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 ABS TRACT  

This study reveals the impact of GDP per capita, trade openness, renewable energy and 
technology on financial development in the world's most developed countries for the 
period of 1990-2021. In this context, this study especially focused on whether 
environmental technologies and renewable energy support financial development. 
Driscoll-Kraay Panel regression analysis is used to estimate panel data in this study. In 
addition, panel quantile regression analysis is performed to determine the coefficients of 
the variables at different quantile. The long-run results are authenticated using panel fully 
modified ordinary least square (FMOLS), dynamic ordinary least square (DOLS) and 
canonical cointegration regression (CCR). It is concluded that increases in renewable 
energy consumption and environment-related technology reduce financial development 
in the long-run. Although many studies found that financial development has positive 
effects on renewable energy consumption, the feedback effect is negatively in G7 countries 
to current study. In other words, policy incentives should be provided to return the 
productive resources created by financial instruments used in renewable energy 
investments back to the financial system and balance financial growth between 
environmental sustainability. The results suggest that financial markets should be 
regulated to obtain the positive effects of environmentally friendly investments. In this 
respect, this study signals that we have entered a period in which financial markets need 
to be reorganized. 
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INTRODUCTION 
 

The financial system is one of the fundamental drivers of the 
modern economy. Communications, non-financial sector 
practices, economic growth shape the structure of the 
financial system [1]. It plays a pivotal role in reducing 
financial costs, supporting innovative projects, monitoring 
managers, allocating scarce resources [2], risk management, 
liquidity and funding. Furthermore, financial institutions 
improve environmental quality and promote 
environmentally friendly projects and facilitate investments 
in clean technologies that reduce emissions [3]. Financial 
development increases productivity growth through 
innovation in high-income countries and supports capital 
accumulation in low-income countries. In developing 
countries, it is associated with investment-based strategies to 
enhance capital accumulation. On the other hand, the 
financial development is used to allocate funds to innovation-
based activities that increase productivity in industrial 
countries [4]. In addition, the transition to green investment 
is also facilitated when the financial system is efficient. This 
increases policy effectiveness in facilitating the relationship 
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between economic growth-renewable energy use-financial 
development [5]. Financial development and green 
innovation improve environmental quality, and green tax 
policies reduce carbon emissions by encouraging 
environmentally friendly practices [6]. In this context, the 
renewable energy sector can affect liquidity and investment 
diversity in financial markets over time, whereas financial 
markets are used to finance renewable energy investments 
[7]. Therefore, policies that improve environmental quality 
will mainly support green finance instead of traditional 
finance. The number of products such as green financing, 
green loans, and green bonds that support environmental 
sustainability and are compatible with environmentally 
friendly projects will increase.  

G7 countries (Canada, France, Germany, Italy, Japan, the 
United Kıngdom, the United States) are the world's leading 
countries pertaining to creating global environmental policy. 
They guide developing countries in reducing carbon 
emissions, expanding renewable energy production and 
consumption, and in ensuring environmental sustainability 
[8]. These policies regulate many of the areas such as 
production, consumption, investment, foreign trade, and 
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taxes. Financial development in the G7 countries is a 
multifaceted topic that involves the interplay of natural 
resources, energy prices, investment, and institutional 
quality. Although financial markets support renewable 
energy investments, their share in carbon emissions remains 
high. More than 2.7 billion tonnes of carbon were emitted 
through loans from the major banks of the G7 countries. This 
is more than the combined carbon emissions of Germany, 
France, the UK and Italy. Therefore, there is a need to 
accelerate the decarbonization of banks' portfolios [9]. 
Renewable energy and green technology innovation needs to 
be integrated into the financial sector [10].  

Studies in the literature have demonstrated that financial 
development is determined by many variables, including 
economic growth, trade openness, foreign direct investments, 
and other relevant indicators. Furthermore, the recent 
growth in literature on improving environmental quality has 
shown that financial development can also be linked to 
renewable energy and environmental-related technologies. 
However, studies in the literature generally indicate that 
financial development and technology will improve 
environmental quality through increased renewable energy 
consumption. Accordingly, studies in the literature have 
focused on the impact of financial development on renewable 
energy consumption [3, 11-21]. However, as well as to 
economic development and trade openness, which are among 
the determinants of financial development, the main focus of 
this study is the potential impact of environmentally-based 
technologies and renewable energy on financial 
development. In this paper, it is questioned whether the 
financial sector, which has positively impacted renewable 
energy and environmental technologies, achieves the same 
impact through feedback. This situation may also raise the 
question of whether there will be limits to the financial 
sector's ability to finance investments in renewable energy 
and environmentally-based technologies. The number of 
studies that suggested renewable energy’s effect on financial 
development is limited. Some of these studies are as follows: 
[5, 7, 15, 22]. [5] determined that two-way causality between 
renewable energy use and financial development. [7] 
demonstrated a one-way causality relationship from 
renewable energy consumption to the financial development. 
They stated that renewable energy investments would 
increase the flow of funds into financial markets and provide 
investor inflows. Similarly, [15] found that the use of 
renewable energy has a positive impact on financial 
development. On the other hand, [22] showed that there is a 
bidirectional causality between financial development and 
renewable energy. 

This study aims to evaluate the influence of GDP per capita, 
trade openness, renewable energy consumption, and 
environment-related technology on financial development 
for G7 countries over the period of 1990 to 2021. For this 
purpose, Driscoll-Kraay panel regression, bootstrap panel 
quantile regression, panel fully modified ordinary least 
square (FMOLS), dynamic ordinary least square (DOLS) and 
canonical cointegration regression (CCR) analysis were used. 
There is no study examined the effects of renewable energy 
and technology on financial development for G7 countries 
with these analyses. Therefore, this study is able to fill an 
important gap and contribute to new studies. To investigate 
the effects of renewable energy and environmental 
technologies on financial development is particularly 
important in terms of whether the effects of financial 
development on these variables will be transmitted to the 
financial system through feedback.  

The findings of this study indicate that feedback effect is 
negative and suggest that new mechanisms should be 
developed to transfer the positive effects of renewable energy 
sources to the financial markets. Using the green innovation 
to develop financial instruments will support the financial 
sector's environmental policies implementation process. This 
will increase the positive impact of renewable energy sources 
on financial development and create a two-way mechanism. 
Policy-makers should develop public-private sector targeted 
strategies, tax systems, incentive practices and various 
partnerships to improve the environment-finance nexus. The 
profits from practices such as emissions trading should be 
converted into renewable energy and environmental 
technologies and evaluated in financial markets, and 
environmental policies should be tightened. In this process, 
the G7 countries' creation of environmental management 
systems by including the interaction between environment 
and finance will be a reference source for other countries.   

Following the introduction, the remainder of the paper is 
organized as follows. Section 2 consists of the theoretical and 
empirical literature. The empirical literature covers three 
sub-headings. Section 3 presents the data set, econometric 
model and methodology, Section 4 presents the empirical 
results and discussion. The final section includes conclusions 
and policy recommendations based on the findings of the 
study. 
 

LITERATURE REVIEW 
 

Financial development has been frequently discussed in the 
literature due to its connections with credit mechanisms, 
investments, trade and monetary policies. Financial 
development, which has recently been associated with energy 
policies and environmental sustainability, is the subject of 
econometric analysis together with many variables such as 
economic growth, capital, trade openness, population, 
renewable and non-renewable energy, technology, FDI, 
institutions etc. The relationships between these variables 
were also evaluated for different countries or country groups. 
In this study, the effects of economic growth, trade openness, 
renewable energy consumption and technology on financial 
development are investigated. The literature review consists 
of theoretical and empirical literature. The empirical 
literature includes three sub-sections: Section 1 provides an 
insight into the studies on GDP per capita, trade openness, 
and financial development. Section 2 provides information 
about studies on renewable energy consumption, and 
financial development. Section 3 includes technology, and 
financial development. 
 

Theoretical Literature 
 

Financial development is the growth of a country's financial 
markets or the expansion of the number and scope of 
securities traded. With financial development, the efficiency 
of the financial system increases and social welfare improves 
[23]. Advances in financial research play a crucial role in 
shaping the dynamics between financial development and 
economic growth. Such research can accelerate economic 
progress by fostering innovation in financial products and 
services through technological advancements [24]. The 
growth of the financial sector stimulates economic activity 
and drives increased consumption of both renewable and 
traditional energy sources [25]. On the other hand, a highly 
developed financial sector has the capacity to reduce energy 
use and allocate investment to environmentally sustainable 
projects and technology [26]. Therefore, the energy-intensive 
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structure of the financial sector, which aims for economic 
growth, leads to unexpected environmental impacts [27]. 
Financial development plays a significant role in shaping the 
adoption and effectiveness of environmental technologies, 
affecting both environmental sustainability and economic 
growth. Thus, financial development plays a significant role 
in supporting economic growth, innovation, and 
environmental quality. In this context, every country must 
have a financial system that directs financial resources to 
ecologically sustainable energy sources [28]. However, 
institutional quality, country-specific dynamics, and policy 
implementation are important in determining financial 
development.  

G7 countries have high levels of financial development, 
characterized by well-established banking systems, extensive 
financial markets, and a diverse range of financial services 
[29]. Therefore, financial development, natural resource 
availability, environmental policy implementation, and 
energy consumption patterns are important components of 
the complex sustainability framework for developed 
economies, particularly within the G7 consortium [26]. 
Recent research examines how factors such as natural 
resources, technological innovation, governance, and green 
finance shape the financial environment in G7 countries. 
 

Empirical Literature 
 

GDP per capita, trade openness, and financial development 
 

Since the mid-1990s, the financial sector has begun to appear 
frequently in studies due to its central role in economic 
development [30]. Some studies concluded that financial 
markets support division of labor and productivity [31], and 
promote economic growth, financial accumulation, 
productivity growth [1], and financial development facilitates 
external financing [32]. According to many recently published 
studies, trade and economic growth are strongly linked to 
financial development. Many studies have shown that trade 
and financial development are related to politics and 
economics, or exposure to various shocks leads to changes in 
the demand for external finance [33]. [34] showed that the 
trade openness exposes the economy to external shocks and 
foreign competition, and then the demand for financial 
services increase for risk diversification. [33] stated that 
when developing countries liberalize their trade, investment 
will increase the demand for external finance. This indicates 
a strong relationship between trade openness and finance in 
the short-term. [35] investigated whether trade patterns 
affect the financial development of 96 countries for over the 
period 1970 to 1999. Accordingly, countries that produce 
financially intensive goods have higher external financing 
demands and hence higher financial development rates. 
However, financial development is lower in countries which 
produce goods that do not require external financing. [36] 
investigated the dynamic effects of trade openness on 
financial development using the PMG method in a study 
covering 88 countries over the period 1960-2005. According 
to study, in low-income or high-inflation economies, the 
positive long-term relationship between trade openness and 
financial development occurs together with the negative 
short-term relationship. [37] analyzed the effects of trade and 
financial openness by separating the dimensions of financial 
development into size, efficiency and competitiveness in 30 
provinces of China from 2000 to 2009, using Dynamic Panel 
GMM techniques. The results show that trade openness has a 
negative effect on the dimensions of financial development, 
whereas trade openness and financial openness are positive 

determinants of financial efficiency and competitiveness. [38] 
conducted panel data analysis for ASEAN countries from 
1995 to 2015 and found a positive bidirectional relationship 
between financial development and economic growth 
through trade openness. [39] investigated the relationships 
between financial development, trade openness and 
economic growth using the GMM in panel data analysis for 
four North African countries (Tunisia, Morocco, Algeria and 
Egypt) from 1991 to 2015. The study shows that trade 
openness is complementary to financial development and its 
effect is more significant in the presence of financial 
development. [40] conducted on ASEAN-5 countries for the 
period 1981-2020 and showed that GDP per capita, banking 
sector development, trade openness, and government 
spending positively affect financial development.  

Economic growth and trade openness are the most important 
variables explaining financial development, and the number 
of studies conducted for G7 countries is insufficient.  

Based on these empirical insights, the following hypotheses 
are proposed: 

Hypothesis 1. GDP per capita has a positive impact on 
financial development 

Hypothesis 2. Trade openness positively supports financial 
development 
 

Renewable energy consumption and financial 
development 
 

In the literature, the effects of financial development on 
renewable energy consumption have been analyzed and 
generally found this effect is positive [3, 11-18]). In many 
studies, the use of environmentally friendly energy is 
increased to the size of the financial sector. In this context, 
renewable energy investors should be supported with tax 
reductions, location support, low-interest credit 
opportunities, etc. [15]. [12] concluded that financial 
development positively affected renewable energy in 28 EU 
countries from 1990 to 2015. [41] investigated the 
relationship between financial development and energy 
deployment using a two-step GMM method in 55 economies 
from 2005 to 2014. The positive impact of the financial 
development on renewable energy was only found in high-
income economies. [13] showed that the increase in the 
production and consumption of renewable energy 
contributed to the development of the Chinese financial 
sector from 2011 to 2020. [15] conducted VAR analysis for 
Turkey using annual data for the period 1990-2015. The 
analysis results show that the effect of renewable energy use 
and financial development on economic growth is not strong. 
However, the use of renewable energy positively affects 
financial development. In the study conducted by [18] in 
which a panel threshold analysis was conducted for Africa for 
the period 1990-2019, it was concluded that institutional 
quality plays an important role in facilitating financial 
development and renewable energy transition. Some studies 
showed that the impact of financial development on 
renewable energy consumption is negative [19, 20, 21]). [21] 
investigated the effects of economic growth and financial 
development on renewable energy consumption at the 
national and regional levels of China from 1997 to 2017 with 
the ARDL-PMG model. The long-run relationships showed 
that economic growth promotes renewable energy 
consumption for all of China and Western China, while 
financial development negatively affects it. [42] conducted a 
study using a fixed effect model and a panel threshold model 
for G20 countries between 2005 and 2018 and found that 
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financial development had a significant impact on renewable 
energy consumption only when some factors, such as 
population, wealth, and technology, exceeded a certain level. 
[5] investigated the interrelationship between the growth-
energy-finance nexus for the Comprehensive and Progressive 
Agreement for Trans-Pacific Partnership (CPTPP) members 
in the 1971–2020 period and confirmed a bilateral causality 
relationship between renewable energy use, financial 
development and economic growth. [7] investigated the 
relationship between financial development and renewable 
energy consumption for 14 European countries and Turkey 
from 2004 to 2019. A one-way causality relationship was 
found from renewable energy consumption to the financial 
development. In this context, it has been concluded that 
developments in the renewable energy sector have increased 
the amount of funds and volume in financial markets and 
affected financial instruments and investors. 

Studies in the literature largely demonstrate the impact of 
financial development on renewable energy. However, the 
number of studies investigating the causality between the 
two variables or the impact of renewable energy on financial 
development is quite insufficient. 

The hypotheses developed based on the studies in the 
literature are as follows: 

Hypothesis 3. Renewable energy consumption significantly 
contribute to financial development 
 

Technology and financial development 
 

Since the late 1800s, the increasing complexity and capital 
intensity of new technologies has placed a significant role on 
financial markets in financing the commercialization of these 
innovations [43]. The financial sector has a deeper and wider 
application area of ICT, this is because the operational 
efficiency of financial institutions increases significantly 
when ICT becomes widespread [44]. [30] found that financial 
development contributes both directly and indirectly to 
telecommunications technology. They also showed that the 
direct contribution of communication technologies to 
financial development is low, whereas it contributes 
indirectly through the increase in GDP per capita. According 
to the results of GMM and Quantile Regressions on a panel of 
162 banks in Africa conducted by [45], financial access 
improves due to the moderating effect of ICT diffusion on 
market power. [46] used the GMM and PSTR method for 81 
countries in the period 1990-2015 and concluded that the 
effect of ICT diffusion on financial development is positive at 
low ICT diffusion levels, while it is negative at high ICT 
diffusion levels. [44] found positive effects between ICT 
diffusion and finance through the GMM method covering 72 
countries from 2000 to 2015. Furthermore, the interaction 
between ICT and finance was found to reduce the negative 
effects of financial development only in high-income 
countries. [32] showed that two-way causal links between 
renewable energy, technological innovation, finance and FDI 
using dynamic GMM estimators in 69 countries of the Belt and 
Road Initiative (BRI) from 2000 to 2014. [47] examined the 
relationships between ICT, financial development, and 
renewable energy consumption for the period 1996-2018 
with data from 35 countries. According to the results, ICT and 
financial development support renewable energy 
consumption. [6] found that financial development and green 
innovation significantly improved environmental quality in 
South Africa from 1990 to 2022.  

Although many of the studies in the literature have 
investigated the linkage between financial development and 

technology, few of studies have examined environment-
related technology.  

The hypotheses developed based on the studies in the 
literature are as follows: 

Hypothesis 4. Environment-related technology has a positive 
or negative impact on financial development 

Hypothesis 5. Information and communication technology 
can improve financial development 
 

DATA, ECONOMETRIC MODEL, AND 
METHODOLOGY 
 

Data 
 

This study empirically examines the GDP per capita (GDP), 
trade openness (TO), renewable energy consumption (REC), 
information and communication technology (ICT), 
environment-related technology (ETC) on financial 
development (FD) for G7 countries over the period of 1990 to 
2021. FD is a dependent variable was measured using the 
financial development index. Independent variables are GDP, 
TO, REC, ICT, and ETC. GDP variable is constant 2015 US$, TO 
variable is trade % of GDP, REC variable is % of total final 
energy consumption, ICT variable is proxied by climate 
change mitigation in information and communication 
technologies, ETC variable is proxied by environmental 
technology patents. The data of GDP, TO and REC comes from 
[48], FD data is obtained from [49], ICT and ETC gathered 
from [50].  

Figure 1 shows the possible relationship between variables 
and financial development. Accordingly, while the impact of 
GDP, trade openness and climate change mitigation and 
information and communication technologies on financial 
development is positive, the impact of renewable energy and 
environment-related technology on financial development is 
negative in G7 countries. 
 

Econometric Model and Methodology 
 

The following econometric model was developed to 
investigate the nexus between financial development, 
economic growth, trade openness, renewable energy 
consumption, information and communication technology 
and environment-related technology. The reason for 
including these variables in this study is the belief that they 
exert a strong influence on FD. Due to the strong linkages 
between economic growth, technology, energy, environment 
and finance, an econometric analysis including these 
variables was carried out. These variables are expected to 
positively affect FD. 

In Equation (1), FD is dependent on the intercept term (𝛼0), 
GDP, TO, REC, ICT, and ETC, and randomly distributed error 
term (𝜀𝑖𝑡). The variables in Equation (2) were transformed 
into their logarithmic forms, except the FD variable. 

 

𝐹𝐷𝑖𝑡 = 𝛼0 + 𝛼1𝐺𝐷𝑃𝑖𝑡 + 𝛼2𝑇𝑂𝑖𝑡 + 𝛼3𝑅𝐸𝐶𝑖𝑡 + 𝛼4𝐼𝐶𝑇𝑖𝑡 +
𝛼5𝐸𝑇𝐶𝑖𝑡 + 𝜀𝑖𝑡  (1) 

 

𝐹𝐷𝑖𝑡 = 𝛼0 + 𝛼1𝐿𝑁𝐺𝐷𝑃𝑖𝑡 + 𝛼2𝐿𝑁𝑇𝑂𝑖𝑡 + 𝛼3𝐿𝑁𝑅𝐸𝐶𝑖𝑡 +
𝛼4𝐿𝑁𝐼𝐶𝑇𝑖𝑡 + 𝛼5𝐿𝑁𝐸𝑇𝐶𝑖𝑡 + 𝜀𝑖𝑡  (2) 
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Figure 1. Distribution of the variables with financial development axis 

 

In this study, Driscoll-Kraay and panel quantile regression 
estimators were used. In addition, FMOLS, DOLS and CCR 
estimators were used to determine the long-run coefficients.  

In this study, before proceeding to panel regression analysis, 
VIF test, diagnostic tests, slope heterogeneity test, cross-
section dependency tests, unit root tests are applied. After the 
unit root tests, [51] test is applied to determine the 
cointegration relationship. In this regard, FMOLS, DOLS, and 
CCR analysis are performed to determine the long-term 
coefficients. FMOLS developed by [52], CCR developed by [53] 
and DOLS developed by [54] are used in this study.  

Table A4 shows that the diagnostic test results. According to 
the probability value of the Shapiro-Wilk (S-Wilk) normality 
test, all variables in the data set have a non-normal 
distribution (Table A3). Accordingly, there are 
autocorrelation, heteroskedasticity and normality problems 
among the variables. Therefore, the Driscoll-Kraay method, 
which is an approach resistant to these problems, was 
applied. Driscoll-Kraay panel regression analysis is 
performed based on the results of diagnostic tests. [55] 
estimation method is a nonparametric covariance matrix 
estimator that is robust to very general forms of spatial and 
temporal dependence as well as producing standard errors 
that are appropriate for heteroskedasticity. The standard 
errors estimated with this approach are consistent regardless 
of the panel's cross-sectional size N. [55] show that this 
consistency result holds even for the limiting case where 
N→∞ [56]. 

 

𝜃 = (𝑋′𝑋)−1𝑋′𝑦  (4) 

 

The standard errors for the Driscoll and Kraay coefficient 
estimates are obtained as the square roots of the diagonal 
elements of the simple metastable (robust) covariance 
matrix, 

 

𝑉(𝜃) = (𝑋′𝑋)−1𝑆̂𝑇(𝑋′𝑋)−1  (5) 

 

𝑆̂𝑇 = Ω̂0 + ∑ 𝑤(𝑗, 𝑚)[Ω̂𝑗 + Ω̂𝑗
′
]

𝑚(𝑇)
𝑗=1     (6) 

 

where 𝑆̂𝑇 is defined as in [56]. 

 

In Equation 6, 𝑚(𝑇) denotes the lag length over which the 
residuals can be autocorrelated and the modified Bartlett 
weights, 

 

𝑤(𝑗, 𝑚) = 1 − 𝑗/{𝑚(𝑇) + 1}  (7) 

 

ensure positive semidefiniteness of 𝑆̂𝑇and smooth and the 
sample autocovariance function such that higher-order lags 
receive less-weight. The (𝐾 + 1)(𝐾 + 1) matrix Ω̂𝑗is defined 

as 

 

Ω̂𝑗 = ∑ ℎ𝑡
𝑇
𝑡=𝑗+1 (𝜃)ℎ𝑡−𝑗(𝜃)

′
       𝑤𝑖𝑡ℎ      ℎ𝑡(𝜃) =

∑ ℎ𝑖𝑡
𝑁(𝑡)
𝑖=1 (𝜃)                                                    (8) 

 

In Equation (8), the sum of the individual time 𝑡 moment 

conditions ℎ𝑖𝑡(𝜃) runs from 1 to 𝑁(𝑡), where 𝑁 is allowed to 

vary with 𝑡. 

 

ℎ𝑖𝑡(𝜃) = 𝑥𝑖𝑡𝜀𝑖̂𝑡 = 𝑥𝑖𝑡(𝑦𝑖𝑡 − 𝑥𝑖𝑡
′𝜃)  (9) 

 

Equations (6) and (8) show that Driscoll and Kraay's 
covariance matrix estimator is equal to [57] 
heteroskedasticity and autocorrelation consistent covariance 
matrix estimator applied to the time series of cross-sectional 
averages of the hit [56]. 



713 Environ Res Tec, Vol. 9, Issue 4, pp. 708-721, August 2026 
 

 

Following panel regression analysis, panel quantile 
regression was used to check the robustness of the main 
results. Panel quantile regression is used to examine the 
conditional distribution of financial development as well as 
the linkage between variables at different positions. 
Furthermore, the bootstrap panel quantile regression 
approach is a powerful estimator in the presence of 
heteroscedasticity, endogeneity and heterogeneity.  

In summary, the Driscoll-Kraay estimation method, which is 
sensitive to autocorrelation, heteroskedasticity, and 
normality issues among variables, and the panel regression 
method, which is a robust estimator under these conditions, 
are suitable methods for this study. Furthermore, FMOLS, 
DOLS, and CCR estimation methods were applied to 
determine the long-term interaction of the explanatory 
variables with the dependent variable. Therefore, the panel 

data set for G7 countries allows the application of these 
methods in this study. 
 

EMPIRICAL RESULTS AND DISCUSSION 
 

Correlation analysis reveals the relationship between 
variables. The correlation matrix in Table 1 shows that GDP 
per capita, ICT and ETC have a positive association with 
financial development. The strongest significant positive 
correlation is detected between are ICT and ETC, i.e., 0.811; 
then, the significant positive correlation between GDP and 
ICT is the second strongest, i.e., 0.761. Other relationships 
where there is a positive correlation between variables are as 
follows: FD and ICT (0.750); FD and GDP (0.734); FD and ETC 
(0.472); GDP and ETC (0.453); TO and REC (0.396); REC and 
ICT (0.209); GDP and REC (0.167). There is a negative 
correlation between TO, ICT and ETC. TO and ETC (-0.436); 
TO and ICT (-0.291). 

 

Table 1. Synthesized photocatalysts 

***p < 0.01, **p < 0.05, *p < 0.1 

 

To test the existence of the multicollinearity issue, the 
variance inflation factor (VIF) was employed. Table 2 shows 
that the VIF values. The results of this analysis showed that 
all calculated VIF values were below the critical threshold of 
10. This indicates that there is no multicollinearity in the data 
set. Furthermore, the average VIF value of 4.16 supports the 
conclusion that multicollinearity is not a significant problem 
[24]. 

 

Table 2. VIF results 

Variable VIF VIF 1/VIF 

LNICT 9.39 0.106478 

LNETC 4.48 0.223319 

LNGDP 3.49 0.286175 

LNTO 1.73 0.578262 

LNREC 1.69 0.590186 

Mean VIF 4.16   

 

The slope heterogeneity test results are seen in Table A3. [58] 
test results show that the panel data set has a heterogeneous 
structure. Then, cross-sectional dependence in variables was 
measured using the cross-sectional dependence (CSD) tests 

conducted by [59], [60] and [61]. According to Table 3, CSD 
test results reject the null hypothesis of cross-sectional 
independence, this meaning that the data here are cross-
sectionally related. This means that the shock in one country 
in the sample is transmitted to other countries [62]. Unit root 
testing is very important in the panel data analysis process. 
CIPS and CADF tests are suitable for performing stationarity 
analysis when there is cross-sectional correlation in the data 
sets. 

Table 4 summarizes the results for both CIPS and CADF unit 
root tests. Accordingly, the CADF indicates that all selected 
variables except ICT have a unit root at the level and show 
stationary properties after taking the first difference of the 
variables at the 1% significance level. On the other hand, the 
CIPS unit root test shows that TO, ICT and ETC are level 
stationary and other variables become stationary after their 
first differences. After the stationary test of the variables, it 
was checked whether the variables are co-integrated or not. 

Table 5 explains the results of [51] co-integration test, which 
imply that there is a good level of cointegration relationship 
between the variables. In the Westerlund cointegration test, 
three of four statistics are significant confirming the 
cointegration among the variables. Westerlund’s 
cointegration test provides good performance even in the 
presence of cross-sectional dependence. 

 

 FD LNGDP LNTO LNREC LNICT LNETC 

FD 1.000      

       
LNGDP 0.734*** 1.000     

 (0.000)      
LNTO 0.060 0.008 1.000    

 (0.373) (0.905)     
LNREC 0.100 0.167*** 0.396*** 1.000   

 (0.135) (0.012) (0.000)    
LNICT 0.750*** 0.761*** -0.291*** 0.209*** 1.000  

 (0.000) (0.000) (0.000) (0.002)   
LNETC 0.472*** 0.453*** -0.436*** -0.065 0.811*** 1.000 

  (0.000) (0.000) (0.000) (0.334) (0.000)  
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Table 3. Cross-sectional independency test 

  CD test p-values Corr Abs(corr) 

FD 21.98 0.000 0.848 0.848 

LNGDP 22.37 0.000 0.863 0.863 

LNTO 17.35 0.000 0.673 0.679 

LNREC 19.4 0.000 0.748 0.748 

LNICT 24.02 0.000 0.927 0.927 

LNETC 25.11 0.000 0.969 0.969 

Pesaran 3.293 0.001   

Friedman 51.802 0.000   

Frees 0.381 0.000   

 

Table 4. Unit root tests [62] 

  CIPS CADF 

Variables I (0) I (1) I (0) I (1) 

FD -2.167 -5.526*** -1.717 -3.241*** 

LNGDP -1.588 -4.541*** -1.093 -2.870*** 

LNTO -2.519*** -3.881*** -2.106 -2.624*** 

LNREC -1.584 -5.751*** -0.879 -2.879*** 

LNICT -3.509*** -5.638*** -2.756*** -3.826*** 

LNETC -2.767*** -5.161*** -1.910 -3.525*** 

***p < 0.01, **p < 0.05, *p < 0.1 

 

Table 5. Test of cointegration [50] 

Statistic Value Z-value p-value 

Gt -2.582 0.178 0.080 

Ga -8.837 1.970 0.320 

Pt -7.090 -0.751 0.040 

Pa -9.083 0.709 0.060 

 

Table 6. Driscoll-Kraay estimation results 

Driscoll-Kraay Regression Analysis 

Variables Model (1) Model (2) Model (3) Model (4) 

LNGDP 0.751*** 0.290** 0.395*** 0.224* 

 (0.000) (0.043) (0.004) (0.066) 

LNTO 0.143*** 0.150*** 0.157*** 0.109*** 

 (0.000) (0.000) (0.000) (0.002) 

LNREC -0.041*** -0.074*** -0.057*** -0.075*** 

 (0.000) (0.000) (0.000) (0.000) 

LNICT  0.063***  0.028*** 

  (0.000)  (0.000) 

LNETC   0.104*** 0.114*** 

   (0.000) (0.000) 

Constant -7.615*** -2.962** -4.645*** -2.799** 

 (0.000) (0.044) (0.001) (0.015) 

R2 0.493 0.683 0.480 0.798 

Rhausman Test 0.54 0.24 1.82 4.50 

Prob. (0.905) (0.994) (0.769) (0.480) 

Wald Test 51.74*** 802.23*** 137.41*** 82.72*** 

Prob.  (0.000) (0.000) (0.000) (0.000) 
() p-value: ***p < 0.01, **p < 0.05, *p < 0.1. 
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The Driscoll-Kraay random effects regression estimators is 
presented in Table 6. In total, four models were estimated. In 
the panel regression estimation, the random effects model 
was applied according to the robust Hausman test results. 
The coefficients of GDP, TO, ICT and ETC variables are 
positive and significant in all models except some differences. 
The increase in GDP per capita, trade openness, information 
and communication technology and environment-related 
technology variables support financial development in the 
short-run. The REC variable has a negative coefficient in all 
models. The increase in REC decreases FD. The GDP variable 
has the highest effect in the panel regression model. The 
coefficients in the first three models are 0.751, 0.290, 0.395 
and 0.224, respectively. The second highest effect belongs to 
the relationship between TO and FD and the coefficients are 
found as 0.143, 0.150, 0.157 and 0.109, respectively. A 1% 
increase in REC decreases FD by -0.041%, -0.074%, -0.057% 
and -0.075%, respectively. According to model 2 and model 4, 
a 1% increase in the information and communication 
technology variable increases financial development by 
0.063% and 0.028%, respectively. A 1% increase in 
environment-related technology in model 3 ve model 4 
increases financial development by 0.104 and 0.114%, 
respectively. 

Table 7 gives the bootstrap panel quantile regression results. 
Contrary to traditional regression methods, bootstrap 
quantile regression (BSQreg) uses bootstrapping techniques, 
providing robustness against assumptions about the error 
distribution. BSQReg repeatedly samples the dataset, thus 
comprehensively examining the entire distribution of the 
dependent variable, which is crucial for understanding the 
nuanced dynamics of financial development and its 
determinants [8].   

Accordingly, the effect of the GDP variable is significant only 
in the 90th quantile and in this quantile 1% increase in GDP 
increases FD %0.159. Trade openness does not change much 
along quantiles and the coefficient is between 0.091 and 
0.139. The negative effect of REC on FD is similar across 
quantiles and is between-0.026 and-0.071. The positive effect 
of ICT on FD decreases in the higher quantiles. For example, a 
1% increase in ICT increases FD by 0.141% in the 10th 
quantile, while the positive effect becomes 0.045% in the 
90th quantile. The negative effect of ETC on FD also decreases 
in the higher quantiles. For example, a 1% increase in ETC at 
the 10th quantile decreases FD by 0.072%, while a 1% 
increase in ETC at the 80th quantile decreases FD by 0.042%. 
OLS results show that TO and ICT have a positive effect on FD, 
while REC and ETC have a negative effect on FD.  

According to Table 8, FMOLS, DOLS, and CCR estimations 
include similar results. The coefficient of the GDP variable is 
not significant in these analyses. The long-term coefficients of 
the TO, REC, ICT and ETC variables are as follows: In the 
FMOLS and CCR analysis, 0.113, -0.050, 0.098, and -0.047, 
respectively. In the DOLS analysis, 0.108, -0.062, 0.111, and -
0.064, respectively. As a result, trade openness and 
information and communication technologies positively 
affect financial development, while renewable energy and 
environment-related technologies negatively affect financial 
development in the long-run.  

While the positive effect of GDP, TO, ICT and ETC variables on 
FD is consistent with the literature, the negative effect of the 
REC variable on the financial development is a different result 
from most studies in the literature. The negative impact of 
ETC variables on FD in the long term has a similar effect to the 
negative impact of REC on FD.  

As a result, Bootstrap quantile regression and FMOLS, DOLS, 
and CCR estimations reveal that the impact of renewable 
energy and environmental technologies on financial 
development is negative. According to these results, policies 
that improve environmental quality weaken the traditional 
financial system in the long run. This situation shows that the 
positive effects that will play a role in the development of 
financial markets in case of improvement of environmental 
quality are not sufficiently returned to the financial markets. 

The negative impact of environmental technologies on 
financial development may stem from the traditional 
structure of financial markets, the weak linkages between the 
environment and finance, and the imperfect nature of 
regulations. This indicate that the transmission of 
environmental impacts to financial markets can lead to some 
impact lags and the adoption of new policies can create 
periodic inconsistencies. To overcome these challenges, 
strengthening the transmission mechanism between the 
environment and finance, enhancing the environmental 
compatibility of financial development, and increasing 
coordination among financial markets will encourage the 
positive impact of environmental technologies on financial 
markets. 

The results indirectly explain that environmental quality 
policies increase the number and depth of the green finance 
instruments instead of traditional financial tools. Unlike the 
profitability and risk-focused approach of traditional finance, 
green finance involves the development of new financial 
instruments and the establishment of new environmental 
connections to improve environmental quality. Green finance 
supports projects that reduce pollution and promote green 
initiatives through various subsidies. This allows a long-term 
approach to dominate financial and environmental policies, 
rather than the short-term solutions of traditional finance. In 
addition, for the financial decision-making processes to 
support green finance, market dynamics must be organized 
strongly and the functioning of legal regulations and 
institutions improved. In this context, environment-related 
technologies and renewable energy consumption play an 
important role in the development of green finance 
instruments and strengthen the relationship between 
finance, energy and technology for improving environmental 
quality. As a result, improving the energy efficiency capacity 
of financial systems and transferring green financial products 
to the market will increase the environmental compatibility 
of the financial system in the long term. 

Figure 2 shows how the effects of all variables on financial 
development move along the quantiles. The negative effect of 
REC and ETC and the positive effects of other variables can be 
easily observed. The positive effect of the ICT variable 
gradually decreases along the higher quantiles and moves in 
the 0.04-0.14 band. The negative effect of the REC variable 
fluctuates between the -0.02 and -0.07 bands and the negative 
effect decreases in the higher quantiles. The positive effect of 
the TO variable follows a fluctuating course and oscillates in 
a very narrow band, and not much change is observed along 
the quantiles. The negative effect of the ETC variable starts 
with a sharp decrease from the first quantile and gradually 
tends to decrease. It takes values between -0.07 and -0.03. 
The positive and significant effect of the GDP variable 
emerges in the last quantile and its effect is 0.16, which is 
quite high. 
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Table 7. Bootstrap quantile regression results 

Variables 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 OLS (robust) 

LNGDP -0.195 0.033 -0.020 0.020 0.027 0.055 0.021 0.064 0.159** 0.035 

 [0.149] [0.076] [0.049] [0.057] [0.046] [0.047] [0.047] [0.040] [0.082] [0.047] 

 (0.191) (0.663) (0.679) (0.727) (0.560) (0.243) (0.655) (0.107) (0.053) (0.439) 

LNTO 0.122*** 0.106*** 0.123*** 0.139*** 0.137*** 0.118*** 0.102*** 0.091*** 0.122*** 0.117*** 

 [0.023] [0.020] [0.019] [0.019] [0.021] [0.029] [0.028] [0.028] [0.037] [0.014] 

 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001) (0.001) (0.000) 

LNREC -0.064*** -0.070*** -0.071*** -0.061*** -0.057*** -0.046*** -0.035*** -0.033*** -0.026*** -0.054*** 

 [0.014] [0.009] [0.008] [0.009] [0.008] [0.009] [0.008] [0.008] [0.008] [0.007] 

 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.002) (0.000) 

LNICT 0.141*** 0.103*** 0.110*** 0.099*** 0.097*** 0.082*** 0.080*** 0.079*** 0.045** 0.094*** 

 [0.026] [0.015] [0.012] [0.016] [0.014] [0.011] [0.006] [0.008] [0.020] [0.008] 

 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.027) (0.000) 

LNETC -0.072*** -0.054*** -0.053*** -0.041** -0.047*** -0.031** -0.036*** -0.042*** -0.001 -0.043*** 

 [0.018] [0.017] [0.018] [0.019] [0.016] [0.014] [0.011] [0.013] [0.028] [0.008] 

 (0.000) (0.002) (0.003) (0.032) (0.004) (0.022) (0.001) (0.001) (0.984) (0.000) 

Constant 2.375 0.087 0.573 0.041 0.043 0.213 0.213 -0.139 -1.416 0.005 

 [1.507] [0.775] [0.571] [0.019] [0.541] [0.566] [0.566] [0.485] [1.047] [0.472] 

 (0.117) (0.911) (0.317) (0.950) (0.937) (0.666) (0.707) (0.774) (0.178) (0.992) 

Pseudo R2 0.56 0.56 0.53 0.50 0.49 0.49 0.48 0.46 0.38  

R2          0.75 

[] standart error () p-value   ***p < 0.01, **p < 0.05, *p < 0.1 
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Table 8. FMOLS, DOLS, and CCR estimations 

Variables FMOLS DOLS CCR 

LNGDP 0.030 -0.048 0.031 

 [0.053] [0.102] [0.055] 

 (0.567) (0.644) (0.574) 

LNTO 0.113*** 0.108*** 0.113*** 

 [0.016] [0.028] [0.016] 

 (0.000) (0.000) (0.000) 

LNREC -0.050*** -0.062*** -0.050*** 

 [0.007] [0.014] [0.008] 

 (0.000) (0.000) (0.000) 

LNICT 0.098*** 0.111*** 0.098*** 

 [0.009] [0.019] [0.009] 

 (0.000) (0.000) (0.000) 

LNETC -0.047*** -0.064*** -0.047*** 

 [0.009] [0.017] [0.009] 

 (0.000) (0.000) (0.000) 

R2 0.21 0.82 0.24 

Adj.R2 0.19 0.80 0.23 

[] standart error () p-value   ***p < 0.01, **p < 0.05, *p < 0.1 

 

 

 

Figure 2. Panel quantile plots for %99 
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CONCLUSION AND POLICY 
RECOMMENDATIONS 
 

This study examines the effects of GDP per capita, trade 
openness, renewable energy consumption, information and 
communication technologies and environment-related 
technologies on financial development in G7 countries for the 
period 1990-2021. The results obtained are consistent with 
the literature in terms of the positive effects of economic 
growth, trade openness, information and communication 
technologies on financial development. However, no study 
has been found that the effects of environmental-related 
technologies and renewable energy on financial development 
is negative. The negative effect of these variables on financial 
development can be explained by the fact that renewable 
energy has not yet been integrated into the financial sector 
with all its areas in G7 countries. In other words, the financial 
sector continues to invest in primary energy resources in 
many areas such as construction, transportation, retail, and 
heating. If the financial sector supports investments in 
renewable energy, it can have an improving effect on 
environmental quality. However, the improved 
environmental quality will have a negative effect on financial 
development as long as the sources of financial development 
are high increases in economic growth and primary energy 
resources. The gains from practices such as emissions trading 
have not yet fully adapted the financial sector to renewable 
energy and the technologies used in this field. The results 
suggest that financial markets should be regulated to obtain 
the positive effects of environmentally friendly investments. 
In this respect, this study signals that we have entered a 
period in which financial markets need to be reorganized. As 
a result, there is a need to accelerate the transition to 
sustainable energy sources and tighten environmental 
policies without allowing to financial growth to reduce 
environmental quality.  

The negative impact of environmental quality-enhancing 
policies on financial development in G7 countries may 
encourage increased use of green finance instruments. Green 
finance refers to financial activities that support 
environmentally sustainable projects such as renewable 
energy and green innovation. In other words, renewable 
energy consumption and environmental-related technology 
are likely to replace traditional financial instruments with 
instruments such as green bonds, green loans, sustainable 
stocks, and environmental risk insurance. Therefore, the 
findings of the study are important in terms of indirectly 
indicate that green finance is gaining importance over 
traditional finance.  

The applicable standards in this regard can be examined by 
three categories: i) Green bond and credit markets: This 
includes the expansion and activation of green bond and 
credit markets. Green bonds help improve the environmental 
quality of markets and enhance financial stability by 
reshaping traditional risk management. The green credit 
system provides incentives for positive environmental 
activities and makes them beneficial for decision-makers. It is 
necessary to encourage investment in the assets necessary 
for a rapid transition to a low-carbon economy. ii) 
Institutional support: This includes increasing institutional 
support for renewable energy financing. Therefore, the role 
of governance institutions in environmental quality is crucial. 
A balanced environment must be ensured for the effective 
and sustainable operation of the system and environmental 
innovation to be achieved. Stakeholder participation in 
international policy processes should be facilitated. 
Incentives and policies should be created to ensure the 

participation of the private sector, civil society and other 
stakeholders. iii) Regulatory mechanisms: This covers the 
establishment of a regulatory framework to reduce carbon-
intensive credits in bank portfolios. This requires the 
establishment of necessary laws, regulations and policies, 
capacity building, assessment of portfolio compliance and 
portfolio risks, and development of government regulatory 
actions. 

This study has several limitations. Firstly, it covers a specific 
group of countries and does not include heterogeneous 
effects. Since institutional quality, economic and political 
dynamics and policy implementations are specific for 
countries, strengthening through transmission mechanisms 
the financial development and environment are closely 
related to the specific conditions of the countries. Therefore, 
similar or different results can be achieved in the other 
countries. Secondly, the models in the study include a limited 
number of variables affecting financial development. Future 
studies could focus on comparing country groups, identifying 
country-specific effects, and incorporating subforms of the 
variables. In future studies, comparing econometric analyses 
on developing countries with G7 members will help 
understand the dynamics of the finance-environment 
relationship. Increasing studies on the impact of 
environmental-related technologies and renewable energy 
consumption on financial development will help to better 
understand the interconnections between growth, energy, 
environment, technology and finance. 
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APPENDIX 

 

Table A1 List of sample countries 

Canada Germany Japan United States 

France Italy United Kingdom   

 

Table A2 Definitions of the variables 

Variables  Symbol Definitions  Sources Expectations 

Financial development FD Financial Development Index IMF  

GDP per capita GDP GDP per capita (constant 2015 US$) WDI Positive relationship 

Trade openness TO Trade (% of GDP) WDI Positive relationship 

Renewable energy 
consumption 

REC 
Renewable energy consumption (% 
of total final energy consumption)  

WDI Positive relationship 

Information and 
communication 
technology 

ICT 
Climate change mitigation in 
information and communication 
technologies 

OECD Positive relationship 

Environment-related 
technology 

ETC 
Environmental technology (patents)  

OECD 
Positive or negative 
relationship 

 

Table A3 Descriptive statistics 

Variable Obs Mean Median Max Min 
Std. 
dev. 

Skewness Kurtosis 
S-wilk 

(prob.) 

FD 224 0.753 0.76 0.956 0.354 0.134 -0.823 3.280 0.000 

LNGDP 224 10.522 10.48 11.051 10.226 0.187 0.674 2.819 0.000 

LNTO 224 3.811 3.93 4.483 2.755 0.432 -0.699 2.512 0.000 

LNREC 224 1.958 2.13 3.174 0.511 0.864 -0.731 3.146 0.000 

LNICT 224 3.747 3.93 7.480 0.693 1.708 -0.074 2.642 0.000 

LNETC 224 7.252 7.13 9.288 4.966 1.196 0.077 1.911 0.000 

Slope of 
Heterogeneity 

Delta  

p-value 

9.526 

0.000    

Adj. Delta  

p-value 

10.777 

0.000 

 

 

Table A4 Results of diagnostic tests 

Test statistic p-value prob. 

[64] test for heteroskedasticity  16.5 0.000 

[65] test for autocorrelation in panel data 42.755 0.001 

Joint normality test 14.11 0.001 

 

 

 


