
RESEARCH ARTICLE

Exploring the role of fossil fuels, hydroelectricity consumption,
and financial sector in ensuring sustainable economic development
in the emerging economy

Faisal Faisal1 & Muhammad Numan Khan1
& Ruqiya Pervaiz2 & Peshraw Majid Muhamad3

&

Mohammad Othman Jamil Rashdan4

Received: 10 December 2019 /Accepted: 23 August 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
This study is conducted to address the research question of whether hydroelectricity and fossil fuels contribute to sustainable
economic development in an emerging economy in this era of globalization? Further, this study applies the novel approach of
Harvey unit root test which is a linearity test to predict the possible existence of non-linearity. The results confirmed that the
majority of the series in this study are linear. Furthermore, the two break test is applied to investigate the integration sequence of
the series. The bounds test approach confirms the existence of a long-run association among the variables. Additionally, the long-
run relationship is analysed within the framework of the ARDL approach. Financial development, fossil fuel, and capital
positively contribute to economic development, while the effect of hydroelectricity is insignificant. Moreover, globalization
effects GDP negatively. The symmetric causality suggests a uni-directional causal movement from hydroelectricity consumption
and globalization towards GDP. The outcome of the study emphasizes the importance of renewable sources such as hydropower
energy for ensuring sustainable development in the presence of globalization.
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Introduction

The demand for energy has been on the rise around the globe.
This demand for energy, on the one hand, upsurges the use
(domestic and commercial) of energy to fill the growing need.
At the same time, the significant emissions into the atmo-
sphere are causing damage to the environment. This situation
has motivated researchers to investigate alternative sources of
energy that offer less emissions and more productivity. This

further encourages the use of hydroelectric power and other
renewable sources of energy that have a significant effect in
decreasing the dangerous emissions, thus ensuring sustainable
development. The means of hydroelectric power were first
developed in 1935, with consistent improvement in hydro
technology observed until 1974.1 Approximately 20% of the
world’s electricity produced by hydropower is characterized
as clean energy, while its demand is rising around the globe.2

The generation of renewable energy through the use of
wind, water, and other sources lessens the global destruction
caused by the CO2 emissions produced by other sources of
energies, such as the consumption of fossil fuel energy, which
includes oil, gas, petroleum, and coal (Solarin et al., 2019).
The use of hydroelectricity not only safeguards the environ-
ment from pollution but at the same time, efficient production
can bring prosperity by facilitating a clean atmosphere and
ultimately contributing to economic growth. Also, generating
electricity fromwater is a renewable and cheap source of clean

1 https://www.renewableenergyworld.com/articles/print/volume-17/issue-6/
hydropower/powering-up-turkey-with-hydropower.html
2 https://www.energyfunding.ca/hydropower?gclid=
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energy. This source of energy production is never-ending and
provides a continuous supply of power that also helps to con-
trol the overflow of water in the form of floods. Previous
research studies have mostly focused on the size of the hydro-
power, viewing its advantages to fulfil the growing and clean
energy requirement for different countries that is the need to
combat the CO2 emissions (Xingang et al. 2012; Bildirici and
Gökmenoğlu 2017).

This study investigates the role of the hydroelectricity effect
in ensuring sustainable economic growth with low carbon emis-
sions while accounting for financial development, fossil fuel,
capital, and globalization for Turkey over the period 1970–
2015. Turkey was chosen for this study based on the following
reason. This country has the 13th largest economy in the world
and is moving towards better prospects in terms of socio-
economic development. This has been witnessed in the past
15 years as a result of the significant rise in the real GDP growth
rate of 5.7% annually on an average basis. Ultimately, this up-
surges the demand for energy in Turkey, which is expected to
rise over 90% in the next 10 years. The principal means of
energy for Turkey is coal which contributes 34% and oil
(28%). Similarly, the contributions of hydroelectricity and other
sources of energy are 5% and 9% respectively. Turkey can
produce 433 TWh per year in total hydro energy, but it only
produces 166 TWh per year. Instead of using its abundant re-
sources of renewables and hydropower, the country still uses
fossil fuels (gas, oil, coal, and petroleum) imported from other
countries. Turkey depends on fossil fuels for the generation of
electricity. The generation of electricity from fossil fuel is
167 billion kWh as compared with 67 billion kWh from hydro-
electricity (Energy Information Agency, 2020). This generation
of electricity from fossil fuels is at the cost of environmental
degradation, thus declaring Turkey one of the 20th largest emit-
ters of carbon dioxide in the world.3 Since hydroelectricity con-
sumption is more environmentally friendly as compared with
fossil fuels. Moreover, the generation of electricity using the
hydropower is cheaper than other renewable energy as wind
and solar (Solarin and Ozturk 2015; Solarin et al. 2019). To
the best of the authors’ knowledge, this empirical study is the
first of its kind to investigate such a relationship for Turkey.
Thus far, the Turkish government has stimulated the use of
renewable resources in the coming decades, especially hydro-
electricity because of the abundance of water reservoirs.
Likewise, Turkey is an emerging economy that has possessed
suitable natural resources and encouraging policy framework
that will allow it to take its place among the top users of renew-
able energy sources. Moreover, this study will further be accom-
panied by a causal relationship to determine the appropriate
policy. For instance, the absence of any causal relationship be-
tween hydroelectricity and GDP infers that both the energy and
economic sector are not related to each. This assumption is in

line with the classical economist who identified the labour and
capital stock as the determinant of economic growth and not the
energy sector. Likewise, the unidirectional causality from GDP
to hydroelectricity confirms that production does not depend on
the energy sector. Moreover, the energy conservation policies in
this regard shall have no harmful effects on the economy.
However, if a unidirectional causal relationship moves from
hydroelectricity to GDP, this suggests that energy plays a crucial
role in the economic development of an economy. Decreasing
the volume of energy consumption may adversely affect eco-
nomic development and vice-versa (Sebri 2015).

Currently, Turkey operates 478 hydropower plants in 69
different places of the country. The Government of Turkey
intends to construct 534 more hydropower plants in the future.
One of the rich reservoirs of water is the Black Sea, and this can
be used for developing hydropower plants in Turkey. Also,
Turkey possesses 555 large dam reservoirs, 664 small dams,
5 different watersheds, 25 hydrological basins, and 120 lakes.4

Additionally, the financial sector of Turkey has been influ-
enced by its strong banking sector that reveals a significant
growth as it provides more than 70% of the financial services.
The Turkish banking sector emerged strongly after
2001 (Ozatac 2017). Currently, there are 53 banks that are
operating in Turkey, including 13 development and investment
banks, 34 deposit banks, and 6 participation banks. Moreover,
the BDDK (Bankacılık Düzenleme ve Denetleme Kurumu) has
also approved the establishment of a new bank (Golden Global
Yatirim Bankasi).5 The banking sector of Turkey’s total assets
reached 864 billion dollars with a significant increase in the net
profit, which reached 13 billion dollars for the first time.
Around 27% of total assets are contributed by foreign investors.
Hence, the Turkish banking sector can easily facilitate the pri-
vate sector to finance hydroelectric power development to
move the country towards future prosperity. Until now, the
Turkish banks have completed 47 projects by providing funds
for enhancing the capacity of renewable energy. Additionally,
since 2009, the European Bank for Reconstruction and
Development (EBRD) completed more than 75 projects for
sustainable energy in Turkey including the Bares and Rotor
(two largest wind farms of Turkey) and the second-largest geo-
thermal power plant in Europe (largest in Turkey) by investing
more than 3 billion euros via Akbank.6 Therefore, based on the
above discussion, the role of hydropower will be analysed for
the case of Turkey in the presence of financial developement,
which will provide interesting insights.

The contribution of this paper to the existing literature is
that it investigates the effect of hydroelectric, fossil fuel,

3 https://www.carbonbrief.org/carbon-brief-profile-turkey

4 https://www.joi.or.jp/modules/investment/custom/documents/TUR_
20101105Memorandum_HPP_WBS_region.pdf
5 http://www.hurriyetdailynews.com/regulator-gives-permission-for-new-
bank-143809
6 http://www.hurriyetdailynews.com/european-bank-provides-new-funds-for-
turkish-renewable-energy-projects-via-akbank-101180
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domestic credit to the private sector (DCP) (financial devel-
opment), and gross fixed capital formation in the presence of
globalization on economic growth. Previous studies focus on
considering the association between energy consumption and
economic growth. This study is undertaken to address the
research question of whether hydroelectricity and fossil fuels
contribute to sustainable economic development for the case
of an emerging economy in this era of globalization?
Therefore, this study contributes to the existing literature by
modelling the hydroelectricity consumption and fossil fuel in
addition to economic growth, and CO2 emission in a multi-
variate framework to avoid any omitted variable bias. To the
best of authors’ knowledge, this nexus has so far received
inadequate attention for the case of Turkey. Since the role of
sustainable development is an important issue that needs to
address keeping low carbon emission at the other end. Also,
this study uses several proxies for globalization, such as
financialglobalization (FG) and economic globalization
(EG), to investigate this nexus in identifying the economic
and financial impact to ensure sustainable development.
Furthermore, the study uses the novel method of Harvey
et al. (2008) to determine the linearity of the series before
applying the linear methods. This test can identify and facili-
tate us in applying methods based on linearity. The two struc-
tural break test is further adopted to clarify the issue of sta-
tionarity in the presence of two endogenous structural breaks
in a series. The long-run and short-run elasticities are deter-
mined under the ARDL framework along with the diagnostic
tests. Moreover, the causality among the variables is deter-
mined using the recent approach of Hacker and Hatemi-J
(2012) to predict the causal directions among the variables.

The remainder of the study has been ordered as follows.
“Literature review” identifies the related literature. “Model
construction and data collection” highlights the data and mod-
el construction to be incorporated. “Methodology of the
study” clarifies the methodology to be adopted. “Results and
discussion” sheds lights on the results and provides a discus-
sion, while “Conclusion and policy implications” supports the
empirical results of the study with policy implications.

Literature review

Hydro energy consumption and economic growth
nexus

Previous literature regarding energy consumption, including
renewable and hydropower for the advancement of a country,
have produced different findings. These findings are different
based on the data sample and/or for different countries with
various econometric techniques. For instance, Solarin et al.
(2019) identified a long-term association between hydro ener-
gy consumption and economic growth for China for the

period 1970 to 2014. The findings confirmed that hydropower
has a favourable effect on the country’s GDP. Aydın (2010)
identified that building hydropower plants in Turkey has a
long-term favourable influence on carbon emissions. The
study of Apergis et al. (2016) explored the long-term associ-
ation between hydroelectricity consumption and economic
development for Turkey from 1965 to 2012. The findings
highlighted that both hydro energy consumption and real
gross domestic product are cointegrated. They proposed that
hydroelectricity consumption has had significant importance
for reinforcing economic growth in recent years. Uyar and
Gökçe (2017) conducted a study for Turkey and explored
the association between energy consumption and GDP.
They used the panel quantile regression technique with data
from 1985 to 2013. The findings highlighted the influence of
hydro energy consumption on economic growth at various
quantiles.

Renewable energy consumption, environmental
pollution, and economic growth nexus

The role of renewable energy consumption and environmental
pollution in recent literature has been of paramount
importance. In this regard, Halkos and Tzeremes (2014) ex-
amined the nexus between renewable energy consumption
and GDP for 36 countries from 1990 to 2011. They
employed a nonparametric method for their study. The
findings identified a nexus between economic growth and
renewable energy consumption. Gozgor et al. (2018) exam-
ined the influence of renewable energy and non-renewable
energy consumption on various countries’ economic develop-
ment. They chose panel data for 29 OECD (Organization for
Economic Cooperation and Development) countries for the
period 1990 to 2013. They applied the ARDL bounds test to
investigate this relationship. The results revealed that together,
renewable energy and non-renewable energy consumption
significantly assist the country’s economic growth. Shakouri
and Khoshnevis Yazdi (2017) performed a study for South
Africa using a sample period from 1971 to 2015. The findings
of the study identified the link between renewable energy
consumption and economic expansion using the ARDL
bounds testing approach. They concluded that both renewable
energy consumption and GDP are important and
interdependent.

Energy consumption and GDP nexus

The study of Lise and Van Montfort (2007) explored the as-
sociation between energy consumption and gross domestic
product for Turkey by applying the cointegration method
using data from 1970 to 2003. The results confirmed evidence
of a long-run relationship. Furthermore, evidence of a bidirec-
tional causal relationship was also found. Similarly, Acaravci
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(2010) examined the nexus related to energy consumption and
GDP and examined the causal association between them.
Furthermore, the ARDL and Granger causality approaches
were applied to annual data spanning the period from 1977
to 2006. The ARDL cointegration analysis indicated that there
is a long-term association among energy consumption per
capita and real gross domestic product per capita. Similarly,
the outcome of the Granger causality approach suggested a
unidirectional causal link between energy consumption and
GDP. The findings highlighted that electricity upsurges
economic growth in the case of Turkey. Cakmak (2015) iden-
tified the causal link between energy consumption per capita
and gross domestic product per capita by employing the
Johansen cointegration technique using data from 1971 to
2012 for Turkey. The Granger causality under the
framework of VECM was applied. The outcome of their
study revealed a nexus between energy consumption and
GDP. However, the findings of their study showed the
impact of energy consumption on gross domestic product.
Yalta (2011) conducted a study for Turkey and identified the
relationship between energy consumption and real gross do-
mestic product for the period 1950–2006. The study findings
highlighted no evidence of a causal relation in the case of the
exchange rate and oil price. Akkemik and Göksal, 2012
evaluated the relationship between energy consumption and
gross domestic product considering the heterogeneity for 79
countries with a sample period of 1980 to 2007. Their
empirical evidence indicated the variability in the causal
relationship for different countries. Likewise, Wang et al.
(2011) examined the association between energy consump-
tion and economic development for Heilongjiang province
covering the period from 1980 to 2009. The conventional
techniques were applied in evaluating the relationship.
Moreover, the findings highlighted that economic growth
causes energy consumption. However, the study did not find
any significant effect of energy consumption on GDP.

FD and EC nexus

The nexus between financial development (FD) and ener-
gy consumption (EC) has been investigated in the previ-
ous studies. For instance, Çetin et al. (2015) performed a
study for Turkey using data from 1960 to 2011 by apply-
ing the ARDL and Johansen–Juselius methods along with
the vector error correction model for a causal association.
The findings derived a favourable long-term connection
be tween FD and EC. Fur thermore , the i r s tudy
recommended that FD is crucial for EC for Turkey.
Another study by Altay and Topcu (2015) investigated
the association between FD and EC using data from
1980 to 2011 for Turkey. The study applied cointegration
and causality approaches. The study did not find any in-
dication of a long-run connection. Moreover, the causal

findings supported the neutrality hypothesis for the
energy-finance nexus in the short-run. Saud et al. (2018)
applied panel data for the period 1990 to 2014 to the Next
Eleven countries. Using second-panel generation tech-
niques, the study identified that globalization upsurges
the demand for energy consumption. Additionally, the
feed-back hypothesis was validated in FD and EC.
Rashid (2015) explored the nexus between FD, GDP
and EC in Pakistan. The study applied the VECM ap-
proach to identify the causal association in addition to
the cointegration. The findings highlighted a one-way
causal association from electricity consumption to FD.
Similarly, Roubaud and Shahbaz (2017) conducted a
study for Pakistan to evaluate the nexus between EC and
gross domestic product at the total and sectoral level
employing data from 1972 to 2014. The long-run elastic-
ities were computed using the ARDL approach. The
VECM Granger causality analysis was employed to ob-
serve causal inferences. The findings of the study
highlighted that the FD sector stimulates the use of elec-
tricity use and upsurges GDP. Evidence of a bidirectional
causal relationship was established between EC and FD in
both the agricultural and service sectors. Their empirical
findings illustrated that financial development and EC
effect economic development. Gungor and Simon (2017)
identified the linkage between FD, EC, industrialisation,
and urbanization for the case of South Africa. The study
employed data spanning the period from 1970 to 2014 by
employing the Johansen cointegration and Granger cau-
sality analysis under the VECM framework. The study
findings highlighted the long-run association between
EC and FD. Furthermore, a bidirectional causal
relationship has been obtained between FD and EC.
Topcu and Çoban (2017) considered the Turkish
manufacturing industry to analyse the nexus between FD
and firm development over the period 1989 to 2010. The
supply-leading hypothesis was validated using the second
generation panel techniques that take heterogeneity into
account. The study further showed that Turkish firm
growth across the sub-sectors is not uniform.

In summary, based on the comprehensive literature
reviewed above, this study applies novel techniques in the
form of Harvey et al. (2008) to confirm the linearity of the
series before applying linear methods. Unlike, this test has
been missing in the above studies. Moreover, the role of struc-
tural breaks is investigated by identifying the integration order
in the presence of breaks. The long-run and short-run elastic-
ities are investigated under the ARDL framework in a multi-
variate regression using globalization, fossil fuel, and hydro-
electricity to avoid specification bias. Furthermore, financial
and economic globalization is used to capture the effect.
Moreover, a novel approach of symmetric causality is applied,
as suggested by Hacker and Hatemi-J (2012).
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Model construction and data collection

Model construction

This study investigates the role of hydroelectricity consump-
tion and GDP including fossil fuels, EC, DCP, capital, and the
globalization index as regressors. Thus far, in the literature,
the role of hydroelectricity consumption and fossil fuels has
been ignored. Moreover, the use of financial globalization
(FG) and economic globalization (EG) has also been ignored
in previous studies. However, both the FG and EG cannot be
ignored while investigating this kind of energy-growth nexus.
Moreover, these variables are chosen based on the consider-
ation that hydro and fossil fuel energy consumption, DCP,
capital, and globalization index directly affect the economic
growth.

In this regard, following the seminal study of Solarin et al.
(2019), by including financial globalizat ion and
economic globalization as two proxies in addition to the glob-
alization index, the proposed model can be written as

GDP ¼ f FEP;DCPE;HEP;GFCF;GOIð Þ ð1Þ

After transforming the model into its logarithmic form, the
model can be written as

ln GDPEt ¼ β0þ β1 ln FEPtþ β2 ln DCPEt

þ β3 ln HEPtþ β4 ln GFCFt

þ β5 ln GOItþ β6Trendþ
ð2Þ

The population series from the World Bank is used to con-
vert all the variables into per capita. In Eq. 2 above, the GDPE
represents the real gross domestic product per capita (constant
2010 US$), FEP is fossil fuel energy consumption per capita
(which is a combination of natural gas, consumption of oil and
coal in tons of oil equivalent), DCPE is domestic credit to the
private sector per capita (% of gross domestic product) which
is recognized by FD, HEP is hydroelectricity consumption per
capita from hydroelectric sources (% of total), and GFCFP is
gross fixed capital formation per capita (% of gross domestic
product).Moreover, the abovemodel will be proxied first with
the globalization index, followed by financial and economic
globalization. Globalization is the process through which all
world economies are integrated and with international systems
in terms of foreign direct investments, capital movements,
international trade, the global technology, and the economic
activity of multinational firms (SGD17). The data for EGI,
EG, and FG have been collected from Dreher (2006).7 It is
expected that the sign of fossil fuel energy consump-
tion, domestic credit to the private sector, and gross

fixed capital formation will be positive. More consump-
tion of fossil fuels will upsurge economic growth. FE
includes natural gas, oil, coal, and petroleum and for
energy generation and other valuable objectives such
as for transportation, houses, and industrial and com-
mercial purposes. Therefore, the sign of fossil fuel is
expected to be positive. Domestic credit to the private
sector provides loans to the public thereby improving
the living standards of the people. This consequently
encourages investors who set up new businesses, which
has a positive effect on economic growth. The expected
sign of financial development is positive. Capital plays
a vital role in improving the infrastructure, such as road
construction, private residential housing, railway facili-
ties, and of the purchase of equipment such as plant and
machinery to install more fixed assets for industrial and
commercial structures, thus adding value to the econom-
ic growth. Therefore, the sign of capital is expected to
be positive. Globalization is expected to affect economic
growth posi t ively with more urbanizat ion and
industrialisation. With the use of new technology, free
trade in a country will have a positive impact on
globalization Solarin et al. (2019).

Data collection

The details of the variables along with units of measurement
and data collection sources have been shown in the below
Table 1.

Methodology of the study

Linearity test

It is important to investigate the linearity of the series before
applying the linear unit root tests and linear cointegration
methods. The linear approach is adopted to investigate the
appropriateness of the variables under the linear frame.
However, the outcomes will be biased if the linear sequence
is investigated under the non-linear framework (Solarin and
Bello 2018), (Kilian and Vigfusson, 2011). Specifically, this
study applies Harvey et al.’s (2008) linearity test to explore the
linearity of the series.

Unit root test

The unit root test is used to determine the integration order of
the series. Without identifying the integration order, various
cointegration methods cannot be applied. This identifies the
importance of the stationarity measure of the series taken into
the account. Moreover, abrupt changes in the series cause
breaks that need to be highlighted before identifying the

7 Please refer to Dreher (2006) for further information and definitions about
globalization index, financial globalization, and economic globalization
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integration order. The conventional unit root tests are unable
to measure these breaks. Ignoring these structural breaks
might lead to incorrect determination of the integration order.
Hence, it is necessary to apply the structural breaks unit root
test. In this regard, Perron and Vogelsang (1992) measured
one endogenous structural break. Additionally, it was clarified
that one endogenous structural break is not sufficient to deter-
mine the integration order. Therefore, the study is further ex-
tended to identify the integration order in the presence of two
endogenous breaks by applying the modified Clemente et al.
(1998) to the extent of two structural breaks.

ARDL bounds testing approach

The ARDL bounds test can be applied to any series irrespective
of the order of integration; however, it must be ensured that
none of the variables in the sequence is I(2). This study is used
to predict the long-run nexus among the variables by applying
the autoregressive distributive lag (ARDL) as proposed by
Pesaran et al. (2001). The reasons for adopting this approach
rather than other methods of cointegration are as follows:

Firstly, this approach performs better when dealing with
small sample data. Secondly, this approach does not require
a unique order of the series. Thirdly, the long-run and short-
run associations of the variables are determined under the
ARDL framework using Eq. 3 to Eq. 8 respectively.

lnGDPEt ¼ aoþ Trendþ ∑n
i¼1bilnGDPEt−i

þ ∑n
i¼1cilnFEPt−iþ ∑n

i¼1dilnDCPEt−i

þ ∑n
i¼1eilnHEPt−iþ ∑n

i¼1filnGFCFt−i

þ ∑n
i¼1gilnGOIt−iþ σ1lnGDPEt−i

þ σ2lnFEPt−iþ σ3DCPEt−iþ σ4lnHEPt−i

þ σ5lnGFCFtþ σ6lnGOIt−iþ εt ð3Þ

lnGDPEt ¼ aoþ Trendþ ∑n
i¼1bilnGDPEt−i

þ ∑n
i¼1cilnFEPt−iþ ∑n

i¼1dilnDCPEt−i

þ ∑n
i¼1eilnHEPt−iþ ∑n

i¼1filnGFCFt−i

þ ∑n
i¼1hilnEGIt−iþ σ1lnGDPEt−i

þ σ2lnFEPt−iþ σ3DCPEt−iþ σ4lnHEPt−i

þ σ5lnGFCFt−iþ σ6lnEGIt−iþ εt ð4Þ
lnGDPEt ¼ aoþ Trendþ ∑n

i¼1bilnGDPEt−i

þ ∑n
i¼1cilnFEPt−iþ ∑n

i¼1dilnDCPEt−i

þ ∑n
i¼1eilnHEPt−iþ ∑n

i¼1filnGFCFt−i

þ ∑n
i¼1iiΔlnFGIt−iþ σ1lnGDPEt−i

þ σ2lnFEPt−iþ σ3DCPEt−iþ σ4lnHEPt−i

þ σ5lnGFCFt−iþ σ6lnFGIt−iþ εt ð5Þ

Apart from this, the ARDL bounds analysis computes the
unrestricted error correction model (ECM), which further
identifies the evidence of a long-run relationship and system
stability. The ARDL bounds test takes the lag of the depen-
dent variables, which is helpful in countering the residual
serial correlation problem. The short-run coefficient for this
study can be represented as below

ΔlnGDPEt ¼ βoþ Trendþ ∑n
i¼1β1ΔlnGDPEt− j

þ ∑n
i¼1β2ΔlnFEPt− j

þ ∑n
i¼1β3ΔlnDCPEt− j

þ ∑n
i¼1β4ΔlnHEPt− j

þ ∑n
i¼1β5ΔlnGFCFt− j

þ ∑n
i¼1β6ΔlnGOIt− jþ β9ECT−1þ ut ð6Þ

Table 1 Variables’ units of measurement and data collection

Variable Symbol Measurement Data source Time

Globalization index GOI Dreher (2006) World Bank Data Bank (2019) Annual data: The period of
the data is 1970–2015
for all variables.

Gross fixed capital formation GFCF % of gross fixed capital formation

Gross domestic product GDPE GDP per capita (constant 2010 US$) World Bank Data Bank (2019)
Financial globalization index FGI Dreher (2006)

Hydroelectricity HEP Electricity production from
hydroelectric sources (% of total)

World bank Data Bank (2019)

Economic globalization index EGI Dreher (2006) Dreher (2006)

Fossil fuel energy consumption FEP Fossil fuel energy consumption (% of
total)

World Bank Data Bank (2019)

Domestic credit to the private
sector

DCPE % of GDP World Bank Data Bank (2019)
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ΔlnGDPEt ¼ βoþ Trendþ ∑n
i¼1β1ΔlnGDPEt− j

þ ∑n
i¼1β2ΔlnFEPt− j

þ ∑n
i¼1β3ΔlnDCPEt− j

þ ∑n
i¼1β4ΔlnHEPt− j

þ ∑n
i¼1β5ΔlnGFCFt− j

þ ∑n
i¼1β7ΔlnEGIt− jþ β9ECT−1þ ut ð7Þ

ΔlnGDPEt ¼ βoþ Trendþ ∑n
i¼1β1ΔlnGDPEt− j

þ ∑n
i¼1β2ΔlnFEPt− j

þ ∑n
i¼1β3ΔlnDCPEt− j

þ ∑n
i¼1β4ΔlnHEPt− j

þ ∑n
i¼1β5ΔlnGFCFt− j

þ ∑n
i¼1β8ΔlnFGIt− jþ β9ECT−1þ ut ð8Þ

where ECTt − 1 represents the error correction term. The
CUSUM (cumulative sum) and CUSUMsq (cumulative
sum of squares) are applied to identify the stability of
the long-run coefficients over the selected sample peri-
od. Both the CUSUM and CUSUMSQ are examined for
this purpose. Besides, various diagnostic tests are also
performed to identify the validity of the assumption of
the classical linear regression model (CLRM).

Hacker and Hatemi-J (2012) causality test

To check the appropriate cause and effect connection
among the variables, this article used the approach of
Hacker and Hatemi-J’s (2012) causality method in pref-
erence to the Granger causality method, which is con-
structed on a theory of asymptotic distribution.
According to the Monte Carlo, the estimation will be
biased based on asymptotic distribution if the variables
are non-stationary (Newbold and Granger 1974).

The Hacker and Hatemi-J (2012) method is more
robust as it also computes the modified Wald test based
on the appropriate sample size as compared with the
sample size of the asymptotic distribution. Moreover,
Hacker and Hatemi-J (2006) analyse the size properties
of the modified Wald test (MWALD) as proposed by
Toda and Yamamoto (1995). They further identified that
these tests perform poorly when using small samples.
Additionally, Hacker and Hatemi-J (2012) introduce
the bootstrap approach by endogenizing the lag length
selection in Hacker and Hatemi-J (2006).

Results and discussion

As indicated in the earlier part of the study, the linearity issue
needs to be taken into account before applying any linear
model. In this regard, to identify the linearity of the variables,
this article follows Harvey et al. (2008) to determine the non-
linearity. The results of the Harvey et al. (2008) test can be
viewed in Table 2. The findings confirm that Harvey statistics
is less than the critical values of the variables in the series, thus
the null hypothesis cannot be rejected except GDPE, thus
confirming the majority of the series is linear. This further
allows us to apply the linear unit root tests and linear
cointegration methods.

Moreover, as stated earlier, the integration order of the
series is identified by applying Perron and Vogelsang (1992)
to measure the one endogenous break and the modified
version of the Clemente (1998) with two breaks. The results
of both the unit root tests along with one endogenous and two
endogenous breaks have been shown in Table 3.

The results from Table 2 suggest that in the cases of both
one endogenous and two endogenous breaks, all the variables
at levels are non-stationary. However, they become stationary
once the first difference is applied to the series. This infers that
all the variables of this study are integrated of order one taking
into account one and two endogenous breaks. The unique
order of the series allows us to employ the ARDL bounds test
to predict the long-term relationship among the variables of
the series.

The results for the ARDL bounds test have been shown in
Table 4. Table 4 shows the F bounds test along with the
diagnostic tests for each model. Additionally, the error correc-
tion test has been shown, which provides evidence of the long-
run relationship provided that the value of ECTt − 1 is in the
range of 0–1. The ECTt − 1 must be negative showing that it
will converge the variables back to the normal position.
Moreover, the results show that in all models, the F bounds
values are higher than the critical values as proposed by
Pesaran et al. (2001). This highlights that the variables of the
study are in a long-run association. Moreover, the diagnostic

Table 2 Harvey linearity test

Variable Test statistic 1% 5% 10%

FGI 5.12 8.48 8.34 8.27

GFCF 0.41 1.28 1.27 1.27

DCPE 5.89 8.82 8.69 8.62

GOI 1.54 15.92 15.33 15.00

GDPE 9.06 6.71 6.60 6.54

HEP 2.00 8.17 7.65 7.37

FEP 3.62 6.87 6.75 6.69

EG 3.77 9.79 9.62 9.52
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Table 4 ARDL bounds test

Estimated equations Optimal lag F-
statistic

Diagnostic analysis ECTt − 1 C Csq

Linear model Jarque-Bera Chi2 hetero Chi2 SC

GDPE = f (GFCF, DCPE, HEP, FEP, GOI) (1, 0, 0, 0, 0, 0) 10.9210 4.4323(0.1090) 5.7389(0.5705) 2.9639(0.2272) − 0.57 s s

GFCF= f (GDPE, DCPE, HEP, FEP, GOI) (2, 0, 0, 0, 0, 0) 7.6454 7.0503(0.0294) 3.0442(0.9315) 42.5417(0.0643) − 0.73 s s

DCPE = f (GFCF, GDPE, HEP, FEP, GOI) (2, 0, 0, 0, 0, 0) 1.5948 10.5357(0.0051) 8.9681(0.2550) 4.8376(0.0890) − 0.23 s s

HEP = f (DCPE, GFCF, GDPE, FEP, GOI) (1, 0, 0, 0, 0, 0) 11.8822 0.9184(0.6317) 29.4604(0.0010) 41.2844(0.0823) − 0.89 s s

FEP = f (HEP, DCPE, GFCF, GDPE, GOI) (1, 0, 0, 0, 0, 0) 10.8335 3.6164(0.1639) 8.9722(0.2547) 5.0509(0.0800) − 0.54 s s

GOI = f (FEP, HEP, DCPE, GFCF, GDPE) (1, 0, 0, 0, 0, 0) 3.0373 4.0230(0.01237) 11.8201(0.1066) 1.7040(0.4265) − 0.15 s s

GDPE = f (GFCF, DCPE, HEP, FEP, EG) (1, 0, 0, 0, 0, 0) 11.6881 2.4469(0.2942) 8.3103(0.3060) 0.8634(0.6494) − 0.60 s s

GFCF = f (GDPE, DCPE, HEP, FEP, EG) (2, 0, 0, 0, 0, 0) 9.1830 4.5438(0.1031) 3.1721(0.9231) 13.4319(0.2005) − 0.82 s s

DCPE = f (GFCF, GDPE, HEP, FEP, EG) (2, 0, 0, 0, 0, 0) 1.1265 62.399(0.000) 7.8926(0.4440) 5.5710(0.0617) − 0.28 s s

HEP = f (DCPE, GFCF, GDPE, FEP, EG) (1, 0, 0, 0, 0, 0) 12.0014 0.9585(0.6192) 13.0888(0.0700) 13.6505(0.0011) − 0.88 s s

FEP = f (HEP, DCPE, GFCF, GDPE, EG) (1, 0, 0, 0, 0, 0) 10.1863 4.2066(0.1220) 10.4708(0.1634) 2.9320(0.0868) − 0.50 s s

EG = f (FEP, HEP, DCPE, GFCF, GDPE) (1, 0, 0, 0, 0, 0) 2.3961 1.5992(0.4494) 9.8936(0.1947) 3.2273(0.1992) − 0.24 s s

GDPE = f (GFCF, DCPE, HEP, FEP, FGI) (1, 0, 0, 0, 0, 0) 15.8024 1.2075(0.5467) 8.4374(0.2956) 3.4528(0.0631) − 0.78 s s

GFCF = f (GDPE, DCPE, HEP, FEP, FGI) (1, 0, 0, 0, 0, 0) 12.5720 0.0412(0.9795) 4.2978(0.7449) 1.5191(0.4679) − 0.68 s s

DCPE = f (GFCF, GDPE, HEP, FEP, FGI) (1, 0, 0, 0, 0, 0) 1.0812 27.0879(0.0000) 4.9669(0.6640) 5.0632(0.0795) − 0.25 s s

HEP = f (DCPE, GFCF, GDPE, FEP, FGI) (1, 0, 0, 0, 0, 0) 17.1515 2.6755(0.2624) 8.0550(0.3278) 0.6911(0.7078) − 0.86 s s

FEP = f (HEP, DCPE, GFCF, GDPE, FGI) (1, 0, 0, 0, 0, 0) 9.9410 4.9034(0.0861) 9.7996(0.2002) 4.2694(0.0388) − 0.53 s s

FGI = f (FEP, HEP, DCPE, GFCF, GDPE) (1, 0, 0, 0, 0, 0) 5.5016 5.8362(0.0540) 15.0384(0.0355) 1.1013(0.5766) − 0.67 s s

Significant level Critical bounds values for I(0) and I(1) by Pesaran et al. (2001)

I(0) I(1)

1% 3.93 5.23

5% 3.12 4.25

10% 2.75 3.71

Table 3 One endogenous and two endogenous break test

Var. Innovative outliers Additive outliers

T-stat TB1 TB2 Decision T-stat TB1 TB2 Decision

LnGDPE − 2.594 1988 2002 NS − 3.928 1999 2008 NS

DLnGDPE − 7.213 1979 2000 STS − 5.667 1982 1999 STS

LnDCPE − 3.476 1996 2005 NS − 3.098 1999 2006 NS

DLnDCPE − 7.901 1996 2002 STS − 7.450 1995 2003 STS

LnFGI − 5.419 1978 1992 NS − 5.185 1981 1995 NS

DLnFGI − 8.011 1975 1984 STS − 8.236 1984 1999 STS

LnHEP − 4.453 1983 1998 NS − 4.350 1982 1998 NS

DLnHEP − 8.528 1977 1987 STS − 8.983 1986 2008 STS

LnFEP − 1.053 1976 1990 NS − 1.799 1980 1995 NS

DLnFEP − 7.252 1976 1981 STS − 7.324 1975 1979 STS

LnGOI − 3.497 1981 1986 NS − 3.423 1987 1996 NS

DLnGOI − 8.228 1987 1993 STS − 7.071 1985 1992 STS

LnEG − 4.822 1977 1987 NS − 4.090 1981 1990 NS

DLnEG − 7.771 1994 2001 STS − 6.680 2000 2004 STS

LnGFCFP − 4.348 1983 2000 NS − 4.519 1988 1999 NS

DLnGFCFP − 7.377 1986 2000 STS − 7.616 1985 1999 STS

BD1 and BD2 represent the break dates respectively, while NS and STS represents stationary and non-stationary series
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tests show that the estimates are blue and have no issue of
multicollinearity, heteroskedasticity, and serial correlation,
thus verifying various conditions of the classical linear regres-
sion model (CLRM).

Confirming the presence of a long-run connection, this
study further highlights the long-run and short-run results un-
der the framework of the ARDL model. The results for both
the long-run and short-run are shown in Table 5. Following
Table 5, the study finds evidence of a significant association
between FE and GDP. Keeping other things constant, a 1 %
upsurge in FE leads economic growth to increase by 0.12988–
1.6536% and statistically significant as well at 1%. This
means that fossil fuel effects economic growth positively.
Furthermore, this is in accordance with the findings of the
study by Solarin et al. (2019) for China, which also reported
a positive effect of fossil fuel on economic growth. DCPE has

a significant impact on economic development. Moreover, a
1% growth in FD improves the GDP by 0.112–0.1460%. This
suggests that more access to the credit by the general public
promotes entrepreneurship, thereby improving domestic pro-
duction. This encourages more investors to establish new in-
dustries, which boosts domestic production. This finding is in
line with the studies of Shahbaz et al. (2013) and Solarin et al.
(2019), implying that financial development strengthens eco-
nomic development. Additionally, keeping other things con-
stant, this study finds an insignificant effect of HEP on eco-
nomic development. This further highlights the weak role of
hydroelectricity in Turkey. The impact of GFCF on GDP is
optimistic and meaningful at 1 %. Therefore, a 1 % increase in
GFCF boosts the economic growth by 0.1872–0.2145%.
Thus, more usage of capital in the form of trained personnel
will contribute to the GDP.Moreover, the globalization index,

Table 5 ARDL long- and short-
run analysis Dependent var. = ln GDPE

Var. Coefficient T-stat Coeff. T-stat Coeff. T-stat

Long-run outcomes

LFEP 1.653699* 3.073373 1.159724* 2.461140 0.129882 0.334907

LDCPE 0.136896* 4.875823 0.146035* 6.410059 0.112519* 6.239214

LHEP 0.074428 1.321246 0.059458 1.152657 − 0.028632 − 0.731016

LGFCF 0.187205* 2.528426 0.187739* 2.777931 0.214518* 4.473213

LGOI − 0.562707* − 2.053739 – - - -

LEG - - − 0.262243* − 2.542199 - -

LFGI - - - - − 0.138824* − 4.907604

@TREND 0.035862* 3.785798 0.024156* 3.617198 0.012592* 2.554958

R-sq. 0.957385 0.959215 0.966854

Adj. R-square 0.949322 0.951499 0.960583

D-Watson stat 1.657451 1.724645 1.483185

F-stat 118.7470 124.3152 154.1796

Prob (F-stat) 0.000000 0.000000 0.000000

Short-run analysis

DLFEP 0.945585* 3.286201 0.705764* 2.543008 0.102275 0.338459

DLDCPE 0.078277* 3.915305 0.088872* 5.100996 0.088603* 5.734300

DLHEP 0.042558 1.383292 0.036184 1.195451 − 0.022546 − 0.710021

DLGFCFP 0.107044* 2.491366 0.114251* 2.694453 0.168922* 4.003172

DLGOI − 0.321756* − 2.168639 - - - -

DLEG - - − 0.159591* − 2.564213 - -

DLFGI - - - - − 0.109317* − 4.076317

@TREND 0.020506* 4.188705 0.014701* 3.771137 0.009915* 2.698039

ECMt − 1 − 0.571800 − 9.069679 − 0.608562* − 9.374562 − 0.787446* − 10.86472

R-sq. 0.656712 0.671461 0.732989

Adjusted R-sq. 0.648728 0.663820 0.726779

D-Watson stat 1.657451 1.724645 1.483185

F-stat 82.25908 87.88241 118.0420

Prob (F-stat) 0.000000 0.000000 0.000000

*Significance at 1%
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economic globalization, and financial globalization have a
negative impact on the country’s GDP. The coefficients of
globalization index, economic globalization, and financial
globalization are − 0.5627%, − 0.2622%, and − 0.1388% re-
spectively. This negative impact of globalization increases
inequality, which leads to deterioration in environmental and
social standards. Moreover, it further increases the risk of
economic crisis thereby causing excessive capital moments
across the country, which will weaken the financial institu-
tions that are vulnerable to any negative external shock.
Moreover, such negative events of globalization, if not man-
aged properly, might have a deteriorating effect on economic
development (Zerrin and Dumrul 2018). Furthermore, the
adjusted R2 values are 0.94, 0.95, and 0.96, which implies that
94%, 95%, and 96% of variations in the model are explained
by globalization index, economic globalization index, and fi-
nancial globalization index model along with the capital, hy-
droelectricity consumption, domestic credit to the private sec-
tor, and FE. The Durbin Watson is in acceptable range that
suggests no problem of autocorrelation. Moreover, our esti-
mations also confirmed no problems of serial correlation or
heteroscedasticity. The F-statistic values show the overall re-
liability and validity of our models with the corresponding P
value less than 1%.

The short-run analysis has been displayed in the lower
panel of Table 5. The results suggest a positive influence of
FE on economic growth. Moreover, 1 % consumption of fos-
sil fuels rises the GDP by 0.1022–0.9455% at the 1 % level.
Likewise, DCP has significant and positive effect on GDP.
Hydroelectricity has an insignificant effect on economic de-
velopment. GFCF has a substantial and positive influence on
economic development. Moreover, a 1 % rise in capital con-
tributes to the GDP by 0.10 to 0.16%. Likewise, the globali-
zation index, financial globalization, and economic globaliza-
tion have a negative effect in the short-run as well. This further
implies that the Government of Turkey must optimally use its
resources to manage the negative effects of the resources in
the short-run as well to avoid negative consequences that will
lead to a decline in the GDP. The ECTs for the model includ-
ing GOI, EG, and FGI are − 0.57, − 0.60, and − 0.78. The
signs of all the coefficients are negative, which implies the
convergence of the respective dynamics to the equilibrium
position. However, the speed of convergence in the financial
globalization model is greater than in the GI and EG.
Moreover, 78% of convergence takes place in 1 year. The
adjusted R2 in the short-run panel is 64%, 66%, and 72%
respectively. This further highlights that sufficient variation
has been explained by the independent variables in economic
growth using globalization, economic globalization, and fi-
nancial globalization. Moreover, the F-statistic values imply
the validity and reliability of the overall models following the
corresponding values of all three models in this case. The
Durbin Watson statistic shows no indication of any

autocorrelation problem. Additionally, the stability tests of
the long-run coefficients were carried out by using the
CUSUM and CUSUM square tests as suggested by Brown
et al. (1975). Both CUSUM and CUSUMSQ show the stabil-
ity of the long-run elasticity in the selected sample period in all
three models (Figs. 1, 2, and 3).

Finally, this study investigates the causal impact by apply-
ing Hacker and Hatemi-J (2012). The results of the Hacker
and Hatemi-J (2012) test have been displayed in Table 6.
Table 6 illustrates a uni-directional causality from hydroelec-
tricity to economic growth. This suggests that the electricity
produced from hydro sources can upsurge the economic
growth on the one hand, while keeping the level of carbon
dioxide emission on the other. This can facilitate the economy
by generating clean energy. This also suggests that energy is
playing a vital role in the economic development of Turkey.
Decreasing the volume of energy, in this case, may have a
deteriorating effect on the economic growth for Turkey.
Moreover, economic growth is causing financial development
with a significant value of Wald statistics at 5 %. This means
that the upsurge in economic growth raises the per capita
income of the individuals (investor/producer, customer),
which increases the demand for financial services. This rela-
tionship also validates the demand-side hypothesis for this
study. This finding of our study is in concordance with the
study of Shahbaz et al. (2017) for India. Another uni-
directional causal relationship moves from the globalization
index to economic growth with a Wald stat of 4.024, which is
significant at 10%. This implies that managing globalization
will have a favourable influence on GDP. However, if it not
managed properly, it will harm economic growth.

Conclusion and policy implications

The purpose of this article is to explore the role of hydroelec-
tricity, FD, economic development, fossil fuel, and
globalization in the production demand function. This paper
employs the data for the sample period from 1970 to 2015. In
this regard, the Harvey et al. (2008) unit root was adopted to
identify the linearity of the sequence. The ARDL bounds
method was employed to identify the long-run connection
between the variables. Moreover, the long-run and short-run
elasticities are estimated under the framework of the ARDL
bounds technique. The findings suggested a positive effect of
fossil fuels, FD, and capital on economic growth.
Hydroelectricity has an insignificant effect on GDP.
Moreover, the globalization index, EG, and FG have a nega-
tive impact on economic development. Furthermore, the diag-
nostic tests were performed, which revealed the absence of
heteroscedasticity, and serial correlation. The CUSUM and
CUSUMSQUARE tests showed the stability of the long-run
elasticities.
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To identify the cause and effect nexus among the variables,
this study applied the Hacker and Hatemi-J (2012) causality
approach. The findings exhibited that hydroelectricity con-
sumption and globalization index cause GDP. In addition to
this, economic growth causes financial development, which
validates the demand-side hypothesis for Turkey.

The following policies can be recommended in light of our
study.

Turkey is an energy import-dependent country. The main
sources of imported energy for generating electricity that is
used for residential, industrial, commercial, and transportation
purposes are coal, natural gas, oil, and petroleum. This has
also been quite evident with our estimation results, which
revealed that fossil fuels are having a positive impact on
Turkey’s economic growth. Moreover, these resources fulfil
the country’s energy needs in achieving economic develop-
ment together in the short-run and long run. However, the
ultimate effect of using these resources for energy production
is that they represent the primary source of CO2 emissions.
Also, Turkey specifically imports fossil fuels and the demand
is increasing, which upsurges environmental pollution.

Therefore, based on the above discussion, this study also
recommends that to decrease the country’s imports and to

achieve sustainable development of both social and economic
growth, Turkey’s government should continue their long-term
policies with a focus on renewable sources, particularly hy-
dropower energy. The results of our estimation showed that
the insignificant effect of hydroelectricity on economic
growth is primarily because of the greater importance of the
consumption of fossil fuels in Turkey compared with hydro-
electricity. In this regard, Turkey [possess abundant natural
resource and renewable energy sources. This includes larges
reservoirs of water including dams, but there is less focus on
these resources as they only produce 166 TWH of total 433
TWH capacity of hydro energy. Secondly, using renewable
sources for generating hydroelectricity will help in achieving
the country’s plan for 100 GW by 2023 and the aim of shifting
from immense CO2 emissions to green sources of energy pro-
duction to lessen the environmental pollution. Thirdly, hydro-
electric is a cheap and easy source of energy production,
which has favorable impacts on the environment (i.e. green
fields) and can help to meet the increasing demand for green
energy. Moreover, using renewable sources will decrease the
country’s imports of fossil fuels. Nevertheless, developing
hydropower projects will create a significant amount of em-
ployment opportunities in the country. In this regard, the

Fig. 2 CUSUM and CUSUMSQ plots using economic globalization

Fig. 1 CUSUM and CUSUMSQ plots using globalization index
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banks credit must be advanced to finance the dams by pro-
moting the generation of electricity through hydro sources.
Similarly, foreign investors are motivated to leverage the in-
vestment in hydro sources for Turkey through tax rebates and
cheap labour costs. The European Bank for Reconstruction
and Development (EBRD) is investing in different projects
in Turkey, including hydropower for the promotion of clean
energy, thus improving the living standards. Apart from this,
the banking sector needs to encourage the local citizens by
giving easy access to credits by leveraging their investment
in hydropower, which will also serve as an employment op-
portunity thereby contributing to the country’s economic
progress. The government of Turkey needs to take transitional
changes into the account to counter the negative effects of
globalization. More effective management of globalization

can have a positive impact on economic growth, which can
add significant value to the economy of Turkey.

Lastly, this study can further be expanded by considering
the MENA countries. Moreover, the second generation panel
techniques can be applied, which can provide further interest-
ing insights.
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