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Introduction
Energy use and access to energy, as parameters of development, are global problems 
(Mohammed et al. 2013). Countries strive for accessing energy resources and minimiz-
ing the damage caused by energy use. High growth rates as a result of industrialization 
cause an increase in greenhouse gas emissions (Dinda 2004). These emissions, which 
represent a serious threat to the environment and humanity, significantly disrupt the 
balance of living things due to disastrous natural phenomena such as climate change, 
and global warming. Countries that are aware of such threats have begun to use renew-
able energy by diversifying energy resources (Pata 2018).

This pursuit of energy, which has a critical role for all countries, has become almost 
compulsory beyond necessity due to factors such as energy security, scarce reserves of 
fossil energy resources, price fluctuations, and climate change, renewable energy. Thus, 
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renewable energy resources (biomass, geothermal, hydro, solar, and wind) have assumed 
importance for sustainable development (Ozturk and Bilgili 2015).

Total renewable energy resources include hydro, geothermal, wind, solar, wood, waste, 
and biofuels. Hydroelectricity and total biomass (geothermal, wind, solar, wood, waste, 
and biofuels) are crucial renewable energy resources for producing electricity (Bil-
gili et al. 2019). Wind energy is considered one of the most important and widely used 
renewable energy resources (Esteban et al. 2011). Wind energy is expected to play quite a 
crucial role in the future energy supply of the European Union and the world. According 
to the forecasts of the Global Wind Energy Council, a large amount of electricity would 
be generated from wind energy worldwide in the coming years (Blanco 2009). Direct use 
of geothermal energy, as another type of renewable energy, is one of the oldest and most 
common forms of utilizing geothermal energy (Dickson and Fanelli 2003). As a domes-
tic resource of sustainable and renewable energy, geothermal has been replacing other 
forms of energy usage, especially fossil fuels. Geothermal energy causes many countries 
to mitigate their dependence on imported fuel, and it also assists in eliminating pollut-
ants such as greenhouse gases for all countries (Lund et al. 2011).

There have been 4 hypotheses in studies that investigated the relationship between 
renewable energy and economic growth. The growth hypothesis, which is the first of 
those hypotheses, argues that a positive relationship exists between renewable energy 
consumption and economic growth (Tiwari 2011; Salim and Rafiq 2012; Ozturk and 
Bilgili 2015; Solarin and Ozturk 2015; Hamit-Haggar 2016; Mbarek et  al. 2018). Sec-
ondly, the conservative hypothesis claims that a unilateral causality exists running 
from economic growth to renewable energy consumption (Sadorsky 2009; Menyah and 
Wolde-Rufael 2010; Armeanu et al. 2017; Rasoulinezhad and Saboori 2018). Thirdly, the 
feedback hypothesis argues that a bilateral causality exists between renewable energy 
consumption and economic growth (Apergis and Payne 2011; Shahbaz et al. 2012; Lin 
and Moubarak 2014; Pao et al. 2014; Rafindadi and Ozturk 2017; Saad and Taleb 2018). 
Fourthly, the neutrality hypothesis suggests that no causality exists between renewable 
energy use and economic growth (Payne 2009; Menegaki 2011; Yildirim et al. 2012; Ocal 
and Aslan 2013; Fan and Hao 2020).

This study aims to examine the impacts of wind and geothermal energy consumption 
on economic growth and financial development. The data obtained from countries such 
as Germany, Iceland, Italy, Japan, Mexico, New Zealand, Portugal, Turkey, and the USA, 
which consumed wind and geothermal energy over the period 2016:M1–2020:M11 are 
used in the study. In the study, the stationarity of the variables is determined by Levin 
et al. (2002) and Im et al. (2003) unit root tests; whereas, the relationship between the 
variables is determined by the Kao and Johansen Fisher cointegration test. Besides, the 
FMOLS (2000) and DOLS (2001) coefficient estimators are utilized to detect long-term 
impacts in the study. Lastly, the causality between the variables is investigated by per-
forming the Dumitrescu and Hurlin (2012) test.

It is thought that this study may contribute to the literature in three aspects:
	(i)	 The number of studies investigating the impact of wind and geothermal energy 

consumption on economic growth in the literature is quite limited. Nevertheless, 
no research is found on the relationship between wind and geothermal energy con-
sumption and financial development. Therefore, examining the impact of wind and 
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geothermal energy consumption on both economic growth and financial develop-
ment in this study is crucial in terms of filling this gap in the current literature.

	(ii)	 Examining such impacts for countries with the highest wind and geothermal 
energy consumption may contribute to the literature.

	(iii)	 The findings of the study, suggesting that wind and geothermal energy consump-
tion negatively/positively affects or does not affect economic growth and financial 
development at all, would guide the policies to be implemented for the improve-
ment of renewable energy resources.

The research study consists of five parts. Following the introduction, the second part 
includes the literature review on the impacts of wind and geothermal energy consump-
tion on economic growth and financial development. In the third part, the dataset and 
the econometric model are introduced. In the fourth part, empirical findings are pre-
sented. In the last part, the conclusion and policy recommendations are discussed.

Literature review
Upon examining the literature on the subject, it is seen that the relationship between 
renewable energy consumption, economic growth, and financial development has been 
extensively investigated. Nevertheless, a significant portion of these studies has concen-
trated on the impact of total renewable energy consumption on economic growth (Chen 
et al. 2019; Rahman and Velayutham 2020; Alam and Murad 2020; Ghosh and Kanjilal 
2020; Wang and Wang 2020; Razmi et al. 2020; Ivanovski et al. 2021). There are quite a 
few studies examining the impact of wind and geothermal energy consumption, which 
have a crucial place among renewable energy sources, on economic growth. These stud-
ies are summarized in this part.

No research study that examined the relationship between wind energy consump-
tion and financial development is found in the literature review on the subject. How-
ever, all studies in this field involve the impact of wind energy consumption on economic 
growth. In these studies, nonetheless, there is no consensus in the literature on the rela-
tionship between wind energy consumption and economic growth. Some of the studies 
detected that wind energy consumption positively affected economic growth in terms of 
their research samples (Ewing et al. (2007) and Haerer and Pratson (2015) for the USA; 
Blanco and Rodrigues (2009) and Simas and Pacca (2014) for EU-member countries; 
Kathuria et al. (2015) for India; Ejdemo and Söderholm (2015) for Northern Sweden; Xia 
and Song (2017) for China; Keeley and Ikeda (2017) for the UK; Sadorsky (2021) for the 
UK; Bilgili et al. (2019) for Turkey; Sadorsky (2021) for the G-20 countries; and Murshed 
et al. (2021) for Bangladesh). The findings of these studies are consistent with the growth 
hypothesis.

Ohler and Fetters (2014) determined a unidirectional causality running from eco-
nomic growth to wind energy regarding the data obtained from 20 OECD member 
countries over the period 1990–2008. Similarly, Mikulić et al. (2018) detected a unilat-
eral causality between economic growth and wind energy for the Croatian sample over 
the period 2007–2016. The findings of these studies are consistent with the conservative 
hypothesis, and therefore, indicated that policies to increase or decrease wind energy 
consumption had no impact on economic growth.
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Armeanu et  al. (2017) revealed that no causality existed between wind energy and 
economic growth for EU-member states over the period 2003–2014. Jaraite et al. (2017) 
could not detect any causality between wind energy and economic growth for the same 
sample over the period 1990–2013. The findings of these studies support the neutrality 
hypothesis and indicate that any policy regarding one variable would not affect the other.

No research study is found to be conducted on the relationship between geothermal 
energy consumption and financial development. Nonetheless, quite a few studies inves-
tigated the relationship between geothermal energy consumption and economic growth. 
For instance, Bilgili et al. (2019) argued that the increase in geothermal energy consump-
tion in compliance with the growth hypothesis enhanced economic growth. Ohler and 
Fetters (2014) found a unilateral causality running from economic growth to geothermal 
energy for 20 OECD member countries over the period 1990–2008, in favor of the con-
servation hypothesis. Armeanu et  al. (2017) determined that no causality relationship 
existed between geothermal energy and economic growth for the EU-member states 
over the period 2003–2014, and their findings supported the neutrality hypothesis. Simi-
larly, Yildirim et al. (2012) obtained findings supporting the neutrality hypothesis for the 
USA sample.

Data, model, and methodology
In this study, the impact of wind and geothermal energy consumption of Germany, Ice-
land, Italy, Japan, Mexico, New Zealand, Portugal, Turkey, and the USA on the financial 
and economic development is examined by utilizing the common data obtained over the 
period 2016:M1–2020:M11. The empirical model designed for this purpose is formed as 
follows:

The lnFD variable in the model indicates the natural logarithm of the financial devel-
opment index of the countries, the lnGDP stands for the natural logarithm of real 
national income, the lnGEO variable represents the natural logarithm of geothermal 
energy consumption, the lnWIND variable indicates the natural logarithm of wind 
energy consumption, and ϑt denotes the error term.

The dataset of the study consists of monthly frequency values over the period 2016-
M1 and 2020-M11. In this respect, wind and geothermal energy consumption data are 
obtained from the International Energy Agency (IEA) database, the Financial Develop-
ment indicator data are obtained from the UK Finance Yahoo database, and the eco-
nomic growth indicator data are obtained from the Federal Reserve Economic Data 
(FRED) database. Economic growth data have been normalized by FRED. Since most of 
the indicators used to represent financial development in the literature have been calcu-
lated on an annual basis, stock prices are chosen to represent financial development on 
a monthly basis.

In the study, the stationarity of the variables is determined by the Levin et al. (2002) 
and Im et al. (2003) unit root tests, and the long-term relationship between the vari-
ables is determined by the Kao and Johansen Fisher cointegration test. In the study, 

(1)Model 1: lnFDit = β0 + β1lnGEOit + β2lnWINDit + ϑt ,

(2)Model 2: lnGDPit = β0 + β1lnGEOit + β2lnWINDit + ϑt .
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the long-term impacts of independent variables on the dependent variable were also 
analyzed by performing the FMOLS (2000) (Fully Modified Ordinary Least Squares 
Method) and DOLS (2001) (Dynamic Ordinary Least Squares Method) coefficient 
estimator tests. Lastly, the causal relationship between the variables in the study was 
examined by performing the Dumitrescu and Hurlin (2012) causality test.

LLC has claimed that individual unit root tests have limited power against the alter-
native hypothesis, and also that there were fairly permanent deviations from the level 
of equilibrium. It was accepted that such situations would have been even more severe 
in small samples. LLC recommends a stronger unit root test for each cross-section 
versus individual unit root tests. In this suggested test, the null hypothesis indicates 
that each individual time-series has a unit root, whereas the alternative hypothesis 
indicates that each time-series is stationary (Baltagi 2005, p 40).

According to IPS, which proposes an alternative panel unit root test compared to 
LLC, which recommends applying the unit root test merely to homogeneous cross-
sections, the average ADF test statistic is checked by calculating the ADF for each 
individual in the panel. The stochastic process is defined in the yi,t first-order autore-
gressive process, with T time-series and N cross-section as follows (Göral 2015, p 
110):

The hypotheses formed to perform the unit root test are as follows:

H0 = pi = 0i = 1,…, N   (for all cross-sections)
H1 = pi < 0i = 1,…, N1, i = N1+1 + 1, N1+2 + N (for at least one cross-section)

Such an alternative hypothesis suggests that pi allows for variation among individuals. 
According to the alternative hypothesis, it is possible that some of the formally station-
ary individuals may contain a unit root. In this regard, the rejection of H0 indicates that 
one or more of the individuals are stationary. This condition is essential for the consist-
ency of the IPS panel unit root test. The IPS panel unit root test allows for serial correla-
tion and heterogeneity between errors in the data generation process, and the simulation 
results indicate that the t-bar test yields better and more reliable results than the LLC 
test even in small samples, as a result of choosing a sufficiently large lag length for the 
ADF test (Im et al. 2003, p 73).

After determining the stationarity of the series, the long-term cointegration relation-
ship of the series would be investigated by performing the Kao and Johansen–Fisher 
cointegration test.

The Kao cointegration test, which concentrates on the first-order regressions of fixed 
and homogeneous coefficients specific to cross-sections by setting out with the same 
approach as Pedroni cointegration tests, suggests the DF and ADF type tests in order to 
detect the cointegration relationship. The considered regression equation in these tests 
is as follows:

(3)�yi,t = αi + piyi,t−1 + δi,t .

(4)Yit = αi + BXit + eit .
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According to Kao (1999), the DF test, as one of the residual cointegration tests, is as 
follows:

êit   that are seen in Eq. 5 denote predicted residual terms.
The proposed DF test statistic to test H0 = ‘no cointegration’ hypothesis is as follows 

(Baltagi et al.  2000, p 14; Asteriou and Hall 2007, p 373):

If the  error terms are autocorrelated, the regression is obtained by adding the 
lagged terms to Eq. 6 as follows:

As in the DF test, the null hypothesis is also H0 = ‘no cointegration’ in this test. The 
ADF test statistic is calculated as  follows:

The Johansen–Fisher panel cointegration test is a multi-equation generalization of 
the Engle and Granger method. In Johansen’s (1988) cointegration test, the equation 
system of the series which are stationary of the same order is based on the VAR (Vec-
tor Auto Regression) analysis, in which the level and lagged values of each variable in 
the system are used. The equation of the Johansen–Fisher panel cointegration test is 
as follows:

In the Johansen–Fisher cointegration test, the existence of a cointegration relationship 
among the series is analyzed using trace and maximum eigenvalue statistics (Johansen 
1988).

Following the cointegration analysis, the direction and coefficient of the long-term 
relationship between the variables are estimated. The FMOLS estimator developed by 
Pedroni (2000), which is frequently used in the analysis of this long-run cointegration 
relationship, employs a semi-parametric correction method that takes into account 
the autocorrelation problem among the error terms and the endogeneity between the 
independent variables and the error term in order to avoid the problems caused by the 
long-term correlation of the cointegration equation and stochastic shocks (as cited in 
Küçükaksoy et al. 2015). The equation of the FMOLS cointegration test is as follows:

(5)êit = pêit−1 + vitp.
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√
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Zt =
(
X

′

t ,D
′

t

)
 is in Eq. 10. This problem is eliminated by using the kernel estimator 

in the parameter that generates the autocorrelation problem in the FMOLS method. 
The regression estimation equation with the group-mean panel DOLS estimator 
proposed by Pedroni (2001) is as follows:

In this equation, −Ki and Ki denote the leading lag numbers. Upon obtaining the 
panel cointegration vector in this model, which is assumed to have no cross-sec-
tional dependence among the cross-sections that constitute the panel; firstly, the 
model presented in Eq. 11 is estimated for each cross-section.

Here, as in the FMOLS, the Newey–West method is also employed in the DOLS 
estimator. In the next step, the arithmetic mean of the cointegration coefficients 
obtained from the DOLS estimation of each cross-section is calculated and the panel 
cointegration coefficient is formed as follows:

In this equation, β̂∗
GD denotes the cointegration coefficient obtained from the 

DOLS estimation for each cross-section, whereas the t-statistics of the group-mean 
panel DOLS estimators are calculated as follows:

Here, t
β̂∗
D
 denotes the t-statistic of the cointegration coefficient obtained from the 

DOLS estimator for each cross-section (Nazlıoğlu 2010, p 99; as cited in Gülmez 
2015, p 25).

After determining the cointegration relationship and its direction, the Dumitrescu 
and Hurlin (2012) causality test is performed to determine the causality between the 
variables. The Dumitrescu–Hurlin causality test can yield accurate results in hetero-
geneous panels, in which N > T or T > N (Dumitrecu and Hurlin 2012, p 1451). The 
linear model in which the test investigates the causality between X and Y, where the 
variables must be stationary in order to examine the relationship between the vari-
ables, is as follows:

K in the model denotes the optimal lag length. The null hypothesis of the test 
implies that no causal relationship exists between the examined variables, whereas 
the alternative hypothesis implies a causal relationship.

(11)γit = αi + βχ it +
Ki∑

k=−Ki

γik�xit + µit .

(12)χit = χit−1 + eit

(13)β̂∗
GD = N

−1

N∑

i=1

β∗
D, i.

(14)t
β̂∗
D
= N− 1

2

N∑

i=1

t
β̂∗
D,i
.

(15)Yi,t = αi +
K∑

k=1

Y
(k)
i Yi,t−k +

K∑

k=1

β
(k)
i Xi,t−k + εi,t .
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Empirical findings
Prior to initiating the analysis, the descriptive statistics of both dependent and inde-
pendent variables used in the study are presented in Table 1.

Upon considering the descriptive statistics presented in Table  1, it is seen that 
the mean value of the financial development indicator is 4.665 over the period 
2016:M1–2020:M11 for the examined country group. It is seen that the USA is 
the country with the maximum level of geothermal and wind energy consumption 
throughout the research period.

In time-series and panel data analysis, unit root tests should be performed firstly to 
test whether or not the series contain unit-roots. In the study, the stationarity of the 
series is analyzed by performing the Levin et al. (2002) and Im et al. (2003) unit root 
tests, and the results are presented in Table 2.

Upon examining the LLC and IPS unit root test results, it is seen that the null 
hypothesis is rejected at the level for all series except for the lnGDP series. However, 
Nazlıoğlu (2010)  reported reliable findings as a result of applying the difference-tak-
ing process and analyzing series that are determined stationary according to all unit 
root tests, upon considering the situation in which a series that is found stationary 
according to a certain unit root test may not be according to other unit root tests. 

Table 1  Descriptive statistics of the variables

lnfd lngdp lngeo lnwind

Mean 4.665 4.598 5.415 7.638

Median 4.671 4.607 6.130 7.235

Maximum 5.054 4.627 7.300 10.406

Minimum 4.365 4.411 1.940 5.516

Std. error 0.120 0.028 1.558 1.222

Skewness 0.077 −3.186 −1.028 0.708

Kurtosis 3.028 14.216 2.539 2.417

Number of observations 531 531 531 513

Table 2  Panel unit root test results

∆ indicates the first differences of the series. ***, **, and * indicate significance at 1%, 5%, and 10% significance levels, 
respectively

Level LLC IPS

t-statistics Prob t-statistics Prob

lnFD −2.306** 0.010 −2.209** 0.013

lnGDP −0.691 0.755 −3.697*** 0.000

lnGEO −6.483*** 0.000 −8.624*** 0.000

lnWIND −1.814** 0.034 −7.035*** 0.000

Diff. values

∆lnFD −20.470*** 0.000 −18.170*** 0.000

∆lnGDP −17.609*** 0.000 −14.712*** 0.000

∆lnGEO −27.100*** 0.000 −27.481*** 0.000

∆lnWIND −13.140*** 0.000 −20.564*** 0.000
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Therefore, upon calculating the differences of the series, it is seen that all series are 
stationary according to both tests and are cointegrated at the first difference values.

Following the determination of the stationarity of the series, the long-term cointegra-
tion relationships of the series are analyzed by performing the Kao and Johansen–Fisher 
cointegration tests. The Kao and Johansen–Fisher cointegration test results for the mod-
els generated in the study are presented in Tables 3 and 4.

Upon examining the Kao (1999) cointegration test results in Table 3, it is determined 
that the long-term cointegration relationship of the variables in Model 1 is significant at 
the 1% level, and at the 5% level for the variables in Model 2. The obtained findings of the 
Johansen–Fisher cointegration test, which is the second cointegration test performed to 
verify the accuracy of the obtained results, are presented in Table  4. Upon examining 
these results, it is realized that the Kao cointegration test results are confirmed.

The Kao and Johansen–Fisher cointegration test results indicate that the variables in 
both models established within the scope of the study act together in the long-run. The 
coefficient and direction of the cointegration relationship are analyzed with the FMOLS 
and DOLS coefficient estimators, and the results are presented in Tables 5 and 6.

Upon examining the FMOLS and DOLS panel results for Model 1, it is seen that 
wind energy consumption has no impact on financial development. It is seen that the 
impact of geothermal energy consumption on financial development is positive and 
statistically significant according to both test results. Besides the FMOLS and DOLS 
panel results obtained in the study, the individual results of the countries are also ana-
lyzed. Upon evaluating the FMOLS country-specific results, it is seen that geothermal 
energy consumption negatively affects the financial development for Germany, and 
affects positively for Portugal and Turkey. It is determined that the impact of wind 

Table 3  Kao panel cointegration test results

***, **, and * denote significance at 1%, 5%, and 10% significance levels, respectively

Model 1 t-statistic Prob

Augmented Dickey–Fuller (ADF) −4.381*** 0.000

Model 2 t-statistic Prob

Augmented Dickey–Fuller (ADF) −1.791** 0.036

Table 4  Johansen–Fisher panel cointegration test results

***, **, and * denote significance at 1%, 5%, and 10% significance levels, respectively

Model 1

Hypothesis Fisher statistic trace 
statistic

Prob Fisher statistic maximum 
eigenvalue

Prob

H0: r = 0 98.44*** 0.000 60.63*** 0.000

H0: r ≤ 1 59.27*** 0.000 38.75*** 0.003

Model 2

Hypothesis Fisher statistic trace 
statistic

Prob Fisher statistic maximum 
eigenvalue

Prob

H0: r = 0 95.41*** 0.000 61.00*** 0.000

H0: r ≤ 1 55.74*** 0.000 36.32*** 0.006
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energy consumption on financial development is positive for Germany, Japan, and 
the USA, whereas negative for Mexico. According to the DOLS results, it is seen that 
the results for Germany, Japan, Portugal, and Turkey are consistent with the FMOLS 
results. However, it is concluded that the impact of wind energy consumption on 
financial development is positive for Mexico.

The results of Model 2, in which the impacts of geothermal and wind energy con-
sumption on economic growth are investigated, are presented in Table 6. Upon exam-
ining the results in Table 6, it is seen that the impact of wind energy consumption on 
economic growth for the countries within the scope of the study is negative according 
to the panel FMOLS and DOLS coefficient estimators. Upon evaluating the FMOLS 

Table 5  Model 1 FMOLS and DOLS coefficient estimator results

***, **, and * denote significance at 1%, 5%, and 10% significance levels, respectively

Model 1 lnFDit = β0 + β1lnGEOit + β2lnWINDit + ϑt

Variables FMOLS DOLS

LnGEO LnWIND LnGEO LnWIND

Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

Panel 0.248*** 0.000 −0.004 0.840 0.247*** 0.000 −0.008 0.787

Countries

Germany −0.182** 0.034 0.092** 0.037 −0.228* 0.052 0.110* 0.570

Iceland −0.280 0.161 0.041 0.410 −0.272 0.355 0.032 0.705

Italy −0.978 0.197 0.038 0.632 −1.885 0.210 0.085 0.479

Japan −0.269 0.307 0.130* 0.085 −0.589 0.189 0.213* 0.082

Mexico 0.239 0.225 −0.166*** 0.000 0.137 0.584 0.201*** 0.000

New Zealand −0.389 0.268 −0.018 0.727 −0.697 0.245 −0.026 0.684

Portugal 0.450*** 0.000 −0.077 0.298 0.512*** 0.000 −0.045 0.656

Turkey 0.355*** 0.000 0.077 0.375 0.347* 0.057 0.045 0.838

USA −0.136 0.651 0.286*** 0.003 −0.241 0.589 0.247** 0.033

Table 6  Model 2 FMOLS and DOLS coefficient estimator results

Model 2 lnGDPit = β0 + β1lnGEOit + β2lnWINDit + ϑt

Variable FMOLS DOLS

LnGEO LnWIND LnGEO LnWIND

Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

Panel − 0.059 0.118 − 0.159*** 0.000 − 0.019 0.286 − 0.017** 0.012

Countries

Germany − 0.037 0.245 − 0.003 0.843 − 0.057 0.199 − 0.003 0.857

Iceland − 0.050 0.145 − 0.006 0.463 − 0.046 0.311 − 0.007 0.573

Italy 0.526* 0.053 − 0.009 0.733 0.897* 0.066 − 0.015 0.687

Japan − 0.079 0.129 0.003 0.807 − 0.121 0.190 0.011 0.654

Mexico 0.104 0.139 − 0.025 0.101 0.073 0.462 − 0.030 0.176

New Zealand − 0.191 0.152 − 0.035* 0.080 − 0.296 0.331 − 0.053* 0.077

Portugal 0.004 0.830 0.009 0.448 0.003 0.882 0.011 0.576

Turkey − 0.049 0.245 − 0.034 0.350 0.014 0.836 − 0.115 0.188

USA − 0.065 0.409 − 0.065*** 0.009 − 0.093 0.483 − 0.073** 0.033
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coefficient estimator results of the countries, it is determined that geothermal energy 
consumption has a positive impact on economic growth for Italy. No statistically sig-
nificant results are obtained for other countries. It is concluded that the impact of 
wind energy consumption on economic growth is negative for New Zealand and the 
USA. Upon examining the DOLS coefficient estimator results of the countries, it is 
seen that the impact of geothermal energy consumption on economic growth is posi-
tive for Italy. The results obtained within the scope of the negative impact of wind 
energy on economic growth are consistent with the FMOLS results for New Zealand 
and the USA.

After obtaining the cointegration coefficients and the direction of these coefficients as 
a result of the analyses, the causality between the variables within the scope of the estab-
lished models is examined by performing the causality test developed by Dumitrescu 
and Hurlin (2012), and the results are presented in Table 7.

Upon examining the Dumitrescu–Hurlin causality test results to determine the rela-
tionship between the variables, it is determined that a unilateral causality exists running 
from financial development to wind and geothermal energy consumption in Model 1. 
According to the obtained results of Model 2, it is found that a unilateral causality exists 
running from wind and geothermal energy consumption to economic growth. Moreo-
ver, according to the analysis results, it is seen that no statistically significant causality 
exists running from wind and geothermal energy consumption to financial development 
and from economic growth to wind and geothermal energy consumption.

Conclusion
The study aims to investigate the impacts of wind and geothermal energy consumption 
on economic growth and financial development. In the study, the data obtained from 
Germany, Iceland, Italy, Japan, Mexico, New Zealand, Portugal, Turkey, and the USA, 
which consume wind and geothermal energy over the period 2016:M1–2020:M11 are 
used. Upon evaluating the results obtained in the study, it is seen that geothermal energy 
consumption has a positive impact on financial development for the country group in 

Table 7  Dumitrescu–Hurlin causality test results

Maximum lag length is determined as 1. ***, **, and * denote significance at 1%, 5%, and 10% significance levels, 
respectively

Model 1: lnFDit = β0 + β1lnGEOit + β2lnWINDit + ϑt

Null hypothesis Wald statistic Z-bar statistic Prob

lnGEO � lnFD 1.242 0.406 0.684

lnFD � lnGEO 2.083** 2.076 0.037

lnWIND � lnFD 1.639 1.196 0.231

lnFD � lnWIND 2.568*** 3.040 0.002

Model 2: lnGDPit = β0 + β1lnGEOit + β2lnWINDit + ϑt

Null hypothesis Wald statistic Z-bar statistic Prob

lnGEO � lnGDP 2.224** 2.356 0.018

lnGDP � lnGEO 1.600 1.117 0.263

lnWIND � lnGDP 3.337*** 4.568 0.000

lnGDP � lnWIND 0.829 − 0.413 0.679
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the FMOLS method results using the first established model. In the second model, it is 
seen that geothermal and wind energy consumption have a negative effect on economic 
growth. In order for geothermal and wind energy consumption to have positive effects 
on financial development and economic growth, it is important for countries to imple-
ment energy policies that will strengthen the infrastructure of these energy resources.

The causality results reveal that a unilateral relationship exists running from financial 
development to wind and geothermal energy consumption. Besides, it is determined 
that a unilateral causality exists running from wind and geothermal energy consump-
tion to economic growth. Nonetheless, there is no statistically significant causality from 
wind and geothermal energy consumption to financial development, and from economic 
growth to wind and geothermal energy consumption. These findings are obtained by 
Ohler and Fetters (2014); Mikulić et  al. (2018) and the results are consistent with the 
conservative hypothesis.

It is considered that maintaining the security of renewable energy supply, especially 
for geothermal and wind energy would have a positive impact on economic growth by 
mitigating the energy price fluctuations as well as minimizing foreign dependency on 
energy. Consequently, it should not be overlooked that the results obtained during the 
research period include periodic impacts and that the projects in the investment process 
may seem ineffective since their outputs have not been materialized yet. Furthermore, 
it is considered that the comparative analysis of wind and geothermal energy resources 
along with other renewable energy resources in future studies for the country groups 
selected within the scope of the study would be an important guide for policymakers.
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