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ABSTRACT

This study focused on examining the relationship among energy prices, financial development,
foreign direct investments and economic growth on energy consumption for G-7 countries covered the
1980-2018 data period. We take into energy use as a dependent variable to project countries energy
consumption and also financial development is measured by using BankDindex and BondDindex
variables, for economic growth GDP per capita, net inflows for foreign direct investment and Brent crude
oil price for energy prices. It has been applied the panel quantile regression model which is a new robust
econometric method and two models are established. The empirical findings suggest that diverse variables
have a clearly heterogeneous effect on energy use. An increase in both energy prices and foreign direct
investments increases energy consumption. In Model 1, the effect of financial development on low energy
consumption levels is lower, while the effect of the Banking sector is higher in countries with medium and
high energy consumption. In Model 2, the Bond sector has a high impact in countries with low energy
consumption but is meaningless. It has a positive and significant effect at levels with medium and high
energy consumption. The impact of the banking sector on energy consumption is three times greater than
the debt sector. In addition, the banking sector has a significant effect on the quantiles of low EC. We
found another results for policymakers, to use financial development role in the economic growth process.

Keywords: Energy Consumption, Financial Development, Economic Growth, Panel Quantile Regression,
G-7 Countries

G-7 ULKELERI ICIN PANEL KANTIL REGRESYON YAKLASIMIYLA
ENERJI TUKETIMI-FINANSAL GELISME ILISKISI

OZET

Bu ¢alisma G-7 iilkelerinde 1980-2018 donemi icin enerji fiyatlari, finansal gelisme, dogrudan
yabanct yatirim ve ekonomik biiyiimenin enerji tiiketimi iliskini incelemeye odaklanmustir. Ilgili
iilkelerin enerji tiiketimi degiskeni icin enerji kullanumi degiskenini, finansal gelisme icin BankDindex
ve BondDindex degiskenlerini, ekonomik biiyiime icin kisi basina hasila degiskenini, dogrudan yabanct
yaturimlar igin net girsleri, enerji fiyatlar: icin Brent ham petrol fiyatlari ele alinmugtir. Yeni bir giiclii
ekonometrik yontem olan panel kantil regresyon modeli uygulanmis ve iki model kurulmugstur. Ampirik
bulgular, farkli degiskenlerin enerji kullanimi iizerinde acikca heterojen bir etkiye sahip oldugunu
gostermektedir. Hem enerji fiyatlarindaki hem de dogrudan yabanct yatirimlardaki artis enerji tiiketimini
artirmaktadir. Model 1’de, diisiik enerji tiiketimi seviyelerinde finansal gelismenin etkisi daha diisiikken,
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orta ve yiiksek enerji tiiketimi olan iilkelerde Bankacilik sektoriiniin etkisi daha yiiksektir. Model 2’de,
tahvil sektorii, diisiik enerji tiiketimi olan iilkelerde yiiksek etkiye sahiptir ancak anlamsizdir. Orta ve
viiksek enerji tiiketimi seviyelerinde olumlu ve anlamli bir etkiye sahiptir. Bankacilik sektoriiniin enerji
tiiketimi iizerindeki etkisi, bor¢ sektoriinden ii¢ kat daha fazladwr. Ayrica, bankacilik sektoriiniin diigiik
enerji tiitketimi kantili iizerinde onemli bir etkisi vardir. Politika yapicilarin Ekonomik Biiyiime Siirecinde
finansal gelisme roliinii kullanmalart i¢in baska bir sonu¢ bulunmustur.

Anahtar Kelimeler: Enerji Tiiketimi, Finansal Gelisme, Ekonomik Biiyiime, Panel Kantil Regresyonu,
G-7 Ulkeleri.

1. Introduction

Kraft & Kraft’s (1978) literature pioneering study enabled energy to be used as the
main argument in economic growth (EG hereafter) and economic development (ED hereafter)
studies. The EG-Energy consumption (EC hereafter) link is one of the most focused topics in
the literature for many years (Soytas & Sari, 2003; Lee & Chang, 2008; Narayan & Smyth,
2008; Apergis & Payne, 2009; Ozturk et al., 2010; Ozturk, 2010; Payne, 2010). However, the
nexus between financial development (FD hereafter) — EC is one of the topics that have been
intensifying by researchers only for the last 10 years (Karanfil, 2009; Sadorsky, 2010).

The world economy is supposed to improve at an average annual rate of 3.4% over the
period 2014 to 2040. On the other hand, economic expectations play a critical role not only
in the GDP growth rate but also in determining EC, which determines how growth will be
distributed across different sectors. For the world as a whole, it can be said that GDP growth
further increases EC. However, this nexus has significantly differentiated between countries
in recent years. For example among the group of OECD economies, GDP growth has been
associated with a slight decrease in primary energy need between 2000 to 2014. Otherwhere, the
relationships between EC and EG remain strong (China, Middle East, India, etc). Consequently,
for every one percentage point rise in non-OECD EG between 2000 to 2014, energy demand
increased by around 0.7% (World Energy Outlook, 2016).

Regarding the relations between FD and EC, the common view is that if EC level is
high, this will leads to FD, leading to more investment activities which needs more financial
resources (Shahbaz & Lean, 2012; Liu et al., 2018, Durusu-Ciftci et al., 2020). FD is known as
a curicial factors to determine the energy demand level. Developing countries that continues to
improve their stock market will have a rise in energy demand more than an increase in income.
In these countries, if FD not inserted in energy demand projection, it will be underestimated
reel energy demand (Sadorsky, 2010). Ignoring the FD additional impact on energy demand
will result in energy policies falling short of their intended aims. To reach greenhouse gas
emission targets may also be more difficult if these targets are formulated regardless of the
impact of stock market development on energy demand. According to Sadorsky (2011), FD
rises the energy demand in the Central and Eastern European border economies. Long-run FD
elasticities are smaller than related long-run price elasticities. In other words, the FD variables
do not affect EC as well as energy prices. These variables have a statistically significant and
positive effect on EC even after controlling the effect of income and energy prices. These
results also have an impact on energy demand and greenhouse gas emissions (Sadorsky, 2011).
There is a large literature that investigates the relationship between EG and FD, but FD effects
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on the energy demand have received little attention (Sadorsky, 2010). Financial development
defined broadly increases FDI, increases in banking, and in-stock market activity.

The FD-EC relation can explain in four-channel. If the causality is unidirectional from
FD to EC, we can say FD increases EC in three ways, (Sadorsky, 2010, 2011; Zhang, 2011;
Aslan et al., 2014). First, the direct effect, second the business effect and the third wealth effect
(Sadorsky, 2011). Direct effects means people will buy goods which consumes more energy,
business effect means more business more energy consumption and the wealth effect can
explain with high economic confidence. But also FD may lead to modern technologies which
can decrease energy demand in the second channel by using durable goods which consumes
less energy and using production processes which are energy-efficient than the others. This will
increase savings also support the financial development (Jalil & Feridun, 2011; Shahbaz et al.,
2013; Mahalik & Mallick, 2014; Durusu-Ciftci et al., 2020). In the case of the third channel,
there is bidirectional causality between EC and FD and in the last channel, some studies found
no effect on EC (Coban & Topcu, 2013; Ozturk & Acaravci, 2013). The empirical researches
assessing financial growth and energy sonsumption are summarized in Table 1.

Table 1: A Review of the Empirical Studies on the FD-EC Nexus

Wwriters Methodology I;I‘;Tgee Countries Finding

1990- 22 Emerging

Sadorsky-2010 GMM 2006 Countries FD — EC
1996 Selected 9
Sadorsky-2011 GMM European FD — EC
2006 .
Countries
Shahbaz & ARDL- 1971- ..
Lean-2012 VECM 2008 Tunisia FD = EC
FD i EC (No impact for EU-27)
Coban & 1990— FD — EC (Old member countries)
Topcu-2013 GMM 2011 EU-27 BD — EC (inverted U-shaped for New
members)
ARDL- 1971- . FD < EC (L-run)
Islam et al. 2013 VECM 2009 Malaysia EC — FD (S-run)
Middle
1980- EC < BD (L-run)
Aslan et al. 2014  Panel Data 2011 Eastel:n BD — EC (St-run)
countries
Time series 1972- .
Tang &Tan 2014 analysis 2009 Malaysia EC < FD
Panel 1999
Chang-2015 threshold 2008 53 countries FD — EC
regression
Furioka-2015  Panel Data o0 Asian EC — FD
2012 countries
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Table 1 continue

32 high-

Topcu &Payne 1990- . SMI (1) — EC (})
2017 Panel Data ncome FD % EC (No impact)
countries

1991- 17 Emerging
Destek-2018 Panel Data 2015 Economies FD — EC (])
Yucetal.2019  PSTRmodel 2000~ 21 transitional FD — EC

2015 countries

Dynamic 1996- MENA

Gaies et al. 2019 FD — EC inverted U shaped

panel GMM 2014 countries

FD — EC (Chile, India and Pakistan)

Panel . EC < FD (South Korea and South
o s 1971- 21 Emerging .
Ciftci et al. 2020 Granger 2014 Economies Africa)
Causality FD %i EC (No impact for 13 other
markets)
Anton & Nucu, 1990- EU-28
2020 PanelData )15 Countries FD— REC
Wang & Gong, Threshold 1997- 30 China
2020 model 2017 provinces FD—EC

FD: Financial development, EC: Energy consumption, BD: Banking Developing Index, SMI: Stock Market Index,
REC: Renewable Energy Consumption.

Differentiation of empirical findings on the FD-EC nexus can be based on using the
different country samples, different econometric models, and also different period data. We
try to fill this gap, to fill this gap though less in literature, this paper focused on examining the
impact of FD, FDI, GDP and energy prices on EC for G-7 countries covered the 1980-2018
data period. In order to analyze the effect of FD, two models were established using the bond
market development index and bank sector development index. In this case, for the first time,
the panel quantile regression model is used since the units in the country category are, to a large
degree, heterogeneous in terms of energy consumption. If the results show that FD affects EC
through two different channels and at different levels, this relationship also affects the energy
policy maker’s strategies.

This paper is organized as follows: Section 2 presents the econometric methods and
empirical results and section 3 reported the concluding remarks with a policy recommendation.
Research and publication ethics were complied with in this study, which did not require ethics
committee approval or any other permission.
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2. Econometric Methods and Empirical Results
2.1. Data Set

The annual data of 1980-2018 are examined to investigate the relationship between FD
-EC using two different indices for FD in advanced G-7 countries'. The empirical model has
assigned as a reduced form dynamic panel model of ED following Sadorsky (2010).

Table 2: Variable Description and Sources

Name Variable Definition Source
Economic Growth GDP Per capita (constant 2010 US$) WDI
Energy Consumption EC kg of oil equivalent p(eif) ﬁ:fsita- constant 2010 US WDI
Real Oil Prices EP 2010 constant US dollars (per barrel) BPSR
Foreign Direct Investment  FDI Net inflows (% of GDP) WDI
dbagdp Deposit money bank assets (% of GDP) WB-FDSD
Banking Sector fdgdp Financial system deposits (% of GDP) WB-FDSD
Development Index llgdp Liquid liabilities (% of GDP) WB-FDSD
(BankD, , ) perdbgdp Private credit(gny ;eg(]))si;)money banks WB-FDSD
Bond Market prbond  Private bond market capitalization (% of GDP) WB-FDSD
Development Index pubond  Public bond market capitalization (% of GDP)  WB-FDSD
(BondD,, ) intldebt International debt issues (% of GDP) WB-FDSD

WB-WDI: https://datacatalog.worldbank .org/dataset/world-development-indicators
BPSR: British Petroleum Statistical Review. (2019). http://www .bp.com/statisticalreview

WB-FDSD: World Bank Financial Development and Structure Dataset (Revised: September 2019) https://www.
worldbank.org/en/publication/gfdr/data/financial-structure-database

2.2. Methodology

The panel quantile regression models are used to explain EC measured by the energy
use as a function of GDP, FDI net inflows, Real Oil Prices, BankD, , and BondD, , in a panel
quantile specification. Following from Sadorsky (2010), the main framework modified for EC
is two basic productions function accounting framework yields:

Model 1: EC= f(GDP, FDI, EP BankD, , ) (1)
Model 2: EC=f(GDP, FDI, EP, BondD.__ ) 2)

Two equations are used to explain the relationship between EC and FD. This model
allows us to examine the factors that drive TFEE at various quantitative stages. In areas of FD-
EC, data also have a sharp peak or thick tail. Compared to the ordinary least squares method,
quantile regression does not require strong estimates for error terms, in this case, the quantile

1 Canada, France, Germany, Italy, Japan, United Kingdom, and the United States.
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regression can supply more robust estimation results (Koenker & Bassett, 1978). Quantile
regression can be more detailed in explaining the conditional distribution of the variables
explained, rather than merely evaluating the conditional expectations of the variables explained.
Regression coefficient estimators often vary between quantiles, i.e. the results of explanatory
variables on the variables are different between quantiles (Yan et al., 2019).

OLS regression is the minimum variance unbiased estimator. First, if the random
disturbance term of the OLS regression is zero mean and is identically distributed (i.i.d.). Second,
if the error term is a normal distribution. Nonetheless, De Silva et al., (2016) stated that these
assumptions are not true in real economic life since the data of socioeconomic indicators may
have different distributional patterns. The quantile regression estimation technique established
by Koenker & Bassett Jr., (1978), is a widely used method to overcome the limitations of the
ordinary least-square (OLS) approach.

The study uses annual statistics for G-7 countries covering the period between 1980 and
2018. On the availability of data, countries and time periods are chosen appropriately. To find
the relationship between FD and EC, all data except the EC were used as a proxy variable. The
data is obtained from WDI databases, British Petroleum Statistical Review, and World Bank
Financial Development and Structure Dataset (Revised: September 2019), while all variables
are expressed in logarithmic.

2.3. Empirical Findings

The starting point of the research is to investigate the unit root stationary of variables.
Table 3 displays the stationary of 6 variables in the first difference using the unit root analysis
approach developed by Im-Pesaran-Shin (2003) (IPS). After determining the stationary in all
variables, the second stage of the application can be started.

Table 3: Panel Unit Root Test.

W-Trend N- Trend W-Trend N-Trend

Variables Level 1.DF

BankD, 0.94193 -0.37503 -5.18520™ -6.40582"
BondD, 506971 -0.72699 -17.0023™ -18.7638™
EP -0.36757 -0.99692 -11.4990™ -12.3532™
EC 5.09706 2.22320 -14.7334™ -10.6502"
FDI 0.57730 -0.47727 -18.7507" -19.6194™
GDP 2.78453 -1.01364 -5.78793™ -5.16892"

*#% denotes 1% statistically significance levels.

The panel unit root analyses of all variables for six groups were evaluated in both the
levels and the first differences in Table 3. Table 3 shows that while the variables are evaluated
in levels, the unit root hypothesis cannot be dismissed. However, when the first differences
are used, the hypothesis of unit root non-stationary is rejected at the 1% level of significance.
Table 3 displays the outcomes of the test and supports all panel variables stationary at the first
difference level across.
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Table 4: Panel Quantile Estimates for Model 1 (dependent variable= EC)

Quantiles
Variables 10% 20% 30% 40 % 50% 60 % 70% 80% 90 %
GDP -0.0024™ -0.0006 -0.0022""-0.0023"*-0.0025"""-0.0024"** -0.0025"* -0.0024"** -0.0024
EP 0.0057* 0.0003 0.0048* 0.0050"" 0.0056™" 0.0053"** 0.0055"* 0.0055" 0.0054""
FDI 0.0016™ 0.0024"" 0.0024™ 0.0024"" 0.0023™" 0.0025"* 0.0025"* 0.0025" 0.0025""

BankD, =~ 1.66™ -397 100" 685" 921" 7.76™ 798" 901" 844™

*#% denotes 1% statistically significance levels.

To get more insight into the relationship between EC and FD, two indexes were used as
the FD indicator and Panel quantile estimates analysis was performed. In Equation 1, the effect
of GDP, EP, FDI, and BankDindex variables on the dependent variable EC was estimated
by using quantiles from %10 to %90. Also in Equation 2, the effect of GDP, EP, FDI, and
BondD, , variables on the dependent variable EC was estimated by using quantiles from %10
to %90. The estimates from Equation 1-2 are stated by Tables 4-5 and for the full sample per
quantile (i.e., low-energy consumption-10-30%; medium-energy consumption-30-70%; and
high-energy consumption-70-90%).

Most of the results obtained from the estimates by using the EC variable have been
confirmed. According to the changes observed in the shares of 10-90% groups, if we take into
the GDP variable first, an increase in GDP for G-7 countries decreases energy consumption in
all quantiles. While this effect is insignificant at only a 20% level, it has a reducing effect close
to each other in other quantiles. In other words, economic growth in G-7 countries decreases
EC.

Conversely, an increase in EP increases the EC, also this positive effect is similar and
significant in all quantiles except %20. Moreover, in all quantiles, the FDI variable provided
important and close results. In accordance with this effect, a 1% increase in FDI will cause an
average increase of 0.24% in EC.

The first index of financial development, BankD, , is significant and positive in all
quantiles except %20, in other words, an increase in BankD_ dox increases the EC.

Table 5: Panel Quantile Estimates for Model 2 (dependent variable= EC)

Quantiles
Variables 10% 20% 30% 40% 50% 60 % 70 % 80% 90%
GDP 0.0004 -0.0010 0.0095 -0.0021""-0.0031""-0.0028""-0.0032""-0.0029"" -0.0027""
EP -0.0021 0.0017 -0.0272 0.0048"" 0.0079™ 0.0067" 0.0082"" 0.0071"" 0.0065™"
FDI 0.0021"* 0.0010™ 0.0010™* 0.0011"" 0.0020™" 0.0021"" 0.0018"* 0.0025™" 0.0020""

Bond . x 443 251 1.13 6.24 2717 197 332" 243" 1957

Dinde

“* denote 1% statistically significance levels.
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According to Table 5 which compiled from equation 2, it is seen that GDP has a positive
effect on EC only at 10% and 30% quantiles, but this effect is meaningless. Also, compatible
with the first analysis, there is a meaningly and negative effect on all other quantiles.

The EP variable affects EC strongly and positively in the level of 40-90% and also
this effect of EP is higher than the first analysis. The effects of FDI on all quantiles are also
important and optimistic.

BondD, . is positive in all quantiles, but the relationship is meaningless up to 50%.
While EC increases in the level of 60% to 90%, the FD variable has an increasing and then
decreasing effect. The effect of BondD, , is higher than all other variables, but the average
effect of the BankDindex variable on EC is 3 times more than the effect of the BondD,
variable.

3. Conclusion

This paper focused on examining the effect of FD, FDI, GDP and energy prices on EC
for G-7 countries covered the 1980-2018 data period. While analyzing, financial development
is calculated over the bond and bank sector development index. In this case, the panel quantile
regression model is first applied since in terms of energy consumption the units within the
country group are in large measure heterogeneous.

According to the panel analysis findings, bank market development, and bond market
development indices, which are used as financial development data, have a positive influence
on EC. Moreover the first of the other variables included in the analysis, an increase in GDP
decreases EC in all quantiles. In other words, EG in G-7 countries decreases EC. It can be
explained with modern technologies that can decrease energy demand by the usage of less
energy-intensive, durable goods and the use of energy-efficient technologies in manufacturing
processes. Secondly, an increase in EP increases the EC, also this positive effect is similar and
significant in all quantiles except % 20. We can say that energy demand is inelastic. Thirdly in
accordance with the FDI variable effect, a 1% increase in FDI will cause an average increase
of 0.24% in EC.

According to equation 2, it is seen that GDP has a positive effect on EC only at 10%
and 30% quantiles, but this effect is insignificant. However, compatible with the first analysis,
there is a significant and negative effect in all other quantiles. The EP variable has a significant
and positive effect on EC in the level of 40-90% and also this effect of EP is higher than the
first analysis. As well FDI has a significant and positive effect on all quantiles. BondD, , is
positive in all quantiles, but the relationship is not significant up to 50%. While EC increases
in the range of 60% to 90%, the FD variable has an increasing and then decreasing effect. The
effect of BondD, o is higher than all other variables, but the average effect of the BankD, o
index on EC is 3 times more than the effect of the BondD, , index.

When the results of the energy literature studies are analyzed, the causal route between
energy use and financial growth cannot be predicted with certainty. However, this causality is
known to be of considerable significance to the effective planning and management of energy
policy.
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