enrolment (gross %) and nat-
ural resource rents (as % of GDP) are used as control variables in our model. The control
variables are selected from prior literature (see Liao, 2018; Wen et al., 2023). The data se-
ries for GDP, CO,, FDI, Trade, HC and NRR are taken from the World Development Indicators
(WDI). Taking a natural log of all the variables has several advantages. Firstly, it normalizes
the data by reducing the difference between maximum and minimum values. Secondly, it
makes the interpretation of the estimates easy by neutralizing the units of the variables. Due
to these advantages, we take the natural log of the variables. The definitions and data de-
scription of the variables are given in Table 1. The regression analysis is carried out using
Stata 17 software.

Table 1: Definitions and data description

Variable Definitions Sources Mean SD Min Max
Green investment | A proxy of renewable energy
(G]) production (quad Btu) EIA (2023) 0.994 2.907 0 2491
Digital government !E-government development UN (2024) 0.607 0183 0.224 1.006
(DG) index value
Digital financial inclusion
Digital financial index (ATMs per 1,000,000 Authors’
inglusion (DFI) adults, debit cards own 3.294 0.96 | —-0.007 5.880
(% age 15+4), bank branches calculations
per 100,000 adults)
GDP per capita GDP per capita WDI
(GDP) (constant 2015 USD) (WB, 2024b) | 989 | 1:224 | 6454 1 11.37
Carbon dioxide - WDI
emissions (CO,) CO, emissions (kt) (WB, 2024b) 11.30 1.558 7.897 16.22
Foreign direct . o WDI
investment (FDI) FDI, net inflows (% of GDP) (WB, 2024b) 0.911 1.089 4,837 4,692
Trade openness o WDI
(Trade) Trade (% of GDP) (WB, 2024b) 4,258 0.533 1.565 6.081
. School enrolment, secondary | WDI
Human capital (HC) (% gross) (WB, 2024b) 4.474 0.309 3.008 5.099
Natural resource Total natural resource rents WDI
rents (NRR) (% of GDP) (WB, 2024b) | +461 | 73321 —286 1 52.56
Source: Authors’ own calculations
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Table 1 reports mean and standard deviations of the variables with maximum and min-
imum ranges. The highest mean score is found for €O, (11.3) and the minimum mean score
is noted for DG (0.607). The mean scores for GI, DFI, GDP, FDI, HC and NRR are 0.994, 3.294,
8.989, 0.911, 4.258, 4.474 and 4.461, respectively. The standard deviation scores for GI, DG,
DFI, GDP, CO,, FDI, Trade, HC and NRR are 2.907, 0.183, 0.96, 1.224, 1.558, 1.089, 0.533,
0.309, 7.332, respectively. The scatterplot in Figure 2 illustrates a robust positive correlation
between digital government and green investment. A similar relationship is obvious in Fig-

ure 3 for digital financial inclusion and green investment.

Figure 1: Share of renewable energy production (in %)
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Figure 2: Hexagon correlations between digital government and green investment
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Figure 3: Hexagon correlations between digital financial inclusion and green
investment
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5. Empirical Results and Discussion

Panel analysis normally starts by checking whether the variables included in the model are
stationary or non-stationary. Checking the unit root is crucial for the macro panel series
where both (i and t) are large. However, in the case of micro or short panels where the num-
ber of i is greater than t, checking the unit root is not mandatory as the short panel does not

exhibit the issue of non-stationarity.

Furthermore, the methodologies that we chose for the analysis do not demand from us
to conduct pre-unit root tests. Therefore, we have not applied the unit root tests. We used
the variance inflation factor (VIF) test in the pre-testing analysis to detect multicollinearity.
The VIF results are available in Table 2. The high value of VIF represents the higher level
of correlation between the variables. If the value of VIF attached to a variable is lower than
10, the variable can be included in the model. From Table 2, we can see that the VIF value
linked to every variable is lower than 10, indicating that these variables can be included
in the model. The mean VIF is 2.83, which is far below the threshold value of 10, also con-
firming that our model is free of the issue of multicollinearity.

Table 2: VIF results

Variable VIF 1/VIF
DG 5.52 0.181
GDP 5.07 0.197
DFI 3.14 0.318
HC 2.70 0.370
Trade 1.93 0.518
co2 1.67 0.600
FDI 1.39 0.720
NRR 1.20 0.833
Mean VIF 2.83

Source: Authors’ own calculations

The outcomes of 2SLS and system GMM for the full sample, Asia, America, Europe and

Africa are provided in Table 3. In total, 10 models are estimated, five with 2SLS and five with
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system GMM. The results show that DG has a favourable impact on GI in all the samples ex-
cept Africa. For an improvement in DG by 1%, the GI escalates by 0.226%, 0.397%, 2.455%
and 1.718% in the 2SLS models and 0.134%, 0.231%, 1.241% and 1.524% in the GMM mod-
els in the full sample, Asia, America and Europe. These results are supported by Hypothe-
sis 1. This result is backed by Tian et al. (2022), who documented that digital government
promotes the expansion of green investment. The results also infer that digital government
enables investors to use their available resources to enhance green investment effectively.
Digital government creates opportunities for green investment and sustainable develop-
ment. A similar result was found by Alshubiri (2023). Liao et al. (2023) illustrated that dig-
ital government promotes green investment and provides a new path for the development
of the green economy. The results also suggest that digital government efficiently improves
the rate of resource utilization, thus raising the level of green investment. The study also re-
ported that digital government contributes significantly to the augmentation of green invest-
ment through technology development, which improves sustainable development efforts.
This result is also in line with Li et al. (2023), who noted that countries investing in digital
infrastructure experience more effective resource distribution towards green investment.
Furthermore, digital governments promote accountability and transparency by enhancing
green investment opportunities. Guo et al. (2024) supported our results and suggested that
digital governments facilitate stakeholder collaboration, fostering investment in innovative
green projects.

The estimates attached to DFI are favourably related to GI in the full sample, Asia,
America, Europe and Africa. Quantitively, for every 1% escalation of DFI, the GI improves
by 1.632%, 1.742%, 1.728%, 0.695% and 0.044% in the 2SLS models and 1.023%, 1.214%,
1.126%, 0.424% and 0.029% in the GMM models in the full sample, Asia, America, Europe
and Africa. These results confirm Hypothesis 2. The result is consistent with those of Jiang
etal. (2022), who reported that DFI provides access to financial services for businesses. This
accessibility enables businesses to be involved in green initiatives, contributing to the devel-
opment of the green investment sector. Similar results were described by Jiang (2023), who
noted that DFI positively correlates with augmented access to financial services, ultimately
raising economic growth and green investment. DFI through mobile banking enables users
to perform financial transactions via mobile devices. It empowers businesses and individu-
als engaged in green activities, easing financial transactions and investments in eco-friendly
green projects. The finding aligns with those of Wei et al. (2023), who highlighted the pos-
itive role of mobile banking in expanding financial inclusion, which positively influences
investments in sustainable and green projects. This means that DFI, through fintech inno-

vations, offers new opportunities for green investment. These innovations can streamline
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and facilitate green investment processes. Lin & Ma (2022) noted that fintech innovations
play a significant role in attracting green investments and offering transparent and efficient
solutions for project developers. Moreover, DFI contributes to risk mitigation in green in-

vestments.

Likewise, in the full sample, Asia, America, Europe and Africa, we see an improvement
in GI by 2.186%, 4.848%, 5.061%, 3.061% and 0.077% in the 2SLS models and 1.171%,
1.084%, 3.349%, 2.412% and 0.039% in the GMM models for every 1% increase in the GDP.
Furthermore, the estimates of CO, are positively significant in Asia, America and Europe
only - due to a 1% rise in CO,, there is an escalation of GI by 0.999%, 1.957% and 0.721%
in the 2SLSmodels and 0.689%, 1.411% and 0.614% in the GMM models. The estimated
coefficients attached to FDI are significantly and favourably linked to GI in all the models
in the full sample as well as the European and African regions; however, when we apply
the GMM estimator, the estimates of FDI are favourably linked to GI in the full sample, Asia,
America and Europe. Specifically, the GI escalates by 0.075%, 0.418% and 0.007% (2SLS)
in the full sample, Europe and Africa, and 0.022%, 0.047%, 1.533% and 0.341%, (GMM)
in the full sample, Asia, America and Europe, respectively. The estimated coefficients of HC
are positively significant in the full sample, America and Europe: a 1% improvement in HC
causes an escalation in GI by 1.430% and 1.008% (full sample), 1.348% and 1.073% (Amer-
ica) and 0.247% and 0.194% (Europe) in the 2SLS and GMM models, respectively. In con-
trast, we find an inverse relationship between Trade and GI in the full sample as well as in all
the regions except Africa: a 1% growth of Trade decreases the GI by 1.105% and 1.003%
(full sample), 1.479% and 1.124% (Asia), 4.238% and 2.143% (America) and 0.260% and
0.174% (Europe) in the 2SLS and GMM models, respectively. In the GMM models, there is
an additional regressor, GI,-;, which is a lag term of the dependent variable. The estimates
of Gl are positive and significant, confirming the fact that the GI in the previous year in-
duced a positive change in the current year’s GI. Additionally, the validity of our instruments
is confirmed using the Hansen test, where all the statistics are insignificant. The results also
suggest that the AR(2) test statistics do not provide sufficient evidence to reject the null hy-

pothesis, indicating no autocorrelation in any of the models.
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Table 3: 2SLS and system GMM results

Full sample Asia America Europe Africa
2SLS GMM 2SLS GMM 2SLS GMM 2SLS GMM 2SLS GMM
Variables (1) (2) (3) (4) (5) (6) (7) (8) (9 (10)
Gl 1.026%** 1.045%** 0.875%** 0.668%*** 0.635%**
1 (0.006) (0.009) (0.032) (0.056) (0.075)
0.226*** | 0.134* 0.397** | 0.231%* | 2.455%* | 1.241%** | 1.718%** | 1,524%** 0.050 0.039
DG
(0.097) (0.076) (0.177) (0.106) (1.118) (0.329) (0.186) (0.130) (0.036) (0.028)
DFI 1.632%** | 1,023%** | 1,742%** | 1.214%** 1.728* 1.126*%* | 0.695%** | 0.424*** | 0.044*** | 0.029***
(0.435) (0.024) (0.448) (0.041) (1.004) (0.065) (0.217) (0.054) (0.011) (0.011)
GDP 2.186%** | 1.171*** | 4.848%*** | 1.084*** | 5061** | 3.349%** | 3. 061*** | 2.412*** | 0.077* 0.039**
(0.597) (0.085) (1.110) (0.165) (2.211) (0.314) (0.126) (0.088) (0.042) (0.019)
0.100 0.065 0.999* | 0.689*** | 1.957* 1417%%* | 0.721%** | 0.614*** 0.029 0.022
Co,
(0.327) (0.041) (0.526) (0.072) (1.013) (0.192) (0.146) (0.060) (0.022) (0.015)
EDI 0.075*% | 0.022%*** 0.109 0.047*** 2.065 1.533%** | 0.418*** | 0.341*** | 0.007** 0.005
(0.041) (0.007) (0.109) (0.016) (2.621) (0.032) (0.014) (0.005) (0.003) (0.004)
Trade —1.105%** | —1,003** | —1.479%* | —1.124*** | —4,238%**| _) 143***| _(0,260** | —0.174*** | 0.003 0.023
(0.260) (0.043) (0.585) (0.086) (1.625) (0.118) (0.127) (0.065) (0.015) (0.074)
HC 1.430%** | 1,008*** 0.788 0.21 1.348** | 1.073*** | (0.247* 0.194* 0.023 0.067
(0.455) (0.085) (1.093) (0.269) (0.641) (0.294) (0.133) (0.107) (0.026) (0.051)
—-0.003 —-0.008 -0.018 -0.006 -0.104 -0.002 -0.013 —-0.006 0.002 0.007
NRR
(0.012) (0.022) (0.023) (0.035) (0.407) (0.006) (0.014) (0.007) (0.007) (0.006)
Constant 22.83%** | 17.65%** | 34.81*** | 19.89% | 9.078*** | —7.682** 2.217 4.500 5.514*** | 4 577%**
(7.345) (5.141) (9.342) (10.07) (2.542) (3.645) (1.700) (6.728) (0.269) (1.186)
Number
of coun- 71 71 22 22 14 14 24 24 n n
tries
Hansen
test - 0.553 - 0.288 - 0.679 - 0.486 - 0.678
[p-value]
AR(2) - 0.231 - 0.185 - 0.474 - 0.375 - 0.518
[p-value]

Notes: Standard errors in parentheses. ***, ** * denote statistical significance at the 1%, 5% and 10% levels,
respectively.

Source: Authors’ own calculations
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The robustness check is performed with the help of SIVQR results. The outcomes of this
method appear in Table 4. Each variable is estimated across nine quantiles, i.e., from 0.10
to 0.90. The estimates of our primary regressors DG and DFI are positively connected to GI
across all the quantiles i.e., from 0.10 to 0.90, implying that DG and DFI are helpful in boosting
GI at all levels of GI. In addition, the analysis controls for the factors of GDP, CO,, FDI, HC and
NRR. Out of these control variables, the estimates of GDP and CO, are significant and positive at
all the quantiles from 0.10 to 0.90, suggesting that GDP and CO, boost GI at all of its intensities.
However, there is an inverse connection between Trade and NRR at all levels of G, i.e., from
0.10 to 0.90 quantiles, highlighting the negative impact of Trade and NRR on all magnitudes
of GI. Furthermore, the estimated coefficients of CO, and FDI are positive but insignificant.

Table 4: SIVQR results
Variables 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
DG 0.838%** | 0.383%** | 0.288** | 0.619** | 1.404** | 1.948%* | 2.163** | 2.550%* | 3 23D
(0.248) | (0.117) | (0.109) | (0.269) | (0.644) | (0.784) | (1.115) | (1.234) | (1.345)
DF 1.202%%% | 1.150%**% | 1.008%** | 0.852%* | 0.789%** | 0.933*** | 1,382%** | 1 5]3*¥* | 1 94]***
(0.225) | (0.198) | (0.145) | (0.131) | (0.108) | (0.145) | (0.316) | (0.574) | (0.654)
GDP 0.585%%* | 0.366%** | 0.226%** | 0.187*** | 0.355%**% | 0.557*¥*% | 1 108%** | 1.566¥** | 1.965%**
(0.078) | (0.053) | (0.037) | (0.022) | (0.121) | (0.151) | (0.213) | (0.345) | (0.452)
o 0.676%** | 0.286** | 0.120%* | 0.192*** | 0.345%* | 0.491* | 0.696* | 1.032** | 1.336**
2 (0.157) | (0.132) | (0.049) | (0.071) | (0.175) | (0.286) | (0.407) | (0.507) | (0.623)
FDI 0.016 0.077 0.015 0.009 0.003 0.017 0.142 0.198 0.248
(0.034) | (0.023) | (0.012) | (0.021) | (0.039) | (0.076) | (0.109) | (1.325) | (1.684)
Trade —0.782%%%|_(.125%**| —(0,151%** | _(.162***|—(0.190%**|—(.318%**| —1 1 25%** | _] 328***| _] 276%**
(0.034) | (0.023) | (0.017) | (0.029) | (0.064) | (0.094) | (0.112) | (0.216) | (0.325)
HC 0.220 0.039 0.022 0.094 0.182 0.132 0.537 0.739 1.124
(0.324) | (0.257) | (0.078) | (0.110) | (0.343) | (0.545) | (1.178) | (1.507) | (1.645)
NRR —0.049**% —0.011** |—0.013***|—0.021***|—0.032%**|—0.042%** —0.065%* | —0.074* | —0.094*
(0.007) | (0.005) | (0.002) | (0.003) | (0.009) | (0.014) | (0.031) | (0.041) | (0.049)
Constant 11.09%%% | 10.10%**% | 9.171%%% | 7.418%** | 4, 508*** | 5 589%** | 75)(*** | 8 683%** | 1] GE***
(2.034) | (1.742) | (1.115) | (1.006) | (0.899) | (1.218) | (1.758) | (1.944) | (2.325)
Observations| 1.065 1,065 1,065 1,065 1,065 1,065 1,065 1,065 1,065

Notes: Standard errors in parentheses. ***, ** * denote statistical significance at the 1%, 5% and 10% levels,
respectively.

Source: Authors’ own calculations
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6. Conclusion and Implications

As the digital economy invades economic society, there is a noteworthy shift in the world-
wide economy from being service-oriented to being digitally driven. The advancement
of digital technology has played a fundamental role in the construction of digital platform
infrastructure. The promotion of green investment emerges as a catalyst for social and eco-
nomic development. The construction of a digital government and financial inclusion servic-
es are instrumental in driving green investment. However, no empirical evidence is found on
the exploration of the influence of digital government and digital financial inclusion on green
investment. To fill this gap, our study examined the impact of digital government and digital
financial inclusion on green investment using top polluted economies. This study applied
2SLS, GMM and instrumental quantile regression using panel data from 2007 to 2021 for
the analysis. Besides analysing the top-polluted economies, we conducted a regional analy-
sis by disaggregating the data. The findings reveal that digital government promotes green
investment in all regions except Africa, while digital financial inclusion also has a favourable
impact on green investment in the full sample, Asia, America, Europe and Africa. The control
variables of GDP, CO,, FDI and human capital foster green investment in top polluted econo-
mies, while trade reduces green investment in these economies.

The findings suggest several policy implications. First of all, governments of top carbon
emitting economies should prioritize the enactment and strengthening of policies targeted
at encouraging digital financial inclusion, securing broader access to financial services and
supporting financial literacy initiatives. Simultaneously, investing in the growth of digital
platforms devoted to green investment can create user-friendly environments, promoting
information on sustainable projects and streamlining green investment processes. To incen-
tivize green investment, policymakers can explore the use of financial subsidies and incen-
tives delivered through digital channels, inspiring businesses and individuals to contribute
to eco-friendly projects. Reinforcement of digital governance frameworks becomes funda-
mental for regulating and monitoring environmental impact, with the integration of loT
to enforce compliance. Collaboration through financial institutions, environmental organi-
zations and technology companies is essential for leveraging digital platforms for sustaina-
ble financing. Moreover, digital skills and capacity-building training programmes focused on
green finance will empower professionals to use digital tools efficiently for project manage-
ment and decision-making. Governments should establish robust evaluation and monitoring
frameworks to assess the effectiveness of digital initiatives in driving green investments and
guiding policy adjustments. Lastly, active participation in international collaborations will
enable economies to contribute to a comprehensive approach to sustainable green finance,
fostering a collective commitment to economic and environmental goals.
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Our study has several limitations, which should be addressed in upcoming research.
The first limitation is that the sample includes data for 71 top polluted economies because
of data unavailability. Future studies can expand the sample size if data for other pollut-
ed economies become available. Another limitation of the study is that it does not account
for long-run and short-run dynamics of the relationship, which could be reported using
the panel autoregressive distributed lag. Moreover, future studies can apply the panel non-
linear autoregressive distributed lag estimation method, which can also capture the impact
of positive and negative shocks in digital government and digital financial inclusion on green
investment. Lastly, future studies can expand the scope of analysis by incorporating more
variables in the model, such as climate risk, access to green finance, stakeholder pressure

and environmental awareness.

Acknowledgement

Funding: There was no funding, either externally or internally, towards this study.

Conflict of interest: The authors hereby declare that this article was neither submitted nor

published elsewhere.

Al usage statement: The authors confirm that no artificial intelligence (AI) or Al-assisted

tools were used in the creation of this manuscript.

References

Abdallah, W., Goergen, M., O'Sullivan, N. (2015). Endogeneity: How failure to correct for it can cause
wrong inferences and some remedies. British Journal of Management, 26(4), 791-804.
https://doi.org/10.1111/1467-8551.12113

Alsagr, N., Ozturk, 1. (2024). How do energy security risk and ICT affect green investment? Economic
Analysis and Policy, 82, 1044-1055. https://doi.org/10.1016/j.eap.2024.04.027

Alsagr, N., Ozturk, I., Sohail, S. (2024). Digital government and mineral resources trade: The role
of digital financial inclusion. Resources Policy, 97, 105245.
https://doi.org/10.1016/j.resourpol.2024.105245

Alshubiri, F. (2023). The Impact of the Digital Economy Paradigm on Investment Sustainability
in Oman. In: Naifar, N., Elsayed, A. Green Finance Instruments, FinTech, and Investment Strategies:
Sustainable Portfolio Management in the Post-COVID Era, pp. 169-189. Cham: Springer.
ISBN 978-3-031-29031-2.

Arellano, M., Bond, S. (1991). Some tests of specification for panel data: Monte Carlo evidence
and an application to employment equations. The Review of Economic Studies, 58(2), 277-297.
https://doi.org/10.2307/2297968

Politicka ekonomie, 2026, 74 (5), 895-915, https://doi.org/10.18267/j.polek.1518 910


https://doi.org/10.1111/1467-8551.12113
https://doi.org/10.1016/j.eap.2024.04.027
https://doi.org/10.1016/j.resourpol.2024.105245
https://doi.org/10.2307/2297968

How Do Digital Government and Digital Finance Promote Green Investment?

Arellano, M., Bover, O. (1995). Another look at the instrumental variable estimation of error-
components models. Journal of Econometrics, 68(1), 29-51.
https://doi.org/10.1016/0304-4076(94)01642-D

Blundell, R., Bond, S. (1998). Initial conditions and moment restrictions in dynamic panel data
models. Journal of Econometrics, 87(1), 115-143.
https://doi.org/10.1016/50304-4076(98)00009-8

Castro, C,, Lopes, C. (2022). Digital government and sustainable development. Journal
of the Knowledge Economy, 13(2), 880-903. https://doi.org/10.1007/s13132-021-00749-2

Chatterjee, A. (2020). Financial inclusion, information and communication technology diffusion,
and economic growth: a panel data analysis. Information Technology for Development, 26(3),
607-635. https://doi.org/10.1080/02681102.2020.1734770

Chernozhukov, V., Hansen, C. (2005). An IV model of quantile treatment effects. Econometrica:
Journal of the Econometric Society, 73(1), 245-261.
https://doi.org/10.1111/j.1468-0262.2005.00570.x

Clark, G. L. (2019). The allocation of risk and uncertainty in green infrastructure investment with
implications for climate change policy. Journal of Sustainable Finance & Investment, 9(2),
116-137. https://doi.org/10.1080/20430795.2018.1558043

Clifton, J., Diaz Fuentes, D., Llamosas Garcia, G. (2020). ICT-enabled co-production of public services:
Barriers and enablers. A systematic review. Information Polity, 25(1), 25-48.
https://doi.org/10.3233/IP-190122

Cumby, R. E., Huizinga, J., Obstfeld, M. (1983). Two-step two-stage least squares estimation
in models with rational expectations. Journal of Econometrics, 21(3), 333-355.
https://doi.org/10.1016/0304-4076(83)90049-0

EEA (2023). Investments in the sustainability transition: leveraging green industrial policy against
emerging constraints. [Retrieved 2024-12-31] Available at:
https://www.eea.europa.eu/en/analysis/publications/investments-in-the-sustainability-transition

EIA (2023). Primary energy. [Retrieved 2024-12-31] Available at:
https://www.eia.gov/international/data/world/total-energy/total-energy-production?

Eyraud, L., Clements, B., Wane, A. (2013). Green investment: Trends and determinants. Energy Policy,
60, 852-865. https://doi.org/10.1016/j.enpol.2013.04.039

Fu, Y. H., Lu, R. Y, Guo, D. (2018). Changes in surface air temperature over China under the 1.5 and
2.0°C global warming targets. Advances in Climate Change Research, 9(2), 112-119.
https://doi.org/10.1016/j.accre.2017.12.001

Guo, F, Yang, C,, Feng, S. (2024). The Impact of Digital Economy on Green Technology Innovation
and Its Mechanism: Evidence from 274 Cities in China. Emerging Markets Finance and Trade,
60(9), 1971-1985. https://doi.org/10.1080/1540496X.2023.2297925

Politicka ekonomie, 2026, 74 (5), 895-915, https://doi.org/10.18267/j.polek.1518 911


https://doi.org/10.1016/0304
https://doi.org/10.1016/S0304-4076(98)00009-8
https://doi.org/10.1007/s13132-021-00749-2
https://doi.org/10.1080/02681102.2020.1734770
https://doi.org/10.1111/j.1468-0262.2005.00570.x
https://doi.org/10.1080/20430795.2018.1558043
https://doi.org/10.3233/IP-190122
https://doi.org/10.1016/0304-4076(83)90049-0
https://www.eea.europa.eu/en/analysis/publications/investments
https://www.eia.gov/international/data/world/total-energy/total-energy-production
https://doi.org/10.1016/j.enpol.2013.04.039
https://doi.org/10.1016/j.accre.2017.12.001
https://doi.org/10.1080/1540496X.2023.2297925

Ilhan Ozturk, Sana Ullah

Hansen, L. P. (1982). Large sample properties of generalized method of moments estimators.
Econometrica: Journal of the Econometric Society, 50(4), 1029-1054.
https://doi.org/10.2307/1912775

Holtz-Eakin, D., Newey, W., Rosen, H. S. (1988). Estimating vector autoregressions with panel data.
Econometrica: Journal of the Econometric Society, 56(6), 1371-1395.
https://doi.org/10.2307/1913103

Hongzuo, L., Simin, C,, YuWen, L., et al. (2025). How Does Renewable Energy Production Respond
to Digital Financial Inclusion and Education? Natural Resources Forum, 50(3), 1077-1086.
https://doi.org/10.1111/1477-8947.70012

IMF (2021). Digital Financial Inclusion in Emerging and Developing Economies: A New Index.
IMF Working Paper No. 2021/090. https://doi.org/10.5089/9781513574196.001

IPCC (2022). Climate Change 2022: Impacts, Adaptation and Vulnerability. Cambridge: Cambridge
University Press. https://doi.org/10.1017/9781009325844

Janowski, T. (2015). Digital government evolution: From transformation to contextualization.
Government Information Quarterly, 32(3), 221-236. https://doi.org/10.1016/j.9iq.2015.07.001

Jiang, B. (2023). Does fintech promote the sustainable development of renewable energy
enterprises? Environmental Science and Pollution Research, 30(24), 65141-65148.
https://doi.org/10.1007/s11356-023-27030-0

Jiang, Y., Guo, C,, Wu, Y. (2022). Does digital finance improve the green investment of Chinese listed
heavily polluting companies? The perspective of corporate financialization. Environmental
Science and Pollution Research, 29(47), 71047-71063.
https://doi.org/10.1007/s11356-022-20803-z

Kaplan, D. M. (2022). Smoothed instrumental variables quantile regression. The Stata Journal, 22(2),
379-403. https://doi.org/10.1177/1536867X221106404

Kapur, A, Singh, A. K., Raza, S. A,, et al. (2023). Role of financial inclusion, green innovation, and
energy efficiency for environmental performance? Evidence from developed and emerging
economies in the lens of sustainable development. Structural Change and Economic Dynamics,
64, 213-224. https://doi.org/10.1016/j.strueco.2022.12.008

Khan, F.N., Majeed, M.T. (2019). ICT and E-government as the Sources of Economic Growth
in Information Age: Empirical Evidence from South Asian Economies. South Asian Studies, 34(1), 227.

Li, S., Chang, G., Zunong, R. (2023). Does regional digital economy development influence green
investment? Innovation and Green Development, 2(3), 100053.
https://doi.org/10.1016/j.igd.2023.100053

Li, Z. Z., Li, R. Y. M., Malik, M. Y., et al. (2021). Determinants of carbon emission in China: how good is
green investment? Sustainable Production and Consumption, 27, 392-401.
https://doi.org/10.1016/j.5p¢c.2020.11.008

Politicka ekonomie, 2026, 74 (5), 895-915, https://doi.org/10.18267/j.polek.1518 912


https://doi.org/10.2307/1912775
https://doi.org/10.2307/1913103
https://doi.org/10.1111/1477-8947.70012
https://doi.org/10.5089/9781513574196.001
https://doi.org/10.1017/9781009325844
https://doi.org/10.1016/j.giq.2015.07.001
https://doi.org/10.1007/s11356-023-27030-0
https://doi.org/10.1007/s11356-022-20803-z
https://doi.org/10.1177/1536867X221106404
https://doi.org/10.1016/j.strueco.2022.12.008
https://doi.org/10.1016/j.igd.2023.100053
https://doi.org/10.1016/j.spc.2020.11.008

How Do Digital Government and Digital Finance Promote Green Investment?

Liao, F, Hu, Y., Sun, Y., et al. (2023). Does digital empowerment affect corporate green investment
efficiency? Environment, Development and Sustainability, 26, 23085-23111.
https://doi.org/10.1007/s10668-023-03591-5

Liao, X. (2018). Public appeal, environmental regulation and green investment: Evidence from
China. Energy Policy, 119, 554-562. https://doi.org/10.1016/j.enpol.2018.05.020

Lin, B., Ma, R. (2022). How does digital finance influence green technology innovation in China?
Evidence from the financing constraints perspective. Journal of Environmental Management,
320, 115833. https://doi.org/10.1016/j.jenvman.2022.115833

Ma, M., Zhu, X., Liu, M., et al. (2023). Combining the role of green finance and environmental
sustainability on green economic growth: Evidence from G-20 economies. Renewable Energy,
207, 128-136. https://doi.org/10.1016/j.renene.2023.02.046

Ozturk, I, Ullah, S. (2022). Does digital financial inclusion matter for economic growth and
environmental sustainability in OBRI economies? An empirical analysis. Resources, Conservation
and Recycling, 185, 106489. https://doi.org/10.1016/j.resconrec.2022.106489

Penna, A. N. (2014). The human footprint: a global environmental history. Hoboken: John Wiley &
Sons. ISBN: 9781394261406.

Polzin, F., Sanders, M. (2020). How to finance the transition to low-carbon energy in Europe? Energy
Policy, 147, 111863. https://doi.org/10.1016/j.enpol.2020.111863

Ren, S., Hao, Y., Wu, H. (2022). How does green investment affect environmental pollution? Evidence
from China. Environmental and Resource Economics, 81, 25-51.
https://doi.org/10.1007/s10640-021-00615-4

Sachs, J. D., Woo, W.T., Yoshino, N., et al. (2019). Importance of green finance for achieving
sustainable development goals and energy security. In: Handbook of Green Finance: Energy
Security and Sustainable Development, 1-10. Singapore: Springer. ISBN 978-981-10-8710-3.

Sun, H,, Tariq, G., Youn, I. J,, et al. (2022). Impacts of green energy finance on eco-friendly
environments. Resources Policy, 79, 103135. https://doi.org/10.1016/j.resourpol.2022.103135

Tian, X., Zhang, Y., Qu, G. (2022). The Impact of digital economy on the efficiency of green financial
investment in China’s provinces. International Journal of Environmental Research and Public
Health, 19(14), 8884. https://doi.org/10.3390/ijerph19148884

UN (2024). Data Center — Country Data. [Retrieved 2024-12-31] Available at:
https://publicadministration.un.org/eqgovkb/en-us/Data-Center

Van den Bergh, J. C. (2013). Environmental and climate innovation: Limitations, policies and prices.
Technological Forecasting and Social Change, 80(1), 11-23.
https://doi.org/10.1016/j.techfore.2012.08.004

Wattanawongwan, S., Mues, C., Okhrati, R., et al. (2023). Modelling credit card exposure at default
using vine copula quantile regression. European Journal of Operational Research, 311(1),
387-399. https://doi.org/10.1016/j.ejor.2023.05.016

Politicka ekonomie, 2026, 74 (5), 895-915, https://doi.org/10.18267/j.polek.1518 913


https://doi.org/10.1007/s10668-023-03591-5
https://doi.org/10.1016/j.enpol.2018.05.020
https://doi.org/10.1016/j.jenvman.2022.115833
https://doi.org/10.1016/j.renene.2023.02.046
https://doi.org/10.1016/j.resconrec.2022.106489
https://doi.org/10.1016/j.enpol.2020.111863
https://doi.org/10.1007/s10640-021-00615-4
https://doi.org/10.1016/j.resourpol.2022.103135
https://doi.org/10.3390/ijerph19148884
https://publicadministration.un.org/egovkb/en-us/Data-Center
https://doi.org/10.1016/j.techfore.2012.08.004
https://doi.org/10.1016/j.ejor.2023.05.016

Ilhan Ozturk, Sana Ullah

Wei, D., Ahmad, F., Abid, N., et al. (2023). The impact of digital inclusive finance on the growth
of the renewable energy industry: Theoretical and logical Chinese experience. Journal
of Cleaner Production, 428, 139357. https://doi.org/10.1016/j.iclepro.2023.139357

Wen, J,, Zhang, S., Chang, C. P, et al. (2023). Does climate vulnerability promote green investment
under energy supply restriction? Energy Economics, 106790.
https://doi.org/10.1016/j.eneco.2023.106790

WB (2022). An Overview of World Bank Group Digital Governance and GovTech Projects. New York:
The International Bank for Reconstruction and Development / The World Bank.

WB (2024a). DataBank: Global Financial Development. [Retrieved 2024-12-31] Available at:
https://databank.worldbank.org/source/global-financial-development

WB (2024b). DataBank: World Development Indicators. [Retrieved 2024-12-31] Available at:
https://databank.worldbank.org/source/world-development-indicators

Xue, L., Zhang, X. (2022). Can digital financial inclusion promote green innovation in heavily
polluting companies? International Journal of Environmental Research and Public Health, 19(12),
7323. https://doi.org/10.3390/ijerph19127323

Politicka ekonomie, 2026, 74 (5), 895-915, https://doi.org/10.18267/j.polek.1518 914


https://doi.org/10.1016/j.jclepro.2023.139357
https://doi.org/10.1016/j.eneco.2023.106790
https://databank.worldbank.org/source/global-financial-development
https://databank.worldbank.org/source/world
https://doi.org/10.3390/ijerph19127323

How Do Digital Government and Digital Finance Promote Green Investment?

Appendix

Table A1: List of sample countries

No. Region Country No. Region Country
1 America Peru 37 Europe France

2 America Guatemala 38 Europe Greece

3 America Mexico 39 Europe Ukraine

4 America Brazil 40 Europe Denmark

5 America Chile 41 Europe United Kingdom
6 America Argentina 42 Europe Lithuania

7 America Venezuela 43 Europe Portugal

8 America Bolivia 44 Europe Austria

9 America Honduras 45 Europe Poland

10 America Colombia 46 Europe Switzerland
1 America Ecuador 47 Europe Slovenia

12 America (L)JP’lAt;derSiZtes 48 Europe Serbia

13 America Canada 49 Europe Netherlands
14 America Panama 50 Europe Bulgaria

15 Asia Nepal 51 Europe Belgium

16 Asia Thailand 52 Europe Sweden

17 Asia India 53 Europe Estonia

18 Asia Lebanon 54 Europe Croatia

19 Asia Israel 55 Europe Germany
20 Asia Cambodia 56 Europe Hungary

21 Asia China 57 Europe Czechia

22 Asia Indonesia 58 Europe Romania

23 Asia Philippines 59 Europe Finland

24 Asia Singapore 60 Europe Spain

25 Asia Pakistan 61 Africa Senegal

26 Asia Sri Lanka 62 Africa Morocco

27 Asia Azerbaijan 63 Africa Nigeria

28 Asia Uzbekistan 64 Africa Angola

29 Asia Jordan 65 Africa South Africa
30 Asia Kazakhstan 66 Africa Kenya

31 Asia Bangladesh 67 Africa Algeria

32 Asia Iran 68 Africa Cameroon
33 Asia Malaysia 69 Africa Ghana

34 Asia Japan 70 Africa Egypt

35 Asia Turkey 71 Africa Tunisia

36 Asia Kyrgyzstan

Source: Authors’ own elaboration
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